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DAP NG PONG CUA TAM COMPOSITE TREN NEN DAN NHOT
CHIU TAC DUNG CUA HE DAO PONG DI DPONG

DYNAMIC RESPONSE OF COMPOSITE PLATE RESTING ON VISCOELASTIC
FOUNDATION UNDER THE OSCILLATION SYSTEM MOVING

Vii Van Durc
Khoa Co ban - K§ thuat Co s¢, Trudng Cao diang K thuat Quan su 1

TOM TAT

Bdo cdo trinh bay két qua nghién ciru thudt todn phan tir hitu han phén tich tam composite
[6p chiu tac dung cua hé dao dong di dong va tam dwoc dat trén nén dan hoi cé xét dén hé sé can
ciia nén. Tam gid thiét théa man Iy thuyét bién dang cat bdc nhat ciia Mindlin, tdi trong dwoc mé
hinh bcfng mot hé dao dong di dong. Swr dung thudt toan va chwong trinh tinh da duoc kiém chitng
do tin cay, bao cao tién hanh khdo sat anh huong cua mot 56 cde yéu 16 vé vt liéu composite, nén

dan nhot, diéu kién bién, ... den dap vung dong cua ket cau.

Tir khéa: Tam composite I6p; Hé dao dong di dong; Nén dan nhot; Phwong phdp phan tiv

hitu han.
ABSTRACT

The paper presents the results of the finite element method analysis of layered composite
plate subjected to moving loads and plates resting on viscoelastic foundation. Based on Mindlin's
first-order shear deformation theory, the load is modeled by a moving oscillating system. Using
a proven algorithm and program to calculate reliability, the paper investigates the influence of a
number of factors on composite materials, viscoelastic foundation, boundary conditions, etc. to the

dynamic response of the results structure.

Keywords: Layered composite plate; Moving oscillation system, Viscoelastic foundation;

Finite element method.
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1. MO PAU

Céc két cdu dang tAm lam bang vat li¢u
composite 16p da va dang dugc st dung rong
rai trong doi séng va ky thuat do c6 nhiéu vu
diém nhu bén, nhe, gia thanh r¢,... Trong thuc
té, khi cac két cau dang tam duoc dit tua trén
nén dét, dé don gian tinh toan nhung van dam
bao d6 chinh x4c can thiét, nén dat thudng
duoc 1y tuong hoa bang cac mo hinh nén dan
hoi mot hodc hai hé s6. D3 ¢6 nhiéu cong trinh
tap trung nghién ctru cac dap tmg dong cua tim
chiu tac dung bdi tai trong di dong nhu [2, 6,
7], trong [4], cac tac gia da di vao phan tich
dap tng dong cua tim composite 16p trén nén
dan hoi mot hé s chiju tac dung cta khdi luong
di dong. Ankit Guptaa va Mohammad [3] da
nghién ctru dao dong riéng cua tim FGM trén
nén dan hoi sir dung phuwong phap phan tir hitu
han. Bai bao [5] tap trung nghién ctru dap Gng
dong luc hoc cua tam composite co tinh bién
doi trong moi trudong nhiét chiu tdc dung cua
khéi luong di dong. Tac gia A.R. Vosoughi va
cong su [9] da nghién clru dap ung dong cua
tam composite 10p day trén nén dan hoi chiu
tac dung cua tai trong di dong. Cac nghién ctru
trude day chua tdp trung nghién ctru tinh toan
dbi voi truong hop nén dan hoi hai hé sb c¢6 can
nhét chiu tac dung cia hé dao dong di dong,
day 1a bai toan thuong gip trong thyc té khi xe
di chuyén trén ciu, mat duong bang khi may
bay cat va ha canh,... Vi vay, viéc tinh toan véi
truong hop nay 1 rat can thiét, c6 ¥ nghia thuc
tién, gitp cho viéc thiét ké va sir dung két ciu
nay mdt cach hiéu qua nhéat.

2.MO HINH BAITOAN VA CAC GIA THIET

Xét tim composite 10p c6 kich thudc
hai canh 1a a, b, chiéu day tam h, chiu tac dung
ctia hé dao dong di dong dat trén nén dan hoi c6
mo hinh nhu trén hinh 1.

Hinh 1. Mé hinh tam composite Iop trén nén dan hoi

H¢ dao dong di dong & day c6 mot hé dao
dong véi cac thong sb két cau gom khdi lugng hé
dao dong m, hé sO can nhét cua hé c,, do cimg
cta 1o xo k. H¢ dao dong chuyén dong vai van tde
v trén quy dao dugc xéac dinh va cho trudc.

Nén dan nhét & day duge mé ta véi 16p
dan hoi theo mé hinh Winkler véi hai hé so k,
vak, duqc mo }}inh hoa nhg hé 10 xo dat trén
toan b bé mat ti€p xuc cua tam va I&p can nhot
duoc mo hinh héa nhu hé can nhot piston - xy
lanh thay lyc véi hé s6 can nhot c. Phan lyc cia
nén dugc mo ta nhu sau:

R(W,x)=kw +k, (éﬂ+éﬂj+cw (1)
x Oy

Céc gia thiét: TAm thoa mén 1y thuyét
bién dang cit bac nhat, vat liéu tim lam viéc
trong gidi han dan hoi. Khong co su tach roi
giita hé dao dong va tam trong qué trinh hé dao
dong chuyén dong. TAm tua trén nén dan hoi
hai hé s6 va c6 can nhét (nén dan nhét). Tai
trong khong tach roi khoi tim khi di chuyén.

3.CO SO TOAN HQOC

Theo phuong phap phén tir hiru han, ddi
v6i phan tir tam chiu tac dung ctia hé dao dong
di dong trén nén dan nhét, hé phuong trinh dao
dong cudng buc cua hé co dang:

mw, + ¢y (W = W) +k(wp, —w)=0 (2)

[M], fal +([C, #[Cal Jale +(IK], +[Knl, ) =INGT" {m(2 =)}
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Vi [C], 1a ma trén can phan ttr, duoc
tinh thong qua ma tran d¢ cung phan tr va ma
tran khoi luong phan tu boi cong thic luc can

do Reilay dua ra. Vi w=[Ny]{q},, thay vao
phuong trinh trén, ta thu dugc hé phuong trinh
dao dong cudng birc ciia hé c6 dang téng quat
¢ dang ma tran nhu sau:

T |[{G ). +Ca q K| +[K, I
e L Je e
Trong do, [N _].x la dao ham cua ma
tran ham dang cta chuyén vi w d6i véi bién x.
Sau khi tap hop ma tran va khir diéu kién bién,
ta thu dugc phuong trinh dao dong cudng burc
tong thé cua toan hé nhu sau:

H M e
Dung k¥ thuat két ndi cac chi s bac tu
do tuong g clia cdc ma trdn va véc to tai cua
phén t0r tAm trén nén dan nhét chiu hé dao dong
di dong trong hé toa do tong thé trong timg
budc thoi gian, phuong trinh chuyén dong tong
quat cua h¢ két cAu duoc biéu dién nhu sau:

[M]{g} +[Clig) +[K]{aj ={F®}  (5)

véi [M], [C], [K] va {F(0)}lan luot
la ma tran khoi lugng, can, d cung va véc to
tai trong tong thé ctia ca hé trong timg budc
thoi gian. Do do, trong tirng budce thoi gian phai
tinh todn lai va cap nhat ma tran do ctiing téng
thé [K ] vao phuong trinh chuyén dong tong thé
cua hé. Sau khi dugc thiét 1ap, phuong trinh
chuyén dong duogc giai bang phuong phép tich
phan s6 NEWMARK trén toan mién thoi gian
dwa trén chuong trinh méy tinh dugc viét bang
ngon ngt MATLAB [1, 4, 8].

(0] m w Nyl ¢y

m

M [N“,]Tm“{d}H[qp[cn] 0

4. KHAO SAT SO VA BINH LUAN

Xét tam composite 16p hinh vudng c6 a

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 293, thang 8 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn

=b=1m, chidu day h = a/100, dit trén nén dan
hdi hai hé s6 (k, = 5.10° N/m’, k, = 10° N/m?),
hé s6 can nhét ¢ = 1.10° (N.s/m?). TAm lién két
tya don trén tit ca cac canh, tim gém 05 16p
(goc xép 16p cbt [0,0,6/2,0,0]) chiu hé dao dong
di dong c6 m = 100 kg, k = 10> N/m, hé s can
c, = 10> Ns/m’, di chuyén voi van téc 20 m/s
theo dudng giira tim song song vdi truc x véi
quy dao y = b/2. Céc dac trung co tinh vat liéu
cua cac 16p cho nhu sau: 16p 1 valop 5: E =
144,8 GPa, E,=E /10,G,=0,5E,, G,;=0,2E,,
khoi luong riéng p = 2000 kg/m?. Ba 16p gitra
coE =758 GPa, E,=0,1E,,G,,=0,5E,, G, =
0,2E,, khoi lugng riéng p = 2500 kg/m’. Ca 05
16p c6 chiéu day bang nhau va h/5, xét truong
hop goc cot 6 = 90°.

Dé khao sat anh huong cua van tdc hé
dao dong di dong dén dap tmg dong luc hoc
ctia két ciu, tac gia thay doi van tdc di chuyén
ctia hé nay trong khoang 0,1-300 m/s. Két qua
dap ung chuyén vi dimg 16n nhét cta diém giira
tam, van toc 16n nhét diém gitra tim; ing suat
phap tuyén 16n nhét tai vi tri mat trén z = h/2
gian thé hién nhu trén hinh 2-3.
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Hinh 2. Chuyén vi thang diing max tai giika tam
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Hinh 3. Ung sudt phap max c_lon nhat

Nhan xét: Tir cac do thi, ta thiy rang
chuyén vi cia tim phu thudc dang ké vao tdc
do cua tai trong di dong. Ban dau, khi tai trong
6 téc d6 bang 0, chuyén vi 13 do tai tinh gay
ra; khi tai trong chuyén dong co tdc do, thi s&
thém tac dung do luc quan tinh gay ra lam cho
chuyén vi va tng suit tai diém chinh giita tim
thay doi cung vé6i tbe do di chuyén. Ta thiy
rang, khi van toc 1a 40,56 m/s s& cho chuyén vi
16n nhit va trong pham vi khao sat.

5. KET LUAN

Bai b4o trinh bay phuong phap phén tir
hitu han tinh todn dép Uung dong luc hoc cua
tam composite 16p tua trén nén dan nhét chiu
tac dung cua hé dao dong di dong, trong do xét
md hinh nén dan hoi hai hé s va hé sd can
nhét c. Qua cac vi du khao sét cy thé thay rang
van tdc di chuyén cta hé dao dong di dong anh
huong phuc tap dén dap ung cua h¢ anh huong
nhiéu dén dap g chuyén vi va Gng suit ciia
tam. Cac két qua khao sat 13 tai liéu tham khao
hitu ich khi thiét ké, sir dung cac tAim composite
16p trong thuc té.+
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