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ABSTRACT

Based on process analysis as well as extensive
experience, fuzzy
for startup and control, are proposed for a

operation two expert control
algorithms,
supercritical fluid extraction process which has high
interacting multivariable structure. In the proposed
algorithms, a new simple defuzzification method which
only requires four fundamental arithmatic rules is also
presented,

Through numerical simulations,
using the proposed control algorithm is compared with
that of a different other
researcher and that of conventional PID-type controllers
which are tuned by well-known optimal criteria.

Also, the proposed control algorithm has been tested
to the bench fluid
process,

As a consequence, the proposed fuzzy expert
controller has shown fast and robust contro!l perfomance

while the other controllers show sluggish and/or highly

control performance

fuzzy algorithm by an

scale supercritical extraction

oscillatory responses,
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A 7 a8 AL =2l& MEths MelQl Linguistic
+8E ZYHE Aol FABoIth welM, Adse] 2
fuzzy Alel7171 H7] ¢ dHl A AR x4z} Fy
AT E HEFo|H 7irto] BUY 4 UEH fuzzy U4 E
I Wy ¥4 2830 AoFAE yAA FYst= A
olc}.

2 Aol AdEgo A 2YA S 22 3x
(SuperCritical Fluid Extraction Process, SCFEP)& tj4to
2 3t fuzzy BE7t AAE AYslgct cfy 34U 2
42 & FAL FAJ|(Extractor) At Baly
(Separator) F7H2 A= o} 9l olFe YYol KN
& zAFojo} Trh 2QUA el olabMura(c0)7 B
o] &uf2 olnf, A2 B {4 (Molar flow rate) 28 &
H(Recycle)®TL. olxlz} gtae] g¥oz A 2y A
& 3A Hsin gul-od EEY doatd 4Ag A
29 3] A ER FHS AP AW R Sl
Bel2 m2Y@s7 7t of e fETL

RAA B28] UL AJE(Start-up) 3} Foi(Control)
FI/E U £ AUtk W 23 BYY sl2xH] 3 B
Mg Ul o g rlE Ao FAZ 71 F 7R 8] fuzzyH oy 7}
& A< gt 2-220(0n-line) A £& 9% o] 4x 3
& A3t olF 9% Defuzzification Wzt MAA
(Set-point) ZMo|AMe] nlH ZFEZ #i3lo] Alofj7] miA ¥
24 2HEU¢H( Auto - contracting) & ¢+ 3HQch.
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Mol AL Aol fuzzy Yol ohizl P& B8
Bolol I AdeMYy B ¢ P& JREE gityor
fuzzy Al iboll ] 2oli=-Qlelo] fuzzy X §}-Z 99 A4%go] ti=
ch whebd, Adtel A HA Y& fuzzyd A1FE= Ao
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fuzzy®}(defuzzification) A} 7= do] Wasic
-1, gd8o2M fuzzyFite] B2 (2 A ¥ )

el AlF o)l ¥ e RE fuzzy P Y-S ¥ A& (Normal fuzzy
set) Hgciz 713Uct A I T ol FAUW o} M
742 fuzzy & AU HEA}-NS(Negative Small),
Z0(Zero), 22|35l PS{Positive Small),
Labels : NS 20 Ps

Current Input

Fig.l. Membership functions of the input fuzzy sets,
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Labels : NS 20 PS PB
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Fig.2. Membership functions of the output fuzzy sets.
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FLEg oA}

2. dHo &I UYL 3t dgog ¥l
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339 Aol 532 MrbA| &¥( Pe, Psy 22j3 Ps2)2t
& F5(m)8 2o lth 28y m o Aol Ry
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gl (6] BA 2ARAL v} Ytk
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Fig.3. The complete P & ID of the process( SCFEP ).
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24y Ry { TARSNY J[2AY A FREE
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Fig.4. Step response of Ps; at two different operating
conditions, (250,80) and (250, 150) when we closed the
valve 1 by 5%,
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Fig.5. Step response of Ps; at two different operating
condiconditions, (250,80) and (250, 150) when we closed
the valve 2 by 5%.
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Fig.6. Variation of the reduced density for a pure
component in the vicinity of its critical point.
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IV-1. Fuzzy %} (Fuzzification)
1. Fuzzy H%e] 39

iy F3e d¥e FASEVI NUA 2elrd
)eld ol& F/2 Ao WRE Fste] Aoigich oo u
a2} S0 dN 22H E(error), CE(change of error) )& &
olstd szt HA Fhel AAY fuzzyH Y& B BAch
Ex HEJ] CEx= oi&7le] g 3o AAFNY 45
I QAARE Aol7] olFel AR Bk oy AY
ghg WlIRTHA ol PIDAIS71S 37) Thetueret wl& i),

2 Aol A Hojol cisf 4zt 4719t 72
fuzzy A ¥h& Bostdch AEe F, E° %ol 20, PZ,
PS 2} PBCZ 5telT CES] A-9of NB, NS, Z0 8} PS22 Y%
och, Aole] AL E, CE 23 Cveliris] 2tzh NB, M,
NS, Z0. PS, PM 3} PBo® Upeoirt. QIzbe] MM} JBER
Zretsto] Fig. 9)of T ALE 48 TS cAlw
"f}“‘ 20004 @01 A5 ¥ x]/d(Fuzzi neSS)ﬁ %7} *lﬁt}

NS Z0 PsS

Sl '
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Fig.7. Membership functions for E, CE and CV,
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Fuzylol7)o] A 71 AT IR E e A
QadolZ Ushd 4 9tk olE FUEE ¥ eAA 2
U B AT A BAY BN AVEE 2aisid
wge] ALk Fuzzy Aol7le 919} 2 o142 BEY 41
& ol=AE FYtn A lrBel E @72 tjatel MMoRlol
o) A9 E SISOZ Aoi7} Fhssict. rigst e Welel Y
el ZAE YA 74 Ausialch

rot 2]
Ry : If A is PB and B is PB then C is NB,
or
Rz : If A is PB and B is PM then C is NB.
or
or
Ry : If A is NB and B is NB then C is PB,
N
RJ(E,CE)= \/ R (E,CE)
1=1
Look-up Table
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Table 1. Lookup table for startup.

E
CE 20 PZ PS PB
NB
NS RC NS
NB
20
PS NS . J
Table 2. Lookup table for control
L El wn M NS 20 s PH PB
ce
NB PB PB PN PS 20 NS NS
NM B M PS pS 20 NS NM
NS PM 20 PS 20 NS NM Ny
20 PH PS 20 20 NS NM NB
s PH PS 20 NS NM NB NB
Py Ps 20 NS wo|ooNB NB NB
B 20 Ns' | M NB NB NB NB

Table 1)8 EW ©l¢ Zisixwt 28Y Ho| otk 7
3 Z08% Re Reolth Eu CEZ} oz Zola48 njs)
z%o] WastA ©r} RCe 9uli ‘Changing Rule' £ table
1)o]M table 2)22] A¥E Yepdch Table 1)2} 2)8 W&
2 B g 2Bl NBE B4} A= ol F3Y B4
A qtge] gl e dE ¢YAste Ariyog el
ofirtr} wiEolct

IV-2. Defuzzification

Z3E ATL fuzzy AYPol ofls] o] o] A&KEE
AR o] Uasith E Aol A wet FAHE U=
fuzzy g ATzl AT A& 4 Y oBT 2L A
sh= 71 A gastA"n ol AR B dYHE
=},

a: YY" P2 ol Roll K3 ?

Q2: RgEe Ao 4o AKEE JH Folo} 7t ?
03: Q3= ZAE @7 sl 92 oW o] © ZAs?
Section 118] U&-& 71£22¢ o B&e] Serh&adrh
HEAM : o

E9} CEol tiyt AN FZejA o] EA4Y ¢ Y& RS
2tz chgel 64 F9 ¥ Ref oA "rh
(zo, Ps), (PS, PM),

(NB, NM) (NM, NS) (NS, Z0) (PM, PB)

AN : Q2 1el3 Q3
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Fig.8. Activated functions for the case 2 and 3.
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Figure 8)¢] #1% HUELE FYUIF 2 HS=E 2 o
So] ¥dM A7 &9 YUY} YL A4=F FL Aolth
Ua] BfEel ciAs A Per E¥& AUy 4+

Qlc,
V.34 2
v-1. ¢=2lE

Aol UERd fuzydoll@ ol8Y Aol YRAES
fig.9)ol Bqch Figure 9)429] o8 g3 7ted A3 o
¥t 212 ‘Contraction of UD'2}:L o8 Hojn Edo|tl. A
o7l Aol BANR}A] UL &k A AEE] W)
AAE A 7HE A Fol Foi & 7RI naY =3
& ¥ 4 grh ueld AEyer 3H Heat 271 ey
2Lg AN FRog HFE= F AFYSel HA Uz olF
ZANFL AtAAE =Yt ol AAMFT Y Aoy
A&& opert 28l Y Fof ‘Limit filter’ 2Hs EHS
Aol duel §ELY A%& Yr Y Holch

V-2, 3oi7] w}elofet

Hol719 4w 2F& A%t cHE A2 MY et
el =3ach. 2R o8 223 Ll a & Ao
Yool NA=§ 2P A% AoIn(Fig.10) , & A7
7h CEofl oA8} A Lpd W& LA U=H YY) A o
2(Fig. 11) Let= AtUALRA AAF LY Avid &S 2
+rl. (Fig. 12)
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W 23y 24
- AN fuzzy Aol7]

AT Aoi7le) setuleh uppol stEA 1 dge A
¥ Bkct. o] & Figure 10,11 2&]3 126) Uehfgds 7 &
38 table 3ol FeistArt. AzHE BW Ao} Wy AR
29%e AL Helehs Aol due WAEE zEHE
oglg ¢ ¢ Atk UEA FAL 54U AT L = 1A
slshd tiME Fo AzHE BITh (Table 3. B3)

- T8 a2 EE A fuzzy Aois[7]

Figure 13%} 148 R 2 4%& 71d AMojrlolxnt B
2719 delo] AMgol UF uel "ol = FH9 Alxzy
2 TetielE MtolFolo} gtk ofdgo] Qirh ofof n
B AAIRE Aol Eelz)el ehee] Ao Welxlx| g
B metiebs 2HY ANE2N 22 F2AE 98 4 Ach

- QuHEQl Befs PID Aoi7]

TR udY ol Aot FHY A o]Fel 2 =
Ao mlet HstA Ml T gAY A4 myg HYc} o]
& Aoz dolRI 93t FAL FOPDT(First Order
Plus Dead Time)RWRE ZAIBIA o|§ 2AZ 2Y 24
uiRo} stol FF o] el ol F3t A]44F T3 table 4)
of Ry} o]lF BE dHI XYRA oy I sl A
o717t & FAHY 4 otke A& AW 49l E FOPIT
BA-g o] &3}o] PIDA|o 72| mlelElE PIIIL(IAE) 24 %
& fig. 15)ol 24l o2 PIDHol7}: AN THS
23] B¥g B ¢ ot

VL A g

2 BAME B8 I %S AR fuzzy|o} s § 71x|
SLAA ZAA FA 32 FAE o3l AUl Hsg
AEoArh guit olaks B E ol g3l oy B
ol clFRE &R og sl AYe 25 30
oCE 3lil, 2719 ¢S 250 atn H Mz Hels] g
1507]1¢t0.2 U5 2 FZo] &7 350 atm = 3 ¥
® FE7IE 200 atnl® FolE Ao st Hoir)ry
tehiels 327 49 AJE a=6-1.0, Ls-1/8% stz
271 ¥ AANE 0.5 5-1.0, Ls=1/3203 3}gc}.
Figure 16)off Aol HAE vie}l vigich
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A, B : Fuzzy sets Table3. Summary of the control responses with parameters.

CE : Change of error.
E

. Error. Pamete- « B L,
Ke : Stesdy state gain of Pl controller, R L"-iL‘-" 08 F“ 2.0] /4] e LV“’
LS B BloCking pa['ameter. ( 0 < LS < 1 ) Response Sensitive Similar Similar
NB, NM and NS : Fuzzy labels : negative big, negative beciston] x| bad [ good| good | bes| good | was
medium and negative small, respectively,
P : Process variable,
PB, PM and PS : Fuzzy labels : positive big, positive -~ A
Initia onditlons
medium and positive small, respectively, ‘:c i
Poe ! Pressure of extactor. ( atm ) o S
. Calculation of — rocess
Psy Pr‘essure: oflthe first separator. { atm ) E and CE nodel
R : A set of rules. I
T, U, Vand W ! Universe of discourses,
Votuge { et )
v © Vo
Z0 : Fuzzy label ; Zero. - Reset
IF |Overcontraction

e ]
Greek letters [ Fuzzlﬂgaﬂo?‘e——}—( Retrieve l

7
: itivity fact

a SensxtlvT y factor (0 <Cas1) «-— Raset

B8  : Contraction parameter for CE, ( 0 {8 <1 ) T ne

u : Membership function.

T . Time constant. (min) l c—[ Lookup table] rs l Lookup table—,
1 .
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Fig. 11. Control Performance wirh variable 8. Fig. 14. Response of Ps;.
(0.5 1.0, 2.0)
Table 4. K and 7 with varying operating conditions.

(150, 80) |(200, 100}|(250, 150){(300, 200)} (350, 250}

oop'“'”"(“m) k | 9.8as5.25 | 15.4/7.5 | 21.7/14.1] 28.8,22.0{36.5/31.2

Pe t | 0.71/0,51 | 0.81/0.6 | 0.89/0.74] 6.96/0.81 1.0/0.93
3401 g « / + 5 Extractor / Separator 1
Decreasing L.s
y Preasure(atm)

280 Pit 660

800

V4 )

220 " Deorassing.Le 460 S
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ool o

Pt b,
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0o 04 08 12 16 2 24 28 32 38 4 . 00/ " § R
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Fig. 12. Control Performance wirh variable Ls. 50 \ . , \ X ) . R )
(1, 174, 1/8, 1716 ) 0 04 08 12 16 2 24 28 32 36 4
Time(min)
as00 Extractor Preseurs : Fig. 15. Control performance of PI controller tuned by
stesdy state = 9500 Po1 Minmum IAE.
sat poinl « 9350 Pul
9400 -1
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[ 32
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Fig. 13. Response of Pe. Fig. 16. Experimental Results
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