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TOM TAT: Bai bdo gidi thiéu mé hinh cua két cau dwoc trang bi hé can cé do cimg
thay déi (CSD-Controlled Stiffness Damper) dugc diéu khién ban chu déng cung nhw thudt
todn diéu khién né. Cdc tinh todn s6 dwoc thuc hi¢n nham khdo sdt va danh gid mirc dg hiéu
qua gidm chdn cong trinh sir dung CSD duwgc diéu khién ban chu dong véi hé can ma sdt bién
thién (VFD-Variable Stiffness Damper). Cac két ludn so bé vé wu va khuyét diém ciia CSD so
véi VED ciing dugc néu lén ¢ cuoi bai bdo.

Tir khéa: hé can cé dp cimg thay déi, hé can ma sdt bién thién, diéu khién bdn chi

dong.
1.GIOI THIEU

Céc trén dong dét xay ra ngay cang nhiéu kém theo anh huong cia céc du chin trong thoi
gian gan day trong khu vuc dat ra van dé nghién ciru 4p dung céc bién phap khang chan cho
cdng trinh xay dung mdi va cai tao. De d6 khao sat mét loai thiét bi m&i nhdm md rong hon
nira kha néng 4p dung cac thiét b glam chén vao viéc cai tao tang cuong kha nang khang chin
cac nha cao tang hién c6 va cac cong trinh xdy mdi trudc cac hiém hoa dong dét la viéc lam
cén thiét.

Thiét b glam chan ¢ do cung thay déi duge diéu khién ban chu dong (CSD) la thiét bj sir
dung céc 106 xo va céc co cAu diéu chinh nhim tao ra lyc dan hdi. Lyuc nay dong vai tro nhu la
lwc diéu khién chu dong va né sé& duoc gidi han trong kha ning lam viéc cua céac 16 xo. CSD
v6i wu diém don gian, khong bi anh hu'orng boi van tdc va chuyén vi nhd tac dong vao thiét bi
[6] nén CSD dé diéu khién va hiéu qua vé mit kinh té.

2. THIET BI GIAM CHAN CO PQ CUNG THAY POI
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Hinh 1. M6 hinh két cAu dugc trang bi hé can CSD va hé théng diéu khién ban chi dong
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Xét két cdu » ting trang bi r hé can CSD nhu Error! Reference source not found.. Trong
T g m,k. g x_.-(t) X x q4- K B o . B o sore il
do, cac ky hiéu: "7 va lan lugt la khoi lugng, d6 cirng va chuyén vi so véi dat nén
x A . o . o gk s Xowii ta N -2 i3 a2
ctia tang thir i, Giang dugc xem la tuyét doi cimg. ~ <"+ |a chuyén vi cua thanh diéu khién dé

t?ay do6i d¢ gian dai cua 16 xo chinh va M. d6 cimg cua 16 xo chinh trong CSD tai tang thir
o,
4

Khi két cdu chiu dong dat, phuong trinh chuyén dong ciia két cdu dugc md ta trong khong
gian véc to trang thai nhu sau [2]:

(1) = Az(r)+B.u(z) +E.w(r) (1)

L Z() s s % 2 X Eay 47 o
trong do: ( ) dién ti trang thai clia két cdu bao gdém chuyén vi twong dbi va vén téc
. | o 4, 2 Ul? i .2 . .
twong doi cla cac tang so vdi dat nén; ( ) : vector luyc diéu khién dugc sinh ra boi hé can;

( ) : vector gia tbc nén cua tran dong dat; A: ma trén xac dinh dic trung ctia két cdu bao
gbm cac ma trén khédi ]u‘cp‘ng, ma trdn can va ma tran d§ cing cia két cAu; B va E: ma trdn
phén bd lyc diéu khién va gia toc nén.

Nghiém ciia phuong trinh (1) sau khi d3 roi rac héa mién thoi gian dwoc cho nhu sau:

z[k+1]=A,.z[k]+B,.u[k]+E,.w[k] 2)
oAd =

oBd =A" (BA'N ‘I)B
‘Ed =A" (eA.A:‘ —I)E

e At 1a budc thdi gian
e | Ia ma trdn don vi
voi

trong do:

3.XAC PINH LUAT PIEU KHIEN CHO HE CAN CSD
Luyec diéu khién sinh ra trong hé can CSD tai ting thir i/ duoc tinh theo cong thirc sau [5]:

csp(£) =Ciy, ‘[:xi () = x4 (6) +2,0 (1 )] +

L
+ng { [x (£) =i ( ]} - ; 2—1
%‘*‘{xo,i ——[x,- (t) —Xi1q (1‘)]}

—

S €)
trong do:

o Cys va Ce lan luot 1a d6 cimg ciia 16 xo chinh va 16 xo bd trg.

e nc la s6 lugng céc 10 xo b tro.

e g la dudng kinh trong cha xy lanh.

e %0 13 hinh chiéu theo phuong ngang cita chidu dai 16 xo bd tro & trang thai nghi.
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Lo xo phu ngoai téc dung giif cho hé can khong mat 6n dinh ngoai mat phéng két cau dang
xét, n6 con lam cho luc diéu khién duoc sinh ra trong CSD 4n dinh quanh mét gia tri cb dinh
trude khi két cdu duoc didu khién bai 10 xo chinh. Diéu nay dugc thé hién & so hang thir 2

trong cdng thic (3).
fga s A i » . ’ i - A ~ A A~ x‘,‘ oty (’) 5. 5
Khi 1am viéc, d6 gidn cua 10 xo chinh phai nam trong mién dan héi nén "< phai thoa
man diéu kién sau:

xlimil,n 5 X; (I) =X (t) + Xi ctr (t) = xlimit,k (4)

trong d: Ximit,n & Fiimitk 13 pi6i han dan héi cda 16 xo chinh khi chiu nén va kéo.
Pé diéu khién két cdu cho do giam déap Ung tét nhat, ta phai c6 thuét toan diéu khién cha
dong phu hop. Trong bai bao nay, CSD( ) duqc lay theo luc dxeu khién chu dong a voi

thudt toan diéu khién: sir dung di¥ liéu phdan héi chuyén vi va vdn téc (Instantaneous Control
with Displacement and Velocity Feedback) [1][2] nhu sau:

=B [0, ding(4), - 4,2, ].(C0.)"

(5)
trong do: @, 12 ma tran chira vecto riéng theo muc dich diéu khién; Az, B, va D, 12 ma
tran dugc léy ra tir » hang dudi cia cac ma trn A, B va CD'-
Tham s (4 )c trong cong thirc (5) duge chon trude nhu sau:
z“ =={.0, + jw 1=
(6)

trong d6: @; 1a tAn sé géc ciia dao ddng riéng va & 1a ti sd can theo muc tiéu diéu khién.

4.0 SANH HIEU QUA GIAM CHAN GIUA CSD VA VFD

4.1.Két c4u 3 ting

Dé s0 sanh hi¢u qua glam chén ctia 2 hé can CSD va VFD, ta xét chun g trong cung két céu
khung 3 ting ciia tba nha miu [3]. Cac dac diém d6ng Iuc hoc clia két cau duge cho nhu sau:

Céac ma tran khéi luong, can va do cing:

4.78 0 0

M,=| 0 478  0|x10°(kg)
0 0 518
8.6979 -2.8402 0

D,=|-2.8402 43796 -1.539 xlOs(Ns)
0 -1.5394 1.5394
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Hinh 2: Céc truémg hop két cAu duoc trang bj hé CSD va VFD

(A): Khéng diéu khién.
(B): 1 CSD tai tang 1% va

_16kN
C,, =16 Am

(C): 1 VFD tai ting 1%,
C. =8kN
(D,):3CSDva M/ /m
=16KN,
(D,): 3 CSD va s /
(E): 3 VFD.

* S6 liéu két qua dép tmg ctia két ciu sir
dung VFD dugc lay theo [3].

Vi tai trong dong dat ElCentro, lay ¢=09 va cac thong sb cia CSD duoc liy nhu sau:
o D
n.=4_° n. a=40(cm) X, =0 X = 17.5(cm)
Bang 1. Két qua dép tmg ctia két cAu
Arwong Hé can | Xmax (em) : X max (mlsz) : SKmax (KN)
hQ’p o lst 2nd 3rd 15 znd 3rd lst 2nd 3rd =
(A) - 2.68 | 4.68 | 5.77 | 5.36 | 3.77 | 4.20 | 1405.4 | 1432.9 | 1746.5
B)  |1CSD |225|391 479|498 |3.67|4.30]1035.2|1153.6 | 1509.7
(C) |1VFD |198[3.43|4.13[4.84|3.80|435]962.8 | 1095.6 | 1559.4
1) |3CSD |1.65]2.74|325]5.30]3.42|4.63]1069.6|9854 | 1411.6
(D) |3CSD |1.081.74|2.57|5.15|3.37|4.73|878.6 | 772.6 | 1162.7
(E) 3VFD 087|148 |2.03|5.12|3.69|4.64 | 7588 | 662.7 | 886.0
Trudng . Hé_ciin Xive (cm) X (i | SFae )
hl}'p i S lst 2:16 3r¢i .l'St : 2nd 3rd 1% znd : -3rd
(A) = 0.70 | 1.26 | 1.58 1 0.68 | 0.96 | 1.17 | 267.1 | 362.3 | 478.2
(B) 1CSD 10.36[0.64]0.8210.37]0.52|0.59]|177.4 | 204.1 | 266.6
(©) {1VFD |0.33 ]0.61]0.780.37]0.52 |0.58|141.9 | 191.5 | 263.4
(D) 3CSD |0.22]0.41{0.54]034[0.38|042]|1355]141.4]192.2
D,) ~|3CSD |0.13 /024 [ 031026 030031950 |852 |1143
) |3 VFD {0.12 | 0.21 [ 0.26 | 0.31 | 0.35]0.36 1949 |77.1 | 102.1
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Nhdn xét: (Hinh 3, Hinh 4 va Hinh 5)

— Dbi voi két ciu déu sir dung 1 CSD (trucmg hgp (B)) hodc 1 VFD (trudmg hop (C)) thi
cho d¢ glam dap g 1a gin nhu nhau. Piéu nay ciing cho két két qua tuong ty khi két céu
trang bi ca 3 CSD (trudng hop (D)) hay ca 3 VFD (truong hop (E)).

— Khi sir dung ca 3 CSD va Cors # tang glp 2 (trudong hop (D)) va (D)) thi d§ giam dap
tng l6m nht tang nhung do giam dép tmng trung binh ting khong dang ké.

— Chu trinh tiéu tin nang lugng cia CSD (Hinh 6) c6 dang hinh chir nhét, trong khi VFD
c6 dang hinh elip.
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Hinh 6. Chu trinh tr& ciia CSD™ véi (D5) Hinh 7. Lyc diéu khién tai ting 1% véi (D,)

4.2.Két cAu 9 ting

De ddnh gia mirc d6 hiéu qua cua CSD va VFD c6 tinh thuc té, ta xét két cAu toa nha 9
tang mau [3] chiju tai trong dong dat ElCentro. Dic diém két cAu dwoc cho trong Bang 2.

Biéc tr do #=10, khung lam bing thép c6 E=200GPa=2x10*kN/cn’.
Bang 2. Pic diém ciia khung 9 ting

o Ting s Neam S e e s o6 o ] 8

(xlOskg) 483 | 505 | 495 | 495 | 495 | 495 | 495 | 495 | 495 | 532

(H\ym) 2641 | 2641 | 2313 | 2313 | 1750 | 1750 | 1235 | 1235 | 1094 | 1094

& =0.02(j=12,..,10)

Ti s6 can ciia khung bing thep dm;rc lay: . Két cAu sir dung ca

10 CSD hodc ca 10 VFD (ldy ¢= ), cac dac trtmg ciia CSD dugc ldy nhu sau:

Zk
véi: k, =-=—[ 18004V,

n cm
C, =18%N/  =1%xk,

-
ne = 4; - g = 40(0’"); Xo = O;xlimit = i7.5(cm)
Nhdn xét: (Hinh 12 & Hinh 13)
_ Chiv lﬁxk

— D¢ giam dép umg l(m nhit (chuyen vi 16n nhit, gia téc 16n nhat, luc cit [6n nhét) cia két
céu sir dung CSD 12 tt hon khi sir dung VFD.

" — D¢ giam dép ng trung binh & CSD va VFD la gan nhu nhau.
CSD khong cho dép \rng 4m (tirc 1am ting dép (mg) nhu VFD.
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Ddp ing ciia két ciu sie dung hé cin CSD hogc VFD:

: -Khong dieu khien
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Hinh 8. Chuyén vi ting dinh
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Hinh 9. Chuyén vi tuong ddi ting 1st & 2nd
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Hinh 10. Gia tdc tang dinh
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Hinh 13: D) giam dép (g cua két cau khi sir dung ca
_10 VFD
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5.KET LUAN

— Bai bao dua ra m6 hinh ciing nhu thuét toan diéu khién két cdu sur dung hé can CSD aé
khang chan. Phuong trinh chuyén déng cua két ciu chiu tai trong dong dat cling nhu 161 giai
cua no dugc xdy du'ng trén co s& 1y thuyét véc to khéng gian trang thai. Dm véi két céu sir
dung hé can duoc diéu khlen ban chu dong thi c6 thé c6 nhiéu thuit todn ti wu cho né, véi hé
can CSD thi thuét toan diéu khién da néu ra trong bai cho dap tng d6 giam déap ing & mdt mirc
d6 ndo d6 1a c6 thé chip nhan duoc.

— Phan vi du tinh toan sb ciing chi ra ring: véi cac CSD ¢6 do cung chi bing 1% do cimg
clia ting thi d6 giam dap ung cia CSD da bang v&i VFD (tham chi con t6t hon). Tuy nhién,
khi ching ta sir dung CSD c6 d6 citng 16 xo chinh cang 16n thi lgi ich vé mit kinh té cua cong
trinh ciing giém di.

— Ciing glong nhue VFD, CSD chi thich hop dé khéng chin cho cac cong trinh cao ting
hoiic & cac nude x4y ra céc trén dong dét manh.

COMPARE THE EFFICIENCY OF CONTROLLED STIFFNESS DAMPER
WITH VARIABLE FRICTION DAMPER FOR SEISMIC PROTECTION OF
BUILDING

Nguyen Quang Bao Phuc”, Pham Nhan Hoa ®, Chu Quoc Thang ©
(1)VNU-HCM
(2) Hochiminh city University of Technology
(3) International University, VNU-HCM

ABSTRACT: The implementation of variable friction dampers (VED) for vibration
mitigation of seismic structures generally requires an efficient semi-active control law. In this
paper, a semi-active modal control method is proposed to determine the controllable clamping
Jforce of a variable friction damper. A comparative study was performed on a multiple DOF
structure controlled by passive friction dampers, variable friction dampers in subsection
numerical examples. Finally, this paper also provides preliminary conclusions about the
advantages and disadvantages for friction dissipators.
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