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The i nvention rel ates to a nmethod for ﬁgmmmmmmﬂha eta e
radi ation and the average tem perature, associate I ation,
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t her nogr aphi c carrergukﬁzﬁgnghlﬁt fl:ﬁ%bﬁﬁﬁé{l‘k@ﬁ' PRST d &PON oimgoggﬁol ling
t he conbustion procES'S"a'l—1-ea TIT_tTe _ODServet—Stf T ace gt this
conbustion installa- tionC .‘ L PO FPRICESS/i dent from DE
3,904,272 C2 and DE 4,220,149 Al. In practice, dif- 15 ficulties have
arisen in c rrying out t hese rrethods the difficulties being that the

val ues of radiation andi®f tdMyERti@e d&eéated dotPot &l wAREhes re€pand to
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has the consequ’”eﬁm:leort hef ehbusnmangobedpbyatneamss caff ramdinfrared camera
or thermographic camera in combustion installations and

AN

10 for controlling the ~combustion process at least in the
observed surface region of this combustion installa-
tion. .

Known methods of this type are evident from
DE 3,904,272 C2 and DE 4,220,149 Al. In practice, dif-

15 ficulties have arisen in carrying out these methods,
the difficulties being that the values of radiation
and/or temperature detected do not always correspond to
the exact temperature values of the burning bed,
because they are affected by the radiation values of

20 the flames, flue gases and soot particles present
between the infrared camera and the burning bed. This
has the consequence that the control operations carried
out on the basis of such control parameters on the
combustion processes frequently do not meet the desired

25 requirements.

It is the object of the invention to develop a
-method of the type indicated above in such a way that
the interference by flame radiation, radiation from the
gases present in the flue gases and solids radiation

30 from soot particles and the like are largely excluded.

According to the invention, this object is
achieved, starting from a method of the type explained
above, by restricting the measurement to a wave region
which corresponds to the minimum of the interfering

35 gases above the burning bed, subdividing the surface
region to be covered into a surface pattern with a
plurality of part surfaces, recording a plurality of
successive images within a period of time during which,
in the surface region to be covered, the burning bed
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odfyon the basis of such control paraneters on the conbustion processes
frequently do not neet the desired 25 requirenents. It is the object of
the invention to develop a nethod of the type indicated above in such a way
that the interference by flanme radiation,”réadtation fromthe gases present
in the flue gaseanandesd@ssimedditat i ba 3 freem S@ﬁﬁ pﬂ-rébi @aﬂia&ﬁ@n}lheﬂ :jke
are |l argely excl . dihg t | nti_aon, I s _object | chi gve
starti ng f¥om at%?%gﬁ% h!éf‘t )}%% eglgf%%(gdtbae%}ov%%n bfPere ??'I‘u(“,?én g hge
measurenent to AlWASE regndbARki cHiscrimipendsgt deatveeen nEhempsrtt heur-
interfering 35 fGaees wQyerh8€abubhl %o&e%adi%giq{d”rqég alle sidacgny
region-to be cog red into a urface,gattern wth aplurality of part.
surfaces, retor diffig REGH uTUF135PDf Wikl c&a6i o iPRadeominavina peiiabing
time during whi mediianbyhenesin'sf adfe a efinpadisdit COHEmddes bairing 6.6

-2- can be. ass“%‘é@fn& bc?f‘fittirmeés,t Qg tuhce‘:l.l:'eraJ‘.q'llgat l)?lTy C)t:rhe radiation or
~ temperature of the part surfaces of the radiation of

radiating media at rest for the calculation of the
10 average radiation or average temperature of the surface
region. '

The invention thus exploits two fundamental
considerations, one fundamental idea being to establish
the radiation intensity of at least those gases which

15 occur most frequently by a spectral analysis, to deter-
mine the minimum of this radiation intensity of the
gases and to tune the measurement instrument used in
the form of infrared cameras or thermographic cameras
to this wave region,'in order thus to eliminate a major

20 part of the interfering gas radiation. The second fun~-
damental idea is to eliminate the radiation, which is
present between the burning bed and the measurement
instrument and which emanates, for example, from solid
particles, in particular from soot, or from individual

25 gas components, by successively recording a plurality
of images of a surface region subdivided into a surface
pattern within short intervals of time and thereby
rejecting those part surfaces of the surface pattern
for the formation of the average which are subject to

30 wide fluctuations. The starting point here was the con-
sideration that the burning bed is almost immovable,
while the radiating solid particles or gases are sub-
ject to vigorous motion if sufficiently small intervals
of time are used as a basis for measurement. The

35 Dburning bed thus to be regarded as being at rest is not

" subject to any wide temperature fluctuations, even
within short intervals of time of a few tenths of a
second, so that it can be assumed, in the case that
conspicuous temperature fluctuations do occur, that



teﬁberature of the burning bed can be assumed to be al nbst constant,
discrimnating between the part sur- faces with radiation fromradiating
media at rest and 5 the part surfaces with radiation from noving radiating
nedi a by neans of a conparison of the inaged during one period of tine, and
utilizing only tieteaflentngn raditatipersat af £sef lcltéwdisaft tﬁu][' flflﬁmilrgj e
radi ati on of radiagi i rest .f e _ca allon o e aver age
radi ati on or aveéggeegggggﬁgﬁg%gegi fﬁ%ﬁgﬂgFggé ﬁé%i %9s%hémﬁﬁ$§htﬁ@ﬁ us
expl oits two furRieereafiectedsbdertds oradiagion ufkmenewing dparbécihgst or

establish the raghadson drid eRalLkyY Péjdtedgasiod NORE, 9@§§T§ué{‘@i8£? Io¥ ?ﬁ%”.r
nost frequently a spectral analysis, to deter- mne the mnimmof this
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used in the forohfaiméd afed caaen:asiialtibherzﬂg&f @phé@?ﬁféh@r ,aégls?;hi:%rwave
region, in order 0 el mnatg | Qr art o e inferfering gas
raglation. The 55%#§?#{ﬁ§ EghsanF%P§§5%%¥3%§4§%ﬁﬁrﬁﬁkyﬁrﬂb+%%ia?Poﬁ?
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10 All parameters known so far can thus be influenced,
essential parameters among these being indicated below
in a list which is not exhéustive. Such parameters can
be: the total air rate fed to the combustion process,
the rate of primary air, the air rate distribution in

15 the primary air, the oxygen concentration in the
primary air, the temperature of the primary combustion
air, the fuel feed rate in total or relative to certain
sections of the firing grate, the stoking speed of the
firing grate as a whole, the local stoking speed of the

20 firing grate, and so on.

For carrying out the method according to the
invention it is advantageous when a control parameter
for controlling some or all processes hitherto control-~
lable as a ‘direct or indirect function of the combus-

25 tion temperature is formed from the detected measured
values by means of fuzzy logic.

In order to suppress sudden control actions, it
is advantageous,when, in a further development of the
invention, a mean of the average radiation or average

30 temperature is formed from a plurality of successive
periods of time for establishing the control parameter.
One period of time can be about 0.1 to 5 seconds.

The mean of the average values of 5 successive
periods of time has proved to be a measure, suitable in

35 practice, for establishing the control parameter.

The surface area region to be observed should
amount to at least 1 m?’ and be subdivided into a sur-
face pattern with at least 10 part surface areas. For
grate firing installations, it has proved to be advan-



particles, in particular fromsoot, or fromindividual 25 gas conponent s,
by successively recording a plurality of images of a surface region
subdivided into a surface pattern within short intervals of tinme and
thereby rejecting those part surfaces of~ the-surface pattern for the
formati on of tfteagiamrsagier\bhéhsalrﬁa&EbjaQ@a tea £ roM é’@rféﬂ}‘éﬁ@é' essth’éhe

startlng poi nt e tiaon that t he burnin | nost
i movabl e, whi I&%lr%e r ad ?‘gt |z§1681%ssol Pd g?t IS oFegh8Rs 3 &téfg‘”?ubfj eE €o
Vi gor ous ot | oredMbuRFigTy ently small |ntervals of time are used as a basi s

for measurement. The 3%ndupgifgabadcbiinbo ff £REAIICLASRCI 1Y g4 ses!

IS not subject to any wde tenperature tuations, even wthin s
interval s og t iSH-tEPLe f i téntE§16ﬂ°&1§éédhdadgénﬁﬁaﬁopﬁ caﬁnbéras§QWEd

in the case t hatorticnaninyalse éﬁwatw@raéimwﬁtwﬂﬁnﬁe gQSEHr Fthat
-3- interferin radlatlons arise %ﬁhmeen th bur.ni ng bed t he

measur ement i nstPUMERIEPTe 1 hdle b gﬁﬁ?ewﬁ cfadiation va s or tem-
perature values individual part surfaceés widely

deviating from the average value of a period of time,
10 these radiation and/or temperature values of the
respective part surfaces are observed over a plurality“
of periods of time and the corresponding images of the
part surfaces are compared with one another with
respect'to deviations. Thus, if a certain part surface
15 always shows a value widely deviating from the average
value over a plurality of periods of time, i.e. for
example shows much too high a temperature, this can
indicate a mechanical defect and hence a ‘concomitant
poor distribution of the air feéd. If, however, the
20 temperature is always too low in one region, this can
indicate a blockage and hence a primary air feed which

is much too low.
The infrared camera or thermographic camera
used is equipped by means of filters in such a way that
25 it operates within a wave range from 3.5 to 4 pm. In
this region, the emission intensity of the gases
usually'occurring in a firing chamber is at a minimum.
These gases are CO;, CO and water vapor. Although the
soot, which is not always avoidable, is in this
30 wavelength region a lower value than in a smaller wave
region, it represents a considerable source of inter-
ference, which is eliminated by means of the method
measures explained at the outset. The evaluation device
downstream of the camera, having a fuzzy control sys-
35 tem, is arranged in such a way that the images obtained
or the measured signals obtained are fuzzied, subjected
to an inference method and then defuzzied. The result
is a relative quality of the image information which
very closely approaches the actual state of the surface



are affected by the radiation fromnoving particles or gases, are thus
rejected for the evaluation of the 5 radiation, a largely unaffected
average value is obtained for the radiation froma surface region, cor-
responding to a defined tenperature val ué which can be used as the control
paranet er for ipefl udrei byrnhegndstd di Ier Sehepasafieware, Wd chhaébroldt hiss
combusti on pr 0cgstapiQsnell, RGP GhLch KIRM 30 CAladd U D% rineq

i nfl uenced, essential parameters anong these 'being indicated Bel G ' a
list which is ndf S&idsktNoe longsr peakadieter 9fcavaluatinn « obhpvai rthia e

fed to the conbupkegRoRAPCeShe t RAdLALEORT RALEARI bAI enddd Aiurd Aldita
di;tribut!o% I n %? .ths i{glnarg alr, theh oxyagg conpeggratlon In the
primary air,>t h8°F8hPEfatth® BRSERE 1 nltfhedhbt5therai ASSeRemeRE| Fleed
rate in total otheelizbigee dunligry.ai Insenei Q:l&%em;]oﬂ nggfr'sﬁ?ggga aﬁ?leite of
the 20 firing 605t ot %68 i M. GiY WHESheRodt AR C RIS o
the invention i €ontradvarcagedre Wakera wunteobHl apaianeasd thencamaaiil+ ng
some or all proggesgs Jid Nehto GRYd Ohsskalhends amfid eqls OfniOiLlEClo
function ogi}hepgggggg- a control action not corresponding to the
actual conditions from taking place due to poof images.
This can be the case, for example, when excessive soot
evolution, which forms a virtually continuous layer
between the burning bed and the infrared camera, does
15 not permit ™“looking through” this layer due to the
absence of “windows”, i.e. a useful image assessment.
Such states last only a short while and, in addition,
such states can be avoided by providing a plurality of
infrared cameras which point at the burning bed under
20 different angles of view.
The invention is explained below by way of
example in conjunction with the drawing. In the
drawing:

25 Figure 1 shows a vertical section through a diagram-
matically represented firing installation
with equipment for carrying out the method
according to the invention,

30 Figure 2 shows a radiation diagram of various gases,

Figures 3
to 5 show diagrammatically represented image
sequences and their assessment, and
35
Figure 6 shows a control system for a firing installa-
tion.



25 tion tenperature is forned fromthe detected nmeasured val ues by neans
of fuzzy logic. In order to suppress sudden control actions, it is

advant ageous when, in a further devel opment of the invention, a nean of the
average radi ation or average 30 tenperatufe-is formed froma plurality of

successive periods of tTHe fFekiagt ablsitahilngibhe sHUWA oln PREgaBeLen. W
period of time can_be abggl conds. . The, nean, of the_average

0.1to 5 s .
val ues of 5 sucR&i8FVe dpertiodd ogr?Fﬁe?'hasa pFRIELLIRG B8 Va SPeakur @, & abl e
in 35 practiceschéamberstibiishi ngdjdinicont gals pAlasetser andhea s wdvanss Ar ea
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region active fgibﬁpeigogggggégfér steam generators and flue gas puri-
fication plants.
_ The firing grate 1 comprises individual grate
10 steps 7 which in turn are formed by individual adjacent
grate bars. Every second grate step of the firing grate
designed as a reciprocating grate is connected to a
drive which is marked 8 as a whole and which enables
the stoking speed to be adjusted. Underneath the firing
15 grate 1, under-grate blast chambers 9.1 to 9.5 are
provided, which are subdivided both in the longitudinal
direction and in the transverse direction and which are
separately fed with primary air via individual 1lines
10.1 to 10.5. At the end of the firing grate, the
20 burnt-out slag drops over a slag roller 25 into a slag
drop shaft 11 which is also reached, if appropriate, by
the heavier solids fractions precipitated from the flue
gas in the lower reversal chamber 12.
A plurality of rows of secondary air nozzles
25 13, 14 and 15 point into the firing chamber 3, and
these ensure a controlled combustion of the flammable
gases and of the fuel fractions in suspension by
feeding so-called secondary air. These rows of secon-
dary air nozzles can be separately controlled since,
30 distributed across the firing chamber, different condi-
tions prevail.

The charging device 2 comprises a charging hop-
per 16, a charging chute 17, a charging table 18 and
one or more charging pistons 19 which are positioned

35 next to each other and, if appropriate, are
controllable independently of one another and which
push the refuse dropping down in the charging chute 17
via the charging edge 20 of the charging table 18 into
the firing chamber onto the firing grate 1.



The nethod according to the invention is also 5 suitable in a particularly
advant ageous manner for nonitoring the correct operation of a firing grate.
For this purpose, in the case of radiation values or tem perature val ues
of individual part surfaces widely deviatig-<fromthe average val ue of a

period of time, 10 thegsa thdi&iDing aﬂﬂ/OMhﬂdHnEiéﬁégeonaH#?;uﬁﬁerthe
respective part _surfaces are obsehved overgr?gégrallt of periods of tine
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that 25 it operates m‘&ﬁgniﬁf@§¥gdr%g%grgrggl%é?v%% %cL?ﬂﬂJggcéf%g the
10 radiation emanatiné from a burning bed 24 1located on
the firing grate 1 and/or for establishing the burning-
bed temperature associated with the burning-bed radia-
tion. Interference due to ~the flame 24a and/or the
gaseous and solid constituents contained in the flue
15 gases are here largely excluded, as will be explained
in more detail further below.

" The fuel heaped. up on the firing grate and
forming the burning bed 24 is pre-dried by the under-
grate blast zone 9.1 and is heated and ignited by the

20 radiation prevailing in the firing chamber. The main
burning zone is in the region of the under-grate blast
zones 2.2 and 9.3, while the slag forming burns out in
the region of the under-grate blast zone 9.4 and 9.5
and passes then into the slag drop shaft. The gases

25 rising from the burning bed still contain flammable
fractions which are completely burned by the addition
of secondary air through the secondary air nozzle rows
13 to 15. The charging rate of the fuel, the primary
air rates in the individual under-grate bhlast zones and

30 their composition with respect to the oxygen content
are controlled as a function of the burn-off behavior,
which depends on the calorific value of the fuel and,
in the case of refuse, is subject to wide fluctuations,
the radiation emanating from the burning bed and the

35 temperature linked thereto, which is detected by means
of the infrared camera 22 and evaluated by the
evaluating and controlling device 23 and passed on to
the corresponding final <control elements, being



this region, the enmission intensity of the gases usually occurring in a
firing chanber is at a mnimm These gases are CJerr], CO and water

vapor. Al though the soot, which is not always avoidable, is in this 30
wavel ength region a | ower value than in & $maller wave region, it
represents a consiidézell €oxoussealsiii SHilRy - ther e8geirvhi ebnitsod! igdMaded by
nmeans of the "EEQQd nmeasures expl ained at the outset. The eval uation device
downstream of theé“¢amera, having a fuzzy control sys- 35 tem is arranged
in such a way that the Vaujeusolftiandedootroiie eleasnted asiegrialdd caiteri nad ar e
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| onger pabl e o
the radiation gag?gensgngt erIRI[L Ofafgtation of the slag roller,
31 designating the  final control element for

influencing the grate speeds with respect to different

10 tracks, 32 designating the final control element for
the switching-on and switching-off frequency and/or the
speed of the charging pistons, 33 designating the final
control element for the adjustment of the primary air
rate, 34 designating the final 'control element for

15 adjusting the composition of the primary air with
respect to the oxygen content and 35 designating the
final control element for adjusting the temperature of
an air preheater for the primary air.

The method  according to the invention is

20 explained in more detail below with reference to the
Figures 1 to 6.

In Figure 1, the infrared camera 22 and its
alignment relative to the burning bed are shown. First
of all, the radiation behévior of the gases and solids

25 particles to be encountered in the firing chamber 3 is
investigated in accordance with Figure 2. Corresponding
to Figure 2, it is found that there is a minimum of
infrared radiation for the gases CO;, CO and Hz0, which
are present in high concentrations owing to the drying

30 and combustion reaction of the fuel, in the wave region
between 3.5 and 4 pm. Accordingly, the infrared camera
is equipped with a wavelength-selective filter which
operates at the minimum of these interfering gases,
that is to say in the range from 3.5 to 4 pum. It can

35 also be seen from Figure 2 that the radiation intensity
or the emission intensity of the solids particles
(soot) in the flame 24a in the firing rchamber 3
admittedly falls from an initially high value, a
relatively low value élready being reached first at



5 " obtained are passed on without further assessnent of the imge quality.
tn the case of poor image quality, for exanple for I|onger than two m nutes,
the canera control |oops are taken out of action and then reacti- vated via
the i mage assessnent. This is intended tc ®0 - prevent ~a control action
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of exanple in _conjunction Wt t he r awi_ng. n e_draw ng:

Figure 1 shomseﬁpgéPPﬁgaFns88PP8ﬁtfﬁPoUbﬁgaFagH§?§n§ ﬁﬁt?pally |
represented firing in¥ighketBorshawsh egsupfEeeé tegioar Wwhiedh dH mdvei-

met hod tored by an infrared camera and which is subdivided in

10 accordance with a surface pattern into 25 part sur-
faces. The dark part surfaces here represent those sur-
faces which show substantially higher radiation inten-
sity and hence a higher temperature than the bright
part surfaces. The reason for this is that the surface

15 of the burning bed is relatively cool as compared with
the gas atmosphere lying above it. Looking then at
Figure 4, it is found that other part surfaces here
show this high radiation' intensity or temperature.
Figure 4 represents an image which was recorded a few

20 tenths of a second later and thus comprises those
changes which can occur within this short period of
time. If it is then found that the distribution of
radiation and/or temperature in Figure 4 differs from
that in Figure 3, these deviations can originate only

25 from those radiating media which can change both their
temperature and their position within a short time. It
is certain that this does not include the burning bed,
since no noticeable change in position nor a drastic
temperature change can occur in the burning bed within

30 a fraction of a second. Comparing Figures 3 and 4, it
is then found that, corresponding to Figure 5 which
shows an evaluation of this comparison, those part sur-
-faces are drawn dark which, either 1in the image
according to Figure 3 or according to Figure 4, showed

35 a substantially higher radiation and thus a higher tem-
perature. The fields remaining bright in Figure 5 thus
correspond to those part surfaces of the image of the
surface region to be observed which have remained
unchanged even after a certain length of time. It can



according to the invention, 30 Figure 2 shows a radi ation di agram of
various gases, Figures 3 to 5 show diagrammatically r epr esent ed
i mge sequences and their assessnent, and 35 Figure 6 shows a control
systemfor a firing installa- tion. The ¥@rtng installation shown in

Figure 1 com prbsesonciubiedy fitont &hli.s att?éf@rghélgedsiféc%aéaa%ﬂahr% er
3 wth ad10|n|ng as,flue 4 and a reversal chanhe I n which e
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control parameter which is issued by the evaluation and

control device 23 to the various final control ele-

ments, seven images are recorded within 3.5 seconds and

from these a mean is formed in accordance with the com-

10 parison shown in Figures 3 to 5. Five of such means are

then combined to give a control parameter. In the

present example, this means that'a new control parame-

ter is available every 17.5 seconds. Of course, the

time intervals during which the individual recordings

15 are made, can be adapted to the particular conditions,

so that it is also possible to operate at substantialiy

shorter time intervals. The part surface which is

observed by an infrared camera corresponds in practice

to that area which takes in at least two under-grate

20 Dblast zones right up to 15 under-grate blast zones. In

practice, the area of one under-grate blast zone region

is about 2-4 m?, this area.'then first being divided

according to the actually present primary air zones

observed by the camera and then each of these image

25 segments corresponding to one primary air zone being

subdivided for the evaluation into about 25 part sur-

faces in accordance with the explanations in conjunc-

tion with Figures 3 to 5. This subdivision and the

indicated time intervals for every two successive

30 recordings have, in connection with a firing installa-

tion having a reciprocating grate, proved to be suffi-

cient for establishing the temperature of the burning
bed.

The images corresponding to Figures 3 to 5 are

35 stored over a plurality of periods of time and compared

with one another, the point being not only the detec-

tion of the burning-bed temperature represented in

Figures 3 to 5 by the bright part surfaces, but it is

also possible with this method to establish whether



desi gned as a reciprocating grate is connected to a drive which is marked 8
as a whol e and whi ch enabl es the stoking speed to be adjusted. Underneath
the firing 15 grate 1, under-grate blast chanbers 9.1 to 9.5 are
provi ded, which are subdivided both in thdll ongitudinal direction and in

the transverse td'lé’]:&i)taﬁ’l a’md él!(ﬁh@ftna’ﬂ PPl et ¥, f?Qr%kaBié”ﬁﬁiwé g via
i ndi vi dual |In%§l101 0 he end of theflrln%g ate, the 2
r dB8p

bur nt - out sl ag opséa%?/epaﬁtslséﬁfflﬁﬂserarﬁi #ays, EPeq Uhat o 13°Hhi ch
is al so reachedn i tempprapunrat yvdyy thepimwbangsd sleirdedf ratt |tdmﬁa when
precipitated fr I agnln | Quer . L ev a [

plurality of ré’%ﬁ?ﬂ 0 sc{ac%ﬁtar §h|§| rr&%?zz?‘\é\gﬁlzé& k%& Itfﬁl r}‘g% epocfrht tf‘ﬁto
the firing ehad¥@te3 regipn hiBeconsiderationt r 6t d¢ @oarihliontof infier

fl ammabl e gases amh1af 1tﬁ1@t1fé1@raftrea%fe'd?ﬁ§u'c@s SHSRENTHA A Y Ng
so-cal l ed secondary air, These rows of secon- dary air nozzles can be

separately control | ed SMfcSUCHES T rGPRTRY é?ﬁ”iﬁ‘%e‘i?fés ffo¥mRA chanble,
di fferent condievalluatsion evand. Hontaedr gi dgvileyi ce@32 coppri sSR=d cbaggl ng

hop- per 16, a;Ghar @d&ld&“%ﬁélindivﬁﬁﬁ L9 g, tapl g 18,8 Tdelements, as
10 is shown in Figure 6 as a diagrammatic overview.
Accordingly, the final control elements for the grate
speed 29 right up to the'temperature in the air pre-
heater 35, which has already been indicated above, can

be influenced by the control device 23. |




ofe or nore charging pistons I9 which are positioned 35 next to each
0t her and, ' i Y are control |l abl e i ndependently of one
anot her and Mll""!ﬂ“ﬂﬂ!!!ﬁumlwﬁse dr oppi n& down in the charging chute 17
vira the chargi ng ge of the ‘charging &ble 18 into the firing chanber
onto the firing grate 1. -7- In tPATENT |CIREIMS, which closes off the
upper reversal chanmber 5, an infrared canera 22 is nounted which is
connected to a device 23 which serves for the evaluation of the received

i mges, formatilon of aZoretizodrbrpdeiderminiagd thes @vetagonradiatbanands

for the variougng deMicesavege t Neenbd fatitire | NSigd 400y §i0Eni NEhYENCI Ng
the conbustion process. 23 al so designates an evaluating and control]ing

devi ce. The i nfresiddiChivrer 8122 s&F@ceor regt Rt idfy EhLukNin%hdPed oRY
emanat i ng fromnedny vhoabetn24alkedaicatera tdic tharmgyptics lcamst®Hrifor

establ i shi ng te, gL g PedeL PTRELBAY" 35585k AL8He PbL 05 hYe diy Lgg:bed

bustion process at least in the observed surface region
of this combustion “installation, which comprises
10 restricting the measurement to a wave region which cor-
responds to the minimum of the interfering gases above
the burning bed, subdividing the surface region to be
covered into a surface pattern with a plurality of part
surfaces, recording a plurality of successive images
15 within a period of time during which, in the surface
region to be covered, the burning bed can be assumed to
be ét rest and the radiation or temperature of the
burning bed can be assumed to be almost constant, dis-
criminating between the part surfaces with radiation
20 from radiating media at rest and the part surfaces with
a radiation from moving radiating media by means of a
comparison of the images during one period of time, and
utilizing only the radiation or temperature of the part
surfaces of the radiation of radiating media at rest
25 for the calculation of the average radiation or the
average temperature of the surface region.
2. The method as claimed in claim 1, wherein a
control parameter for controlling some or all processes
hitherto controllable as a direct or indirect function
30 of the combustion temperature is formed £from the
detected measured values by means of fuzzy logic.
3. The method as claimed in claim 1 or 2, wherein,
for establishing the control parameter, a mean of the
average radiation or average temperature is formed from
35 a plurality of successive periods of time.
4, The method as claimed in any of claims 1 to 3,
wherein one period of time amounts to 0.1 to 5 seconds.
5. The method as claimed in claim 3, wherein the
mean of the average values of five successive periods



tiron. Interferd | ane 24a and/or the gaseous and solid
.constituents cﬁmﬂllmﬂﬂ"mulmmm ue 15 gases are here largely excluded, as
wi Il be explainéd in hor® detdil further below. The fuel heaped up on the
firring grate and forming the burning bed324 is pre-dried by the under-

grate blast zongf9. timad iis hepdAfed@ndrbgni teddapy ilshand0 ¢l atbaRrol
prevailing in the firing chanber. The main burning zone is in the region
of the under-gr%ﬁrea"bef% *zones 9.2 and 9.3, while the slag form ng burns
out in the regi®n of tHehaimethod ade blasmedote @n4 arfd Al&imsdl paesds t hen

into the sla haft . S 5 ' f ni il
contain fl a%m_rfé;r%lgc% i %%?%ﬁc%é%%er%%*%ﬁl 2€%I ég%éﬁgﬁpgg t5 ﬂgugggi t% }oon of
secondary aPr taff olg@sthé mecendai§ subdigided dabe 18 serisceTRat&Rangi ng

rate of the fughith her PIddBY el pd @t efudfadd@ddyl vi dual under-grate bl ast
zones and 30 their conposition with respect. to th?ﬁﬁﬁg%en content are

controlled as a functi oofPEhROBuAS- S Rath ARy © dePRFERIDBN the
calorific valuecld idamsef uoE aguwhte n flirdnepsethé redrfsace i paudgmct coa-wW de

fluctuations, the (adatigneGERNFLING J oM t D8 BYM NG Red A0Me 1 Q8 g1 0n
10 active for the combustion.

' 8. - The method as claimed in any of claims 1 to 7,
wherein, in the case of radiation values or temperature
values of individual part surfaces widely deviating
from the average value of a period of time, these

15 "radiation and/or.femperature values of the respective
part surfaces are observed over a plurality of periods
of time and the corresponding images of the part'sur-
faces are compared with one another with respect to
deviations. . |

20 9. The method as claimed in any of claims 1 to 8,
wherein the radiation measurement is carried out within
a spectral region of from 3.5 to 4 pm.



35 "terrperature | i nked thereto, which is detected by neans of the infrared

canera 22 and eval uated by the evaluating and controllin&”ﬁ&%?ﬁ%%%ﬁBE
passed on to the correspondi ng final cont rol el enent S, ng

-8- utilized for establishing the requABSIRACH rol par anﬂwuﬁlmmﬂrmmﬁ]
final control elements are indicated in Figure 1 in a di [

29 designating the 5 final control element for influencing the grate speed,
30 designating theForfdeflermiggmg dthe astesraga radiztion |efnai ayrthe
speed of rotatifgeeofrdditors! 88 LOlHEnindl bedeShANAL MG red Namedd N3b2)

control el enent faor influencing the grate speeds wth respect to.
different 10 ﬁPacEE?g 3Nl My dfetEldatiomt r yhisheneamersr ife

swi t chi ng- on aiad igwetdc hiitgh Oth’iér&tﬁgamyl.&mlﬁl/a@ t gﬂ%ﬁﬂ gg_ t;ﬁg?@?ag} n?h _

i stons, 33 desi i he &i_nal tral el.enent for the adjustnent,o e
Brinary air ra?gggggfgg5%si§%§?%hg E%ind Pl r A Wenehfattoft
operates at the minimum of the interfering radiation

emanating from the flame (24a), whereby  this

interfering radiation is already largely eliminated. In
order then also to eliminate the solids radiation from
moving . particles and thus ‘to obtain a temperature
measurement of the burning bed (24), recordings are
made successively at short intervals of time by means
of the infrared camera (22) and these are evaluated in
the evaluation and control device (23). For calculating
an average value of the radiation or of the average
temperature, only those part surfaces of the surface
region subdivided into a plurélity of part surfaces are
here taken into account which are not subject to any
change and can thus be allocated to the burning bed
which is to be regarded as being essentially at rest,
while the varying radiation results from other part
surfaces are to be ascribed to the solids radiation of
moving particles, such as, for example, dust particles
and soot particles, which falsify the temperature of
the burning bed.

(Figure 1)
This Sheet Has Been Replaced




15 adjusting the conposition of the primary air
. content and 35 designating the final control
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('soot) in the flame 24a in the firing chanber 3 adnittedly falls from an
dnitially high value, a relatively | ow val ue al ready beings@ﬁg S%i'@t at
-9- 3.5 [err]mand then remai ni ng approxi mately constant, E
interfering radiation emanating fro st particles ﬁﬁ&@& soot cannot
be elimnated by cor- responding fiIteE? d 5WHQ Ls@ﬂhere
the essential fundanental idea of the present |nvent|on nbwhdi e B8l an
this is explained in connection with Figures 3 to 5. Figure 3 shows a
surface region which is noni- tored by an infrared camera and which is
subdivided in 10 accordance with a surface pattern into 25 part sur-
faces. The dark part surfaces here represent those sur- faces which show
substantially higher radiation inten- sity and hence a higher tenperature
than the bright part surfaces. The reason for this is that the surface 15
of the burning bed is relatlvely cool as conpared mnth

Wavelength (pm)
Fig. 2
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the gas atnosphere |lying above it. Looking then at Figure 4, it is
found that other part surfaces here show this high radiatio i 8 hty
or tenperature. Figure 4 represents an i mage whi ch was ﬂ@@%ﬁ@@ﬁ; X%em/ 0
tenths of a second later and thus conprises those changes Ich can
occur within this short period of tine, If it is then fo ml“m'mr\“‘

di stribution of radiation and/or te@%#t ure in Figure 4%“““ hat
in Figure 3, these deviations can originate only 25 fromthose radiating
medi a whi ch can change both their tenperature and their position within a
short tine. It is certain that this does not include the burning bed, since
no noti ceabl e change in position nor a drastic tenperature change can occur
in the burning bed within 30 a fraction of a second. Conparing Figures 3
and 4, it is then found that, corresponding to Figure 5 which shows an

eval uation of this conparison, those part sur- faces are drawn dark which,
either in the imge according to Figure 3 or according to Figure 4, showed
35 a substantially higher rad : i gher tem perature. The

fields remaining bright in Fig nd to those part surfaces
of the imge of the__

Fig.4
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surface region to be observed whi ch have renmai ned unchanged even after a
certain length of tine. It can - 10 - be concluded fromthis that these
are radiation i mages or tenperature nmeasurenents which origifig

medi um whi ch is not subject to any sudden changes and can thusggggsggégéggN
as the real radiation of the 5 burning In practice, for exanple for
formng a control paranmeter which is is&zyby t he eval uat ﬂﬂﬁg"ﬁﬂﬂ"lm}’m _
device 23 to the various final control ele- nments, seven i nadk

recorded within 3.5 seconds and fromthese a nean is formed in accordance
with the com 10 parison shown in Figures 3 to 5. Five of such neans are

t hen conbined to give a control paraneter. In the present exanple, this
means that a new control parane- ter is available every 17.5 seconds. O
course, the tine interval's during which the individual recordings 15 are
made, can be adapted to the particular conditions, so that it is also
possible to operate at substantially
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shorter tine intervals. The part surface which is obsnggg_hx_an_LniLaﬁed
ganmera corresponds in practice to that area which tak NP@HEBWC
under-grate 20 blast zones right up to 15 under-grat "asL ZEHes:
practice, the area of one under-grate blast zone regipnjis about éa
nerr], thi's area then first being divided according {ol t RONE %/
present primary air zones observed by t canera and {hgn_each of e
i mage 25 segnents corresponding to one primary air zépne being subdivid d
for the evaluation into about 25 part sur- faces in at

expl anations i n cMETEGD- FOROREFERMINING 'THE AVERAGE RADIATION| OFshon and t he
i ndi cated tine int ke BEDCYR' YolnGsPHAE HfiraLrAGokeCAREI PR have, in
connection with a frrrmgstala-. t1.on navi areclrprocating grate,

proved to be suffi- cientCINRRQILING THE nﬁum' T of the burning

bed. The images corresponding to Figures 3 to 5 are 35 stored over a

plurality of periods o ar o] angth p t being
not only thé det ec- tlénéop%lrﬁ%q%&%ﬁn ?_g %%np?raoat uge (reﬂéeptrﬁeds@lgnt 959
Figures 3 to 5dgyetménbrgghhepaveragef 5éésatbm fpdj §he average tem-

perature, associated with this radiation, of a surface
region of a burning bed by means of an infrared camera
or thermographic camera in combustion installations and

10 for controlling the combustion process at least in the
observed surface region of this combustion installa-
tion.

Known methods of this type are evident £from
DE 3,904,272 C2 and DE 4,220,149 Al. In practice, dif-

15 ficulties have arisen in carrying out theee methods,
the difficulties being that the values of radiation
and/or temperature detected do not always correspond to
the exact temperature values of the burning bed,
because they are affected by the radiation values of

20 the flames, flue gases and soot particles present
between the infrared camera and the burning bed. This
has the éonsequence that the control operations carried
out on the basis of such control parameters on the
combustion processes frequently.do not meet the desired

25 requlrements.

It is the object of the invention to develop a
method of the type indicated above in such a way that
the interference by flame radiation, radiation from the
gases present in the flue gases and solids radiation

30 from soot particles and the like are largely excluded.

According to the invention, this object is
achieved, starting from a method of the type explained
above, by restricting the measurement to a wave region
which corresponds to the minimum of the interfering

35 gases’ above the bﬁrning bed, subdividing the surface
region “to be covered into a surface pattern with a
plurality of part surfaces} recording a plurality of
successive images within a period of time during which,
in the surface region to be covered, the burning bed



atso possible with this method to establish whether REPTLACER SEEBT
)a k3 bl

ahnormal changes. If, for exanple, always the sane

t—Staces—afre al ways

too high or too low.in tenperature over a prolonged|{period of time hen

conpared with the nean burni ng-bed tenperature on thel5 2§NO¥ W&yi bn
consi deration,
the air feed. The successive control paraneters forgred in the eval uat}

and

it is possible to infer a fault in thelgrate nechaniks

device 23 are wused for influenci ng—the—i-rev-coal—f

in

or in
on -
nal

control el ementMETHODLPOR BETERMINING THE AVERAGE FADIATION OF A'BERNING
overvi ew. AcCOBED'ANY COMBUKSTION INSTADLATIGNS NAND' FOR hEONTR

right up to the tenperature 1 n thecoMBy
been i ndi cat ed above, can. be influenceﬁ §¥R£g§ control device 23. -

For determining the average radiation of a sur-
face region of a burning bed, an infrared camera (22)
is used in a firing installation, which camera is
aligned. with this region and is equipped by means of
appropriate flame filters in such a way that it
dperates at the minimum of the interfering radiation
emanating from the flame (24a), whereby this
interfering radiation is already largely eliminated. In
order then also to eliminate the solids radiation from
moving particles and- thus to obtain a temperature
measurement of the burning bed (24), recordings are
made successively at short intervals of time by means
of the infrared camera (22) and these are evaluated in
the evaluation and control device (23). For calculating
an average value of the radiation or of the éverage

ISTAON'PRDOESSD, Whi ch has al ready

12

temperature, only those part surfaces of the surface’

region subdivided into a plurality of part surfaces are
here taken into account which are not subject to any
change and can thus be allocated to the burning bed
which is to be regarded as being essentially at rest,
while the varying radiation results from other part
surfaces are to be ascribed to the solids radiation of
moving particles, such as, for example, dust particles
and soot particles, which falsify the temperature of
the burning bed. |

(Figure 1)



PATENT CLAI MS 1.
the average tenperature,

process at least in the observed sur
installation, ~ which conprises 10
regi on which cor-
t he burni ng bed,

region to be covered,

novi ng radi ati ng medi a by nmeans of
period of time, and utilizing onl)
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surfaces of the radi ation of radiating nedia at rest iﬂﬂlﬂlim
eal cul ation of the average radi ation or the average t nﬂ@T
surface region. 2. . The nethod as clainmed in clai 2&?& congrol
- parameter for controlling sonme or all processes hitherjt EWTEB3e ag a
direct or indireet function 30 of the_ conbustion egpeLaLumnging
formed from the detected neasured val des by nmeans ot fuzzy logic. 3.
The nethod as claimed in claim1 or 2, wherein, for estTabtrshrreg—the
control paraneter, a nean of the average radiation or average tenperature

is formed from35 a plurality of successive periods of tine. 4. The
nmethod as clainmed in any of clains 1 to 3, wherein one period of tinme
anounts to 0.1 to 5 seconds. 5. The nethod as claimed in claim 3,
wherein the mean of the average val ues of five successive peri‘ods - 13 -
of time is fornmed for establishing the control paraneter.
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6. ~ The nethod as clainmed in any of clains 1 to 5, wherein a surface
area region to be observed anpbunts to 5 at least 1 nfer _pﬁpepygmﬁugﬁggfjed
into a surface pattern with at least ten part surface gr§as—f——————Fhe
method as clainmed in claim6, wherein, in the case of |grlate firing, the
surface paftern-.cor- responds to the primary air zones lof] t B3 BOMt Pe
10 active for the conbustion. 8. TBe nethod as cldi ned_in _any of
claims 1 to 7, wherein, in the case of radiation val uest or tenperature
val ues of individual part surfaces w dely deviating froLLLhe—a¥e+age—va+te
of a period of tinme, these 15 radiation and/or tenperature values of the
respective part surfaces are observed over a plurality of periods of tine
and the correspondi ng i nages of the part sur- faces are conpared with one
~another with respect to deviations. 20 9. The nethod as clainmed in
any of clains 1 to 8, wherein the radiation measurenment is carried out
within a spectral region of from3.5 to 4 pm
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