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Khoa K§ thuat Xay dung, Trudng Pai hoc Bach khoa — P ai Hoc Quéc Gia Tp.HCM
(Bai nhdn ngay 18 thdng 8 nam 2005, hoan chinh sita chita ngay 20 thdng 9 ndm 2005)

TOM TAT: Bai bdo trinh bay thudt gidi thudt gidi diéu khién m hé cdn MR trong két
cdu ddn dung. Cdc tdc gid danh gid hiéu qud ciia thudt gidi diéu khién so voi mot thudt gidi
diéu khién hign dai khdc, thudt gidi diéu khién Clipped-Optimal. Vi thudt gidi nay, bai bdo
khéng sit dung diéu khién t6i wu LQG nhu Spencer [2]. Thay vao dé, cdc tdc gida sit dung
diéu khién t6i uu LQR. Céng cu hd trg cho nghién citu la phdn mém mé phéng Simulink va
Fuzzy Logic Tool trong Matlab.

1. GIOI THIEU

Viéc gidm chan cho céng trinh khi chiu tdi trong dong (gié, dong dat) 1a rat cin thiét.
Piéu khién (PK) bi dong va chii dong 1 hai gidi phdp da dugc dudc ing dung trong nhiéu
ndm qua. Tuy nhién, cd hai gidi phdp trén c6 nhitng han ché& nhat dinh. PK bi dong han
ch& vé kha ning; trong khi DK chii dong lai cAn m6t ngubn ning lugng 1dn, ngudn ning
lugng nay thudng khong 8n dinh trong mdt trdn dong dat manh. Gidi phdp PK ban chi
dong ra doi da khic phuc duge nhuge diém nay.

PK bdn chi dong dugc tng dung cho nhiéu loai hé cin, trong d6 hé cdn MR 1a thé
hé PK tién ti€n nhat cho dén nay, cdn dugc goi 12 hé cén thong minh. VSi hé cdn nay,
nhiéu thuét gidi diéu khién (TGPK) dd dugc nghién ciu va dua vao tng dung thuc t&.
Trong d6, TGPK Clipped-Optimal 12 mot thudt gidi (TG) hién dai, thé hién tinh wu viét
clia né thong qua di€u khién t6i wu LQG. Trong bai bdo nay, tdc gid sit dung PK md dé
khdo sdt hiéu qud cia DK ban chd dong hé cdn MR. Tdc gid so sdnh so sanh hiéu qui cta
TG nay vé6i TG Clipped-Optimal. Tdc gid khong s dung PK t6i wvu LQG (c6 xét dén yéu
t6 on) ma st dung PK t8i vu LQR cd dién.

2. MO HINH CO HOC

MR 14 chit vié€t tdt cia thuit ngit Magneto-Rheological, tam dich 12 luu bién tir. Chit
lvu MR thudc loai chét luu diéu khién duge. N6 duge Jacob Rabinow kham ph4 va phat
tri€n ddu tién vao nam 1948 tai M§. N6 gdm 2 thanh phan cd ban. Thanh phin diu tién 12
cdc hat ¢6 kich thude nhd t6i vai micron (3 téi 5 micron), c6 thé bi tir héa. Thanh phin thi
hai 12 dung mdi chifa cdc hat trén, 1am mdi trudng cho céc hat di chuyén.
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Hinh 1. M4 hinh chat lvu MR Hinh 2. C&u tao hé can MR
Khi c6 tir trudng di qua chat luu MR, cdc hat s& sdp x€p lai thanh cdc chudi hat. Khi
dé, dac tinh ¢d hoc ctia chat luu s& thay doi, 1am han ch& sy chuyén dong ciia chat luu, kéo
theo khd ning tiéu tdn ning lugng ciia hé cdn MR ciing thay ddi theo.
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Téc gid sif dung md hinh Bouc-Wen v6i i#ng xit hysteresis (hién tugng tré ) dé khio
sdt khd ning gidm chan wng véi cdc thuat gidi diéu khi€n. M6 hinh nay do Spencer dé
xuét nim 1997 [2], c6 céc théng s8 thé hién trén hinh v& nhu sau.

. 3 f=az+c,(x-y)+k,(x-y)+k,(x-x,) (D
Boue-Wen r"——.-

= f=cy+k,(x-x,) (2)
[*4

Véi z 12 bién tién héa thda phuong trinh vi phéin sau
—w [

z=—yf% = ylele" " - B(x - Pe|" + A(x-¥) (3)
1

[ B ettt [ +
y (CO+01)[uz + 8 .x + k(X% y)] 4)

Hinh 3. Mé hinh Bouc-Wen

Vi k; dai dién cho dd citng clia accumulator (b phén nén khi); ¢, 12 hé s& cdn dudc
quan sdt & nhitng van tdc 16n; ¢, 12 hé s6 cdn & nhitng vén t6c nhd; k, 14 d6 citng & nhitng
vén tdc 16n; X, 12 chuyén vi ban ddu cia 10 xo k,; (accumulator). Ki hiéu Bouc-Wen trén mé
hinh: xét dén ng x& phi tuy&n da tri & ving vén t6¢ nhd (hysteresis). Céc théng s8 o, B, A
duge hiéu chinh tif thuc nghiém. P& ké dén sy phu thudc clia lyc trén vao dién thé 4p vao
MR Damper v, Spencer [4] dd dé nghi cdc quan hé:

a =av) =a, +a,V
c,=¢;(v) =c¢;, tc,V (5)
€, =C,o(v) =c,, +C,,V

v 12 ddu ra clia bd loc béc 1, duge x4c dinh theo cong thiic sau: v = -5 (v - u) (6)

3. THUAT GIAI PIEU KHIEN

TGPK Clipped-Optimal c6 thé dudc tém tit theo sd dd 1 sau:

| ¥ bt ogie it .

v f MO HINH . RNEY 1 MOHINH iy
v: NELCwTe KET CAU W i Hp { KET CAU
I T T
f
e —1
- Xac Binhv el il L Bigu Khignmd [«
So d6 1. TGPK Clipped-Optimal So Pé 2. TGPK md

Sd db 1 trén thé hién lap vong déng PK két cAu. DPay la vong 1ap phan hdi luc va
phén hoi trang thdi. K&t cau chiu tic dong cla kich dong dong dat %, va luc f (luc twong

tdc gitta hé cdn MR va két cdu) sé phdt sinh ddp ung ddura1a Y. Luc f va dép ing Y dudc
cdc sensd do dac. Vi tin hiéu Y nhin dugc, thong qua DK LQR s& phén tich ra lyc DK t6i
uu f.. Cling v6i tin hiéu f, ta xdc dinh dién thé€ thdng qua luat DK t6i uu don gidn héa:

v:vmaxH{(fc'i)/f} )
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V6i Vimax 12 dién thé 16n nhit, twong ¥ng véi gid tri
nay 13 dd tir héa clia chat lwvu MR. H(.) 12 ham béc
Heaviside. Ciing ¢6 thé biéu dién quy luit trén &
dang db hoa (hinh 4).

y =0 Hinh 4. D6 thi xdc dinh dién th&

v=20

TGPBK trén c¢é nhitng han ch&€ nhat dinh. PK LQR gid dinh hé théng 14 tuyén tinh,
thuc t& gi4 dinh nay khong chinh xdc. Hon nita, c6 sy khong chdc chiin clia tdi dong dat va
sai 88 do cdc senso do dac. Trong bai bdo nay, tic gid sit dung diéu khién md do Liu (2001)
14p ra cho hé cdn MR, da dugc ing dung cho hé mét béc ty do.

Ta st dung Logic m& cho bai todn diéu khién vi nhitng 1gi di€m sau: dit liéu ddu vao
khéng cdn tinh chinh xdc cao; diéu khién logic md xit 1y nhitng quy luit do ngudi thi€t k&
dinh nghia dé chi phdi muc tiéu diéu khién, nén né cé thé dugc thay déi d& dang dé cai
ti€n manh mé& tng xi cia k&t cau; Logic md ¢ thé diéu khién hé thong phi tuyén; sy
khong chic chdn cia dit liéu ddu vao duge xi 1y dé dang hon so véi 1y thuyét diéu khién cd
dién; viéc thuc thi diéu khién md thong qua tdng hdp cdc bién ngdn ngf, vi thé dicu khién
md khong bi dnh hudng bdi viéc chon md hinh todn hoc.

PK md hé cdn MR dudc thé hién trén sd dd 2. S d6 trén thé hién 1ip vong déng
diéu khién két cdu. Pay la vong lip phdn hdi trang thdi. K&t cdu chiu tdc dong cia kich
dong dong dat %, va luc f s& phdt sinh ddp uing véi didurala Y. Luc f va ddp ing Y dugc
cdc senso do dac. V4i tin hiéu Y nhédn dugc, théng qua diéu khi€n md s& phan tich ra dién
th& v. Khi d6, khd ning tiéu tdn ning lugng hay kha nang gidm chan cta hé cén thong
minh s& thay d8i. Ciing vdi ddp dng chuyén vi tuong doi va vén tdc cia piston & vi tri ¢6
gdn thi&t bi, hé can s& phat sinh mot Iuc £, luc nay lai tdc dong vao két cau. Qud trinh nhu
thé& dién ra lién tuc tao thanh vong lip didu khién kin. Hé thong diéu khién md tdng quat,
gdm cdc thanh phin sau: M héa; Cd sd kién thic; Tao ra quyét dinh; Gidi md (3, 6 ].

4. Vi DU TINH TOAN

Vi du tinh todn minh hoa la md hinh thi nghiém m 3 x3
két cidu nha 3 ting, dugc mo phdng tai phong thi
nghiém “Ky Thuit Pdng Pit / Piéu Khién va Pong . -
Luc Hoc K&t C4u “ tai Pai Hoc Notre Dam. M6 hinh =
k&t cau c6 hé cdn dudc thé hién trén hinh 5. 1

m 1 X

Phuong trinh vi phan md td chuyén dong cla két cdu o T

nhut sau: MK+Cx+Kx=FF-MEX, (3) Vi)

Hinh 5. M6 hinh k&t cau véi hé cin MR
x 12 vectd chuyén vi tuong ddi cda cdc ting tai thdi di€m t, ching € R".
F = f, luc didu khién dit tai tAng 1; Pr=[1 0 0]%; Py=[-1 -1 -1]7

98.3 0 0 12 -6.84 0 175 -50 0
s N N.sec
M= 0 983 0 |kg K=|-6.84 13.7 -6.84(10°— C=(-50 100 -50
m
0 0 983 0 -684 684 0 -s0 so| ™"

o] dang khdng gian trang thdi, cdc ma trAn xdc dinh hé két cau la:
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X = AX + Bu
Y =CX + Du

X=[X| X2 X3 X'1X'2 X,B] T, u = [X

B

Vi x;, X’; 1an lugt 1a chuyén vi twong d6i va vén téc cac ting
Piura dugc chon 1a Y = X. Khi d6, A, B, C, D ¢6 dang sau:

Azl: 05

-M7K,,

I

3:1] B = [ 0 3xl 0 37:11 }
-M7Cy, | - P M P,
Hé cdn MR dudc chon ¢6 cédc thong s& thuc nghiém nhu sau:
Thit nguyén
N.sec/cm
; N.sec/cm.V
k, 46.9 cm™
Cia 283 N.sec/cm
Cib 2.95 N.sec/cm.V
k, 5 N/cm
Xo 0 cm
o, 140 N/cm
(o 695 N/ecm.V
Y 363 cm’?
B 363 cm”
A 301
1 80 1/s
n 2

Bang 1. Cdc théng s6 thuec nghiém ciia hé can MR (Spencer 1996a) [2]

Bai bdo s& mo6 phdng hé két cau vdi cdc trudng hgp sau:

TH1: két cau ldp dat hé can MR, chiu kich dong dong dat. D€ tién cho viéc so sdnh ta
dat tén cho trudng hgp nay la Uncontrolled.
TH2: ¢6 1&p dit hé cdn MR, chiu kich dong dong dat. Pién thé biing 0. & trudng hop
nay, hé cdn 1am viéc nhu hé cdn bi dong. Tén cda trudng hgp nay 1a Passive-Off .

TH3: hé cdu c6 ldp dit hé cdn MR, chiu kich dong dong dat. Dién thé tdc dong dudc
thay di theo quy ludt diéu khién da dé cdp bén trén. Tén goi 12 SemiActive-LOR.

TH4: phan tich hé két cdu vdi diéu khién md. Tén goi 1a SemiActive-Fuzzy.

Pé mo phdng cdc trudng hgp trén, ta thi€t 14p cdc md hinh tinh todn dang khoi.Trong
khudén khd cho phép clia bai bdo, tdc gid chi trinh bay sd d6 DK m3 (sd dd 3)

MO PHONG MO

So dd 3. So d6 mé phéng PK mo
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G4n ham thudc cho cdc bién trén, cdc ham thude (HT) cé dang sau

NL NM NS ZO PS PM PL NL NM NS ZO0 PS PM PL

-1 0 1
Hinh 6. HT cda chuyén vi (Kx=33.33), van toc (Ky=2), dién th& (K,=2.5)
Cic bién md dugc ding d€ dinh nghia khong gian md dugc mo ti trong bang sau

Bién diu vio Bién dura
NL Lonva Am y48) Zero
NM Trung Binh va Am PS Nhd va Dudng
NS Nhd va Am PM Trung Binh va Dudng
Z0 Zero PL Ldn va Dudng
PS Nhd va Dudng
PM Trung Binh va Dudng
PL Lén va Dudng
Bing 2. Céc bi€n m& (diu vao) Bang 3. Cdc bién mo (ddu ra)

V6i hé thong suy luin md, tc gid si dung quy luat do Liu. dé xudt nim 2001. Hé
thong nay gém 49 quy luat, duge xay dung dua trén mé hinh mo Mamdani.

NI ONM B NS o s i e e

NL | L PL PL PM 70 Z0 Z0

s NV Y PL PL PS 70 Z0 PS
Chuyén | NS | PL PL PL 70 Z0 PS PM
Vi z0 | PL PM PS 70 PS PM PL
PS | PMm PS Z0 Z0 PL PL PL

PM | PS Z0 Z0 PS PL PL PL

PLe  zO 70 Z0 PM PL PL PL

Bang 4. Cdc quy luat PK (Liu 2001)

Budc thiét ké ti€p theo 1a gidi md. Trong bai bdo ndy, tdc gid st dung phiong phdp
gidi mo zbisector [3]. Vi tinh todn diéu khién khd phifc tap, c6 nhi€u quy luit, rit kho khin
dé gidi md mét cdch thid cong. Ta sit dung cong cu Fuzzy Logic Control d€ hd trg cho viéc
gidi m& cong tdc md phdng. Cdc thdng s6 khai bdo hé thdng md trong Matlab 12

Type="mamdani'
NumInputs=2
NumOutputs=1
NumRules=49
AndMethod="min"
OrMethod='max'
ImpMethod="prod'
AggMethod="'max'
DefuzzMethod="'bisector'

Hinh 7. Mt gidi m¢ Hinh 8
Téc gid st dung trdn dong dat Elcentro (1946) (hinh 8) dé mo phéng dong hoc két cau.
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Trén hinh 9, ta nhin thay d3 gidm chuyén vi cda cdc ting trong cdc trudng hop 1a rt
ddng k€. Xét tang 3, khi hé cdn lam viéc & trang thdi hoan toan bi dong, chuyén vi gidm
40.7% so vdi trudng hgp khong PK. Vdi trudng hgp SemiActive-LQR thi do gidm chuyén
vi ting 1&n nhi€u so vdi trudng hgp Passive-Off, gidm t6i 73.1%. Tuong ty, trudng hdp
SemiActive-Fuzzy, d6 gidm chuyén vi t6i 63.4 %. Diéu nay cho thdy hiéu qua gidm chan
r0 nét cia DK bdn chli dong véi PK md. So véi trudng hgp SemiActive-LQR, thi hiéu qud
gidm chén ctia truding hgp SemiActive-Fuzzy thap hon nhung khong déng k€, thim chi gan
bing nhau. Véi DK chii dong, d€ dat duge khd nang nhu vay thi cAn mot ning lugng 16n iy
bén ngodi cung cap cho k&t cau. Vi h¢ cdn MR, ta chi cin mét ning lwgng khong dang ké.

Trén hinh 10, ta thdy d6 gidm vén t6c cdc tAng déu 16n. Ciing nhut chuyén vi, do giim
nay ting dan t DK Passive-Off sang SemiActive. Xét van t3c & tAng 3, & truding hop
Passive-Off, van toc gidm t6i 43.1%, gid tri nay 12 khd 16n. Khi chuyén sang PK
Semiactive-Fuzzy, thi d gidm gia t6c ting 1&én 59.9%. Nhu vay, van toc ciia k&t cau véi hé
cdn MR dugc DK Semiactive-Fuzzy di gidm déng ké. Ciing nhu chuyén vi, d6 gidm vén
t6¢ cling nhé hdn trudng hop SemiActive-LQR, nhung khong ddng ké.

Tuong ty nhu vén tdc, ta thiy do gidm gia toc ting dinh déu 16n & céc trudng PK.
Bang 5 cho thdy d6 gidm gia tdc & wudng hgp Semiactice-LQR 1a 58.6%:; trong khi dé &
rudng hdp SemiActive-Fuzzy, con s6 nay 12 61.4%, gid tri nay 16n hon mot it so vdi trudng
hop Semiactice-LQR.

Trén hinh 11 va 12, ta thdy d6 1éch tdng & cdc trudng hgp PK gidm rat dang k& so
vdi trudng hgp BK Passive-Off. Hiéu qud cia TGPK md khéng cao hon TG Clipped-
Optimal. Dac biét, hi¢u qud gidm chdn thé hién 13 nét nhat & ting 1 va tdng 2 trong ca 3
trudng hop diéu khién. Ta 6 thé gidi thich nhu sau: tdng 1 va 2 12 cdc vi tri gdn hé cin MR
nhat, do 1&ch tang s& bi MR Damper cén trd tryc tiép.

5. KHAO SAT SU THAY POI PIEN THE THEO THOI GIAN
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Hinh 15 Hinh 16
Hinh 15 cho thdy di€u khi€n Clipped-Optimal cho trudng dién th& rat don diéu, hoic
béng 0, hodc bing gid tri 16n nhat 2.5V. Trong khi d6, didu khién Fuzzy Control (hinh 16)
cho trudng dién th€ rdt linh ddng bdi gid tri dién thay d6i lién tuc wr 0 tdi 2.5 V. bay 12 mét
ddc di€ém khdc nhau rd nét giita 2 thuit gidi diéu khién.

6. KET LUAN

Két qud da cho thdy hiéu qud gidm chan 15 nét cia TGPK md hé cin MR so vdi
trudng hgp Passive-Off. Hiéu qud trong mot s0 trudng hop thap hon thuit gidi Clipped -
Optimal, nhung khong ddng ké. PK md khong phéi 12 TGPK 5 wu. Trong khi d6, TG
Clipped-Optimal bat ngudn tif 18i gidi t6i wu; k€t qué mo6 phéng t TG nay lién quan t6i sy
chinh xdc cia md hinh todn hoc, lién quan sai s§ do cdc sensd do dac, sy khong chic chin
cla tdi trong kich déng.Véi DK md, qud trinh DK lai khong cin tinh chinh xdc ciia mé hinh
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todn, cdc s6 liéu do dac. Khi 1ng dung vao thuc t€, TG Clipped-Optimal véi PK LQR
khéng thé gidi quyét cdc y&u t6 ndy. PK md cho gid tri clia bién md dao dong trong mot
pham vi nhat dinh, vi du sai s6 do cdc senso do dac. P6 1a dic diém hét siic linh dong cia
bK logic mg.

SEMI-ACTIVELY CONTROLLING MR DAMPER
WITH FUZZY CONTROL THEORY

Le Van Thang, Chu Quoc Thang
Department of Civil Engineering, University of Technology — VNU-HCM

ABSTRACT: This paper performs Fuzzy Logic Control in controlling semi-actively
MR Damper in civil structures. This algorithm is compared with another modern one, that is
Clipped-Optimal Control. With this algorithm, the research does not use LOQG Optimal
Control as done by Spencer (1996a). Instead, classical LOR Optimal Control is employed.

The tool for the research is Simulink and Fuzzy Logic Control Tool in Matlab Progamming
Software.
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