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1. ABSTRACT

The present sludy was undertaken ill all industriat tiro-channel roller kiln used ill sl'«Jlld
firillg a product processed by the ttoice-firc 11I1't/lOd. The Mlldy addressed the effect of thefollowillg
firillg slage »nriablcs 011 tile CIlrmlllre:gaps ill the till' deckand chmrges ill II ,e tempera ture set ill
the differcm kiln ZOIlI'S. It was confirmed industrinlb] that the tetupcralurc inside the differelll kiln
modules fluctua ted over time. TIll' kiln was therefore closely monitored durillg presumedly stnbl«
operatillg periods, Allalysis of the resu ltillg data suggests llutl oscillation of the valves regliialillg
fuel gas feed 10 the kiln IlI/ rII l'rs caused tiu: tcntpcraturc[niciuations.

2. OBJECTIVES

The objec tives of the study were to cha racterise kiln operation by monitoring online
the most sign ifica nt ope ra ting variables and to determ ine the effect of kiln ope ra ting
va riables on tile cu rvat u re.
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3. EXPERIl\I E TAL ASSEM BLY

An assembly was d esigned consisting of a d ata acquisition system that collected
information online and in realtime, on the position of a se ries of valves, temperatures and
gas p ressures insid e the kiln . Tile curvature measuring eq uipme nt was also installed in
the kiln , en abling kiln variables to be cor rela ted wi th tile curva tu re.

4. RES ULTS

4.1.- CH ANGES I SET TH ERMOCOU PLE TErvll'E RATU RE

Tile curva ture is affec ted by changes in the set kiln thermocouple temperatures. As
an exa mple of th is relation , Figure 1 plots va riation of tile cu rva ture ve rsus the change in
the temperature se t at one of the thermocouples (TA2l) locat ed in the top cha nnel in the
kiln pea k tempe rature zo ne . This cha nge in tempera ture favo urs sintering at the surface
and top part of the tile, so th at tile shri nkage increases in thi s reg ion in res pec t of the
boltom pa rt of the tile, thus reducing tile convex cur va ture.

4.0 1100

uvo
3.5

I IXU
~

TA21

E 3_0 1170 --!
11M !;

.... 2.5 11511
-5

c rz

" T~ ~c..

~
1140

,j 2.0 ~

=: 113u r.
c

~.... 1120.... 1.5 Curvature...J IlIU

1.0 lion

(. 7 9 10 11 1Z 1.1

time (11 )

F(o,:rm' 1. [{rduClhIJI in ti ll' C/frm/ /lrc Cll/I ~cd I,y dUlI/St'''; ill t i ll' :' I' t f0l' t /ll'rlIW( l ll/l'h' temperature TA2 I.

4.2.- EHECT OF GA l'S IN TH E TILE DECK ON TIL E CU RVATU RE
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The presen ce of ga ps in the tile deck in the kiln ca uses complete kiln dest abilisation,
which not only affects temperature but also the p ress ure curve ins ide the kiln, thus
producing changes in tile curvature. The tiles that lea ve the kiln immed iately after a ga p
do not exh ibit the desi red convex curva ture (Figure 2). In so me cases they even have
concave cu rva tu re due to the arising cha ng es in temperature in the firin g as well as in the
coo ling zone.

4.3- STUDY Of THE CONTROL PARAM ETERS REGULATIN G BURN ER GAS VALVE
BEHAV IOU R

The fast, con tinuous cha nges in tempera tu re caused by sma ll ga ps in the kiln tile
deck sugges led that tempera tu re contro l, main ly by ope ning the burner gas valve, might
not be su fficiently we ll regulated to enable modulating these cha nges. Ind eed , on
ana lys ing the data recorded on the va lve openings, it was observed that continuous
osci llation occurred in all of these. These swings, p robab ly due to imp roper se lect ion of
the programmed va lues of the parame ters in the r ID contro llers that reg ulate the position
of the va lves, caused continuo us va riations in the temperatu res reco rded a t the d ifferent
therm ocouples. These pa rame ters were stud ied and modified w ith a view to improvin g
kiln ope ra tion. The ad justme n ts mad e to the different contro l parameters of all the
contro llers are give n in table I. Figu re 3 shows how, on reducing val ve osc illa tion
freque ncy, it was possible to achieve g rea ter temperature stability.

PARA;\IETER

Proportional band

Integral time

Servomotor dead
band

ACTlO:,/

r

Table 1. lvlod~(icd parameters ,
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5. CO NCLUSIONS

I. The study showed that the changes in the tem perature se t in the peak temperatu re
firing modules led to changes in tile curvatu re; this su ggests a strategy for
cu rva tu re contro l by measuring tile curvatu re and au tomatically acting on the
se lected loop

2. When ga ps occur in the tile deck in the kiln, all the kiln temperatures cha nge in
an important way, hence modify ing tile curvature.

3. It was found that the control param eters in all the gas valves, es ta blished by defect
by the kiln builder, produced continuous temperature swings. This situation also
notab ly reduced va lve useful life.

4. The control parameters of the gas valv es were determined, by making a pprop riate
adjus tme nts, wh ich enabled providing an adequate respon se time wi th regard to
small temperature changes. Th is yielded grea ter stability of the kiln temperature,
and there fore of tile cu rvatu re.
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