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Abstract:

The main principle and the characteristic of Predictive Functional Control ( PFC) strategy are pre-

sented in this paper and the corresponding control system aid design software APC-PFC is also introduced. For

a chlorinated polyethylene (CPED process, a design scheme of cascade predictive functional control system is

described and the conirol performance is improved obviously.
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INTRODUCTION

With the development of science and technol-
ogy> requirements for the satisfactory performance
of the control processes are largely enhanced.
modern control theory based on the
state-space method cannot meet the requirement

However,

of the practical control problem due to the fact
that it is very difficult to obtain the precise mathe-
matical model of processes, especially for non-lin-
ear, uncertain, time-delay and time-varying pro-
cesses. Ordinary predictive control strategies can
solve some of these control problems; but are usu-
ally only limited to the slow processes because of
the complex on-line computation. Thus, Predic-
tive Functional Control (PFC) is used to deal with
the quick tracking control problems as a new kind
of predictive control method (Su, 2000 .

PFC has been regarded as an effective control
method for rapid processes since it was presented at
the beginning of the 1980 s. Recently, PFC has
successfully been used in some practiced industrial
processess such as those for nonage robot, rocket,
object dogging, reactor and heater, etc.

In this paper, the PFC algorithm is described
and then a PFC aid design software package is in-
troduced. Finally, the PFC technology is applied
to control a process for producing chlorinated
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TP 273 .1
polyethylene and the result is very nice.

THE PFC ALGORITHM

PFC is based on the same principle as that of
classical predictive control strategy, i.e. use a
model to predict the future output of a process,
achieve optimization and feed-back correction.
The main difference between general predictive
control strategy and PFC is that in PKC, the
structure of the control variables is considered as
a linear combination of a set of base functions
(Richalet, 1987). The control variables can be
obtained by calculating the weight coefficients of
The

choice of base functions is related to the charac-

the base functions’ linear combination.
teristic of the process and the desired setpoint.
The key function of PFC is the selection of
base functions, predictive model, reference tra-
jectory and coincidence points.
1. Predictive model
PFC is a model-based predictive control strat-
egy. The predictive model is often described by
the following discrete state equation
X, (kD=A*X,(k-1)+BUCk -1

Y, (k)= CoX, (k) (o
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Where X,, & R"*! is the state vector of the inter-
nal model process. Y,, € R'*!is the output vector
of the internal model process. U & R'™' is the
control input vector of the system. A< R"*", B
€ R and CE R'™" are the coefficient matrices
of the discrete state space model.

The model (1) can be obtained by general i-
dentify methods because PFC is mainly used to
deal with single input/single output systems and
possesses sirong robustness .
2.Base functions

One feature of the PFC is that the control
variables are expressed as the linear combination
of a set of base functions

J

where f;;( 1) is base function with corresponding
output when applied to a process, expressed by
g;(1)s (kD is the weighted coefficient (j =15
<=+, J): J is the number of the base functions.
The choice of these base functions depends on
the nature of the process and the setpoint. Gener-

ally step, ramp, parabola, " are used.

3.Reference trajectory

In PFC algorithm, in order to control the sys-
tem so that its output can reach the setpoint grad-
vally and avoid overshot or control variables
changing dramatically, the following reference
rajectory is commonly used:

y,(k+i):c(k+i)—ai(c(k)—yp(k)) (3>

where ¢(k) is the desired setpoints v,(k + i) is
the reference trajectorys y,(k) is the system out-
puts a =e 3T, T, is the sample time, T is the
response time of the corresponding reference tra-
jectory. The tracking speed of the reference tra-
jectory tending to the desired set-point value de-

pends on the value of «.

4.Predictive output and auto-compensation

From system model (1), the predictive output
of the model at the moment & + 7 is

Y, (k + i) = CA » X, (k) ¢
Zj:#l_/(k) gyl
. : 4
imu)-glj(i)

j=1

_Then the predictive output of the process is
Y(bk+1) =Y,(k+ i)+ éCk+i) (5

where é Ck + i) is the predicted difference be-
tween the process output and the sum of internal
model output and disturbance model outputs, ob-
tained through filtered observations on a past hori-

zon> by a polynomial extrapolation
N

eCk +i) = Y,(k) — Y,(k) + > e(k)+ 7
j=1

where /N, is the order of the predicted difference

polynomial extrapolation. The coefficient of the

polynomial extrapolation is €;(k)> j=1,""* N,.

Y, (k) is the process output at time k.

5.Object function, coincidence points and control law

The goal of the optimization is to find a set of
coefficients 215 p255 ***5 g2y such that the sum of
the squares of the difference between process
predictive output and tracking trajectory at each
coincidence point is minimized, during the whole
optimizing periods so that

min > (Y,(k + h) — Y.(k + h))2 (6
i=1
where: i/[,( k + h;) is the predicted future pro-
cess output, Y,(k + h;) is the value of the ref-
i — 1’ s
number of the coincidence points.
If the calculation equation of the setpoint is
in polynomial form

N,
j=0
where N, is the order of the polynomials ¢;Ck) is

erence trajectory, ‘> n, and n, is the

the coefficient of the polynomial .
From the above equations, we can gel the
control law

max(/\“;/\“())
UCk) = ky» (CCEY = Y, (kD) + > hy»
(=1
CeilCk) — (kD)) + k, » X,CkD 7
where
oy
Lot c'"[A’" - 1]
kO_v. E ;km,: i hl\_ 3
[ 1 -a A, — 1
e
oy
k]zv. E H
L 7l
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v=LA00 - A0 M;
M=(G*G") ' G;
g.'.-l( hl) = ggi( h<)
G = : : i
giwChy) o giwCh)

giin> = CoAly 'BofiC0)++++C, B, f,(i —1);

N, is the order of the predicted difference poly-
nomial extrapolations NV, is the order of the refer-
ence trajectory.

Where UCFk) is the control input signals co-

Base Function

3

input

Setpoint [ Reference

Control

efficients kq» ky+ k,» can be computed off-line,
and CCED» Y,(kD)s ¢,CkDs e, (k) are known.
Here, state variable X,,C k), control variable U
( k) and predictive error between the process and
the model are needed to compute on-line. Obvi-
ously, compared with the other predictive control
strategiess PFC has simpler algorithm and less
computation. ( Richalet, 1987;: Didier, 1991;
Ata-Doss et al .» 1991: Xi» 1993: Chu, 1995).
The structure of the predictive functional
control is same as the structure of the model al-
gorithmic control; and is shown in Fig. 1.

Process
output

- Process

Controller

~| trajectory

Disturbance

Disturbance
model

Internal

Calculating

model

[~ Offline |

calculating

Fig.1 Block diagram of the structure of the Predictive Functional Control method

THE SOFTWARE PACKAGE OF APC-PFC

In order to use the PFC algorithm to deal

with industrial control problems conveniently, a
PFC aid design software package was developed
and a man-machine interface of the APC-PFC is
shown in Fig.2.

o

R

Fig.2 The interface of APC-PFC
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This software has been applied in many prac-
tical industrial processes. It can be realized in
DCS; PLC or industrial control computer based
on the fact that this software can foom C+ +, C
and EXE files, etc.

CHLORINATED POLYETHYLENE (CPE) PROCESS

Chlorinated polyethylene ( CPE) is an impor-
tant chemical engineering production. The chlo-
rinating procedure is a fitful and discontinuous

process: and must react according to the given
relationship among the temperature, time and to-
tal amount of chlorine. The property of the pro-
cess varies greatly during reaction, so it is hard
to control by using traditional control strategies
such as PID control strategy. In the past, manu-
al operation control was very difficult and trou-
blesome, while PID control was troubled by
overshots vibration and low control precision.

The flow sheet of the CPE process is shown
in Fig.3.

F=Lompressed mir

Farl guy
y=Hydrochlotic neid
i=Palyethvlene
S=Chlorine gus

S feam Steam

Hot water i

Fig.3 The flow sheet of CPE

From the raw material to the chlorinating
productions the process has four stages: adding
material, exhaust, heating, heat preservation.
Each stage has different task and control feature .
Adding material: Adding the raw materials
(polyethylene mainly ), churning fully, increas-
ing the kettle temperature by steam.

Exhaust: When the kettle temperature reaches
T,s add chlorine F to remove airs.

Heating: When the kettle temperature is 7T
close the steam valve and add chlorine gas nor-
mally. This period may be divided into some
stages, with each stage having different desired
temperature-time-total value that will affect the
quality of production. In this period: the tradi-
tional PID control may have large overshot and
abrupt transition due to the fact that the heating
stage is a heat absorbing process and that the
kettle temperature is adjusted only by changing
chlorine gas quantity. Moreover, vibration and
low precision are also the control problems of

temperature tracking.

Heat preservation: The main goal of this period
is to keep the temperature at a given area. This
stage is the key for ensuring production quality,
and the controller should guarantee the kettle
temperature inside the given area.

The production output after the above four
stages should be de-acidifieds neutralized and
dried to finally, yields the chlorinated polyethy-
lene product.

PFC APPLICATION IN THE CHLORINATED
POLYETHYLENE PROCESS

PFC strategy was applied to deal with the
practical control problem of a chlorinated
polyethylene process in Hangzhou Electrochemi-
cal Group Co., Lid. The distributed control sys-
tem was Supcon JX-300 DCS, model identifica-
tion and PFC controller were designed by APC-
PFC software. The control framework is shown in
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Fig.4 The control framework of cascade PFC

The inner loop of the control system was
comprised of PFC 1 controller and the feed flow
valve. The outer loop was comprised of PFC 2
controller; the inner loop output and the reactor
kettles which was used to regulate the set point
of the feed flow so that the kettle temperature
tracked the desired reaction temperature .

The PFC algorithm was programmed by sys-
tem controlling language ( SCL) of the JX-300
DCS application module and was downloaded to
the control station of DCS.

The transfer function of the inner loop pro-

. 1.72
cess can be obtained as G(s) = 17 635s + 1
e %, and outer loop as G(s) = __1.66
35.335 +1
e 27 . The kettle temperature under PFC and

PID control law is compared in Fig.5; where the
x-axis is the time (minutes) .

The curve above is the input of the PID control

Temperature (°C}
:zﬂ

1 A
120 12:40

Valve (%)

Fig.5 Comparison of two control methods
Ca)Output of two control methods; (b Input of two control
methods

system, and the curve below is that of PFC. The
ripples in the upper curve shows that the system
has a lot of disturbances. The PFC strategy leads
to a more precision, strong robustness and good
tracking performance .

CONCLUSIONS

The PFC method and APC-PFC software are
introduced in this paper and applied to deal with
the control problem of chlorinated polyethylene
process. The actual control results indicated that
compared to the tradition PID control strategy,
the PFC control algorithm has many more advan-
tages such as the rapid tracking, the higher pre-
cision, strong robustness, etc.
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