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Abstract — Control of the temperature distribution in an extruder is important in maintaining consistent quality of an
extruded polymer product. Due to nonlinear viscous heat effects and strong interaction along the direction of polymer flow,
however, commercially employed decentralized SISO PID control often shows limited performance. As a way to realize more
accurate extruder temperature control, in this paper, we present a simplified linear model for the extruder which takes the int
action effects into account, and a decentralized SISO MPC algorithm with feedforward compensation of the interaction effects.
Performance of the proposed technique has been illustrated through numerical simulations.

Key words: Extruder Control, MPC(model predictive control), Feedforward Control, PEM(prediction error method)
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Fig. 1. Schematic diagram of the extrusion process.

N, SARARE Bale] AAE Alole] 5L SISO PIGE
AFgE 7359k M e,

2. YiESHe| nEY

2-1. $&E3He| 7Y

2 Ao 7PE Bol AREA Qe T 23 F(single screw)
A=71E dlde g sHeH Fig. 1l o] &4 NMEF=E B
o E7|= A FA o] (solid conveying section)s-§--(melt-
ing section), &84 $<*-(melt conveying sectio® Foizltt,
7h o] AARE AdsAl BeEE AL ofvY, AARE &
288l mEr L X7t wskelAl |5, 7].

HEFH A vl (barrel) 27+ X9 2AlolE Wb E Fig. 1
olMAH wiEFE IR e FE7](electric heate®} W24~

2 e W dee], arEAeke] AR tolel] A

2
40 Rdyde wida 237 i disiMe Az 2% ol
A

UA FA0], a2 AlelE ofFdkE AEA tEiME £4, AuA

|
B2 DAHOR oA FA st B 1PRA olE,
S5, §94 757 A7 2YE U Ao s

ol HjEs} 25F, aelw A HR) o) YR AN

=]
AN
2
o

MEe JAETL Aujetn] AFHEANA T e
¥ =

parabolicHPiE2 0 2 YA X5 HHIAT

I ; Barrel

&l&]&(

)

( Barrel

Fig. 2. Details of the barrel and screw for modeling.

sjetmst N|373 M45 1994 s

S
2
Q_I =a Q_I+1'§ QID (1)
ot 972 rortorl
at t=0, T=T(r,2)
at =0, k%-—g =h(T-T.)
oT
at z=L, kE =h,(T,=T)
oT
at r=Ry, kEF =hy(2)(T-T))

at r=R,, k%—: =q(t 2

71014 T wWiEe &%, o IS, he t7]9) wiEAlolg)
EHGAF, e TEA} mjE Abolo] GXEAFE e u)
2 uE f@E Y, ke iEe] AR, TE W79 2%, T=
FEA] 2% T8l ge AE7IMZER o Al Y (A
==t

2375 WEH rRA 2 dAETE Aulste ot 22 oy
:":

A A4 FYTh
oT, _ [0°T. 16007y
— =0 + 5= — 2
t [622 rarBL ort (@
at t=0, Ts=Tg(r,2)
oT
t z=0, —=0
at z 3
oT
at :L, —_S—
z or
oT
t :0, —_S=
atr o
at r=R;, ka—TS =hy(2)(T,—Ty)

or
. ke 23] AR EES 2o A

iy
A2 7H), hi2ks AR 2RAAele] Ghgol, B
= [e)

PVYWH = F=constant 3

71914 p= A WE, vE 25 Wt olFele 2t A
&rolnt,

AuA] A4S 8 aEAte] L= T z et X8 7t
A Fgit aaE FAEE 131 hyperbolic2] 22 T3

3 whor) — 2 (WHooR _

S (WHPR)= - S2(WHpUR) + W[ T(R)~T;]
+ hsW[Ts(RB) _Tp] + Qf (4)
at t=0, T,

p:Tpi(Z)

at z2=0, T=T,,



RdeZAlolE o83k =710 2mAloAl A 541

oT T h hg Table 1. Dimensions and thermal parameters of the single-screw extru-
ot = Va2 e TRY =Tl + e (TR -TyD) der[1, 5]
P p
O Screw diameter(D=Rx 2) 120 mm
HWpC ®) Extruder length(L) 21D
A o Thickness of the barrel¢RR,) 20mm
FRES: 294 2 Aole] WA z=ztarbE clgstel A (552 2l Asled Lengths of the solid converying, melting, 7D each
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Fig. 3. Temperature response at each zone to a step increase in heat input at zone 1.
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Fig. 4. Block diagram representation of the interaction between the
models at each zone.
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