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PHAN TiCH TiNH VO TRU FG-CNTRC
CHIU TAI TRONG CO NHIET VOI TiNH CHAT VAT LIEU
PHU THUQC VAO NHIET PO

Duwong Vin Quang'”, Tran Ngoc Poan’, Poan Tric Luat?
'Khoa Hang khéng vii tru, Truong Dai hoc Ky thudt Lé Quy Pén
2Khoa Co khi, Truong Dai hoc Ky thudt Lé Quy Doén

Tém tit

Bai béo trinh bay két qua phan tich tinh vo try bang vat lidu nanocomposite c6 co tinh bién
thién gia cudng bang 6ng nano cacbon (Functionally graded carbon nanotube-reinforced
composite - FG-CNTRC) chiu tai trong co nhiét. Nhiét do trong vo tru duoc gia thiét phan
bd theo do day va xac dinh tir phuong trinh truyén nhiét. Hé phuong trinh can bang duoc
thiét 1ap dya trén 1y thuyét bién dang cit bac cao (Higher-order shear deformation theory -
HSDT) c6 tinh dén tng suat phap tuyén. Cac tinh chét cua vat lidu phu thudc vao nhiét do.
St dung phuong phap giai tich véi chudi lwong giac don va phép bién dbi Laplace dé giai
hé phuong trinh cin bang voi cac didu kién bién khac nhau. M6 hinh tinh todn, phuong
phép giai va chuong trinh tinh toan duogc kiém chimg bang cach so sanh véi cac két qua da
dugc cong bd. Thuc hién khao sat anh hudng cua diéu kién bién va tai trong nhiét dén
chuyén vi, ung suét ctia vo tru FG-CNTRC. Két qua cho théy su bién thién dot ngot cia CAc
thanh phan tng suat tai vi tri bién. Bén canh do, khi nhiét do vo ting Ién thi trj s6 tuyét ddi
16n nhit cua tng suit doc tryc ting, con cua tng suit vong giam.

Tir khod: FG-CNTRC; nhiét dan hoi; bién dang cdt bdc cao; vo tru; thong séphu thuoc nhiét do.

1. Mé dau

FG-CNTRC la loai vt lidu nanocomposite thé hé méi véi nhiéu wu diém: do bén
cao, trong lugng riéng nho, kha niang dan dién, dan nhiét vuot troi [1]. Do do,
FG-CNTRC c6 tiém niang wng dung to 16n trong nhiéu linh vuc nhu: hang khong vii tru,
vi co dién tir, y sinh, thé thao, phuong tién giao thong... M6 hinh vat ligu FG-CNTRC
duoc Shen [2] d& xuit vao nim 2009 c6 dng nanocacbon (CNT) dugc phan bd tuyén
tinh theo toa do chiéu day trong pha nén dong chat. Nho tiém niang cia FG-CNTRC,
nén tng xir co hoc két cau tim, vo FG-CNTRC chiu tai trong co nhiét 1a vin dé duoc
nhiéu nha khoa hoc quan tam nghién ctu [3].

Nhiéu nghién cau khong xét dén gradient nhiét trong do6 nhiét do duoc coi 1a dong
nhat trong toan bo két cau. Shen va coéng sy di khao sat Gng xu udn cua tam
FG-CNTRC c6 bién twya don [2], phan tich mét 6n dinh caa vo try gia cudng bang CNT
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chiu tai doc truc [4], khao sat dao dong phi tuyén cua vo tru FG-CNTRC [5] véi nhiét
d6 ddng nhat trong két ciu. Zhu va cong su [6] da tién hanh khao sét trang théi ang xir
tinh va dao dong tu do cua tim FG-CNTRC. S dung gia thuyét twong tu vé truong
nhiét do, Ninh va Bich [7] st dung Iy thuyét vo cb dién dé nghién ciru dao dong phi
tuyén cua vo tru FG-CNTRC ¢6 I6p ap dién, bao quanh bai nén dan hdi. Van Tung va
Trang [8] da st dung Iy thuyét vo cb dién dé khao séat 6n dinh phi tuyén caa panel tru
FG-CNTRC véi nhiét do khong ddi trong toan bo két cdu. Sir dung ly thuyét vo bac
nhét, Dong va cong sy [9] da khao sat n dinh phi tuyén cua vé FG-CNTRC c6 gin ting
clng trong mdi truong nhiét bao quanh boi nén dan hdi véi truong nhiét do khong doi.
Gia thiét nhiét do két cdu dong nhat, Van Thanh va cong sy [10] da khao sat dap ung
phi tuyén va dao dong cua vo tru FG-CNTRC trén nén dan hoi dua trén Iy thuyét bién
dang cét bac nhat cua Reddy.

Mot s6 nghién ctru c6 xét dén anh huong cua gradient nhiét nhung coi cac tinh
chat vat lieu khoéng phu thudc vao nhiét do (temperature-independent properties).
Alibeigloo str dung ly thuyét dan hoi ba chiéu dé khao sat tim chit nhat FG-CNTRC
c6 bién twa don [11], tim chir nhat FG-CNTRC ¢6 16p ap dién vai cac canh bién tua
don [12] va panel tru FG-CNTRC c0 bién tya don [13] chiu tai trong co nhiét. Hieu va
Van Tung [14] sir dung ly thuyét c6 dién khao séat 6n dinh tinh v6 tru FG-CNTRC c¢6
cac canh bién tya don chiu tai trong nhiét.

C6 rat it cong bd dong thoi xét dén gradient nhiét va anh huong cua nhiét d6 dén
cac tinh chat vat liéu (temperature-dependent properties). Pourasghar va Chen [15]
nghién ctu ng xir nhiét-dan hdi cia vo tru c6 CNT phan bd déu trén nén dan hoi.
Moradi-Dastiefdi va cong su [16] phan tich tinh vé nanocomposite gia cudng bang éng
CNT don vach luon song chiu tai trong co nhiét. Trong cac nghién ciu nay, cac tac gia
chi xét dén diéu kién bién gi twa. Vai su hiéu biét cia cac tac gia, hién chua co nghién
ctru ndo khao sat anh huong cua diéu kién bién ddi véi vo tru FG-CNTRC chiu tai trong
co nhiét ddng thoi xét dén tai gradient nhiét va tinh chat vat liéu phu thudc nhiét do.

Bén canh do, viéc phat trién ly thuyét bién dang cat bac cao (HSDT) dé khao sét két
CcAu tam vo day cling 14 hudng phét trién duoc quan tdm nghién cau. Tran va cong su [17],
Chung va cong su [18] da dé xuét sir dung cac Iy thuyét tim bdn an cai tién dé phan tich
tam FG-CNTRC. Ngoai ra, HSDT c6 ké dén ung sut phéap tuyén kiéu quasi-3D da dugc
sir dung dé nghién ctiu két ciu FG-CNTRC [19, 20] thu dugc nhiéu két qua dang chu .
Bai b4o nay sir dung HSDT c6 ké dén ung suat phap tuyén kiéu quasi-3D dé nghién ctu
Vo tru FG-CNTRC chiu tai co nhiét véi cc diéu kién bién khac nhau. C4c tinh chat hiéu
dung phu thudc nhiét d6 cua vat liu FG-CNTRC duoc tinh bang quy luat hdn hop mo
rong (extended rule of mixture). Nhiét do duoc gia thiét bién thién theo chiéu day va xéac
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dinh tir phuong trinh truyén nhiét. Cac khao sat vé anh huong cua diéu kién bién va tai
trong nhiét dén nhiét do, chuyén vi va ng sut trong vo sau do da dugc thyuc hién.
2. M0 hinh tinh toan va phwong phap giai

Xét vo tru FG-CNTRC c6 chiéu dai L, ban kinh R, d6 day h nhu hinh 1. Gia
thiét mit trung hoa va mat trung binh cia vo tring nhau. Vat liéu c6t CNT gia dinh
thang, ddng phwong vai truc doc cua vo. Vit lidu nén 1a dong chat dang hudng. Vat ligu
cot CNT va nén lién két bam dinh tuyét déi. Sir dung hé toa do cong truc giao Oz dit
tai mat trung binh caa vo. Chuyén vi cia mot diém trong vo theo cac truc &, 6 va z
lan luot dugc Ky hiéu bai u, v va w, trong dé: & = X/R. Vo chiu tai trong & mat trong

g~ vamitngoai q°, tai trong nhiét ' .

Hinh 1. Théong s6 v6 tru FG-CNTRC va cdc truong hop phdan bé CNT.

2.1. Théng sé vit liéu

Xét nam trudng hop phan bé ti 16 thé tich CNT theo chiéu day: UD, FG-A, FG-V,
FG-X, FG-O nhu hinh 1. Theo quy luat hdn hgp mé rong, cac thong sé hiéu dung cua
FG-CNTRC duogc xac dinh theo nhiét d6 nhu sau [15, 21]:

V V
V. T (TV1+V E (T), M _ Vet m
El 771 CNT 1 ( )+ m m( ) E22 E;:ZNT (T) + Em (T)

n; Venr Vi

G, GJ"(T) G,(T) "™
_vcmEC“w S (T) +V,Ey (T) o (T)

: Vewr B (T) +ViEn (T) |

- VCNT 012 +Vm Um ’ (1)
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(1+UCNT) Vonr @z (T)+(1+ 05 )Vt (T) =000 (T),

1 V V.,
k11 Venr iNT +mGm’ k22 kZCZNT +k_

trong d6: 7; (i =1,2,3) - tham sé hiéu dung cua CNT; ESN™, GV, o3V, o7, kST

m

lAn lwot 12 mo dun dan hodi, mod dun cit, hé sb Poisson, hé sé ng nhiét va hé sé dan
nhiét doc theo cac phuong doc (i=1), phwong ngang (i=2) cua CNT; E_,
G,
s6 dan nhiét caa vat ligu nén; V., va V_ - ti I¢ thé tich caa CNT va nén. Quan hé giira

v., a,, k -mddun Young, mé dun cat, h¢ s6 Poisson, hé s6 gidn ng nhiét va hé

m?

ti 16 thé tich CNT va vat liéu nén nhu sau:

Veur ¥V, =1 2)
Phan b ti 1¢ thé tich CNT trong 5 truong hop duoc tinh nhu sau:
Ve =V ¢ho md hinh UD (3a)
Venr =2(1/2—-12/h)Vr cho mé hinh FG-A (3b)
Venr =2(1/2+2/h)Vr cho mé hinh FG-V (3c)
Veur = 2(1-2|z|/h)V{,; cho md hinh FG-O (3d)
Veur =(42|/h)VSyr cho m6 hinh FG-X (3¢)

Cac thdng s hiéu dung khac cua vat liéu dugce tinh nhu sau:

By = Es, G =G =Gy, 0 = 013,05 = Uy,

(4)
Uy = Uy = 0,;,0, = ULE,, B 0y = ayy Ky =K,

2.2. Thiét lap hé phwong trinh cén bang va diéu kién bién
Truong chuyén vi cua vo theo HSDT ¢6 ké dén tng suat phap tuyén duogc khai
trién dudi dang chudi nhu sau [19, 22]:

U(&,0,2)=u,(&,0)+u,(&,6)z+u, (¢, 9)5 (5,0);—3!,
V(E,0,2) =V, (£,0)+v, (£,0)z+V, (¢, 6?) +V, (59)% (®)

2

W(&,0,7)=w,(&,0)+w, (&,0)7+w, (5,9)5,
Chuyén vi phap tuyén w trong truong hop nay khong phai 1a hang sé6 ma 1a da
thirc bac hai caa ham toa do theo chiéu day. Do do, s& xuat hién thanh phan ung suat
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phép tuyén theo d6 day vo. Mbi quan hé chuyén vi - bién dang duoc xac dinh nhu sau:
1 8u 1 ov 1 ov 1 au
£ = &, = — W, Y=o+
ROE' R+z\00 RO R+200 ©
1 ow ov v low ou ow
—t e Yy E ot =
R+z00 o0z R+z Ro& oz oz

}/6'2:

MA4i quan hé tng suat - bién dang khi xét anh huong caa nhiét do dén tinh chat vat
liéu duoc xac dinh nhu sau [15]:

o | [Cu(T.z) C,(T,z) C,(T.2) 0 0 o |le]| (B

o, C,(T.z) C,(T,z) Cu(T.2) 0 0 0 &, 5,

o | _ Cy(T,z) C,(T,z) Cu(T,2) 0 0 0 & |8 AT @
T, 0 0 0 Cu(T.2) 0 0 7wl 1o [0

7, 0 0 0 0 Cu(Tz) O Vel |0

o] L 0 0 0 0 0 Ces (T’ Z)_ Veo 0

trong d6: AT =T -T, va T, la nhiét d6 chuan khi khong c6 bién dang nhiét.
Céc hang s6 do ciing C; khi xét dén anh hung cua nhiét do dugce xéc dinh ¢ phy luc. B.,
B,, B3, lacac ang sut lién quan dén hé s6 gidn no nhiét «,, duogc tinh nhu sau [15]:

B: C, (T,Z)0111+C12 (T,Z)oz22 +Cp, (T,Z)oz33

By t=|Co(T,2)ay, +Cy (T,2) ey, +Cpy (T,2) g (8)

B} \Co(T,2)en, +Cyy (T, 2) ey, +Coy (T,2) ety

St dung nguyén ly cdng 4o, ta thiét 1ap duoc hé phuong trinh can bang nhu sau [23]:

oN. aN
Suy i —= +—% =0, 5V, : N, | +Q, =0,
a; o0 o0 ag
oM, oM
W, : Qf+&—Ng—RpO=o, Su;1 —=+—=-RQ, =0,
oc 00 o0& 06
M, M, oS, as
oV, —=2 4 SW, ; —= —~RQ., —Rp, =0,
Yoo o0 ~RQ, = ' ag "0 Mo ~RQ, =Rp, -
N, oN; ON; .
5u2:_§+—%—RS§=0, 5\/2: = %_ SG_QHZO’
o5 00 o0& 06
- oM. oM,
W, : Q aQ"—NH—RSZ—szzQ Suy: —=+—=—RQ; =0,
o5 00 o0& 06
oM oM, .
OV, : p ;g Y3 ~-RQ, -2S, =0.
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Céc noi luc bao gdbm hai thanh phan do bién dang dan hdi va do bién dang nhiét:
+h/2
(N, M, N, M) = j (Cue: +Cpe, +Cl3gz)(1+%j(l,z,22/2,23/6)dz ~(NJ,MI,NI" M%)
—h/2
+h/2

(Ngo My NG Mg )= [ (Coie, +Crty +Ciag, ) (1,2,2°/2,2°[6) dz = (Ng . M7 NG", M),
—h/2

+h/2

(Q,.S,)= j (C3lg§+C3289+C3332)(1+%j(1,z)dz—(QZT,SZT),

—-h/2

+h/2

(Npe: My, Noe M) = [ Cuurry (L2,2°/2,2°/6) dz, (10)

—h/2

+h/2

(Ngpo My, N2 MG )= | CM;/g,g(1+%j(1,2,22/2,z3/6)d2,.

—h/2

+h/2 +h/2

(Q:.8:.Q1)= [ Cars, (1+%j(1,z, 2°/2)dz,(Q,,8,.Q;.8; )= [ Cest, (L2,2°/2,2°/6)dl2
~h/2 ~h/2
Thanh phan noi luc do nhiét &6 duogc tinh nhu sau:
+h/2
(NILMINT M) = [ (Cuay +Coptty, +Crgag AT (1+ %)(1, 2,2°/2,2°/6)dz,
-h/2
+h/2

(N MG NG M) = [ (Cpany +Copaty, +Crprgg AT (1,2,2°/2,2°/6) d2, (11)
-h/2
+h/2

(Q1,S7)= | (Couty +Cypety +Cyger,, AT [1+ %)(1, z)dz.

-h/2
Gia thiét nhiét do phan bd theo chiéu day vo tru, khdng c6 ngudn nhiét bién trong
vo thi phan bd nhiét do ciia vé duge xac dinh nhu sau [13]:

1 9 (k%ra—T]:O (12)

R+z§ 0z

Diéu kién bién nhigtdo: T =T, tai z=-h/2 vaT =T

on 18l Z=h/2 (13)
Thuc hién giai phuong trinh (12) va str dung diéu kién bién nhiét (13), ta xac dinh

duoc ham bién thién nhiét d6 nhu sau:

T(z):iln(R+z)+A2 cho mé hinh UD (14a)
33U

T(z)=AG,.In(R+2)+AG,,.z+ A, chomd hinh FG-A (14b)

T(z)=AG,.In(R+2)+A.G,, .z+ A chomd hinh FG-V (14c)
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G,..In(R G, _h/2<2<0
T(z)_{A7 o IN( +Z))+A’ w02t A (22 < )chomﬁhinhFG-O (14d)

A Gy In(R+2)+AG,p.z+A (0<z2<h/2)

(

G, .In(R G,,. —h/2<7<0

T(2)= Ao G In(R+2)+ Ay Gpy 2+ A, (/252 < )chomﬁhinhFG-X (14e)
Ay Gy In(R+2)+AgG,y .2+ A, (0<2<h/2)

trong d6, cac hing sé A, G, dugc xac dinh nhu & phan phu lyc.
Déi véi vo tru kin, didu kién bién ngam (C) duoc xac dinh nhu sau:
Up=U =U,=U,=0, v, =V, =V, =V, =0, Wy =w, =w, =0 (15a)
Piéu kién bién gdi tya (S):
N.=M.=N;=M;=0, V=V, =V, =V, =0, wy=w, =w, =0 (15h)
Diéu kién bién ty do (F):
N.=M,=N;=M;=0, N, =M, =N;, =M, =0, Q. =S,=Q;=0 (15¢)
2.3. Phwong phap gidai
Thay biéu thuc chuyén vi (5) vao cac biéu thic tir (7) - (9) ta s& thu duoc hé gom
11 phuong trinh vi phan twong Gng véi 11 4n chuyén vi. Trong bai bao nay, sir dung
phuong phap giai tich vai phan tich chuyén vi, tai trong theo chudi lwong gidc don va
phép bién ddi Laplace dé giai hé phuong trinh can bang cho vo tru kin chiu tai trong
hudng kinh va tuan hoan theo toa do vong 6. Bé chuyén hé phuong trinh vi phan dao
ham riéng vé hé phuong trinh vi phan thuong, ta thuc hién phan tich chuyén vi, tai trong
theo chudi lugng gidc don nhu sau:

U (£,0) = Zu )sinmé, v, (£,0) =V,, (&)= DV, (£)cosmé,

m

w, (£,0)= ZW &)sinmo, g7 (£,0) =Qy (£)+>.Q; (£)sinms, (16)

m

AT =T, (&)+ D T, (&)sinmg, i=0,1,23;j=0,1,2.

Thay (16) vao hé phuong trinh (9), thyc hién bién doi Laplace vai bién & két hop
Vi diéu kién bién (15), ta thu dugc hé phuong trinh dai s6 d6i véi cac ham anh. Giai hé
phuong trinh dai sb nay, sau d6 thuc hién bién dbi Laplace ngugc ta thu dugc biéu thirc
chuyén vi. Chi tiét phuong phap duoc trinh bay trong [19, 23]. Do khuén khé cua bai
bao c6 han nén nhém tac gia khong trinh bay chi tiét ¢ day.
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Tur bicu thiee nghiém chuyén vi thu dugc céc thanh phan ng suét o, o,, 7,

duoc xé4c dinh theo (7). Bé thoa mén diéu kién can bang cua phan t6 vo dong thoi thoa
mén diéu kién bién & mit trén va mat dudi caa vo, cac thanh phan ang suat con lai dugc
x4c dinh bang cach tich phan phuong trinh cin bang duya trén ly thuyét dan hoi 3 chiéu
nhu sau [19, 23]:

r 0 0 z 25
Te =~ - ] £1+£jﬂ+ < \az Tez:——R | (1+£ja%+[1+£j 0z,
R+z ;, R)o& 00 (R+2)° ;, R) 06 R) o0&

z o _
o,=-— ! J. (1+£j&+ari—ag dz+R hlzq’. a7
R+z ;, R)o& 00 R+h/2

3. Két qua tinh toin va nhan xét

3.1. Kiém chirng moé hinh va phwong phap gidai

Pé kiém chung, so séanh két qua tinh toan cho vé try FGM trong méi trudng nhiét
V6i bién ngam hai dau véi két qua caa Gharooni va cong su [24] dugc tinh toan bang
phuong phéap phan tir hitu han. Trong chuong trinh tinh, ta thay cac cong thirc xac dinh
thong s6 vat liéu (1) va ham phan bé nhiét 6 (14) cua vat liéu FG-CNTRC bang thdng
s6 vat liéu va ham phan bd nhiét d6 cua vat liéu FGM theo cong trinh [24].

2.0 H

1.9 61

w ‘Q‘O—Q-Q‘O-O'Q'Ql-@q Ee 3
1.6 2040’9
2
1.5 Q/cff@ |
Z
L4gy” 0

[[© n=0 Ref O n=2 Ref

n=0 Present === = n=2 Prcscnl| | <& n=0 Ref O n=2 Ref n=0 Present == = n=27Prcscm|

Hinh 2. So sanh két qud chuyén vi va ing sudt khdng thiz nguyén cuia vé FGM.

Thong sb hinh hoc cua vo: Bo dai L =0,8 m, ban kinh trong r, =0,04 m, do day
h=0,02m; théng sé vat liéu & mat trong: 4, =0,3, E, =200 GPa, a;,, =12x10°/°C,
k;, =20 W/m.K; nhiét d¢ mat trong va mat ngoai: T, =125°C, T, =25°C; nhiét d¢
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tham chiéu T =25°C, &p suét bén trong P, =80 MPa. M6 dun dan hdi E, hé s6 no

nhiét «, hé sb truyén nhiét k duoc xac dinh nhu sau:

E(2)=E, (R+2)/r,) s (2)=at, (R+2)/5, ) k(2) =k ((R+2)/x, )

_ (rinrOUI)n (Tout_Tin _ Tout Ti (18)
T(r)_(nﬁ—rott)[ rr j o))

Hinh 2 thé hién két qua so sanh caa chuyén vi khong thir nguyén W =w/r_x1000

va ting suat vong khong thir nguyén &, = o, /P, caa vo FGM véi két qua caa Gharooni
va cong su [24] cho thay mé hinh va phuong phép giai dam bao d6 chinh xac.
3.2. Anh hwéng ciia diéu kién bién

Xét vo try c6 kiéu phan bd FG-A chiu p suat phan bb déu ¢ mit trong Qo = 107 Pa,
tai nhiét & mat trong cua vo Tin = 500 K, nhiét d6 mat ngoai caa vo bang véi nhiét do
moi truong Tow = 300 K. Théng sé hinh hoc cia vo: R = 05 m; L/IR = 4;
R/h = 10. Xét cac truong hop bién khac nhau: C-C, C-S, C-F, S-S.

Vit liéu gia cuong 1a (10,10) SWCNTs va nén PMMA. Céc gi4 tri hiéu dung cua
CNT: VS; =0,17;77, =0,142;17, =1,626;7, = 0,77,. M6 dun dan hoi va h¢ s6 no nhiét
cua vat liéu nén PMMA theo nhiét d6 nhu sau [4]:

E, =(352-34-10"T ) GPa, a,, =45(1+0,0005(T —T,,, ))-10°/K (19)

trong d6, T, =300K. H¢ s6 Poisson v =0,34, hé s6 dan nhiét k_ =5 W/mK.
Théng sb cua (10,10) SWCNTSs xé4c dinh boi ham da thic cua nhiét do [16]:
ESNT =6.3998x10"% —4.3384 x10°T +7.4300x10°T? — 4.4583x10°T?
Es" =8.0216x10% —5.4204x10°T +9.2750x10°T? —5.5625x10°T*®
Gy, =1.4076x10" +3.4762x10°T —6.9650x10°T? +4.4792x10°T° (20)
am =-1.1252x107° +2.2917x10°°T — 2.8870x10™T? +1.1363x10 ™ T?
ay," =5.43715x107° —9.84625x107°T +2.900x10™°T? +1.2500x10 ' T3
Chuyén vi khdng thtr nguyén va ing suat khdng thtr nguyén duoc tinh nhu sau:
W= W/h;(aggigaeio_-zz’fgeifgzfze) :(051691@’759’ngifze)/Qo (21)
Tur két qua tinh toan tng suét tai diém gitra (¢=L/2R) va diém bién (£=L/R)
cuia vo tru FG-A duoc thé hién o hinh 3, c6 thé thay rang:
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- Diéu kién bién anh huéng nho dén Gng suat tai diém gitia (£=L/2R) nhung anh
huéng 16n dén ng suét tai diém bién (£=L/R) ddi véi vo c6 do dai trung binh
(L/R = 4). Trong d6, tng suat cia vo C-C thé hién su khac biét 16n so véi cac diéu kién
bién khac.

- Gid trj tng suat tai diém bién (£=L/R) c0 su bién thién dot ngot so Véi gia tri

{ing suat tai diém gitra (& =L/2R). Truong hgp C-C su bién thién thé hign rd nét nhat.

1401
1201
1001
804
607

&
401

T T T T T ~40~
-0.4 -0.2 0 02 0.4

2/h ' 2z
[—cc---- C-§ — = C-F ——S-§] |—cc---- C-8 — = CF ——355]|

() Ung sudt doc truc tai &=L/2R (b) Ung sudt doc truc tai £=L/R

al

-0.4 -0.2 0 0.2 0.4
z/h z/h

[—cc---- C-§ — = C-F——58-§| |—cc---- C-8 — = CF——5-|

(¢) Ung sudt vong tai &=L/2R (d) Ung sudt vong tai &=L/R
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-0.024 \

-0.031 *

-0.04+ \ T 1

T .
& _0.051 \
-0.061 . !
-0.071 \

~0.08 N £

-0.09 < s

04 02 0 0.2 04
z/h
[—cc:- C-§ == C-F ——s§]

(e) Ung sudt cat ngang tai &=1/2R

-0.21

0.4

LWal

-0.61

-0.84

04 -02 0 02 04
z/h
[—ccC---- CS—"— CF——588]|

(9) Ung sudt huéng kinh tai &=1/2R

-04  -02 0 02 04
z/h
[—cc---- CS—-— CF——55]|

-0.4 -0.2 0 0.2 0.4
z/h

[—ccC---- CS— — CF——58§]|

(h) Ung sudt hwéng kinh tai £=1/R

Hinh 3. Ung sudt khong thiz nguyén cia vé tru FG-A tai vi tri giifa &= L/2R vdi diéu kién
bién khéac nhau va Vg, =0,17, L/R=4, R/h=10, T, =300K, T, =500K.

3.3. Anh hwéng ciia nhiét dj

Xét vo tru FG-A c6 bién C-S, ¢6 vat liéu ct CNT va vat liéu nén nhu & muc 3.2.
Thong sé hinh hoc: R = 0,5 m; L/R = 3; R/h = 10. V6 chiu &p suat & mat trong
Qo = 107 Pa, nhiét d6 Tout = 300 K, vo chiu nhiét d6 bén trong Tin = 600; 500; 400; 300 K.
Ti 1§ thé tich: V), =0,28;, =0,141; 7, =1,585,7, =0, 77,.

Két qua tinh toan phan bd nhiét do, chuyén vi, (g suat cua vo tai diém giira
(£=L/2R) & cc nhiét do khac nhau dugc thé hi¢n trén hinh 4.
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6007~
500{~ S

T 4004+, ~No s

300 2. N

200- T T T T T

-0.4 -0.2 0 0.2 0.4
z/h

Tin=300 * * = * Tin=400 == = Tin=500 = * * Tin=600

(a) Phdn bé nhiét dg

o
- 101
,20.
- 301
. a0
&
- 501
-601
01—
R —c
'I
-90_1 T T T T T
-0.4 -0.2 0 0.2 0.4
z/h
[ Tin=300 **** Tin=400 — — Tin=500 —* — Tin=600]
(c) Ung suat doc truc tai & =1L/2R
0.141 A
K4 N
/ A
0.124 : .
! \
1 /’ \.\ \
0.104 a; NI
1y AN
—  0.081 7 Ny
T S/ \ -
& ! \ \
0.06 1 ‘fl/ A
U N
0041 14~ N
,’I 3 EAN
AI‘, '._\‘\
00241+ ~ N
'S ‘.\‘%I
0 ; ; ‘ : ;
-0.4 -02 0 0.2 0.4
z/h
[ Tin=300 --- - Tin=400 — — Tin=500 — - — Tin=600

(e) Ung sudt cat ngang tai &=1/2R

0.35+
03— === me e === T T | P p——
W osim=m—m——m s
0.201
0.154—— | | | |
-04 -0.2 0 0.2 0.4
z/h
[ Tin=300 -~ Tin=400 — — Tin=500 — - — Tin=600]

(b) Chuyén vi huéng kinh tai & = /2R

z/h
[—— Tin=300 ----- Tin=400 — — Tin=500 — - — Tin=600 |

(d) Ung sudt vong tai &=1/2R

-0.21

-0.44

-0.64

~0.8

-1 T T T T T

-0.4 -02 0 0.2 0.4
z/h
[ Tin=300 ++++ Tin=400 — — Tin=500 = - — Tin=600 |

(f) Ung sudt huéng kinh tai &=1/2R

Hinh 4. Nhiét d, chuyén vi va img sudt khong thir nguyén ciia vo tru C-S FG-A vdi
Vor =0,28, L/R=3, R/h=10, T, =300K va T, =300; 400; 500; 600K.
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Tir két qua khao séat ¢ hinh 4, cd thé thay rang:

- Chuyén vi hudng kinh w tai vi tri giita cia vo tang 1én khi nhiét d6 ting lén.
Diéu nay cd thé giai thich do tac dung cua tai trong nhiét 1am cho bién dang nhiét cua
Vo tang 1én va hang sé do cang cia vo giam.

- Nhiét d6 bén trong vo anh huong Ion dén céc gia tri ang suat tai vi tri gitra
(£ =L/2R). Khi nhiét do bén trong ting, tri 56 tuyét ddi lon nhét cua Gng suét doc truc
.. ting 1én, cOn ung suat vong &, giam xuong. Nhiét do anh huong rd nét nhét dén
ng sudt &.,,G,, & mit trong cua vo, tai day chiu anh huéng dong thoi cua hai yéu t6
nhiét 6 16n nhat va gia tri ti 1¢ thé tich CNT ciing dat gia tri 16n nhat ddi véi kiéu phan
bd FG-A.
4. Két luan

Bai bao da str dung ly thuyét bién dang cat bac cao c6 ké dén @ng suat hudng kinh
va anh huong cua nhiét do dén tinh chét vat liéu dé nghién ciu vo tru FG-CNTRC chiu
tai trong co nhiét. Thyuc hién giai phuong trinh truyén nhiét dé xac dinh quy luat phan
bd nhiét do theo d6 day vo. Sir dung phuong phap giai tich bang cach phan tich chuyén
vi thanh chudi lugng giac don, két hop véi phép bién ddi Laplace dé thuc hién giai hé
phuong trinh can bang caa vo véi cac diéu kién bién khac nhau. Do tin cay cua md hinh
tinh, phuong phép giai va chuong trinh tinh toan da duoc kiém ching bang cach so sénh
Vi cac két qua da duoc cong bd. Cac khao sat s6 da dwoc thyc hién dé danh gia anh
huong cua diéu kién bién, caa nhiét d6 dén phan b nhiét o, chuyén vi, Gtng suat trong
vo. Két qua nhan duoc cho thay diéu kién bién anh huong Ién dén wng suét cua vo, dic
biét Ia tai cac vi tri bién ngam, tai d6 c6 su bién thién d6t ngot cua ung suat. Bén canh
d6, khi nhiét d6 & mat trong vo tang 1én thi tri s6 tuyét doi 16n nhat cua @ng suat doc
truc tang, con cua (ng suat vong giam. Anh huong cia nhiét do thé hién rd nét & cac lop
v6 c6 nhiét d6 cao & sat ngudn nhiét.

Phu luc
C.(T —i 1- C, (T —E 1- C.(T —E 1-
11( ’Z)_ A( 1)23032)' 22( ,Z)— A( 031‘)13)1 33( ’Z)_ A( U21012)v

E
Cpn (T’ Z) :%(Uzl +Uz3U31)' Cps (Tv Z) :%(031 + 021032)1(:23 (Tv Z):f(%z + 012031)

Cu (T1 Z) =Gy4,Cy (T' Z) =Gy3,Cg (T' Z) =Gy, A=1-0,0, — ULy, — U303 — 20,05,y
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W -1 A - Keay (Tin = Toue ) N T, In(R-h/2)-T, In(R+h/2)
- _&4_\@, In R-h/2 B In R-h/2 ’
<k, 32 AhE
G, =(1+2R/h) k, Vi +[1—(1+ 2R/h)_\/C*NT] KO, G,, = ﬁch (chT _km)
Tin _Tou Tin _Tou
A3:G In R_h/zt en AS:G In R‘h/zt ~G,, h
e R+h/2 2ne v R+h/2 v

[Gm (R-h/2)-G,,.h/2]|T,, [ Gy .In(R+h/2)+G,,.h/2] T,

R—h/2 ’
G,,.In -G,,.h
th [R+h/2j 2A

2. .
Gy = (L 2Rk Vo +[1- (- 2RV JKET 6, =0 (k, ST,
[GN In(R-h/2)-G,,.h/2]|T,, —[Gy.In(R+h/2)+G,.h/2]T,

R-h/2 ’
G, .In -G, .h
v [R+h/zJ o

:(2 4R/h) CNT [1 2- 4R/h CNT:'inCSNT’ (k _kscsNT),

Vour (kST —k, ),
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G
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A, =
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STATIC ANALYSIS OF FG-CNTRC CYLINDRICAL
SHELL SUBJECTED TO THERMO-MECHANICAL LOAD
WITH TEMPERATURE-DEPENDENT PROPERTIES

Abstract: This article presents a thermo-elastic static analysis of the FG-CNTRC
cylinderical shell subjected to a thermo-mechanical load. The temperature is assumed to vary
through the thickness, and the temperature distribution is derived from the heat transfer
formula. The gorvening equations of thermoelastic analysis are established by using the higher-
order shear deformation theory, including the transverse normal stress effect. The material
properties of FG-CNTRC are temperature-dependent. Using an analytical solution that used the
single trigonometric series and the Laplace transformation to solve these equations of shell with
the different boundary conditions. The present approach is validated by comparing the results
with published results. The effects of different boundary conditions and temperatures on the
displacement and stresses of the FG-CNTRC cylindrical shells are investigated. The results
show the jumping variation of the stress components at the boundary position. Besides, when
the temperature increases, the maximum absolute value of the axial stress increases while that
of the circumferential stress decreases.

Keywords: FG-CNTRC; thermoelastic; higher order shear deformation theory;
cylindrical shell; temperature-dependent properties.
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