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1. GIOI THIEU

Dam sandwich véi co tinh bién thién lién
tuc theo ca chidu cao va chiéu dai (dim
sandwich 2D-FGM) khic phuc duoc hién
trong tach lop thuong gap trong cac dam
sandwich truyén théng. Véi cac vu diém nay,
dam sandwich 2D-FGM duoc thiét ké dé chiu
céc tai trong phtrc tap, ké ca cac tai trong dong.
Bai bdo nay nghién ctru dap tng dong luc hoc
ciia ddm sandwich 2D-FGM ba pha chiu tac
dong cua khéi lugng di dong. Lai cua dam 1a
vat liéu thuan nhat, trong khi hai 16p ngoai 13
vt liéu 2D-FGM véi tinh chat dan hoéi duge
danh gia bang md hinh Maxwell. Phuong trinh
chuyén dong dang roi rac caa dam duoc thiét
1ap trén co so 1y thuyét bién dang truot bac
nhét va phuong phap phan tir hitu han. Cac dic
trung dong luc hoc ctia dam duge tinh toan
nho phuong phap tich phan tryc tiép
Newmark. Anh huong cua sy phan bb vat liéu,
van toc ctia khoi luong di dong toi dap ung
dong luc hoc ctia dAm duge nghién ciru chi tiét.

2. PHUONG PHAP NGHIEN CUU

Trong bai bao nay phuong phap phan tir hitu
han duoc str dung két hop véi phuong phap tich
phan truc tiép Newmark dé danh gia dap tmg
dong luc hoc cua dam sandwich 2D-FGM.

Hinh 1. M6 hinh dd‘m sandwich 2D-FGM ba
pha chiu khoi luvong di dong

Hinh 1 minh hoa dam sandwich 2D-FGM
ba pha chiu khéi lugng m di dong v6i van toc

khong d6i v. Dam c6 chiéu dai L, thiét dién
ngang hinh chit nhat véi chiéu rong b, chiéu
cao h. Dam g@)m ba lop, 161 1a vat li¢u thuan
nhat M1 con hai 16p ngoai 1a vat liéu 2D-FGM
lam tir ba vat liéu thanh phan: M1, M2 va M3.
Do day gitra cac 16p duoc ky hiéu nho ba sb tu
nhién, chfmg han (1-1-2). H¢ truc toa do Pé-
cac trén hinh 1 duge chon véi truc x ndm trong
mit gitta cua dAm. Ty phan thé tich cua cac vat
licu M1, M2 va M3 dugc gia dinh tuan theo
theo ham s liy thira nhu sau:
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Véi n, va n, 1a cac tham sd vat liéu theo
chiéu dai va chiéu cao dam. M6 hinh dong nhét
héa vat licu Maxwell dugc st dung trong bai
bao nay dé danh gia cac hé sé dan hoi cua dam
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sandwich 2D-FGM ba pha. Theo m6 hinh
Maxwell, mé-dun khoéi hi¢u dung (Ky) va mo-
dun trugt hiu dung (Gy) cua vat lieu composite
ba pha v61 pha M3 1a pha nén dugc cho béi [1].
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Trong d6: K, G; (i=1..3) 12 mo dun khéi va
mo dun truot cua cac vat licu My, M, va M.
Mo6-dun Young hiéu dung (£ va hé so Poisson
hi¢u dung (v¢) dugc tinh boi cong thirc:

. 9K G, )= 3K, -2G,
31§f+Gf 6K,+2G, )

Mat d6 khoi (p,) trong nghién clru nay van
dugc danh gia tr m6 hinh Voigt. M6 hinh
phan tr hiru han duge xay dung trén co so ly
thuyéﬂt bién dang trugt bac nhat, trong dé
chuyén vi tai mét diém theo cac phuong cua
truc x va truc z cho béi:

u(x,z,t)=u,(x,t)—
(x,2.t)=uy(x.t) 4
w(x,z,t)=wy(x,t)

Véi 0 1a goac xoay. Tur phuong trinh (4) ta
tinh dugc cac irng suat doc truc va truot:

Cxx TUox — Zex
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‘Trong do dau phay dugc chi dao ham theo
bién ke ti€p. Voi gia thiet dan hoi tuyén tinh, cac
thanh phan g suat dugc tinh theo cong thirc:
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Tu cac phuong trinh (5) va (6) nang luong
bién dang dan héi ctia dam dugc viét:
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Vé6i w 1a hé s6 diéu chinh truot, bang 5/6
cho dam c6 thiét dién ngang hinh chi nhat.
Pong ning cua dim nhan duoc tir cong
thirc (4) c6 dang:

28

f L 1l + 1,02 —
21,120+ 1,,6°
Vi dau cham trén chi dao ham theo z. Trong
cac phuong trinh (6) va (7), A;; va I la cac hé s6
do cimg va mo - men khoi lugng cua dam.
Thé nang cua khoi lugng di dong cho bdi:
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Trong d6: g = 9.8 m/s*; mii,, mw, tuong

ung la céc lyc quan tinh doc truc va ngang;

. 2 N y . . N
2mvw mv'w,_ _la cac luc Coriolis va luc

ly tdm; o(.)la ham Delta Dirac; x,1a hoanh
do tinh tir dau trai cua dam.

Theo phuong phap phan tir hitu han ta chia
dim thanh NE phan tir hai nat v6i do dai /.
Chuyén vi va goc quay trong phan tir duoc ndi
suy tur cac gia tri nat theo cong thirc

u,=N,d, w,=N,d, 0=Nyd (10)
Trong d6: d 14 véc - to chuyén vi niit phan tir
v6i cac thanh phan sau:
d={u, w 6 u, w, 6} (11)
vol u,w,6, (i=12) 1a chuyén vi va goc quay
tai nit i. Tuong tuong nhu trong [2], cdc ham
tuyén tinh dugc dung cho chuyén vi doc truc uy,
trong khi cac da thirc Kosmatka duoc dung cho
chuyén vi ngang w, va goc xoay 0.

Vi trudng ndi suy st dung ta c6 thé biéu dién
nang luong U va dong nang T trong c4c phuong
trinh (7), (8) dudi dang ma tran nhu sau:

U=>"d"ka, 7=3""d"md (12)

Trong do: k va m tuong ung la cadc ma tran

d6 cimg va ma tran khéi lwong phéan tir v6i

biéu thirc cu thé cho trong [2]. Tuong tyu thé
ning V ciing c6 thé viét dudi dang ma tran:

v=>"d"m,d+d"c,d+d"k,d-d" f)(13)

Trong phuong trinh trén m, ,
tuong Ung 1a cac ma tran khoi luong, ma tran
can va ma tran do cing phan tir sinh ra tir cac
luc quan tinh, luc Coriolis va luc ly tam; fla
véc to luc nat phan tir c6 dang

cva k,
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f=mg{0 Ny Ny 0 Ny N} (14)

Nbi ghép cac ma tran do ctmg va véc to luc
nat phan tr thanh cic ma trdn va véc to tong
thé ta thiét 1ap dugc phuong trinh chuyén dong
dang roi rac cho dam dudi dang:
(M+M,)D+(C+C,)D+(K +K,)D=F(15)

véi MM, ,C,C ,K,K ,Fla cic ma tran
khdi luong, ma tran can, ma tran do cung, véc
to luc nat tong thé. Phuong trinh (15) duoc giai
bang phu:ong phép tich phan truc tiép Newmark
an, cu thé 1a phuong phéap gia toc trung binh.

3. KET QUA NGHIEN CUU

Hinh 2 so sanh duong cong d§ vong gilra
dam voi thoi gian cua dam sandwich 1D-
FGM chiu luc di dong nhan dugc trong bai
béo v6i két qua cua Songsuwan va cdng su
trong [3] cho truong hop mo hinh Voigt. Nhu
thdy tir Hinh 3, két qua hién tai twong dong
v6i két qua trong [3] cho tat ca cac ty so giita
d6 day cac 16p ctia dam.
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Hinh 2. So sanh dwong cong do vong giita ddm
voi thoi gian cua dam sandwich 1D-FGM

(a) D&m (1-1-1)

(b) D&m (2-2-1)

Hinh 3. Sy phu thudc cua tham $6 Dy vao cdc
tham so vat liéu cua dam sandwich 2D-FGM

Hinh 3 minh hoa su phu thudc ctia tham )

—W(L / Z’tj (Vo1 wo =

dong luc hoc D; = max[
w0
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mgL’/12E\I 14 46 vong tinh 16n nhat) vao hai
tham s vat liéu n, va n, cia dim sandwich
2D-FGM ba pha. Két qua trén hinh 3 duoc
tinh cho v=50 m/s va m = 0.5p; AL (vO1 A =
bxh), trong d6 tham sb dong luc hoc duoc
dinh nghia nhu trong tai liéu [2].

Nhu thay tir Hinh 3, cc tham so vat liéu
dong vai trd quan trong téi hé sb dong luc
hoc D, ctiia dam, trong d6 D, tang khi n, tang
va giam khi ting n,. Két luan nay ding cho
ca dam co ty s6 do day gitra cac 10p 1a d6i
xtng va khong ddi xtng.
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Hjnh 4 Sw phu thudc cz‘ia tham s6 Dy vdo vin
toc khoi luong m cua dam sandwich 2D-FGM

Su phu thudc ctua tham s6 D, vao van tde luc
di dong dugc minh hoa trén hinh 4 cho truong
hop m = 0.5p; AL va hai cap tham s vat liéu, n,
=n,= 0.5 va n,= n,= 3. Tung tg nhu dam 2D-
FGM trong [2] va dam 1D-FGM trong [3], khi
tang van toc ctia khdi luong di dong tham s Dy,
trai qua giai doan tang gidm lién tuc trudc khi
tién toi gid tri cye tri. Ty s do day giita cac 16p,
nhu ta thay tir trong hinh ciing dnh hudng rd nét
to1 D,

4. KET LUAN

Bai bao nghién ctru dap tng dong luc hoc
cia dim sandwich 2D-FMG bang phuong
phap phan tir hitu han. Két qua sb cho thay su
phan bd vat liéu, van toc luc di dong va ty )
do day gitra cac 16p dong vai trd quan trong
té1 ing x1r dong luc hoc cua dam.
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