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TOM TAT

Béi bdo phdn tich higu qua giam chdn cia gdi trieot ma sdt (Triple Friction
Pendu!um, T FP) 0 chdn cot cung vdi hé can luvu bién tir (Magnetv-R.heologrcal MR)
néi gitta hai két edu chiu déng ddt. Géi trugt TFP dugc cdu tao gom 3 con lac déc lp,
4 mat trugt cong, c6 hé 56 ma sdt va bdn kinh khdc nhau. Hé cdn MR dwoe mé hinh
b6i cdc 16 xo va cdn nhdt, lirc edn sinh ra tir hé ndy I mot ham phy thuée vao dign dp
cung cap va nhitng thong 6 ctia thiét bi. Phuong trinh chuyen déng cua hé gom c6 hai
két cdu, hé can MR va goi trugt TFP chiu dong dét dugc thiét Igp vé gidi bang phuong
phdp Newmark trén foan mién thoi gzan Két r qud 56 gom c6 clmyen vi Hong, gia téc va
ngi hec cua két cau cho thdy hiéu qud ciia gdi truot ma sit TFP két hop voi hé cdan MR
néi gita hai két cdu.

Tir khéa: G6i trugt ma sat, hé can hru bién ur, gia téc nén.

ABSTRACT

This paper studies the efficiency of vibration reducrion of Triple Friction
Pendulum (TFP) af the b of col bine wit gneto-Rheological (MR)
damper between two structures due to ground motion in earthquake. The MR d.

is modelled by springs and viscous dampers, the damping force of MR damper depends
on the voltage and other typical parameters. TFP consists of 3 independent pendulums,
4 curved sliding surfaces with various friction coefficients and radii. The equation of
motion is derived and solved by Newmark method in the time domain. The numerical
results including displacement, acceleration and internal forces show the effectiveness
of TFP combine with MR damper in structures.

Keywords: Triple Friction Pendulum. Magneto-Rheological damper, Ground
acceleration.
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1. GIGL THIEU

Trong bai todn két cu cong trinh
xdy dyng chiu déng dét, viec tim ra cac
giai phap két cdu méi dé ching mg Xir tht
hon véi déng dét 1am giam bét tn thét do
d6ng dit pay ra ciing 1d mét huéng nghién
e duge quan tm nhiéu [1-5]. Mot trong
nhiing huéng nghién ciru ¢é tinh thavi sy va
ciing 6 y nghia d6 13 ghn thém céc thit
bi 1&n két cAu dé thiét bi nay hip thu mdt
phan nang lugng do dong dit tac dong dan
dén na.ng hrgng tac déng vao két chu chinh
s& giam di va vi vy két cu chinh c6 thé
an todn hon. Céc loai thiét b tiu tan ning
luong c6 thé k& dén nhu sau: Hé b lap
méng; Hé can didu chinh khdi lugng TMD
(Tuned Mass Dampers); Hé can didu chinh
chét 6ng TLD (Tuned Liquid Darnpers);
Hé cin ma sat FD (Fiction Dampers);
Hé¢ can déo bing kim loai MD (Metallic
Dampers); II§ can dan nhét (Viscous-
elastic Dampers); Hé can chit Iéng nhét
(Viscous Fluid Dampers); H¢ can hru bién
dién ER (Electro - Rheological). Cho dén
nay sy hiu qua ciling di ¢6 ¥ nghia, mdt
56 giai phap dd g dung, mot sb giai phép
con dang gial doan nghién ciu.

Gén ddy, c6 mot sb d& cap vé hé cén
fwu bién tir (Magneto-Rheological, MR)
trong bai todn két cdu chiu dong dat duoc
xem xét & Viét Nam. Ddc biét trong tai ligu
[3], ¢6 gidi thiéu twong dbi chi tiét vé thide
bi can lra bidn ti Ja thidt bi tiéu t4n ning
fugng ban chi dong st dung chit hru co
cung cAp ngubn dién hoic khong. Chit
ndy c6 dang 13 c4c hat sit trdi lo limg trong

dung mbi dic biét va ¢é thé chuyén tir long
sang rdn khi co Iyc tir di qua fir d6 sinh
ra gioi han dan hoi cho chét hru [8-10].
Két qua cfing cho thdy hé can nay cé hiéu
qua nhit dinh va dang thu hit sy quan tim
nghién ciru.

 Gbi cb 1ap 14 thiét b lam giam ddng
ké phan img dong cua két cdu do dong dat.
Nghién cfu vé gbi nay duoe gisi thitu
diu tién bai Victor A. Zayas. Day 1a mot
dang gbt truot don (SFP, Single Friction
Pendulum). Tiép theo, cdc dang gbi co
1ap truot ma sét tiép tuc dugc nghién c¥ru
va céi tién cac dic trung k9 thuft, thich
nghi hon trong thiét ké khéng chin cho
cdng trinh [11-15], dic biét 46 lakha ning
dich chuyen ngang 16n va thich nghi duge
nhiéu ¢dp déng d4t khéc nhau.

Tir cac danb gia so bg vé & g6i TFP va
h¢ can MR, bai bao d2 xuét mot mé hinh
két cau dang kbung v6i san tuyét 81 cing
co gan g61 TFP dusi céc chin cot két hop
v6i he can MR néi giita hai két cu @é chiu
dong dAt. Hé cin MR ciing duoc bd tri tai
vi tri mdt mong dong vai trd nhu can nen
nhim han ché chuyén dich ngang cia gbi,
dong thoi hé can MR ciing dugc bo tri tai
che thng ni giira hai két cAu. Gia the nén
cling dugc lua chon tir nhitng trén ding
dét véi phd tin so tuong dbi gan voi tan s0
riéng cua két cdu. Két qua 56 cia viée ghn
261 trugt TEP két hop v6i hé can MR ¢
va khéng ¢6 dién ap cung cip ciing duge
khao sat théng qua chuyén vi va néi luc
cua hé.
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Hinh 1. M4 hinh hé két ciu
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2.1. M5 hinh két ciu

Xét hai két chu nha c6 55 ting khic
nhau, két ciu 1 cé sb thng 1a nt+m va két
clu 2 co sb ting 12 », duge mb hinh véi
$6 béc tr do dong Iyc hoc 13n lugt 14 m+n
va n nhu hinh 1, Cac tAm sin dwoc xem
la cimg tuyét doi va chi xét thanh phfm
chuyén vi theo phurong ngang. Thuc ra v6i
sb bic tu do trong mé hinh nay thi ph;“m
ndo mé ta duge ban chit caa hé két céu

Mii + Cii+ Ku =D f, +D,f, - Mri,

rong d6 M, C, K 1an luot 1 cic ma trin
khoi lugng, can, 45 cung cla hg; f, f, 1a
vecto luc sinh ra do géi truot ma sat TFP
vahé can MR: D.. D_ 1a ma trin thé hién vi
tri diém dat gdi trrgt ma sdt TFP va MR; r

tai trong ngang) ma khong qua phic tap
vé sé bac tr do. Céc thdéng s6 khac nhu do
cimg, khéi lugng va can cba timg két cdu
ciing dugc thé hién chi tiét nhu trén hinh
1. Hé can MR dugc gén tai vi tri cac ting
va géi truot ma sét dugc gén tai vi tri chan
cdt clia té‘mg trét twong vmg voi vi tri mit
ngam.

Phuong wrinh chuyén déng [5,6] ciia
c& hé két cAu va thidt bi c6 dang nhur sau:

m

lé'vectc don vi; i 12 gia téc nén coa dong
dit theo thoi gian.

Cic ma trin M, C, K duoc dinh
nghia va cé kich thuéc [3] nhu sau:
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V6i cic ma tran tinh chét ciia két cu thir nhét dugc thiét lap boi:
_m“
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va tuong tu cho két cau thi 2.
2.2. M6 hinh TFP

G6i ¢6 1ap trugt ma sat TFP (Triple Friction Pendulum) bao gam 3 con lic doc lap.
4 mit truot cong c6 ban kinh R, va hé s0 ma sat p. Céc ban kinh va hé s6 ma st nay c6
thé gmng hay khéc nhau (mong thudmg: R =R, >>R., Ry: p,=Hy <, <, day cling la
dang goi sir dung trong bai viét nay) nhu Lren céc hinh 2.3.

Hinh 2. Mit cit ngang ciia gbi TFP

Hinh 3. Chi tiét gbi TFP
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Chu trinh chuyén déng, quan h¢ gitia
hoe va chuyen vi ngang cta goi dugc mé
phong va klem chimg bang thuc nghiém
[12.14]. Két qua cho thdy gbéi TFP c6
5 giai doan trugt khac nhau nhu hinh 4.
Quan hé giita chuyén vi ngang cta gm véi

ty 1¢ lue truot (F ) 50 véi téng trong lugng
tac dung lén gm (W) thé hién trong hinh 5.
Déng thiri tong chuyén vi ngang va didu
kién truot trong cic giai doan ciia gbi TFP
[11,13] dugc thé hign trong Bang 1.

Hinh 4. Chu irinh trugt ciia gbi

Y I LR -

Pidu kién trugt glal doan i chi xay ra khi dich chuyen ngang u,cla gm 1ém hon u;
va khong dugc vugt qua gidi han chuyén vi ngang ctia gbi (U,), v6i », xac dinh nhu

sau [15]
Uy = 2R (f - 1) (6
= Ry (y + 40, = 248) + R (st ~ 1) 4]
u, -u;+(—R—+ﬂz )Ry + R )
ot
u=u Rogr + Ry (O]

Téng chuyén vi ngang cia gbi TFP (U,) duge thiét 1ap tir chuyén vi ngang giéi han

clia timg mit cong (u,, ), xéc dinh bdi [15]
PR e

R.
U, =Zu,

trong d6 R 12 ban kinh hiéu dung dugc x4c dinh bdi

Ry =R,

hy
4 =R,—?‘, Ry = Rzax =

vy = Rz‘ A a0
an
A 12)

Hinh 5. Quan hé gii¥a lyc va chuyén vj ciia gdi
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Bing 1. M ta cic giai doan trugt caa gi

. Mo ta X | Hé 50 ma sat
. 3 Do S
Giai dozm chuyén dong 3 cing (Ky) wroma durong, (i4)
@ Trugt chi xay ra w
trén mit 2 vh 3; K= 77 do = =1y
L I Mat 1 vi 4 dimg. e
Truot chi xdy ra w R +UR
T chmaivs, | K|y ARt
1 Mat 2 va 4 dimg. o1+ Rors Ryt Ry
Truot chi xdy ra
¢ R, R
@ trén mat 1 va 4; gy =Bt B e
m Mit2 va3 dimg Ry + Ry
Truot chi xay ra +uR
_Er trén mat 2 va 4; sy = Rt B R
A% Mat 1 va 3 dimg. : Repa+ Roges
-@ Truot chi xay ra w
trén mit 2 va 3; Kw—’m— Boy = Mo =1t
v Mat 1 va 4 dime. 2T effs
2.3. M6 hinh cin MR Trong mé hinh nay, d¢ cirng cia bd

M5 hinh déng luc hoc ciia can MR phan khi nén (acumulator) duoc dfgc’tru’ng

[9] duoe d& xuét & phan tich dong luc hoe 291 K3 hé £0 can nhdt frg vdi vén toc Ion
nhu hinh 6 dugc dic trung boi ¢;; hé s0 can cla bd
Hinh 6 Mé. hinh can lre bién tir phan gidm chan iing v6i vén toc nhé duge
. ) dit trung bai hé 8 c; x, 14 chuyén vi ban

,_; . — déu ciia 16 x0 k 3 k, 13 40 citng cia bd phan
we-hen ia in ing v&i vin to 0; cac théng
Sty giam chin iing in toc nhé; cic tho g
“ Z 50 (¢, o Ky €, ok xg g, g 7 Pnnva

A_) dugc x4c dinh tir thuc nghiém.
L sinh ra trén bé mit ctia hai thanh
ctmg 1a nhur nhau va xac dinh boi [9]

I3

oy =az+k(x-y)+c(E-3) (13)

trong dé bién z duge xéc dinh boi

2=—pli-pizle[" - B~ P2l + 4, G- ) )
Tir (13). ¢6 thé bién déi thanh
i= {az+cnx"+ko(x—y)} (%)

o tC

Téng hre trong MR durge x4c dinh bing téng cita phin trén va dudi, thé hién nhu sau
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S =z e (- Y+ (x -y +E(x—x)

Hay

fo=arthx-x)

(16)

a7

trong d6 céc hé s c,, ¢, va e 14 cée thang s& phu thude vao dién 4p cung cép duge

xéc dinh nhie sau

¢, =, (wy=c_+c U

¢=c (u)—c +e, WU

(18)

u=u(u)— a +a U
vé6i U 1a dién ap dua vao thiét bi, duoc tmh théng qua bé loc bic mét phu thufe vao

dién 4p hién co, xéc dinh bai bidu thitc sau

U=yl -v

2.4, Phwong phap gidi va thudt
todn

Phuong trinh chuyen dong cia ca
hé bao gobm iét cdu, gdi truot ma sat TFP
va hé can MR sau khi duge thiét 1ap va
gidi bing phuong phép Newmark trong
timg budc théi gian. Luc can do MR géy
ta trong timg budc thoi gian 1a phuong
trinh vi phan béc nhét, st dung phuong
phép Runge Kutta bic 4 dé mé ta va phan

19

tich trong timg budc thoi gian. So db khéi
dwgc thé hign nhur hinh 7. Mét chuong
trinh méy tinh cling duge viét dua trén
ngdn ngit 4p trinh MATLAB dé phin tich
img xi dong cta khung phang chxu dong
dét. Do trong m&i bude thai gian déu phai
md ta dép tmg cia hé MR nén khéi  luong
tinh todn rit 16n va tidu 16n kha nhidu thai
gian cia may tinh.

Hinh 7. So 35 khéi phén tich hé

3. KET QUA SO

Khao sat hai két chu 16 téng va 8
thng khéi hromg m01 tang 12 nhu nhau, d6
cimg. chiéu cao mdi ting 14 nhwr nhau véi
gla tri khéi Iugng 1a m=16x10° kg va 49
ctmg k =3x10°N/m. Tinsé riéng thip nhit
cla ket cAu ting 16 1 0,6558 Hz va két
chu ting 8 1a 1 2718H2 3]. Gla toc nen
duge chon 13 gia t6¢ Elcentro c6 thn s6 x8p

xi khi phén tich phé Fourier 13 2,026 Hz
va o6 cac dinh Khic xap xi tir 1,8Hz dén
2,6Hz nhir hinh 8.9. T¥ 6 can dbi véi cdc
dang dao d0ng 1,2 12 &=5%, d61 voi cac
dang dao déng cao hon, ty sb can duge
tinh theo phuong phap Reyleigh [6].
Thong sé cia MR [10] duoc Ly nhu
sau: ¢, = 50.3 kNs/m; c°b = 48.7 kNs/m;
k, = 0. 0054 kN/m; C,, = 8106.2 kNs/m;
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= 7807.9 kNs/m/V: K, 00087
kN/m x, = 0.18m; o, 8.7 KN/m; ay,
6.4 KN/m; y = 496 m% B =496 m? ;11 = %
n=195 s, A_=810.5

Hinh 8. Gia téc nén Elcentro

Gia (de(mis’y
N %o o &

30 15
Thorguanis;

Két qua sé duge thue hién dé khao
sat tic dong cua g(n trirgt ma sat TFP ket
hop véi hé can MR néi gita hai két cdu
trong cac trudng hop.

Két chu tach rdi, khong lip TFP-MR
{Uncontrolled}

Két cdu c6 lap TFP-MR c6 dién 4p
cung cip V=0V (Double-on}

Két cdu c6 lip TFP-MR co dién ap
cung cép V=0V (Double-off)

Két qua dugc trinh biy nhu sau. Hinh
10 trinh bay chuyén vi cta ting trén ciing
ciia mbi két chu trong céc trudng hop phan
tich. Hinh 11 trinh by gid tri chuyén vi
Ion nhat clia cac thng. Hinh 12 trinh bay
gia téc cua thng trén clng cia mi két cdu
trong cdc trudng hep. Hinh 13 trinh bay
gid trj gla tbc 16n nhit coa céc ting cia
mbi két ciu trong cic trudng hop. Hinh 14

Théng s6 gbi TFP [15] duoc lav
nhu sau: R=R=474mm; R,=R,~76mm;
y., 1,=0.0L; 2 =0.04: p,=0,08; d,=51mm;

—89mm d =102mm; —779mm;
h —46mm b, =71mm.

Hinh 9. Phd gia tic nén Ekcentro

Nang lugmy {N.m)

aradsy

trinh bay gi4 trf Iyc cit trong tAng 1 trong
cac truong hop phan tich. Hinh 15 trinh
bay img xir ctia MR trong cdc trudng hop
phén tich. Bai viét ciing phin tich trudng
hop dat géi TFP khong két hcyp v6i hé can
MR, ciing nhu 4nh hudng cta sé luong
MR dit trong hé nhw hinh 16, 17 va 18.

Cac két qua phén tmg déng cho thiy
ring hé can MR khi két hop véi gbi trugt
TFP c6 hiéu qua khi gfn trong hé. Cu thé,
nhét 1a déi v&i cong trinh 1 thi hiéu qua
giam chin rdt iom, gid trj phan tmg déng
giam di khoang 60% khi dimg gdi TFP két
hop v6i hé can MR khi ¢é dién 4p cung
céap va khi khéng c6 dién ép cung cap. B
v6i cong trinh 2 thi hiéu qua gidm chén
twong déi [6m, gid td phién Gng dong giam
di khoang 30% khi cé dién 4p va khoang
20% khi khéng cé dign ap.

Hinh 10. Chuyén vi ting trén ciing theo thii gian ciia két cAu 1 (a) va két cu 2 (b)

BROING2

Chuydn vi (om)

Chuyén vi (cm)

Timas)
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Hinh 11. Chuyén vi lém nhit cia cic tAng ciia két clu 1 (a) va két cdu 2 (b)

Gia tée(mis’}
Gia te(m/s?}

Hinh 12. Gia tc ciia ting trén ciing theo thi gian cda Kkét cau 1 (a) va két chu 2 (b)

PG 1 BRG2

i
Tws”

Gia 1de(nis?)

W
2
3
2
=
[&]
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Minb 14. Luc cit thng mdt theo thoi gian cita két ciu 1 (a) vi két ciu 2 (b)

z
2

t thng | (KN)

-1t -

P
Pt
ek

= I TR P =
Théi gian (s) Thoi gian (s)
Hinh 15. Ung xi¥ ciia MR trong truing hop dién ap cung cAp Vmax=6v
<
:

Ly can cua MR (KN)

¢

z
Z
=
g
5
2

Chuyén vi (cm} Vin the (env's)
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Hinb 17. Chuyén vj I6m nhét cic ting trong cac
triromg hop ciia két chu 1 (a) va két chu 2 (b)

L et (KNy

Thng

Chuyn vi tem)

Hinh 19. Chuyén vi (a) va gia téc (b) theo théi gian
cia gbi TFP va tAng dinh cita két cdu 1

] s By i
3 1 S L
2 It
S s
7 Jv
¢ ;-
1 H s E ’V . H H ;
i o E B z El ] 3 0 3 2 2 *
Thi gian (s) Théi pian (s)

Tir két qua cda hinh 9 dén hinh 14
cho thiy ring, khi dit géi TFP trong két
chu 1. thi chuyén dich cua gm 1a r4t 16n,
lam ting chuyén vi cua cc tang 1én nhung
chuyen vi tuong déi gitta cac ting la giam
ding | ké, lam giam dang ké lyc ct trong
cac tang Khi két hop g6i TFP va hé can

MR thi 15 rang hiéu qua gim chin 1a 13
rét trong ca ket cu 1 va két cdu 2 rong
trudng hcyp co dién ap va khéng c6 dién 4p
cung cép, dic biét khi co dién ap thi higu
qua giam chin c6 thé 181'1 dén 60% so véi
trudng hop khong co gan thiét bi.
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Tir két qua hinh 15 va 16 cho thay
ring, \mg xir ciia MR 14 phy thude vao dién
4p cung cp, lwc sinh ra trong hé can tng
v6i trudmg hop c6 dién p 12 lén hon so véi
truémg hop khong ¢6 dién 4p trong thiét
bi. Tt két qua hinh 17 va [8 cling cho thay
ting, ung xir dong cta hé két cdu b anh
buéng boi sb lugng hé can MR. tg véi s§
lIugng hé can MR khdc nhau thi higu qua
giam chén ciing khdc nhau va téng theo s&

Bing 2. Théng ké cic gis trj lm nhit va @5

lugng cua h¢ can MR. Hinh 19 trinh bay
umng Xir cla gon TFP, cho théy ring chuyén
dich v gia tée cua gbi TFP 1a fuomg dé
1én so véi céc ting. Cac ket qua s6 mo ta
phan ing dong cia hg két céu déu cho thiy
rang gdi trugt ma sat TFP ket hop véi hé
¢an MR nbi giita hai Kkét chu 6 hiéu qua
ding ké khi 1ap trong hé két céu chiu dong
dat, thé hién trong bang 2 va 3.

giam d4p img trong két ciu 1

Chuyén vi Vin tée Gia tée <
Lue cat

phuong ngang phwong ngang  phwong ngang
Truong hop D%
khio sat Max P§ Max D¢ Max am  Max D5 giam

(em) giam (cm/s) gidm  (m/s) fn/ ) KNy (Vo)

(%) (%) i

Uncontrol 12,27 54,09 5,55 3,54.10°
Double-on 4,65 62.12 20,47 62,16 3,11 44,00 0,17.102 95,14
Double-off 5,30 56.80 18.97 6493 3.1 42,19 0.15.10° 95.69
Double-5SMR 5,81 52,65 1871 6541 3725 4145 0,17.100 95,14
Double-3MR 7,98 3492 1910 64.69 329 40,77 023.10° 93.55
Single-TFP 1331 -848 2457 54,58 3,32 40,19 0,36.10° 89,82
[3] 9,40 23,40 4535 16.16 5,18 6,61 2,43.10° 31.40
Bing 3. Thong ké cac gia tri 16m nhét va d$ gism dap dng trong két cdu 2

Chuyén vi Vin toc Gia toc Lire cit

phirong ngang  phurong ngang phuong ngang
Tririmg ho %
o Max B Max  Bo Max Db gidm Max gﬂi‘;m

(em)  gidm  (em/s) gidm (m/s?) (%) (KN) (%)

(%) (%)

Uncontrol 4,69 40.69 7.61 2.56.10°
Double-cn 3,17 3244 31,77 21,94 6,97 842 156.10° 3923
Double-off 3,73 2038 3397 16,54 727 4,46 1,90.10° 2566
Double-SMR 3,56 2396 33.17 19,49 7.23 490 1.86.10° 27.50
Double-3MR 408 1288 3514 1366 745 207 22210° 1348
3] 338 2780 31,90 41,02 720 531 1.73.10° 3232
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4. KET LUAN giita cic thng giam déng ké nén giam néi

- M@ hinh hé két cdu c6 ghn géi ruen  Ive cla hé.
masat TFP két hogp véihé can MR ndi gxua - Khi @it géi TFP két hop véi hé can
hai két cAu khi chiu gia tbe nen dong dit MR néi giita hai két chu thi hiéu qua lén
duoc @& xufit va thidt 13p chi tiét phrong  hom nita trong ea trudmg hop ¢6 dién &p va
trinh chuyén déng. thudt toan giai, chuong khong c6 dién ap cung cap. Su hiéu qua
trinh may tinh Phan tich ddng lyc hec khi  nay la déang k&, d6i voi két chu 1 ¢6 thé lam
hé chiu ddng dat cling duge vidt. gidm phan img dong 1én dén 60% va trong

- Khi dt gbi trugt ma sat TFP thi lam két chu 2 c6 thé lam giém phan fmg ddng
tang chuyén vi tuyét déi eia bé do chuyén. 1én dén 30% so v4i 1rudng hop khbng c6

vi & gbi 13 16n nhung chuyén vi trong a4 thiétbjnay.
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