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Application of Fuzzy Control to Fluidized Bed

Eiji MORIMOTO, Hiroto NISHIBORI and Nobuo HAYANO

Abstract
Fuzzy algorithms were applied to the fluidized bed control system which regulated the bed mode to be

maintained in a bubbling condition under the alteration of particle properties and/or the deviation of bed

hold-up.

Variance of the pressure drop fluctuations through the bed was adopted successfully so as to identify

the fluidizing mode and its intensity. Four controllers were compared experimentally employing the

reasonings deduced from the combinations of four control rules and three membership functions, which

were designed in consideration of the fluidization characteristics studied preliminarily. The rule. whose

variable of the premise was the deviation of superficial gas velocity, controlled the system satisfactorily

both in the transient state and steady state, compared to the rule with the variable of the deviation of

pressure fluctuations variance for the change of setpoint fluidizing intensity . For the increment of the bed

hold-up, the system was also controlled smoothly by the algorithm with the variables of the deviation

of pressure fluctuations and the deviation of superficial gas velocity.

1 # =R

BN DIERE LD, ROE O EAL, SRR
DB SR 2 DB L0 FECIKEE A S uRE)
R0 S UERE F 22 3 FLIRIR BN~ = Bk T 5 & x, %
JABED MR B A T 5 2 212 L ) S B Lk e 5
RE¥T 2720127 7 2 1 BIEID B> TRE L7,

7Y OWERIEI965I A ) T A =T KD
Zadeh (2 & » THI X117z, Bk, 79 ¥ 4 D 125
WHOHLIHIED T TH D, LY LHH X
KN EBEHT G927 7 2 ¢ B Ao
ZEDEIIZHCEOEEZHEUHET L T X 4% if
~then FEXNTERHLL, 77 ¥ ¢ Hedl % o TRl EARIC
FArSRLLDTH L, W7 7 ¥« % T 51t
Hidr > F ok Mamdani Th 0, kBRI

* At TR
* ok KPR 1k

B a2 s TRAG RS TR 225 —
LT P DRI E MR Y L RAA LD TH-
7’:3)4).

77 Y WD R KOR IE, BOFE T BED
EDOHEL OB T o A LT, Aot ~L —
FHLIE) EINLIGETH 2 B2 5T
SHLILTHD, LEH-T, Sl L5 1250l
DR, BMOWENZ L AL W E#NH 27 04 2>
BE L 72k Th s B2 0 s,

2 TP 4B

21 727248100 (&

772 HIEBANGE, I CHIPRET ~then TR
DETEDLINL, W2, 775> Ml gss,7
72 FOAKEECHT SHHE X, X 7T PADA
Ny 2322, W7z 2oz
if x, is small and x, is big then y is medium

if x; is big and x, is small then y is medium

HITURSE S50 e



46 (46)

DI ICHBENDE, TIT, X, XJIAITFERRE,
v (348 8k, small, big, medium, etc 377
V4 ERTH S,

77 U4 B IR 7 7 Y4 RO BA

Yoy HERED SRER S ATV B I O |
HEERIT7 794 HESEAD AN, BB
Sy EEEN T Wb, 7794 W T EBOAN &

oz 7ok % EAITT R RITIBI 2 RPN T 7 7 P 4 e

BT I E2HET S,

2.2 774 KR

B ORI O M2 A A E OREES T 5 2,
ZOMOES KDL, WA, [Xis A JIZNT 5

AIX is Xl AX) 277 V4 BHADXS
TBEFB AL N— Y T ET D, EAE ol3RD X
FIZEKHLIND,

@ = Ann (X)) A Xns) (1
i B ORY
n: iR
iz, i BHOBANC X AR v, 2 k0 L) 1238
v, = B, (2)
BN 1 0 2RO HER R B IR TED SIS,
B = w'B U @B, U U wyB, (3)
NAIZ I ) yold B & vox— 3y 7B T AN S
Tk LTRDLID
fBW%yw
o = @)

fB dy

PLEZfHICZ 2D L,
D Fidlkt X 0% -2 HAUGHAE w20 5T 2.
@ B oA B2 KD S,
@ HHLDOMRERALT B 2R L.
@ Bofb = LTHI S Rofamai g y &t 7T 5.

2.3 FKEBBR~D7 71BN ER
2.3.1 REEDOHIEIRA

FELoAKTE L, WERM,
2ol e, BIKEELC

LU EI N, SLITERLEN
Lo THIHRADEEN K E <

WA 2 (2 T IR OIS 7 < SN e
Z Db MON KO LB E < £ DsrikdE b

X, AUETEIM TR Hﬁe%bi/ru ws, IS
=R L2 S A Il T A B Ao, A
RAEH DR L }%EﬂﬁfﬁﬂTé SN, rh
U LIESE R OB £ £ 0 b IRAEATR & O

X5z, FLRHEIE T, BRI aiRc fﬂlﬁlb‘hk k

Vol.40 No.1 (1989)

o MR - A

CIUNEIEE S G 1

Variance of pressure drop ¢ (Pa?)

LR FREA RS FIF A0 L FR#IB Y, B
KHEOTRD b LA IR TARELZY T 5.
L7:isT, HEIHRRESOSEEIIE HITKRE(E
%. Fig. 1 I3ENIRE & FEHIRRO AL O BIR Z o)
L7 b T, HIHRKRE#HO M & ) RELKE
AU LR TH LI Eb b,

Lo e h b i—o fidk e LRI I
B4 AP (k) D8l o (k) &, 2 HAEEME R, & D%
E(K) % v, 0 s i ~o A B0 &AL

2h AUK) £ T 2 6Ez>uw s L7, E(kiE
KA TEFL,
Ek) = o(k)— (5)

HEIBOHBEBH C L L TRDIODHFFZ LIS,
- 7 ¥ 4 BIZ1E NB(Negative-Big), ZO(Zero),
PB (Positive-Big) » 3 & Hv 72

R, if E(k) is PB then AU(k) is NB

R, if E(k) is ZO then AU(k) is ZO

R, if E(k) is NB then AU(k) is PB

2T, BRI D LERAEDN N RK D T HUEA
HT“‘"{EI‘J: Dok E T ALLE, RO AR L e

Tk ECH L T b B LIRRBIEIKETH I,

éiw*ngm['ﬂ*lxﬁ’;’(k&’] RS & M TR EE D
KEEIZ L7 X nW) JEEBKRLTWA

oo ik e LG it ARSI l’\luxul; Vo (k) &,
20 HAs(E = D% By (k) & b7z E (k) IRATE
£3 5.

E.(k) = V, (k) —R, (6)
FEBN C, & LTKRD 3O HZ LS.
R, if E(k) is PB then AU(k) is NB
R, if E(k) is ZO then AU(k) is ZO
200
| Turbulent fluidization
1O = - = e mmemmmmmmmmmm o m e s mm = O ccmmane o o
Bubbling fluidization W=2.25kg
Fixed bed
0 I} 1 L
0.0 2.0
Inletgas velocity Vi {m/s)
Fig. 1 Relationship between variance of pressure

drop ¢ and inletgas velocity V;

4.0



REVNG~D7 7 2 4 HlEH OB (47) 47

R, if E(k) is NB then AU(k) is PB
BZOKEE LT, Wi ERICE, (k) & JEHR%
AP DEALR E, (k) 2 v 72 B, (K AR CEET 2,
E.(k) = AP(k)—AP(k-1) (7)
HIEHA Co & LTI FN6ob5% 2 b5,
R, if E,(k)}isNB and E, (k)isPB then AU (k)isNB
R, if E,(k)isZO and E, (k)isNB then AU (k)isPB
R; if E;(k)isZO and E, (k)isZO then AU(k)isZO
R, if E,(k)isZO and E, (k)isPB then AU(k)isNB
Rs if E,(k)isPB and E, (k)isNB then AU(k)isPB
Rs if E,(k)isPB and E,(k)isZO then AU (k)isZO
SIT, BRI L U NI BLE B O,
b bIRR R WL L, SSNFOE A H AR &

(a) Control rules C,

E (k)
N B Z 0 P B
4U (k) P B 20 N B
NB 0 P8
i
@
o
9
G}
0
- 1
] 0 Fuzzy variable
(b) Membership function
LO{AU
b
E
-1.0 o| 1.0
-1.0t

(c) Relalionship between munipulated variable dU
and conlrolled variable E

Fig. 2 Reasoning 1

DRE©, TLOLRABEORKETHIIE, ZR
BWADANEILEEDE L Thlisior P, dik s
ST B L )[R ORI L7 2 v
CLEZEKRLTY S,

2.3.2 AWMRI-EIDd 77 HB

SHMD A o= 7RI E # 2, BIEBE] C., C,
CEMWT 77 vt eI ~72, Avri—2 7
BI%Es S P A IR % Fig. 2 ~Fig. 5 12757, Fig.
2UIHIBIRAL C L Z A2 Lo — o o TRICE BV 72
LOT, IhEHR]T &35, Fig. 3 13HEBEC, -
ZHRIA S — 2y T E RG22 L O THER T, Fig.
4 ITHIBIRA Co 2 BRI L MR A A A DS A o

(a) Control rules C,

E, (k)
N B Z 0 P B
4U (k) P B Z 0 N B
NB 0 P8
1
&
bS]
o
[G]
0
- 0 1
Fuzzy variable
(b) Membership function
1.0rAU
L
] Ev
——
-1.0 0 1.0
-1.0*%

(c) Relationship between munipulated variable ay
and controlled variable E,

Fig. 3 Reasoning II

WK T2 20 4




48 (48) BHIC WA - A

(a) Control rules C,

E, (k)
l a4U (k) N D 7 0 -
N B N B
E, (k) YA Y P B Z0 N B
\ P B P B Z 0
NB 0 P8

Grade

ol

~1.0 -05 0 1.0
Fuzzy variable

(b) Membership function

au

SLA - BB S

(a) Control rules Cs

4 U (k) By (k)
N B Z 0 P B
N B N B
E, (k) | Z0O P B Z0 N B
P B P B Z0
NB 20 PB

Grade

-1.0 -0.5 0 . 1.0
Fuzzy variable

(b) Membership function

AU

(c) Relationship between munipulaled variable 4U
and controlled variables E,Ep

Fig. 4 Reasoning Il

=y TR W2 L o THEGRIL, 72 Fig. 5143
FIEHE Co b AR & “ARZ AR DRI A /3
Ly TR W LD THRN =¥ 5, #HmNVTH
Wi R o=y ZBRIIHER IO L DIZHARTT7 7
U 4 K ZO DR e T Y, ZHUIIRENE
OFE X LTRE $ 232 RS v e 2 (FR
DIEDE G L W) TRIO L ISRz, BT
AT TS BT LIRERDOINE 2 E S &
D EEAA X < 2o TEURTRENE & 5 W (3IB5E R DAk
BIZA HTIZN BT, & LREW LR, LIErY
T L oIz 7 7 ¥ 4 B ZO OFH SR LD
R,

3 ERER

EEOME # Fig. 6 IO/RT. KREBEARKISS

Vol.40 No.1 (1989)

(c) Relationship between munipulated variable 4y
and controlled variables E,,E,

Fig. 5 Reasoning IV

2000mm, M#£105mm DEMT 7 ) VUREE 2 EH L,
MG HH N AR T S L) IS NI AR &
FFTH D, EEEICITTE R 40um D ZIUEBER &
A R L CHAIL, S TSR L TH 5.
B, EWEMIMKLTHY, KfoOErTad L
IELTH B,

BOIEHRK AP 3, BB L7 ZA@HIZIED
Yoy 7T, YRR AREBIC L DANET .
IENTATE VI E b — IS &) Rl S AR
JEARET L o TEIME E LTRINT 2, WET -2
l3w4 2703 Ea—2i2LhAd 54 THEELM
X, A =2 2N L TREMO MR E £ E
B A FE L CREMLREEZRIEL T 5. F7,
RIS I2Rb A M L 7o, 20w, » SEEL 461
g/cm®, K 1-1%0.358mm TH 5, » S FHK IS, Powder
~Tester (#iIl 3 7 o> G BHIC L VREL. 72,



MEVE~D 7 7 2 4 BB (49) 49
|
o G} o
o -T- el o
S =
] Printer

—— e

Pick up

Strain A/D | =i Micro D/A
° amp converter computer converter
o
b4
Strain Lowpass DC Inverter
amp filter tachogenerater
PoerLth
ptate .
J/? 1 Rectifier Pick Up { Pitot tube
~Pick up - Screen
()
S ' = @)
— |
< Blowe
300 520 520 - 1180 |- 520 -1 800 I r

Fig. 6 Experimental apparatus
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Fig. 7 Characteristics of fluidization
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Fig. 9 Effect of total mass of the bed W on pressure drop at minimum fluidization
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