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NGHIEN CU'U ANH HUGNG CUA NHIET DO DEN CHUYEN VI
UON CUA TAM COMPOSITE CG TINH BIEN THIEN

RESEARCH ON THE EFFECT OF TEMPERATURE ON THE BENDING DEFORMATION
OF COMPOSITE PLATES WITH VARIABLE MECHANICAL PROPERTIES
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TOMTAT

Céc két cu 1am béng vat liéu co tinh bién thién dugc st dung phd bién trong cac thiét bi phai lam viéc trong méi truting nhiét do, do vay xem xét dnh huing
clia nhiét d6 dén dap tng co hoc clia cac két cau nay trong qua trinh lam viéc la mot van dé cap thiét dat ra. Bai bao nay phan tich dnh hudng cla nhiét do dén
dap ting udn tinh clia tdm composite nhiéu IGp lam bang vat liéu ¢6 co tinh bién thién. Tam dugc ddt trén nén dan hoi hai hé so va thoa man Iy thuyét bién dang
cét kiéu mdi. Phuong trinh can bang cta tam dugc thanh [ap trén co s& nguyén Iy néng lugng toan phan cuc tiéu, trong d6 cong cda luc nhiét ciing dugc xem xét
dén. Thuat toan phan t& hitu han dugc dp dung trong bai bao nay dé gidi quyét phuong trinh can bang viia thiét lap. Vi du minh chiing su tin cdy cta bai bao
dugc thyc hién thong qua so sanh véi két qué gidi tich. Bai bao tién hanh xem xét dnh hudng cla mot s6 tham s dén chuyén vi uén cla két cau, trong do c6 lam
rd anh huéng cda nhiét do dén chuyén vi udn I6n nhét cda tam, tir do dua ra nhing nhan xét quan trong, gitip cic ky su thiét ké cd co s6 khoa hoc dé tham khao
lya chon hop Iy nhat.

Tirkhéa: Nhiét do, nguyén Iy néng luong, phuong phdp phdn ti hitu han, udn.

ABSTRACT

Structures made of materials with variable mechanical properties are commonly used in equipment that must operate in a temperature environment,
so considering the influence of temperature on the mechanical response of these structures during operation is an urgent issue. This paper study the
influence of temperature on the static bending response of multilayer composite plates made of materials with variable mechanical properties. The plate is
placed on a two-factor elastic foundation and satisfies the new shear deformation theory. The equilibrium equation of the plate is established on the basis
of the principle of minimum total energy, in which the work of thermal forces is also considered. The finite element algorithm is applied in this paper to
solve the equilibrium equation just established. An example demonstrating the reliability of the paper is made through comparison with analytical results.
The article examines the influence of some parameters on the bending displacement of the structure, including clarifying the influence of temperature on
the maximum bending displacement of the plate, thereby giving important comments, helping design engineers have a scientific basis to refer to and
choose the most reasonable option.

Keywords: Temperature, finite element method, principle of minimum energy, bending.
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1. GIGI THIEU liéu c6 co tinh bién thién c6 nhiéu uu diém vuat trdi so
VvGi cac loai vat liéu truyén théng nhd kha nang chiu tai
phuc tap, chéng mai mon, khang nhiét tuyét vai,... Day
la loai vat liéu ly tudng ma cac nha khoa hoc st dung

Vat liéu ¢o co tin bién thién la loai vat liéu méi dugc
phat minh lan dau nh& cac nha khoa hoc Nhat Ban, nhg
su két hgp gilta gom va kim loai, cac két cau lam bdng vat
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trong cac san phdm cong nghé phai lam trong cac moi
truong ddc thu nhu vach ngdn 16 phan ting hat nhan,
vach ngan chéng cac tia buc xa, 16i ctia loa phut dong co
tén tda,...

Clng chinh vi kha ndng ting dung to I6n trong thuc té
ma nghién ctu dap Ung ca hoc clia két cau lam bang vat
liéu c6 cao tinh bién d6i da thu hat dugc su quan tam cua
dong ddo cac nha khoa hoc. Minh va nhém nghién ctu
[1] s&t dung phan t&r dam hai diém nat dé mé phéng dap
(ng udn clia két cau nhiéu I6p co lién két chét, cac lop
dugc tao ra bai vat liéu c6 co tinh bién thién, su sdng tao
cla nghién ctru nay da xem xét su lién két gitra cac I6p
théng qua cac ch6t dé tranh su trugt va bong tach gitia
cac I6p. Cudng va cac dong nghiép [2] cling st dung |oi
gidi m6é phoéng hitu han dé phan tich dap ting uén cda
dam lam bang vat liéu ca tinh bién thién va quay quanh
mot truc ¢é dinh, anh hudng cta van téc quay ctia dam
dugc chi ra cu thé trong céc s liéu tinh toan. Cac nghién
ctu [3, 4] cling dé xuat phuang phéap phan ti hitu han dé
gidi quyét bai toan udén va 6n dinh tinh ca tdm cé co tinh
bién thién va c6 khuyét tat dang vat liéu phan boé khéng
lién tuc. Mét s6 cong trinh khac [5-7] cling ¢ nhiéu két
qua c6 gia tri vé iing x co hoc cua két cau lam bang vat
liéu c6 co tinh bién thién.

Do cac két cau composite c6 ca tinh bién déi thudng
lam viéc trong moi trudng cé nhiét do, nén viéc timra ing
xU cla chung khi c6 nhiét dé la van dé tha vi va can phai
kham pha, vi vay bai bao nay quyét dinh giai quyét bai
toan nay bang phuong phéap phan ti hitu han.

2. MO HINH BAI TOAN VA LOI GIAI

Tam composite c6 md hinh nhu trén hinh 1, tdm duoc
dat trong moi trudng nhiét do6 va tua trén nén dan héi,
dat hé truc Oxyz sao cho truc Oz vudng goc vai tam, Ox
va Oy doc theo cac canh tam. Tdm gom cac thong sé hinh
hoc la a, b va chiéu day h, chiéu day I6p 16i la h.

Moi truong nhiét

7’ a
z G e T L e Ly
A 7/ b
e
z x

"y

Cw.
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Hinh 1. M6 hinh tdm trong mdi trudng nhiét

Gia thiét tdm lam viéc trong gidi han dan héi, chua cé
su bong tach gilra cac 16p vat liéu, muc tiéu clia bai bao la
tim chuyén vi uén clia tdm nhiéu 1&p trong moéi trudng
nhiét do.
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Hinh 2. V4t liéu g6m va kim loai thay ddi theo chiéu day ting I6p

Vat liéu tdm dugc chia thanh ba I6p riéng biét, trong
dé 16p gilra la gém thuan nhat, hai I6p bé mat lam tir gém
va kim loai c6 ca tinh bién d6i tran lién tuc. Ty lé thé tich
ctia gém (G") va kim loai (G") trong I6p thiri:

G +GP =1 W
trong doé:
ko
G- | g sh<z<-05h,
h-h,
GP=1; -0,5h, <z<0,5h, (2)

ko
Gf){iz_m ; 0,5h, <z<0,5h

Su bién déi ctia G trong tiing 16p dugc thé hién nhu
trén hinh 3.

0 02 04 06 08 1

Hinh 3. Gia tri G, thay doi theo chiéu day méi lGp

Hai dac trung co tinh co ban clia vat liéu tai méi I6p co6
dang:

(900} = B V04 (B0 0B VOG0 3

trong dé, E va v la mo6 dun dan héi va hé sé Poat xong
cua vat liéu, chi s6 ¢ ky hiéu cho gém va chi sé m ky hiéu
cho kim loai.
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Trudng chuyén vi clia tdm composite gém hai thanh
phan chuyén vi trong mat phdng tdm va mét thanh phan
chuyén vi vudng géc v6i mat phang tam co dang:

{wx,wy}(x,y,z) =—z0w, /{x,0y} —1,ow, / {ox,0y}
w,(X,y,2) =w, (X,y)+w,(X,y)

4)

trong d6, |, =z - (h/ 7 )sin(z 7 /h). Day la ly thuyét tam
cdi tién, 6 biéu thuc don gian tinh toan nhung dé chinh
xac van dam bao cho tinh toan két cu trong thuc té.

Trén co s& biéu thuc (1), bai bao tinh dugc cac bién

dang:
B = ZBZ + |st; Ps = tPso (5)
trong dé, € va ys la véc to bién dang udn va cat, biéu
thuic cu thé:

B. :{BZX’BZV’BZXV}T; B, :{fo’nylexy}T;
Vo = (U] B, =-0'W, /0B, = 0w, /3y

GaXVZ B, =—0°W, /oY% (6)

By =—20°W, / OXOY; P, =W, / O;
P, =ow, /oy;l,=1-dt, /dz

Bzxy = _262Wb /8)(6)/' fo =

Trudng Uing suat trong I6p thi i:

@, 1 v, 0 B,
(py =——lv, 1 0 B, t =GB
L0 0 (-v)/2]|B, 7)

sl

Trudng noi luc ctia tam nhiéu 16p:

ny ny Bxy
=[A,.B;]e, +[B;,D; g, (8)

LX RX BX |
Ly ’ Ry ZJGI By [Z|

Tl s

VGi
i,
(A,B,D,) jG' 7,2, k}dz A =3 [Gtdz (9)
ik
Nguyén ly nang lugng toan phan cuc tiéu dugc bai
bao ap dung dé tim phuong trinh can bang cho tdm trong
moi trudng nhiét:
6(®tam + G)nen + G)Iuc) = (1 O)
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VGi Otam, Onen, Piuc lan lugt 1a ndng lugng bién dang cla

tdm, nang lugng bién dang ctia nén va cong cua luc cova
luc nhiét tac dung lén tam.

Néng lugng bién dang clia tdm composite nhiéu I6p:
. (@) B, +(®,)®,)
:_Iz j He,,)B,,) +(6,)(W,,) |dzdS

i h

+6,, )(lIJ )
2 2 2
-+, aaxvf" -R, aaxvfs -L, aa;b (11)
s 2 2
SR ey S dzds
25 i h 6y aXay
2
R, T g M g W,
oy Cx "oy

Néng lugng bién dang ctia nén dan hoi:

D, :J‘{cwwZ +C, [[MZ) +[6WZJ ]st (12)
s ox oy

VGi ¢y Va ¢ la hai tham s6 d6 ciing ctia nén dan hoi.

Coéng sinh ra do tai trong co va nhiét sinh ra:

ow, : ow, ’
Iuc J-QW dS J-Nnhlet {( 6X j +[ 8)/ j ]ds
2 N 03
ow, ow,
:_S[Q(warws)dS—.stnhiet[(E] J{ o ) }ds

véi Q la ngoai luc vudng gbc véi mat phdng tam va

Nnhiet [a luc nhiét phat sinh do dnh hudng clia nhiét do:

3 hiy
Nopeo =2 [ Ea" 4Tdz (14)

i=1 h;

trong do, AT la su chénh léch gilra nhiét d6 mai trudng

so véi nhiét dé khéng phat sinh (ng suat cua vat liéu.

Két hgp gilia cac biéu thuc tir (11) - (13) va phuong

trinh (10), sau mét s6 phép bién déi, hai phuang trinh can
bang theo hai bién thu dugc:

oL, L 62W 62W
o oy oy o 55'2
—Nnh.et[azw o J+Q 0
¥ (15)
oR R, R T,

2 2+
axa@/ayax

ox
ow 6 W, 62WZ B
+Csz +Cs[ &(z @)’ ] Nn |et( 6}/2 ]—FQ_O
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Nhu vay phuong trinh (15) la phuong trinh can bang
cla tdm nhiéu I8p, su khac biét so véi tam thong thudng
la nhiét dé da xuat hién trong phuong trinh nay, diéu nay
cho thdy anh hudng clia nhiét dé da dugc thé hién. Bai
bdo st dung phuong phéap phan ti hitu han véi lugi chia
g6ém cac phan ti bon nat, véc to chuyén vi nut c6 dang:

4 (W, Wy, (0w, /%), (0w, /%))
n -3 Wy, W, (0w, / Ox),, (0w, / OX), (16)
= (0w, / dy);,(ow, / dy),
Thé (16) vao (6), ltc nay (15) c6 dang ma tran:
(17)

Z(Ye + Y:en _ Yenhiet )Zne _ ZQe
e i=1

e

Cudi cing chuyén vi uén cla tdm nhiéu I16p c6 dang:

n= Z(Ye + Yenen _ Yenhiet )z Qe
e i=1

3. TiNH TOAN SO VA THAO LUAN
3.1. Chitng minh su tin cay

Tam composite mot I6p dugc ché tao ti gém va kim
loai chiu tai trong phan bé déu va phan bé hinh sin vai
cudng do la Q. Tam vudng vai canh 1a a, chiéu day tam la
h théa man a/h = 10, cac tham s6 vat liéu ctia gém va kim
loai E.= 380GPa, E,= 70GPa, v = vi, = 0,3, tdm chiu uén
khi chiu tdc dung ctia ngoai luc va chuyén vi tai gilta tam
dugc chuan héa Dy, = 10wmaxh’E/Qa%, két qua tinh toan
dugc so sanh nhu trong bang 1, trong dé cac sé liéu &
dong tha 3 dugc thuc hién bang 16i gii chinh xac [5]. Cac
s0 liéu so sanh cho thdy cé su tuong déng gitia két qua
cUa bai bdo va két qua da cong bo, diéu nay chiing minh
sy tin cay clia ly thuyét tinh toan da thiét lap.

(18)

Bang 1. Su'so sanh chuyén vi [6n nhat cta tim composite chiu hai loai tai
trong khac nhau

. Tai trong phan b déu Tai trong hinh sin
Nguon
ko=0 k0=1 k0=2 k0=0 ko=1 ko=2
Bai bao 0,46 0,92 1,18 0,29 0,58 0,75
Lol gidichinh | o 0e 1 092 | 119 | 029 | 058 | 075
xac [5]

3.2. Tinh toan sé va thao luén

Tam gom ba |3p cé ty 1é chiéu day cac I6p cé thé thay
déi dugc théng qua diéu chinh tham s6 h. sao cho gia tri
clia ty & he/h bién d6i tir 0 dén 0,8. Vat liéu tam dugc tao
ra ti gom la nhom 6 xit Al,O; va kim loai la N; c6 cac dac
trung vat liéu E. = 390GPa; v. = 0,23; a. = 8,6.10° 1/K;
Em = 203GPa; vin = 0,31; am = 18,3.10° 1/K. Tam ¢6 chiéu
dai hai canh bang nhau a=b = 0,5 m, chiéu day h = a/10.
Théng s6 khéo sét la chuyén vi tai vi tri gitia tdm (x = a/2,
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y = b/2) va doc theo vi tri y = b/2 vé&i céng thuc
D, = 100w;h3E./Pa*.

- Anh huéng clia nhiét do: Hinh 4, 5 thé hién su bién
déi clia chuyén vi I6n nhat tai gitta tdm phu thudc vao
nhiét do, cac két qua tinh toan nay thé hién:

+ Khi nhiét d6 tang lén, chuyén vi I6n nhat cla tam
composite tang lén, véi tdm co ty 1& ho/h = 0,1 thi chuyén
vi tdng manh khi nhiét dé tang. Diéu nay la do ty 1é kim
trong kim loai nhiéu, nén tam mém hon.

+ Trong trudng hgp c6 nén dan héi, d6 ciing cla két
cdu dugc tang cudng thém do6 cing cta nén, do dé lam
cho chuyén vi ctia tdm gidm xuéng.

0.8
0.7 o
0 6<>——&—* —e—h_/h=0.1
£ ——h /h=0.4
Ro.s —<h_/h=0.5
0.4 —:—jlc/il=(1.6 g
O-SH p—p—> ”
0.24—<4——<—+¢ e R
I S M M M AT (K)
) 50 100 150 200 250 300
a) SSSS
0.4
*2'35 DN DS e S R
Q 0.3<>_‘—_’_ +hc/h=0.1
—»—h /h=0.4
0.25 c
—<—h_/h=0.5
0.2 —e—h /h=0.6
0.15 —b——p —— P
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b) SCSC
Hinh 4. Chuyén vi tai gitia tdm phu thudc nhiét dd trong truting hop khong
nén dan hoi, (,=0;G;=0;k=0,5
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0.25
" ol —o—hc/h=0.1|¢——¢ oo0—9
0. +——0—9
*; ——h_/h—0.4
_ —<—h /h=0.5
0.15 —e—h /h=0.6
0.1 P 4 a4l a 4 H
0.05 AT (K)
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b) SCSC

Hinh 5. Chuyén vi tai gitia tdm phu thudc nhiét do trong truong hap 6
nén dan héi, C, = 100; C;=10; ky=0,5

- Anh hudng cla chiéu day 16p 16i: dé xem xét anh
hudng cua chiéu day 16p 16i dén dap ing udn cla tam,
bai bao cho gia trj clia ty 1& h/h tang dan tir 0,1 dén 0,8,
két qua tinh toan chuyén vi tai dudng gilta tdm ba IGp vai
bén diéu kién bién khac nhau dugc chi ra trong hinh 6,
két qua tinh toan nay chiing to:

0!35 @
0.3

0.25
*y ——h /h=0.1
= 0.2 _
—— hc/h—0.4
0.15 e hc/h=0.6
—— hc/h=0.8

o [ \

0 0.2 0.4 0.6 0.8 1
a) Bién SSSS
0.2
b.1s AR
*
3
0.1 —— hc/h=0.1
—.— hc/h=0.4
0.05 — hc/h=0.6
—— hc/h=0.8
l l x/a
0 0.2 0.4 0.6 0.8 1
b) Bién CCCC
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d) Bién C(SCS

Hinh 6. Chuyén vi tai giita tam tai bon diéu kién bién khac nhau, C, = 100;
(=10; ko=10,5; AT = 300K

+ Khi tang gia tri cla ty 1& he/h thi chuyén vi clia tdm
composite giam xudéng, diéu nay cé dugc lado khity [é h/h
tang lén, tuc la chiéu day I6p 16i tang lén, lam cho ham
lugng goém trong tam tang Ién, diéu nay dan dén dé ciing
clia tdm tang Ién, do vay chuyén vi clia tdm giam xudng.

+ Tam c6 chuyén vi I6n nhat trong trudng hgp c6 bén
canh tua don - SSSS va tdm cé chuyén vi nhé nhat tuong
Ung V@i trudng hop c6 bén canh bi ngam - CCCC. Thém
vao dé, diéu kién bién khac nhau ciing lam quy luat bién
déi ctia d6 véng doc theo chiéu dai tdm cling khac nhau.

- Anh huéng cua ty |é thanh phan vat liéu: thay ddi s6
mu ko sao cho gid tri cla n6 bién déi tir 0 dén 10, két qua
tinh toan chuyén vi I6n nhit tai gilra tdm dugc thé hién
trén hinh 7, 8, cac két qua nay thé hién:

+ Khi s6 m thé tich ko tang lén thi chuyén vi cGa tdm
cling tang, diéu nay c6 dugc la do ty & thanh phan vat
liéu kim loai trong tam tang I1én. Ngoai ra, sutang 1én cla
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chuyén vi khong déng déu khi tang s ma ko, su tang
manh chi dién ra khi sé ma ko tdng trong khoang tir 0
dén 2.

+ Khi ty 1é chiéu day I6p 16i cang 16n, thi su tang 1én
cta chuyén vi khédng nhiéu khi s m thé tich ko tang lén.
Nén dan hoi cling gép phan lam gidam chuyén vi ctia tam.

PVES

—— hc/h=0.1

0.4 ——h /h=0.4
—¢h /h=0.5
4‘0‘3 —e—h /h=0.6
z ¢ ¢
a
0.2

00 2 4 6 8 10

Hinh 7. Chuyén vi tai gita tim phu thudc s6 mi ks trong trudng hop khong
6 nén dan hoi, K, = 0; K;=0; b/a=1; (SCS; AT=300K

0.3
—— hc/h=0.1
4
0.25 — hc/h=0.4
—= hc/h=0.5
0.2 —e—h /h=0.6
*® C

0°050 2 4 6 8 10

Hinh 8. Chuyén vi tai gitia tdm phu thudc s6 mi ko trong trudng hop c6
nén dan hoi, K, = 100; K;= 10; b/a=1; (SCS; AT = 300K
4, KET LUAN

Nghién cttu nay da lam ré anh hudng cta nhiét d6 dén
dap ting uén clia tdm composite ba I&p chiu tac dung cta
déng thai tai trong co va nhiét. Tdm composite dugc tao
ra tir gém va kim loai tai hai I6p bé mat, I6p gilra chi c6
gom, tdm tua trén nén dan hoi hai hé sé. Trén co s&
phuong phap phan ti hitu han, bai bao da giai quyét tron
ven cach giai bai toan uén ctia tam nhiéu I8p, trong do ly
thuyét bién dang cat ki€u mdi cling da dugc tinh dén. Bai
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bao da thé hién su tin cay thong qua su so sanh véi céac
két qua da cong bo, tir dé khao sat anh huéng cta nhiéu
tham s& khac nhau dén chuyén vi udn cla tdm nay, dac
biét la bai bao da chi ra anh huéng cta nhiét do dén
chuyén vi uén cia tdm composite. Diéu nay lam tang kha
nang ung dung cda vat liéu composite c6 co tinh bién ddi
trong cac thiét bi lam viéc trong méi trudng nhiét do.
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