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TOM TAT Bai bdo nay phan tich kha nang giam chdn ciia hé can ban chii dong MR,
mgt hé can rdt méi, chi doi hoi nguon nang lwong tuong doi nho nhung c6 kha nang dap vmg
rdt tot. Mo hinh két cau sir dung trong nghién ciru la khung thép 3 tang chiu tac déng ciia 04
tran dong dat thuc té: ElCentro, Hachinohe, Kobe, Northidge va mot trdn dong dat nhén tao
AQuakeEarth. Hiéu qua gidm chdn ciia két cau dege tinh toan dira trén cac thudt giai: Thudt
giai Clipped-Optimal voi trang thdi hoi tiép chuyén vi,van toc; Thudt gidi H/LOG voi trang
thdi hoi tiép gia toc; Thudt gidi Proposed Fuzzy Control, sw dung cong cu todan hoc rdt manh
la Fuzzy Logzc trong bai todn diéu khién két cau; Thudt giai Gain-Scheduled Fuzzy Control va
Thudt giai Self-Tuning Fuzzy Control, vira sir dung Fuzzy Logic vira sur dung cdc cong cy 16i
wu hod théng sé diéu khién K,. Tat cd cdc thudt gidi trén déu duwoc két hop voi cong cu hé tro
Simulink cia Matlab. Muc dich cua bai bao nay la xem xét thudt giai diéu khién ndao dem lai
hiéu qua giam chan tot nhat khi két cdu chiu anh hwong cia dong ddt. Két qua nghién ciru da
ching to thudt giai Self-Tuning Fuzzy Logic, mot giai phap dzeu khién médi, cho hiéu qua giam
chdn rat tot, ¢é kha ndng dp dung cho cdc cong trinh thuc té.

1.GIOI THIEU

Hién nay, tai Viét Nam da xut hién nhiing trdn dong dét v6i tan sudt nhidu hon va cudng
d6 manh hon. Trong khi d6, qua nhiing phuong tién thong tin ching ta da biét dugc hau qua
clia chung gy ra ddi voi cude sdng con ngudi trén thé gisi that 1a to 16n. Vi vy, nhiém vu dat
ra 14 phai giam thiéu nhirng thiét hai nghiém trong d6 mot cach hidu qua nhét.

Mot ho diéu khién ban chu dong dang dugc phat trién rAt manh 1a hé can cht long diéu
khién dugc (Controllable Fluid Damper). Hién nay c6 hai chat luu dang duoc sir dung lam
thanh phan cua hé can 1a ER va MR.Chat luu ER (viét tit cia thuat ngir Electro-Rheological
tam dich 13 luu bién dién) dugc phat hién va ung dung trude tién, nhung lai ton tai mot s6 han
ché nhat dinh. Con chat luu MR (viét tit cta thuat ngir Magneto-Rheological, tam dich 1a luu
bién tir) dugc phat hién sau nhung cé nhiéu dic diém ndi troi hon nén hién nay dang dugc
nghién ctru rong rai trén khap thé gioi.

Trong vai nim gin ddy, trén nén tang phat trién cta 1y thuyét Fuzzy Logic manh mé&, hinh
thanh nén mot s giai thuat diéu khién co tinh tu duy logic va triru tuong cao. Bai bao d& cap
t6i viée (mg dung cac giai thuat d6 cho hé can MR dé diéu khién két cAu nham ting hiéu qua
giam chan cho cong trinh: Thudt gidi Proposed Fuzzy Control Algorithm, sir dung cong cu
todn hoc rat manh la Fuzzy Logic trong bai todn diéu khién két cdu; Thudt gidi Gain-
Scheduled Fuzzy Control va Thugt giai Self-Tuning Fuzzy Control, via sur dung Fuzzy Logic
viea sir dung cdc cong cu 161 wu hoa thong so diéu khién K,. Cac giai thuat nay c6 thé giai
quyét dugc bai toan Gmg xir phi tuyén cua két cAu. Mot trong nhitng thuén loi khi lwa chon cac
giai thuat nay chinh 14 sy phu hop ctia n6 véi tap dit liéu ddu vao c6 tinh khong chéc chén.
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2.CAC THUAT GIAI DANH CHO HE CAN MR

2.1.Bai toan khdo sat
_ Két chu khao sat trong bai bao 1a khung thép 3 tang (h¢ MDOF), mé hinh thu nho cua keét
cau mau do Chung et al thiet ke /1/.

Khi chiu tac nhéan kich thich ngoai, chuyén vi clia piston trong hé can ciing 1a chuyén vi
cua tang 1. Lyc can phat sinh tr thiét bi duoc tinh toan m6 phong bang cong cu Simulink cua
Matlab. Bai bao néu chi tiét Thudt gidi Proposed Fuzzy Control, Thudt gidi Gain-Scheduled
Fuzzy Control va Thudt giai Self-Tuning Fuzzy Control; con Thudt giai Clipped-Optimal
Control va Thudt giai H/LOG Control xin tham khao trong cac tai lieu [1]//2][3][4].

2.2.Thuét giai Proposed Fuzzy Control: [5]

So d6 trinh bay hé diéu khién Proposed Fuzzy Control thé hién nhu hinh 1.

Trong so dd trén, cac bién dau vao ciia Fuzzy Controller dugc chon 1a: chuyén vi tang (x)

va van toc tang ( x ). Bién dau ra s& 1a dién 4p ra 1énh t&i hé can MR.

Céc qui luat didu khién va ham thudc cac bién dau vao tham khao trong /5]

Pé chuén hoa cac bién dau vao nguoi ta da st dung hé $b ty 1€ K, va K, tuong ing dung
cho bién chuyén vi va van tdc. Béng vi€c tinh trung binh cac Kkét qua thu dugc nham tim duogc
mot bo hé sd ty 1€ chung ta s€ duoc: K,~284 va K,=8,7. Trong bai bao nay ching ta chon K,—4
dé mo phong.
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Hinh 1. So d6 hé diéu khién Proposed Fuzzy Control

2.3.Cac thuit gidi hiéu chinh Fuzzy Control: [5]

Trong myc 2.2, cac h¢ sO ty 18 di v6i bo didu khién Fuzzy Controller dugc xac dinh theo
cach thie tién hanh thir dan (trial- and-error) thong qua viéc quan sat dap Gmg tur cac tran dong
dat khac nhau. Qua trinh quan sat nay dan dén sy tin tuong rang cac hé sb ty 18 do thay doi
theo cuong do dich chuyen d4t nén c6 thé cai thién duoc sy thuc thi bd diéu khién. C6 hai giai
thuét khac nhdm hiéu chinh nhiing gia tri d6 s& dugc dé cap trong phan dudi day.

2.3.1.Thudt gidi Gain-Scheduled Fuzzy Control: [5]
So db trinh bay hé diéu khién Gain-Scheduled Fuzzy Control nhu hinh 2.
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Hinh 2. So dd hé didu khién Gain-Scheduled Fuzzy Control

Trén co s& phén tich thong s, phuong trinh sau cho phép xéac dinh hé s6 K,:

trong do

K, (t)=23.37

x, (1)~ 0.68 (1)

X, (t)] : tri tuyét déi gia toc nén tai thoi diém ¢,

Dé viéc thi hanh cia bo diéu khién 1a tot nhat thi gia tri ciia K,(z) dugc 1ay trong khoang tir
0,05 dén 20. Cac thong so con lai ciia h¢ dieu khién sé la: K,=7 va K,=4. Trong khi d6 cac ham
thudc cua cac bién dau vao va dau ra cung véi qui ludt diéu khién dugce chon giong nhu phan

trudc.

2.3.2.Thudt gidi Self-Tuning Fuzzy Control: [5]

So d6 hé diéu khién Self-Tuning Fuzzy Control thé hién nhu hinh 3.

Theo so do trén, h¢ s6 K, dwoc xéc dinh tai mdi budc thoi gian béi chinh by Fuzzy
Reasoning v6i dau vao dugc chon 1a gia toc nén va chuyén vi tang. Céc qui ludt diéu khién va
ham thugc cac bién dau vao tham khao trong /5/.

Céc thong s6 con lai dugc chon hoan toan giéng véi thuat giai Gain-Scheduled Fuzzy

Control.
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Hinh 3: So d6 hé diéu khién Self-Tuning Fuzzy Control
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3.DE XUAT CHI TIEU SO SANH

Qua trinh diéu khlen c6 nam yeu t6 dap tng max (ki hi¢u chung la res) can xem Xét:
chuyén vi max, van toc max, gia toc max, d6 léch tang max va lyc cét max. Tuong tng voi
ching, bai bao dé xuit cac trong sb dé danh gia mirc dd quan trong cua m01 yéu t6 so voi cac
yeéu to con lai: w.,, w,, Wer, Wal va wy, (kl hiéu chung 1a w,). Cac trong ) nay co gia tri dugc
quyét dinh boi nguoi thiét ké dleu khién (tir 0% dén 100%) tiy theo timg hé két cu.

_ Ngoai ra, trong chi tiéu can phai xét dén cac yéu t6 vé vi tri cua dap ung va sb tran dong
dat duoc khao sat.
Tir d6, bai béo dé ra chi tidu danh gia hiéu qua giam dap Gng trung binh nhu trong cong
thuce (2), trong do:
m: tdng s6 budc thoi gian phan tich,
n: tong sb tang cua hé két ciu duoc khao sat,
g: téng s tran dong dat duoc khao sat, j: chi sé cua tran dong dit,
Wres: 1an 1ot 12 cac trong sé tuong (mg cua cac yéu tb res.
res™™ , resi™™ : 1an lugt 1a dap ung (vé yéu t6 res) clia h¢ két cau khi dugc diéu khién
va khong duoc diéu khién tai bude thoi gian thir & va tai ting thir i,

Z( (Z Z|reszontr - reSZVlCUHW jj x Wies
ngq j=i\i=1 Z < 100%
wres (2)

H(%) =

4. KET QUA KHAO SAT

Bai bao khao sat hé két céu néu trong bai toan tai myc 2.1 trong 8 truong hop: Két cau
khong lap h¢ can (Uncontrolled); Két cu co6 lap hé can va dién thé bang 0 (Passive-Off); Két
chu c6 lap hé can va dién thé bang v, = 2,25V (Passive-On); Két cau c6 1ap hé can va su
dung lan lugt 05 thuat giai dd dugc néu ¢ trén. Tin hiu kich thich dau vao 1a 04 trn dong dat
thuc té: Elcentro, Hachinohe, Kobe, Northidge va mot tran dong dat nhan tao AQuakeEarth.

Trong bang 1: x3 v; a;: lan luot 1a chuyén vi, van toc va gia tdc t?mg dinh; ds: @0 1éch
tuong ddi giita ting dinh véi tang dudi; Q;: luc cét tai tang thu /. Cac thuat ngit dwoc viét tit:
Semi-LOR: thudt gidi Clipped-Optimal Control; Semi-H/LQG: thuat giai Ho,/LQG Control;
Semi-Fuzzy: thuat giai Proposed Fuzzy Control; Semi-FST: thuat giai Self-Tuning Fuzzy
Control; Semi-FGS: thuat giai Gain-Scheduled Fuzzy Control.

Bang 1. Gia tri max cua dap ung

Uncon- Passive- Passive-  Semi- Semi- Semi- Semi- Semi-
troled Off On LQR  HyLQG Fuzzy FST FGS

TRAN PONG PAT ELCENTRO

x3(cm) 1.037 0.615 0.276 0.282 0.368 0.342 0.311 0.288
ds(cm) 0.163 0.109 0.086 0.087 0.086 0.092 0.077 0.082
v3(m/s) 0.321 0.182 0.121 0.124 0.121 0.126 0.122 0.121
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ay(m/s?) | 10.939  7.070 5072 4425 4233 5238 4785  4.906
Qi(N) 30002 1678.5 592.0 7155 10357 6762 6642  597.3
TRAN PONG PAT KOBE
xs(cm) 1.767 1.073 0.813 0.837  0.820  0.805 0819  0.822
ds(cm) 0295  0.173 0.149  0.144  0.142  0.154  0.140  0.147
vsm/s) | 0479  0.197 0.159  0.165 0.195 0.175  0.171  0.156
aym/s’) | 16227  7.056 6217 5639 9320  6.136 5920  6.079
Qi(N) 49913  3014.1 22458 24420 22444 22411 22585 2261.0
TRAN PONG PAT HACHINOHE
xs(cm) 0.632 0217 0.140  0.144 0231 0.141  0.141  0.140
ds(cm) 0.112  0.074 0.043 0.042  0.051 0.043  0.043  0.043
vi(m/s) | 0227  0.064 0.031 0.035 0.065 0.032 0032  0.032
asm/s?) | 7.395  3.053 1.179 1.189  3.579 1261 1245 1236
Qi(N) 17385 560.0 396.7 4214 6237 3967 3965  397.0
TRAN PONG PAT NORTHIDGE
x3(cm) 1.486 1.055  0.947 0.949 1238 0960 0.867 0.981
ds(cm) 0.280 0.185  0.193 0.188 0.205 0235 0.182  0.196
v3(m/s) 0.499 0.245  0.255 0.253 0307  0.288  0.260  0.260
as(m/s?) 16.377 8.285  8.624 8.040 12473 7.749 8581  8.985
Qi(N) 4002.1 29842 22929 23248 34540 21993 2039.6 2406.8
TRAN PONG DAT AQuakeEarth
X3(cm) 32805 11.995  9.902 9.940  11.682 10.129 10.123 10.131
ds(cm) 5.532 2.053 1.837 1.815 1998  1.855 1.845 1851
v3(m/s) 11.143 3.706  2.989 3.021 3.800  3.079 3.059 3.070
ay(m/s”) 383.99 13224 1209 119.4 138.7 1222 1215 1219
Qi(N) 90067 32647 25993 26184 31596 26687 26660 26695

Theo cong thirc (2) v6i cac trong s6 w,., dwoc chon bang nhau (nghia 1a cac dap ung dugc
danh gia quan trong nhu nhau: w,, = wy, = We = Wa = wie = 1 (100%)) chung ta thu dugc céc
gia tri so sanh trong bang 2.
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Bang 2. Gi tri so sanh H (%)

Tén giai thuat didu khién | Gia tri so sinh H (%)
Semi-LQR 60.32
Semi-H,/LQG 51.36
Semi-Fuzzy 60.63
Semi-FST 63.24
Semi-FGS 61.92

Can ctr vao gia tri so sanh E( %) dat duoc, chung ta nhan thay thir tw sap xép vé hiéu qua
giam chan cua cac thuat giai dang khao sat s la:

Semi-FST > Semi-FGS > Semi-Fuzzy > Semi-LQR > Semi-H,/LQG.

Hon nita véi mot bd gia tri w,., bat ky thi ching ta ciing nhan duoc két qua nhur trén.

Céc d0 thi so sanh két qua mo phong céac truong hop thé hién trong hinh 4-8

GIA TRI MAX-PO GIAM CHUYEN VI TANG DINH(%)

o——
o
Do
e~~~

ElCentro Kobe Hachinohe Northidge AQuakeEarth
[ Passive-Off [ Passive-On [ Semi-LQR O Semi-H2/LQG
B Semi-Fuzzy 0 Semi-FST B Semi-FGS

Hinh 4. D4 thi biéu didn d6 giam chuyén vi tang dinh

GIA TRI MAX-PO GIAM VAN TOC TANG PINH(%)

o
L 2%

ElCentro Kobe Hachinohe Northidge AQuakeEarth
[ Passive-Off @ Passive-On E Semi-LQR @ Semi-H2/LQG
B Semi-Fuzzy O Semi-FST Ml Semi-FGS

Hinh 5. D6 thi biéu dién d6 giam vén téc tng dinh
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GIA TRI MAX-PO GIAM GIA TOC TANG 3(%)

ElCentro Kobe Hachinohe Northidge ~ AQuakeEarth
[ Passive-Off E Passive-On E Semi-LQR O Semi-H2/LQG
B Semi-Fuzzy O Semi-FST B Semi-FGS

Hinh 6. D6 thi biéu dién d6 giam gia tdc tang dinh

GIA TRI MAX-P() GIAM PO LECH TANG(%)
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Hinh 7. D thi biéu didn d¢ gidam do 1éch tng dinh
GIA TRIMAX-PO GIAM LUC CAT TANG 1(%)
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ElCentro Kobe Hachinohe Northidge  AQuakeEarth

E Passive-Off [ Passive-On E Semi-LQR @ Semi-H2/LQG
B Semi-Fuzzy O Semi-FST B Semi-FGS

Hinh 8. D) thj biéu dién d6 giam lyc cit tz“mg 1

Hinh 9 thé hién gia toc dinh nhan dwoc khi mé phong diéu khién tran dong dat Hachinohe
voi ba giai thuat st dung bd Fuzzy Controller.
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GIA TOC TANG DINH-TRAN DONG DAT: HACHINOHE
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Hinh 9. Mot s6 hinh anh minh hoa gia tbe téng dinh - Hachinohe

5.CAC NHAN XET

Hiéu qua sir dung trong trang thai Passive-On la t6t nhat trong hau hét cac truong hop. Tuy
nhién trang thai nay lam tang nhanh nhiét do nung néng h¢ can, tir d6 kéo theo lam giam di
tudi tho ctia thiét bi rat nhiéu (Schurter va Roschke 2001b). Vi thé cac két qua tir trang thai
Passive-On chi nén ding cho viéc déi chiéu trong qua trinh tinh to4n mé phong. O trang thai bi
dong Passive-Off, h€ lam viéc kém hiéu qua nhét so voi cac giai thudt khac nhung cling da toé
ra vuot trdi hon rat nhiéu so voi khi cong trinh khong duge diéu khién (giam tir 25,43% dén
71,91%). Diéu d6 thé hién tinh wu viét ¢ trang thai bi dong ctia hé can ban chu dong MR. Theo
chi tiéu danh gia duoc dé xuat, Thuat giai Semi-FST cho hiu qua giam chan 12 tot nhat, con
thuét giai Hy/LQG cho hiéu qua thip nhit. Cac thuét giai con lai cho hiéu qua giam chin gan
nhu twong duong nhau.

Céc két qua thu duoc tir Thudt giai Proposed Fuzzy Control, Thudt giai Gain-Scheduled
Fuzzy Control va Thuat giai Self-Tuning Fuzzy Control cho thy c6 sy gan bang nhau. Piéu
nay ching té d¢ tin cdy danh cho chiing 1a kha cao.

6. KET LUAN

Bai bao nay thé hién nghién ctru cua tac gia vé hiéu qua giam chin cia hé can MR trong
md hinh két ciu MDOF v&i 05 thuat giai diéu khién khac nhau. T4t ca cac thuat giai duoc xem
xét déu c6 thé dung dé giam dap ung két cAu: Thudt gidi Clipped-Optimal Control, Thudt gidi
Hy/LOG Control, Thudt gidai Proposed Fuzzy Control, Thudt gidi Gain-Scheduled Fuzzy
Control va Thudt gidi Self-Tuning Fuzzy Control b6i chiing c¢6 hiéu qua kha tét. Hon nita, bai
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bao dé xuat chi tiéu méi dé so sanh hiéu qua giam chéan giira cac thuat giai v6i nhau mét cach
téng quat hon.

Céc thuat giai dya trén 1y thuyét Fuzzy Logic c6 hiéu qua giam chan rat t6t va dang tin
cdy. Viéc cai thién sy hoat dong cua hé diéu khién thong qua viéc thay doi hé sb ty 1& van toc
K, dya vao mdi quan hé vdi cuong do gia toc nén (thay vi luén ludn 1a hang s6) da lam ting
kha ning giam chin cia hé can MR. Thuat giai Self Tuning Fuzzy Control ¢ hiéu qua giam
chan tot hon so v&i cac giai thuat con lai trong qua trinh diéu khién chéng dong dat cho mo
hinh chuan ctia hé két ciu nhiéu bac ty do (MDOF) di khao sat. Hiéu qua giam chan ma thuat
giai nay dem lai cang rd rang hon d6i v6i cac tran dong dit co cudong d6 manh va dién ra
twong d6i dai.

SEMIACTIVE CONTROL ALGORITHMS WITH MR DAMPERS FOR
SEISMIC RESPONSE REDUCTION OF BUILDINGS

Nguyen Minh Hieu"”, Chu Quoc Thang ?
(1)Binh Dinh Planning & Construction Verification Center
(2)International University, VNU-HCM

ABSTRACT: This paper analysed seismic reducing capacity of MR damper, a very new
damper, with the relative small power and the response rate is very quickly. Structural model
was used in this study was three-storey steel frame under the four actual earthquakes:
ElCentro, Hachinohe, Kobe, Northidge and the Artificial Earthquake: A quakeEarth. Seismic
reducing effect of structure was calculated relying on five algorithms: Clipped-Optimal with
full state feedback of displacements and velocities, H/LQOG with acceleration feedback in
assosiation, Proposed Fuzzy Control; Gain-Scheduled Fuzzy Control and Self-Tuning Fuzzy
Control with Simulink tool of Matlab. Through this studied result, MR damper with Self-
Tuning Fuzzy Control Algorithm has brought very good seismic reducing effect as that
structure was influenced by earthquake.
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