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DAP I'NG PONG TAM COMPOSITE GAN TMD CHIU TAl TRONG
DI PONG

DYNAMIC RESPONSE OF COMPOSITE PLATES APPLY TMD UNDER
MOVING LOAD

Vi Van Duc
Khoa Co ban - K§ thuat Co sé, Truong Cao dang K thuat Quan sy 1

TOM TAT

Bai bdo trinh bay két qua s6 nghién civu bai todn giam dao dong cho tam composite I6p chiu
tc dung ciia tdi trong di dong bang thiét b tiéu tan nang lwong (TMD). Dua trén 1y thuyét cat bdc
nhdt cia Mindlin va sir dung phwong phdp phan tir hitu han, bai bao da xdy dung phwong trinh dao
déng cudng birc cho tam nay. Théng qua cdc két qua tinh todn, cho phép danh gid danh hiong ciia
mot s6 yéu té ddc trung ciia thiét bi tiéu tan nang lwong TMD dén khd ning giam dao dong ciia tam
composite 16p chiu tdi trong di dong. Pdy la tai liéu tham khdo c6 gida tri khi thiét ké, sit dung logi

két cau nay trong thue té.
T khéa: Tdi trong di dong; Thiét b tiéu tan ning heong; Tam composite.
ABSTRACT

This paper presents the numerical results of the study on vibration reduction of the composite
plates under moving load by using the tuned mass dampers (TMD). Based on the first order shear
theory of Mindlin and the finite element method, the paper established the vibration equations for
this problem. These results allow us to evaluate the effect of some characteristics of the TMD system
on the vibration of the composite plates under moving load. This is a valuable reference when

designing, using this type of structure in practice.
Keywords: Moving load; TMD,; Composite plates.
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1. PAT VAN PE

Nghién ctru giam dao dong cho két cau
dang tam composite chiu tai trong di dong Xuét
phat tu thuc té dat ra, co y nghia khoa hoc va
thyc tién, nhit 14 trong cac linh vuc: 6 t6, hang
khong vii try, hang hai va cac cAu trac dan su,
quan su. D c6 nhiéu tinh toan dugc cong bd
trén thé gidi vé dong luc hoc ciing nhu giam
dao dong cho céc két cau dang dam chiu tai
trong di dong [5], [6], [7], [8]. Tuy nhién, cac
két qua trén moi tap trung vao tinh toan két cdu
dang dam, str dung 1y thuyét c¢b dién va phuong
phap giai tich dé khao sat. Do vay, viéc tinh
toan giam dao dong cho tim composite 16p
chiu tac dung cua tai di dong bang thiét bi tiéu
tan nang luong st dung phuong phap phan tur
hitu han 1a van dé cip thiét.

2. MV(A) HINH BAI TOAN VA CAC GIA
THIET

Khao sat tim hinh chit nhat 1am bang
vat liéu composite 16p, trong d6 mdi 16p 1a vat
lidu dong phuong, bé tri d6i xtg qua mat trung
binh cta tim (hinh 1a). TAm chiu tic dung cta
tai trong di dong va gin thém mot thiét bi tiéu
tan nang lugng ¢ dinh tai mot vi tri (hinh 1b).
Cac kich thudc hinh hoc nhu trén hinh 1.

C
2 Yy 1 )

Hinh 1. Mo hinh bai toan

Céc gia thiét:

- Vat li€u cac 16p 1a vat liéu composite
cdt soi dong phuong lién két vai nhau mot cach
1y tudong, lam viéc trong mién dan hoi, cac 16p
b6 tri véi nhau dbi ximg qua mat trung binh cua
tam.

- Tai trong di dong ludn vudng goc voi
mat trung binh cua tam va khong tach roi bé
mat cua tam trong sudt qua trinh di chuyén.

3. CAC CONG THUC TINH TOAN

Trong bai bdo nay, tic gia su dung ly
thuyét tam cua Mindlin [4], st dung phan tu
chit nhat 4 nat, moi nut ¢6 nim bac tu do.

Tai trong di dong c6 khéi lwong m xem
nhu chat diém di chuyén trén phan tir tim doc
theo mot quy dao da biét vai van tde khong ddi
(Hinh 1b).

Ma trdn phan tir ctia loai phan tir nay
duoc xac dinh nhu sau:

[ =My oMy ] (K0 = [ K5 J+[K; s
[c]=[cs]+[c;] (1

é day, [Mg] , [Kg] , [Cg] la cac ma
tran khoi lugng, ma tran d§ cing, ma tran can
ctia phan tir ctia tim composite 16p khi chua xét
dén tai trong di dong va da dugc xac dinh [1].
Cac ma tran [M;] s [K;}, [C;] }é cac ma
tran khoi lugng, d cliing va giam chan xét dén
anh hudng cia khdi lugng m chuyén dong vai
van toc v(t) gy ra trén phan tir tim duoc xéac
dinh nhu sau [2, 3]:

[M:]=m[N(&n)] [Ne(em)] @

[Cs]=m[N(&m)] (25 N: (&) ]+ 29[ N: (&) ) (B) &7
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e e [N (B R[N (g ]3P+ 4
[Ks]=m[N(&m)] [+2[Niy(i,n)]XY+5i[N ]S ]( )
Trong do, [N°] la ma trdn cac ham

dang duoc xac dinh nhu trong [2, 3].

N =N [N ]= 25N
[N, J= o N [N, = 2
[Nw]=§[Nl )

va ky hiéu dao ham cac ham dang:

[N J=INCT N J= NG s [N D=, JleT s, J=N, JieT ™
[N J=[NJlel

Khi tap hop ma tran, ma tran téng thé
ctia tim composite s& dugc gian thém mot hang
va mot c¢Ot trong tng voi bac tu do chuyén Vi
cta TMD, sau khi khtr bién, ta c6 phuong trinh
dao dong cudng burc cua két cdu c6 xét dén ca
bac tu do chuyén vi cia TMD nhu sau [4, 8]:

[M{d} +[Cl{a} +[K]{a} = {P(D)] (6)
Trong do:

- [M], [C], [K] 1a cac ma tran d0 cung,
ma tran can, khéi lugng cia tim composite 16p
duoc xac dinh tr cac ma tran cua ph?m tlr tAm
composite co va khong c6 TMD.

- {P (t)} 1a véc to tai trong nit tong thé.

- {q} , {q} { } 1a vécto chuyén vi nat,
véc to van toe nat, véc to gia toc niit cia tam.

Giai phuong trinh (2) bang phuong
phép tich phan truc tiép Newmark [4, 8], ta
nhan dugc chuyén vi, van tdc, gia tdc cac nut
trén két cau.

4. KET QUA VA NHAN XET

Céc két qua khao sat dudi day tinh cho
tam compsite c¢6 cac dic trung cho nhu sau: a - b
-lm, Vx - lm/s, M = 10kg, b = 0,5m, x =y =
0,5m, Ns/m, K = 10*(N/m). Két qua khao sét 1a
chuyén vi giita tim (w,.) theo thoi gian.

Thay d6i khi lugng vét ning cia TMD
tir 1kg, 3kg va Skg. Két qua dap Gng chuyén
vi diém giira tAm theo thoi gian phu thudc vao
khéi lugng TMD cho nhu trén hinh 2.

Nhan xét: Ta thay khi khéi lwong M
tang thi bién d6 dao dong cua diém giita tim
cling nhu cua vat nang M treo vao 10 xo cang
16n. Gia tri cia TMD phai dugc chon lga phu
hop dé thu duoc két qua giam dao dong hi¢u
qua. Do khuon kho ciia bai bao nén tac gia chi
dua ra duoc cac khuyén nghi, trong céac bai tiép
theo, tic gia s& tiép tuc nghién ctru cac yéu tb
anh huong dén kha niang giam dao dong cua
céc két cdu khac nhau.
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Hinh 2. Pdp vmg chuyén vi ciia diém giita tam theo
thoi gian khi khoi heong TMD thay doi

Anh hwéng ciia thong so can nhét C
Két qua dap tmg chuyén vi diém gitta

tam khi thay d6i thong s6 can nhét C cia TMD
trong khoang 0 dén 10 Ns/m.
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Hinh 3. Anh huong ciia @ can nhét C dén chuyén
vi cua diém giita tam duwoi tac dung tai trong di
dong va hé¢ TMD

Nhan thdy, khi gin song song bd can
nhét véi 10 xo va thay ddi cac gia tri vé do can
nhét thi bién d6 dao dong cua diém giita tim
cling thay d6i. Cu thé, khi d6 can nhot tang thi
bién d6 dao dong giam. Cling nhu cac truong
hop trén, thoi diém ma diém giira tim c6 bién
d6 dao dong 16n nhat nam trong khoang t =
0,4s-0,6s.

5. KET LUAN

Bai b4o nghién ctru trinh bay cac cong
thirc toan hoc va thuat toan phén tir hiru han
dé danh gia kha ning giam dao dong cho tim
composite chiu tdc dung cua tai trong di dong
va h¢ TMD. Trén co s¢ thuat toan va chuong
trinh thiét 1ap, tac gia tién hanh tinh toan mot sd
truong hop nham khéao sat anh hudng cua cac
yéu t6 hinh hoc, cic thong sé vé khdi luong,
d6 cting cta 10 xo va d6 can nhét dén dap tmg
dong cua tAm. Qua cac khao sat, bai bao c6 mot
s6 két luan sau:

- Bién d6 dao dong cua tim ting khi
tang khoi lugng treo M vao 10 xo.

- Néu gan thém b can nhdt song song
v6i 10 xo thi bién d§ dao dong cua tam va cua
vat treo M gan vao 10 xo giam theo thoi gian.

- Khi tang dd cing cua 10 xo thi bién do
dao dong cua tam giam nhe, tan s6 dao dong

riéng ctia tim tang, 1y do chinh 1a d cting trung
binh cua toan h¢ tang.

- Tdc d6 cua tai trong di dong thay do6i
thi bién do dao dong cua tam cling thay doi
theo. %
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