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Flutter va buffeting 1a hai hién nrong nguy hiém va thirong gap nhat xdy ra doi véi cau
treo. Khi tdn s¢ dao déng theo phwong thang dvmg (heaving) gan bdng Vi dao dong cua
chuyen vi xoay (pitching) thi sé xudt hién hién firong flutter, khi flutter xuat hién thi chuyén vi
cua cau sé tang dan theo thoi gian. Con khi co dong réi xudt hién thi sé gay ra hién fwong
buffeting. Phuong phap diéu khién chu dong bang canh mong la motphwo’ngphap mdi, bang
cach Iap thém hai canh méng ¢ hai bén cdu, khi c6 chuyén vi cia cau thi cac canh méng sé
dwegre diéu khién mét goc xoay thich hop mét cach chui dong d@é tao ra nhiing liee tdc déng 1én
cau. Muc dich la tang kha ndang giam chan cia két cdu cau tir dé tang kha ndng chong chiu

cua cau doi véi nhieng hién tirong trén.

ABSTRACT

Flutter and buffeting are two hazard phenomena that commonly happen to suspension
bridge. When the frequency of heaving is nearly equal to frequency of pitching, the flutter
phenomenon will appear. While the flutter phenomenon is appearing, the displacement will be
increased by the time. In addition the turbulent flow appears, it takes the buffeting
phenomenon out. An active controlling method by winglets is a new method, it uses more two
winglets to assemble in both sides of bridge, when having displacement, winglets will be
controlled actively with suitable angle to create forces to suppress the vibration of bridge.

I. HIEN TUQONG FLUTTER

Flutter 1a hién tuong khi dan hoi (aeroelasticity) q
duoc gay nén béi cac luc tu kich, cac luc nay phu Chuyén vi
thudc vao chuyén dong cua vat thé trong dong khi. Néu
mot hé nhiing trong dong khi duoc cho béi mot nhiéu
dong nho, dao dong cua hé s& suy giam hoic phan ky /\M\M\
phu thudc vao ning luong Iy ra tir dong khi nhé hon b /\/\
hoic 16n hon ning lwong tiéu tan boi giam chan co hoc 0 \/ U V \)
cua hé. Khi d6 van téc gié duoc goi 1a van téc toi han
hodc van tbc flutter ma tai d6 bién d6 dao dong cua cau
c6 dang ham mii (H.1). Khi flutter xay ra, tit ca céc
bac ty do cua hé dao dong cing tan sé duoc goi 1a tan
sb flutter. Flutter c6 thé xy ra ca trong dong tang va

dong roi /\
II. HIEN TUQONG BUFFETING /\\/\ {\AA/\ M\

e _ v VAR RTAIR)
_ Neu cau treo khdng xay ra hién tuong flutter & van 0 V U U t (sec)
toc gio cao, hoac khéng bi xoay gay rung dong ¢ toc




d6 gi6 thap thi van bi dao dong do dong réi va duoc goi 1a buffeting (H.2).

111. ANH HUONG CUA FLUTTER VA BUFFETING LEN CAU KHI CHUA CO
PIEU KHIEN VA CO DIEU KHIEN
_ M6 hinh diéu khién dugc cho ¢ H.3 [2,5]. O ddy canh mong c6 kich thudc bé so véi san
cau chinh. Dir liéu do tir hé thong cam bién sé dugc may tinh phén‘tich y’nh togém va xac dinh
géc xoay thich hop cho cac canh mong. Thong qua dong co va can dieu khién, canh mong
xoay va tao ra luc lam tang giam chan ciing nhu d cung cua cau, dan dén dao dong cua cau
6n dinh.
Vécto van toc gié dugc bicu dién trong hé toa do Cartesian (, y, z) nhu H.4a, trong d6 X
la truc theo hudng chinh caa dong gid, z la truc thang dung [1]. Voi:

, A ad . Canh mong
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Pérg co Thanh chéng

Hinh 3. M5 hinh diéu khién cau treo bang canh mong.
U (x,y,2,t)= U__(x,y,z)+ u(x,y,z,t)
}_W (x,y,z,t)= W (x,y,2)+ w(x,y,z,t) Q)
%V (x,y,z,t)= \/_(x,y,z)+ v(x,y,z,t)

trong d6 U 14 van téc gio trung binh; W va V la cac thanh phan dong rdi c6 gia tri trung binh
rat bé so voi U , trong nghién cau ndy gia st w = v = 0.

Blz kB

Hinh 4. Huéng gid, luc tac dong va chuyén vi caa mat cit ngang cua cau.

Nhu H.4a, chuyén dong cua mt cat ngang dugc md ta bai 3 bac tu do: chuyén vi ngang
ryx (chiéu duong theo hudng gid), chuyén vi thang dtng rz (chiéu duong hudng Ién trén),
chuyén vi xoay r, (chiéu duong theo chiéu kim dong hd). Trong thyc té, chuyén vi theo
phuong ngang la khong dang ké so vai phuong thang ding va xoay nén thanh phan nay duoc



bo qua trong tinh toan. Xét truong hop tong cac luc va mémen tac dung 1én trong tm caa mit
cat ngang, céc luc tac dung lén cau nhu sau (H.5b):

LT:L0+L1+ Lz MT:M0+M1+M2+eb(L1' Lz) (2)
trong d6 chi sé dudi “0” 1a ky hiéu cua thanh phan luc tac dung Ién cau; chi s6 dudi “1” va
“2” la ky hiéu cua thanh phan luc tac dung 1én cac canh mong bén tréi va bén phai.

Luc nang va mémen xo4n trén mot don vi chiéu dai:
L,= 1/2rU °Bg,(dC,, /da) M, =1/2rU’B/q (dC, /da) (i=0,1,2) (3)

trong d6 ¢, 1a hé sb luc nang; ¢, 1a h¢ s6 mémen; « la goc téi cua gio; u(t) la van toc

dong réi theo phuong cua van téc gi6 trung binh; w(t) 1a van téc dong rdi theo phuong vudng

goc véi phuong cua van toc gio trung binh; &, 6, va 6 la goc tai caa gio 1én cau va hai canh

mong. Gia tri cua cac goc tai & (i=0, 1, 2) duge xac dinh bang cac cong thac sau:
by=a-+h/U-+wt)/U

b=(ata)+h/U+w(t)/U=a+h/U+w(t)/U—ceb/U+aq, (4)

6, =(a —|—c13:]—|—3-f2 [?—11“*\![7: o —ﬁ_-"[?—11‘{4*}!.-’[?—(3165).-'“{?—(13

trong d6 e 1a hé sb x4c dinh vi tri cia cac tam mong. Céac hé s6 ¢ va c,,, phu thuoe vao hinh
dang tiét dién cua két cau, va dugc xac dinh bang thuc nghiém trong ham gié. Boi voi tiét
dién la tam phang, bang thuc nghiém nguoi ta tim duoc :

dC,,/da=C], =C] = 2= dc,,/da=Cy, =C;, =m/2 (5)

Trong nghién ciru ndy, cac goc «,,«, 1a ham cia thanh phan chuyén vi va van tic:

{al = X,h /U +X,Ba/U~+X,a+X,h/B ©

a,=Yh/U+Y,Ba/U+Ya+Y,h/B
v6i Xiva Y; (i=1+4) 1a nhiing tham sé can xac dinh.
Thay cac cong thirc (3)+(6) vao phuong trinh (2), ta dugC phuong trinh mo ta dao dong
cua cau:
h+28wh+wih=—L /m=—0Or/(mB) (Hh/U+H,Ba /U +Hya+Hph/B+H,)

B _ a
d+26wa+wla=M, /1, =0r/(4L,)(Kh/U+K,Bd /U +K,a+K,h/B+K,| @

V6i: Q = ru *B2. Trong d6, m 1a khéi lwong trén mot don vi chiéu dai; I, 12 moment quén tinh

trén mot don vi chiéu dai; & va &, 1a cac hé s giam chan cua bac ty do h va o an va o, 1a
cac tan so riéng; cac hé so H; va K (i=1+5) dugc xac dinh nhu sau:

Ho= 2k+ KX, + kY, + 1 Ky= 2k + (k" + 2ke)X, + (K"~ 2ke)Y, + 1

H,= kX, + kY, K,= (k*+ 2ke)X,+ (k°- 2ke)Y,- 2ke’

H,= 2k+ kX, + kY, + 1 K,= 2k®+ (k*+ 2ke)X,+ (k°- 2ke)Y,+ 1 (8)
H,= kX, + kY, K, = (kK + 2ke)X, + (k*- 2ke)Y,

Hy= (2k+ Dw(t)/U K,= (2k*+ 1)w(t)/U

véi k = B1/B = B,/B. Cac gia tri Xjva Y; (i=1+4) duoc tinh duoc tir phuong trinh (8), goc xoay
VA a, c6 thé xac dinh theo cong thic (6).

1. Trwong hop khong diéu khién.



Trong trudng hop nay, hé sé k = 0. Pé tim dap
tng h va o cua hé phuong trinh vi phan chuyén
dong (7), phuong phap Runge-Kutta bac 2 dugc su
dung voi  cac  théng s6:  m=21000kg/m;
p=1.25kg/m* B=35.5m; 1, =22x10°kgm?; &=&,
=0.01; f,=0.056Hz; f,=0.1Hz. Van téc dong rdi
w(t) dugc dan ra tir phdé Von — Karman c6 cuong do
réi 12 5% [3]. H.5 cho thay vi du caa dong réi w(t)
tai van tc trung binh 10m/s.
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Hinh 6. Pap ung cua h va o tai mot vai van toc o

Theo H.6, hién tuong flutter xuat hién tai van toc

U =10 m/s, dong thoi ta ciing tim duoc

tainsé ciah va oz f, = f, = 0.092Hz (H.7) bang phuong phap bién doi FFT (Fast Fourier

Transform).s
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Hinh 7. Ph6 nang luong cua h va

2. Trwong hep diéu khién.

I

08 0.09 0.1
Frequency (Hz)
ataivantoc u =10 m/s

Trong trudng hop nay, chon hé s6 k = 0.1, e = 1.2. C4c thong s6 khac cua cau twong tu

nhu truong hop khong diéu khién.

Pau tién, phuong phap ‘‘thir va sai’’ duoc sir dung cho céc hé sé Hi, Ko, K, & ddy H; va

K lién quan dén giam chan cua hé va Ks lién quan

dén van tdc flutter [4]. Céc hé sé khac

dugc cho bang 0. Céc gi tri cua Ky, K, va Kz duoc chon sao cho dép ing cua hé ddi véi dong
roi 1a nho va van toc flutter Ion. Bé tranh hién tugng stalling (hién tugng giam luc khi goc tai
I6n) thi cac goc toi ¢,, 6, dugc gidi han gia tri trong khoang tir ~10° &én +10°.

Ban déau, khao sét hai gia tri Hi, K, trudc, cac gid tri Hi va K khac duoc cho bang 0, &

day cho Hi= —100+100, K,= —200+200. Khi chua diéu khién thi u

= 10m/s , nhung khi

flutter



khéc nhau, két
hop so sanh RMS (root mean square) cua h va « lic khong diéu khién va diéu khién thi thiy
gidtri Hy= 0.4, K;=—15lachou , 16n nhat (0, .. = 36m/s). Ké tiép khao sat them gia
tri Ks ang véi truong hop Hy = 0.4, K, = —15. Cho Ks=—300+300, két qua tinh toan cho thay
gidtri K3= —20 chou . lén nhat (U = 44ml/s). H.8 so sanh dap tng theo thoi gian cua

flutter

diéu khién twong ng véi timng gia tri 1, K, thi s& cho ra nhiing gid tri U

flutter
flutter

h va & cho hai truong hop diéu khién va khong diéu khién tai mot vai gi tri van toc trung
binh. Két qua cho thay bién d6 dao dong cua cau s€ giam khi dicu khién.
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IV. KET LUAN . , .
: Hinh 9. So sinh RMS cua h va «

Mb hinh diéu khién chi dong hoi tiép
véi cac canh mong co bé rong bang 10% be rong cau co thé 1am tang van téc flutter va lam
giam bién do dao dong cua cau trong dong rdi. Khi ¢6 chuyén vi cua cau thi cac canh mong s&
dugc diéu khién mot goc xoay thich hgp mot cach chu dong dé tao ra nhiing luc tac dong Ién
cau.

Khi chua ¢ cac canh mong thi hién twong flutter xay ra tai van toc gié 10m/s, nhung khi
diéu khién hai canh mong véi cac hé sb Ky = 0.4, K, = =15, K3 = —20 thi ¢6 thé ting van téc
flutter I18n toi 44(m/s), ddng thoi bién d6 dao dong cua cau do anh huong dong rdi 1a nho khi
so sanh voi trudng hop khong diéu khién.
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