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Diéu khién trugt (SMC) dugc biét dén nhu mot phuong phap phé bién
trong cac phuong phap diéu khién. Phuong phap diéu khién mo - trugt
(FSMC) thuong duoc st dung dé giam hién tuong “chattering”, thay doi
manh cia tham sb diéu khién, xung quanh bé mat trugt trong ché do diéu
khién trugt. Trong ly thuyet Dai s6 gia tir, trat tu cic moi quan hé giira cac
gi4 tri ngdn ngir ciia mdi bién ngdn ngir ludn duge dam bao va cac gia tri
nay duge xac dinh bang 4nh xa ngir nghia dinh lugng dya trén mot vai
tham s6 mo cia mdi bién ngdn ngir thay vi st dung cac tap mo. Trong bai
bao nay, bo diéu khién truot dya trén Pai sb gia tir (sHAC) dugc thiét ké
va ap dung trong diéu khién dao dong cua két cAu chiu dong dat dé cho
thdy wru diém cua phuong phap dé xuat.

Abstract
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Sliding-mode control (SMC) is known as a popular approach of robust
control methods. Fuzzy sliding-mode control (FSMC) method has been
commonly used to prevent chattering phenomenon, drastical change of
control factor, around sliding surface in sliding-mode control. In Hedge-
algebras theory, inherent order relationships among linguistic values of each
linguistic variable are always guaranteed and these values are determined by
isomorphism mapping called semantically quantifying one based on a few
fuzziness parameters of each linguistic variable instead of using fuzzy sets.
In this paper, sliding-mode hedge-algebras-based controller (sHAC) is
designed and applied in active control of a structure subjected to earthquake
in order to show advantages of the proposed method.
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1. GIOI THIEU

Céc dao dong co hai lam gidm do bén va do an toan cia két cau, gidm do chinh xac va do
tin cdy cua cac thiét bi. Chinh vi vay, bai toan gidm cac dao dong c6 hai cua cac két cau, cac thict
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bi,... ludn c6 tinh thoi sy. Mot chi tiéu quan trong khi thiét ké cac két cAu cong trinh 1a giam cac
dap g dong do tac dong tir moi truong (tai trong dong dét, tai trong gid, tai trong song,...) va
day ciing la hudng nghién ciru dang dugc quan tam hién nay.

Ly thuyét Mo dugc Zadeh phat trién vao nim 1965 da 2161 thi€u mot cong cu toan hoc hitu
dung dé md hinh hoa cac dir lidu dinh tinh, khong chic chan va da dugc ding trong nhiéu ing
dung thyc té no6i chung va trong diéu khién dao dong két cau noi riéng. Mic du mot bo diéu
khién mo truyén thong (Classical Fuzzy Controller, FC) linh hoat va don gian khi thiét ké nhung
thr tu nglr nghla cla cac gia tri ngdn ngir khong dwgc dam bao chat ché va cac budec mo hoa,
hop thanh va giai m¢ cua bo diéu khién kha phtrc tap va ric roi vé mat thao tac [1].

Ly thuyét Pai sb g1a tur (HA) dugc gidi thiéu tor nam 1990 [2-9] dé phat trlen dugc nhing
két qua quan trong: cac gia tri ngon ngit co thé duoc thiét 1ap dugc dudi dang mot cau triic dai so
va d6 1a mot cdu trac dai s6 gia tir diy di véi mot thudc tinh chinh 1a thir tu ngir nghia cua cac
gia tri ngdn ngir luén dugc dam bao. Ciu trac nay cé thé mé ta ddy di qua trinh suy luan dinh
tinh ctia con nguoi. Ung dung ctia HAC trong diéu khién néi chung va diéu khién dao dong két
cau noiriéng [1, 10-15] da thu dwoc nhing két qua tich cuc.

Do cac dic trung vé tinh thich nghi va bén _virng, cac bo diéu khién truot (Sliding Mode
Control - SMC) dé dugc st dung rong rai trong didu khién noi chung va diéu khién dao dong két
cau noi riéng. Tuy nhién, hién twong "chattering", v6i qua nhleu thay d6i dang xung ciia bién
didu khién, thuong xay ra ddi v6i cac bd diéu khién SMC truyen thong, va nhu vay, luc diéu
khién theo thoi gian kho ¢o thé thuc hién trong thyc té. Bo diéu khlen mo - truot dua trén su két
hop cua diéu khién mo va didu khién truot s& co duge nhitng wu diém két hop cia cac b didu
khién nay va co thé lam giam mot cach hiéu qua hién tuong "chattermg” [16].

Trong bao céo ndy, bd diéu khién truot dua trén dai s6 gia tir trong diéu khién dao dong két
céu dugc trinh bay.

2. MO HINH NGHIEN CcUU

X3
| ms3
k3% |J‘IC3
I M
[ nm; —>
kz% +C2
| m; —=
" ABS |J-.Cl
u
SIS S S
HX-—O

Hinh 1. M6 hinh két ciu
Xét mo hinh két cdu 3 tang véi thiét bi ABS (Active Bracing System - hé thanh giang chu
dong) gén o tﬁng 1, chiu lyc kich thich dong dat X,nhu Hinh 1 [17, 19]. Gia tdc kich dong X, léy
tr s li€u cua cac tran dong dét El Centro 1940, duoc nhan véi mot ti 1€ dé gia tdc cuc dai bﬁng

0,112g. Céc thong s6 két cdu bao gdm: m; = my = m3 = 1000 kg, ¢; = ¢, = ¢3 = 1.407 kNs/m, va
ki =k =k; =980 kN/m [17, 19]. Cac phwong trinh chuyén dong ctia hé nhu sau [1]:
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[M]{x} +[C]{x} +[K]{x} = {B}sat(u) - {8}¥, (1)

& day {x}=[x,%,%,] ; (8)=[m,m,m,] va {B}=[100] . Ma tran khdi luong [M], ma

tran can[C] va ma trdn d6 cimg[K] dwgc mod ta nhu [1]. Luc didu khién u dwoc xac dinh nhu sau:

u - if uzu__
sat(u)=y u if -u_<u<u__ (2)
-u_if us<-u__

Phuong trinh (1) ¢6 thé viét dudi dang khong gian trang thai nhu sau:
{2y =[ANz} +{A, Ju+{A,}¥, 3)

5 A . . . T
¢ day {z}, , :[xl X, X; X, X, x3] 4)

0 [1] {0} { {0} }
Al= A = Al= 5
A= kg —[M]l[C]szn{ Y {[M]l{B}}M{ )=\ M1 (5 ©)

3. BQ PIEU KHIEN DUA TREN PAI SO GIA TU

Cac dinh nghia, dinh ly va cac cong thirc co ban cua Iy thuyét Dai sd gia tr dugc trinh bay
trong [2-9] cho phép xac dinh tit ca anh xa ngit nghia dinh luong (Semantically Quantifying
Mappmg SQM) c6 thé ¢ clia cac gia tri ngon ngit cta bién ngdn ngir X (Bang 1). Tlep theo, b
diéu khién HAC ti 18 - vi phan, gdm 2 bién trang thai (x,vax,)val bién diéu khién (u), duoc
trinh bay voi so dd diéu khién nhu trén Hinh 2 [15]. Céc gid tri ngdn ngit vi cac SQM cua cac
bién duoc lya chon nhur trong [15]. So d6 chuan hoa ciia cac bién trang thai, chuyén ddi tir mién
xac dinh sang mién SQM, trong d6 x,, va X, lan luot 1a cac gia tri SQM cua x, va X, . Sau do,
gia tri SQM thu duoc phai dugce chuyén d6i sang gia tri thuc cua bién diéu khién u, goi 1a budc
gidi chuan (Hinh 3).

Bang 1. Mot sb cac gia tri ngon ngir

Céc gia tri ngoén nglit SQM V Sm Sm L Sm w L Bi Bi V Bi
fm(c”) =) =0,5 0,125 0,250 0,375 0,500 0,625 0,750 0,875

1
1
SQM !

Chuén hoa L) Giai chuin

A\ A 4

Déi tuong diéu khién

A

Hinh 2. So dd diéu khién ctia HAC
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Hinh 3. Chuan hoéa cac bién trang thai va giai chuan bién diéu khién

C6 thé thiy qua Hinh 3 ring cac budc hoat dong ciia bd diéu khién HAC don gian va 1
rang dua trén cac ndi suy tuyen tinh.

4. BQ PIEU KHIEN TRUQT DU'A TREN DAI SO GIA TU

B0 diéu khién truot dua trén Dai sd gia tu (sHAC) duogc thiét‘ké dé diéu khién chu dong
dao dong cua két cau trén. N6 bao gobm 2 bude: Dau tién, by diéu khién trugt trong [16, 18] dugc
su dung; Thur hai, sy két hop cia HAC va bd di¢u khién trugt dugc dé xuat dé thiét 1ap sHAC.

4.1. B diéu khién trugt
Luec diéu khién phi tuyén trong SMC c¢6 thé dugc biéu dién bang [16, 18]:
u(t)=u, (t)—msgn(o) (6)

& dy Ueq 14 phan tuyén tinh cua lyc diéu khién, duoc goi 1a lyc diéu khién twong duong, n la
tham s0 thiét ké khong doi va sgn 1a ham signum. B€é mét truot dugc dinh nghia la:

o={S}{z(t)} (7)

trong d6, ma tran hé sd bé mit truot {S 1a ma tran thiét ké, thuong 1a hang s6 va bé mit truot
g o g g

1x2
duoc chon dé thoa man cac diéu kién:

c=0;6=0 ()
Luc diéu khién tuwong duong c6 thé thu duge tir phuong phap Utkin — Drazenovic [16, 18]:
u,(0=({5}{A,}) [{s)[AJzt0)} +{s}A, )%, ©

Gia tdc nén trong phuong trinh (9) bi bo qua va thay vao d6, mot tham s thich hop 1 dugc
chon dé bu cho sy khong chac chan cua kich thich bén ngoai. Sy lya chon cta 1 phai ddm bao su
ton tai va kha nang tiép can cua ché do trugt. Picu kién ox 6 <0 phai dugc thoa man [16, 18]:

0[—nsgn(c)+({$}{Al})1{S}{A2}§i0}<0 (10)
(s}{a)) " (sHa. )5,

o day, XO la gia tri tuyét doi cuc dai cua gia toc nén X, . Do do, luc diéu khién kha di la:

u0=—({5}{4,}) " 5[40} sen(o) 1)

n= (11)
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Do gi6i han cua b truyen dong, luc diéu khién u(t) phai thoa mén diéu kién bdo hoa trong
phuong trinh (2). C6 thé thdy dugc hién tugng “chattering”, do co quéa nhiéu chuyén mach trong

giéi han diéu khién, c6 thé d& dang xay ra trong SMC do ham signum sgn( ) trong phuong
trinh (12). Py 1a diém bt lgi cia SMC.
4.2. B diéu khién trugt dua trén Dai sb gia tir

Thay vi sir dung phuong trinh (12), trong bd diéu khién truot dwa trén Dai sb gia tir
(sHAC), luc diéu khién dugc xem nhu sau:

u(t)==({s}H{a,}) {SI[AT{=(0)} —nuc (13)

va diéu kién trong phuong trinh (10) trd thanh:

0[—nuHAC +({s}{A1})‘1{s}{A2}x0}<o (14)

¢ day, ugac dugc xac dinh tir HAC trong tiéu muc 4.1 khi thay thé 1an luot X,, X, va u béi o,
& va ugac. CO thé nhin manh réng sHAC dua trén co so luat HA voi cac SQM thé hién trong
Bang 1 dap ung cac didu kién x5 <0 va thay thé ham signum sgn(c) bang upac lam giam
hién tugng “chattering” ctia bién diéu khién trong sHAC.

5. MO PHONG SO

Hai chi ti€u quan trong cua két cau duogc dinh nghia nhu sau:
* Chuyén vi trong d6i Fy, lién quan dén an toan két cau, xay ra ¢ tang 1:

Fy =max )

(15)

max
* Gia toc tuyét doi F,, lién quan dén kha nang chiu dyng cta con nguoi, xdy ra ¢ tang dinh:

F, = max —Xa'(t)‘
tl X

amax

(16)

& day, di(t) va dmax 13 chuyén vi cua tang thi i va chuyén vi cuc dai trong cac trudng hop dicu
khién va khong diéu khién, X_(t) va X, gia toc tuyét dbi cua tang thir i va gia toc tuyét doi
cuc dai trong cac truong hop diéu khién va khong diéu khién.

Céc gia tri cuc dai duoc chudn hoa ciia cac phan tng cua két cau dugce sap xép trong Bang
2, trong d6 cac két qua thu duoc tir cac phuong phap khac cling dugc dua vao dé so sanh. C6 thé
thdy rang b diéu khién duoc dé xuit cung cap két qua t6t dbi voi ca 2 chi tiéu F, va F,. Tiéu chi
F1 c6 ty 1& giam cao hon dbi v6i bd didu khién sHAC so véi cac bd diéu khién con lai. Hidu qua
diéu khién ctia sHAC cao hon so véi SMC cho ca hai tiéu chi F1 va F».

Chuyen vi cyc dai va gia tdc tuyét dbi cuc dai cua cac tang duogc thé hién trong Hinh 4; ¢6
thé thay rang bo diéu khién sHAC cho hiéu qua giam chuyén Vi tuong d6i giira cac tang cao hon
so v6i SMC. Dép g thoi gian cua chuyen vi cla tang 1, gia toc tuyét ddi ctia tang dinh, chuyén
vi ciia tang dinh va lyc diéu khién duoc thé hién trong Hmh 5. Nhu vdy, cac két qua trong Hinh 5
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minh hoa rd hon vé hiéu qua diéu khién cling nhu kha ning giam hién tuong “chattering” ctia
sHAC so v&1 SMC, nghia la luc diéu khién ctia sSHAC “mém” hon so véi SMC.

Bang 2. So sanh 2 chi tiéu F, va F, cta cac bo diéu khién

Blfh?gfl“ LQR MBBC SSMC Limetal. | Duetal SMC sHAC
F, 0,657 0,381 0,388 0,396 0,41 0,519 0,378
F, 0,584 0,548 0,560 0,543 0,53 0,623 0,531

3 o
—o—Uncontrolled
i
El Centro
L earthquake ] i o
(0] 0.005 0.01 0.015
Max. Interstory drift (m)
3
Uncontrolled
é 2 SMC
El Centro
earthquake —>¢sHAC
1 T T g T T T
(0] 1 2 3 4 5 6 7

Max. Absolute acceleration (m/s2)

Hinh 4. Chuyén vi cyc dai va gia tde tuyét ddi cuc dai cua cac téng
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Hinh 5. Chuyén vi clia tang 1, gia toc tuyét dbi ciia tang dinh, chuyén vi cia tang dinh va luc diéu khién
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6. KET LUAN

Trong bai bao nay, bd diéu khién truot dua trén Pai sé gia tir (sHAC) diéu khién dao dong
ctia mot két chu chiu tai trong dong dat duoc dé xuit. Cac két qua thu dugc cho théy bo diéu
khién dé xuét co hiéu qua diéu khién cao hon va kha ning giam hién tugng “chattering” tét hon
s0 voi by diéu khién SMC. Nhu vdy, sHAC 1a mét cach tiép can hiéu qua trong didu khién dao
dong cua cac két cu.
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