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TOM TAT

Bai bdo phdn tich hiéu qud giam chan ciia gdl truot ma sat (Triple Friction
Pendulum, TFP) o chan cot cung voi hé can lu bién tir (Magneto-Rheological, MR)
néi giiva hai két cau chiu dong dat. Goi trwot TFP dwoc cdu tao gom 3 con lac doc lap,
4 mat trueot cong, co hé so ma sat va ban kinh khac nhau. Hé¢ can MR dwoc moé hinh
boi cac lo xo va can nhot, lyc can sinh ra tir hé ndy la mot ham phy thugc vao dién dap
cung cap va nhiing thong s6 ciia thiét bi. Phirong trinh chuyen dong cua hé gom co hai
két cau, hé can MR va goi trugt TFP chiu dong dat durgc thiét Idp va gidi bang phuong
phap Newmark trén toan mién thoi gian. Ket qud s6 gom cé chuyen vi déng, gia toc va
noi luc cua két cau cho thdy hiéu qua ciia goi triweot ma sat TFP két hop véi hé can MR
néi giita hai két cau.

Tir khéa: Gi truot ma sat, hé can luu bién tir, gia tdc nén.
ABSTRACT

This paper studies the efficiency of vibration reduction of Triple Friction
Pendulum (TFP) at the bottom of column combine with Magneto-Rheological (MR)
damper between two structures due to ground motion in earthquake. The MR damper
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. GIOI THIEU

Trong bai toan két cdu cong trinh
xay dung chiu dong dét, viéc tim ra cac
giai phap két cAdu méi dé chung Gmg xr tot
hon vé6i dong dat lam giam bét ton that do
dong dat gay ra ciing 1a mot hudéng nghién
ctru dugc quan tAm nhiéu [1-5]. Mot trong
nhirng hudng nghién ctru 6 tinh thot su va
cling c¢6 ¥ nghia d6 1a gin thém cac thiét
bi 1én két ciu dé thiét bi nay hap thu mot
phan ning luong do dong dit tac dong dan
dén ning luong tac dong vao két ciu chinh
s& giam di va vi vy két cdu chinh c6 thé
an toan hon. Cac loai thiét bi tiéu tan nang
luong co thé ké dén nhu sau: Hé ¢b lap
mong; HE can diéu chinh khdi lugng TMD
(Tuned Mass Dampers); Hé can diéu chinh
chat 1ong TLD (Tuned Liquid Dampers);
H¢ can ma sat FD (Fiction Dampers);
Hé can déo bang kim loai MD (Metallic
Dampers); H¢ can dan nhdt (Viscous-
elastic Dampers); Hé can chat 1ong nhét
(Viscous Fluid Dampers); Hé can luu bién
dién ER (Electro - Rheological). Cho dén
nay sy hiéu qua ciing dé c6 y nghia, mot
sO giai phap da irng dung, mot s6 giai phap
con dang giai doan nghién curu.

Gan day, c6 mot sd dé cap vé hé can
luu bién tir (Magneto-Rheological, MR)
trong bai toan két cdu chiu dong dat duoc
xem x¢ét & Viet Nam. Dac biét trong tai liéu
[3], c6 gidi thiéu tuong d6i chi tiét vé thiét
bi can luu bién tir 14 thiét bi tiéu tan ning
lugng ban chu dong st dung chat luu co
cung cap ngudn dién hodc khong. Chat
nay c6 dang la cac hat sat tréi lo ling trong

dung méi dic biét va co thé chuyén tir [ong
sang ran khi c¢6 lyc tir di qua tir d6 sinh
ra gioi han dan hdi cho chat luu [8-10].
Két qua ciing cho thay hé can nay co hiéu
qua nhat dinh va dang thu hut sy quan tam
nghién ctru.

Gbi c6 1ap 1a thiét bi 1am giam dang
ké phan tmg dong ciia két cau do dong dt.
Nghién ctru vé& gbi nay dugc gi6i thiéu
dau tién boi Victor A. Zayas. Pay 1a mot
dang gbi truot don (SFP, Single Friction
Pendulum). Tiép theo, cac dang gbi co
1ap trugt ma sat tiép tuc dugc nghién ctru
va cai tién cac dic trung k¥ thuat, thich
nghi hon trong thiét ké khang chan cho
cong trinh [11-15], ddc biét do 1a kha nang
dich chuyén ngang 16n va thich nghi duoc
nhiéu cap dong dat khac nhau.

Ttr cac danh gia so bo vé gdi TFP va
hé can MR, bai bao dé xuit mot mo hinh
két cau dang khung véi san tuyét dbi cting
¢6 gan gdi TFP dudi cac chan cot két hop
v6i hé can MR nbi gitra hai két cdu dé chiu
dong dat. Hé can MR cling duoc b tri tai
vi tri mat mong dong vai tro nhu can nén
nham han ché chuyén dich ngang cua gbi,
dong thoi hé can MR ciing dugc bo tri tai
céc tang ndi giita hai két cau. Gia toc nén
cung dugc lya chon tir nhiing tran dong
dat voi pho tan so tuong d6i gan voi tan sO
rleng ctia két cau. Két qua so cua viéc gan
gbi truot TFP két hop véi hé can MR co
va khong co dién ap cung cap ciing duoc
khao sat thong qua chuyén vi va noi luc
cua hé.
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Hinh 1. M hinh hé két ciu
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2. COSOLY THUYET

2.1. M6 hinh két ciu

Xét hai két cau nha c6 s tang khac
nhau, két cdu 1 co sb ting 1a n+m va két
cdu 2 co sb téng la n, duogc mo hinh véi
s6 bac tu do dong luc hoc 1an lugt 1a m+n
va n nhu hinh 1. Cac tdm san dugc xem
1a ctng tuyét dbi va chi xét thanh phan
chuyén vi theo phuong ngang. Thuc ra véi
s0 bac tu do trong mé hinh nay thi phan
nao mé ta dugc ban chat cua hé két cau

Mii +Cu +Ku

trong do M, C, K lan luot 13 cac ma tran
khdi lugng, can, do cung cua h¢; f, f la
vecto luc sinh ra do goi truot ma sat TEP
va hé can MR D, D_la ma tran thé hién vi

tri diém dit gbi truot ma sat TFP va MR; r

khi chiu gia tbc nén dong dat (chu yéu la
tai trong ngang) ma khong qua phurc tap
vé s6 bac tu do. Cac thong sb khac nhu do
ctmg, khoi lwong va can cia timg két cau
cling dugc thé hién chi tiét nhu trén hinh
1. Hé can MR duoc gén tai vi tri cac tf?mg
va géi truot ma sat duoc gén tai vi tri chan
cot cua tang trét twong g véi vi tri mat
ngam.

Phuong trinh chuyen dong [5,6] cua
ca hé két cau va thiét bi c6 dang nhu sau:

=D,f, +D,f, —Mri, (1)

la vecto don vi; i, 1a gia toc nén cua dong
dat theo tho1 gian.

Cac ma tran M, C, K duoc dinh
nghia va co kich thudc [3] nhu sau:
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[M,] [0,]
| (m+mn+m) (n+m,n)|
B [0,] M1 |

(n,n+m) (n,n+m)

[C] [0,] (K] [0,]
| (+mun+m) (n+m,n)| | (n+mn+m) (n+m,n)
0] 1 | 10 (K]
| (n,n+m) (n,n+m) (n,n+m) (n,n+m)

v6i cac ma tran tinh chét cua két cu thir nhit duoc thiét 1ap boi:

my,
my,
Ml (n+m,n+m):
m, -1
L mn+m,1 i
_kn + k21 _k21 ]
_k21 k21 + k31 k31
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va tuong tu cho két ciu thir 2.

2.2. Mo hinh TFP

€)

“4)

)

Gbi ¢6 lap truot ma sat TFP (Triple Friction Pendulum) bao gbm 3 con lac doc lap,
4 rpét truot cong ¢6 ban kinh R, va h¢ s6 ma sat p.. Cac ban kinh va h¢ s6 ma sat nay co6
thé giong hay khac nhau (thong thuong: R =R, >>R =R p =, <p, <p,, day clng la

2

dang gbi sir dung trong bai viét nay) nhu trén cac hinh 2.3.

Hinh 2. Mit cit ngang ciia gbi TFP Hinh 3. Chi tiét g(”ii TFP
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Chu trinh chuyén dong, quan hé gitra  ty 1€ lyc truot (F) so voi tong trong luong
luc va chuyen vi ngang cua goi dugc m6  tac dung Ién goi (W) thé hién trong hinh 5.
phong va kiém ching bang thyc nghiém Pong thoi tong chuyén vi ngang va diéu
[12,14]. Két qua cho thdy gbi TFP c6 kién truot trong cic giai doan cua gbi TFP
5 giai doan trugt khac nhau nhu hinh 4. [11,13] dugc thé hién trong Bang 1.
Quan hé giira chuyén vi ngang cta gdi véi

Hinh 4. Chu trinh truwot ciia goi

D ST TR

Diéu kién truot giai doan i chi xay ra khi dich chuyen ngang u, cua g01 16n hon
va khong dugc vugt qua gidi han chuyén vi ngang ciia gbi (U, ), v6i u; xac dinh nhu
sau [15]

U, = 2Reﬂ2 (1 — 1) (6)
u; =R (4 + py = 2p) + R (4 — 1) (7)
* * ur
U, =us + (_1 i, )(Reﬁ"l + Rejf'4) (8)
el
* * ur4 url
us =, +( +/"4_R — 1) (Rys + Ry 9)

eff 4 eff'l
Tong chuyén vi ngang ctia gdi TFP (U)) duoc thiét 1ap tir chuyén vi ngang giéi han

cua tirng mat cong (u,, ), xac dinh béi [15]

. . Reﬂfl D d _ Reﬂz Dl _dl
U, =U., = R ( ) _R_(T
1 2

b

Ur :Zuri (11)

) (10)

trong d6 R, e 1a ban kinh hi¢u dung dugc xéac dinh boi

h I
Ry =Ry =R ~ 22 Ryy=Ryy =Ry — B (12)

Hinh 5. Quan hé¢ giira luc va chuyén vi cia goi

F/w A
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Bing 1. M ta cac giai doan truot ciia gdi

.. MO ta n Hé s6 ma sat
Giai doan chuyln dbng D6 cimg (K») twong dwong (L)
farcr i w
én mit 2 va 3; S S — Mo = My = 15
1 Mat 1 va 4 dimg, Ryt Ry
trén mét 1 va 3; ISR R Mo = R R
I Miit 2 va 4 dimg. eff1 T Meff3 offt T Rofrs
trén mat 1 va 4; I = T p Herm = R R
1 Mt 2 va 3 dimg. et T Fefra o1 T Reffa
trén mat 2 va 4; ™ R Hery =
v Mit 1 va 3 dimg. a2 T Rera Repa + Ry
E Truot chi xay ra W
trén mit 2 va 3; K,y "R R Moy = 1y = 45
\% Mit 1 va 4 ding. off2 " el

2.3. M6 hinh can MR

Mo hinh ,d(f)qg luc hoc cta can MR
[9] dugc dé xuat dé phan tich dong luc hoc

nhu hinh 6.
Hinh 6. M6 hinh can lwu bién tir
o Y -
p Bouc-Wen
A7
¢ Zy
T AA—]
T "7
kl
AAA

trong d6 bién z duoc xac dinh boi

Trong md hinh nay, do cung cua bd

phan khi nén (acumulator) dugc dac trung
boi k; hé s6 can nh6t ng voi van toc 16n
dugc dac trung boi c; h¢ sO cdn cua bd

phéan giam chén Gng véi van téc nho duge
da:it trung bdi hé b cXx,la chuyén vi ban
dau cua l(‘) xo k; k,1a d¢ cung cua bo phan
gi,ém chan ng v&i van toc nho; cac thong
s0 (¢, ¢, k, C,,C k x,0, a,yBnnva
A ) dugc xac dinh ti thyc nghiém.

Luc sinh ra trén bé mit cua hai thanh
cung la nhu nhau va xéac dinh boi [9]

ay=az+k(x—=y)+c,(x-)

z=—yli—dlzle - BGE-D)|[ + 4, ()

Tir (13), c6 thé bién doi thanh

E 1 {az+cyx+ky(x—y)}

C, t¢

(13)

(14)

(15)

Téng luc trong MR duge xac dinh bang tong cua phan trén va dudi, thé hién nhu sau
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£, =az+cy(X—P)+ky(x—y)+k (x—x,) (16)
Hay

o= 6+ k(- x,) (17
trong do cac hé $6 Cy» €, va a la cac thong ) phu thudc vao dién 4p cung cép duoc
xac dinh nhu sau
COZCO(u):Coa_FCObU
¢,=¢,(w=c, +c U (18)
(x—oc(u) a to U
v6i U la dién ap dwa vao thiét bi, du’O’C t1nh thong qua b loc bac mdt phu thudc vao
dién ap hién co6, xac dinh boi biéu thirc sau

U=nU-v) (19)

2.4. Phuwong phap giai va thudt tich trong timg budc thoi gian. So do khdi
toan dugc thé hién nhu hinh 7. Mot chuong

Phuong trinh chuyen dong cua ca trinh may tinh cling duoc Vié:[ dua trén
hé bao gdm két clu, gbi truot ma sat TFP  1gOn ngi 1ap trinh MATLAB d€ phan tich
va hé can MR sau khi dugc thiét 1ap va Ung xu dong cua khung phang chiu dong
giai bing phuong phap Newmark trong dat. Do trong mdi budc thoi gian déu phai
timg budc thoi gian. Luc can do MR gay MO ta dap img cla h? MR nén khotl‘ hl’(.mg
ra trong timg bude thdi gian 1a phuong tiph todn rat 1om va tiéu ton kha nhiéu thoi
trinh vi phan bac nhét, st dung phuong gian clia may tinh.
phap Runge Kutta bic 4 dé mo ta va phan

Hinh 7. So 6 khoi phén tich hé

v
Bién thé MR Runge
Damper Kutta bic 4 -
Ug
fm luc /
Géitrwot | T _| M6hinh Time | wui
TFP lyc két ciu Newmark | Chuyénvi, vintée,
gia téc
uu |
Chuyén i, wn tic
3. KET QUA SO xi khi phan tich pho Fourier 1a 2,026 Hz

Khao st hai két cdu 16 tﬁng va 8 va c¢b cac dinh khac Xép ’Xi tu 128HZ dén
tAng khéi lvong mdi ting 1a nhu nhau, do 2,6Hz nhu hinh 8,9. Ty s0 can d?i V(’Jf‘i cac
ctmg, chiéu cao mdi tAng 1a nhu nhau véi dang dao dong 1,2 1a &=5%, doi véi cac
gia tri khéi lugng la m= 1.6x10° kg va do dang dao dong cao hon, ty 0 can dugce
ctng k=3x10°N/m. Tan s riéng thip nhat tinh theo phuong phap Reyleigh [6].
cua ket ciu tang 16 13 0,6558 Hz va ket Thong s6 caa MR [10] duoc 14y nhu
ciu tang 8 13 1,2718Hz [3]. Gia toq n@n sau: ¢, = 50.3 kNs/m; ¢, = 48.7 kNs/m;
dugc chon 1a gia toc Elcentro c6 tanso xap  k, = 0.0054 kN/m; C, = 8106.2 kNs/m;
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C,, = 7807.9 kNs/m/V; k = 0.0087
kN/m; x, = 0.18m; a, = 8. 7 kN/m ao
6.4 kKN/m; y =496 m2 B 496 m? ;n=
n=195s"; A_=810.5

2;

Hinh 8. Gia toc nén Elcentro

Gia tdc(m/s?)

Thoi gian(s)

Két qua s6 dugc thyc hién dé khao
sat tac dong cua gdi truot ma sat TFP két
hop v6i hé can MR ndi giita hai két ciu
trong cac truong hop.

Két céu tach roi, khong lip TFP-MR
(Uncontrolled)

Két cau c6 lip TFP-MR c6 dién ap
cung cap V_ =6v (Double-on)

Két cau c6 lip TFP-MR c6 dién ap
cung cap V__=0v (Double-off)

Két qua dugc trinh bay nhu sau. Hinh
10 trinh bay chuyén vi ctia tang trén cling
ctia mdi két cau trong cac trudng hop phan
tich. Hinh 11 trinh bay gia tri chuyén vi
16n nhat cua cac tang. Hinh 12 trinh bay
gia toc clia tang trén cung cua mbi két cau
trong cac truong hop. Hinh 13 trinh bay
gia tri gia toc 16n nhat cia cic tang cia
mdi két cau trong cac trudng hop. Hinh 14

Thong s6 gbdi TFP [15] duoc lay
nhu sau: R =R,=474mm; R =R =76mm;
w,=u,=0,01; pn,=0,04; n,=0,08; d =51mm;
D =89mm; d=102mm; D,=229mm;
h=46mm; h,=71mm.

Hinh 9. Phé gia toc nén Elcentro

40

omega =12.732

Nang lugng (N.m)

wirad/s)

trinh bay gi tri lyc cat trong tang 1 trong
cac truong hop phan tich. Hinh 15 trinh
bay ung xtr cia MR trong cac truong hop
phan tich. Bai viét ciing phan tich trudong
hop dit gbi TFP khong két hop véi hé can
MR, ciing nhu anh huéng cua sd luong
MR dat trong hé nhu hinh 16, 17 va 18.

Céc két qua phan tng dong cho thay
rang hé can MR khi két hop véi gbi truot
TFP ¢6 hi¢u qua khi gén trong hé. Cu thé,
nhat 12 ddi véi cong trinh 1 thi hiéu qua
giam chén rat 16n, gia tri phan ung dong
giam di khoang 60% khi dung gbi TFP két
hop v&1 hé can MR khi c6 dién ap cung
cap va khi khong co dién ap cung cap. Ddi
v6i cong trinh 2 thi hiéu qua giam chan
tuong ddi 16n, gia tri phan ing dong giam
di khoang 30% khi c6 dién ap va khoang
20% khi khong co6 dién ap.

Hinh 10. Chuyén vi ting trén cung theo thoi gian ciia két ciu 1 (a) va két ciu 2 (b)

BUILDING 1

]

— - — -uncontrol !
— Double-on |
; b Double-oﬁ i

Chuyén vi (cm)

BUILDING 2

| | == -uncontral |:
Double-on |3
Double-off |1

Chuyén vi (cm)
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Gia tdc(m/s?)

Hinh 11. Chuyén vi 16m nhét cia cac t?mg ciia két cdu 1 (a) va két cdu 2 (b)

BUILDING 2

BUILDING 1
L e e R AR Rt Rt [Ty AR R
H H Double-on —H&— Double-on ‘
042 feeneen [ [ —6— Double-off —&— Double-off
H H 1| —&— Uncontrol —6— Uncantrol

Gia tdc(m/s?)

Hinh 12. Gia toc cia tﬁng trén cung theo thoi gian cia két cAu 1 (a) va két ciu 2 (b)

Gia tdc(m/s?)

Gia toe(m/s?)

BUILDING 1 BUILDING 2
— - — -uncontral |} — - — -uncontral |}
Double-on || el Double-on |
L TR PTEREE SRRPRE SRR S Double-off |4 Double-off |}
___________ S U S SV SR
RS I 1 e e e S
iL\. |“'" .‘f\ ’:,IW JI‘. o [': Nk : é ’J J:" " ‘J;\f,i 3; :
I TR YT A T R TN P
P bl e b byt
[ P T P : «Q i : : :
S by T ! = [ : : :
o e : : S
P R
5 ‘ ‘ . i i i i
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(s) Time(s)
N . A r A P r A - A A \ A A
Hinh 13. Gia toc 16n nhat cua cac tang cia két cau 1 (a) va ket cau 2 (b)
BUILDING 1 BUILDING 2
T e pemneeees pomeeeees Ll e R R R
H ! ! H H —H&— Double-on | : 5 Double-on H
—e—Doume-uﬁ‘:? L froeenaneas e &— Dousl-of [ 1777
L S e e Rl SEEEEE ‘—G—Un‘zunvu\ : H &— Uncontrol | | :
] T LCITT T REPREEEPTEPTRERI RSy SRR -
g
»n
<z
g
el
Q
\(o
=2
S
351
, H
0 2 4 6 8 10 12 14 16
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Luc cét ting 1 (KN)

Lyc can cuia MR(KN)

Luc cit tang 1 (KN)

Hinh 14. Luec cit ting mot theo thoi gian cia két ciu 1 (a) va két ciu 2 (b)

4000 ----------- prTmTeees
; ; ; ; — - — -uncontral |}

Double-on
Double-off |}

3000

2000
1000

0
4000 f---gh-3or-Hed g
-2000

-3000

000 i ; i | ; j
0

Thoi gian (s)

Luc cit ting 1 (KN)

3000 ----nnnnee reeeeeeee T T TP TPRTRRrS

— - — -uncontrol

2000 Double-off

— Double-on |

1000 -

-1000 f--

-2000

--------------------------------------------------------

000 ; ; ; ; i
0

-1

Thoi gian (s)

Hinh 15. Ung xir cia MR trong trudng hop dién ap cung cip Vmax=6v

Chuyén vi (cm)

Luc can cia MR (KN)

50 - P Pttt St it fulsiuistuisininin]

s

40
& g g =

Van toc (cm/s)

Hinh 16. Ung xir cia MR trong trudong hop dién ap cung cip Vmax=0

Chuyén vi (cm)

Luc cit ting 1 (KN)

L pTTTTTTTeTs e Sttt Sl

Double-off |}

Vin toc (cm/s)
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Hinh 17. Chuyén vi I6n nhit cac ting trong cic
trueong hop ciia két ciu 1 (a) va két ciu 2 (b)

B—E—m—F
--1 —E&— Double-on
—8— Double-off :
Double 4MR |:
—5— Double 2MR |1
—%*—TFP

—6— uncontrol

Chuyén vi (cm)

L e ERRRRRL o
45 -3{ =B Double-on
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Hinh 18. Luc cit 16n nhit trong cac truong hop ciia két ciu 1 (a) va két cdu 2 (b)

Luec cét (KN)
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Hinh 19. Chuyén vi (a) va gia tdc (b) theo thoi gian
ciia gbi TFP va tang dinh caa két ciu 1
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Thoi gian (s)

Tir két qua cta hinh 9 dén hinh 14
cho thiy rang, khi dat gdi TFP trong két
cau 1, thi chuyén dich cua gbi 1a rat 16n,
lam tang chuyén vi ctia cac tang 1én nhung
chuyén vi trong d6i gifta cac tang 13 giam
dang ké, lam giam dang ké luc cit trong
cac tang. Khi két hop gbi TFP va hé can

Gia téc (m/s2)
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Thoi gian (s)
MR thi 16 rang hiéu qua giam chéan 1a rd
rét trong ca két cdu 1 va két cdu 2 trong
truong hop c6 dién ap va khong co dién ap
cung cap, dic biét khi c6 dién 4p thi hiéu
qua giam chan c6 thé 1én dén 60% so véi
truong hop khong c6 gin thiét bi.
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Tir két qua hinh 15 va 16 cho thay
rang, (mg xtr ciia MR 14 phu thudc vao dién
ap cung cap, luc sinh ra trong hé can ung
voi1 truong hop co dién ap 1a 16n hon so voi
truong hop khong co dién ap trong thiét
bi. Tir két qua hinh 17 va 18 ciing cho thay
réng, ung xu dong cua h¢ két cau bi anh
huong boi sé luong hé can MR, tng véi sb
lugng h¢é can MR khac nhau thi hiéu qua
giam chan ciing khac nhau va ting theo sd

luong cua hé can MR. Hinh 19 trinh bay
ung xu cua g01 TFP, cho thdy rang chuyen
dich va gia toc cua gdi TFP la tuong d6i
16n so voi cac tang. Cac ket qua sO mo ta
phan tmg dong cua hé két ciu déu cho thay
rang goi trugt ma sat TFP ket hop véi hé
can MR nbi giita hai két cdu c6 hi¢u qua
dang keé khi lap trong hé két cau chiu dong
dat, thé hién trong bang 2 va 3.

Bang 2. Thong ké cac gia tri 16n nhit va do giam dap ung trong két ciu 1

Chuyén vi Vian toc Gia toc <
Luc cat
phwong ngang phwong ngang phwong ngang ’
Truwong hop Do
P Max Do Max Do Max o Max Do giam
khao sat : : giam g
(cm) giam (cm/s) giam  (m/s?) (%) (KN) (%)
(%) (%) ’
Uncontrol 12,27 54,09 5,55 3,54.10°
Double-on 4,65 62,12 20,47 62,16 3,11 44,00 0,17.10*> 95,14
Double-off 5,30 56,80 18,97 64,93 3,21 42,19 0,15.10> 95,69
Double-5MR 5,81 52,65 18,71 65,41 3,25 41,45 0,17.10*> 95,14
Double-3MR 7,98 34,92 19,10 64,69 3,29 40,77 0,23.10> 93,55
Single-TFP 13,31 -8,48 24,57 54,58 3,32 40,19 0,36.10> 89,82
[3] 9,40 23,40 45,35 16,16 5,18 6,61  2,43.10° 31,40
Bang 3. Thong ké cac gia tri I6n nhat va d) giam dap ving trong két ciu 2
Chuyén vi Vin toc Gia toc ;
Luec cat
phuong ngang phuong ngang phwong ngang ’
Truwong hop _ Do
khio sat Max bo Max bo Max Do giam Max i;’lm
(cm) giam  (cm/s) gidm  (m/sy) (%)  (KN) (go/ :
(%) (%) ’
Uncontrol 4,69 40,69 7,61 2,56.10°
Double-on 3,17 32,44 31,77 21,94 6,97 8,42 1,56.10° 39,23
Double-off 3,73 20,38 33,97 16,54 7,27 4,46 1,90.10° 25,66
Double-SMR 3,56 23,96 33,17 19,49 7,23 4,90 1,86.10° 27,50
Double-3MR 4,08 12,88 35,14 13,66 7,45 2,07 2,22.10° 13,48
[3] 3,38 27,80 31,90 41,02 7,20 5,31 1,73.10° 32,32
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4. KET LUAN

- M6 hinh hé két ciu c6 gan gdi truot
ma sat TFP két hop v6i hé can MR nbi giira
hai két cau khi chiu gia téc nén dong dat
duoc dé xuit va thiét 1ap chi tiét phuong
trinh chuyén dong, thuit toan giai, chuong
trinh may tinh phan tich dong luc hoc khi
hé chiu dong dat cling duogc viét.

- Khi dit gdi truot ma sat TFP thi lam

tang chuyen vi tuyét d6i ciia hé do chuyen
vi & gbi 1a 16n nhung chuyén vi twong ddi

giita cac tang giam dang ké nén giam noi
luc cua hé.

- Khi dit gbi TFP két hop vé6i hé can
MR nbi giita hai két ciu thi hi¢u qua 16n
hon nira trong ca truong hop co6 dién ap va
khong c6 dién 4p cung cap. Su hiéu qua
nay 1a dang ké, d6i voi két cdu 1 c6 thé lam
giam phan tng dong 1én dén 60% va trong
két cau 2 co thé lam giam phan tGng dong
1én dén 30% so voi truong hop khong co
thiét bi nay.
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