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THIET BI CACH LY DIA CHAN SU DUNG LUAT DIEU KHIEN

TRUQT MO THICH NGHI

ADAPTIVE FUZZY SLIDING MODE CONTROLLER - AFSMC

TOM TAT

Bai bdo dé xuat mot thiét bi cach ly dia chan dudi tac dong clia dong dat st
dung ludt diéu khién trugt ma thich nghi - AFSMC. Day la phuong phap kha thi dé
kiém soat do rung cla tang trén cho mdt md hinh 2 tang. Ché do truot két hop
thuat toan logic m& tao ra bo diéu khién ma thich nghi, cling véi hé thdng giam
chan gitip chéng lai céc kich thich tir dng dét. Tinh 6n dinh cia phuong phép diéu
khién dugc dam bao béi Iy thuyét Lyapunov - tiéu chudn 6n dinh st dung cho céc
lugt diéu khién thich nghi va do hoi tu. Nhém tac gia da danh gid hiéu sudt, tinh on
dinh ctia bd diéu khién trong viéc ki€m soat rung dong thong qua mé phdng. Két
qué cho thay hiéu qué ctia phuong phap dugc dé xudt trong viéc giam rung dong ¢
tang trén ca vé van t6c va gia tdc doi véi mot s6 tran dong dét dién hinh.

Tir khéa: Diéu khién ma, ché dé trugt, diéu khién thich nghi, déng dat, thiét bi
cdch ly dia chdn.

ABSTRACT

The paper analyzes the vibration of an active suspension device using
adaptive fuzzy control (AFSCM) law under earthquake excitation. This is a
possible method to control the vibration of the top-layer for a active two-layer
suspension system. The fuzzy sliding mode is combined with adaptive law to
suppress the device's top-layer vibration against earthquake excitation. The
stability of the control method is guaranteed by Lyapunov theory. Numerical
simulations consider the proposed controller's performance on active control of
the proposed seismic device subjected to typical earthquake excitations. The
results indicate the effectiveness of the proposed method to reduce the vibration
of the top layer under some kinds of earthquakes.

Keywords: Sliding mode, Fuzzy control, Adaptive, Earthquake, Seismic
Isolation device
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1. GIGI THIEU

Ngay nay, clng véi sy phat trién cla d6 thi hoa, sé
lugng tdoa nha cao tang ngay cang nhiéu. Nhirng cau trac
nay chiu anh huéng tiéu cuc tu ngoai lyc I6n nhu dong
dat, gid6 manh. Bao vé cau tric cla cong trinh va thiét bi
bén trong khdi cdc mdi nguy hiém do trdn dong gay ra
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ngay cang dugc quan tdm nghién cu. Kiém soat rung
déng cdu truc cé thé coi la mét gidi phap téi uu dé giam
tdc dong tu dong dat. Mot s6 nghién cltu tap tric vao
phan tich rung déng cla cac cau trac I6n [1-9]. Casella va
cdng su [1] da phan tich hiéu qua clia phuong phap diéu
khién phi tuyén trong viéc triét tiéu rung déng cho mot
mo hinh ¢6 cdu tric 16n, much dich la trinh bay 2 giai
phap kiém soat rung déng khéac nhau la AJT (Air Jet
Thruster) va PAM (Piezoelectric Active Member). Li va
cOng su [2] da xem xét su rung doéng cla hai tdoa nha 40 va
79 tang bang phuong phap kich thich gia PEM dudi tac
déong cta dong dat. D6 rung clha toa nha RC 8 tang da
dugc Bindi va cong su [3] xem xét trong diéu kién moi
trudng st dung cac phuong phap nhan dang phi tham sé,
cu thé Ia chon dinh va phan tach mién tan s6. Nghién ctu
vé han ché phan (ng rung dong clia cau tric da thu hat
nhiéu sy quan tam tir quan diém Ung dung. Takahashi va
cong su [4] dé xuat hai loai thiét bi diéu khién 1a AVS
(Active Variable Stiffness) va ADV (Active Variable
Damping) cho céng trinh cé dac diém cdu trac thay déi
duéi cac tran dong dat I6n. Chang va cong su [5] da trinh
bay mét phuang phéap diéu khién dé cai thién hiéu suat
diéu khién clla mang no-ron xac suat kiu mang dé han
ché rung déng cha tdoa nha 3 tang. Wang va Adeli [6] da
trinh bay phuong phap kiém soat d6 rung cta hé théng
toa nha 76 tang dudi tdc dong cda gid. Qua trinh nay dugc
dé xuat dua trén diéu khién ché dé trugt. Pourzeynali va
Salimi [7] xem xét hiéu qua clia hé théng van diéu tiét
khéi lugng dugc diéu chinh tich cuc dé han ché rung
déng cla mot toa nha thép 12 tang. B diéu khién LQR
dugc st dung cho ATMD va cac tham sé t6i uu cla hé
théng dugc tim thdy bang cach s dung GA. Yanik va
coéng su [8] da trinh bay mét phuong phap diéu khién dé
gidm thiéu rung déng clia mot tda nha 6 tdng bang qua
trinh dugc coi 1a su gidm thiéu nang lugng co hoc clia hé
théng 3D. Thenozhi va Yu [9] da dé xudt mét phan tich ly
thuyét vé bod diéu khién PD/PID clia cdu tric tda nha s
sung bd diéu khién rung cht dong. Két qua ly thuyét dugc
ap dung thanh céng khi mé phéng sé va cho mét nguyén
mau toa nha 2 tang.

Trong nhitng ndm gan day, logic m& la moét phuong
phap diéu khién thu hat dugc nhiéu su quan tam, nhat I3
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trong giam rung déng cdu truc. Nguyen va cong su [10] da
dé xudt bo diéu khién ma ban ch ddng dé nang cao hiéu
sudt ca hé théng cach ly dia chan. Két qua mo phong cho
thdy FC lam gidm mé phéng dang ké dich chuyén tuong
doi va gia téc tuyét d6i cha tda nha. Martin va cong su
nghién cu vé bd diéu khién ma t6i uu dugc dé xuat dé
gidm thiéu rung chan cho mét toa nha 5 tang. Hé théng
gém cac giam chan luu bién tu tinh (MR) va FC dugc lap dat
3 mbi tang clia tdoa nha. Két qua cho thay ca hai chi s6 gia
téc tuyét déi va dich chuyén tuong déi clia tda nha gidm
hiéu rd rét. Trong [11] mét hé théng treo ch( déng duoc
diéu khién bang FC dé gidm rung ddng cho than xe. Hé
théng c6 thé lam viéc khi giao dong trong khodng tan s6 3
- 30Hz, d6 dich chuyén tuyét ddi va gia tc tuong ddi c6 thé
gidm dugc 30%. Marji va cac cdng su da dé xuat mot bo
diéu khién ma dé kiém soat hé théng treo doc 1ap cha 6 to
[12]. Tin hiéu dau vao la luc phanh va kich thich truyén
dong ctia moéi banh xe. Hé thong gitp phuong tién ¢ giam
dang ké gia téc tuyét déi va dich chuyén tuong déi, véi thoi
gian dap Uing trong khodng 1,5s. C6 thé thdy viéc st dung
ma& théng thudng c6 mét s6 nhugc diém nhu dap dng thai
gian tré, kha phuc tap trong thuc hién cac budc lam mg,
suy luan, gidi md& va né khéng dadm bao trat ty nglr nghia
gia tri ngén ng{ clia cac bi€n ngdén ng. T d6 cac phuong
phap t8i uu bd diéu khién md& dugc dé xuat nhiéu nghién
cdu [13-14]. Thuat toan Whale Optimization dugc Mahdi va
céng su dé xuat [13] dé t6i uu hda cho diéu khién ma trong
kiém soat rung déng cau trac. Trong d6 ham muc tiéu va
tiéu chi hiéu suat dugc xem xét dua trén cac phan hoi phi
tuyén cla cau trac. Kasemi va cong su [14] da dé xuat bo
thuat toan PID-Fuzzy cho hé MR dampers dugc dp dung
trong hé théng giam chan chu déng. K&t qua cho hiéu suat
diéu khién ctia PID-Fuzzy khi gidm dugc 83% rung dong.

Hau hét cac cong trinh nghién cldu déu tap trung vao
viéc gidm rung déng cho cau trac khéi lugng 16n ma khéng
quan tam nhiéu dén cac thiét bi nho. Khi tdoa nha rung
chuyén dudi moét tran ddng dat, cac thiét bi nhé dugc 13p
dat bén trong hé théng cing bi tdc dong dang ké. N6 con
gay ra nguy hiém cho con ngudi hodc hu héng ndng cho
thiét bi. Do d6, viéc diéu khién cac hé théng kiém soat rung
dong dé dam bao yéu cau vé kha nang st dung va an toan.
Bai bao nay dé xuat mot hé thong cach ly dia chan cha
déng 2 tang dé kiém soat dé rung clia cac thiét bi nhé dudi
tac dong cha dong dat. Mot phuong phép diéu khién dugc
dé xudt dua trén ché dé trugt ma vdi luat thich nghi dé
gidm thiéu rung déng cla tang trén. Y tudng cla bd diéu
khién 1a cai tién quy dao dich chuyén trén cac bé mat trugt
dé gidm do6 nhiéu va logic m& dé va dap vao cac bé mat
trugt, tang chat lugng cta hé théng va gidm thiéu rung
dong dudi tac dong clia dong dat. Mot mat trugt do ngudi
dung xac dinh c6 thé dic trung cho hé théng vong kin va
giup dé dang thu dugc quy tdc ma hda. Cac luat thich nghi
dua trén ly thuyét Lyapunov véi su hiéu chinh tu déng, do
dé6 gidm sy phu thudc cla cac chuyén gia con ngudi vao
qua trinh thiét ké. Két qué md phdng xac minh tinh 8n dinh
va hiéu suat ctia hé théng.
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2. HE THONG CACH LY PIA CHAN 2 TANG CHU DONG

Hinh 1. M6 hinh hé thdng céch ly dia chan 2 tang

M6 hinh hé théng gidam chdn 2 tang dugc st dung
trong hinh 1. Cac phuong trinh vi phan déng luc hoc cta
mé hinh nay c6 thé dugc biéu dién nhu sau:

mfed o) e efe) = mla er O
véi: M= [rgi m; -E me]

= )

k=[S

=} 7]
Trong do:

me: Tai trong dong (kg)
mi: Khéi lugng méi tang (kg)
kit, kip: PO cliing 10 xo (N/m)
Cit, Cib: Hé s6 can nhét (Ns/m)
i, Xii Chuyén vi (m)
ds di, Qw: Vi tri (m)
up: Luc diéu khién (N)

2.1. B6 diéu khién truot mé thich nghi

M6 hinh khéng gian trang thai cta hé théng san bi dnh
hudng bai dong dat dugc trinh bay tai (1) c6 dang nhu sau:

X =X,
X, =f,(x) + g(x)u + d,(t) o)
X3 =Xy
Xy = () + g (X)u +dx ()
Vai:
f,(x) = _(C1+C2)-X2+C2-X4]\;(K1+K2)_X1+K2_X3
1
g1 = v
_ C1X2=Coxa+K1X1-Kp X3
fZ(X) N (M+mg)
1
g2(x) Mrmg)

d;(x) = d, (1) = —qc
Pinh nghia clia cdc mat trugt nhu sau:
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S1 = C1Xq + Xz( Cq1 > 0) (3)
SZ = C2X3 + X4( Cz > 0) (4)
S =251+ B1s2(Aq,B1 > 0) (5)

Dua trén su diéu khién ctia hé théng bién déi co cau, tin
hiéu diéu khién dugc chia thanh hai thanh phan.

U = Ugq + Ugy (6)

Pé ddm bao tinh 6n dinh cla hé théng, ta xét ham
Lyapunov cho hé kin cé dang nhu sau:

1 7
_ ¢z
\% > S
Pao ham V theo thoi gian t ta dugc:
dv _ ds 8)
dt ~— " dt
T (2), 3), (4), (5) dugc viét nhu sau:
v _dS o
T Sa = S[A181 + B152]
dv
I S[A (cixp + £ + gaup +dy () + By(cxy + 1,
+ gou, +dy (D))
dv
Frin S[)‘l (c1X2 + i + 81(Ueqr + Us + Uegz + Uswz )

+dy(6) + Br(c2xs + £ + 82(Ueqs
+ Ugw + ueq2 + Uy ) + dZ (t))]

dv
E =S [}\1(C1X2 + fl + glueql + dl(t))
+ By (c2x4 + £, + 8ol + dz(t))
+ Uswe (A181 + B182) 9

+ Ugwr (A181 + B182) + X181 Ueqe
+ B182Ueq1 + kS +nsat(s) — (kS

+ HSgn(S))]

Pé dam bao tinh 8n dinh clia mat trugt S, nghia 1a xac
dinh (9) am, thu dugc cac két qua sau:
—(Cc1xp + f14+d (1))

Ueq1 =
g1
Uegy = —(cx4 + £, +dy (D)
J a g, (10)
U = Uy _7\1g1ueq1 + B182Ueq2
Ag1+ P18
k.S + n.sgn(S)
g1+ B182
T (7) va (8) ta nhan duoc:
dv ds
prin Sa=—(k.S+n.S.sgn(S)) <0 (1
Tin hiéu diéu khién dugc xac dinh bai:
U = Ueq1 + Uswmt T Uegz T Uswe
A (£, + di (D) + By (R0 + da (1) 12)

+ A%, + Bcyxy + kS + nmsgn(S)
Mg (X) + B182(X)
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Tém lai, ham sat dugc dé xuat dé thay thé ham sgn:
_ (sgn(s),Is| > 1
sat) = {0 2
Tin hiéu diéu khién ché dé trugt ctia hé théng (10) c6
dang sau (theo 12, 13):

A (fl(x) + dl(t)) + B (X)) +dz (D)
+ A1 ¢1X, + B1cyx, + kS + 1msat(S)
Mg (X) + B182(X)
2.2. Luat thich nghi

Khi A;, B, dugc coi la c6 dinh, c6 nhiéu rung dong trong
hé théng. D& gidm dé rung, bai bao dé xuat phuang phap
diéu chinh A,va B, dua trén hé ma. Cac hé thng ma duac
thiét k& dé thay déi mat trugt dua trén sy diéu chinh clia A,
va f3;.

Hai b6 diéu khién md& cé cdu tric giébng nhau, véi hai
dau vao va mét dau ra. FLC1 vdi bién dau vao x,va x, bién
dau ra u; dé xt ly rung & tang 1. FLC2 véi bién dau vao
X3Va x4 bi€n dau ra u, d€ x& ly rung & tdng 2. Mébi bién dau
vao ngdén ngit bao gébm 3 bd tam gidc md vai tén dugc s
héa tuang tng la [-1 0 1]. Cac ham lién thudc cla cac bién
dau vao ngén ng(i dugc thé hién trong hinh 2. Cac bién dau
ra khédng d8i co tén dugc sé hdala[-2-10 1 2], tuong ling
vGi cac gia tri [c1 ¢ ¢s ¢4 ¢s 1 =[5 3 0,1 3 5]. Cac quy tac suy
luan dugc trinh bay trong bang 1.

(13)

(14)

u=—

1 1

B R (. 0 35 0 15 |15 <10 -5 0 3§ 015
Input Variable “x," Inpul\.mdble "

.57 g ! 1 |03

0 f ] 0

A5 - 5 0 5 1015 =15 -0 5 0 3 0 15
Input Variable “x;" Input Variable “x,"

Hinh 2. Tdp mo clia cac bién ngdn ngi dau vao FLCT, FLC2
Bang 1. Gac quy tac suy ludn FLCT, FLQ2

M Xi
-1 0 1
X2 1 0 -1 -2
0 1 0 -1
-1 2 1 0
l31 X3
-1 0 1
X4 1 0 -1 -2
0 1 0 -1
-1 2 1 0
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’11
HSMC 1PLANT L .

Hinh 3. Cu tric cda diéu khién ché do trugt m thich nghi

(FLC - Bo diéu khién logic ma; HSMC - B9 diéu khién ché db trugt)
3. KET QUA MO PHONG

Két qud mo phdng cla bo diéu khién ché do trugt ma
thich nghi véi cac thong s6 cha méd hinh nhu sau:
my,=m; =30, M = m. =725, ¢; = 4,910%, ¢, = 5,210?,
kl = 1,9. 103, kz = 2. 103, C1 = 3, CZ = 1,k = 3,5,“ = 5.

Xa

X X X3 Xy

5] ' |
 olmiiill
£ l
Z.05} ]
<
0 10 20 30 40 50 60
Time (s)
(a) Dao dong do ddng dat gy ra
150 T r T
FC
?: 50
g 0
£ .
-100
-150 .
0 10 20 30 40 50 60
Time (s)
(b) Luc diéu khién
Hinh 4. Dao dong do tran dong dat Duzce va luc diéu khién st dung AFSMC
0.04 T T T r -
No control|
z —FC
= 0.02} —AFSMC ||
E
-3
L
-0.02} ‘
0 10 20 30 40 50 60
Time (s)

(a) Chuyén vi

L

No control

.

Acceleration (m/s”)
o

-

-

i
L]
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Time (s)

(b) Gia toc
Hinh 5. Dap ting clia tang dudi doi véi tran dong dat Duzce

(=]
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- —FC
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Hinh 6. Dap ting clia tang trén doi vdi tran dong dat Duzce

Hinh7.

4

5

L]
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i

S
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(a) Dao dong do dong dat gdy ra
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-
w

No control

,.;: 10F —FC
- —AFSMC
= 5
2
g 0
Y
92
<-10}
45 : ;
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Time (s)
(b) Gia toc
Hinh 8. Dap (ing clia tang dudi doi véi tran dong dat Kocaeli
1 . . . . ;
No control
0.5} —AFSMC_ ||

Displacement (m)

1] 10 20 30 40 50 60
Time (s)

(a) Chuyén vi

Nc‘n control
~FC
—AFSMC
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Displacement (m)
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Y
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(b) Gia téc
Hinh 9. Dap (ing clia tang trén ddi véi tran dong dat Kocaeli

h L

P’
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0
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|

2
3 : - . . .
0 10 20 30 40 50 60
Time (s)
(a) Dao dong do dong ddt gay ra
1000 : . . =

500+

Force (N)
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(b) Lutc diéu khién

Hinh 10. Dao ddng do tran dong dét Livermore va luc diéu khién st dung
AFSMC
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Hinh 11. Dap Uing clia tang dudi doi véi tran dong dat Livermore
0.2 : . . ,

No control
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Time (s)
(@) Chuyén vi
' ' No control
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Hinh 12. Dap ting clia tang trén di véi tran dong dét Livermore

C4c phan Ung t8i da cla hé théng c6 thé dugc xem
trong bang 2. Trong EL Centro, két qua ctia AFSMC lam cho
d6 rung cla tang trén gidm 44% so véi do rung tu do cla
hé théng, trong khi s dung FC giam 23 %. Gia t6c giam
dang ké trong trudng hap st dung bd diéu khién dugc dé
xudt. Mdc gidm trung binh ctia AFSMC la 53%, trong khi FC
1a 12%. G Duzce va Livermore dong dat cling cho két qua
tuong tu. C6 thé thay, hiéu suat kiém soat clia SMC vugt
tréi han so v6i FC. Bién dé dich chuyén day cla tang dudi
I6n han. Tuy nhién, gia téc gidm dang ké khi cac rung dong
truyén tur dudi lén trén (mdc giam trung binh cla cac tran
déng dat |a 46%). Diéu nay rat quan trong dé dam bao thiét
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bi khéng bi pha hay. Biéu d6 cho thay hiéu qua cla viéc sur
dung hé théng cach ly 2 giai doan.
Bang 2. Cac dap ting t6i da cdia bé diéu khién 6 3 tran dong dat

TR T b
Trén f@ng Bo ‘g’iéu téihg | | e téng té‘hg 2 cla téng
dat khién thit nhat thit hai
m) (m/s?) m) (m/s?)
Kh‘;’(ﬂ?é,gié” 0020 | 189 | 0031 | 1626
Duzce KC 0017 | 1531 | o001 | o767
AFHSMC | 001 | 134 | 0014 | 0554
Khongdiu | 001 | 7802 | o461 | 8354
' khién
Kocaeli K 0,207 10 041 6.6
AFHSMC | 0214 | 5722 | 0214 | 3901
Kh?(?“gé,g'é” 0076 | 6314 | 0115 | 6176
Livermore KC 012 | 6287 | 0174 | 344
APHSMC | 0091 | 4839 | 0111 | 26
4. KET LUAN

Hé théng cach ly dia chan 2 tang cht dong dugc dé
xuat dua trén bo diéu khién AFSMC. Thiét ké 2 tang, véi bd
truyén dong & tang 1 gilp gidm thiéu tac déng lén tai
trong chuyén dong dat trén tang 2. Nhom tac gia da gidi
thiéu so d6 diéu khién ché dé trugt théng thudng va tao ra
tin hiéu diéu khién bang cach st dung ly thuyét Lyapunov.
Nhém tac gid cliing dé xuat luat trugt ma thich nghi dé
gidm d6 rung. Su 6n dinh va hiéu suat cla hé théng da
dugc ching minh. Két qua md phong xac minh rang bé
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