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Truong Dai hoc Kién tric

Bui Hai Lé

Truong Dai hoc Bach Khoa Ha Néi

TOm tat: Piéu khién chi dong ciia Cac Két cau dao déng da dwoce quan tam nhiéu trong
nhitng ndm gan ddy. Trong bai b&o nay, ba bé diéu khién bao gom: bé diéu khién chii dong toi
wu mé réng (Generalized Optimal Active Controller — GOAC), bé diéu khién mo' truyén thong
(Classical Fuzzy Controller — FC) va bé diéu khién mo dua trén Pai SO gia tr (Hedge-
Algebras-based Fuzzy Controller — HAFC) dé diéu khién chi dong mot két cau chiu tai gia toc
tai lién Két duwrge trinh bay. Cac bude thiét lap cua cac bo diéu khién trén dwoc so sanh dé thé
hién nhitng wu diém ciia HAFC, mét bé phuwong phdp diéu khién mo méi dua trén 1y thuyét Pai
so gia tir (Hedge Algebras — HA). Hiéu qud diéu khién ciia cdc bé diéu khién trén ciing dwgc
khdo sdt théng qua ddp g chuyén vi va lwc diéu khién theo thoi gian cia két cu.

TU KHOA: diéu khién chu dong; diéu khién chu dong tdi wu mo rong; diéu khién mo;

dai sO gia ttr.

I. Gioi thi¢u

Piéu khién (PK) chu dong 1a phuong phap
d4 duoc sir dung nhiéu trong céc linh vuc giao
thong van tai, 1o bdt, may moc thiét bi, hang
khong vii try. Déi vai két cau cong trinh, DK
cha dong 1a giai phap giam dao dong bang
cach sur dung cac may kich dong (dugc BK
boi may tinh) tao ra cac luc tac dong vao két
cdu hodc st dung céc thiét bi tiéu tan nang
luong c6 thé PK duoc [1]. Trong thuc té, da
c6 rat nhidu nghién ctu va ung dung ctia DK
cha dong dé giam dao dong cua két cau [2].

Trong céc phuong phap DK cha dong két
cdu, PK mo ngdy cang chiém mot vai tro
quan trong nhd nhitng wu diém: don gian vi sir
dung suy luan dinh tinh thay cho bién d6i toan
hoc; tan dung dugc kinh nghiém cia chuyén
gia khi thiét 1ap co s luat PK; tinh kha thi
cao ngay ca ddi voi hé phuc tap, phi tuyén,
chiu lyc ngau nhién va khé c6 1oi giai tuong
minh; khong phu thudc hoan toan vao céc
tham s6 cta hé nén co thé sir dung lai khi hé
thay doi [3-7].

Pai s gia tir (HA) 12 mot 1y thuyét duoc
phat minh tir nam 1990 [8 — 15]. Céc tac gia
cia HA d4 phat hién ra rang: cac gia tri ngon
ngir cta bién ngdn ngit c¢6 thé tao thanh mot
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cau truc dai sb [14, 15] va n6 1a mot ciu trac
dai s6 gia tr didy du (Complete Hedge
Algebras Structure) [8, 11] v6i mot tinh chét
chinh Ia tha ty nglr nghia cua cac gia tri ngdn
ngt ludn dugc dam bao. Tham chi nod 1a Mot
cau tric dai s6 du giau [12] va vi thé no c6 thé
mo ta day du cac qua trinh suy luan xap xi,
dinh tinh. HA ¢6 thé dugc coi nhu mét ciu
tric toan hoc co6 thir tu ctua cac tap hop ngdn
ngtr, quan h¢ thtr tu ctia n6 dugce quy dinh bodi
nghia cta cac nhdn ngbn ngir trong nhirng tap
hop nay. NG chi ra rang mdi tp hop ngon ngir
c6 san quan hé thir ty duoc goi 1a quan hé thir
tw ngit nghia. Trong [10] ndam 2008, HA bat
dau dugc ap dung vao PK mo va dua ra cic
két qua t6t hon nhiéu so voi FC. Tuy nhién,
trong [10] nguyén ly hoat dong ctia b PK mo
dua trén HA (HAFC) chua dugc hé théng hoa
gay kho khin cho ngudi doc va cac ddi tuong
nghién ctru con quéa don gian dé c6 thé danh
gia dugc hiéu qua DK cua HAFC.

Piéu nay d4 goi ¥ cho tac gia xem xét ing
dung HAFC vao PK chu dong két cAu co hoc
dé danh gia kha nang 1am viéc cuia HAFC khi
so véi FC va GOAC (mot bo BK khong st
dung 1y thuyét mo) [16] trong dang bai toan
nay.



I1. P6i twong nghién ciru

Xét phuong trinh trang thai két cau tuyén
tinh n bac ty do dugc BPK chu dong c6 dang
chung nhu sau:

[MIGG+[CIOG+ [KIPG ={R}+{u(t)}

Trong d6, {X}m: 12 véc to chuyén vi;
[M]nxn, [Closn, [Klown 130 luot 1& c&c ma tran
khéi luong, ma tran can va ma tran do ctng;
{Fe}1, {u(®)}nx lan Iuot 13 cac véc to ngoai
tai va véc to luc PK (dugc xac dinh tur cac bd
PK). Trong trudng hop két ciu chiu tai gia toc
X, tai lién két, véc to ngoai tai dugc tinh nhu
sau ({0}, 1a véc to don vi):

{R}=IMN{53%, )

I11. Pai sb gia tir (HA)

Y tuéng va cac cong thic co ban ciia HA
d4 duoc tom tit trong [17-19] dya trén nhiing
dinh nghia, dinh 1y va h¢ qua trong [8 — 15].

Pé minh hoa mdi quan hé chat ché gitra y
nghia cta cac phan tir v6i do do tinh mo cua
chdng va cach tinh toan cac anh xa ngir nghia
dinh luong (SQMs), vi du sau duogc xem xét.

Vi di: Xét mot dai sb gia tir AX = (X, G, C,
H, <), v6i G = {nho, lon}; C = {0, W, 1}; H™
={Hoi} = {h.}; q =1, H" = {Rai} = {h}; p
= 1. Gia thict rang:

0=0.5, =05

Diéu d6 c6 nghia 1a 4nh xa ngit nghia dinh
luong (SQM) ciia phan tir trung hoa va tong
d6 do tinh mo ciia cac gia tor am déu bang 0.5.
Nhu vy,

- Tu phuong trinh (10) véi q = 1, ta c6 d
do tinh mo cua céc gia tu:

w(Hoi) = a. = 0.5; u(Rat) =B =1-a =0.5;

- Tiép theo, st dung cac phuong trinh (17) va
(7), d do tinh mo ctia cac phan tir sinh:

fm(nho) = 6 = 0.5; fm(Ién) = 1- fm(nho) = 0.5;

- Cac anh xa ngtt nghia dinh luong cua cac
gid tri ngén ngr dugc tinh toan nho cac
phuong trinh (3.31) va (3.32) nhu sau:

o (W)=0=0.5;

¢ (nhd) =06 — afm(nho) =0.5-0.5% 0.5=0.25;

¢ (R4t nho) = ¢ (nho) + Sign (R4t nho) x (fm(Rét
nho) — 0.5fm (Rat nho)) = 0.25 + (-1) x 0.5 x 0.5 x
0.5=0.125;

¢(Hoi nho) = @(nho) + Sign(Hoi nho) x (fm(Hoi
nho) — 0.5fm(Hoi nho)) = 0.25 + (+1) x 0.5 x 0.5 x
0.5=0.375;

@(lén) =6 + afm(lén) = 0.5+ 0.5x0.5 =0.75;

o(Rat 16n) = (I6n) + Sign(Rét lon)x(fhiR4t lon) —
0.5fm (R4t I6m)) = 0.75 + (+1) x 0.5 x 0.5 x 0.5 = 0.875;

¢(Hoi 16n) = ¢(l6n) + Sign(Hoi 16n)x(fm(Hoi
l6n) — 0.5fm(Hoi I6n)) = 0.75 + (-1) x 0.5 x 0.5 x
0.5 =0.625.

Nhu vay, tit ca cac gia tri ngdn ngit co thé
c6 ciia mot bién ngon ngit ¢6 thé duoc mo ta
boi cac anh xa nglr nghia dinh lugng chi vai 2
tham s6 doc 1ap 6 va o (19).

IV. Cac bd diéu khién chi dong két ciu

IV.1. Bé diéu khién GOAC

Xét phuong trinh (1).

pat: {Z(t)} :{{{((t)}}

{x;
Suy ra:

{Zo)=[Al{z®} +[B,]{u®} +[B]{F.}
[R].[Q].[S]: la c&c ma tran d& duoc dinh

nghia trudc trong phuong phap GOAC [16].
So d6 thuat toan DK chu dong ket cau cua
GOAC dugc thé hién trén Hinh 1 [16].

H
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Hinh 1. So do thudt todn diéu khién GOAC [16].
IV.2. Céc bg diéu khién mo
So dd thuét toan DK mé chu dong két cu
duoc thé hién trén hinh 2 (461 véi co cdu DK
O bac tu do thur 1).
X — - - - X
% » BO DIEU KHIEN Ui KET C AU )'(.'

] FC, HAFC i
C ]

Hinh 2. So do thudt todn diéu khién mo chii
dong ket cau.
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Khoang xéc dinh ciia cac bién trang thai
X, % Va bién DK u;:

X, e[—x:,x:];xi e[—)’(i*,xi*];ui e[—ui*,ui*]

IV.2.1. BG diéu khién mo truyén thong (FC)

So d6 nguyén ly hoat dong cua bé PK FC
dugc thé hién trén Hinh 3.

a. Mo hoa:

Mo hoa véi cac khoang xac dinh nhu trong
(3.16) cua cac bién trang thai x, (5 ham thudc
tam gi4c), % (3 ham thudc tam giac) va bién
DK u; (7 ham thudc tam giac) nhu sau [7]:

AL A K D DL

Xi

Céc gia tri ngon ngir gdm: ARL: Am Rét Lén,
AL: Am Lon, A: Am, K: Khong, D: Duong,
DL: Duong Lon, DRL: Duong Rat L%

. FCtile-viphan !

CO SO
LUAT

|" HOP THANH
1

Hinh 3. So dé nguyén Iy hoat déng ciia FC
t7 I¢ - vi phan.

Ui

KET CAU

v 1 "
—X; o ¥ x =X

b. Co sé luat:

Co s luat gdm 15 luat PK [7] duoc trinh
bay trén bang FAM (Fuzzy Associative
Memory) dua vao kinh nghiém va tri thirc cta
chuyén gia thé hién suy luan dinh tinh (Bang 1).

Bdng 1. Bang FAM.

X X
I Am Khong Duong
AmLen DuongRat  Duong — py o,
Lon Lon
Am Duong L6n  Duong Khong
Khong Duong Khong Am
Duong Khong Am Am Lén
Duong Am AmLén AMRat
Lon Lon

c. Hop thanh mo va Giai mo:

Trong phan ndy, quy tic hop thanh mo theo
Mamdani va phuong phap giai m¢o trong tam
duogc st dung.

IV.2.2. Bé diéu khién mo dua trén HA (HAFC)

So d6 nguyén ly hoat dong cua bo PK
HAFC dugc thé hién trén Hinh 7.

Céc HA ctia cac bién trang thai x, va x 1a
AX=(X,G,C,H,<),vdi X = x hoac x,,G =
{nhg, I6n}, C = {0, W, 1}, H = {H, H'} =
{Hoi, Rdt}.
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ob x
Hinh 4. Mo héa chuyén vi x,. HInh 5. Mdhda van toc %, Hinh 6. Mo hda bién diéu khién u;.

—U. 0 u.

HAFC ti 1€ - vi phéan
— SQMs N

CO SO
— LUAT —

GIAI NGU NGHiA

KET CAU

I

A

NGU NGHIA HOA

Ui

- >

HOP THANH

Hinh 7. So dé nguyén Iy hoat déng ciia
HAFC t7/ /¢ - vi phan.

HA cua bién PK 1a AU = (u;, G, C, H, <
Vi cung cac tap G, C va H nhu voi x, va x;,
tuy nhién, cac nhan ngbn ngit cuia chiing mo ta
c4c ngir nghia dinh luong khic do mién tham
chiéu thuc khac nhau. Cac SQMs ¢ duogc xac
dinh gidng nhu trong muc III.

Tuong ung véi FC, cac gid tri ngébn ngu
cia céc bién trang thai va bién PK dugc xac
dinh nhu sau: x; gSm {nho, Hoi nho, W, Hoi
I6m, lon} ung véi cac SQM {0.25, 0.375, 0.5,
0.625, 0.75}, x gom { Hoi nho, W, Hoi lon}
ung véi cac SQM {0.375, 0.5, 0.625} va y;
gom {Rdt nhd, nhé, Hoi nhé, W, Hoi I6n, 16m,
Rat Ion} ung v6i cac SQM {0.125, 0.25,



0.375, 0.5, 0.625, 0.75, 0.875}.
a. Nglt nghia hoa va giai nglr nghia:
Thuat nglt moéi  “nglt nghia

héa”

ngé nghia cua bién DK u; dugce thiét 1ap tuong
ung voi cac so do mo hoa trong muc 3.2.2.a
nhu sau (x,X va u; dugc tuong Umg thay

(semantization) dé} du’qc~dinh nghlia trong [10].  bing x., %, va& uj khi chuyén déi tir mién
h ,_Cac 59 .do ‘ngwdn‘:ghzaN hoc;lfilc, ble\n trang thuc sang mién ngit nghia — mién chwra cac gia
thal x, va X, va so do ngir nghia hoa va glai tri ngir ngha dinh lugng):
- l L Mién cia X l l L Mién cua x - ' L Mién cta u;
—X; 0 X; —X% 0 X - 0 Ui
L L L Mién ctia x, l l L Mién cla %, ' ' L Mién ctia U
0.25 0 0.75 0375 0 0.625 0125 0 0.875

Hinh 8. Ngit nghia héa X; .

b. Co sé luat HA:

Co s¢ luat HA (bang SAM - Semantic
Associative Memory) véi cac SQM ¢ thé
duoc xay dung dua trén co sé ludt mo - bang
FAM (Bang 1) nhu trén Bang 2.

Bdng 3.2. Bang SAM.

XiS
U Toge wos
nho: 0.25 Rég%“ I6n: 0.75 Hggg‘
Hg_igr;}éé‘ I6n: 0.75 Hgglz"; W: 05
W: 0.5 H5“61205n W: 05 Hg_igr;}éé‘
Hgglz"; W: 05 Hg_igr;}éé‘ nho: 0.25
I6n: 0.75 Hg_igr;}éé‘ nho: 0.25 Ré‘_tlnzlgé‘

c. Hop thanh HA

Quy tic hop thanh HA duoc thiét lap dya
vao cac diém mo ta cac luat DK trong bang
SAM nhu sau (Hinh 11):

08 . . _ 04 03
X

Hinh 11. Mdt cong ngit nghia dinh luong.

Hinh 9. Ngi nghia héa X; .

Hinh 10. Ngi nghia héa va
gidi ngir nghia u;.

IV.3. Nhdn xét

Qua so d6 thuat toan PK GOAC (Hinh 1)
c6 thé thay rang dé xac dinh duoc luc DK u(t)
d0i hoi céc bién ddi toan hoc phic tap.

C6 thé thay nhimng vu diém cta bo PK mo
truyén théng nhu sau: Hoat dong theo co ché
suy luan dinh tinh dua trén kinh nghiém va tri
thirc cta chuyén gia; phd hop véi cac déi
twong cong nghiép; Pon gian khi thiét lap vi
khong sir dung cac phép bién ddi toan hoc
phtic tap; Vi thé, FC c¢6 tinh kha thi cao ngay
ca ddi v6i hé phiic tap va phi tuyén. Hé luat
cua FC (Bang FAM) d4 tu mang tinh 6n dinh
va bén viing; Khong phu thudc hoan toan vao
cac tham sb cua hé nén co thé dé dang su
dung lai khi cac tham s6 ctia hé bi thay doi.

Ngoai nhimg uu diém trén, nhiing ton tai
sau cia FC can dugc xem xét khi thiét ké:
Phai than trong khi mo hoa dé dam bao thi tu
ngir nghia cua cac gia tri ngdén nglt; Mac du
FC don gian khi thiét 1ap nhung cac budc mo
hoa, hop thanh va giai mo kha ric roi vé mat
thao tac; Nhiéu luat ciing hoat dong trén ciing
mot vong lap PK. Vidy, khi x. =ava x, =b
(Hinh 4 va 5), b PK FC s& c6 4 luat cung
hoat dong; Kho khan khi tdi uu vi can nhiéu
tham s6 doc 1ap va rang budc dé thiét ké bo
PK. Vi du: ddi vé6i bién DK u; nhu trén Hinh
6, c6 21 tham s6 doc lap d¢é mo héa (mdi ham
thugc can 3 tham sd ung vé6i 3 dinh cia tam
giac) va rat nhidu diéu kién rang budc giira
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cac tham s nay dé dam bao thir ty ngir nghia
gitra cac gia tri ngon ngit. Nhu vay, bai toan toi
uu riéng bién DK u; cia FC sé& ¢6 21 bién thiét ké
va rat nhiéu rang budc giita cac bién thiét ké.

Nhiing uu diém cua HA d4 khic phuc dugc
nhitng han ché trén ciia FC: HA c6 tinh ciu
trdc va ludn dam bao thtr ty nglr nghia ctia cac
gid tri ngon nglr; Cac budc nglr nghia hoa,
hop thanh HA va giai ngit nghia rat don gian
vi chi 1a nhitng budc anh xa hodc ndi suy
tuyén tinh; Chi c¢6 1 luat hoat dong trén mot
vong lap PK; Chi can 2 tham sb doc lap 6 va
a (19) dé mo ta toan bo cac gia tri ngoén ngir
c6 thé ¢co cua bién ngdn ngr; D& dang khi téi
wu vi chi can 2 tham sb doc lap (0 va q)
tuong img véi 2 bién thiét ké va khong can
rang budc vé thir ty ngir nghia gitra cac gia tri
ngon ngix dé thiét ké bo bK HAFC t6i wu.

V. Két qua tinh toan s

Pé minh hoa kha nang DK cua GOAC, FC va
HAFC, xét két cau 1 bac tu do chiu tai gia toc ¥,
tai lién két v6i luc DK u nhu trén Hinh 12.

_u>| | X:
m
k c
S/
>y

Hinh 12. Két cdu 1 béc tw do chiu tdi gia
toc %, tai lién két.

Trong do, khdi lugng m = 345.6x10° kg, can ¢
= 734.3 kNs/m, do cimg k = 3.404x10° kKN/m va
gia téc kich dong X, (t) =0. 25gsin[(207/3)t] [16].

Cac két qua thu dugc bao gom: dap ung
chuyén vi x(t), m (Hinh 13); dap g van tbe
X(t), m/s (Hinh 14) va dép ung luc diéu khién
u(t), KN (Hinh 15).

Nhdn xét:

- Qua phan IV, c6 thé thay raing HAFC thé
hién nhiéu wu diém hon so véi FC va cac b
diéu khién md (HAFC va FC) don gian hon so
véi GOAC vé mit toan hoc.

- Qua cac két qua s trong phan V, c6 thé thay
rang voi cling gid tri lyc diéu khién u(t) cuc dai
(khoang 800 kN), HAFC c¢6 hi¢u qua PK cao

Tai li¢u tham khao

hon FC va FC c6 hiéu qua PK cao hon GOAC.

x10°

8

Khong BK

“ — GOAC[L6]

o & A N o N s o
—

. . . . . . . . .
0 02 04 06 08 1 12 14 16 18 2
Thoi gian, s

Hlnh 13 Bap wng chuyen Vi x(t) m.

0.2

015l Khong DK

-0.15f . —— GOAC[16]
-0.2
0

. . . . . . . . .
02 04 06 08 1 12 14 16 18 2
Thoi gian, s

Hinh 14. Ddp ing vin toc X(t), m/s.

52 oi o5 o5 1 12 1¢ 15 15 2
Thoi gian, s

Hinh 15. Ddp itng lwe diéu khién u(t), kN.

VI. Két luan

Trong bai b4o ndy, vin dé so sanh 3 bo PK
chu dong két cau (GOAC, FC va HAFC) duoc
trinh bay. Cac két qua chinh dugc tom tat nhu sau:

- HAFC don gian hon, tinh cau tric cao
hon, dé thiét 1ap hon va hiéu qua PK cao hon
so véi FC.

- Cac bo PK mo (HAFC va FC) don gian
hon so vo1i GOAC (mot thuat todn PK khong
str dung 1y thuyét mod) vé mit toan hoc.

V6i nhitng wu diém cia HAFC da dugc
trinh bay, hoan cé thé phat trién va tng dung
HAFC cho nhimmg bai toan DK khac nhau
trong Co hoc.
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Abstract
COMPARISON OF SOME STRUCTURAL ACTIVE CONTROLLERS

Active control problems of vibrating structures have attracted considerable attention in recent years. In
this paper, three controllers including: Generalized Optimal Active Controller — GOAC, Classical Fuzzy
Controller — FC and Hedge-Algebras-based Fuzzy Controller - HAFC are presented for active control of a
structure subjected to acceleration load. Establishing steps of above-mentioned controllers are compared in
order to stand out the HAFC, a new fuzzy control method based on the Hedge Algebras theory. Their control
effects are investigated through time histories of the structure displacement and control force.

KEYWORDS: active control; generalized optimal active control; fuzzy control; hedge algebras.
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