
102 TAP CHI KHOA HOC TRUCNG D^I HOC M 6 TP.HCM - S6 1 (34) 2014 

PHAN TICH Sir HIEU QUA GIAM CHAN CUA GOI TRU^OfT 
MA SAT KET HOP HE CAN LU^U B I £ N TlT NOl GIU^A 

HAI KET CAU CHIU D O N G DAT 

Ngay nhan bai: 03/11/2013 Phgm Binh Trung' 
Ngay nhan lai: 12/12/2013 Nguyin Vdn Nanr' 
Ngay duyet dang: 30/12/2013 Nguyin Trpng Phu&c^ 

TOM TAT 

Bdi bdo phdn tich hiiu qud gidm chdn cua goi trugt ma sdt (Triple Friction 
Pendulum, TFP) d chdn cdt ciing vdi he cdn Itru biin tir (Magneto-Rheological, MR) 
ndi giira hai kit cdu chiu ddng ddt. Gdi trugt TFP dugrc cdu tgo gdm 3 con ldc ddc lap, 
4 mat trugt cong, cd he sd ma sdt vd bdn kinh khdc nhau. He cdn MR duoc md hinh 
bdi cdc Id xo vd cdn nhdt, luc cdn sinh ra tir hi ndy Id mdt hdm phu thugc vdo diin dp 
cung cdp vd nhirng thdng so cua thiit bi. Phuong trinh chuyin dgng cua he gdm cd hai 
kit cdu, hi cdn MR vd gdi trugt TFP chiu ddng ddt dugfc thiet lap vd gidi bdng phuong 
phdp Newmark trin todn mien thoi gian. Kit qud sd gdm cd chuyen vi dgng, gia tdc vd 
ngi luc ciia kit cdu cho thdy hiiu qud ciia gdi tru0 ma sdt TFP ket hgp vdi he cdn MR 
ndi giira hai kit cdu. 

Tir khoa: Gdi trugt ma sat, he can luu bien tir, gia tdc nen. 

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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I.GIOflTHIEU 
Trong bai loan ket cau cdng trinh 

xay dyng chiu ddng dit, viec tim ra cac 
giai phap kdt ciu mdi dd chung iing xii tdt 
ban vdi dpng dit Iam giam bdt tdn that do 
dpng dit gay ra cung la mdt hudng nghien 
cuu dupc quan tam nhieu [1-5]. Mpt trong 
nhiing hudng nghien ciiu cd tinh thdi sy va 
ciing cd y nghia do la gan them cac thiet 
bi ldn kdt ciu dd thidt hi nay hap thu mot 
phan nang Iupng do dpng dat tac ddng din 
den nang lupng tac dpng vao ket ciu chinh 
se giam di va vi vay kdt ciu chinh co thd 
an loan han. Cac loai thidt bi tieu tan nang 
luong CO the ke ddn nhu sau: He cd lap 
mdng; He can didu chinh khdi Iupng TMD 
(Tuned Mass Dampers); He can didu chinh 
chit Idng TLD (Tuned Liquid Dampers); 
He c ^ ma sat FD (Fiction Dampers); 
He can deo bang kim loai MD (Metallic 
Dampers); He can d ^ nhdt (Viscous-
elastic Dampers); He can chat long nhdt 
(Viscous Fluid Dampers); He can luu bidn 
dien ER (Electro - Rheological). Cho ddn 
nay sy hieu qua ciing da cd y nghia, mpt 
sd giai phap da iing dung, mot so giai phap 
cdn dang giai doan nghien ciiu. 

G ^ day, cd mdt sd de cap ve he can 
Iim bidn tir (Magneto-Rheological, MR) 
trong bai loan ket chi chiu ddng dat dupc 
xem xet d Viet Nam. Dac biet trong tai lieu 
[3], cd gidi thieu tuang ddi chi tiet ve thiet 
bi can luu bien tir la thiet bi tieu tan nang 
Iupng ban chu ddng sii dung chat luu cd 
cung cap ngudn dien hoac khdng. Chat 
nay cd dang la cac hat sat trdi la limg trong 

dung nidi dac biet va cd the chuydn tu long 
sang ran khi cd luc tii di qua tu do sinh 
ra gidi han dan hoi cho chit luu [8-10]. 
Ket qua cung cho thiy he can nay cd hieu 
qua nhit dinh va dang thu hiit su quan tam 
nghien ciiu. 

Gdi cd lap la thidt bj lam giam dang 
ke phan iing dpng cua kdt ciu do ddng dit. 
Nghien ciiu vd gdi nay dupc gidi thieu 
dau tien bdi Victor A. Zayas. Day la mdt 
dang gdi tirugt dan (SEP, Single Friction 
Pendulum). Tidp theo, cac dang gdi cd 
lap trupt ma sat tiep tuc dupc nghien ciiu 
va cai tidn cac dac trung ky thuat, thich 
nghi hon trong thiet ke khang chin cho 
cdng trinh [11-15], dac bidt do la kha nang 
dich chuyen ngang ldn va thich nghi dupe 
nhidu cip dpng dit khac nhau. 

Tir cac danh gia so bd ve gdi TFP va 
hp can MR, bai bao dd xuit mpt md hinh 
kdt c^u dang khung vdi san tuyet ddi ciing 
cd gan gdi TFP dudi cac cban cpt ket hop 
vdi he can MR ndi giiia hai kSt ciu dd chiu 
dpng dat. He can MR cung dupc bd tri tai 
vi tri mat mdng dong vai trd nhu can ndn 
nham han che chuyen dich ngang ciia gdi, 
ddng thdi he can MR cung dupc bd tri tai 
cac tang ndi giiia hai ket cau. Gia tdc nen 
cung dupc lua chpn tir nhiing tran dpng 
dat vdi phd tan sd tuong ddi gan vdi tan sd 

.rieng cua ket cau. Ket qua sd cua viec gan 
gdi trupt TFP ket hpp vdi he can MR cd 
va khdng cd dien ap cung cap ciing dupc 
khao sat thdng qua ehuyen vj va ndi luc 
cua he. 
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Hinh I. Md hinh he ket cau 
Taugn-

Building 1 

2. CO SO LY TIIUYET 

2.1. Mo hinh ket cau 

Xet hai ket cau nha cd sd t ^ g khac 
nhau, ket cau 1 cd sd tang la n+m va ket 
ciu 2 cd sd ting la n, dupc md hinh vdi 
sd b§c ty do dpng luc hpe lan lugt la m+n 
va n nhu hinh 1. Cae tam san dupc xem 
la Cling tuyet ddi va chi xet thanh phan 
chuyen vi theo phuang ngang. Thyc ra vdi 
sd bac ty do trong md hinh nay thi phan 
nao md ta dupc ban chat eua hd ket cau 

khi chiu gia tdc nen ddng dat (chii yeu la 
tai trpng ngang) ma khdng qua phiic tap 
vd sd bac ty do. Cac thdng sd khac nhu dp 
Cling, khoi lupng va can ciia timg ket cau 
cung dupc the hien chi tiet nhu tren hinh 
1. He can MR dupc gan tai vi tri cac tang 
va gdi trupt ma sat dugc gan tai vi tri cban 
cdt ciia tang tret tuong iing vdi vi tri mat 
ngam. 

Phuang trinh chuyen dpng [5,6] cua 
ca he kdt ciu va thiet bi cd dang nhu sau: 

Mu + Cii + Kw - Dj.fr + D f̂„ - Mn;̂  (1) 

trong do M, C, K lan luot la cac ma tran 
khoi lugng. can, do cung cua he; f̂  f̂  la 
veeto luc sinh ra do goi truot ma sat TFP 
va he can MR: D^ D̂  la ma tran thk hien vi 
tri diem dat goi trugt ma sat TFP va MR; r 

la veeto dem vi; ii la gia toe nen eiia dong 
dit theo thoi gian. 

Cac ma tran M, C, K dugc dinh 
nghia va co kich thuac [3] nhu sau: 
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IM,] (0,1 

(n H- m,« + m) (n + m,n) 

p.] IM,] 
• C = 

[C,l [OJ 
(n + m,n + m) (n + m, n) 

[OJ [C,] 
(«,/n-m) (rt,n + m) 

['^J [0,1 
{n + m,n + m) (n + m.n) 

[0=1 [*^J 
iti,n + m} (n,« + m) 

voi cae ma tran tinh chat cua ket cau thu nhat duge thiet lap boi: 

-*„.»,-i.i *„™-i.i + k„„ 

C 

(2) 

(3) 

(4) 

(5) 

va tuong tu cho ket cau thii 2. 

2.2. Mo hinh TFP 

G6i CO lap trugt ma sat TFP (Triple Friction Pendulum) bao g6m 3 con ijc dge lap. 
4 mat trugt cong co ban kinh R va he s6 ma sat p.^. Cac ban kinh va he s6 ma sat nay co 
ths gi6ng hay khae nhau (thong thuang: R|=R.| »R2=R3; (î l̂̂ s * H, < (̂ 4. day cung la 
dang goi sil dung trong bai viet nay) nhu tren cac hiiii 2.3. 

Hinh 2. Mat cat ngang cila goi TFP 

V 
Hinh 3. Chi tiet goi TFP 

J - t - ^ -
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Chu trinh chuyen ddng, quan he giiia ty le luc trupt (F) so vdi tdng trpng lupng 
luc va chuyen vi ngang cua gdi dupc md tac dung ldn gdi (W) the hien trong hinh 5. 
phdng va kidm chimg bang thyc nghiem Ddng thdi tdng chuyen vi ngang va dieu 
[12.14]. Kdt qua cho thiy gdi TFP cd kien truot trong cac giai doan ciia gdi TFP 
5 giai doan trugt khac nhau nhu hinh 4. [11,13] dugc the hien trong Bang 1. 
Quan he giiia chuyen vi ngang ciia gdi vdi 

Hinh 4. Chu trinh trirpt ciia goi 

Dilu kien trugt giai doan i chi xay ra khi dich chuyen ngang u,, eua goi ldn hon u' 
va khong dugc vugt qua gioi han ehuyen vi ngang cua g6i (£/,), vdi u, xae djnh nhu 
sau [15] 

B; = 2X„,{/I,-^,) (6) 

'i=R,sM+M,-2M,) + R,ir,ift-H) (7) 

= u^+(—-^ + fit 

(8) 

(9) 

T6ng chuySn vi ngang cua g6i TFP (U,) duge thiSt l̂ p tir chuyen vj ngang giai han 
eua tung mat cong («„), xac dinh boi [15] 

= ̂ ( ^ ^ ) »,= = 

U,=Y.u„ 

,^(5iZ±) (10) 

(11) 

trong do /( la ban kinh hieu dung duge xac dinh bai 

"ori - ^-r' - *i ~^' ^#2 ~ '^•' (12) 

Hinh 5. Quan he giira l̂ -c va chuyen vi cda goi 
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Bang I. Mo ta cac giai doan truvt ciia goi 

Giai doan 

I 

IV 

V 

Mota 
chuyeo dpng 

Trupt cbi xay ra 
Uen rnjit 2 va 3; 
Mat 1 vk 4 dimg. 

Tnrcrt chi xay ra 
UenmSt 1 va3; 
M§t 2 va 4 dung. 

Tnrat chi xay ra 
Uen m511 va 4; 
Mat 2 va 3 dims. 

Tnipt chi xay ra 
Uen mat 2 va 4; 
Mat 1 va 3 dimg. 
Tnipt chi xay ra 
Uen mat 2 va 3; 
Mat 1 va 4 dime. 

Do Cling (Kb) 

K ^ 
"' Rs.+R., 

w 
^ ^ 1 + ^qff3 

w 

w 
^^2'^^effA 

w 
^tff2 + ^eff3 

He so ma sat 
lucmg duang (/î ) 

Mci^f^2=M, 

H,R,^, + fi,R,ff, 

^^~ R 4. J? 

l^eV=l^2=l^i 

2.3. Md hinh can M R 

Md hinh dpng luc hpe cua can MR 
[9] dugc de xui t de ph§n tich ddng lyc hpe 
nhu hinh 6. 
Hinh 6. Mo hinh can liru bien tir 

Trong mo hinh nay. dp ciing ciia bp 
phan khi nen (acumulator) dupc dac trung 
bdi k,; he so can nhdt iing vdi van tdc ldn 
dupc dac trung bdi c,,; he so can ciia bo 
phan giam cban itng vai van tdc nhd dupc 
dat trung bdi he s6 c,; x̂  la chuyen vi ban 
dau cua 16 xo k ;̂ k̂  la dp ciing cua bp phan 
giam cban irng vdi van ldc nhd; cac thong 
sS ( S . Sb '̂ o Cu C,e k, \ ^0. Sb Y P n n va 
A^) dupc xac dinh tir thuc nghiem. 

Luc sinh ra tren be mat ciia hai thanh 
Cling la nhu nhau va xac dinh bdi [9] 

Cjy = az + ka(x-y) + c^Xx-y) 

trong dd bien z dupc xac dinh bdi 

z^-r\x-y\z\z\"-'-/3(x-y)\z\"+A,„(x-y) 

Tir (13). cd thd bidn ddi thanh 

V = {112 + c^x+A-g (.Y - y)} 

(13) 

(14) 

(15) 

Tdng luc trong MR dupc xac dinh bing tdng cua phin tren va dudi, the hien nhu sau 
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/„ -ciz+Ca(x-y) + k^(x-y) + k^{x-Xg) 

Hay 

(16) 

(17) 

trong do cac he s6 ĉ , ĉ  va a la cac thong s6 phu thugc vao dien ap cung cap dugc 
xac dinh nhu sau 

c=c,(u)=c,.+CnU (18) 

B=a(u)=a„+a^jU 
vai U la dien ap dua vao thi6t bi, duge tinh thong qua bo loc bac mgt phu thugc vao 

dien ap hien co, xac dinh bai bieu thiic sau 

U = tj(.U-v) ' " > 

2.4. Phirong phap giai va thuat 
toan 

Phucmg trinh chuyjn dgng ciia ca 
he bao gflm kjt cau. gfli trugt ma sat TFP 
va he can MR sau khi dugc thiet lap va 
giai bSng phuong phap Newmark trong 
timg buoc thai gian. Luc can do MR gay 
ra trong timg buac thai gian la phuang 
trmh vi phan bac nhlt, sii dimg phuong 
phap Runge Kutta bac 4 de mfl ta va phan 

tich trong timg buoc thai gian. So dfl khfli 
dugc thi hien nhu hinh 7. Mgt chuong 
trinh may tinh cung dugc viit dua tren 
ngon ngii lap trinh MATLAB de phan tich 
ling xii dgng cua khung phang chju dgng 
dit. Do trong mfli buac thdi gian dJu phai 
mo ta dap ling cua he MR nen kh6i_ lugng 
tinh toan r4t ion va tieu ton kha nhieu thai 
gian cua may tinh. 

Hinh 7. So- d6 khoi phSn tich he 

It^ MR 
Bawpet 

G5itnjc>t 
TFP 

h 
Itrc 

Kimge 
Kutta bac 4 

^m luc 

Mohinh 

kkcau 

u,u 

l i s 

/ 
Time 

Newmark 

1 

u.u.u 

Chuyen m, van !6c 

3. KET QUA SO 

Khao sat hai ket cau 16 tang va 8 
tAng khoi Iugng moi tang la nhu nhau, do 
Cling, chieu cao moi tang la nhu nhau vgi 
gia tri klioi lugng la m=1.6x10^ kg va do 
Cling k=3xlO'N/m.Tan sfl rieng thap nhat 
cua kk ciu ting 16 la 0,6558 Hz va kSt 
ciu ting 8 la 1,2718Hz [3]. Gia tfle nen 
dugc chgn la gia toe Elcentro co tin sfl xap 

xi khi phan tich phfl Fourier la 2,026 Hz 
va CO cac dinh khac xip xi tit 1,8Hz dSn 
2.6Hz nhu hmh 8.9. Ty sfl can dfli vai cac 
dang dao dgng 1,2 la ^=5%, dfli vai cac 
dang dao dgng cao hon, ty sfl can dugc 
tinh theo phuang phap Reyleigh [6]. 

Thong s6 cua MR [10] dugc liy nhu 
sau: c = 50.3 kNs/m; e,,, = 48.7 kNs/m; 
k = 0!'0054 kN/m: C„ = 8106.2 kNs/m; 
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C,i, = 7807.9 kNs/mW: k, = 0.0087 
kN/m; x„ = 0.18m; o„̂  = 8.7 kN/m; a„̂  
6.4 kN/m; y = 496 m'; p = 496 m'^; n =: 
n=195s-';A =810.5 

Hinh 8. Gia toe nen Elcentro 

Thflng sfl gfli TFP [15] dugc la\' 
nhu sau: R|=R^=474mm; Rj=Rj=76mm; 
H,=H.=0,OI; |i|=0.04; p^=0,08; dpSlmm; 
D,=89mm; d,=102mm; Dj=229mm: 
h|=46mm; h,=7imm. 

Hinh 9. Pho gia t6c nen Elcentro 

3 , . 

•2 l i j l r -7 - - | ' r 

o -2 • - 1 | - P - ^ : : r J 
oraega = 12 i'32 , 

1"""'T""T'"r""""' 
lllibk.LL..i 

Ket qua sd dupc thyc hien de khao 
sat tac ddng cua gdi truot ma sat TFP ket 
hop vdi he can MR ndi giua hai kdt cau 
trong cac trudng hop. 

Ket cau tach rdi, khdng lap TFP-MR 
(Uncontrolled) 

Ket cau cd lap TFP-MR cd dien ap 
cung cap V^^=6v (Double-on) 

Ket cau co lap TFP-MR cd dien ap 
cung cap V^^^Ov (Double-off) 

Kdt qua dupc trinh bay nhu sau. Hinh 
10 trinh bay chuyen vi ciia tang tren eung 
cua mdi ket cau trong cac trudng hap phan 
tich. Hinh 11 trinh bay gia tri chuydn vi 
ldn nhlt ciia cac tang. Hinh 12 trinh bay 
gia tdc ciia tang tren ciing cua mdi kdt cau 
trong cac trudfng hpp. Hinh 13 trinh bay 
gia tri gia tdc Idn nhat cua cac tang ciia 
mdi ket cau trong cac trudfng hop. Hinh 14 

trinh bay gia tri luc cat trong tang I trong 
eae trudng hop phan tich. Hinh 15 trinh 
bay ling xii cua MR trong cac trudng hpp 
phan tich. Bai viet ciing phan tich trudfng 
hop dat gdi TFP khdng ket hpp vdi he can 
MR, ciing nhu anh hudng cua sd Iupng 
MR dat trong he nhu hinh 16, 17 va 18. 

Cac ket qua phan ling ddng cho thay 
rang he can MR khi ket hpp vdi gdi truot 
TFP cd hieu qua khi gan trong he. Cu the, 
nhat la ddi vdi cdng trinh 1 thi hieu qua 
giam ehan rat ldn, gia tri phan iing dpng 
giam di khoang 60% khi diing gdi TFP kdt 
hpp vdi he can MR khi cd dien ap cung 
c4p va khi khdng cd dien ap cung cip. Ddi 
vdi cdng trinh 2 thi hieu qua giam ehan 
tuong ddi ldn, gia tri phan iing dpng giam 
di khoang 30% khi cd dien ap va khoang 
20% khi khdng cd dien ap. 

Hinh 10. Chuyen vi tang tren ciing theo thM gian cua ket cau 1 (a) va ket cau 2 (b) 

BUllrKGI 
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Hinh 11. ChuySn vj Ion nhat ciia cac tang ciia ket cau 1 (a) va ket cau 2 (b) 

g ! ^ M B-BB " " " ' ' " ' - ' ? S S 

Hinh 12. Gia toe ciia ting tren cung theo thoi gian ciia kk can 1 (a) va kit cau 2 (b) 

iJ»;^^^'iCs,,^,j,y-

Hinh 13. Gia tfic Ion nhat cua cac fang cua ket cau 1 (a) va ket cau 2 (b) 

OMJMai 
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Hinh 14. Lire cat tang mot theo thm gian ciia ket can 1 (a) va ket c^u 2 (b) 

ill;,-7, , 

Thcri gian (s) Thoi gian (s) 

Hinh 15. U'ng xu cua MR trong truwng hop dien ap cung cap Vniax=6v 

Chuyin vi (cm) VJn toe (cm/s) 

Hinh 16. iTng xir ciia MR trong truong hffp dien ap cung cap Vniax=0 

If. 
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Hinb 17. Chuyen vi Mm nhat cac tang trong cac 
trudfng hop cua ket c^u 1 (a) va ket cau 2 (b) 

Ting Tang 

Hinh 18. Luc cit loTi nhSt trong cac truong hpp cua ket c3u 1 (a) va ket cau 2 (b) 

jU^HJrfhL ikkU. 

Hinh 19. Chuyen vi (a) va gia toe (b) theo thoi gian 
cua g6i TFP va tang dinh ciia ket cau 1 

\ : 1 

1, 
i 1|f 

L 

JSiiiiiii 
'T' 

h 
?1 

i 

. 
P-

1—St 

. : 
r 

, 

pJ 
. 

Thcri gian (s) 

Tir ket qua ciia hinh 9 ddn hinh 14 
cho thay rang, khi dat gdi TFP trong ket 
cau 1. thi chuyen dich ciia gdi la rat ldn, 
lam tang chuyen vi ciia cae tang Ien nhung 
chuyen vi tuong ddi giiia cac tang la giam 
dang ke, lam giam dang ke luc cat trong 
cac tang. Khi ket hpp gdi TFP va he can 

Thai gian (s) 

MR thi ro rang hieu qua giam chin la r6 
ret trong ca ket clu 1 va kdt cau 2 irong 
trudng hop cd dien ap va khdng cd dien ap 
cung dp , dac biet khi cd dien ap thi hipu 
qua giam ehan cd thd len den 60% so vdfi 
irudfng hap khdng cd gin thidt hi. 



KHOA HQC KYTHUAT 

TCr kix qua hinh 15 va 16 cho thay 
rSng, ling xii cua MR la phu thuoc vac dien 
^P cung cip, lire sinh ra trong he can ling 
voi tnicmg hgp co dien ap la Ion hon so voi 
traong hop khong co dien ap trong tiiiet 
bj. Til kit qua hinh 17 va 18 ciing cho thay 
rang, ling xii dpng cua he ket cau hi anh 
huang boi s6 luong he can MR, iing voi so 
luong he can MR khac nhau thi hieu qua 
giam ehan cung khac nhau va tang theo s6 

lirpng cua he can MR. Hinh 19 trinh ba> 
ung xii cua g6i TFP, cho thiy ring chuyen 
dich \a gia t6c ciia g6i TFP la mong doi 
Ion so vcfi cac tang. Cac ket qua s6 mo ta 
phan ling dong cua he kk cau dSu cho thiy 
rang g6i truot ma sat TFP kit hop voi he 
can MR noi giua hai ket ciu co hieu qua 
dang ke khi lap trong he ket ciu chiu dpng 
dat, the hien trong bang 2 va 3. 

Bang 2. Thong ke cac gia tri Iffn nhat va do giam dap ijng trong kit can 1 

Trircmg hop 
khao sat 

Uncontrol 

Double-on 

Double-off 

Double-5MR 

Double-3MR 

Single-TFP 

[3] 

Bang 3. Thong 

TriroTig hffp 
khao sat 

Uncontrol 

Double-on 

Double-off 

Double-5MR 

Double-3MR 

[31 

Chuyen 
phutnig 

Max 
(cm) 

12,27 

4,65 

5,30 

5,81 

7,98 

13,31 

9,40 

vi 
ngang 

So 
giam 

(%) 

62.12 

56,80 

52,65 

34,92 

-8,48 

23,40 

Van tfic 
phuong 

Max 
(cm/s) 

54,09 

20,47 

18.97 

18.71 

19,10 

24.57 

45,35 

ngang 

Do 
giam 

(%) 

62,16 

64.93 

65.41 

64.69 

54,58 

16.16 

Gia toe 
phuong 1 

Max 
(m/s') 

5,55 

3,11 

3.21 

3,25 

3,29 

3,32 

5,18 

igang 
Do 

(%) 

44,00 

42,19 

41,45 

40,77 

40,19 

6,61 

Lire cat 

Max 
(KN) 

3,54.10' 

0,17.10= 

0.15.10' 

0,17.10' 

0,23.10' 

0,36.10' 

2,43.10' 

ke eae gia tri Ion nhat va do giam dap ling trong ket cau 2 

Chuyen 
phircnig 

Mas 
(cm) 

4,69 

3,17 

3,73 

3.56 

4,08 

3.38 

vi 
ngang 

S o 
giam 

(%) 

32,44 

20,38 

23,96 

12,88 

27,80 

Van toe 
phutnig 

Max 
(cm/s) 

40.69 

31,77 

33,97 

33.17 

35.14 

31,90 

ngang 

Do 
giam 

(%) 

21,94 

16,54 

19,49 

13,66 

41,02 

Gia tfit 

phu-ong ngang 

Max 
(mis') 

7.61 

6,97 

7,27 

7.23 

7.45 

7.20 

Do giam Max 
(%) (KN) 

8.42 

4,46 

4.90 

2.07 

5.31 

2.56.10 

1.56.10 

1,90.10 

Do giam 

(%) 

95,14 

95.69 

95,14 

93.55 

89,82 

31,40 

Do 
giam 

• 39.23 

' 25.66 

1.86.10' 27.50 

2.22.10 

1.73.10 

' 13,48 

' 32.32 
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4. KET LUAN gitra cac tang giam dang ke nen giam npi 

- Mo hinh he ket cau co gan goi trupt '^^ ^^^ "?• 
ma sat TFP kit hop vcii he can MR noi giOa - Khi dat gii TFP kit hpp vcri he can 
hai kit ciu klii chiu gia lic nin dong dat MR noi giua hai kit ciu thi hieu qua Ion 
duoc di xuit va thiet lap chi tiit phucmg hon nOa trong ca trudng hpp co dien ap va 
trinh chuyin dpng, thuat toan giai, ehuong khong co dien ap cung cap. Su hieu qua 
trinh may tinh phan tich dpng luc hoc khi nay la dang ke, doi voi ket ciu 1 eo the lam 
he chiu dpng dit cung dupc viet. giam phan iing dpng len den 60% va trong 

-Khi dat gii truot ma sat TFP thi lam kit ciu 2 co thi iam giam phan tag dpng 
tang chuyin vi tayet d6i cua he do chuyin. '^n « " 30% so vai trucmg hpp khong e6 
vi a gii la Ion nhung chuyin vi tuong dii ™** °' "^y-
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