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NGHIEN CU'U ANH HUGNG CUA PHAN BO TAI TRONG NHIET
DEN TRUGNG UNG SUAT VA BIEN DANG VO TRU COMPOSITE LGP
TREN €O SO BIEN DANG TRUGT BAC CAO KIEU QUASI-3D

STUDY ON THE EFFECT OF THERMAL LOAD DISTRIBUTION ON THE STRESS-STRAIN FIELDS OF LAYERED
COMPOSITE CYLINDRICAL SHELLS BASED ON A HIGHER-ORDER SHEARDEFORMATION QUASI-3D THEORY
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TOM TAT

Bai bdo nghién citu anh hudng cta su phan bd tai trong nhiét theo chiéu
day dén truong (ing sudt clia vo tru composite IGp dua trén Iy thuyét bién dang
trugt bac cao theo hudng gidi tich. Mot mé hinh todn hoc va hé phuong trinh
vi phén diéu khién dugc thiét Iap bang nguyén Iy cdng do kha di, mé ta quan
hé giita (ing sudt, bién dang va nhiét do. Phuong phap chudi lugng gidc don
két hop bién ddi Laplace dugc st dung dé tim nghiém chinh xéc cho cac diéu
kién bién khac nhau. Chuong trinh tinh toan duoc xay dung nham kiém chiing
md hinh véi dit liéu cong bo. Két qua cho thay phan bo nhiét theo chiéu day
anh hudng manh dén truong ting sudt, dac biét tai khu vuc bién, cung cap co
5@ cho thiét ké két cdu composite ti uu.

Tir khéa: Vé tru composite Idp, truong ting sudt, dnh huéng cia phdn bé
tdi trong nhiét, bién dang trugt bdc cao, tiép cdn gidi tich.

ABSTRACT

This study investigates the effect of thermal load distribution on the stress
field of laminated composite cylindrical shells using an analytical approach
based on higher-order shear deformation theory. A mathematical model and
the corresponding system of equations for stress analysis under thermally
distributed loads across the shell thickness are developed. A computational
program is implemented, and the results are validated through comparison
with published data. The developed model is then employed to examine the
influence of thermal load distribution along the thickness direction on the
stress response of laminated composite cylindrical shells.

Keywords: Laminated composite cylindrical shell, effect of thermal toad
distribution, higher-order shear deformation, analytical approach.
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Nguyén Truéng Thanh'"

1. GIGI THIEU

Ly thuyét tdm - vd 6 dién (CPT) va ly thuyét bién dang
trugt bac nhat (FSDT) dugc sir dung réng rai trong phan
tich két cdu tdm - vd composite I6p do uu diém vé tinh
don gidn cda mé hinh va hé phuong trinh tinh toan.
Nhiéu nghién ctu tiéu biéu nhu Reddy [7], Zenkour va
Fares [11] da phat trién cdc m6 hinh dan nhiét dua trén
FSDT cai tién, trong dé phan bé nhiét theo bé day dugc
gia thiét tuyén tinh. Cac cong trinh nay chi yéu tap trung
phan tich dap Ung dan nhiét cla vo tru composite I6p
chiu tai trong nhiét va co hoc.

Tornabene va cdng su [9] da sir dung FSDT dé nghién
cliu tdm composite vudng va tron vaéi diéu kién bién téng
quat. Trong khi d6, cac nghién ctu dua trén ly thuyét dan
nhiét ba chiéu 3D nhu cta Bhaskar [1], Tungikar va Rao
[10] cung cap cac loi gidi chinh xac hon cho bai toan dan
nhiét tam composite truc huéng, véi phan bé nhiét dugc
mo ta bang phuong trinh truyén nhiét va khai trién chudi
lugng gidc. Ngoai ra, Khdeir va Reddy [5], Khare va cong
su [4] da phat trién cdc m6 hinh dan nhiét bac cao, trong
d6 cac phuong phéap nhu trang thai khong gian va IGi gidi
Levy dugc ap dung d€ giai hé phuong trinh vi phan mé ta
Uing xUr dan nhiét ctia tam - vé composite.

Tuy nhién, phan I6n cac cong trinh trén chud yéu tap
trung vao chuyén vi va (ing sudt tai vi tri gitta clia tam -
vo, trong khi trang thai ing suat tai khu vuc bién chua
dugc nghién cttu sau. Do d6, nghién cttu nay s&r dung mé
hinh bién dang trugt va phap tuyén bac cao ctia Doan va
codng su [2, 3] da xét dén anh hudng cla diéu kién bién dé
phan tich Ung suat vo tru composite I6p chiu tac dung
cla tai trong nhiét. Cac phuong trinh co ban dugc thiét
lap dua trén nguyén ly cong ao kha di va bai toan bién
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dugc gidi thong qua khai trién chudi lugng giac don két
hop vai phép bién déi Laplace. Do tin cdy clia mo hinh
dugc ki€ém chiing bang cach so sanh két qua chuyén vi va
{ing sudt vSi cac mé hinh ly thuyét hién cé. G day, bai bao
di sau vao phan tich anh hudng clia cadc dang phan bé tai
trong trong nhiét theo bé day vo t6i trudng Ung suat -
chuyén vi ctia vé tru.

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

Xét vé tru tron trong hé toa do cong truc giao O&0z.
Két cdu vd tru composite cé n I6p, mbi 16p la vat liéu
composite c6t sgi déng phuong, c6 cac théng sé hinh hoc
nhu hinh 1.Vé tru cé kich thudc RxLxh theo hinh 1.

Hinh 1. M@ hinh vo tru composite [6p va cac hé tru toa do
Theo [2], chuyén vi cla vé thanh dang téng, véi
K, <K:

u(&,8,z :iuk
k=0

w(E8,7)- sz £0)°.

=0

k k

v(£8.2)=> v, (& e)k,
0 (1)

trong doé, K: chi bac cta ly thuyét vo; K, la bac theo
bién dang phap tuyén;

u(€,6,z),v(&,6,z),w(6,z) la cac thanh phan
chuyén vi 3D cla diém P(£,0,2) tir khodng céch z téi mat
trung hoa (& day gia thiét mat trung hoa trung véi mat
trung binh, z=0) theo cac truc toa do;

Uy, Vo, W, : la cac thanh phan chuyén vi 2D clia diém P
theo cac truc toa do;

U1, V1, Wi gOC x0ay cla mat cat ngang thanh phan vo
quanh truc®6, & z;

Cac thanh phan khac trong phuong trinh trudng
chuyén vi (1) nhu: u,, v,, w,, U, v,,... 1acac chuyén vibac
cao trong chudi phan tich Taylor:
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2.1. Bién dang va (ing suat vé composite I6p dugi tac
dung cua tai trong nhiét
M&i quan hé tuyén tinh gilta cac thanh phan cua
trudng bién dang va trudng chuyén vi clia vé tru trong hé
toa do6 tru 06z theo [3], xac dinh theo cong thic:
{e) ={eo}, +ed), )
O day, {€}, va {&}, lanlugtla bién dang do téi trong

by LN 2 2 7, T
cG va nhiét cla vo, v6i: {€,], ={€.€q/€,/ Vso Vor Ve }, -

trong do:
10u 1 (ov
SE.:__’ 89: —+W ’
R 0¢ R+z\ 06
v, 1 o
Ve “pa€ "Rtz 00’ -
1 ow ov v
Yez: t—- !
R+z00 06z R+z
10w du 1 ow

=———t—, f, =——.
Yo "R%e T R oz
Khi vé tru lam viéc trong gidi han dan hoi thiét lap
dugc hé phuong trinh dao ham riéng clia néi luc suy rong
theo [3] dugc viét nhu sau:

N N NG N e,
oc 8 o€ o8 ’
N N ~RNY =0, Ny | N ~RNY =0,
o & e
N g
agéé’ " GaNé RND - aN =0,
625) . al(;lgg RNZ =0, “
aN(3) (3)
Mo , Mo N _oNg =
o¢ 0
aN(O) (0)
" agéz —Ng" ~Rp, =0,
aN(U (1
v gz +—a§gz —Ng’ RN’ —Rp, =0,

ONG' | N,
o€ a0
Trong hé phuong trinh (4), s&r dung cac ky hiéu néi luc
suy rOng nhu sau:

N5’ —RN.” —Rp, =0.
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h YW (. h)(-h)
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Pi=d ( 2R)2'i! a ( 2Rj 2il

& day: AT(E,G,Z):TO(E,G)+T1(E,6)§.
2.2. Phuong phap giai giai tich
Diéu kién bién trong cac trudng hop:
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Nad U, =0, =0, u, =0, u,=0,v, =0, v, =0,

gam v,=0,v;=0,w,=0, w, =0, w, =0
Bien  N'=0,NY =0, N =0, N’ =0,v, =0,
tua v,=0,v,=0, v;=0,w, =0, w, =0, w, =0 (©)
=0, =0,N? <O\ ~ON =0,
Ny =0,NY =0,N;’ =0,N”=0,N" =0,N* =0

Dat chuyén vi va tai trong dudi dang khai trién chudi

Fourie dang:

q(€6)=0,(¢)+

Tudo

Q

[Ms

3+

(§)sing,.6,

3
N

Ms

u(€,8)=U,(&)+D U, (§)sing,8,

3
T,

M

V,(€,6)=V, (€)= 2 Vin(€)cose, 8,

3
IN

s

w;(€,6)=W,(&)+ D W,,(§)sing,6, 7)

3
IN

o, =?, i=0,1,2,3;j=0,1,2.

0

[Ms

To =Too () +D_Tom (€)sing,.6,

1

T1 :Tw (E)"'

Hé phuong trinh can bang (4) cho ta hé 11 phuong

trinh vi phan dao ham riéng déi véi 11 chuyén vi ug, vk, Wi

va c6 bac bang 22. Gidi hé phuong trinh trén, ta nhan

dugc nghiém téng quat ¢ chia cac hang s6 tich phan,
cac hang s6 nay tim dugc ti cac diéu kién bién (6).

T1m(E)sin(pm9,

Ms 3

=1

3

Thay bi€u thiic nghiém tim dugc ddi véi chuyén vivao
cac cong thic (7) cho ta bién dang clia vo. D& tim céac ting
suat og, Og, Tep ta si dung cong thirc dinh luat Hooke, cac
Ung sudat cat tim dugc bang cach tich phan phuong trinh
can bang cda ly thuyét dan hoi 3D (8):

f 0 ot
T, =— ! J. (1+Ej&+ © \dz,
R+z /[, R)o¢ 06

R z R) o0

- 7

Tez 2 2
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3. KHAO SAT ANH HUGNG CUA PHAN BO TAI TRONG
NHIET
3.1. So sanh kiém chiing

Xét vo tru composite 16p véi tua don hai dau chiu tac
dung cuia tai trong nhiét d6 phan bé theo quy luat hinh
sin. Cac thong s6 dau vao dé tinh toan 13y theo tai liéu [4,
5] ctia Khare, cu thé nhu sau: Théng sé hinh hoc: ti s6
chiéu dai va chiéu rong b/L = 1, ti s6 ban kinh va chiéu day
S =R/h =10, ti s6 ban kinh va chiéu dai nhan cac gia tri
khac nhau:

E,/E,=25,E, /E, =1, G,/E, =G,, /E, =0,5,

G, /E,=0,2,v,, =v,, =v,;=0,25,0,/0,=0a,/a,=3.

Ham thay d6i nhiét do theo chiéu day vé dugc xac
dinh theo quy luat sau:

AT :(TO +E'I'1]cosn—s‘sinn—e V6iTi=1vaTo=0.
h 0 0

Két qua tinh toan dé vong khéng thi nguyén w véi
cac ti Ié R/a khac nhau nhan dugc trong céng trinh nay va
so sanh véi cac két qua tai liéu [4, 5], dugc trinh bay trong
bang 1. § day, d6 véng khong thi nguyén W duogc xac
dinh théng qua dé vong clda vo bdi cong thuc sau:
_ w(&/2,6/2,0)
W= T .

Nhdn xét: Cac két qua tinh toan cho két qua phu hop
V@i cac két qua tinh toan cla Khdeir va cong su [5]. Ngoai
ra, sai s6 tinh toan nhan dugc trong cong trinh nay so vai

Bang 2. Chuyén vi va ting suat ctia vd tru composite I6p, [0/90°]

cac két qua tinh toan theo theo ly thuyét cat bac cao dugc
trinh bay bgi Khdeir va cong su [5] va Khare va cong su [4]
khéng vuot qua 0,8%. Cac phan tich & trén chiing t6 mo
hinh ly thuyét va phuang phap tinh toan st dung trong
nghién cuu.

Bang 1.D9vong W khdng thit nguyén theo tai vi tri gitta clia vo composite
I6p chiu tai trong hinh sin bén trong (L/R=4;S=R/h;m=1;n=4)

Khdeir va cdng su[5] HOST12 béi Nghién
R/a Khareva | 7 |
&) FSDT HSDT cong su[4] CUu nay
5 | 1,280 | 1,1248 | 1,1235 1,1261 1,1263
[0/90°] | 10 | 1,1447 | 1,1439 | 1,1421 1,1434 1,1443
50 | 1,1501 | 1,1501 | 1,1482 1,1493 1,1502
5 | 1,0247 | 1,0215 | 1,0216 1,0224 1,0151
[0/90°5 | 10 | 1,0310 | 1,0302 | 1,0303 1,0299 1,0225
50 | 1,0331 | 1,0330 | 1,0332 1,0325 1,0250

Xét cac trudng hop vo tru composite 16p ¢6: S = 20;
L/R =4; R = 1; VO tru composite I6p hai dau ngam (C-C);
vO chiu tai trong nhiét dé gay bién dang toan vo tang AT.
Cac I6p clia vo déu la vat liéu Gr.Ep_AS.

3.2. V6 chiu tai nhiét dé phan bé déu theo chiéu day

Xét cac trudng hop vo tru composite 16p ¢6: S = 20;
L/R = 4; R = 1; Vb tru composite I16p hai dau ngam (C-C);
cac lop cua voé déu la vat liéu Gr.Ep_AS. Khi vo tru
composite I&p chiu tadc dung nhiét d6 phat sinh bién dang
cho thay d6i theo cac trudng hop véi: AT = [10 + 50]K.

w o 0, o, o 0, T, o,
a1 G G| GG & )] )| ()
272 22 22 22 2 2 2 2
(0) (£h/2) (£h/2) (£h/4) (£h/2) (£h/2) (£h/3) (£h/4)
2,8181 7,8862 -0,0631 -5,3918 -2,4244 -216,8297 -133,2521
10 029306 2,4614 2,8798 0,090 3,8886 0,1493 -38,4563 -5,3192
2% 058612 5,6362 15,7724 -0,1263 -10,7836 -4,8488 -433,6595 -266,5042
4,9228 5,7597 0,2181 7,77173 0,2986 -76,9127 -10,6385
8,4543 23,6586 -0,1894 -16,1754 -7,2731 -650,4892 -399,7564
3 08717 7,3843 8,6395 0,3271 11,6659 0,4479 -115,3690 -15,9577
2 11723 11,2724 31,5448 -0,2525 -21,5673 -9,6975 -867,3189 -533,0085
9,8457 11,5194 0,436 15,5546 0,5972 -153,8254 -21,2770
5 146529 14,0905 39,4310 -0,3156 -26,9591 -12,1219 -1084,15 -666,2606
12,3071 14,3992 0,5451 19,4432 0,7464 -192,28 -26,5962

Vol. 671 -No. 11 (Nov 2025)

HaUl Journal of Science and Technology | 79




CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

Két qua tinh toan chuyén vi va Ung suat cta vd
composite hai I6p [0/90°] dugc thé hién & hinh 2 va trong
bang 1, theo coéng thuc (9).

(OE,OQ,TEZ,OZ)

W' =wx10%; (0},05,T;,,0,) = : ©
10
0.5
S Of |
-0.5
250 100
a1) Ung suét o, taivitribién
0.5 ]
T10 i ,
————— T20 i .
- - =730 f 1
.......... T40 : 1
----- T50 i '
1
: :
- 1 -
] Oy i ”
i 1
i 1
i 1
i 1
i 1
i 1
i 1
i 1
0.5~ i : .
0 5 10
*%*
T
a2) Ung suét o, tai §=¢,/2
0 5 —-~.~__"_- ....... ~ o~ ~a
"~-':'_"_--_T...:.“\"\.
.--L".-L.._,“:\,
‘?"37;.
TR
it
_ i) il
Ly
5 I
L
1y ¥
—TI10 e
----- T20 7
- - -T30
.......... T40
----- T50
-0.5 ' ’
-15 -10 -5 0 S
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b1) Ung sudt o, tai vi tri bién

z/h
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z/h

* Nhdn xét:

- Nhiét dé lam tang Uing suat clia két cau vé, cir tang
10° lam tang d6 vong Ién khodng 20% trong khi tai trong
co khéng déi.

- Nhiét d6 cang tang hién tugng gia tang mét s6 thanh
phan (ing suat tai bién cang I6n.

3.3. V4 chiu tai nhiét d6 phan bé tuyén tinh theo chiéu
day

Xét vo tru composite I6p chiu tac dung tai trong nhiét
dé phat sinh bién dang cho thay déi theo méi trudng hop

v6i: AT=TO(—§+1J;TO =[10+50]°C.
K&t qua tinh toan chuyén vi va ting sudt vo tru la vat

lieu composite ba I6p [0/90°/0], dugc biéu thi theo hinh 3
va bang 3, s6 liéu dugc tinh theo céng thic (9).

0.5
=
N
< o
0.25
-0.5 '
-50 0 50
d2) Ung sudt T, T;Z tai vi tri céch bién 5h 7T
Hinh 2. Biéu d6 phan bd ting sut trong vé tru composite I6p, [0/90°] a1) Ung sudt o taivitri bién
Bang 3. Chuyén vi va ting suat cdia v tru composite |6p, [0/90°/0]
w o 0, g, o, g, T, o,
¢ 0 ] ¢0 ¢0 ] ] ] i
TO T EI_ L T E,_ EI_ E,_ EI_
22 22 22 22 2 2 2 2
(0) (£h/2) (£h/2) (£h/4) (£h/2) (£h/2) (£h/3) (£h/4)
5 024593 0,0527 0,2390 0,3343 -9,0423 -0,3471 -4,8853 1,1803
' 2,4743 2,8682 -0,5075 -4,6641 -0,1791 -4,3534 -1,8830
10 0,49786 0,1053 0,4780 0,6685 -18,085 -0,6943 -9,7706 2,3607
4,9485 5,7364 -1,0150 -9,3283 -0,3581 -8,7068 -3,7660
15 074678 0,1580 0,7170 1,0028 -27,127 -1,0414 -14,656 3,5410
' 7,4228 8,6046 -1,5225 -13,992 -0,5372 -13,060 -5,6491
2 0.99571 0,2107 0,9560 1,3370 -36,169 -1,3886 -19,541 4714
' 9,8968 11,4728 -2,0300 -18,656 -0,7162 -17,414 -7,5321
% 124464 0,2634 1,1950 1,6713 -45,211 -1,7357 -24,426 5,9017
12,371 14,3410 -2,5376 -23,320 -0,8953 -21,767 -9,4152
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b2) Ung suét o, tai §=¢, /2 d1) Ung sudt ,, tai vi tri bién
82 | Tap chi Khoa hoc va Cong nghé Trudng Dai hoc Cng nghiép Ha Noi

Tap61-5611(11/2025)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

0.5
—T0-10
————— TO0-20 PRt
R _T0_30 -‘_,-: .......
PRl o -
.......... T0-40 "_,— . s
U Sl
————— T0-50 |-~ .7 ,/
//' I' 7
2 ’ ;’
< ot 4 /
N K4 4 z
/ 7
/ ’ ;
4 I
’ F
£ I
Koo . 3 "\
e e, S -
el e, e N
e e, ~o <
—— e, .
ST, S S -
TS sl
T
-0.5 ‘ '
-0.25 -0.2 -0.15 -0.1
s
T
&z

d2) Ung sudt T, tai vi tri cach bién Sh

Hinh 3. Bi€u d6 phan bé ting sudt trong v composite I6p, [0/90°/0]

Nhdn xét:

- Ung sudt clia két cau vo tang lén khi nhiét d6 ting;

-VUng Uing suat manh tai bién tang manh khi nhiét d6
tang lén. Trong do, ing suat phap o, va ling suét tiép TZZ
tai 16p giap 16p vo thanh ngoai (trong khoang tir h/3 dén
h/2) tdng manh hon vung I6p thanh trong vo.
4.KET LUAN

Trén ca sé tinh toan ly thuyét va cac vi du khdo sat anh
hudng clia cac cac dang phan bé tai trong nhiét dén
truong Uing suat clia vo tru composite I6p nhu sau:

- Trudng Uing sudt clia két cau vé tang Ién khi nhiét d6
tang;

- Trong hai trudng hgp phan b6 déu va phan bo tuyén
tinh cung nhiét dé bé mat trong la 50°C thi cac thanh
phan clia trudng Ung suat trong trudng hop phan bé déu
I6n hon trudng hgp phan bé tuyén tinh theo chiéu day
khi nhiét d6 giam dan tur trong ra ngoai (phu hgp véi thuc
té la tai nhiét trudng hgp phéan bé dé 16n hon phan bé
tuyén tinh);

- Thanh phan (ing suat tiép tai bién tang dét bién khi
nhiét dé ting lén diéu nay c6 thé dan dén hién tugng
trugt gilta cac I6p gay ra hién tugng nut voé tru tai vi tri
bién (viing ing suat manh).

- Tai nhiing vung xa bién ngam (vling Ung suat - bién
dang bién hinh) c6 thé bé qua anh hudng cla cac thanh
phan (ing suat phap ngang.

Két qua nghién ctu nhan dugc cé y nghia rat quan
trong trong thuc tién thiét ké, ché tao, cling nhu khai thac
két cdu vo tru composite I6p.
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