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In a cemant plant, controlling
the rotary kiln is a vary
difficult task. The most
advanced method to control the

highly complex and nonlinear
nehavior of the kiln, is fuzzy
icgic. On the other hand, PID

controllers are used in most of
tha industries due to its
functional and structural
gimpliicity. This paper preasents
a method of controlling the
rotary cement kiln by the
combined action of the both
fuzzy and PID controllers.

1 Introduction

Daspite the adveint of many
sophisticated control theories
and techniques, proportional,
integral and derivative (PID)
controllers are still wused as
standard building blocks for
industrial process automation.
In chemical industries over 90
par cant of the existing
control loops are of  PI(D)
type. The popularity of PI(D)
controllers is primarily due to
their functional and structural
simplicity, which makes them
suitable for manual tuning and
affers robust performance in a
"wide range of oparating
conditions. h
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The traditionatl PID
controllers can be totally
inaffective in the control of
nonlinear asystems, 1inear
systems with time delays,
higher order linear systems,
systems with input constraints
and unknown interactions.
Usually the control of thess
types of highly nonlinear and
complex systems is tackied in
practice by heuristics
davealoped by axperianced
operators. Fuzzy logic controi
incorporates these heuristic
rule-of-thumb very easily. This
makes the fuzzy control easier
to understand, and modify.
However, it 1is 1less precise
than purely mathematicatl
models,

Iin this paper a hybrid
fuzzy PID contrcol system is
described which combines the
simplicity, adaptivity and
flexibility of fuzzy control
with the mathematical precision
of PID control. IL is reported
in the literature [1, 2] that
in a hybrid fuzzy-PID system a
fuzzy system can either tunes
the PID gains or selects the
most appropriate PID controller
for better performance.

Omron Corp. has developad
a temperature controller EBAF



which combines fuzzy logic with
advanced PID algorithms ([3].
Here the fuzzy logic control
program monitors the deviation
between the process value and
set point, and also the rate of
change of temparature (in
deqrees par second).

In this papar it is
deacribed the usea of fuzzy
Tegic¢ control 1n  tandem with
PID algorithm for cemant kiln
control. At any instant of time
only ona out of the two
controllers {i.e., Ffuzzy and
PID controllers}will ba active.
During savere external
disturbances fuzzy control
takes over the charge of
control, by-passing the F1D
algorithm.

2 Cemant X11n Control

The cemant kKiln process shown
in Fig.1, is highly nontinear,
time varylng and few process

parameters available for its
control. In such a case it 1s
vary much difficult to

astablish a mathaematical model.
Nonlinearity and time wvarying
behavior of the process can be

tackled by predictive control
[4] and S5elf tuning control,
raspectively, also for
infrequent measurements of Tow
frequency, self tuning

controllers can be used but it
may <converge very slowly or
even may not converge. This s
the exact cage in a cemant Kiln
process whara some measuraments
like liter weight and free 1ime
sample are not " available in
regular intervals due to 1its

dependance on taboratory
avaluation. Aiso kilns with
identical measurements behave

differently and so is not easy
to develop a standard technique
for identical kilns. Hence it
is very difficult to establish

an accurate mathematical model
for tha rotary kiin. Human
cparators control tha camant,

kiln from their expefience and
a "rule of thumb®. Theasa rujes
are vaguely dafinad, tinguistic
gquantities 1ike “High~,
"Small”, "OK™ etc. For exampls,
IF the C0 content in the saxit
gas from the kiln at the
preheater inlet is "High” THEN
“reduce” the coal fed to the
precalciner. Fuzzy logic is a
technique which tackles this
type of impraecisse, vague
linguistic exprassions. Tha
fuzzy logic kiln control aystem
{5-8] was commercially
available 1in 1980, by F.L.
Smidth (FLS) of Danmark.

Fuzzy logic controller
alone in an open loop fashion
can not achisve the required
procaess values. Being the FPID
control is essentially linear,
a traditional PID controller
may not be sufficient to
control the cement kiln. The
hybrid fuzzy-PID controller as
shown in Fig.2 incorporates ai?l
the advantages of PID and fuzzy
systems. Around an arbitrary
point 1in state space, aven
highly nonlinear and complex
systems can be approximated by
a simple 1lower order linear
system in certain naighborhood
of the point making a PID
controller suitable to control



this [9]. But under
disturbances 1n tha kiln the
sl point change will be more
thus makes the PID controller

totally ineffectiva. This
situation needs appropriate
changes to be incorporated,
which 1is taksn care of by
bypassing the action of PID
controller alone. Hance the
comb inad fuzzy and PID
controller schame can tackle

a1l these casas effectively.

The major problem in fuzzy
logic controllar is the tuning
of 1its membership functions,
i.a., a slight change 1in the
membership function alters its
performance significantly, this
makes tha tuning most difficult

and time consuming. Genatic
algorithm, an iterative search
algorithm basad on natural
salaction {Darwinism) and

evalutionary genetics, is wused
to tune the fuzzy controller
[10].

3 Hybrid Fuzzy-PID Controller

Tha PID control ler is
essentially linear. Baing the
Kiln oparation is highly
non-1inear and complex a

traditional PID contraller may
not be sufficient. Although the
PID controller has been used to
control a cement kiln, but for
a hybrid fuzzy-PID scheme has
baen derived. Thig is shown in
Fig.2. For each cantrolled
variable one PID controcller 1is
used &nd the set point for each
controller is decided by tha
fuzzy controller under normatl
aoperation pariods. During

disturbances, the

control
action for the set point change
ia draatic which makas tha PI1D

entirely ipeffective. Under
these conditions fuzzy control
by-passas PID, and applies

directly the input variables to
the kiln which in turn drags
the corresponding output
variable to achieve the set
point at minimum time.

4 Results

The entire routine has been
developed in ¢ language in a
PC-AT 80486 system under DOS.
One of the fuzzy rule block for
the burning zone temparature
control of the kiln is shown in
Fig.3. A set of such rules for
controlling diffaerent kiln
variables has been devaloped.

Also, a design strategy for
controlling the kiln has been
developed. With the
implementation of the above
procedura, it has been chsarved
that the product quality
improvas with increased

production. Also, this improves
the run-factor of tha plant.

L Conclusion

This papear dascribes the
novelty of combining fuzzy and
PID controllers togethar to
control a highly complax and
nonlinear rotary cement kiln.

sually, 1in the conventional
cement plants, kiln wvariables
are contraolled by PID

controllers. Here, the proposed
scheme highlights the usa of a
fuzzy controller to enhance the
perfarmance of the axisting



rotary kiln without much change
in their setups.
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Fig. I A Typical Rotary Cement Kiln
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Fig.2 Fuzzy-PID Hybrid Contral Scheme

Here INGR and DECR reprasants Increasing and Decraasing,
respectivaly. Also LBECR, MOECR, S5NECR, SINCR, MINCE, LINCR
AND BZT rearasants Larga Decreasa, Madium Decreasse, Small
hacrease, Small Increasa, Medium Increasa, Large Inciease and
Aaurning fone Temparature, reaspactively.

IF LOW{ FREE LIME) AND INCR{KILN SPEED) THER SINCR{BZT}
1IF LOW(FREE LIME) AND OK(KILN SPEED) THEN MDECR(BZT}
1F LOW( FREE LIME) AND DECR(KILN SPEED} THEN LDECR(BZT)
IF OK( FREE LIME) AND INCR(KILN SPEED) THEN MINGR{B8ZT)
IF OK[FREE LIME) AND OK{KILN SPEED) THER ZERO(B8ZT}

IF OK(FREE LIME) AND DECR({KILN SPEED) THEN MOECR(BZT)
IF HIGH({ FREE LIME) AND INCR{KILN SPEED) THEN LINGCR(BZT)
1F HIGH{ FREE LIME) AND OK{KILN SPEED) THEN MINCR(8ZT)
IF HIGH( FREE LIME) AND DECR{KILN SPEED) THEN SDECR{BZT}

| .
Fig.3. Rule base for 8urning Zona Temperature Control



