Nghién ciru khoa hoc cong nghé

NGHIEN CUU TRANG THAI UNG SUAT NHIET CUA VO TRU
COMPOSITE LOP TREN CO SO LY THUYET BIEN DANG TRUQT
BAC CAO THEO HUONG TIEP CAN GIAI TiCH

Nguyén Trudng Thanh”

Tém tit: Bai bdo tinh todn trang thdi ung sudt bién dang vé tru composite lop dudi tac
dung cia nhiét dg, trén co so Iy thuyét bién dang truet bdc cao theo huong tiép cdn gidi
tich. Trén co so thiét ldp cdc phiong trinh ba chiéu trong 1y thuyét dan hoi phi tuyen cua
vo dudi tac dung cua tai nhiét, bai bao phan cac phwong trinh phi tuyén hai chiéu doi voi
V6 tru bang cdach sir dung phwong phdp bién phdn va phdn tich truong chuyén vi thanh
chudi ham da thirc theo chiéu day vé. Tir cdc phwong trinh nhan dwoc, bai bao da dwa ra
hé phwong trinh cdn bang theo trwong chuyen Vi va cdc diéu kién bién twong ung; Thiét
lgp chuwong trinh tinh todn va so sanh kiém chitng véi cdc két qua da cong bé; Ap dung
cong thire tinh todn 1y thuyét dé khdo sdt trang thdi ting sudt vo tru composite I6p duwdi tdc
dung cua nhiét do.

Tiwr khoa: Vo tru composite 16p; Ung suét nhiét; Bién dang trugt bac cao; Tai trong nhiét do.
1. PAT VAN PE

Céc nghién ctru vé dap tng nhiét dan hdi cua két cau sir dung 1y thuyét ¢ dién, hodc 1y thuyét
bién dang truot bic nhit duoc trinh bay trong cac cong trinh Reddy [1]. Zenkour va Fares [3] da
x@y dung m6 hinh nhiét dan héi don 16p twong duong cua vo tru composite 16p sir dung 1y thuyét
bac nhit cai tién v4i phan bd nhiét do theo chiéu day tudn theo quy luat tuyén tinh. Tornabene
cung cong su [4] su dung ly thuyét bac nhét trong nghlen clru tim composne vuong va tron véi
diéu kién bién téng quat. Sir dung 1y thuyét bac nhat cai tién, hai tac gia Zenkour va Fares [5] da
xdy dung mo hinh nhiét dan hdi don 16p twong dwong ciia vo tru composite 16p.

Ootao cung cong su [6] nghién ciru dap Gng co nhiét cuia vo composite 16p cross-ply st dung
ly thuyét bién dang trugt bac cao nhung chi han ché voi diéu kién bién tya don. Bhaskar cung
cong su [7] trinh bay két qua nghién ctru ing sudt nhiét cua tam composite nhiéu 16p dua trén co
so ly thuyet béc cao. Nghién ctru chi ra rang, viéc su dung xap xi bac ba hodc bic nim d01 véi
chuyén vi theo chiéu day tdm cho két qua c6 do chinh xac cao trong tinh toan mg suit phap
ngang ctia tim dudi tac dung cua nhiét d6 phan b theo ham sin.

Viéc str dung 1y thuyét nhiét dan hdi ba chiéu (3D) ciing dugc quan tdm nghién ciru. Bhaskar
va cong su [13] da nghlen clru tam composite truc hudng trén co so ly thuyet nhiét dan hoi 3D.
Cac tac gia su dung gia thiét v& su bién ddi tuyén tinh cta nhiét d6 theo bé day dé giai bai toan
trong truong hop udn try. Tungikar va Rao [8] dua ra 151 giai 3D chinh xac ddi v6i tim vudng
composite 16p chiu tdc dung cuia tai trong nhiét do. Tai trong nhiét dugc phan tich dudi dang
chudi luong giac kép, su bién d6i cta nhiét dd theo chiéu day dugc xac dinh béng cach giai
phwong trinh truyén nhiét. Liu va cong su [9] nghién ctru tim, vé composite nhiéu 16p cross-ply
dua trén 1y thuyét nhiét dan hdi 3D. Cac phuong trinh ciia 1y thuyét nhiét dan hoi 3D dugc giai
boi phuong phap phan tir hitu han. Khdeir cung cong su [2] d4 sir dung 1y thuyét bién dang truot
bac ba dé phan tich tim, vé composite 16p dudi tac dung cua nhi¢t do. Cac tac gia su dung
phuong phap trang thai khong gian theo cach tiép can 10i giai Levy dé giai hé phuong trinh vi
phén nhan duoc.

Tuy nhién, trong cac cdng trinh nghién ctru da néu ¢ trén, phan 16n cac tac gia chi tap trung
nghién ciru chuyén vi va tng suat ctia tim, vo tai vi tri giita. Trang thai ing suét tai khu vuc bién
chua dugc quan tam nghién clru nh1eu Trong cong trinh nay, cac tac gia st dung m6 hinh ly
thuyét bién dang trugt va phap tuyén bac cao trinh bay trong [11, 12] aé nghién ctru img suét clia
vo try composite 16p dudi tic dung cua nhiét do co ké dén anh hudng cua diéu kién bién. Cac
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phuong trinh co ban va didu kién bién nhan duoc bang cach sir dung nguyén 1y cong ao kha di.
Viéc giai bai toan bién voi cac diéu kién bién khac nhau duoc thuc hién bé‘mg cach st dung phan
tich theo chudi luong gidc don va phép bién d6i Laplace. Pé kiém chimg mé hinh va phuong
phap tinh toan s dung trong cong trinh ndy, cac tac gia thuc hién so sanh két qua tinh toan
chuyén vi, tmg suit tai vi tri giita vo nhan duoc trong cong trinh nay voi két qua tinh toan theo
cac mo hinh 1y thuyét khac.

2. XAY DUNG HE PHUONG TRINH TiNH
2.1. Thiét 1ap cac phwong trinh co ban

Hinh 1. Vo tru composite l6p va cdc hé truc toa do.

Xét vo tru tron trong hé toa do cong tryc giao 0£0z. Két cdu vo tru composite co n 16p, mdi
l6p 1a vat heu composite cbt soi dong phuong, c¢6 cac thong s6 hinh hoc nhu hinh 1, phuong
chinh cta mdi 16p tring v6i phuong dit cdt cia 10p twong tmg. Vo tru co kich thude R x Lxh,
theo hinh 1.

Theo [12], chuyén vi cta vo du’oc phan tich thanh dang téng, voi K, <K:

u(§,9,z)=z (50) v(£,6,2) kage (5,9,z)=k2 (59) 1)

k=0
Trong d6: K chi bac cua ly thuyét vO; u(§,9, Z), V(f, o, Z), W(&f,@, Z) la cac thanh phén
chuyén vi 3D cua diém F’(gE 0, Z) tir khoang cach z téi mat trung hoa (¢ day, gia thiét mat trung
hoa tring v61 mat trung binh, z = 0) theo cac truc toa do; u,,V,, W, la cac thanh phén chuyén vi
2D cua diém P theo céc truc toa do; u,, Vv, : GOC xoay cta mat cit ngang thanh phan vé quanh
truc 6,&; Cac thanh phin khac trong phuong trinh truong chuyén vi (1) nhu:
Uy, Vy, W, W,, Ug, V... 1a cic chuyén vi bac cao trong chudi phan tich Taylor.
* Bién dang va iing sudt vé composite 16p dudi tac dung ciia tdi trong nhiét
Mdi quan hé tuyén tinh giira cdc thanh phan cua truong bién dang va truong chuyén vi ciia vo
tru trong hé toa do truy OL6Z theo [1], xac dinh theo cong thic:

{g}k :{SO}k +{‘9T }k (2)

O day, {go}kvél {gT}k lan luot 1a bién dang do tai trong co va nhiét cia vo, véi:

{80} {85’89'82’7/59’79217/52} theo [12]

Khi v try 1am viéc trong giGi han dan hoi thi mdi lién hé gitta bién dang va ung suét tuan theo
dinh luat Hooke doi vai 16p vat liu thir k trong hé toa d6 dia phuong gan vai ting 16p co dang:
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! " C, C, Cg 0 0 0 I & —oyAT "

o, c, ¢, C, 0 0 O &, — o, AT

o3| |Gy C3 C3 0 0 O & — AT

T12 |0 0o o0 ¢ 0 O V12 ®)
Tis 0 0 0 0 Cg O Y13

Ty 10 0 0 0 0 Cg] Vs

& day, AT 1a nhiét d6 chénh 1éch so voi nhiét d6 bién dang cua vat liéu va cac hé sé do cing vat
liéu C; tai 16p thur k duoc xac dinh theo [12].
M&i quan hé giita ing suit va bién dang trong hé toa d6 tong thé cho bai:

O¢ Q. Q, Q; Q, O 0 || & _aéAT
Oy Q12 sz Qza Q24 0 0 &g — aeAT
o, Qs Qp Qy Q, 0 0 &, —a,AT

B ! (4)
Tl [Qu Qu Qu Qu 0 0 |7y —anAT
Ta 0 0 0 0 Qp Qs Ve
Tor) L 0 0 0 0 Qp Q. Yo
¢ day, ma tran do cung [Q(kq dugc cho boi:

[Q(k)] _ |:T(k) T |:C(k):”:-|-(k)} ©)
ma trén do ciing [C(k) } va ma trin chuyén hé toa do [T ) ] xac dinh theo [13].
Véi a, = a;08° (B)+a,8in’ (B),a, = asin’ (B) + a,co8’ (B),

a, =a,a., =2(ay —a,)sin(B)cos(B).
* Phwong trinh cdn bang va cdac diéu kién bién

(6)

St dung nguyén 1y bién phan Lagrange dé xay dung phuong trinh cin bang, phuong trinh
bién phan ning lugng nhu sau:

SM=5(U-A)=0. )

trong d6, ST, SU va SA lan luot 14 bién phan tong ning lugng, bién phan thé ning va bién
phan cong ngoai lyc. Bién phén thé ning bién dang dan hoi:

U = [(0,08, + 0,08, + 0,08, + 71,08, +T,,06,, +7,,0,, )V =
\
N (6.0, + 0,08, +0,0¢, + (8)
:f ZI[ sTTe meme J(ui)mz £do.
JET +T§95¢9¢9+T§Z§5§Z+7925¢9€Z R

Gia thiét vo chiu tic dung cia tai trong huéng tim phan bd q° & mit ngoai va q~ ¢ mat
trong. Khi do, bién phan thé nang cua cong ngoai lyc dugc xac dinh:

+ + h - I h 2
§A=.§[ﬂq SW (1+§)+q SW (PEHR dédo ©)
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. 2 h h?
O day, w" =w, +EW1+EW2, W =W, _Ewl +EW2.

Thay thé (9), (8) vao (7) va thuc hién bién doi dé xay dung phuong trinh cn bang ta sir dung
nguyén 1y bién phan Lagrange [13], ta nhan hé phuong trinh can bang theo chuyén vi khi K=3
nhu sau:

(0) (0) (0) (0)
N +6N9§ _o, NG +aN LONO 0,
o0& 06 o0& 00
[6)) () @)
%ﬁ'\‘_@ﬁ_RNgg):o, aNSH Ny’ —RN{? =0,
o& 00 ’ o6 00
GN(Z) 6N(2) 6N(2) (2)
(3) (3) (3)
%ﬁ'\l—"‘f—RNé?:o, Ny N N —2ND —g,
o 00 o& o0
ONE N
oe t oo NG H NI R =0,
oNE)  oN®
ag ag'a =N =RN®? + N8 + RN{Y —Rp, =0,
oNED @
a:; % ~NP -RN® +N& + RNE —Rp, =0.

Trong h¢ phuong trinh (10), st dung cac k}'l hi€u ndi lyc suy rong nhu sau:

[NO N® NP Nf’] j “’( ][lz 2° 2° |dz,

L
L oo
[N(o N® N N(3] Zh(;"l) [122 z ]dz 1)
[NO N® NP ih}k) ak>[1+ j (12 2% |dz,
k lh(kl
L hw
[N(O) N(l) N(z) N(s ] Z ].) T@é [12 72 Zs]dZ,
k=L by
[N(O) ND N2 N(3] Shi z 2.3
> j r@[ +Ej[1z 7’z ]dz,
‘lh(kl)
(g N2 n]=3 a1 2102 e
’lhm
| ;L P
[N NG NP NS = .[ ré';)[lz i 23]dz,
k=1 by
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RO

[NT(S‘) NT(ls”) NT(? NT(?:I = Z _[ AT (Qnag + leae + Q13az + Q1405§9 )(14— %j[l z 2° 23:|d2,
k=1 h(k—l)
NL o
[NT(%) NT(lg NT(? NT(? = Z J. AT (Q21a§ +Qua, + Qpa, +Qz4a§a)[1 z7° Zs]dz,
k=1 Pk

NL Mo
z
[NONENENE]=3 [ T (@t + Quet + Quer, + Qe )14 2 17 22T
k=1 h(k—l)

aL oo

[NT((L% NT(lg)a N‘I('2§39 N‘I('?H:I = Z j AT (lea.f +Qpa, +Qua, + Q44aga )(1+ %J[l z7° Za]dZ,

k=1 Py

RO

[NT(?;)g N'I('B§ N'I('29)§ N'I('?;)§:| = Z j AT (Q41a§ +Qpaty + Qe + Q44a§e)[1 27’ Zsjdz'

k=1 h(k—l)

hYh (. h)(-h) .
RS LI LS SR | Gl Ry S Y
& q[ 2Rj2'i! q( 2Rj 2l

2.2. Phwong phap gidi tich
Diéu kién bién trong cac truong hop:
U,=0, u=0,u,=0, u;,=0,v,=0, v, =0,

Ngam
ga v,=0, v; =0,w, =0, w, =0, w, =0,
NO=0, NP =0, N® =0, N® =0
Tuwa don £ £ £ £
v, =0, vy=0,v,=0, v, =0,w, =0, w, =0, w, =0,
NP =0, N =0, N® =0, N’ =0,N” =0, NJ’ =0,
Tu do

N@ =0,N® =0, N=0, N¥ =0, N® =0.

Dit chuyén vi va tai trong dudi dang khai trién chudi Fourie theo [12]:

(12)

Hé phuong trinh cin bang (10) cho ta hé 11 phuong trinh vi phan dao ham riéng ddi véi 11
chuyén vi u,, v,, w, va c6 bac bang 22. Giai hé phuong trinh trén, ta nhan dugc nghiém tong
quat co chira cac hang sb tich phan, cac hing s6 nay tim duogc tir cac didu kién bién (12).

Céc mg suét O:, Oy, Tz, ta st dung cOng thirc dinh ludt Hooke, cac ing suét cit tim duogc

bang cach tich phan phuong trinh can bang cua 1y thuyét dan hoi 3D theo [12].
3. TINH TOAN SO SANH KIEM CHUNG
3.1. So sanh kiém chirng tinh toan

Xét vo tru composite 16p voi tra don hai dau chju tac dung cua tai trong nhiét d6 phan bd theo

quy luét hinh sin. Cac thong s6 dau vao dé tinh toan l4y theo tai lidu [10] va tai liéu [2], cu thé:

- Thong s hinh hoc: ti s6 chiéu dai va chiéu rong b/a=1,véi a=L; ti sé ban kinh va chiéu

day S=R/h, ti s6 ban kinh va chiéu dai nhan cac gi4 tri khac nhau;
VAt lidu: E,/E,=25 E,/E,=1 G,;/E,=G,/E,=05 G,/E,=0.2,
S v, =V, =1,=025 a,la =a,la, =3.

Ham thay ddi nhiét d6 theo chiéu day vo AT, duoc xac dinh theo quy ludt sau:
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AT = [TO + Elecosﬂ—gsin”—@ , 0 day: T;=1 va To=0. (13)
h 0 HO

Két qua tinh todn d6 vong khong thir nguyén W véi cac ti 1¢ R/a khac nhau nhan duoc trong

cong trinh nay va so sanh voi cac két qua cua tai liéu [10], va dugc trinh bay trong bang 1. Trong

d6, do vong khong thtr nguyén W dugc xac dinh thong qua do vong cuia vo theo cong thure:
w(&/2,6/2,0)

a2
Biang 1. Bg vong W khbng thiz nguyén theo tai vi tri giira cua vo composite lop chiu tai trong
hinh sin bén trong (L/R=4; S=R/h; m=1; n=4).

W= (14)

~/a Khdeir [2] Khare [10] Bai bio
CST FSDT HSDT HOST 12

5 1.1280 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

Nhin xét: Céc két qua tinh toan cho két qua phii hgp vai céc két qua tinh todn cua Khdeir [2]
va Khare [10]. Ngoai ra, sai s tinh toan nhan dugc trong cong trinh nay so véi cac ket qua tinh
toan theo Iy thuyet bien dang cat bac cao nhu trong [2] va [10] khong vuot qua 0,8%. Cac phan
tich & trén chung to6 mo hinh ly thuyét va phuong phap tinh toan st dung trong nghién ctru nay
c6 do tin cay cao.
3.2. Két qua tinh toan khao sat anh hwéng cia cac diéu kién bién khac nhau

Xét vo tru kin cb cac tham sd nhu sau: ban kinh R=1m, chiéu dai twong dbi

L/R=0.5+10, ti s6 ban kinh va chiéu day S=20. Vat liéu 1am vo 1a vat liéu Gr.Ep véi

E =1379GPa, E,=E,=9.0GPa, G,=G,=71GPa, G, =6.2GPa, v,=v,,=03,
V,; =0.49, hé s6 gian no nhigt o, =10° K™, a, =a, =30"° K™. Cac diéu kién bién duoc xét
dén ¢ day bao gom: lién két hai dau ngam (C-C), mot dau ngam va mot d?}u tu don (C-S), hai dau
tua don (S-S), mot dau ngoam va mot dau ty do (C-F). Nhiét 36 phan bo déu trén bé mat vo va

s \ Z .
thay doi theo chiéu day vo theo: AT = (TO + Hle ¢ day, T,=1 va To=0.

Két qua tinh toan d6 vong W VA C4c ung suat & 104, Tz,,0, khong thir nguyén theo (15), voi
cac diéu kién bién duoc thé hién trong bang 2 va hinh 2.
1

=——-1\0:,04,7:,0,).
alTlEZL( {10 T50.0%) 19)

(6..6,,7.,,5,)

Nhdn xét:
Tai vi tri bién, cac thanh ph?m ung sut ctia vo phu thudc 16n vao diéu kién bién cu thé 1a: Tai
cac vi tri bién xuat hién hién tugng tap trung Ung suét, trong do, thanh phan tng suit G, Tz
ting dot bién; Ung sudt tiép 7., suat hién déng ké & cac vo c6 do day 16n; Ung suét phap &, tai

céc ving xa bién 12 nho nén ¢ thé bo qua (phu hop voi cac 1y thuyét bo qua tng suit phap).
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Hinh 2. Su bién doi ciia vmg sudt khéng thir nguyén theo chiéu day vo.
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Bdng 2. Anh huwéng ciia diéu Kién bién dén 1ng sudt knéng thiz nguyén.

W 55 549 Ez 55 56 z_-fz 51

& 6 0 6 6 0 Iz 0 0

(_o,_o f__ é,_o i,_o g £, g% &%

2 2 2'2 22 22 2 2 2 2

(0) | (xh/2) | (£h72) | (xh/4) | (xh/2) | (xh/2) | (h/3) | (h/4)
ccl o417 3.028 2.276 0.308| 28.250 1.085| -49.874| -10.237
' -4.095| -28.533 0.020| -11.684 -5.254 -7.707|  -15.755
3.845 2.290 0.309 0 0| -92.537| -11.649
€S| 04122 -4.043| -28.542 0.020 0 0| -15.869| -25.205
oF | 04122 3.845 2.290 0.309 2.148 2.401 4.086 -2.105
' -4.043| -28.542 0.020 0.943| -19.559 0.247 -3.522
3.845 2.290 0.309 0 0| -92537| -11.649
55| 04122 -4.043| -28.542 0.020 0 0| -15.869| -25.205

4. KET LUAN

Trén co s& tinh toan 1y thuyét va phan tich sb trinh bay trong cong trinh nay, cé thé rut ra
nhiing két luan chu yéu sau:

1. Thiét 1ap dugc cac phuong trinh tinh toan voé tru composite 16p dudi tic dung cua tai nhiét
theo 1y thuyét bién dang trugt bac cao kiéu quasi-3D; trong d6, trudng chuyén vi dugc phan tich
thanh céc da thirc theo chiéu day vo. M6 hinh va chwong trinh tinh toan duoc so sanh voi két qua
tinh toan theo cac 1y thuyét khac nhau, tir d6 khang dinh do tin cdy cua cac két qua nhan dugc
trong bai bao. Cac md hinh dugc trinh bay trong cong trinh c6 tinh téi anh hudng cua ung suét,
bién dang phap ngang (bi bé qua trong hau két cac 1y thuyét bac nhét va 1y thuyét bién dang truot
bac cao), do d6 mé rong pham vi ing dung ctia mo hinh tinh toan dang nghién ctu.

2. C6 hién tuong tap trung ung suét tai khu vuc bién. Diéu ndy c6 y nghia quan trong trong
viéc thiét ké t6i wu cac két cau chiu tai trong trong thyc tién.
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ABSTRACT

RESEARCHING THE THERMAL STRESS STATE OF LAYERED COMPOSITE
CYLINDER SHELLS BASED ON A HIGH-ORDER SHEAR STRAIN THEORY
BY ANALYTICAL METHOD

This paper presents the problem of calculating the stress state of the composite
cylinder shell under the effect of temperature on the basis of the theory of high-order
shear strain according to the analytical approach. In this paper, the three-dimensional
equations in the theory of nonlinear elasticity of the shell under the effect of heat load are
established into two-dimensional nonlinear equations for the cylindrical shell by using the
method of transformation and decomposition. product of the displacement field into a
series of polynomial functions according to the shell thickness. On the basis of the
obtained equations, a system of balanced equations according to the displacement field
and the corresponding boundary conditions for the case of analysis of displacement into a
cubic polynomial is given. The calculation program is set up and the verification is
compared with the published results. The survey on the stress state of the composite
cylinder shell under the effect of heat is presented.

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