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Intelligent Control of Basis Weight and Moisture Content
in Paper-Making Process

Da Feipeng,
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Abstract: Paper-making process is very complex and there exists long delay time. In this paper, we present three in-

telligent control strategies. These control strategies can control the system with long delay time efficiently . After putting

them into use, we have obtained good control effects.
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1 Introduction

Paper-making process has the characteristics of long
delay time, strong nonlinearity in the process, time vary-
ing parameters and serious stochastic disturbance! ! .
Many variables need to be controlled to guarantee the
quality of the paper. Among these variables, the most
important ones are paper’ s basis weight and moisture
content. There are many factors affecting basis weight
and moisture content, including density and flow of
pulp, flow of white water, liquid level of headbox , densi-
ty and flow of stuffbox, temperature and pressure of
kiln, etc. These external and internal factors have fair in-
definiteness.

Paper-making is a very complicated process of heat
and mass transfer, whose mathematics model varies as
the factors change. So it is difficult to establish the mod-
el of paper machine. To give a quantitative reference in
the computer control, it is necessary to construct a rough
model . Considering the complicated object of Yixing pa-
per mill, we originally plan to use the identification
method to construct the model of basis weight and mois-
ture content. Because the inertia of the washing is too

large to reflect the change of the pseudo-random signal
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and on the other hand the pseudo-random signal needs
more time to simulate the system and might waste t00

much paper, we take step response method . Since there
are more changes in traverse quantity, the fixed point
sweeping test is used finally. In the test, the conditions
are ; basis weight is 250g/ n, speed is 50 m/min, density
is 2% , air pressure is 0.8Mpa, the sampling period is
1s. Under the disturbance of stock flow valve, the step
response curve of the change of dry basis weight is ob-
tained in [2]. After the test, we use our identification
software to process the data gathered from the step re-
sponse test and get the continuous and discrete transfer
functions as below .

W(s) = 1.2¢71%/(1 + 865)(g/m*/ %), (1)
(0.007 + 0.007z1) 27"
(1-0.988z7")(g/m/ %) (2)
Based on the model, three intelligent control strategies

W(Z) =

are presented in Section 2. Section 3 gives the compari-
son of these control strategies.
2 Intelligent control strategies

Some intelligent control strategies have been studied
as below according to the characteristics of the paper-

making process.
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2.1 Intelligent batch PID controller

Due to the difficulties of establishing the model of pa-
per machine on line and the model changes as the varia-
tion of speed and density, it is hard to use the ordinary
control algorithm such as adaptive control or selftuning
control. Considering these reasons, intelligent batch PID
control algorithm is taken into use.In the algorithm the
workers’ operation experience is summarized, so the al-
gorithm has the function of artificial intelligence. We
separate a controlling period 7T, into two parts in the al-
gorithm, one is the controlling time t., another is the
waiting time ¢,i.e. Ty = t, + t,, where t, = L, L is
the delay time. The control principle is to modify the
PID parameters and the controlling time in real time ac-
cording to the variations of the object’s properties. Fig. 1
shows the block diagram of the system. In Fig.1, K| is
the feedforward control coefficient. It can control in ad-
vance when density and speed are varied. The decision
block function is to judge the variations of the density
and speed and to modify the PID parameters and the
controlling time with the change of density and speed.
When paper snapping happens or quantitative meter
needs to be adjusted, the protection block function is to
keep the valve still at its original position in case of mis-

taken operation.
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Fig. I The Block Diagram of Tntelligent Batch PID

In Yixing paper mill, for corrugated paper of 127
g/m? ~ 250g/m?, after the intelligent batch PID is used,
basis weight is controlled in the range of +3% ~ —3%
and moisture content is in the range of +2% ~ - 1% .
2.2 Variable controlling period fuzzy controller

In the practical manual control process,an experienced
operator always observes the size and direction of the er-
ror or the speed and trend of the change of the error.
When the error is large and its change’s speed is fast at

the same time, the operator would increase the number

of operations, i. €., shorten controlling period to elimi-
nate the error quickly.On the contrary, when the error is
very small and its change’s speed is slow, the controller
can be changed little or kept unchangeable, that is, the
number of operations is decreased and the controlling pe-
riod is extended. From the above analysis, we can see
that the control methodology on the basis of variable
controlling period demonstrates the ideas of man’s oper-
ation. So fuzzy control theory is used to simulate variable
controlling period strategy that man uses in the manual
operation.

Fig.2 shows the block diagram of the variable con-
trolling period fuzzy controller. In Fig. 2, fuzzy con-
troller contains two parts; fuzzy prediction and fuzzy de-
cision. The control variable Au (¢) and the output
change y (¢) are fed into the fuzzy prediction. The out-
puts of the fuzzy prediction é(¢ + L) and é(t + L),
which denote the estimation of the process state variables
e(t + L) and é(t + L) respectively, are the inputs of
fuzzy decision. The output of the fuzzy controller is the
controlling period T,. Thus, by the functions of predic-
tion and decision, fuzzy controller can tune the control-
ling period. The detailed analysis is given below.
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Fig. 2 The b-l(;c-k -diagram of variable controlling Period
{uzzy controller
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1) Fuzzy prediction.

It is well known that if the object has pure delay time
L, control action must be detected after delay time L.
So it is necessary to estimate the state variable correctly
after the delay time. Fuzzy prediction can be used to
complete this function.

Assume that y(¢) is the system output at time ¢,
Au(t) is the output of PI controller and u(¢) = Au(t)
+ u(t — L), the derivation term y(¢) is the change of
the output y(¢) .A9(¢), the estimation of Ay(t), can
be estimated by the input increment Au(t) and y(t) ,
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where Ay (1) = y(¢ + L) — y(1). The estimation pro-
cess can be simply described as (Au(2),y(¢)) —
A$(t).A9(t) can be derived from the synthesis of
fuzzy rules and fuzzy reasoning.

From the obtained AJ (), based on the equations be-
low, é(t + L) and é (¢ + L), the estimation of the sys-
tem state variables e(¢ + L) and é(t + L), can be ob-
tained .

e(t+ L) = e(t) - A9(1), (3)
¢(t+ L) = y(t) =2A9(¢)/L. (4)
The detailed deduction can be got in [4].
2) Fuzzy decision.
From the above discussion, prediction process can be

. : Au(t)
described simply as [
y(t)

] , and then fuzzy rules table can be obtained

Ap(t) —
é(t + L)

¢t + L)
to determine the size of controlling period from the ob-
tained state variables é(¢ + L) and ¢ (¢ + L). By using

fuzzy rules to simulate man’ s manual control operation
stated before fuzzy prediction table and fuzzy decision
table can be obtained with the fuzzy synthesis theory .

3) Simulation result.

In the simulation we take the model as y(t) =
(S—Liosl)u( t), where the delay time L = 10s, time con-
stant T = 1s, sampling time T, =0.1s and the input is
step signal r = 1 (¢). Fig.3 shows the simulation re-
sult. It is shown that we obtain good control effect after
using the variable controlling period fuzzy controller. In
Fig.3, abscissa is time axis which denotes the steps of
sampling we take 2500 steps, i. €. 25s, in the simula-
tions. Ordinate denotes the size of amplitude.

2.3 PIP Controller

Due to the limitation of space, the introduction of PIP
controller is omitted here, which is discussed in [4].

3 Conclusion

In this paper we have presented three intelligent con-
trol algorithms . Generally these algorithms have advan-
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tages and disadvantages respectivelyt“] . We can take the
relevant algorithm corresponding to the properties of the
controlled object. It is our hope that this paper may in-
spire some of you to present more efficient algorithms to

improve paper’ s quality and quantity .
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