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TOM TAT

Trén co so l)} thuyét tdm cdi tién, nghién civu nay da thiét ldp bai toan, xdy dung phuwong
trinh can bang va dé xudt phwo’ng phap giai bang phu’o‘ng phdp phan tir hitu han dé phan tich dap
1kng uén cia tam composite nhiéu I6p twa trén nén dan hoi chiu tac dung cua tai trong tinh. Sy thu
vi trong bai bdo ndy la tam composite da két hop hai vt liéu gém va kim logi dé cdc dac trung co
tinh bién doi trom lién tuc tai hai lop bé mat, diéu nay lam cho tam composite tan dung wu diém ciia
ca gom va kim loai mét cach hop 1y. Phwong trinh cdn bcing cia tdm composite dwoc tim ra trén co
SO nguyén ly cong kha di, bang viéc sir dung phan tir bon niit, bai bdo da thiét lap phuong trinh cdan
bang cho tam composite ¢ dang phan tir hitu han. Bai bdo ciing so sanh véi két qua chinh xdc da
dwoc cong bé triede ddy dé chitng minh Iy thuyét tinh todn la hoan toan phit hop. Tir @6, bai bdo da
khao sat anh huong cua mot loat cdac tham s6 hinh hoc, vt liéu, diéu kién bién dén chuyén Vi uén
ciia tdm composite. Pdy 1 cdc s6 liéu tham khdo cé gid tri givip cdc ky sw lwa chon tham sé thiét ké
cdc két cau dang tam nhiéu 16p trong thuec té.

T kKhoa: Phuong phdp phan tir hitu han; Ly thuyét tam cdi tién; Composite; Nén dan hoi.

ABSTRACT

Based on the new shear deformation plate theory, this study has established the problem,
find the equilibrium equations and proposed a solution method using the finite element method to
analyze the bending response of a multilayer composite plate resting on an elastic foundation under
the effect of static load. The interesting thing in this paper is that the composite plate has combined
two materials, ceramic and metal, so that the mechanical properties vary smoothly continuously at
the two surface layers, which makes the composite plate take advantage of both ceramic and metal
reasonably. The equilibrium equation of the composite plate is found on the basis of the principle
of possible work, by using four-node elements, the paper has established the equilibrium equation
for the composite plate in the form of finite elements. The paper also compares with the previously
published exact results to prove that the calculation theory is completely suitable. From there,
the paper has investigated the influence of a series of geometric parameters, materials, boundary
conditions on the bending displacement of the composite plate. These are valuable reference data
to help engineers select design parameters for multi-layer plate structures in practice.

Keywords: Finite element method,; New shear deformation plate theory; Composite; Elastic
foundations.
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1. PAT VAN PE

Ngay nay, cac két cau nhiéu 16p duoc
ché tao tir vat liéu c6 co tinh bién thién (chi yéu
1a tir gbm va kim loai) di dugc cac nha khoa
hoc ap dung dé tao ra cac san pham cong nghé
cao nhu loa phut tén Itra, budng dét dong co tén
lira, vach ngin 16 phan ung hat nhan,,... Diéu
nay 1a do vat liéu két hop gitra gdm va kim loai
c6 nhiing vu diém dic biét ma céc loai vat liéu
khac khong c6 dugc nhu kha nang chiu luc tdt,
chiu dugc ma sat va mai mon, kha nang lam
viéc dugc trong moi truong nhi¢t do cao.

Viéc nghién ctu toan di¢n ddi véi cac
két cdu lam béng vat lidu co tinh bién d6i (tir su
pha tron gitra gdm va kim loai) 13 mot yéu cau
cap thiét, trong d6 nghién ctu de hiéu 3 quy
luat tmg xtr co hoc cuia cac két cau nay ciing 1a
mot doi hoi tir thue té khach quan. Vuong [1]
da dé xuat phuong phap phan tir hiru han dé
nghién ciru udn tinh ciia tAim composite co tinh
bién thién mot 16p tua trén nén dan hoi, su thu
vi cua nghién clru nay la xem xét vat liéu phan
b6 khong lién tuc theo chiéu day. Tiép tuc tha‘lnh
cong nay, tac gia Vuong da di vao giai quyet
bai toan 6n dinh cuia tAm composite co tinh bién
thién [2] tac gid da lam rd anh hu’ong ctia nhiéu
tham s6 nhu su phan bé vat lidu, diéu kién hmh
hoc ctia tim dén kha ‘nang chiu tai nén coa tim
nay. Ng0a1 ra, mot s6 két qua tinh toan hay dbi
v6i cac két ciu composite co tinh bién thién
cling dugc chi ra trong cac cong trinh [3] dén

[7].
2. PAT BAI TOAN VA LOI GIAI

Tam composite nhiéu 16p tua trén nén
dan hoi nhu trén hinh 1, cac thong s6 hinh hoc
ctia tAm 13 chiéu dai a, chiéu rong b va chiéu
cao h, tAm dat trong h¢ toa do Oxyz.

Kim loai

Hinh 1. Tam composite tua trén nén dan hoi

TAm gém ba lop, 16p gitra 1a vat lieu
gbm ddng nhat, hai 16p bé mat lam tir gbm
va kim loai voi ty 1¢ thé tich trong mdi 16p
1a ¥, ¥ giita hai thanh phan nay c6 biéu
thire:

v v =1 (1)

02 04 ;. 06 08 1

Hinh 2. Su bién doi ciia V. theo chiéu day tam, 1y
1é chiéu day ba l6p la 1-2-1

Mo dun dan hoi va hé so Poisson trong
moi 16p thtr 1 duge biéu dien:

{ E(,»)’V(,»)} - { Efnf),vfj)} +( { Ec(i),v(i)} _ { E'(rf)yvr(;)})yc(") )

c

Trong do:

VO=((2z+h)/ (b))  -0.5h<z<-0.5h,
ye=1; 0.5h <z<0.5h (3)
VO=((2z-h)/ (h-h))'; 0.5k <z<0.5h
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Hinh 2 thé hién sy phu thudc cua ty 18
thé tich V. theo chidu day tam trong truong hop
ty 16 chiéu day ba 1op 1a 1-2-1.

Pé xay dung biéu thtc tinh toan, bai
b4o ndy xuét phat tir Iy thuyét bién dang cit
kiéu moi:

{{u,v} (x,y,z)=—z0u, /{8x,6y} — f.0u, /{Gx,é‘y} “)
u.(x,y,2) = u,(x, ) +u(x,y)

Trong do, f = z - (h/m)sin(zn/h). Viéc
st dung 1y thuyét bién dang cit theo biéu thirc
(4) ¢6 nhiéu wu diém, trong d6 c6 ké dén anh
hudng ciia bién dang ct, thé hién ding sy phan
b ciia g suét tiép theo chiéu day, va khong
can dén hé sd hiéu chinh cit, nhung van mo ta
dung dap tmg co hoc cua tim. Sau ddy, bai bao
s& xdy dung cac biéu thtc tinh toan dua trén
truong chuyén vi nay.

Tir viéc dao ham cac thanh phan chuyén
vi (1), bai bao thu dugc hai véc to bién dang:

e=ze, + e, =87, (5)

Trong do:

5. ={eucp60) ;
£r :{Efﬂgﬁ"gﬁ}'}r;
Psﬂ' = {}/sxz:! }l.s}'z}r sz = _azub "{ a-tz;

£, =—0%u, /&y

(6)
£, = —20%u, / oxdy;
E;’zu: ) 2 2
Eﬁ 2_?, Eﬁ Z_B I{SJ'{E/}J/' =
£y = —287u_/ 8x8y3 Y., = Bu / &x;

Vg:=0w /0Oy g, =1—-df, /dz

Su twong quan giira ung sudt cua 16p
thtr 1 va bién dang nhu sau:

o, 1 v 0 g,
E, i
g, =——=|v, 1 0 g, ¢+ =Ge
’ 1-v L
T 0 0 (1-v)/2 Yy (7)

sz i E. 1 0 lyxz f i
S =Gy,
7. 2(1+v)[0 1]|r,

Céc thanh phan ndi lyc bao gobm md
men va lyc cat cua mot dieém bat ky thudc tam:

=3 qu, [2f]@= 4.8 e.4[B.D Je;

S g

S 18

My 1s ] "t (®)
Ry
]
L

Trong do:
g o
{4.8,D}=3 [G{.o. )4, =F [ Gig.dz (9)
1 }‘1( i }t

Pé tim phuong trinh can bang cho tam
nhiéu 16p, bai bao ap dung nguyén 1y cong kha
di, biéu thtrc tinh toén c6 dang:

81, +6I, -8, =0 (10)

luc

véi o, oI, oI, lan lugt la

cong kha di cua tam, cong kha di cuia nén va
cong kha di cua luc ngoai tdc dung vudng goc

vOl1 tam.

Cong kha di cia tim composite nhiéu
16p do bién dang dugc xac dinh:

Fou, g Fou,_, o,

[lesteysto,)ofe) JoE e
=[S ot ot =[5 |- 20, 2 e (11)
#(e.) o(r.) s, P B SO,
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Cong kha di cua nén dan hoi tac dung
1én tam nhiéu 16p c6 dang:

ou
ox

625

v 62:‘ Dm(lz)

Cong sinh ra do ngoai lyc tdc dung
vudng goc voi mat phang tam c6 dang:

5]7%” :I[k»1=uz§u,+k [614 56
) ) 0,

jqéu dA = Iqé‘ u, +u,)dQ (13)

luc

Vi q la ngoai lyc vuong goc voi mat
phang tim. Cac biéu thuc (11) dén (13) duoc
thé vao phuong trinh (10), bai bao thu duoc cac
phuong trinh can bang cua tim nhiéu 16p:

]+ =0
y;]Jrq:O

B¢ giai h¢ phuong trinh (14), bai bao
st dung phuong phap phan tir hitu han, day 1a
phuong phap co nhiéu wu diém, dic biét 1a doi
v6i diéu kién bién bat d6i xing. TAm comp0s1te
duogc chia ra cac phan tir chit nhat bon nat, moi

nut co6 sau bac tu do:
(5] () oo

12

aZ
o’

azu

2

LA—.
o’
08,

oM
2 4
Ox0y
aZ

M,
Stk +k&[
o’ :

628

u
b
’ ox

(14)

ou

Al

ou,
oy

4
i=1

ox

Bing cac phép bién do1 phuorng trinh
can bang (13) duoc dua vé dang chuin cia
phuong phéap phan tir hiru han:

(K A+K )Y u =3P (16)

Giai phuong trinh (16), bai bao tim
dugc chuyén vi udn ctia tAim composite.

3. TINH TOAN SO VA THAO LUAN
3.1. Su tin cy ciia ly thuyét tinh toan

Phéan nay dua ra vi du so sanh chuyén
vi udn cua tim composite FGM dé 1am rd su
tin cdy cua Iy thuyét da trinh bay & phan trén,
tam c6 cac thong s a, h = a/10, vat liéu tAm
co dac trung co tinh E, = 380 Gpa, E_ = 70
GPa v, =v,_ =023, tai trong tac dung len tam
gém hal dang la phan bb déu va phan bd hinh
sin. Chuyen vi 1én nhit cta tAm duge tinh toan
theo cong thirc Cv* = 10w__ h’E /Pa* va dugc
so sanh nhu trong bang 1, trong do tai li¢u [5]
str dung 101 giai dang giai tich dé dua ra két qua
chinh xac. Bfing viéc nhin vao cac sb liéu so
sanh nhu trong bang 1, d& dang thay rang két
qua ctia bai bao rat sat véi cac két qua da cong
bd, diéu nay minh ching su ding dan va tin
cdy cua phuong phap tinh toan ma bai bao xay
dung & phan trén.

Bdng 1. So sanh chuyén vi [om nhdt ciia tam composite

Tai trong phan bd déu Tai trong hinh sin
Chuyén vi
k=0 k=1 k=2 k=0 k=1 k=2
Bai bao 0.46 0.92 1.18 0.29 0.58 0.75
Két qua 0.46 0.92 1.19 0.29 0.58 0.75
chinh xac [5] ' ' ’ ' ' '
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3.2. Khio sit anh hwéng ciia mt sé tham s

Tam composite ba 16p c6 ty 18 chiéu day
cac 16p la 1-2-1, tam duoc ché tao tir gém va
kim loai voi cac tham sd vat liéu nhu & phﬁn
trén, thong sd hinh hoc cta tim a = 0.5 m chiéu
rong b thay doi tai mdi truong hop, chidu day
h = a/10. Thong sé khao sat 1a chuyén vi tai vi
tri y = b/2 dugc tinh toan theo cong thicc CV, =
100w h’E /Pa*.

- Anh huéng ciia diéu kién bién: Dé xem
xét anh huong cua diéu kién bién dén dap tmg
udn clia tm, bai béo tinh tim & bon diéu kién
bién dugc ky hiéu twong Gmg 1a SSSS (tat ca cac
canh tya don), CFCF (hai canh ddi dién ngam
va hai canh con lai ty do), CSCS (hai canh déi
dién ngam va hai canh con lai tya don), CCCC
(tét ca cic canh canh déu ngam), két qua tinh
toan chuyén vi tai vi tri y = b/2 dugc v€ trén
hinh 3 twong tmg véi truong hop chua xét dén
nén dan hoi va c6 xét dén nén dan hoi. Bai bao
nhan thiy: TAm c6 cc canh bi ngam (CCCC)
thi chuyén vi 1a nhé nhat, diéu nay 1a do s6 bac
tw do bi han ché nhiéu nhét, nén tim tro 1én
cung nhét. Va véi tim c¢6 tit ca cac canh déu tua
don (SSSS) thi chuyén vi cta tAm 1a nho nhat.
Ngoai ra, duong d6 vong tai giita tAm ciing
thay d6i hinh dang khi diéu kién bién thay doi.
Chuyén vi ctia tim khi ¢6 nén dan hdi nho hon
s0 v6i tam khong tua trén nén dan hoi, diéu nay
la do cung cua tam da duogc tang lén khi tya trén
nén dan hoi, do vay kha nang chiu tai cua tim
cling tang khi c6 nén dan hoi.

0 0.2 0.4 0.6 0.8 1

(b)K =25 K =5
Hinh 3. BPuong do vong tai gitra tam o cac diéu
kién bién khac nhau, b =a, k= 0.2

- Anh huong cua chi sb mii thé tich k:
Su thay doi ctia do vong giita tim composite
phu thude vao chi s6 mii thé tich k dugc v& trén
hinh 4, bai bio nhan thay:

+ Sy tang 1én cta chuyén vi ty 1& thuan
v6i sy ting 1én cua chi sé mii thé tich k, nguyén
nhan 14 do khi sé mii k ting 1én thi khéi luong
kim loai trong tim ting 1én, lam d6 ctng cta
tam composite giam.

+ Tuy nhién mirc d6 ting 1én ctia chuyén
vi thé hién rd rét nhat khi chi s6 mil thé tich k
tang tir 0 dén 2, con khi sé mii k tang tir 2 dén
10 thi chuyén vi cua tim ciing ting 1én nhung
murc do tang khong nhiéu.

1.5

@K, =0K=0
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0.2 0.4 0.6 0.8

b)K =25 K =5
Hinh 4. Puong dé vong tai gitka tam & cdac gid tri k
khac nhau, b/a = 1, SSSS

- Anh hudng cua ty 16 chiéu dai hai canh
tAm b/a: Trén hinh 5 v& su bién ddi ctia duong
do vong tai gitra tam phu thudc vao ty 1€ chiéu
dai hai canh tdm b/a, cac két qua tinh toan nay
thé hién:

+ Gia tri cta ty 1& chiéu dai hai canh
tam b/a cang 16n thi chuyén vi 10n nhat ctia tim
compos1te tang 1én, diéu nay 1a do do cimg ctia
tAm glam xuong, tuy nhién khi ty I¢ b/a > 3 thi
chuyén vi ting 1én khong 6 rét.

+ Nén dan hoi 1am giam chuyén vi cta
tAm trong cac truong hop khac nhau cua ty 18
hai canh tim b/a.

—— b/a=0.5
—&— b/a=1.0
—e— b/a=2.0
== b/a=3.0
—&— b/a=4.0

0.4 xa 0.6

(@)K ,=0,K =0

o preyym—y
—e=b/a=1.0
08| —e—b/a=2.0
—t=—b/a=3.0 i : :
—~bla=4.0) - \

0.4 x/a 0.6
(b)K =25 K =5
Hinh 5. Duong dé vong tai giika tam o cac gia tri
b/a khac nhau, k = 0.2, SSSS

0.2

4. KET LUAN CHUNG

Bai bao két hop giita 1y thuyét bién
dang cat kiéu méi va phuong phap mo phong
hiru han dé phan tich chuyén Vl ubn cua tim
composite nhiéu 16p tua trén nén dan hoi hai
hé sb, trong do tam dwoc 1am tir gém va kim
loai dugc pha tron theo ty 1€ thé tich nhat dinh.
Phéan tir bon diém nat, mdi nit gdm sau bac
tu do dé xdy dung phuong trinh can bang va
thuat toan giai. Trén co s& cac két qua tinh toan
va phan tich, bai bao rat ra mot sé nhan xét
quan trong sau day: TAm c6 cac canh ngam thi
chuyén vi 1a nho nhat, diéu kién bién vira anh
huéng dén hinh dang cua duong d6 vong cua
tam composite, dong thoi didu kién bién ciing
anh huong dén gia tri 16n nhat cia chuyén vi.
Chi s6 mii thé tich k lam cho ham luong kim
loai trong tdm ting lén hodc giam, tic 1a do
clmg ctia tAm ciing ting hodc giam, do vay lam
thay ddi do vong cua tém, cu thé & day la do
vong tang 1én cung véi sy ting 1én cua chi sd
mil thé tich k. Pay 1a nghién ciru c6 gia tri khoa
hoc thiét thuc, lam tai liéu tham chiéu khi thiét
ké cho céac ki su.

Ngay nhan bai: 02/6/2025
Ngay phan bién: 15/6/2025
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