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TOM TAT: Bai bdo dua ra hai thugt todn diéu khién chi dong: thudt toan Instantaneous

Control with Displacement and Velocity Feedback (ICDVF) va thudt toan Instantaneous Control with

Velocity and Acceleration Feedback (ICVAF) dé diéu khién hé can ma sdt bién thién va hé can co dé

cimg thay doi két hop (VSFDS - Controlled Stiffness and Variable Friction Damper System). Cdc tinh

todn khao sat sé trong bai bao dwgc thuc hién nham so sdnh hiéu qua giam chan giita hai thudt toan

diéu khién nay ciing nhu vai tré chinh — phu ciia ting hé can trong suw két hop nay.

Tir khéa: thudt toan ICDVF va thudt toan ICVAF, diéu khién hé can ma st bién thién, hé can ¢

a6 cimg thay déi két hop.

1. GIOI THIEU

Céc loai hé can khac nhau va tinh hiéu qua
giam dap ung cua chung da dugc gioi thigu va
trinh bay trong céc bai bdo trudc ddy nhu: hé
can ma sat trong diéu khién bj dong (FD) [1],
hé can ma sat bién thién trong khién ban chu
dong (VFD) [2](3], hé can c6 dg cing thay ddi
(CSD) hay ca hé can ma sat va hé can cé do
cung thay ddi két hop dugc diéu khién bj dong
(FD+CSD) [4]. Gitra hai loai hé can ma sat va
CSD déu cé chung nhimg diém twrong ddng
nhu: cing md hinh tinh khi ching dugc didu
khién bi dong [1], cing thuit toan diéu khién
ICDVF khi ching dwoc diéu khién ban chu
dong. Hon nixa, khi hai hé nay két hop va dugc
diéu khién bi dong thi hiéu qua giam dép \mg
ciing c6 nhimg thay di rat dac trung (nhur higu

qua giam dap Ung d6i véi tai trong xung hay

véi cédc bing gia téc nén dang xung
(Northdrige) tét hon rat nhiéu so véi khi ta su
dung tirng loai hé can, nhung déi voi tai trong
hay véi cdc bing gia téc nén dang diéu hoa thi
hiéu qua giam dap Ung lai kém di so vdi khi ta
st dung tirng loai hé can). Vi vay, viéc nghién
ciru hé can hé can ma sat bién thién va hé can
¢6 @6 cing thay doi két hop duge diéu khién
ban chi déng (VSFDS) la can thiét va rit kha
thi dé ta c6 cai nhin téng quan vé hai hé can
nay.
2. MO HINH, THUAT TOAN VA LUC
PIEU KHIEN VSFDS

2.1. M6 hinh va thuit toan

Xét két cdu nhiéu téng dwoc trang bi hé
can VSFDS nhu Error! Reference source not

found., trong do:
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Cac ky higu: m,,k, va x, (1) ln luot 1a
khdi luong, do cimg va chuyén vi so vdi dit
nén cua t?mg tha i ; C.u | la dé cimg lo xo0
chinh cua hé can CSD.

e Céc tin hiéu tir bd cam bién (sensor) va
thiét bi do luc (load cell) déu duoc thu nhin va
truyén vé b diéu khién (controller). Tt by diéu

khién, tin hiéu dugc truyén dén VFD va CSD

dé thay déi N(1) (luc kep bién thién, xem
2) va X, ([ ) (thanh diéu khién activating

bar), tirc la thay déi lyc diéu khién u, . Quan hé

lam viée cdc dai lugng nay duoc cho trong

Hinh 2, trong do, ﬁ(f) va F 1a luc diédu
khién va thudt toan diéu khién chu dong.
a(r)=F.y(?) (1)

vGi: y(1) 1a vector chia dir liéu vé trang

thai ctia két ciu ma bd cam bién do duge.
Ma:y(¢)=C.z(t) )
v6i: C 13 ma trin chi ra vi tri cua cc bd
cam Umng, Z(t ) 12 vector trang thai cua két cdu
& thoi diém ¢. Do dé,

ﬁ(t)=f<'.y(t)=F.C.z(r) (3)

(] Thiét bi do Ivc (load cell)

@ B0 cim bi&n (sensor)

do trang thdi cla két ciiu

—%— VFD

—ii»—/Wb— CSD
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Hinh 1. Mb hinh va céc thanh phin cua két cdu sir dung VSFDS
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Hinh 2. So dd lam viée cia két ciu sur dung hé can VSFDS

A

Déi voi thudt toan ICDVF, F c¢6 dang
(S106](7]:
-~ - » -]
F=B;'[ ®,diag(4), - A,., |.(C®,)
(4)

trong dé: diag(4, ).- va ®_ ia ma trin
duong chéo chira tri riéng va vecto riéng, chir
“¢” trong cong thire dé chi ra cac dai lugng nay

la cua diéu khién; A,,B, vd @, la phan

dudi cua ma trin A, B va @_ lién quan dén

F= B [Iz.(Dc.diag(/’u, )E -A, ,(Dc][C.(I)c.diag(&r )J (6)

trong d6: I , la phén duéi ciia ma tran don
vil.
Tham s (/?.l )c trong cong thirc (4) va (6)

duoc chon trude nhu sau [2]:

’1“: =_'é’r"a)i ij.w,.\,ul—g’f (7)

3

trong d6: @, va ¢, lan luot 1 tin sé goc

va ti s can theo muc tiéu thiét ké

luc diéu khién; A, B la ma trn xdc dinh dic

trung cua ket cau bao gom cic ma tran khoi
luong, ma tran can va ma tran dg cimg cua két

cau trong mé hinh khéng gian trang thai:
z(t)=Axz(t)+Bu(r)+Ew(1)(5)

trong do: W(I) la vector gia toc nén cua

tran dong dat: E 12 ma tran phén bo lue diéu

khién va gia toc nén.

Déi v6i thuat toan ICVAF, F ¢o dang
[5]i6](7):

2.2.Lyec di¢u khién sinh ra trong VSFDS
Déi véi VSFDS, luc diéu khién u sinh ra
trong qua trinh lam viéc dugc tinh theo cong

thire sau:
u,(£) =t vien (1) + ;. csp (1) ®)
trong do: U, yyp (I) la luc ma sat bién
thién cia VFD tai tang thir i". 1t; yppy (1) <0

thé thay doi duge nho viée thay doi luc kep

N, (1) (xem [2]); U; cqp (I) la luc dan hoi

cia CSD tai thng thit i*. 1; ~gp (1) <6 thé
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thay déi dwgc nhd chuyén dich cua thanh

activating bar X,

icir
Chu ¥ ring: do dac diém cia CSD, khi n6

lam viée, bién dang cia 16 xo chinh phai ndm

trong mién dan hdi nén : . (! ) phai thoa

min diéu kién sau:

Xt S % (£) =% (£) +%, (1) S Xt )
trong d6: Xp; it VA Xjjpig 4 14 gidi han

dan hdi caa 16 xo khi nén va khi kéo.

Va do su lam viéc chung gitta hai hé can

nén ta phai kiém tra diéu kién:
Néu e, (1) = |2 (7)) thi
u t u t (10)

4.78 0

478 0 |x10°(kg):

5.18

8.6979 -2.8402 0

3. KET QUA TINH TOAN VA KHAO SAT
SO

3.1. So sénh hiéu qué gidm chén ciia FD,
FD+CSD va VSFDS

Dé c6 thé danh gia hidu qua giam chén cia
cic hé can FD, FD+CSD va VSFDS, cac tinh
toan khao sat dugc thuc hién trén so do mot
khung 3 ting (nhu [1][2] va [4]) chiu tai trong
dong dat Northridge (von
PGA=0.8430g) cho 5 phuong én sur
dung, két hop va thuat toan diéu khién cdc hé
can FD, CSD khéc nhau. Cu thé nhu Hinh 3.

Ma tran khéi lugng, ma tran can va ma

tran do cing (theo [1][2] va [4]):

_2.8402 43796 —1.5394|x10° (EJ
m

-1.5394 1.539%4

2786 —1393 0

K'=(-1393 2786 -1393 xlOs(ﬁj.
m

0 -1393 1393

« Déi voi két cdu duoc didu khién bi dong (truémg hop (B) (C) va (D)), trong FD lay:

I'I'IBX

-—[47 47; 51] kN (nhu [1]) va trong CSD lay: C —Z(k]\ym)

o Déi véi két cdu sir dung VSFDS duoc didu khién theo thuat toan ICDVF (E), lay

O =15% %k, 3 {03 258 =£75

limit

(cm) (nhu [4)).
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(A) — Khung khong cé hé can.

(B) - Dat hé can FD & mdi ting. v
(C) - Dat | FD+CSD ¢ ting | \ \
(A) = (B) = (C)

(D) — Mdi tang c6 FD+CSD diéu - -
khién bi dong ’,-"f \ i i ‘ﬁ_\ e FDHCSD
(E) - Mdi ting dat VSFDS diéu ’ "":”“\ *u &L VSFDS
khién ban chu dong /‘——;\ *~——= ¢Cim bié’n}do chuyén ’vj
(D) (E) ¢ ¢ Cam bién do vin toc

Hinh 3. Cic dang khéc nhau cua két céu duoc trang bi FD+CSD va VSFDS

Nhin xét: cung 10 xo chinh (CM ) trong CSD la nho.
— V6i tai trong dong dét Northridge (tai Nhung déi véi hé can két hop dugc diéu khién
dang xung), hé can FD+CSD cho hiéu qua ban chi dong (VSFDS) véi thuit toan ICVDF
giam chan tét hon nhiéu so véi khi khéng diéu thi CSD 1a chu dao, con VFD 1a phu tro nén

khién va khi chi su dung hé can FD (Hinh 4,
Hinh 5, Hinh 6).

Cu trong CSD phai du lén. Do CM trong

) . . truong hop (E) chon chua du 1én nén hiéu qua
— V&1 hé can két hop duoc diéu khién bi

dong (FD+CSD) thi FD dong vai tro chu dao
(4], CSD chi 14 “thiét bi" bd tro cho FD nén d6

giam chén cua truomg hop (E) cling khong lén

hon truong hop (D) nhiéu (Hinh 5, Hinh 6).

Bing 1. Téng hop sd liéu dap img cua két cdu 3 ting dudi tai dong dat Northridge

S Xoy (1 X__ (cm/sh) ) O

TH 7 Hécin m:( ) max( Ix(kN)
cs o B 2 3 1 2 3 VB ) 3

(A) - 10.88 | 18.92 | 25.74 | 1002.1 | 1336.4 | 2130.6 | 7603 | 5676 | 9704

(B) 3FD[1] 10.52 | 18.97 | 24.64 | 1081.4 | 1494.5 | 2071.1 | 5567 | 4818 | 7997
1 FD+CSD 9.20 | 15.53 | 1843 | 720.8 | 703.0 | 798.5 | 6428 | 5608 | 5040

©
(4]

(D) | 3FD+CSD | 8.46 | 14.12 | 17.02 | 463.5 | 564.0 | 640.4 [ 3894 | 3849 | 4157
(4]

(E) | 3VSFDS 151 | 240 [ 3.62]1168.3 | 1178.0 | 830.6 | 3052 | 3413 | 3317
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s Xave (€M X (em/s)  SF... (kN)
TH HEé cin v (S0) e
1 2 3 1 2 3 1 2 3
(A) - 125 [226 |28% [1052 [ 1338 |178.7 | 527 |617 |86l

(B) 3FD[1] .19 | 211 | 265 |77.83 | 1288 [161.7 [399 |575 | 739

(C) | 1FD=CSD (4] [0.55 [094 |1.12 [206 |260 [290 [259 [256 | 281

(D) | 3FD+CSD [4] | 0.51 | 0.87 1.05 173 | 23.0 |284 |231 |240 | 262

(E) 3 VSEDS 0.15 | 023 |032 |523 |[582 |[650 |83 349 | 169

Do giam (%)
[e0)
o
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=
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Hinh 4. D giam dap (mg tang |
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OIl_L_Ill | I = !_:
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Hinh 6. D6 giam ddp (mg ting 3
3.2. Phin tich hiéu qua giam chén cta 2
thuit toan diéu khién ICDVF va ICVAF:
Dé so sanh hiéu qua giam chan cua 2 thudt
toan diéu khién ICDVF va ICVAF ta st dung
tai  trong dong  dit

PGA=0.3484g).

ElCentro  (vdi

e D6i vai két cdu su dung 3 VSFDS duoc

diéu khién theo thuat toan ICDVF va ICVAF,

100---—==-====----=- R --

80- :

60 i | G

40 g I I

o il DL

0- u la IL.A_ & i | B
&

) e e e s e
(B) () (D) (E)

Truong hop

Hinh 5. Do giam dép img tang 2

I Chuyen vi lon nhat
SR Chuyen vi trung binh
£° ] Gia toc lon nhat
.| Gia toc trung binh
B | uc cat lon nhat
I | c cat trung binh

y: C, =205k 2 20 =47 5(cm) ;
£=03
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ICDVF ICVAF

- Xmax . (xj-xj—l)max - amax 7 V % (xj-xjﬂ)ave - aave - SFave

Tang Il

0O 20 40 60 8 100 O 20 40 60 80 100
" Do giam (%) b. Do giam (%)

Hinh 7. Hiéu qua giam d4p (mg cua két cau khi dugc diéu khién ban chu dong (SA)

] e T T ———

80
a. Do giam (%) b. Do giam (%)

Hinh 8. Hiéu qua giam dap tmg cua két cau khi dugc diéu khién chu déng (AC)

2000 - 2000
£ 1000 1000
| =
L
£ 0 0
=
0 :
e
o -1000 -1000 |
3
2000——r——— L1 AR L] B 2000—— . s T O
0 1 2 3 - 5 0 1 2 3 4
Thoi gian (s) Thoi gian (s)

Hinh 9. Luc diéu khién tai tz"mg 1 cua VSFDS
Dé danh gia ti 16 “dong gdp” cla luc ma vao viéc diéu khién ban chi dong, ta dung dai

sit trong VFD va luc trong CSD cua 2 thiét bi lugng xung legng duge dinh nghia nhu sau:

Trang 70



TAP CHi PHAT TRIEN KH&EN, TAP 13, S0 K5 - 2010

S=luar v

trong do: wu la luc diéu khién dugc sinh ra
boi thiét bi; 7, 1a téng thoi gian phan tich; don
vi clia xung lugng 1a N.s

Bing 2. Xung lugng cua cic luc trong VSFDS

Thuit todn ICDVF Thuit todn ICVAF

=>

Uysips | Yvep | Yesp | ¥ | Yvseps | Yvep | Hesp

1% | 11.716 3.694 | 2.597 | 2.460 | 18.022 4419 3.640 | 2.544

I

: -Xung" hrq'ng :

2% | 17.351 2.694 | 0.612 ] 2.462 | 26.038 3.063 | 1487 | 2.46

(58]

(%)
n
wn
(o)}

L 37| 20.681 3.097 | 1.216 | 2.540 | 33.842 3.306 | 1.667

e

1™ 100 31.53 | 22.17 | 20:99 100 24.52 1 20.20 | 14.11

gl 100 1552 | 3.521] 14.18 100 11.76 | 571 ] 946

™ 100 14.98 5.88 | 12.28 100 9771 492 1.55

Tb 20.68 | 10.52 ] 15.82 15.35] 10.28 | 10.37

Ti 1é xung lugng cac thiét bi tham gia vao viée diéu khién két cau

100- @@ W 100- @@ W B
80- ! 80 : =0l

o e l i
40! - 40 -

20 20- ] 1

0 I__ Eﬂl_ L]l 0- @,‘l_ ll_ll __BE-E

TILE (%)
TILE (%)

CTANGY TANG2  TANG3 TANG 1
Hinh 10. Thuét toan ICDVF Hinh 11. Thuit toan ICDVF
Nhin xét: — Mic du xung lugng cua luc VSFDS
~ V6i d§ cimg ciia 16 xo chinh chi bang trong diéu khién ban chu déng chi bing 20.7%
2% d6 cimg ting thi hi¢u qua giam ddp ung dbi véi ICDVF va 15.4% dbi voi ICVAF (xem
(Hinh 7) khi duge diéu khién ban chu déng 1a Bang 2) nhung hiéu qua giam dap tng cua
chap nhan duoc. VSFDS la gin bing nhu trong diéu khién chu

dong (Hinh 7 va Hinh 8).
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— Mic du ca hai thuat toan (ICDVF va
ICVAF) khi dugc diéu khién hoan toan b%mg
phwong phap chi déng thi cho két qua giam
dap Ung gin giéng nhau nhung khi VSFDS
duge diéu khién ban chu dong bing hai thudt
todn nay thi cho két qua khac nhau (khac nhau
ca vé luc diéu khién (Hinh 9) va hiéu qua giam
dap img (Hinh 7) nhung nhin chung thi d¢ sai
biét khong nhiéu.

4. KET LUAN

— Bai bao da dua ra moé hinh, hai thuat
todn (thuat toan ICDVF va ICVAF) va su két
hop véi nhau cua hai hé can VFD va CSD dé
sinh ra duoc luc diéu khién ban chu dong 16n
hon ctia hé can két hop.

— Hiéu qua giam dap ung cua 2 thuét todn
vo1 hé can VSFDS la g'fm bing nhau. Vi viy,

tiy vao loai cam bién do trang thai két cau

(sensor) ma ta ¢6 thé lua chon thudt todn cho
phi hop.

— Phén vi du tinh todn sd cling chi ra ring:
véi hé can két hop dugc diéu khién bi dong
(FD+CSD) thi FD déng vai tro diéu khién
chinh, CSD chi la hé can hé trg cho FD nén ta
chi cin d¢ cimg 16 xo chinh (C.u) trong CSD
14 nho. Nhung d6i vai hé can két hgp dugc diéu
khién ban chu dong (VSFDS) véi hai thudt toan
ICDVF va ICVAF. véi phin tinh toan xung
lugng cua luc diéu khién trong timg hé can thi
CSD l1a chu dao, con VFD la phu trg nén C.u

trong CSD phai du lon.

SEMI-ACTIVE PREDICTIVE CONTROL OF STRUCTURES WITH CONTROLLED
STIFFNESS DEVICES AND VARIABLE FRICTION DAMPER SYSTEM

Chu Quoc Thang", Pham Nhan Hoa", Tran Van Ben"”
(1) International University, VNU- HCM
(2)The Ho Chi Minh University of Technology,

(3)The COTEC Investment and Construction Joint Stock Company

ABSTRACT In this paper we intrqduce two active control algorithms (Instantaneous Control
with Displacement and Velocity Feedback (ICDVF) and Instantaneous Control with Velocity and
Acceleration Feedback (ICAVF)) to control the structures eqquiped Controlled Stiffness Devices and
Variable Friction Damper System. The numerical examples aim to evaluate the effect structure’s
response reductions between the two algorithms as well as the principal and accessory role.

Keywords: ICDVF, ICAVFE, Controlled Stiffness Devices, Variable Friction Damper Svstem.
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