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Simulation of Fuzzy Logic Controller for Food Extrusion Process
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Abstract

Fictitious experiment to control extrusion process was carried out using the fuzzy theory. Algorithm
of the fuzzy logic controller(FLC) was made based on the general principles of extrusion. In the
simulation, at first, thickness of extrudate was measured as feedback input variable. Secondly, a set
point of screw speed was determined as output variable of extruder operating condition through FLC.
Finally, the thickness of extrudate was controlled as a given set point. Barrel heater was simply
controlled as on/off state, which was not fuzzy controlled.

Key words: fuzzy theory, fuzzy logic controller, extrusion

Mo B
U TS A B AR o) Spate] fuigd
AE7F7le2 UL s, @4 Aesge dd
Aoz FAMUSF(LE, FETFH ~3AF dHEE 5
of dfdt gt Z=(feedback) el v 2HF start-

up, shut-down Sof that A& ~(sequence) o] A~

Woz o]Fold Qi N ofw sEMEE Wik B
ﬂ@¢4 Agelnn $3Esl Yae 44 A1)

A e dEE A

=2 o

ke AR °é~% T UEE T4 éﬂ(z*]ﬂ%T)a
Aejd 4 9le kel E(algorithm)e] 7)Hko) L%E—h’/}

HT FAA ] Fefell M 2 (fuzzy) HAel7h FE <
A ALE gleh w2 Aol gpAlof|a) 2 7*"47‘}
Aol o AL s)dsls Aol dweFHe 53
A ad Al Al b wis L—r7}(6Xpert) A A&
,EL}]E 9\1—)\6]%{4’(4'5)~ 011A46i /] 2] _J_,(—]A]—}J,} S8
A A5 aAE el A mde A 9

123

S58] Bapiel vlalste] Wago) Wof
A7) el EAH T 7 Ao} wpae) A geo
o A gsto], 4 o] 29

3L
Al

SR

B EY Aofel gt AR

Q

Corresponding author: Seung Ju Lee, Department of Food
Science and Engineering, Dongguk University, 26, Pil-
Dong, 3-Ga, Chung-Ku, Seoul 100-715, Korea

164

z}o]
A gshm)
4 5ty
7:! 64 o E“FH

Wash]
A go] gk o]
SECRRECR
AO].EH_;;_'_ q{a}ﬂ =Y
o} A& g

&Fﬁ‘iﬂ“} 9} 2

©

A

b Fole] wold
4wl Apole] Y

Moz Abgstol oqg

s [N

ﬁ‘g?‘ir 4 el

Tdel vheA =

=4l

o] 7kl o] - t-\]
g) el 3l 4]
GE4E7
(hardware) *) 8ol FFdo g W aslA 2 ~xEY
o(software) & vl %219_1 Wz)o]2e A sl
15}, ke r;” 2 o%_rr_s-’-_
L= ol— 7 ___ 3_]»&4

@aﬂ%-ﬂ&d@ e

.
T



Rk E I L ECEHE RSP

Membership
function (u)

Process variable (x)

Fig. 1. Trapezoidal type of fuzzy membership distribu-
tion
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Table 1. Membership function 1 of fuzzy values(set
point of Y=5.8)

Variable

Fuzzy linguistic

values

Dimensionless Extreme small(ES)

Membership
function?
al a2 a3 a4

34 42

thickness(Y)  Very small(VS) 34 42 50 58
Nil(N) 50 58 58 66
Very large(VL) 58 66 74 82
Extreme large(EL) 74 82 — —

Screw speed Negative highNH) —22-18-14-10

change(X1) Negative low(NL) ~14—-10 -6 —2
Nil(N) -6 —2 2 6
Positive low(PL) 2 6 10 14

Positive high(PH) 10 14 18 22

Walues of limits of membership funtions for linguistic
values

Table 2. Membership function II of fuzzy values(set
point of Y=5.8)

] Fuzzy linguistic Membgrship
Variable function?
values al a2 a3 o
Dimensionless Extreme small(ES) - — 38 46

38 46 54 58
54 58 58 62
58 62 70 82

thickness(Y) Very small(VS)
Nil(N)

Very large(VL)

Extreme large(EL) 70 82 — ~—
Screw speed Negative high(NH) —-22-18—14—10
change(X1) Negative low(NL) -14—-10 —6 —2
Nil(N) —6 —2 2 6
Positive low(PL) 2 6 10 14
Positive high(PH) 10 14 18 22

YValues of limits of membership funtions for linguistic
values

FAHEIE)E HAAHPEA Adgglon o] i3t 5
AES Fig 13 e Algel2(aad £3hse) &
e RS,
u=0 (x<al)
(x—al)/(a2 —al) (al<x<a2) 2)
1 (a2<x<a3)
(a4 —x)/(ad —a3) (a3<x<ad)
0 (ad<x)
o714 al, a2, a3, abt SAA@h HFael B o

el AAGRIE 2 g bEAE ) Alejel A A
Aol el & 4 e WYl Hdte] AR
(Table 1, 2).
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Table 3. IF THEN rules in fuzzy model

Rule IF YV X2 THEN X1 H
1 EL? higher/lower NH? off/on
2 VL higher/lower NL  off/on
3 N higher/lower N off/on
4 VS higher/lower PL  off/on
5 ES higher/lower PH  off/on

VY = dimensionless thickness of extrudate, X2=tempera-
ture(x ), X1=screw speed change(rpm), H=heater('off’
means action as cooler)

PEL(extreme large), VL(very large), N(nil), VS(very
small), ES(extreme small), NH(negative high), NL(nega-
tive low), PL(positive low), PH(positive high)

A8 AYA Aol ARE F8ste) W WGl
W3t H2] G Atele) #AE thga} 2 IF-THENS
A dHe® vehlgiri(Table 3).

IF P(Y) AND X2, THEN P(X1) AND H else
IF P(Y) AND X2, THEN P(X1) AND H else (3
- IF P(Y) AND X2, THEN P(X1) AND H.

714 P(Y) % PRD= 27 st 589 54 o ~3%
AL wsteke] dd HARE e, X2 9
He o7 383 3 a2y 259 8/
H A7181E1 on/offE tehdich A QoA A=
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trix, R2 W53 Re) 7b AR g)dh 253, uR(,
xD= A (Bl ojste] &R0

R=P(Y)XP(X1) “)
ug(y, x1)=minluy(y), ux(x1)] (5)
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Fig. 2. Extrusion system with fuzzy controller and
on/off controller
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Fig. 3. Flow chart of computer simulation of fuzzy con-
trol
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Fig. 4. Dimensionless thickness of extrudate as a func-

tion of control actions

Initial conditions: Y=5.35(190 rpm, 105C)

I:fuzzy control from membership function I(Table 1)

II:fuzzy control from membership function II(Table 2)
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Fig. 5. Dimensionless thickness of extrudate as a func-
tion of control actions
Initial conditions: Y=6.18(160 rpm, 95C)
I:fuzzy control from membership function I(Table 1
1l:fuzzy control from membership function Il(Table 2)
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Fig. 6. Dimensionless thickness of extrudate as a func-
tion of control actions

Initial conditions: Y=5.76(160 rpm, 105C)

I:fuzzy control from membership function I(Table 1)
II:fuzzy control from membership function II(Table 2)
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Fig. 7. Dimensionless thickness of extrudate as a func-
tion of control actions

Initial conditions: Y=5.59(190 rpm, 95C)

I:fuzzy control from membership function I(Table 1)
II:fuzzy control from membership function II(Table 2)
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Fig. 8. Dimensionless thickness of extrudate as a func-
tion of control actions from Table 2

Initial conditions: Y=5.38(190 rpm, 105C)

A: control with —0.5C /loop of cooling

B: control with —1.0T /loop of cooling
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Fig. 9. Dimensionless thickness of extrudate as a func-
tion of control actions from Table 2

Initial conditions: Y=6.18(160 rpm, 95C )

A: control with +0.5C /loop of heating

B: control with +1.0C /loop of heating
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