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UNG DUNG PHUONG PHAP PHAN TU HUU HAN TRON NUT
CHO BAI TOAN PHAN TiCH DAO PONG TU DO KHONG CAN
KET CAU TAM COMPOSITE LOP
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TOM TAT
Trong bai bdo nay, phwong phdp phan tir hitu han tron mit NS-FEM (the node-
based smoothed finite element method) sir dung phan tir tam gidc dwoc phdt trién cho
bai todn phan tich dao dong tw do khéng can cia két cau tam composite 16p. Co s6 1y
thuyét tam sé dwa trén Iy thuyét bién dang trieot bdc nhat (FSDT). Trong phwong phdp
NS-FEM, ma tran do cung duwoc tinh toan boi ky thudt tron hoa bién dang trén mién
tron (smoothing domains) dwa trén nit cia phan tir. Pé gidi quyét hién twong “shear
locking” khi tam cé chiéu day méng ddn, cdc céng thirc cia phirong phdp NS-FEM
dege thiét lap két hop véi phwong phéap “roi rac léch truot” DSG3 (discrete shear gap
method) va dwoc goi la phwong phdp PTHH 6n dinh khe cdt trén mién tron dwa trén
niit phan tir NS-DSG3. Két qud s6 dat dwoc tir phwong phdp nay sé dwoc so sanh voi
cdc két qua di dwoc cong bo trude do dé dé danh gid tinh hiéu qud va do chinh xdc cia
phuong phap.
Tir Khoa: TAm composite 16p, phuong phap phan tir hitu han tron nit (NS-FEM),
phuong phap rdi rac 1éch trugt (DSG), thuyét bién dang trugt bac nhat (FSDT).

ABSTRACT

This paper attempts to further develop the node-based smoothed finite element
method (NS-FEM) to analysis of laminated composite plates using three-node triangular
meshes based on the first-order shear deformation plate theory (FSDT). In the NS-FEM,
a system stiffness matrix is performed by using the strain smoothing technique over the
smoothing domains associated with the nodes of the elements. In order to eliminate
shear locking, the NS-FEM is incorporated with the discrete shear gap (DSG) method
to give a so-called node-based smoothed discrete shear gap method (NS-DSG). The
numerical results derived from this method are compared with the solutions available in
the literature to validate their reliability.

Keywords: Laminated composite plates, Node-based smoothed finite element
method (NS-FEM), discrete shear gap (DSG) method, first-order shear deformation
plate theory (FSDT).

1. Giéi thiéu
Vit liéu composite dugc tao thanh tur

composite), composite hat (paritcular
composite) dugc tao thanh tur cac hat

su két hop tir hai hay nhiéu loai vat liéu
khac nhau dé tao nén vat liéu méi c6 dic
tinh tot hon han cac vat liéu co ban thanh
phan. Thuong vat liéu composite chia lam
ba loai chinh: composite cdt soi (fabrious

kich thuéc vo cung nho tron 1an trong
vat lidu nén va composite 16p (laminated
composite) bao gdm cac 16p khac nhau
xép chéng lién tuc, vi du cac vo xe 0t0,
may bay,...

!Gidng vién Khoa Xdy Dung va Dién, Truong Dai hoc Mo TP.HCM.

Trweong Pai hoc Ton Pire Thing.
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Trong bai bao nay tap trung phan tich
chu yéu vao loai vat liéu composite 16p.
Tam loai nay dugc t6 hop tir cac 16p soi
va phu’O’ng clia soi khong nhat thiét phai
glong nhau. Chleu day cua céc lop thanh
phan trong két cau tdm composite nhiéu
16p thuong la nhitng 16p mong, goi la

lamina, duoc sip xép theo trat tu s& thu
dugc nhiing tinh chat nhu mong mudn,
xem Hinh 1. Vat liéu composite nhiéu 16p
(laminated composite) ¢6 nhitng wu diém
sau: cuong do cao, d§ cung 16n, trong
lugng nhe, chéng an mon — mai mon, tinh
chat nhiét, gigi han méi...

Hinh 1. Két cAu tim composite nhiéu 16p

-‘2&2&'c&i&i&'ﬁi&?&i&i&?&i&i&t&t&l?’

Véi nhitng vu diém nhu vay, tim lam
bang vat liéu composite 16p dang duoc
mg dung rong rii trong nhiéu nganh khoa
hoc trng dung va dan chimg t6 dugc vu thé
vugt troi cling nhu viéc ung dung ngay
cang nhiéu vat liéu composite, két cdu
thong minh dang 1a hudng nghién ctru maéi
mé trén thé gidi ndi chung va & nudc ta noi
riéng trong nhitng nim gan day. Tuy nhién
v6i sy phuec tap trong ban than cau tric Vat
liéu nén tng xir cua tim composite 16p van
dang dugc quan tdm nghién ctru rong rai
trén toan thé giéi boi nhiéu phuwong phap
khéc nhau.

Trong cac mo hinh 1y thuyét tinh toan
vat liéu composite, thuyét bién dang truogt
bac nhat (FSDT) van 1a phuong thirc hiéu
qua trong phén tich tim composite nhiéu
16p boi vi do tin cay cua két qua cling nhu
don gian hon trong qua trinh tinh toan.
Tuy nhién phan tir dya vao thuyét FSDT
thuong bi hién tugng “shear — locking”
trong truong hop tim 1a tim mong. Dé
xtr 1y van dé nay nhiéu phan tir méi ciing
nhu k¥ thuat sé duoc phat trién nhu: phan
tir lai hon hop (mixed formulation/hybrid
element), phuong phap gia dinh bién dang
ty nhién (ANS — the Assumed Natural
Strain method), phuong phép gia dinh

bién dang nang cao (EAS — the Enhanced
Assumed Strain method) [1]. Gan day,
phuong phap roi rac 1éch truot (DSG —
Discrete Shear Gap method) duoc dé xuit
boi Bletzinger [2] cho két qua khir “shear
— locking” mot cach hi¢u qua.

Bén canh d6, gbp phan cho tién
trinh phat trién 4y, Gui Rong Liu va
Nguyen Thoi Trung di két hop ky thuat
mém hoéa bién dang [3] vao phuong phap
phan ttr hitu han truyén théng, dé ra mot
ho phuong phdp mdi — phuong phap
phan tir hitu han tron (SFEM — Smoothed
Finite Element Method). SFEM xady dung
v6i 4 hudng tiép can chinh: tiép can dua
trén phan tir (CS-FEM) [4], tiép can dua
trén nat (NS-FEM) [5], tiép can dua trén
canh (ES-FEM) [6] va tiép can dua trén
mit (FS-FEM) [7]. Trong s6 d6, phuong
phap NS — FEM (node-based smoothed
finite element method) duya vao y tudng
xdy dung mién tron 12 mién bao quanh nut
phan tir ¢6 nhitng vu diém sau: cho két qua
chinh xé4c hon, va toc do hdi tu cao hon
cac phuong phap phan tir hitu han thong
thuong voi cung sd lugng nat khao sat;
khong can phai xdy dung ham dang mot
cach chinh xé4c; ap dung duoc cho ca phan
tor tam giac, tor gidc va da giac n canh...
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Trong bai bido nay, phuong phap
phan tir hitu han tron nat NS-FEM sir dung
phan tir tam giac s& duoc phat trién cho
bai toan phan tich dao dong tu do ciia két
cu tim composite 16p. Co s& 1y thuyét
tam s& dua trén 1y thuyét bién dang truot
bac nhat FSDT. Trong phuwong phap NS-
FEM, ma tran d¢ ctrng duoc tinh toan bdi
k¥ thuat tron hoa bién dang trén mién tron
(smoothing domains) dya trén nuat cua
phan tir. Dé giai quyét hién tugng “shear
locking” khi tdm cé chiéu day mong dan,
cac cong thirc cua phuong phap NS-FEM
duoc thiét 1ap két hop voi phuong phap
“roi1 rac 1éch truot” DSG3 (discrete shear
gap method) va duoc goi la phuong phap
PTHH 6n dinh khe cit trén mién tron dya
trén nat phan tir NS-DSG3. Két qua sb dat
duoc tir phwong phap nay s€ dugc so sanh
v6i cac két qua da duogc cong bo trude do

du, aﬂ
Ox ox
E = % +z 8,3
P dy a
duy v | |0B, , 9B,
dy ox | | ay ox |

dé danh gia tinh hiéu qua va do chinh xéc
cua phuong phap.

2. Phuong trinh chi dao caa tim
composit 16p theo ly thuyét bien dang
trugt bac nhat FSDT

Xét tAm composite n 16p c6 tong
chiéu day 4. Chuyén vi (u,v,w) tai mot diém
bat ky lan lugt theo cac phuong x,),z dugc
xay dung theo ly thuyét FSDT [8] nhu sau:

u(syz) = u'(ey) + 2B (5,)

v(xyz) =V(xy) + 2B (xy) (1)

w(xyz) =w'(xy)

Trong do: (u,v,w,) la truong chuyén
vi tal mat trung binh va (8 g ) la gbc xoay
cua phap tuyén quanh truc y,x.

Khi d6, cac bién dang mang, uén

— T = g’ T
e=le, €, 7,1 va cit & =[e, €]

trong mat phéng duoc viét lai:

N

m s gzx
=& +z€b,€ =L‘s]= gj} (2)

vz

Db6i v6i bai toan phan tich dao dong tu do, cong thirc dang yéu két ciu tdm

composite 16p:
T —
looe D De p

Trong do: D= {

la cdc ma tran d§ cung mang A, ma tran
d6 ctng két hop B, ma trdn do clirmg udn

(4,,8,00) =" (L2.2)0,d=i,j=12,6,

g2

D =k[" 0d: i j=45
i J—h/ZQij z L, j=4,2.

v&1 k 1a hé so hiéu chinh cat.

dQ + o 0eST DS e5dQ = [ Sul miidQ

A B
B D’

3)

} 4)

D’ (ij) = 1,2,6 va ma tran do cung cat
(i,j) = 4,5 dugc dinh nghia :

()

(6)
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Xét phan tir tam giac ba nat, xem Hinh 2.

Hinh 2. Phin tir tam giac ba nut

0
0
0 |d, (7)
0
(

Trong d6: N (x) 1a ham dang cua phan Xéap xi twong Ung cua bién dang
tir tam giac 3 nut trong hé toa do ty nhién va mang trong mat phang tam (membrane),

d=[u v, w 0, GyI]T labac ty docua bién dang udn (bending) va bién dang

nut trong tng. trugt (shear) duoc khai trién nhu sau:
SmZZBTdI, EbZZBII)dI, 852213;(11 (8)
I 1 I
voi N,, 0 000 000N, 0
B/=| 0 N, 00O ,B=000 0 N,
N,, N,, 000 0 00 N, N, 9)
. |00 N, N, O
B = ’
0 0 N, O N,

Ap dung cho bai toan phan tich dao  phuong trinh (3) ta tim cac gia tri tan sb
dong tu do tdm composite 16p, khi bo dao dong tu do weR* thoa phuong trinh:
qua cong do ngoai luc tdc dung, cuc ti€u

(K-@’M)d=0 (10)
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Trong do:

M = JQNTmNdQ véi m=p

Dbi v6i phan tir tam gidc bac thap
ba nut, truong chuyén vi dugce xap xi boi
ham dang tuyén tinh do vdy cac thanh
phan ma tran tinh bién dang mang B” va
udn B’ 13 hing s6, tuy nhién ma tran tinh
bién dang cit B* phu thudc vao chuyén
vi va dao ham goc xoay vi vay bac van
con cao hon bién dang mang va uén mot
bac. Do d6 khi tdm trd nén mong (L/h
ting), nang luong bién dang cat s& troi
hon ning luong bién dang uén va khong
bi triét tiéu khi chiéu day tim 4 — 0, dan
dén hién tuong “shear locking” lam 101
giai khong hoi tu va khong con chinh xéc.
Dé giai quyét hién tuong nay, Bletzinger
[2] dd dé xuat phuong phap “roi rac léch
truot” (Dlscrete shear gap), thanh phan
bién dang cat dugc x4p xi thong qua gia
tri mé&i voi muc dich giam bac ma tran
tinh bién dang cit Bs xuéng mot bac - tro

& = jﬂ £" (x)D(x)dQ,

& = jQ £ (X)P(x)dQ,

B0 o0 0 0
0O h 0 0 0
00 A 0 0
000" o (11)
12
3
000 0 -
I 12|

thanh hang cho phan tir tam giac. Dicu
nay lam giam chi phi 18p trinh tinh toan
va 101 giai tréd nén don gian hon cho bai
toan phan tich két cau tim sir dung phan
tlr tam giac 3 nat bang phuong phap “roi
rac léch truot” DSG3.

3. Phwong phap NS-FEM két hop
ky thuat roi rac léch trugt DSG

Trong phuong phap NS FEM,
mién Q duoc chia thanh N, mién nho QF
lién quan dén nut k thoa Q= Z 'QF va
Q' NQ/ =@, i# j.Phan tir Q14 phan tr
chtra nut & duoc tao ra bang cach nbi trung
diém canh bién va trong tdm cua da giac
c6 diém nut k, xem Hinh 3 (minh hoa cho
phan tir tam gidc).

Trong phuong phap PTHH tron nut,
cac bién dang lién quan dén phan tor QF
dugc xap xi lai theo cong thirc

& = nges(x)®(x)d9 (12)

Trong d6 ham dang tron ®(x) thoa man diéu kién

jﬂ O (x)dQ =1

va dugc dinh nghia

(I)(x)z{l/Ak xe Ly,

véi A = j dQ 1a dién tich phan t Qf
13
va dugc tinh bang A4, J. dQ = 32 Ae

trong d6 N* 14 s6 phan tir con Xung quanh nut

(13)

xe Q, (14
k va A° 1a dién tich ctia phan tir thir i xung
quanh nit £. Thay phuong trinh (8) va (14)
vao phuong trinh (12), cac thanh phan bién
dang tron c6 thé dugc bicu dién nhu sau:
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~m 1 m & D " ~b & Db ~s & DS
&y :A_JQ € (X)dQ:ZB1 (xk)dI’ Er ZZBI (xk)dﬂg/} ZZB) (xk)dl (15)
ok I=1 I=1 I=1
Trong d6 cac ma tran tinh bién dang tron:
ﬁm _LNZ;lAeBm ]’;b _LszlAeBb ﬁs —LNZELAEBSDSGS 16
1 Aki:13ii, 1 Aki:13ii9 1 Aki:13ii ( )
v6i B” va B dugc xac dinh tir phan tir tam giac 3 nat
l'b—c 0 000 ¢ 0 000 - 0 00 O]
B/=—1| 0 d-a 000 0 -4 000 0 a 000]| (17
240 d—a b—c 000 -d ¢ 000 a b 000
1’000b—c 0 000 ¢ 0 000 - 0
B)=—|000 0 d-a 000 0 —d 000 0 a (18)
2400 00 d—a b=c 000 -d ¢ 000 a —b
trong khi B;”*? dugc xac dinh tir k§ thudt roi rac 1éch trugt [2]
[ (00 b—ca 000 ¢ % b—zc oow-%-%c
B;vDSGZ_ (19)
2400 0 d—a 0 4 00 —a ~9L 24 4y ad  ac
2 2 2 2

voia=x,—x,b=y,—-y,c=y,—y,d =x,—x, ((xi, yi), i=1,2,3 1a toa d§ 3 dinh cua
phan tir), xem Hinh 2 va A°la dién tich cua phan tir tam giac.

Hinh 3. Xiy dung mién tron QK cho phan tir tam giic

® Ficld node

Centroid of triangle <> Mid-edge point
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Twr do ta thu dugc ma tran dg ctirng trong hé truc téng thé cua phﬁn tr NS-DSG3:

~ Nn ~
K=K, vdi
k=1

K,=(B") AB"4,+(B") BB’4, +(B")'BB" 4, +(B")' D’B" 4, +(B*)' D'B‘ 4,

Luc ndy, ta nhan thay tich phan cho
ma tran do cirng khong con dua trén phan
tor ma dua trén mién tron. Ngoai ra dé thu

DS —

Trong do:

h . chiéu day cia tim

h, : kich thudce canh quy d6i ctia mién
tron Q% h, =\ 4"

a: hé s 6n dinh duge chon bat ki a ¢
[0.05, 0.15]

Vi cac ma trin B”, B’, B* van la hiang
s0, do do tich phan hang so trén mién tron
chi dua vao dién tich cua mién tron A,
cong thuce tinh todn cho ma tran dd cing
ctua phan tu NS-DSG3 tré nén don gidn di
rat nhiéu, chi phi 1ap trinh tinh todn giam
va sai sO bi han ché bdt do khong can sur
dung tich phan so.

4. Vi du sb

Trong muc nay, cac vi du s6 duoc
gidi thiéu dé ching minh sy hiéu qua cia
phan tir NS-DSG3 cho bai toan phan tich
dao dong tu do khong can két cdu tdm
composite 16p. Két cdu tim duoc khao sat
v6i nhitng diéu kién bién khac nhau, xem
xét anh hudng cua ty 1& chiéu dai canh

(20)

21)

duogc 101 giai 6n dinh va hoi tu nhanh, ma
tran d6 ctrg chong cat D' dugc hiéu chinh
lai theo LyLy:

h2
W +ah}

D (22)

trén do day cua tim, anh huong cua ty 1¢
mo-dun dan hdi vat liéu. Trong cac vi du
nay, thudc tinh vat li¢u dugc gia dinh cho
tat ca cac 16p 1a giébng nhau va c6 tinh chat
nhu sau : E,/E, =40, G,= G,,= 0.6E,
G,,=05E;v,=0.25,p = 1. Tuy nhién
g6c so1 s€ khac nhau gitra cac 16p, goc soi
chinh 1a goc hop bai truc x, trong hé truc
vat liéu voi truc x cua hé truc toa dg tong
thé. Kich thudc d6 day tirng 16p duoc cho
trude va mat do khdi lugng p phan bd déu
theo phuong d6 day tAm.
4.1. Tam vuong

Pau tién tim vudng composite canh
a, ¢6 3 16p ddi xung [0%/90°/0°] ngam 4
canh duoc chon dé khao sat dd hdi tu caa
két qua tan sb dao dong tu do w = (wb*/12)
(ph/D,)" v6i do cimg uon D, = E h*/12(1
- v12v21). Luo1 chia cho tam vudng gTu:c_rc
chon 1an lugt N = 12, 16 va 20 phan to
trén mot canh. Két qua tan s6 duoc liét ké
0 Bang 1.

Bang 1. Tan s6 dao dong tw nhién o ciia tim vudng [00/900/00]
ngam 4 canh twong @ng véi ti 1¢ canh/chiéu day a’h

Dang dao dong
a’h Phuong phap
1 2 3 4 5 6
5 Liew 4.447 6.642 7.7 9.185 9.738 11.399
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Zhen and Wanji 4.45 6.524
RBF-PS 45141  6.508
NS-DSG3 (12x 12) 43928  6.5186
NS-DSG3 (16 x 16)  4.4155  6.5699
NS-DSG3 (20 x 20)  4.4264  6.5949

20 Liew 10.953  14.028
Zhen and Wanji 11.003  14.064
RBF-PS 10.968  13.9636

NS-DSG3 (12x 12)  10.569  13.6353
NS-DSG3 (16 x 16)  10.727  13.7927
NS-DSG3 (20x20)  10.805  13.8727

100 Liew 14.666  17.614
Zhen and Wanji 14.601  17.812
RBF-PS 14.430  17.3776

NS-DSG3 (12x 12)  13.603  16.7039
NS-DSG3 (16 x 16)  13.937  16.9654
NS-DSG3 (20x20)  14.106  17.1050

8.178 9.473 9.492 11.769
8.0361 9.3468 9.3929 11.574
7.5149 8.9488 9.4258 10.204
7.5941 9.0476 9.5588 10.252
7.6315 9.0954 9.6219 10.278

20.388 23.196 24.978 29.237
20.321 23.498 25.35 29.118
20.0983 233572  25.0859  28.674
19.7340 219748  23.9574  27.968
19.9869  22.4726  24.3619  28.49

20.1211 227202 24.5693  28.761

24.511 35.532 39.157 40.768
25.236 37.168 38.528 40.668
242662  35.5596  37.7629  39.375
23.5778  33.6158 342569  35.835
23.8055  34.5074  35.2120  37.150

23.9477 347024  36.0535  37.870

Két qua duoc so sanh véi 101 giai
ciia Liew [10] theo thuyét bién dang cit
bac nhat FSDT, Zhen va Wanji [11] theo
101 giai GLHT (global-local higher-order)
cling nhu 101 giai ctia phuong phap khong
lu6i (mesh free) cua Ferreira [12]. Két qua
cho thiy, phuong phap sir dung phan tir

NS-DSG3 hoan toan hop 1y so voi cac 101
giai di dugc cong bd trude day, ngoai ra ta
c6 thé thdy dugc khi tim cang mong (a/k
tang) thi 6 cimg cua hé giam di do vy tan
s6 dao dong tu do ting 1én twong tng. Sau
dang dao dong (mode) dau tién trong tng
véi a/h = 10 dugc biéu dién ¢ Hinh 4.

Hinh 4. Siu dang dao djng tw nhién diu tién clia tim vudng
composite 3 16p [00/900/00], di€u kién bién ngam 4 canh (E1/E2= 40, a/h = 10)

0
O

X/

‘Mﬂk‘k‘ﬁ R
N
gm

0

W

K

vtfv‘;"'
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1&1‘“"'5%» i

Mode 5

Tiép theo, su anh hudng ctua ti 1€ chiéu
dai/chiéu day (a/h) d&én tan sb dao dong
khong thtr nguyén @ = (wb’/h) (p/E,)"*
duoc khao sat cho tim composite 4 16p
dbi xtmg [0°/90°/90°/0°] véi bién tya don
4 canh. Két qua duogc trinh bay ¢ Bang 2,

R mw R
mmgmw»" i
LAY
X O "“""Y‘)

< mm‘

A UA
wmy Mﬁm
" ‘ Q) 0 ‘

Mode 6

ngoai ra mdi quan hé gitra tan s6 chuan
hoa @/ va ti 1€ kich thudc cling duogc
biéu dién trén Hinh 5. Tir d6, c6 thé thay
duoc phuong phap NS-DSG3 cho két qua
rat dang tin cdy khi so sanh véi 101 giai
tich chinh xac.

Bang 2. Anh huéng ti 18 chiéu dai/chiéu day (a/h) 1én tin sé dao dong tw nhién
cia tam composite 4 16p [00/900/900/00] bién tuwa don.

a’h
Phuong phép

4 5 10 20 25 50 100
IRBFN [14] 3.280 3.791 52991  6.1882  6.3378  6.5464  6.606

Liew (p-Ritz) [10] 3.295 3.807 5.311 6.193 6.338 6.549 6.606

Ferreira et al. [15] 3.279 3.7903 5.296 6.1844  6.33 6.5438  6.601

Giai tich [8] 3.280 3.791 5.2991 6.1885  6.3342  6.5483  6.605

NS-DSG3 (12 x 12) 3.279 3.7920  5.2980  6.1818 63262  6.5382  6.595

NS-DSG3 (16 x 16) 3.286 3.7978  5.3026  6.1856 63298  6.5415  6.598

NS-DSG3 (20 x 20) 3.289 3.8008  5.3052  6.1879  6.3322  6.5438  6.600

Ngoai ra, két qua & Bang 3 thé hién
su anh huong cua gia tri modun dan hoi
Young vat liéu theo cac phuong E /E, dén
tan s6 dao dong cua tim day véi leh thuorc

a/h = 5. Két qua tuong tmg véi ti 1€ E /E,
=10, 20, 30, 40 duoc so sanh voi 101 giai
giai tich TSDT cua Reddy, cling nhu céac
161 giai MLSDQ cua Liew, Wavelet ctua
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Ferreira. Két qua tir bang biéu cho thay,
101 giai cua phuong phap la kha tuong
dong v&i 101 giai chinh xac cia Reddy, va

nghiém thu duoc 6n dinh va dang tin cay
ngay ca trong truong hop ti 1€ £ /E, thay
doi nhiéu.

Hinh 5. Tin s6 dao dong tw nhién chuin héa cho vudng
composite 4 16p doi xirng [00/900/900/00] tua don 4 canh

1.005

1.004

-
[=]
o
W

1.002

1.001

Normalized frequencies

Exact[11]
O IRBFN[26]
—— Liew(p-Ritz2)[22] |1
+-+ - Ferreira et al.[25]
—k— NS-DSG3(16x16)
—&— NS-DSG3(20x20) [

=

0.999

0.998

Bang 3. Anh hwéng ti 1¢ médun dan hdi Young E1/E2 Ién tin sé dao dong tu

nhién @ = a)(bz/ﬂ'z)w/ph/DO cia

tAm composite 4 16p [00/900/900/00]

Phuong phap E/E,
10 20 30 40

IRBFN [14] 8.2982 9.5671 10.3258 10.8540
Liew (MLSDQ) [16] 8.2992 9.5680 10.3270 10.8550
Wavelets [17] 8.2794 9.5375 10.2889 10.8117
Giai tich [8] 8.2982 9.5671 10.3260 10.8540
NS-DSG3 (12 x 12) 8.3018 9.5521 10.2960 10.8122
NS-DSG3 (16 x 16) 8.2992 9.5574 10.3077 10.8290
NS-DSG3 (20 x 20) 8.2984 9.5604 10.3137 10.8374

4.2. Tam xién

Trong phan nay, tan s6 dao dong
cho tdm xién v6i hinh dang nhu Hinh 6 s&
duoc khao sat. Két ciu tAm khao sat duogc
ghép tir 5 16p lamina véi goc cdt soi thay
ddi 1an luot 1a [90%/0°/90°%/0°/90°] va [45°/
-45%/45%/-45%/45%). Két qua tan s6 khong
thtr nguyén @ = (a)bz/ﬂ'zh)(,o/Ez)l/2 rng
vo1 truong hop ti 1€ kich thude a/h = 10
cho trudng hop tim cbt ngang duoc liét
ké trong Bang 4, va tuong Ung truong
hop cbt xién 457 liét ké trong Bang 5.

Tir Bang 4 cho thay khi goc « ting
dan tir 0° — 60° tuong Ung tim bi xién
nhiéu hon, luc d6 khoang cach giita cac
canh giam di, dan dén do cung két ciu
tam tang 1én. Piéu nay lam cho gid trj tin
s6 dao dong ciing ting theo tuwong ung.
Ngoai ra, két qua thu duoc véi ludi chia
16x16 1a phu hop véi cac 1o1 giai cua
Liew [16], Ferreira cling nhu cua Wang
va tuong ty cho bai todn tim cdt soi xién
45° bb tri ddi xtmg.
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Hinh 6. Hinh dang tAm xién
’ | : |
90° | | 45°
0| -45°
: oomE
90°| [ 45°
N x
Bang 4. Quan h¢ giira tin s6 dao dong tu nhién ciia tAm xién
composite 5 16p [900/00/900/00/900] va goc xién o
Diéu kién bién Phuong phap ‘
0 15 30 45 60
Khép MLSDQ [16] 1.5709 1.6886 2.1026 2.8798 4.4998
RBF [18] 1.5791 1.6917 2.0799 2.8228 4.3761
B-spline [19] 1.5699 - 2.0844 2.8825 -
NS-DSG3 (16 x 16) 1.5595 1.6697 2.0449 2.8126 4.3936
Ngam MLSDQ [16] 2379 24725 27927 34723  4.943
RBF [18] 2.4021 2.4932 2.8005 3.4923 4.9541
B-spline [19] 2382 - 27921 34738 -
NS-DSG3 (16 x 16) 2.3403 2.4327 2.7474 3.4245 4.8966
Bang 5. Quan hé giira tin so6 dao dong tw nhién ciia tim xién
composite 5 16p [450/-450/450/-450/450] va goc xién a
Piéu kién bién  Phuong phap o
0 15 30 45 60
Khop MLSDQ [16] 1.8248 1.8838 2.0074 2.5028 4.0227
RBF [18] 1.8357 1.8586 2.0382 2.4862 3.8619
B-spline [19] 1.8792 - 2.0002 2.4788 -
NS-DSG3 (16 x 16)  1.8611 1.9097 2.1179 2.6068 4.0599
Ngam MLSDQ [16] 2.2787 2.3504 2.6636 3.3594 4.8566
RBF [18] 2.3324 2.3962 2.6981 3.3747 4.8548
B-spline [19] 2.2857 - 2.6626 3.3523 -
NS-DSG3 (16 x 16)  2.2462 23109 2.6185 3.3009 4.7841
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5. Két luin

Phuong phap PTHH tron dya trén
nut (NS-DSG3) dugc 4p dung thanh cong
dé giai quyét bai toan phan tich dao dong
tu do khong can cua tim composite 19p.
Két qua nhan duogc 12 phu hop véi cac
két qua da cong bd trude ddy. Nhu ching
ta déu biét, trong phén tich két cu tim,
viéc chia ludi cac phan tir tam gidc vira
dé dang, tién 191, thdéa man dugc cac hinh
dang goc canh cua vat thé, vira don gian,
tiét kiém thoi gian, bo nhd trong cac khau
mo hinh, tinh toan. Tuy nhién phan tir
tam giac 13 phan tir hing, it bac tu do nén
thuong 14 cho két qua thiéu chinh xéc.
Trong bai bao nay, trudng bién dang da
duoc xap xi lai theo phwong phap phan
tr hitu han tron va cho két qua rat tbt, do
tin cdy cao, khong thua kém cac phuong
phép dung phan ttr bic cao, phuong phap
khong ludi hay nghiém giai tich voi két
qua chinh xac. Ngoai ra, két hop k¥ thuat
roi rac 1éch truot, bai toan tim da co 10i
giai tong quéat cho bai toan tim day theo
Reissner-Mindlin ciing nhu bai toan tdm
mong theo Kirchoff-Love.
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