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Abstract Nonlinear unified predictive control(UPC) algorithm was applied to the temperature control
of a batch polymerization reactor for polymethylmethacrylate(PMMA). Before the polymerization reaction
is initiated, the parameters of the process model are determined by the recursive least squares(RLS)
method. During the reaction, nonlinearities due to generation of heat of reaction and variation of heat
transfer coefficients are predicted through the nonlinear model developed. These nonlinearities are added to
the process output from the linear process model. And then, the predicted process output is used to
calculate the control output sequence. The performance of nonlinear control algorithm was verified by
simulation and compared with that of the linear unified predictive control algorithm. In the experiment of
a batch PMMA polymerization, nonlinear unified predictive control was implemented to regulate the
temperature of the reactor, and the validity of the nonlinear model was verified through the experimental
results. The performance of the nonlinear controller turned out to be superior to that of the linear
controller for tracking abrupt changes in setpoint.
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FANE FEE st Be oFAol GueFol ALHA
gt EFA2A7(UPC)E ATE B AoigdizFe
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Agd uAdy 2do /A FHAZAA0Y A5E
AZF3s7 Y3d FARAE FRPsHeq, HE4 PMMA
Fdrg oA APE P3AAL FARAGME EHIS
Aeuigie g 48 FHPAZA o e} NIy FHASAHIY
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Astch
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Chain transfer R;- P, + R,
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to solvent
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Fig. 1. Block diagram of the linear and nonlinear

UPC.

EgdaAolrlda QAo RE A MEH ALY
42 d&ge e ¥9.

P¥k+i) = Gudk+i—ad—1) (13)
+ B -1 + Fs =501

g Plgl)e 28 BULEe E(pole)Eol HH AR
(servo)?]15€ ZAsted Ys3Holu. oy G, H, Fie
Diophantine4] ¢ 2 1 & T3} W tHSoeterboek, 1992).

Cp _ -1 F

B =E+td’p (14)
Bp _ ) v Hi

A ~Gre 7

4139 vhAnge HHE FHRLAN £ =09 H
2aelA ey Tgw Lol A=W

8 = -“%B— wk—1) + £"Ck+ Hy) (15)

FgdEAoANNE NERF FH A AiEHe EF
AFEH AjEYoE 7HFXE FrHET

H,
J= 2, [P+ = PDulk+ 0] + (16)

p Hg:"[ Q; u(k+i— 1)]2

1001



NEYTE Hi st AL ol e AkzY ol
oA AlLtg
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Table 1. Kinetic Parameters and Design and
Operating Variables

ka 1.25x10" exp(-35,473/RT) s

k, 2.94x10° exp(-5656/RT)*g," &/mol - s
k. 5.20%10% exp(-1394/RT)*g.” Ymol - s
Kurm 892x10™* exp(-13971/RT)*ks  #/mol - s
Kirs 8.29x10™° exp(-42.6/RT)*k, 4/mol - s
ki 1.83x10” exp(-44467/RT)*ki  3/mol - s
initiator efficiency, f 05

monomer volume 800 mé
solvent volume 800 mé
initiator charge 8 g
reactor temperature 70 T
jacket flowrate 11.0 £/min
reactor diameter 134 cm
jacket volume 1.074 L

a) gel-effect factors from Schmidt and Ray correlation(1981)
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Fig. 2. Simulation results for tracking stepwise changes in
setpoint for the reaction temperature by (a)the linear
UPC (bithe nonlinear UPC and (c)nonlinearity and
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Fig. 3. Simulation results when the cooling water is
cutoff from 60 min. till 90 min. : (a)the
nonlinear UPC and (b)nonlinearity and
monomer conversion.
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Fig. 4 P&D of the experimental set for temperature control.
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Fig. 5. Experimental results for constant reactor
temperature control (a)regulation performance,
(b)monomer conversion and heat of reaction, and

(c)number- and weight- average molecular weights.
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