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€3 Control procedure for a boller plant operating on solid fuel, and corresponding control apparatus.

@ The invention concerns a procedure for controlling the
combustion process in a boiler plant operating on solid fuel,
and a corresponding control apparatus. In the procedure, the
excess air quantity is optimized on the basis of temperature
measurement resuits, corresponding to various settings of the
secondary air hatch, obtained from one temperature sensor
(29) in the flue gas passage (24). By the procedure is found the
setting of the secondary air hatch consistent with maximum
flue gas temperature. The control apparatus comprises one
= single temperature sensor (29), placed in the fiue gas passage
< (24) and a calculating unit, preferably a microcomputer. The
apparatus also comprises a throttling damper (28) disposed in
the fiue gas passage (24), a primary air hatch, and a secondary
” air hatch to which the microcomputer with the aid of Its optima-
tion programme imparts the setting consistent with maximum
Q flue gas temperature and optimum air excess.
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Control procedure for a boiler plant operating on solid fuel,

and corresponding control apparatus

The present invention concerns a procedure for controlling the com-
bustion process in a bufler plant operating on.sulid fuel, in said
procedure the solid fuel being converted into combustible gases and
the amount of secondary air supplied to the combustible gases for
their combustion being regulated by cnntrolling a'secnndary air

control member.

At present, rontrol of the combustion process in'heat§n9 boilers
has been by continuously measuring the oxygen and carbon dioxide
content of the flue gas and'per#orming the contralADnbthe basis of
this direct measurement, by cuntrnlliné‘?he 5ecandéry air. Such
control has also been commonh in which the pﬁimary and secondary air
guantities are set to have constant values for each given rate of
power output. In that instance, ihe settings of the primary and
secondéry air dampers have been ?ound By estimating, in various

ways, the goodness of combustion.

It is essential with a view to combustion that the excess air guan-
tity is at its optimum. I too much secondary air is supplied, the
fuel in the combustion volume does not need all the oxygen avail-
able in order to burn completely. This excess oxygen, and the cor-
responding proportion of the air, is however heated to the same
temperature as the combustion gases, £hus binding thermal energy
and therefore cooling the flue gas. An inadequate secondary air
quantity is not enocugh to burn all the gases fit to be burned,
whereby carbon monn#ide, in particular, gains aécess ta the boil-
er’s convection parts without being oxidized. This chemically bound
energy escpaes from the combustion prncéss, and the flue gas will
naot be heated up to the theoretital maximum. The maximum value of

the flue gas temperature yields the best result of combustion.

As mentioned already, in designs consistent with the state of art
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have been known various combustian process controls based on meas-
urements. Through the Finnish patent application No. 822332 is
khown a control procedure and apparatus for powdery fuel, or for
dust.?igiﬁg. In the firebox has been disposed an optical lame
mnnitoring means, which is susceptible to soot deposition. The
procedure taught by said application interferes with the combustion
process almost contiunuously (at 0.5 to 2‘second intervals) and, on
this account as well, it is therefore not appropriate, particularly

not for solid fuels nar for se-called grate burning.

Through the German application print Neo. 2 736 284 is known a

system which is intended for burning gaseous fuel. The fuel/com-
bustion air ratio is determined in a separate control burner. In
said system, a temperature sensor has to be mounted in, or close

to, the +lame.

Through the German application print No. 3 224 300 is known a meas-
uring instrument which, admittedly, measures the flue gas tempéra—
ture but which fails to apply its findings in any kind of control.
The apparatus gives notice when the flame is too dark Driwhen the
+lue gas is too hot, i.e., when the boiler is being run with exces-
sive power output in relation to the momentary condition uf-ihe ”

boiler.

In the German application print Ne. 3 330 9790 is disclosed a ﬁro:e—
dure in which several separate boilers are so contralled that the
generation of heat eguals its cunéumptinn. Through this reference
is known the dimensioningbm+ these boilers and the control, in
accordance with load variation, of igniting and extinguishing the‘

burners in these bailers.

Through the U.S. Patent No. 4,375,950 is khown a system which is
intended to be used in contrpolling the burning of liguid and'gase—>
ous fuels. The system requires temperature sensors both in the ‘
firebox and in the flue duct. The apparatus is not applicable when
burning solid fuels because the controller responds to disturbancéé
of combustion independent of whether the disturbance is a prnlangé&

change, e.9. of the fuel’s moisture content, or for instance a
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- temporary disturbance in the fuel supply. The correction applied an
observing a disturbance of short duration in the combustion causes
disturbances even after the time at which the original disturbance
would have been amended without any aid. In the reference, the
reaction of the system to load changes (to changes occurring in the
fuel supply) is sluggish! the air quantity does not change until
there has been a change in fuel supply. As a consequence, a conh-
troller like this system is constantly offset from the correct con-

trol value by a certain delay.

The object of the invention is to achieve an improvement of pres-—
ently known control procedures for a boiler plant operating on
solid fuel. The more detailed aim of the invention is to provide a
control procedure which enables optimum combustion and better effi-
ciency to be achieved. The other aims of the procedure of the
invention, and the advantages gainable with its aid, will become

apparent in the disclosure of the invention.

The aims of the invention are achieved with a control procedure for
a boiler operating on solid fuel which is mainly characterized in
tﬁat the combustion air guantity is optimized in that with a tem;
perature sensor in the flue gas passage fs measured the flue gas
temperature at different settings of the secondary air control
member, and a mathematical function is constructed which abproxi—
mates the set of secondary air control member setting vs. tempera-
ture plots, the maximum +lue gas temperature being solved there-
from, corresponding t0>this functon’s maximum, and the setting of
‘the secondary air control member is changed to be cansistent with
said setting of the secondary air control member, obiained as a

result of optimizing.

The other important characteristic features of the control proce-

dure of the invention are stated in claims 2 tao 7.

It is-also an object of the invention to provide a control appara-
tus for controlling the combustion process in a boiler plant oper-
ating on solid fuel. The control apparatus of the invention is

mainly characterized in that the control apparatus comprises a

2
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calculator unit incorporating an optimation programme, and a sec-
andary air control member cantrollable with the aid of set-point
values derived from said calculator unit, and that the control
apparatus comprises ane single temperature sensor, installed in the
flue gas passage, supplying to the calculator unit the results of
temperature measurement, corresponding to different settings aof the
secondary air caontrol member, reqguired in optimizing the combustion

air guantity.

The other characteristic features of the control appatatus of the

invention are stated in claims ¢ and 10.

In the preéént application is disclosed a new control procedure and
apparatus far boiler plants operating on solid fuel. The heating
center operating according to the forebox hrinciple comprises a
fuel supply assembly, a forebox, and a baoiler with chimney. The
burning means in the forebox converts the solid fuel into gaseous
state. Said forebox burning means does not participate in the com-
bustion process proper. The fuel runs from an fntermediate silo
cnto an inclined grate, ihe embers glowing in this grate’s lower
part and on the planar grate drying the fuel and liberating the

" volatile gases therefrom. The carbon in the fuel becomes axidized
with the oxygen of the'air supplied through the primary hatch, pro-
ducing carbon monoxide. This gas mixture is not yet burned in the

foreboxi it is instead conducted by the fire tube into the boiler.

Tp the hot gas mixture coming from the forebox is added air from
the secondary air connector of the firebox, whereby the gases are

partly ignited in the fire tube and move, burning, into the boiler.

The basic idea of the invention,.that is of the new control proce-
dure and appargtus, is to accomplish control of combustion using
only one thermocouple in the flue passage, measuring the flue gas
temperature. Optimation of the combustion process takes place at
‘the gutput power of the boiler at a given moment. For each output
value a maximum can be found in the flue gas temperature when the
secondary air guantity is varied. Said optimizing of combustion,

and therewith maximizing of the cambustion temperature, is accom-
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blished with an apparatus in which the flue gas temperature is
measured with a number of given secondary hatch settings, e.g. with
three settings. This yields the pairs of measured‘vélues STA,SST;
ATA,AST; YTA,YST, where SST is the flue gas temperature in the
stable process prior to optimizing; AST is the flue gas temperature
when burning with inadequate air guantity, ATA is the setting of
the secondary damper when burning with inadequate air guantity,
YST is the flue gas temperature when burning with ample air guanti-
ty, and YTA is the setting of the secondary damper when burning
with ample air. These pairs of measured values represent a certain
function, which represents the interrelationship of secondary damp-
er setting and temperature. When the number of measuring points is
three, the curve passing through the plots can be apprnximated‘with
a parabola. The constants of this parabola are found by setting up
simultaneous equations with the plots and solving these, for in-
stance applying Cramer’s method. Now aonce the eqﬁatian including
its coefficients hés been found, it is further possible to find
mathematically the maximum of the functiarn, in this case of the
parabola, whereby one finds the setting of the secbndary damper
corresponding to the maximum, and this setting will then give opti-

mum combustion.

The excess air optimation is carried out at the poﬂer output of the
heating centre at that particular moment, and therefore the second-
ary damper settfng'found in the way just described is only valid

with this particular output rate.

The invehtion also comprises a throttling damper placed in the flue
passage, and correction for the interdependence af the secandary
air hatch settingé. This correction is applied by establishing the
set of plots (sa,tal)l., where sa = the throttling démber setting and
ta = the setting of the secondary hatch calculated by Equation (1),
i =1 to n, where n is the number of plots (sa,ta).. To the set of
plots is further added the plot (sa,ta)n+s, which contains the
throttling damper setting during optimation and the optimum second-
ary air hatch setting. With these plots a go-called PNS it is con-
structed, and the corrected Equation (1) is formed with the egua-

tion therefrom obtained.
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The changed pbsitian of the secondary damper has no significant
effect on the subatmospheric pressure in the firebox, and therefore

there is no need to change the setting of the primary damper.

Setting of the secondary air damper =

. = £ (setting of the throttling damper) (1)

With the control procedure of the invention is nobtained a control
of a solid fuel boiler plant in which the air guantity is controll-
ed without delay, simultaneously with the load, and always directly
to the correct air/fuel ratio. This circumstance is, in fact, one
of the significant factors when comparisons are made with control
designs of prior art, in-which it is typical that the air guantity

does not change until there has been a change in fuel supply.

The procedure of the invention also comprises a step in which the
combustion air guantity is checked at given intervals and, if re-
'quired, caorrection is made so that through optimizing as taught by
the invention is achieved a'setting of the secnndary-air hatch con-
sistent with maximum temperature of the flue gas. The interval
between optimations may be one hour. This is advantageous because

the influence of sporadic disturbances is then minimized.

The invention also concerns an apparatus consistent with the proce-
dure, in this gpparatus béing essential that only one temperature
sensor is employed, this thermbcouple being located in the flue gas
passage, and the apparatus comprising a calculating unit, suitably
a microcomputer, which carries out the optimation consistent with
the procedure just described, utilizing the measurement information
obtained from said sensor, whereby as a result of the measurements
and of the calculétiuns made by the calculating unit, that is of
the optimizing, is échieved a secondary air damper setting consist-
ent with the excess éir optimum. This excess air optimum guantity

corresponds to the maximum of the temperature.

The invention shall be described in detail, referring to an advan-

tageous embodiment of the invention, presented in the figures of
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the attached drawing, yet to which the invention is not meant to be

LR I

exclucively confined.

Fig. 1 presents a boiler plant operating on solid fuel, in which
the control procedure of the invention is applied, in elevational
view.

Fig. 2 presents the boiler plant of Fig. 1, viewed from above.
Fig. 3 presents the bailer plant of Fig. 1, viewed from the front.
Fig. 4 shows on a larger scale, a detail of Fig. 2.

Fig. 3 shows graphically the relationship between secondary air

quantity and flue gas temperature.

Fig. 6 illustrates graphically the optimation measurement taught by

the inventian.

The heating centre operating on solid fuel, depicted in Fig. 1, has
been indicated in general with the reference numeral 10. The solid
fuel storage bin is indicatedmwitﬁ reference numéral 11. The stor-
age bin 11 has an openable cover structure 1Z,. and the lower part
13 of the storage bin 11 is tapering. Reference numeral 14 indi-
cates a plunger feeder, arranged to move solid fuel from the stor-
age bin 11 by-a trénsport tube 15 to the intermediate silo 16. A
1imit switch 17 has been fitted tao control the supply of solid fuel
to the intermediate silo 16 so that the intermediate silo 16 is

substantially filled to capacity all the time.

The heating centre 10 comprises a forebox 18, this being a burning
means which converts the solid fuel, for instance chipped wood,
sawdust, lump peat, to gasepus state without participating in the
ultimate combustion process. The fuel runs from the intermediate
silo 16 e.g. down on an inclined grate, the embers glowing in its
lower part and on the planar grate drying the fuel and liberating
therefrom the volatile gases. The carbon in the fuel is oxidixed

with the oxygen in the air supplied through the primary air hatch
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19, producing carbon mohoxide. This gas mixture is not burned in
the forebox 183 it is conducted by the fire tube 21 into the boiler
23.

Filling of the forebox 18 is automatically accomplished with the
aid of a feeder, e.g. a plunger feeder, 14 connected to the inter-
mediate siloc 14. This system keeps the intermediate silo 16 filled
to capacity at all times, independent of the fuel consumption. To
the hot gas mixture coming from the forebox 18 is added air through
the secondary air hatch 22 on the fire tube 21, whereby the gases
are partly ignited in the fire tube 21 and go, burning, to the
boiler 23. An action means 20 has been provided to control the
primary air hatch 19, i.e., to change the setting of the primary
air hatch 19. The reference numeral 26 indicates the chimney and
rnumeral 27, the base aon which the forebox 18, boiler 23 and chimney

24 have been erected.

The thermocouple 29 measuring the flue gas temperature has been

placed in the flue passage 2Z4.

As showh in Fig. 4, a flue gas exhauster 25 has been mounted in the
flue passage 24. The part after the exhauster 25 of the flue pass-
age 24 carries the reference numeral 24a. In Fig. 4, the flow of

flue gases under natural draught is indicated by the arrow A and

that with forced draught, by the arrow B.

The procedure of the invention now comprises a step in which with a
thermoelement 2%, suitably a thermocouple, in the flue gas passage
is measured the flue gas temperature at a plurality of points. It
is shown in Fig. 5 that with optimum excess air guantity and with a
given setting of the secondary air hatch 22 optimum combustion is
achieved, whereat the flue gas temperature has its maximum. I+
through the secondary air hatch 22 too little air is admitted into
the fire tube 21, not enough oxygen is obtained for the cnmbqstion,
while in the event that there is too much air the excess air binds
thermal energy and the energy bound in this manner is wasted. When
now the flue gas temperature is measured, as taught by the inven-

tion, at three points, three pairs of values are obtained in each
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 ponds a certain flue gas temperature. One obtains the plots »
(STA,SST)3 (ATA,AST)i (YTA,YST), where S8T = flﬁé gas temperature

in a stable process before optimizing, STA

setting of the second-
ary air hatch 22 before optimizing, AST =+flue gas temperature when
burning with inadequate air gquantity, ATA = setting of the second-
ary air hatch 22 when burning with inadequate air guantity, YST =
flue gas temperature when burning with ample air guantity, YTA =
setting of the secondary air hatch 22 when burning with ample air
guantity. The curve passing through the plots that have been found
is approximated with a parabola, of which the constants are found
by setting up simultaneous equations with the plots and by salVing.
them e.g. with the aid of Cramer’s mefhod aor by anocther mathémati—
cal methaod. The setting of the secondary air hatch 22 corresponding
to the maximum of thé curve gives optiﬁum combustion. The idea is
that a mathematical function representing the relationship between
the flue gas temperature and the setting of the secondary air hatch
22 is constructed in which the variables ére temperature and .
setting of the secondary air hatch 22. To the maximum of said
curve, i.e., to the point whefe the temwmperature has itsAmaximuh,
corresponds a given setting of the secondary air hatch 22. The
éecondary air hatcﬁ.ZZ is now set in this particular position with
the aid of the control equipment. There may also be more than three
points of measurement, but the measurement at three points which

has been described_is sufficient.

Optimizing is achieved with a calculating apparatus, suitably a
microcomputer, in which the optimation process has been programmed.
‘The sensor 29 in the flue passage 24 measuring the flue gas temper-
ature is suitably a thermocouple, because the temperature here is
already reascnably low and a thermocouple is then better resistant.
The fact that only one sensar 29 'is needed has also.a favourable

effect on the price of the whole control equipment.

In the procedure aof the invention is also performed correction for
the relationship between the settings of the throttling damper 28
inserted in the flue passage 24 and of the secondary air hatch 22.

This correction is made by setting up a set of plots (sa,ta), where
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sa = setting of the throttling damper 28, ta = settings of the sec-
nndary.air hatch 22 calculated from Equation (1), i = l...n, where
n is the number of plots (sa,ta).. To the set of plots is further
added a plot (sa,ta)n+1 which contains the flue damper setting and
the optimum secondary air hatch setting during optimizing. With
these plots a so-called PNS fit is sought and the equation derived
therefrom is used to produce the corrected Eguation (1). The
changed setting of the secondary damper has little effect on the
subatmospheric pressure in the boiler firebox 23, and no correction

of the primary air hatch 19 is therefore necessary.

Setting of the secondary aiﬁ damper =

= § (setting of the throttling damper) 1)

Fig. 6 illustrates an optimizing measurement. Everything takes
place on one time axis. Topmost is shown the course of the flue gas
temperature. The lower graphic presentation, again, represents the
settings pf the secondarf air hatch at the different steps. The
abbreviations (SST,AST, YST and STA,ATA,YTA) correspond to the
pointse of measurement, already discussed, associated with the

optimizing run.
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Claims

1. Procedure for controlling the combustion process in a boiler
plant operating on solid fuel, wherein the spolid fuel is converted
into combustible gases and the guantity of the secondary air sup-
plied to said combustible gases for their burning is regulated by
controlling a secondary air control member (22), characterized in
that the combustion air quantity is optimized in that with a tem-
perature sencor (2%) in the flue passage (24) is measured the {lue
gacs tempsrature at various settings of the secondary air control
membs=sr (22) ard a mathematical function approximating the secondary
air control member (22) setting/temperature plots thus obtained is
cornstructed, its maximum consistent with maximum flue gas tempsra-
ture being soalved, and the setting of the secondary air control
membha2r (22) is changed to conform to the resgpective setting of the

secondary air control member (22) found as result of aptimizing.

2. Procedure according to claim i, characterized in that for per-
forming the optimaticn, three flue gas temperature measurements are
made at three different settings of the secondary air control mem-
ter (22), ard that the curve passing through said three points of
measurensnt (STA,33TiATA,AST; YTAJUST!) is approximated with a para-
la, the maximnum pf said parabola being fn&nd, and the secondary
2ir zont-o! member (22) being set in the position yielding said

optimem combustion and maximum temparature.

3. Frocedure according.to claim 2, characterized in that the con-
stants of the parabola passing through the points of measurement
are fourd when a greoup of simultaneous eguations is constructed
from thees plots and this is mathematically solved, e.g. applying

Cramer’s mesthod,

4. Procedure according to any ohe of claims 1-3, characterized in
that the relatiaonship between the settings of the flue gas flow
contrel member (28) and the secondary air control member (22) is
corrected with a value obtained by optimatiun and stating the
setting of the flue gas flow control member (28) and the setting ot

the secondary air control member (22).
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5. Procedure according to any one of claims 1-4, characterized in
that the relationship between the settings of the flue gas flaw
control member (28) and the secondary air control member (22) is
carrected by setting up a set of plots (sa,tals, i = 1l...n, where
sa = setting of the flue gas flaw cantrol member (28 and ta =
setting of the secondary air control member (22), and in said set
of plots is further incorparated a plot (sa,taln+s which contains
the setting of the flue gas flew control member (28) during opti-
mizing and the secondary air control member (227 setting found by
aptimizing, and for the plots thus abtained a curve fit is carried
out and with the aid of the fitted curve is farmed the corrected

equation

)

etting ot the secondary air damper (22} =

= £ (setting of the flue gas flow control member (28)) (1}

4. .. Procedure according to any one aof claims 1-5, characterized in

that optimizing takes place at given intervals.

7. Procedure according to claim &, charactesrized in that the

interval between cptimations is about one hour.

8. Control apparatus for controlling the combustion process in a
solid fuel beoiler plant, applying a procedure according to any one
of claims 1-7, characterized in that the control apparatus compris-
es a calculator unit conltaining an optimaticon programme and a sec-
ondary air contrel menber (22) controllable with the aid of the
segt-point valuves coming from said calculating unit, and that the
control apparatuos comprises one single temperature sensor (29)
placed in the +lus gas éassaga~<24) and which produces for the
calculating unit the temperature measurement resulis corresponding
to various settings of -the secondary air centrol member (22) which

ars nesded for optimizing the combustion air guantity.

9. Control apparatus according to claim 8, characterized in that

the calculating unit is a wmicrocomputer.
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10. Control apparatus according teo claim 8 or 9, characterized in that

the temperature sensor (29) is a thermocouple.
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