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TOI UU HE TMD PE GIAM DAO PONG TRONG

CAUDUONG SAT CAO TOC
OPTIMIZATION OF TMD FOR REDUCING VIBRATIONS

OF HIGH-SPEED RAILWAY BRIDGES
Mai Leu
Khoa Cong Trinh Giao Théng

, , Dai hoc Giao Thong vén tai Thanh pho Hé Chi Minh

Tom tat: Bai bao nghién ciu toi wu h¢ TMD de giam dao dong cong huong trong Cau dwong sat
cao toc, dac biét 1a cac két cau cé da dinh cong huong gan nhau. Qué trinh cyc tiéu ham doi twong
dioc dya trén thudt todn DK dé t6i wu cdc tham sé cia hé can TMD mgt cach truc tiép va dong thoi
trén cac mode dao dong khac nhau. Do do, phwong phap trinh bay €6 thé 1am cho hé TMD hoat déng
hiéu qua hon so véi cdc phuong phdp truyén thong trude day.

Tir khoa: Pa dinh céng hweng, cau dwong sat cao toc, hé can TMD, phép lgp DK.

Chi sé phan logi: 2.4

Abstract: This paper deals with the optimization of TMD systems to suppress multi-resonant
dynamic structural response of high-speed railway bridges. Unlike the previous methods, the
presented method minimizes the objective function using the DK-iteration algorithm. Therefore, the
parameters of TMDs can be optimized directly and simultaneously on different modes contributing

significantly to the multi-resonant peaks in order to make the TMDs more effective and robust.
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iteration.

Classification number: 2.4

1. Gigi thiéu

Hé can TMD (tuned mass damper) hay
goi 1a hé giam chan dong luc da duoc nghién
ctru wng dung thanh cong trong nhiéu két ciu
cong trinh thyc té nham giam dao dong duoi
cac tai trong gio va dong dat Tuy nhién, hau
hét cac nghién ctru chu yeu tap trung vao cac
ket cdu nhu nha cao tang, cac tru thap cao,
cu cho ngudi di bo,... Mot sd cong trinh
nghién ctu gan diy da tap trung vao viéc
giam dao dong cho cé4c cdng trinh cau duong
sat cao tic.

DJi véi cac két cu cau dam lién tuc, cau
ddy vang, cau day vong, ... cac tan sb co ban
c6 xu huodng tién lai gan nhau, nghia 1a sy
dong gop cua cac mode cao trong cac dao
dong la rat dang ké va gay ra hién tuong da
dinh cong huong trong két Cau nhip dudi tac
dung tai trong doan tau cao téc. Do dé, viéc
t6i wu hé TMD can xem xét hién tuong nay.

Nhoém nghién cuau cta Yau va Yang
[1,2] cling dd nghién ctu van dé da dinh
cong huong nhu trinh bay & trén cho cau day
vang va cau dan thép. Nhom da sir dung hé
TMD lai (hybrid TMD system) bao gém
nhiéu hé TMD nho phdi hop véi nhau dé 1am

Multi-resonant response, high-speed railway bridge, tuned mass damper, DK-

giam dao dong cong huong o nhiéu tan sé
khac nhau. Loi giai caa nhdm nghién cau
nay dua trén nghién cau cua Den Hartog, hay
thuong duoc goi 1a phuong phap diém cb
dinh trong mlen tan s6. Két qua nghién ctu
da cho thdy rang hé théng TMD lai c6 thé
lam giam cac dao dong cong huong rat hiéu
qua khi doan tau van hanh & toc d6 cao. Tuy
nhién, nhuoc diém cia phuong phap nay la
phai tdi uu cac TMD mét cach doc lap theo
tirng mode don va sau d6 méi phdi hop thanh
moét hé thong hoadn chinh. Piéu nay co thé
lam suy giam hiéu qua caa hé TMD.

Trong bai bdo nay, cac tham sb cua hé
TMD duoc t6i wu tryc tiép va dong thoi trén
cac mode khic nhau dé tim ra sy phéi hop
gitta cac tham sé dong hoc trong thiét bi
TMD va lam cho ching hoat dong hiéu qua
6n dinh nhat c6 thé. Loi giai cia phuong
phap dé xuit trong nghién ctru nay thu duoc
bing mét thu tuc duy nhat dya trén thuat toan
lip DK va tham chi c6 thé xét cac tham sb
dong hoc khdng chéic chin cua hé két cu
(norm-bounded uncertainty parametes) trong
tiéu chuan tbi wu H.
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Pé danh gia két qua thu duoc, mot sb
cac mod phong bang sé théng qua cach sir
dung phuong phap phan t hiru han dé mo
phong két cau va thiét bj can vai cac tham sb
tdi wu duoc xac dinh dya trén thuat toan dé
Xuit va dong thoi tién hanh so sanh két qua
V6i cac phuong phap nghién ctru trude day.

2. Co so tinh toan

*M# hinh dgng hoc cia hé théng

Hé thong dam, TMDs va doan tai trong
duoc thé hién nhu hinh 1 va hinh 2. Tét ca
cac tham sb cua doan tai trong duoc thé hién
trong bang 1. Tai trong doan tau dugc xem la
tac dung dung tim cau va di chuyén theo
phuong doc véi téc d6 khong doi.

Hinh 1. Mdt cdt ngang cau véi TMD.

D NxD D
11 3]3.525 d d 352313 _11_3

[ T I |1l Al |1 v
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Hinh 2. Mdt cdt ngang cau véi TMD.

Bing 1. Cac tham 6 ciia mé hinh tai trong doan tau
cao téc HSLM-A8 (Eurocode).

Tén N Dm) dm) F(kN)
A8 12 25 25 190
Ghi cha:

N la s toa tau & giira;

D va d lan luot la chidu dai toa va khoang cach
truc;

F la tai trong truc.

Tu mé hinh trén, phuong trinh dao dong
cua hé théng dugc din ra nhu sau:

o GZZB(x,t) 0°Zy(xt)  0Zy(x.t)
7| Bl m, +c

at? oot
=F,(x.t)+F (xt)
)=0; j=1.N;

(1)

m,, Zg+c (Zsj ~Zy )+ Ky (Zsi 2y

)

Trong do:

Ele, Zs, ms va ce la d9 ciing, chuyen vi
dang, khoi luong va tinh chat can cua két cau
nhip;

Fv(x,t) la téng‘ tai trong theo phuong
dang tac dung 1én dam;

Fr(x,t) 1a tong tai trong duoc tao ra boi
cac TMDs;

Nt la tong sé cac TMDs;

Msj, Csj, Ksj va ij 1a khéi lugng, hé s
can, do ctrng va chuyén vi cia TMD thur i.

Fv(x,t) dugc xac dinh nhu sau:

F.(xt)= 25[

Trong do:
Nv |2 tong céc truc tai trong;
Fi la tai trong cua truc xe thi i
v 1a téc d6 chuyén dong cua doan tau;
_ai la khoang cach tir tryc tai trong thur i
den truc tai trong dau tién;
_ ti la thoi diém ma truc banh xe thu i bat
dau tac dung Ién dam cau.
Ham s(x-a) la ham Dirac Delta va
ham H(t-t) dugc dinh nghia bang hiéu

cua hai ham
Ht=t)=H,(t=t)—H,[t=(t +v/I)]-

Loi giai giai tich cho hé théng phuong
trinh dao dong (1) la khong thé thuc hién
dugc. Do d6, phuong phap sé s& duoc sur
dung dé xac dinh cac dao dong cua két cau
nhip c6 ldp dat hé TMD dudi tac dung cua tai
trong cua doan tau cao tbc HSLM-AS. Dé
tim 161 giai nay, phuong phap phan tir hitu
han duoc st dung dé md phong hé thdng
nhiéu bac ty do (MDOF) va phuong phap gia
toc trung binh dé giai truc tiép hé thdng
phuong trinh dao dong nay.

*Ham muc tiéu va thuat toan lap DK
’ Phan nay sé& xay dung co s ly thuyét dé
to1 vu cac tham so cua TMD.
Hé phuong trinh (1) ¢ thé viét lai trong
khong gian mode nhu sau:

(@)

(vt-a)]FH(t-t)

Heaviside
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FLO+F, (0 i=1N,
Bj)zO; J =1"'NT (3)

mBiqBi (t) + CBiqBi( )+ k qB ( )
mZ,+C, (2,-7,)+k, (2, -

Trong do:

mei, cei va kei 1a cac khéi luong, hé sb
can va d6 cung cua mode dao dong thir i doi
véi dam chinh.

Luc mode thir i duoc tao ra boi hé TMD
duoc viét nhu sau:

Fr = 2% (dj)[ksi (Zsj _ZBi )+C51 (Zsj _ZBj)}

Va ngoai luc tac dong (ng véi mode dao
dong thir i duogc xac dinh nhu sau:

Fvi :i 3 Fké‘[x_(Vt_ak)]H(t_tk)¢Bi(X)dX
iFkH(t t )P (VE—a,)

Noi chung, luc mode cua TMD Fri co
thé 1am cho hé phuong trinh (3) bi "két lai"
(coupled) véi nhau bei vi luc nay phu thudc
vao tit ca cac toa do mode dao dong cua
dam. Tuy nhién, theo nghién ctru trude day
cua Gawronski [4] cho thay rang ""Ham
truyen cua hé thong két cdu ¢ tan sé céng
hieong thiz i xdp xi bang ham truyén cua
mode dao dong thir i ¢ tan sé céng huwong
ds". Pidu d6 c6 nghia 1a sy dong gop cua cac
mode dao dong khac véi mode dao dong thi
i t6i ham truyén cua ca hé két cdu ¢ mode
cong huong thi i co thé bo qua. Ngoai ra,
muc tiéu cta phuong phép trinh bay 1a thiét
lap ham truyén cua két cdu va sau dé cuc tiéu
ham truyén nay trén ddi tan s6 quanh céac
diém cong huong dé xac dinh céc tham sé tdi
wu ctia TMD. Do d6, viéc xap xi & trén hoan
toan c6 thé chap nhan duoc trong sudt qua
trinh giai bai toan téi uu. Pbi véi mode dao
dong thu i, phuong trinh (3) co thé duoc viét
lai mot cach xap xi nhu sau:

Mg; Og; + Cgi Ui + kBiqBi =Fi+F;
msj Z.sj +Csj [Zsj _¢Bi (dj)QBi:|+ (4)
+ksj I:Zsj — g (dj)qBi:I ~0

Khi do, cac 7ph1r0ng trinh (4) da dl‘I(_)'C
tach roi va co thé sir dung nguyén ly chong

chat mode thong thudng nhu trong cac bai
toan co ban cua dong luc hoc két cau.

Theo nghién ctu [5], sau mot sé phép
bién doi toan hoc, tir hé thong phuong trinh
(4) c6 thé xay dung ham truyén hé théng cho
mode thir i 1a Tzwi nhu sau:

Tu=-2=C/(sI-A) By +Dy (5)
Wui
Trong do:

Dai lugng zui chira cc tham s6 dau ra
nhu chuyén vi, gia toc caa két cau... va wui
chira c&c tham s6 dau vao nhu tai trong tac
dung;

Céac ma tran Aj, Bi, Ci, Di la cac ma
tran trang thai cta toan bo hé thong;

I 1a ma tran don vi.

Chi tiét cac ma tran nay duoc trinh bay
chi tiet trong [5].

Trong nghién ctru ndy, phuong phap 1ap
DK [3] dugc str dung dé cuc tiéu ham truyén
Twzi trong mién tan sé, tir d6 co thé xac dinh
duoc cép tham so t6i wu cua cac TMD va
duoc viét nhu sau:

min
. D,eD 0
min ke @
K —
mln NB™~ NB "wzNB~ NB
Trong do:

Ng la s6 mode dao dong can xem xét; hé
sb ai, voi i=1,..., Ng 1a hé s diéu khién muc
d6 anh huong gitra cAc mode véi nhau trong
tién trinh tdi uu;

K 1a ma tran chira cac tham s t6i wu cua
hé TMD;

71a hang sb can trén;

D la tap hop cua cac ma tran Di, védi Di
& ma tran ti 1€ dang duong chéo lam cho y
nhoé nhat cd thé.

Theo [3], bang cach cyc tiéu ham muyc
tiéu (6) theo ma tran bién thiét ké K (va cb
dinh ma tran D) hoac theo ma tran bién D (va
¢ dinh K), két qua ti uu cua cac tham s
TMDs s& duoc tim thay. Dé bat dau tién trinh
giai lap, ma tran D phai dugc chon truéc, va
thuong dugc chon la ma tran don vi. Khi do,
thuat toan lip DK trong [3] duoc tom tét:
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_i. K-step: Cyc tiéu (6) va cd dinh D, c6
the str dung thuat toan toi uu Nelder - Mead

.....

Simplex dé tim 16i giai ti uu, tic 1a tim K.

ii. D-step: Tim D bang cach cuec tiéu (6)
va cb dinh K, véi K méi tim dugc.

iii. So sanh D: V¢&i D ¢ budc trude dob.
Néu sai sd chip nhan duogc thi ngung tién
trinh giai lap, nguoc lai thay thé gia tri trude
do D baoi gia tri sau cung va quay lai budc
thir 1.

3. Két qua ap dung

Dua trén co s& ly thuyét dugc dan ra ¢
trén, trong muc nay sé tién hanh ap dung mo
hinh trén mot cong trinh cu thé dé danh gia
phén tich. Ngoai ra, hiéu qua caa cac TMD
Vi cac tham sé hé thdng duoc tdi wu tir thuat
toan toi uu dé xuét s& dugc so sanh vaéi cac
TMD c6 céac tham sé t6i wu thu duoc tir thuét
toan dé xuét ciia Yau va Yang [1,2].

Két cau nhip dam lién tyc hai nhip phan
tich trong nghién ciu nay duoc lay tir cong
trinh cau duong sat cao tc thuc té da duoc
nghién ctru boi Gido su Karoumi va cong su
[6]. Cac théng s6 dong hoc co ban cua két
cau nhip dam lién tuc duoc liét ké trong bang
2. Két cdu dam c6 tiét dién khong ddi va
dugc 1ap hé TMDs phia dudi day dam nhu
hinh 3. Hé thong mo hinh doan tau cao tdc
HSLM-AS, véi cac thong sb tai trong trong
bang 1.

Bing 2. Céc tham sé dong hoc ciia dam.

mg (B w1 @2
L(m
(m) (kg/m) (%)  (rad/s) (rad/s)
20 3.4x10* 25 21.1 33.0

Ghi chu:
L 1a chiéu dai mot nhip;
mg 1a khi lugng trén don vi chiéu dai;
¢ g lati s6 can cua dam doc;
wi 13 tAn sé dao dong tu nhién.
B C

e~ 5os 4o

o \
CI"T ‘:Iwkll C;_,LI' % ket C, T éku C ;_; 2 k, AN

Hinh 3. B¢ tri hé théng TMD.
Cac TMD c6 khbi luong tong cong
khoang 2% khdi lugng mode dau tién. Céc
tham sé cua hé TMDs duoc ti uu bang thuat

toan dé& xuat trong nghién ctru nay va duoc
liét ké chi tiet trong bang 3.
Bdng 3. Cac tham 56 t6i wu cua TMD dwoc xdc dinh
bang phuong phap lap DK.

Mms Ks Cs
Xs/L

(kg) (N/m) (Ns/m)
TMDi:  1/4 3408.8 1.54x10°  0.84x10*
TMD,;:  1/4 3408.8 3.65x10°  1.31x10*
TMD,, 3/4 3408.8 1.42x10° 0.74x10*
TMD,, 3/4 3408.8 3.75x10°  1.35x10*

Trong do:

Xs 1a khoang céch tir TMD tht s dén dau dam;

L=2Lg v6i Lg la chiéu dai mét nhip;

ms la khdi lugng cia TMD thir s;

ks Va Cs 1a d cirng va hé s6 can cua TMD thtr s.

Pé danh gia hiéu qua cia phuong phap
trinh bay, nghién ctu nay s& str dung phuong
phép t6i uu dugc cong bd gan ddy nhét cua
Giao su Yau va cac cong su [1,2] va duoc
goi la phuong phap DHOP (Modified Den
Hartog's Optimization Procedure). Thuat
todn tdi wu ciia nhom tac gia Yau dua trén ly
thuyét cia Den Hartog's. Qua trinh ti uu
gom hai tién trinh. Dau tién, 1a qua trinh cuc
tiéu va "lam bang" cac dinh cong huong
(equalizing the response peaks), sau do céc
tham s6 cua TMDs dugc higu chinh lai mét
lan nita dé xét tinh chat can cua két cau.
Ngoai ra, phuong phap nay chi xét truong
hop TMD dit tai gitra ciia cac nhip, néu cac
TMD dugc phan bé tai céc vi tri khac nhau
thi phuong phap DHOP khong c¢6 kha nang
tim cac tham s6 t6i wu caa hé TMDs. Céc
thdng s6 t6i wu cia TMD theo phuong phap
t6i wu DHOP trinh bay trong bang 4.
Bdng 4. Céc tham s6 TMD bang phirong phdp DHOP.

ms Ks Cs
Xs/L
(kg) (N/m) (Ns/m)
TMDi:: 1/4 40104  1.75x10°  1.09x10*
TMD2; 1/4 28072  3.04x10% 0.72x10*
TMD:, 3/4 40104  1.75x10°  1.09x10*
TMD,, 3/4 28072  3.04x10%° 0.72x10*
Bing 5. Chuyén vi va gia toc 16n nhdt ciia dam chinh.
A (mm) a (m/s?)
Khoéng lap TMD 15.34 11.49
Phuong phap DHOP 8.24 6.88
Phuong phap DK 8.28 6.02
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; E khong dung TMD
§ su dung TMD
by . . -

Gia toc cua dam tma’s'-'_l

0 1 2 3 4 5 6 7 8 9
Thoi gian (second)
Hinh 4. Gia tdc tai giiza nhip thi 2 ciia dam chinh ¢
toc d¢ cong huong.

Nhu cac két qua duoc thé hién trén hinh
4 va trong bang 4, cac chuyén vi I6n nhat cua
dam c6 lip dit cac TMDs duoc t6i wu bang
phuong phdp truéc day DHOP va phuong
phap dé xuit DK 1a khdng khéc nhau nhiéu.
Trong khi d6, gia téc 16n nhat ciia dam trong
truong hop dung phuong phap DK giam hon
14% so0 véi truong hop t6i uu theo phuong
phap trude day. Tinh hiéu qua nay la do cac
thong sé cua TMD duoc t6i wu theo puong
phap d& xuat c6 thé téi vu mot cach dong
thoi cac mode dao dong khac nhau ma anh
huong dang ké trong qué trinh cong huong
dé tim ra duoc su két hop gitra cac tham sé
trong hé can va lam cho hé TMDs lam viéc
hiéu qua hon. Trong khi d6, phuwong phap dé
xuat cia Gido su Yau thi cac TMD duoc toi
uu mot riéng l1é va tinh trén tirng mode khéac
nhau sau d6 phai dung tién trinh tha hai 13
két hop toan bo hé va ké téi tinh can cua két
cau nhip. Do d6, tién trinh thir hai c6 thé lam
léch cac tham s tdi wu that sy caa hé TMD.
Trong khi d6, phuong phap dé xuat da khic
phuc hoan toan cac nhugc diém nay va dan

dén hé TMDs 1am viéc hiéu qua hon.

4. Kétluan

Trong bai b4do nay da trinh bay phuong

phap tiép can méi dé xac dinh cac tham s6 toi
vu cia hé TMD duoc ldp dat trong cau dam
duong sit téc do cao. Dya trén cac phan tich
vé ly thuyét va md phong tinh toan di cho
thay rang viéc st dung hé TMDs c6 thé lam
giam ung xt dong hoc cua két cau nhip &
viing tdc do cong huong rat hiéu qua, co thé
dua dao dong 16n nhét cua két cdu nhip vao
ving an toan theo quy dinh cuta cac tiéu
chuan. Vi vay, ddy lam mot giai phap kha
phU hop cho viéc nang cap cai tao cong trinh
dé tiét kiem kinh phi va khéng anh huéng
qua trinh luu thong hién trang trong qué trinh
stra chita. Ngoai ra, cach tiép can moéi cua
phuong phap d& xuat cé thé lam cho TMD
hiéu qua hon khi phén tich trén cac két cdu
da dinh cong huong. Két qua nay da ching
minh trong cau dam lién tucO
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