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TOM TAT: Srbé sung ciia hé can ma st bién thién (VFD-Variable Friction Damper)
dsi véi sir giam dao dong cho cong trinh chiu tdi trong déng dat thirong ddi héi thugt toan
diéu khién ban chi dgng that hiéu qua. Chinh vi vdy, bai béo duwa ra thugt todn dé diéu khién
hé can ma sét bién thién trong md hinh khéng gian trang thai, thudt todn ndy dé cap dén viéc
xéc dinh lyc ma sét bién thién thong qua luc kep bién thién. Céc vi du so sanh s hiéu qud
giza hé can ma sét duoc diéu khién bi déng va hé can ma sat bién thién duoc diéu khién ban
chii dong duroc dura ra trong phan vi du s6, cac két ludn so bg vé céc weu va khuyét diém cia
viéc si dung hé can ma sét bién thién ciing duroc dua ra ¢ cusi bai béo.

1. GIOI THIEU

Do uu diém ndi bac cua hé can duoc didu khién ban chii dong la sy hiéu qua giam dép wng
|6n hon nhiéu so véi hé can bi dong va can nang luong cung cap cho céc thiét bi didu khién 1a
it hon so véi diéu khién chi dong, nén didu khién ban cha dong duoc sir dung rong réi hon.
Hon nira, thuat toan dung dé diéu khién chii dong ciing |a thuat toan ding trong diéu khién béan
cha dong, thuat todn diéu khién cha dong chi dung lai trong viéc xé&c dinh truc tiép luc didu
khién két ciu (u), trong khi d6, ddi véi diéu khién ban chi dong, ngodi viéc xé&c dinh u thi ta
con phai tim ramdi quan hé gitra luc didu khién va yéu t gay ra luc didu khién. Do vay, van
dé dang quan tAm con lai trong cé&c bai toén diéu khién ban cha dong la tim ra thuat toan diéu
khién hé¢ can dé két cau cho két qua vé do giam dép ing theo mong mudn.

2. PAC PIEM CUA KET CAU PUQC TRANG BI HE CAN MA SAT BIEN THIEN:

X ét két cu nhidu ting duoc trang bi hé can ma sét bién thién (hé can VFD) (Hinh 1).

Céc ky hieu: m, N, va x (t) 1an luot 1akhéi luong, do cing va chuyén vi so véi dat nén
chatang thiri. k,; 1ado cing ciiahé giang.

N, (t) Ia lyc phép tuyén (normal force) hay con goi 1aluc kep (clamping force) bién thién

theo thoi gian caa hé can VFD. Béi voi két ciu duoc diéu khién bi dong thi luc kep lahing sb,
con trong diéu khién ban chu dong gia tri nay lathay doi duoc. Hé can ma sét bién thién dang
dugc dung hién nay 1a hé can ma sét bang vat liéu &p dién (piezoecl ectricity friction damper).
Lyc phép tuyén cia hé can ma sét dwoc didu khién bang hiéu dién thé cung vao vat liéu theo
quan hé sau [1]:

4EAd.V (t
N(t) = Ny +—— = ) M
trong do: Npre | lwc ma sét duoc dit truéc trong hé can ma sét; E = md dun dan hdi

Young caa vat liéu &p dién; A = dién tich mat cit ngang caa lép vat lidu; h = bé day mdi lop
vat lidu &p dién; da,=hé sd bién dang cualop vat ligu 8p dién; V (t) = dién thé cung cip véo
vt liéu 8p dién dé gy rabién dang.
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Khi két ciu chiu dong dat, phuong trinh chuyén dong caa két ciu dugc md ta trong khdng
gian vécto trang tha nhu sau [2]:

i(t)=Az(t)+B.u(t)+Ew(t) @)

trong d6: z(t): didn ta trang théi cua két cau bao gdm chuyén vj tuong ddi va van toc
tuong ddi cua céc ting so véi dat nén; U (t) : vector lyc diéu khién duoc sinh rabsi hé can ma
sét bién thién; w (t): vector giatéc nén caatran dong dét; A : matran x&c dinh dac trung cua

két cAu bao gom cac matran khdi lugng, ma tran can vamatran do ciing cia két cau; B vaE:
matran phan b luc diéu khién vagiatoc nén.

[] Thiét bi do Tue ma sét (lcad ccll)

[XB& cam bién (sensor) do trang théi ciia két ciu

@ Hé cin ma sit bién thién (VED)

wit)
Chuyén déng dit nén

Duémg truyén §
 — L
BO DIEU KHIEN tin hicu

Hinh 1.S0 d6 két ciu dugc trang bi hé can ma sét bién thién vahé théng didu khién [5].

3. XAC PINH LUAT PIEU KHIEN TRONG MO HINH BIEU KHIEN BAN CHU PONG:
Vécto luc phdp tuyén N dugc tim theo cdng thic sau:
NN
N, (t) =songd (t)g— ©)
m
véi: G(t) =F.C.z(t) @
trong d6, G va F 1an luot 12 vector luc didu khién va ma tran chira thuat todn didu khién
két cu. (uT A"LET AT q) V6i 1 1aténg 5 luc didu khién vaqlaténg sb bo cam bién duoc
sir dung cho viéc diéu khién. Dau $v 13 dung dé chi dén s diéu khién chi dong, ky hisu

A%® |amot matran chira toan bo 1a sb thuc va cé ahang vab cot. C 1a matran chi ravi tri
cua céc bo cam ing (Ci A“”).
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Tir (4), néu ta thiét 1ap dugc matran chia thuat todn didu khién F thi vén d& caabai todn
xem nhu duoc giai quyét. F ¢ thé la luat didu khién tong quét bét ky caa hé diéu khién ban
chi dong. Trong bai béo ndy, F dugc xéc dinh theo mo hinh diéu khién sir dung tryc tiép dir
liéu dau ranhu sau [4] :

F=B,'§ ,.diag(l,) - A,F J(CF,)" ®)

trong do: diag(l ;) va F  lamatran dusng chéo chiratri riéng va vecto riéng, chit “c’
trong cong thic dé chi ra c&c dai luong ndy 1a cua didu khién; A,T A"?" BT A"" va
F,.1 A"9 |aphin dudi caamatran A, B va F _ lién quan dén luc didu khién.

4. TiIM PAP UNG CUA KET CAU PUQC TRANG BI HE CAN MA SAT BIEN THIEN

Xé phuong trinh chuyén dong ciia két ciu trong khéng gian trang thé (2), néu phuong
trinh duoc rdi rac héa trong mién thoi gian sao cho céc luc tac dong va luc didu khién 1ahing
sb trong mdi bude thoi gian thi d4p tng cia hé trong budce thoi gian tiép theo s& phu thudc vao
budc thoi gian trude d6 nhu sau [2]:

z[k+1] = A, .z[K] +B,.u[K] +E4.w[K] (6)

trongdé: A, =e*™; By =AM ("™ - 1)B;E, =A ("™ - 1)E;

t =k.Dt, k labuéc thoi gian thi k, Dt lamdi bude thoi gian.

U duoc x&c dinh biang phwong phép “hiéu chinh luc can bang” [3], tac 13, & mdi budc thoi
gian, tagia sir cac VFD déu ¢ trang thé “dinh” r6i sau d6 dan dan hiéu chinh trang théi valuc
ma sét ciamdi VFD cho dén khi tat ca déu thoaman diéu kién gia thiét vé trang théi.

5.Vi DU TiNH TOAN

5.1. Hé mot bac tw do:

S5 lieu vé dic trung  két cau  k=29.991(kN/cm), m=5000kg,
c=0.1225(kN.s/cm) (liy x=5%), do cing cia hé giang chaa VFD:
k, =3k= 89.974(kN /cm) , tham sb diéu khién z duoc lay |an luot: 0.15; 0.30; 0.4. Tan sd
g6c diéu khién trong cong thic (11) duoc ldy bing tin sb goéc riéng cia két ciu:
w=+/k/m =24.491(rad/s). C& diéu kién ban diu cua két ciu: x(0) =%(0) =0. Tai
dong dat: w(t) =0.5gsin(2pt)(m/s’,s) vei g=9.81(m/s*). Thei gian phan tich la 5
vabuac thoi gianla Dt = 0.001s.
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Chu trinh tré cia VFD:
x 10 x 10" x 10°

3 3 3 —
>T [~
2 2 P enan 2 / \
s ) //-\ \\ ) \
NN § \
N 4 1 )
-1 o -1 \\ // -1
2 2 e R -2
/
3 3 3 \x__,_,/
0.04 -002 0 0.02 0.04 -0.04 002 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04
Chuyen vi (m) Chuyen vi (m) Chuyen vi (m)
Hinh 2.z =0.15 Hinh 3.z =0.30 Hinh 4.z =0.45

Nhdn xét; Nang luong tiéu tan trong 1 chu ky caa VFD béng dién tich caa hinh tron trén.
Khi z dugc chon cang Ién thi dién tich cua chu trinh tré cang Ién, do d6 VFD tiéu tan cang
nang luong nhidu. Y nghia caatham sb diéu khién z ciing giéng nhu hé sb can trong thong sb
vé dong luc hoc cua két ciu (z cang Ion thi dao dong tit cang nhanh hay néi cach khac |a vat
liéu tiéu tan nang lugng cang nhiéu).
5.2. Hé nhiéu bac tw do
Xé két cAu khung 3 tang ciia toa nha mau [7]. Céc dic diém dong luc hoc cua két chu
dugc xéc dinh theo mé hinh san tuyét doi cirng (shear building):
478 0 00
Céc matran khdi luong, canvado cing M =g 0 478 0 7 10° (kg)
80 0 518
é 8.6979 -2.8402 0 u

=8 28402 43796 -15304” 105;;%2;

g 0  -15394 15394 e
¢2786 -1393 0 )
K.=$1303 2786 -1303} 1° B0
gEmp

g 0 -1393 1393 §{

D¢ dénh gid anh huong cua hé can VD dén sy giam chan cho cong trinh, tran dong dat
ElCentro dugc thay d6i do 16n giatoc nen tr PGA=0.1g dén PGA=0.6g (PGA: giatoc
dinh) va so sanh sy thay doi tham sb z dén sy diéu khién két cau, VFD chi dit & tang . Tang
| yéu té glatoc va lyc diéu khién l1a quan trong, tang 3 yéu té chuyén vi va gia tbc la quan
trong. Luc didu khién trong truong hop diéu khién bi dong dugc liy theo tham b

r= rr\‘/lv\lo =0.1 hay u! 500kN (W : trong luong tang 1).
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Hinh 10.Giatdc Ion nhit ting 111
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Hinh 11.Giatéc trung binh ting 111
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Nhdn xét:

Diéu khién bi dong luén cho dé&p ing vé gia téc (trung binh va I6n nhat) 16n hon diéu
khién ban chi dong (semi-active) (hay hi¢u qua giam chin kém hon) (Hinh 6 ® Hinh 11)
ngay khi ca luc mgs&t cua FD duoc dieu khién bang bi dong nho hon luc ma sat cua VFD
duoc diéu khién bang ban chu dong. Bay la nhugc diém chinh ciia hé can ma sat dugc dieu
khién bing bi déng vanhuoc diém nay dadwoc VD khic phuc.

Su phu thudc dép ung cua két ciu sir dung VFD vé chuyén vi hay gia tc (I6n nhit va
trung binh) vao PGA latuyén tinh. Hon nita, z cang lon thi mac d6 giam chin cang tang (didu
ndy ciing da dugc chinh minh bang chu trinh tré cia VFD ¢ phan trén).

D¢ danh gia day di hon mac do hiu qua cia VFD, ta cin xét két ciu duoc thiét ké &
nhiéu dang khéc nhau nhu sau:

. /
(A) Khung khéng giang va khong ¢ —
thiét b tiéu tan nang luong. T -
(B) Khung c6 giang nhung khdng c6 T fx
thiét bi tiéu tan nang luong. == (p) == s ®) = o © 7
(C) Khung véi 3 hé can ma séat dugc ®
diéu khién bi dong. ce g ® C3am bién do chuyén vi
(D) Khung véi 3 hé can ma sét bién o gl - o Cam bidn do aia the
thién duoc diéu khién ban chi dong. TN haoos o
(E) Khung véi 1 hé can, ma sét bien ce se 2 e T dong
thién duoc dieu khién ban cha dong. %5/ >% A R Hé cén ma sat

) = E® = bién thién

Hinh 12.Céc dang khéac nhau cua két ciu c6 hodc khdng c6 hé can ma st

Tai trong dong dét ElCentro voi PAG=0.348g duoc ta sir dung dé phan tich céc truong
hop A, B, C, D vaE (Hinh 12), truong hop D ¢6 6 cam hién dé do chuyén vi vagiatoc, trong
khi d6 truong hop E chi can 2 cam bién dé do chuyén vi va gia toc. Bo cirng cua hé giang
trong trudng hop B duoc 1dy = % =432(kN/cm), do cing ndy ciing 1a do cing cia hé
giang duoc sir dung dé giir hé can ma sat trong truong hop C. Trong truong hop C, hé can ma
sat dugc diéu khién bi dong voi tham s6 r thay doi: 0.06; 0.08 ; 0.10 [6] . Con truong hop D
VA E dugc diéu khién véi thamsd z =0.3

S5 liéu dp ung cua céc truong hop (A), (B), (C), (D) va(E)

L oai Shthiét | Thamsb Chuyén vi trung binh (cm) Giatéctrung binh (m/s?)
TH diéu bi didu diéu N N N N N N i
Khidn Khidn Khizn | TAngl | TAng2 | Tings | Tang1 | Ting2 | Tang3 | | NN Chuyenilonnha
] Chuyen Vi trung binh
A - - 0.8413 | 1.4998 1.8965 06785 | 09602 | 1.1699 [ Giatoc lon nhat
3he [ Gia toc trung binh
B oiing - 04814 | 08751 1.1100 06243 | 07588 | 0.9203 I L cieu Khien lon nhat
©n r=006 | 03953 | 0.7050 0.8878 06135 | 06183 | 0.7050
C, d(?rl] g 3FD r=0.08 0.3459 0.6190 0.7733 0.6683 0.5815 0.6892
cY r=010 | 03817 | 0.6604 0.8369 06864 | 06435 | 07329
Ban 3VFD z=0.30 0.1097 0.1895 0.2476 0.3057 0.3321 0.3283
E chi 1VFD | z=030 | 03976 | 0.7405 0.9451 03714 | 05501 | 06415
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| s | Tham | Chuyénvilnnhét(cm) |  GiatécIén nhit (m/sd) L el nnlfein i iz
Trud Loai . X A (kN)
wong | gy, | e @ ‘ ‘ X : : . : X :
hop khign | Pidieu | dieu | Ting | Tang | Tang | Tang | Tang | Tang | Tang | Tang | Tang
khién | khién 1 2 3 1 2 3 1 2 3
- - 2.5069 | 4.1965 | 55268 | 4.7944 | 35453 | 4.1489 - - -
B ;;:fg - 22064 | 35928 | 4.3614 | 5.4886 | 4.3153 | 5.2794 - - -
(o} (;56 21345 | 34138 | 3.8947 | 5.3853 | 3.8987 | 4.2369 | 281.35 | 281.35 | 304.89
(o Bi 3FD = | 21675 | 31524 | 3.3377 | 55628 | 4.1695 | 4.6574 | 37513 | 37513 | 406.53
dong 0.08
Cs (; 1:0 21914 | 3.0625 | 3.1894 | 5.6668 | 4.3256 | 4.8034 | 468.92 | 468.92 | 508.16
D 3VFD | 7= | 08862 | 14817 | 1.9436 | 49135 | 3.3438 | 3.8233 | 306,60 | 348.72 | 447.21
BCH 0.30
E 1VFD 53‘0 15655 | 3.0434 | 3.9511 | 4.5689 | 3.5564 | 3.5145 | 371.27 - -
100 100
80
g 60
% 40
o
° 20 Iy
[a)
0
. . -20 ; : : ; ;
c2 c3 D E c1 c2 c3 D E
Truong hop Truong hop
(@ Tang | (b) Tang 1
100
80
60
40 |-
20
o]
-20 L L L n L
c1 c2 c3 D E
Truong hop
(c) Tang 111
Hinh 13.D¢ giam ciavé chuyén vi, giatoc vado giam luc dieu khién 16n nhat caa cac tang
0.06 : 5 1
0.04 I ﬂ b1y . COVFD | 1
- ! h | —_—
g AR Ly bl g
o 002 PP \”\J\‘W‘HMM £ 1
Vi < Lt
z O‘MMA ‘.7‘4, mh‘ki_i\aﬁw‘ Lvl#,\u@.]ﬂ%ﬂ &0 | r'.}?,‘ A Qjﬁifﬂﬁl
5 b lanahte T A AL
> 002 Pl ‘HH\ T = ¥
E ”‘WWHWHMVHH K]
S Lo LI TA © | CoVFD
}H It — — Khong VFD
-0.06 -5 L
0 5 10 15 20 25 0 5 10 15 20 25
Thoi gian (s) Thoi gian (s)
(@) Chuyeén vi tang I11 (b) Giatoc tang I11
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x 10 I Chuyen vi lon nhat
= 5 . 3
Z J/ﬁ&\ I Chuyen vi trung binh
5 ( %% : N > I Luc cat lon nhat
£y (‘ E 2 [ JLuc cat trung binh
3 [ ] Giatoc lon nhat
E X ] 1 Gia toc tr.ung binh _
35 E I Chuyen vi tuong doi lon nhat
0015 001 0005 0 0005 001 0015 0.02 0 50 100 [ Chuyen vi tuong doi trung binh
Chuyen vi (%) Do giam (%)
(¢) Quan hé giitalyc didu khién — chuyén vi tang 111 (d) D6 giam dép ing cia két cau

Hinh 14.Dép tng cua két ciu (trurong hop (D)) dudi tai dong dit ElCentro

Nhdn xét:

Ghi chi: d@g giam luc diéu khién |6n nhat diroc o sdnh véi luec diéu khién lén nhdt trong 5
truo‘*ng hOp (Cooe y Coog y Co]_o y D E) Iéltrwd’ng hOp Co]_o

Cac truong hop Cos , Coog , Co. 10 trong diéu khién bi dong cho d4p tng am vé giatéc l6n
nhat (tirc 1alam tang giatdc 16n nhat 0), nguyén nhan la do kha nang giam giatoc ciahé can
masét 1a c6 han. Bbi voi hé can ma sét dwoc didu khién bi dong, cach dé 1am tang hiéu qua do
giam giatdc lata phai giam luc ma sét diéu khién 16n nhat, nhung khi giam lyc ma sét diéu
khién I6n nhét thi s3 1am giam mic d6 higu qua dbi véi chuyén vi.

Trudng hop E didu khién bang VFD (véi z =0.30) cho mirc d6 hiéu qua giam chan gan
bing truong hop Co 10 nhung lire didu khién chi biang 40% so vdi truong hop Co.o, do d6, ta co
thé sir dung 1 VFD diéu khién béan chi dong thay cho viéc sir dung ca 3 FD & diéu khién bi
dong vi ly do kién tric néo dé.

Néu ta chi can mic do hiéu qua |a chip nhan duoc thi viéc sir dung 1 VFD & ting | (&
truong hop E) so véi 3 VFD (& trudng hop D) lata da giam duoc chi phi 1ap dat ciing nhu chi
phi van hanh do 5 luong VFD giam di.

Néu nhu & diéu khién bi dong, mac do hiéu qua giam chan lon nhét 1a khéng doi (ing véi
tham s5 r tdi wu) [6] thi ¢ diéu khién ban chii dong, mirc d6 hiéu qua giam chan | cd thé thay
d6i dwoc nho vao viéc thay déi tham sb z .

6. KET LUAN

Bai b&o da dua ra thuat todn dé diéu khién ban chii dong hé can ma sét bién thién, tay vao
CéC yéu cau vé sy giam dép ung (6 thé 1a chuyén vi, giatdc, luc cit...) mataco thé cd nhiing
thuat todn diéu khién ti vu cho VFD, thuat todn ndy co thé chwa phai 1a thuat toén ti wu dé
giam céc dép ung cia két cAu nhung nhin chung, qua nhing vi du minh hoa, s giam dép tng
cua két cu sir dung VFD lachip nhan duoc.

Vi du sb ciing chi ray nghia dong luc hoc cua tham sb diéu khién z, sy phu thudc caa
tham s diéu khién vao cuong do ciaa tran dong dat (hay gia toc dinh) ciing nhu so sanh mirc
d6 hiéu qua caa hé can ma sét dugc diéu khién bi dong va ban chu dong. Sy han ché vé do
giam d&p ung caa hé can ma sét bi dong d& dwoc VFD giai quyét tét nhung con do giam gia
téc 16n nhat con han ché.

Hé can ma sét bang VFD cho hiéu qua cao dbi vai cdng trinh chiu céc tran dong dat cd
cuong do lon. Biéu ndy mang lai ing dung 16n déi véi nganh x&y dung cia nhitng quéc gia
chiu dong dat nhiéu (nhu M¥, Nhat Ban...), con ddi voi nganh xay dung Viét Nam, cac cong
trinh x&y dung khdng cao 1im va chiu c4c tran dia chan khdng lon 1im [6] thi viéc sir dung
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VFD mang y nghia kién tric nhiéu hon, theo téc gia thi sir dung h¢ can ma sét bj dong hoic sir
dung hé diéu khién hdn hop lahop Iy hon ca.

ASSESSMENT OF THE EFFICIENCY OF VARIABLE FRICTION DAMPER

FOR SEISMIC PROTECTION OF BUILDING

Chu Quoc Thang®, Pham Nhan Hoa®
(1) International University, VNU-HCM
(2 EMMC Programme

ABSTRACT: The implementation of variable friction dampers (VFD) for vibration
mitigation of seismic structures generally requires an efficient semi-active control method. In
this paper, a semi-active model control method is proposed to determine the controllable
clamping force 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 of
the advantages and disadvantages for friction dissipators.
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