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Study on Active Control System Based on Fuzzy Logic
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By Manabu MATSUSHIMA, Kunihito MATSUI and Kenji UMEHARA

A structual control is presented based on fuzzy logic.
Most structual control theory requires both input and
output records in addition to an accurate description of
structual model, since a dynamic analysis is conducted to
determine a control force

A method presented herein requires neither input record
nor a mathematical description of structure. Control forece
is determined from structural responses (velocity and

acceleration) and fuzzy control rule
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[F Acc=LM; THEN f;=w;-LPP; IF Vel=LM: THEN fz=wz-LPP:
[F Acc=MM; THEN f;=w;-MPP, [F Vel=MM: THEN fgz=w:-MPP:
IF Acc=SM; THEN f,=w,-SPP, [F Vel=SM: THEN f:o=wo-SPP:
IF Acc=7E; THEN f;=w;-ZEP, [F Vel=ZE: THEN fe=wz-7EP:
IF Acc=SPy THEN fi=w;-SMP; IF Vel=SP, THEN fo=w:+SMP:
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IF Acc=LP; THEN fi=w; -LMPy IF Vel=LP: THEN fo=w=+LMP:
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ERIGERICBFEIREI S 0HBcERVY, Zok, MEEBLUEMKCHBEIATVE I A
hh,

(DFEE & & UBHIOBEER (AT

MR OMRTBAT/THHERICS A2 EEERA o, #IHREEHBROLBMOLE AT/TO
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Arvin Tahachapi Earthquake, @Tohoku Univ. 1978 EW EIREMME, ®Akita 1983 East HABHHME
BLU®Sinizu-niho 1978 South HEKELBHEOCO L6 KL%, TOHREZRILRT, Kichsn b
& i, El Centroff T, £ 0HHOBYIRRFAEELRE LA —FHHURBES LTV BN, D
ANTHEGH COHEDRES 2 L B8bd %, BRVEFINE WHERGESBVESEE L2, —fFic
Pl & 5 RHMEENSH 50 T=0.3secDBFE. MBE T0%~45% N TI%~50% DHIHBEBREL B
D. T=1.0secDBE. BOBDIB~5UBBLUN0B~TI%CHENENS 5. (D) THPF LA L > ICFEla
BHRHORFMEOEELZ I THEMESE S 2 CEBEHLTHY . IO PEOEEILZ 0 EER
ENb, HoTs a DEEZHEVIKEET ALENSHZ I EERBLT VWS,

Fz2 HIHTIORIRDOEE (B Centrof)

E B Bl (T=1.0 sec) [%@ F Hi (T=0.3 sec)

Without | With . |Without | With .

Control | Control Ratio Control | Control Ratio

_ . Acc. (gal) 445.9 900.5 | 0.450 611.1 439.6 | 0.719
E%*ﬁ%.f\_Ms@m 11.2 4.9 10.445 1.39 0.99 [0.712
5 ¥ Acc. (gal) 445. 9 231.0 | 0.518 611.1 472.1 [ 0.7713
1T [ Dis. (em) 11.2 4.8 |0.428 1.39 1.01 | 0.727

e — e 1 Ace. (gal) 445, 9 275.1 | 0.617 611.1 526.8 | 0.802
—FL=FH 4/\-Dm (cm) 1.2 1 47 lo41 1.39 1,01 10.727
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—OTAEEMIE. —HRRTRINI LV GBEARTRINLZIEBEL, JITH. INHEE
BLTROIRFART 2EARBIUSHEHAROBEM W L. 0FEA2EH Lt R4 LHBEEYWOHES
T oe RIEAONBE LI, WEEFVOLTOHER BB IUBEEREE L Lic, SHEEROHES
TIBENEES L CINEREZBHAE S L. X3 oREREN cHEFOHRCHB I 2EA s, ZToml#EE
TodD& Lo ANTMESE L TEL Centroli & B ARI00gal CPBLCH W, 7» VA HERO K /¢S5 A —
s, 3 TRET LIcEER 5 A -9 2BA LT, 2HEARONMEE D LUEMIE > W THER &SRO
PRIz 1 0.a,bic, 3EAREK1 1.2, biiiRd, Kichaohnz ki, FIHloKRERIBEME K.
BIEHABRTER WIS b 20, BEHFELERLER T2 L4HENTVWI208b0 5, MEES L L[
DEREKRNIGEMECO>WTHER EFRMBROLEEZHKDS IKRT, CORIKR LN B K DI, T1=0. 3sec THME S
0% ~40% OHIFNRSH D, BEHMOHELA LD S THOBEOFWEEEN TV B, BHTIE. 0%~35%D
FEEREBHD. CHOBEPOBE LY THOEHAOHFBHMENT VS, Ti=1.0sec Tk, JLEETIE%~
6045 B ~T0Y DHHBRB S 2, CNb. Ti=0. 3seckEiic. BEROBEA L L FHROE A DL HIHE
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ANTVE, COFREY, ERAPOREM(Ti=1. 0sec) DHBERMOREY (T1=0. 3sec) L 0 4L
FTWEEBHANPTH B, DEPRFETCEIAN, COLICELHEHEARTL 7 7 PAHEIPBILTESE I &

WIS ETS - oo
Control Control
T o Force P
Measurement of
) gforee P Acc. and Vel. 0 <
C3.

Measurcment of :
Ace. and Vel. N\
“ M2,

élnput Waves ¥ 27
K9 ZBESRESN élnput Waves ¥

%4 ZHREREFVOHERE
(T1=1.Osec) iﬂ! HARE&Y)  (T,=0. 3sec)
SHEREF N §£+f7w 3HEEREF N
| & . . L0 (tf-s®/em) 1.0 (tf-s%/cm) 1.0 (tf-s/cm)
i R £ 93.4 (tf/cm) 195.0 (tf/cm) 1218.5 (tf/cm) 2336.0 (tf/cm)

HEER 0,05 I 0,05 0.05 [ 0.05
Without Control=749.6(gal) Without Control=558. 5(gal)
o glel! With  Control=124.0({gal) - 8688([)) With  Control=312.3(gal)
= 400.0| Z 300.0f . A ]
5 0.0 5 0.0 “‘\A{J{i"\’ﬂ. At T L
e = A
2 (Q\)- ¥ithout Control=574.1(gal) (;\l)L ¥ithout Controlf380.6(gal) ’
< 800.0 With  Control=348.1(gal) ce0d.0.  With  Control=208.7(gal)
= 400.0¢ + 300.0¢ :
g 0.0 S 0.0 ‘ﬁA<mq4f\ /\ X
5-400.0 5-300.0} \VAR\a
<-800.0 <8000 . . "
0. 0.0 1.0 2.0 3.0 40 50 &0
Tine (sec.)
Without Control= 0.62(c Without Control= 5.97(cm)
- [5’{‘(’) With ngtigl— 0. 44§ ; + {8"’6 With  Controi= 2.78{em)
s 1.0 e 5.0f
g 0.0 g 0.0
a -1.0 a 5.0
s &9 Without Control= 1.07(cn) & 7la) Without Control= 9.60(en)
= 2.0 With  Control= 0.68(cm) = 10.0 ¥ith  Control= 3.29(cm)
g 1.0 & 5.0
g 0.0 g 0.0
= -10 = 5.0
5 =200 & -10.0l
0.0 1.0 2.0 3.0 40 50 8.0 0.
Time (sec.)
B10.a T=0.3 secDIF& B10.b T=1.0 secDIEH
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Without Control=805.4(gal
Control=855.0(gal

~——

Without Control=665.4(gal)

(gal)
g 908?0 With - 768?6{ With Control=483. 8 (gal)
% #0.0 = 350.0
20 5
o ™y ©-350.0
<7900.0 870001
(Bal) Without Control=692.6(gal) (aal ) Without Control=603. 4(ga1)
§ 900.0 With  Control=583.8(gal) < 700.0.  With  Control=232.9(gal)
5 400 ' = 350.0} A A /\
2 s P A vy
Sa00 RS \\j U \/
(el ) Without Control=505.5(gal) 4-/700.0L Without Control=427. 6(gal)
5 908.0 With Control=467.7(gal) < 768?EL With Control=256. 5(gal)
5 40.0 = 350.0} ]
s 0.0 s 0.0 M“\/"VA AN A e A
5-450.0 $-350.0} v :
<=0 . . i §70.0! ]
0.0 1.0 2.0 30 40 50 6.0 00 1.0 2.0 3.0 &0 5.0 6.0
Time (sec.} Tine {sec. )
Without Control= 0.34(cm) Without Control= 3.40(cm)
{cm) With Control= 0.37{cm) {cm) With Control= 1.89(cm)
< 1.0 = 10.0
2 0.5] g 5.0
= _8g it V%VAVI'\»"‘V“V'A""W K gg
a -nol _ & -10.0 . _
tenl Without Control= 0.64(cm) (cn) Without Control= 6.30(cm)
+ ]'OF With Control= 0.44(cm) < 10.0 With Control= 2.05(cm)
z 0.5 Z 5.0
o 0.0 A AV\. A‘A-/\ /\/\.I\ IABVAYAY o 0.0
LI A vk I
& -0l Without Control= 0.85(cm) & -10.0 ¥ithout Contro
i . i 1= 8.16(cm)
. 80 With  Comtrol= 055(em) .. {88 With  Controls 2. 4(cm)
e 0.5] [\ e 5.0
Q L
S 0.0 <A A A/\A,/\.A/\ ',,{lAA~ S 0.0 L\
= 0.5 VN VTVUW oW, 2 s
s o ., . . 4 a-i
0.0 1.0 2.0 3.0 40 50 6.0 0.
Tine (ssc.)
X11.a T=0.3 seciE& B11.b T=1.0 secOHH
#5 THEREFNVTOHEHE
B B M (Ih=1.0sec) % B Hi (T1=0.3 sec
Without | With . Without | With .
Control  Control Ratio Control | Control Ratio
BE 1 Ace. (gal) 380. 6 208.7 [0.548 574.1 348.1 0.606
2HAR = Dis. (cm) 9.60 3.29 10.324 1.07 0.68 1 0.636
€57 T 2 Ace. (gal) 558.4 312.3 | 0.559 749. 6 724.0 | 0.966
-~ Dis. (em) 5. 97 2.79 | 0.467 0.62 0.44 | 0.710
B 1 Ace. (gal) 427.6 256.5 | 0.600 505.5 467.7 10.925
38 - Dis. (em) 8.16 2.45 10.300 0.85 0.55 |0.647
BT 2 Ace. (gal) 603. 4 232.9 |0.386 692. 6 583.8 | 0.848
£ o Dis. (em) 6.30 2.05 10.325 0.64 .44 | 0.688
W 3 Acc. (gal) 665. 4 483.8 [ 0.724 805.4 855.0 1.062
o Dis. (em) 3.40 1.89 10,529 0.34 0.37_11.088
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BHEZRIEL 2o AR CHOoNICMEZU T ILE LD 5,

W77 VAHE®mET 4 — Py 78R HECERT 20007 » VAHBRER LU, lfr— . AX
EABAERHATOREMEEB L CINEREDORGMELE L7 » VAR L 0B ZHIIT 5,

(D) E BB OHEEY (T=0. 3sec) L D b EFAHOHEEY (T=1. 0sec) DF BHIL ©7 Lo

()& A—2 . HENB L CHEUOBRERBOBIITTRAT/T=0. L H AU/ 5 A -2 DY =1 be=1.0,
HHOKREZDOHEE a=0.50 & BIHEHRBEFE V. L L. B o BATTHBEHOBHOEERKE L,
B0, 4~0. 8HTR DI 52K . #HHAoBROBE R/ NSV,

(O)—BEZRTORBENSA— s 2Ty PIHERELEERCCHTEENTE 5,

GHED

ARFEERTF HIchicn, BNEE HERFEEER» SECBEVBHEZ WV, 72, B
ERARFETFMERTEMEREORBER IR, FFTECBIEVIE W, CIRECBHOBEERTR
HTH 5,

(BEXH)

) SFEE - NE—E - SAEN : YFEEHHIE R L 2 MBTECH & T ORE, TAKMNER, Vol
21, No. 4, pp. 47~52, 1978%F4H.

2) BT - KL T FEE - BRSE MBI ZRC S — # Y EREBREORITHMSE, L+
REELWE, $3845 V-1, pp. 43~52, 19874E8H.

3) Yang, J.N., Akbarpour, A. and Ghaemmaghami, P. : New optimum control algorithms for structual
control, Journal of Engineering Mechanics, ASCE, Vol.113, No.9, ppl369~1386, September, 1387
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