Nghién ciru khoa hoc cong nghé

PHAN TiCH PAP UNG CO-NHIET ’
CUA VO TRU COMPOSITE LOP SU DUNG LY THUYET
BIEN DANG TRUQT BAC CAO KIEU QUASI 3D

Nguyén Trudng Thanh'", Trdn Ngoc Poan?, Phan Vin Chuong1

Tém tit: Bai b&o trinh bay vin dé phan tich dap iing chuyén vi va irng sudt ciia vo tru
composite [0p dudi tac dung ciia co-nhiét trén co so Ly thuyét bién dang trirot bc cao kiéu
quasi 3D. Trén co so Iy thuyet nhiét dan, bai bdo thiét lgp cdc phwong trinh tinh toan umg
sudt vo tru composite lop bang cdch sir dung phirong phap bién phdn va phan tich truong
chuyen vi thanh chudi ham da thirc theo chiéu day vo. Tir cdc phicong trinh nhdn duwoc,
thiét ldp chirong trinh tinh todn, so sanh kiém chimg véi cac két qud da cong bo. Ap dung
khdo sdt phdn tich dap vmg co-nhiét ciia vé tru composite 16p. Piéu nay c6 y nghia cao
trong viéc tinh todn thiét ké toi wu than vo tén lira ciing nhu khi cu bay.

Tiwr khoéa: Vo tru composite 16p; Trang thai ing suit; Bién dang truot bac cao; Tac dung nhiét d9,.

1. PAT VAN DE

Pi c6 nhiéu tinh toan dugc cong bd vé dap tng co nhiét ciia vo tru composite 16p st
dung 1y thuyét tim-vo cb dién va 1y thuyét bién dang truot bac nhat vi tinh don gian
trong thiét 1ap va tinh toan. Nhu trong cac cong trinh Reddy [1], Khdeir va Reddy [2],
Zenkour va Fares [3] xdy dung mo6 hinh dan nhiét don 16p twong duong ctia vo tru
composite 16n st dung ly thuyét bac nhat cai tién. O ddy, phan bd nhiét do theo chiéu
day tuan theo quy luat tuyén tinh. Tornabene cting cong su [4] su dung ly thuyét bac nhat
trong nghién ciru tAm composite vuéng va tron véi diéu kién bién téng quét.

Nghién ciru cia Rohwer ciing cong su [5] chi ra rang: viéc sir dung xap xi bac ba
hodc bac nim ddi v6i chuyén vi theo chiéu day tdm cho két qua c6 do chinh xac cao
trong tinh toan tmg sudt phap ngang cta tim dudi tac dung cta nhiét d6 phan b theo
ham sin. Ootao cung cong su [6] nghién cuu dép ung co nhiét cia vo composite 16p
cross-ply sir dung 1y thuyét bién dang truot bac cao nhung chi han ché voi diéu kién bién
tua don. Reddy va Khdeir ciing cong su [9] di st dung 1y thuyét bién dang trugt bac ba
dé phan tich tam, vo composite 16p dudi tdc dung cia nhiét d§. Cac tac gia su dung
phuong phap trang thai khong gian theo cach tiép can 10i giai Levy dé giai hé phuong
trinh vi phan nhan dugc.

Tuy nhién, cac cong trinh nghién ctru da néu ¢ trén, phan 16n cac tac gia chi tap trung
nghién ciru chuyén vi va (mg suat clia tim, vo tai vi tri giita. Trang thai (mg suat tai khu
vyc bién chua duge quan tdm nghién ctru nhiéu. Trong cong trinh nay, tac gia st dung
mo hinh 1y thuyét bién dang truot bac cao kiéu quasi 3D trinh bay trong [7, 9, 10] dé
nghién ctru dap ung co-nhiét co ké dén anh hudng cua diéu kién bién khac nhau. Uu
diém co ban cua Iy thuyét bién dang trugt bac cao dang Quasi 3D dugc sir dung trong bai
béo 14 dwa mé hinh tinh toan gan giéng mé hinh that, va cach tiép can ctia bai bao co thé
giai quyét dbi voi cac diéu kién bién, c6 thé tinh duoc mg suat phap nén co thé tim ra
cac dap tmg Gng suit phap tai vi tri bién, day 1a diém khac biét co ban cua bai bao véi
cac cong trinh nghién ctru trudc day.

2. THIET LAP MO HINH VA XAY DUNG HE PHUONG TRINH TINH

2.1. Thiét 1ap cac phwong trinh co ban
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Hinh 1. So' do [6p vat lieu composite va cdc hé truc toa do.

Xét vo tru tron trong h¢ toa d¢ cong truc giao 0£0z, tham khao md hinh vé tru
composite 16p theo tai lidu [7]. Két ciu vo tru composite co n 16p, mdi 16p 1a vat licu
composite cdt soi ddng phuong, phuong chinh ciia mdi 16p tring véi phuong dat cdt cia
16p twong tng theo hinh 1. Vo tru tron c6 ban kinh R, chiéu dai L va bé day h. Chuyén vi
ctia v6 thanh dang tong, theo [13].

k

u(&,0,z)= guk (g,e)zk—k!, v(&0.2)=Yy, (g,e)%, w(E,0,2) = 2% (&, e)zk—k!. (1)

k=0
trong d6: K 1a chi bac cua 1y thuyét vo; u(&,6,2),v(&,0,2), w(&,6,2)1a cac thanh phan
chuyén vi 3D ciia diém P(EJ, 0, Z) tir khoang céch z t6i mat trung hoa (& day gia thiét mat
trung hoa trung v6i mét trung binh, z = 0) theo céac truc toa do;

Uy, Vg, W, 14 cac thanh phan chuyén vi 2D ciia diém P theo céc truc toa d¢; u,, v, : G6c
xoay ciia mit cat ngang thanh phan vo quanh truc 6,&; Cac thanh phan khéac trong
phuong trinh trudng chuyén vi (1) nhu: W, Uy, V,, W,, Uy, Vs,... 12 céc chuyén vi bac cao
trong chudi phan tich Taylor.

* Bién dang va iing sudt vé composite 16p dudi tdc dung cia tdi trong nhiét

M&bi quan hé tuyén tinh giira cic thanh phan cua trudng bién dang va truong chuyén

vi cta vo tru trong hé toa do tru OE0Z theo [1], dugc x4c dinh theo cong thire sau:

{S}k :{SO}k +{8T }k (2)
O day, {g,},va {&}, lan luot la bién dang do tai trong co va nhiét ciia v, véi:
T r
{&}, = {sé,se,sz,vge,yezﬁéz}k trong do:
1aou 1 (ov lov 1 ou
8&:——, €y = —+ W, Vge:__+ —,
R 0g R+z\00 Rog R+z00
1 ow ov v 1ow ou 1 ow
= —t o Yuco ot &=
R+z00 o0z R+z Rog oz R oz
Khi vo try 1am viéc trong gidi han dan hoi thi mbi lién hé giita bién dang va tmg suat
tuan theo dinh luat Hooke doi véi 16p vat liéu thir K trong hé toa d6 dia phwong gan véi
tung 16p c6 dang:

(3)

Yoz
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;
{51702!GsltlziTla!Tza}(k) =

4
= I:C(k):'{el -0, AT, g, —a,AT &, _asAT’y121Y131Y23}T @

(k)

Phuong trinh lién hé gitta tng suat va chuyén vi cua 16p thir k trong hé toa d6 chung
duoc xac dinh theo [10]:

O ddy, AT la nhiét d6 bién dang cua vat liéu; Mdi lién hé giita modul dan hdi va hé sé
poéat x6ng theo [10].

Moi quan hé giita ing suat va bién dang trong hé toa do tong thé dang:

T
{Gg,ce,cz,rée,réz,tez} =

(5)
- [Q(k)J{gé — 0 AT, g, — AT, g, — 0, AT, 7, — 0, AT, vy, Yy, }T
¢ day, ma tran d6 cung chung [Q(k)] duoc cho bai: [Q(k)] = [T (k)]t [C(k)][T(k)],
ma tran d6 cing [C(k)] va ma tran chuyén hé toa do [T () ] x4c dinh theo [10].
¢ day, o, = 0,008 (B)+a,8in* (B), o, = asin® (B) +a,c08% (B), )

oL, =0y, O = 2( 0, — 0ty )Sin(B)cos(P).
* Phirong trinh cdn bang va cdc diéu kién bién
St dung nguyén ly bién phan Lagrange dé xay dung phuong trinh can bang, phuong
trinh bién phan nang luong nhu sau:
8H=8(U—A)=O. (7)
Trong do, dII, 8U va SA lan luot 1a bién phan tong ning luong, bién phan thé ning
va bién phéan cong ngoai lyc.
Bién phan thé ning bién dang dan hoi dugc xéac dinh:

8U = [(0.8e, + 0,08, + 0,88, + T,y0e + 1,08, + 10,08y, )V =
\%

N ) 8
_I[Z J. (Gésga +09889 +62882 + J(l—l—%] RZdZ]déde

=N +’Eé988é9 + rngiséz +1,,0€,,

Gia thiét vo chiu tac dung cia tai trong hudng tim phan bd q° & mit ngoai va q~ &
mit trong. Khi d6, bién phan thé ning ctia cong ngoai luc tac dung 1én vo tru composite
dugc xac dinh theo cong thirc:

SA= ! ! {q+8w+ (1+ %}r q oW (1—%)}%@9 9)

2 on . h? _ h h?
O day, w :W0+EW1+EW2:W :Wo_Ewl"'EWz-
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Thay thé (11), (10) va (9) va thyuc hién bién d6i dé xay dung phuong trinh can bang ta
su dung nguyén 1y bién phan Lagrange [9], ta nhdn hé phuong trinh can bang theo

chuyén vi khi K=3 nhu sau:

0) ) 0) 0)
NG N NG NO e g
o 09 o 00
[6)) [6)) @
%_,_GN_G"S_ RNg) =0, aN_é"_,_M_ RNég) =0,
o 00 o 00
ON (2) ON (2) ON (2) (2)
O o g, T Mot gy ane o, (10)
g 00 og, 00
3) 3) (3)
g 00 g, 00
ON (0) (0)
x| No N + N —Rp, =0,
o 00
ON () )
% *LSQZ ~N{ —RN® +N{ + RN ~Rp, =0,
ON (2) 2)
LS e 0

Trong h¢ phuong trinh (10), st dung cac ky hiéu ndi lyc suy rong nhu sau:

Pk
[NQO) NO N Nés)]:i ]) Gék)(1+%j[1z zzzsde,

L huy

h
[NONY NP NOJ=Y [ ot [12 2727 e (11)

k=L hgey)
[N(O) NO N(z)]_ihf CIPa 2
. ;. N7 |= G, +R [1zz]dz,
k=1 h(k—l)

h
NL (k)
O NONO N = (k) 2 48
[Neé Ng: Ngz' Nz ]_ E J. Toe [12 z°z ]dz,

k=1 h(H)

o)
[Nég) NG NS Nég)]:i I Ty (1+%}[1z 2223]dz,

k=1 h(H)
N0 7
(0) @ (2) | = (k) £ 2
[NO NO NS J=> [ < (1+ R)[lz 2° |dz,
k=1 h(k—l)
N oo
(0) () (2) (©)N - (k) 2,3
[NO NO NO N |=> [ [122°2°|dz,
k=1 h(kfl)
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N o
z
[NT(?NT(Q N2 NT(‘?] = kzl: j AT (Quor, + Q04 + Qg +Q14(x§9)(1+ Ej [1 27 23]dz,
LT
NI
[NT(Z) NT(le) N'I('é) N'I(':;):| - Z J. AT (Q21(XE,, +Q0, + Q0L +Q24a§9)|:1 27" ZS]dZ’
k=1 h(k—l)
NL Mo 7
[NONDNDND =" [ AT (Quot, +Qqaty +Quar, +Q34océe)(l+ﬁ]|:l z 22 |dz,
k=1 h(k—l)
0 1 2) N (3 v Z 23
[N‘ISE,.)G N2 Nz NT(a)e] - kzl: I AT (Q4laé +Qup0t + Q01 +Q44%9)(1+§j[1 zzz ]dz,
= Ny
NL oo
[N NG N NR = [ AT (Quors +Qucty +Qu, +Quaoky)[ 12 2°2°Jdz,
k=1 h(H)
hYh (. h)(-h) .
=q" l+— - l—— —_—, |:0,1,2
Pi=4 ( 2Rj2'i! f ( ZRJ 2'i!

Diéu kién bién trong cac truong hop:
U, =0, u=0,u,=0,u;,=0,v,=0, v, =0,

Ngam
g v,=0, v;=0,w, =0, w, =0, w, =0,
N®=0, NY =0, N? =0, N® =0
Tua don : : : : (12)
v, =0, v,=0, v, =0, v;=0,w, =0, w, =0, w, =0,
N®?=0, N® =0, N? =0, N =0,N{” =0, N§’ =0,
Tu do

N =0, N? =0 N®=0, N¥ =0, N? =0.

2.2. Phuwong phap giai tich

D3t chuyén vi va tai trong dudi dang khai trién chudi Fourie [10]. Khi d6, h¢ phuwong
trinh can bang (10) cho ta hé¢ 11 phuong trinh vi phan dao ham riéng doi véi 11 chuyén
vi U, V,, W, va co bac bang 22. Giai hé phuong trinh trén, ta nhan dwoc nghiém tong
ql{ét c6 chtra cac hrﬁlng s tich phan, cac hing s6 nay tim dugc tir cac diéu kién bién ’(12).
bé tim cac tng suat Cgy gy Tegrta su dung cong thic dinh luat Hooke, cac ing suat cat
tim duoc bang cach tich phan phuong trinh cin bang cua 1y thuyét dan héi 3D, theo [10].
2.3. Kiém tra so sanh két qua tinh toan ciia mé hinh

Theo bai toan Khdeir [2] va Khare-Kant [11]): Xét vo tru composite 16p v6i tya don
hai dau ,chiu tac dl;mg cua tai trong nh‘iét doé phan bé theo quy luat hinh sin. Vo tru co
thong s0: Thong so hinh hoc (ti so chiéu dai va chiéu rong b/a=1,véi a=L; ti sO ban
kinh va chiéu day S =R/h, ti s6 ban kinh va chiéu dai nhan céc gia tri khac nhau); Vat
ligu: E /E, =25, E,/E, =1 G,/E,=G,/E,=0.5, G, /E,=0.2,

V), =V, =V, =0.25, o, /o, =0, /o, =3; Ham thay do6i nhiét do theo chiéu day vo
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AT, duoc xac dinh theo quy luat sau:

AT = (TO + Elecosn—asin n—e , 0 day: T1=1 va To=0. (13)
h 0 eO
Két qua tinh toan do vong khong thir nguyén W véi cac ti 16 R/a khac nhau nhan duoc
trong cong trinh ndy va so sanh véi cac két qua cua tai lidu [11], dugc trinh bay trong
bang 1. Trong do, do vong khong thr nguyén W dugc xac dinh thong qua do vong cua
v6 theo cong thic:

w(&/2,0/2,0)
T

Baing 1. bg vong W khbng thiz nguyén theo tai vi tri giza cua vo composite lép chiu tai
trong hinh sin béntrong (L/R=4;S=R/h;m=1n=4).

W= (14)

R/a Khdeir [2] Khare [10] | i hao
csT FSDT HSDT | HOST 12
5 | 11280 | 11248 | 11235 11261 | 1.1263
(0907 | 10 | 11447 | 11439 | 11421 11434 | 11443
50 | 11501 | 11501 | 1.1482 11493 | 1.1502
5 | 10247 | 10215 | 10216 10224 | 1.0151
(090 | 10 | 10310 | 1.0302 | 1.0303 10299 | 1.0225
50 | 10331 | 10330 | 1.0332 10325 | 1.0250

Nhén xét: Céc ket qua tinh toan cho két qua phi hop véi céc két qua tinh toan cua
Khdeir [2] va Khare -Kant [11]. Vi vay, m6 hinh 1y thuyét va phuong phap tinh toan sir
dung trong nghién ctru nay c6 do tin cay cao.

3. PHAN TiCH PAP UNG CO NHIET CUA VO COMPOSITE LOP

Xét vo tru composite chiu tic dung tai trong

ap suat trong moi truong nhiét: R=1, L/R=4, 3 ' ' ‘

$=10; vit liéu Gr.Ep AS (E;=137.9 GPa, E;=  ,4| / *-===========-- ]
E3:9.0 GPa, Gyp = Glg = 7.1 GPa, ng = 6.2 ,': ..................... A
GPa, vi;=ws= 0.30, 1,53=0.49, p=1500 kg/m®, 2l SNt
;=10 K, =30.10° K™, 03=30.10% K™); vo g us g’ ~~""""" oo T
try composite 16p chiu lién két ngam 2 déu (CO); K ‘g
két cdu chiu tac dung cua tai trong ap suat phan N T |
b6 déu q=10° Pa c6 cudng do 6n dinh theo thoi (] [ P

gian va phuong tring véi phap tuyer; bé mit ciia J ‘

v0O, dong thoi nhi¢t d§ phat sinh bién dang voi: 0 1 2 3 4
AT =[0+50] K. ¢

Hinh 2. Anh hieong tdi nhiét do

Két qua tinh toan chuyén vi & hinh 2 va tng . P oo
£ toi chuyén vi vo tru composite lop.

suat cua vd composite [900/0], duoc thé hién &
hinh 3 va trong bang 2, theo cong thirc sau:
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N e a4 % %
w =w x10%; (Gg,Ge,’Egz,G

*

_ (GQ’GG’ng’Gz)

)

z

10°

(15)

Bing 2. Chuyén vj va iing sudt cia vé tru composite I6p, [0/90°].

W o S, o, | % | o T ,
£ 0 £ 0 £ 0 £ 0 0 0 0 0
53) 32) |53) (52) [2) [e3) [(e2) |3
AT | (0)  |(zh/2) |(xh/2) |(£h/4) (zh/2) (xh/2) |(£h/3) |(zh/4)
o | 138057 | 026564 | 17.5553 | 0.57633 | -7.7199 | -3.4712 | -13.709 | 0.68835
-0.17800 | 0.77883 | 0.93369 | 29.086 | 1.1167 | -4.1765 | 4.3.667
10 | 163579 | 307354 | 26.1798 | 0.68896 | -13.238 | -5.95224| -41.151 | -11.412
2.19898 | 3.49880 | 1.02279 | 33.409 | 1.28262 | -14.763 | 3.658
20 | 183000 | 288144 | 34.8043 | 0.80159 | -18.756 | -8.43329| -68.504 | -23.512
4.57595 | 6.21877 | 1.11189 | 37.732 | 1.44859 | -25.348 | 2.9498
30 | 2.14090 | 868934 | 43.4287 10.91422 | -24.273 | -10.9143| -96.038 | -35.612
6.95293 | 8.93874 | 1.20099 | 42.055 | 1.61456 | -35.934 | 2.2414
c0 | 2.64gqs | 1430514 | 60.6777 | 1.13947 | -35.309 | -15.8764  -150.92 | -59.812
11.70688 | 14.37868 | 1.37918 | 50.702 | 1.94649 | -57.107 | 0.82451
0.5 NN P 0.5 I—P ; '- '.
B s i
. :'

0.5

z/h

P
P+T10

P+T30
P+T50

e,
RN

-0.5
-20

-10
o

-15

*

0

5

b1l) Ung suat o, tai vi tri bién

-5

0.5

z/h

0
o

5 10

*

3
a2) Ung suat o, tai £=¢,/2

-0.5

1
1
1
1
1
1
1
1
1

1
1
1

P
P+T10

P+T50

0

1
20

40
o

60
%
0

80

b2) Ung suit o, tai E=E,/2
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0.5

0.5

—P

= = =P+T10
----- P+T20
s PAT30
= = =P+T50

z/h
<

—P

= =P+T10

-0.5

o*
z

c1) Ung suat o, tai vj tri bién

0.5

z/h
=

—P
= = =P+T10
= P+T20
= P+T30
= P+T50

-0.5
-200

-150 -100
™ &

-50 0

d1) Ung suat t, tai vi tri bién

.5
-100 -80 -60 -40 -20 () 20 0

0.5 1
o*
z

L5

2

c2) Ung suat o, tai £=E&,/2

0.5

z/h
=

&

gai‘"—f:

-0.5
0

0.2 0.4

*

I

0.8

1

d2) Ung suat , tai vi tri cach bién 5h

Hinh 3. Su thay déi itng sudt theo chiéu day vé véi cdc nhiét do khéc nhau.

trong bang 3, theo cong thuc (15).

Két qua tinh toan chuyén vi va tng suit cua vo composite [90%0/90°], dwoc thé hién &

Bdng 3. Chuyén vi va irng sudt cia v try composite Iop, [90°/0/90°.

w o, S S, o, S, Ty S,
éﬁj o éﬁ) (éﬁ) 8 (9] 9 (9
[2’2 2'2 2'2 2'2 a’2 E”z g’2 g’2
AT | (0)  |(zh/2) [(£h/2) |(zh/4) (£h/2) (£h/2) |(xh/3)|(zh/4)
0 |101097 | 0-21105 | 12.8767 | 031774 |-6.2274 |-2.25116 |-2.2478 |-1.7900
' -0.13749 | 15.1263 | 0.59145 |7.3456 |2.57728 |0.0593 |0.47818
10 |12689p | 301820 | 215696 | 0.40644 |-11.402 |-2.98248 |-3.1393 |-10.998
' 2.58223 | 18.0944 | 0.63766 |5.4545 |-2.15545 [0.3946 |-1.8604
20 | 150607 | 582534 | 30.2624 | 0.49513 |-16.577 |-3.71380 |-4.0308 |-20.206
' 5.30196 | 21.0625 | 0.68386 |3.5635 |1.73361 [0.7298 |-4.1990
30 |178493 | 8:63249 | 38.9553 | 0.58383 |-21.752 |-4.44512 |-4.9223 |-29.414
' 8.02168 | 24.0306 | 0.73006 |1.6725 |1.31178 |1.0650 | -6.537
50 |2.30093 | 142468 | 56.3410 | 0.76122 |-32.102 |-5.90776 |-67.053 |-47.831
' 13.4611 | 29.9668 | 0.82247 |-2.1095 |0.46812 |17.355 |-11.214
Nhdn xét:

t61 20% trong khi tai trong co khong doi.

- Nhiét d6 lam ting tng suat cia két cdu vo, voi mdi ting 10 d6 1am ting d6 vong 1én
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Nghién ciru khoa hoc cong nghé

- Nhiét do cang ting hiéu ung tip trung Ung suét tai bién. Trong do, tmg phap G, va
sudt tiép r; tai 16p giap 10p vo thanh ngoai (trong khoang tir h/3 d&én h/2) ting manh hon
vung 16p thanh trong vé.

4. KET LUAN

Trén co so tinh toan ly ‘ghuyét va phan tich sb trinh bay trong cong trinh ndy, c6 thé
rat ra nhiing két ludn chua yéu sau:

1. Thiét 1ap duoc cac phuong trinh tinh todn vo try theo 1y thuyét bién dang truot bac
cao quasi-3D.

2. Thyc hién phéan tich anh hudng tai trong co va nhi¢t do 1én chuyén vi va ung suét
cua vo tru composite 16p.

3. C6 hién tugng tap trung ng sudt tai bién va cac thiét dién c6 budc nhay vé tai tac

dung 1a dang ké. Piéu nay co y nghia quan trong trong viéc thiét ké tdi uu cac két cau
chiu tai trong trong thuc tién.

TAI LIEU THAM KHAO

[1]. Reddy JN (2004), “Mechanics of laminated composite plate and shell theory and analysis ",
second edition, CRC Press.

[2]. Khdeir AA, Reddy JN (1991), “Thermal stresses and deflections of cross-ply laminated
plates using refined plate theories ”, J Therm Stresses,14:419-38.

[3]. Zenkour AM, Fares ME (2000), “Thermal bending analysis of composite laminated
cylindrical shells using a refined first-order theory ”, J Therm Stresses, 23:505-26.

[4]. Tornabene, Liverani & Caligiana, (2012), “Laminated composite rectangular and annular
plates: A GDQ solution for static analysis with a posteriori shear and normal stress
recovery”, Composites Part B, Engineering, 43(4), 1847-1872.

[5]. Rohwer K, Rolfes R, Sparr H, (2001), “Higher-order theories for thermal stresses in
layered plates ”. Int J Solids Struct,38:3673-87.

[6]. Ootao Y, Tanigawa Y, Miyatake K, (2009), “Transient Thermal Stresses of a Cross-Ply
Laminated Cylindrical Shell Using a Higher-Order Shear Deformation Theory ”, Journal of
Thermal Stresses.

[7]. N.T.Thanh NT, P.V.Chuong va cac cong su (2020), “Tinh todan vo try composite Idp trén co
s6 Iy thuyét bién dang trieot bic cao Quasi 3D theo hudng tiép cdn gidi tich”, S6 65 -Tap
chi NC KHCN quén su, S6 65, tr 186 -195.

[8]. Khdeir AA, Rajab MD and Reddy JN, (1992), “Thermal Effects On the Response of Cross-
Ply Laminated Shallow Shells”, Int. J. Solids Structure, vol 29, pp. 653-667.

[9]. Firsanov VVV, Doan TN, “Investigation of the statics and free vibrations of cylindrical shells
on the basis of a nonclassical theory”. Composites Mechanics Computations Applications:
An International Journal.

[10]. Doan TN, et al, (2020), “Analysis of stress concentration phenomenon of cylinder laminated
shells using higher-order shear deformation Quasi-3D theory”. Composite Structures,
232:111526.

[11]. Khare, T.Kant, and A.K.Garg, (2003), “Closed-Form Thermo-Mechanical Solutions of

Higher-Order Theories of CrossPly Laminated Shallow Shells”, Compos Struct, vol 59, pp
313-340.

Tap chi Nghién ciru KH&CN qudén suw, S6 Déc san Co hoc va Diéu khién thiét bi bay, 10 - 2021 113



Co kj thugt & Co khi dpng lyec

ABSTRACT

THERMOMECHANICAL RESPONSE ANALYSIS
OF LAYERED COMPOSITE CYLINDER SHELLS
USING HIGH-ORDER SHEAR STRAIN THEORY BASED ON THE QUASI 3D

The paper presents the problem of analyzing the stress state of the composite
cylinder shell under the effect of thermomechanical action on the basis of the
theory of high-order sliding strain of 3D type. In this paper, the three-dimensional
equations in the theory of nonlinear elasticity of the shell under the effect of
thermo-mechanical loads are established into two-dimensional nonlinear
equations for the cylindrical shell by using the decomposition method. and analyze
the displacement field into a series of polynomial functions according to the shell
thickness. On the basis of the obtained equations, set up a calculation program,
compare and verify with the published results. From there, the survey and analysis
of the thermomechanical response of the composite cylinder shell is applied.

Keywords: Composite layer cylinder shell; Strain stress state; Variational method; High-order shear deformation
theory; Displacement; Equilibrium equation system.
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