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CHAPTER 1 TONG QUAN
Do @9 cting va d6 nhe vuot trdi, vat liéu composite nhiéu 16p dugce st dung rong
rdi trong cac linh vyc nhu ky thuét co khi, hang khong vii try va xay dung. Tuy
nhién, ciu triic nhiéu 16p ciia chung dan dén sy tap trung tmg suat va kha ning
tach 10p tai diém giao nhau giira cac 16p. Do d6, vat liéu phén loai chic ning
(FGM) da dugc phat trién dé giai quyét vin dé nay, vat liéu thay doi lién tuc vé
cac dic tinh vat lidu theo cac huéng cu thé. Nhitng tién b gan day ciing cho phép
san xuat vat liéu x6p phan loai chtrc nidng va vat liéu bot kim loai xdp, gitip ting
cuong kha ning giam am va giam trong luong két cau, khién chung trd nén rat
co gia tri ddi véi céac ung dung hién dai. Tuy nhién, su phat trién cua cac vat liéu
nhu vay di kém véi cac phuong phép va mé hinh tinh toan hiéu qua dé dyu doan
chinh xac phan tng cua ching & cac ti 18 két ciu khac nhau. Vi vdy, luan an nay
thyc hién dé tai “Phat trién mé hinh tim composite ngiu nhién dwéi tac dung
tai trong co hoc va nhiét d§”.
CHUONG 2 TONG QUAN CAC LY THUYET CO BAN

2.1 Vit liéu composite tién tién cho phén tich tim
2.1.1 Vat li¢u composite phan lép
Do ¢6 nhiéu vu diém vé do clig va do nhe, vat liéu composite nhiéu 16p da duoc
mg dung rong rii trong nhiéu linh vue ky thuat, chang han nhu hang khong va
xay dung, k¥ thuét co khi, V.. Cau truc LC duoc tao thémhq tur hai hodc nhiéu 16p
vat liéu composite thanh phan dugc lién két vi nhau tai di€m giao nhau giira cac
16p.
2.1.2 Vit liéu phan 16p chirc nang
Dic trung vat liéu nhu mé dun Young’s E , mt do khdi lugng p , hé sé Poisson’s
v cua vat liu FGP material c6 thé dugc x4p xi nhu sau:

P(%;)= (P =Py)Ve (%) +P, ~055(R.+P,) (2.1)
2.1.3 Vit liéu sandwich phan 16p chirc ning
CAu tric sandwich cung c?ip nhiéu loi thé, ch.'?mg han nhu nhe va c6 d6 cing ubn
cong cao, khién chung trd nén 1y tuong dé sir dung trong may bay, hang khong
vil tru, thiét bi dién tr linh hoat va cac ung dung y sinh. Mot cAu trac sandwich
dién hinh bao gdm hai tim mat FGM véi 161 dong nhét ¢ giira.
2.1.4 Vit liéu bot kim loai x6p
bac trung vt li¢u hi¢u qua cia vat liéu bot kim loai xép: Phén bd d6 Xép déng

déu; Phan bd d6 x6p khong d6i xtimg; Phan bd d6 xop ddi xing
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2.2 Ly thuyét tim
Trudng chuyén vi ctia Iy thuyét tim dugc thé hién boi cac ham chua biét 4/ bao
gdm toa do bé mit (x,x,) va thoi gian t .
N .
U (%% 56,8 = 20 (%) ! (% 1) (212)
=
Dang rd rang ciia Phuong trinh (2.12) thay d6i tiy thudc vao dong hoc cua bién
dang dugc xem xét bao gdbm CPT, FSDT, HSDT, Quasi-3D va Iy thuyét ba chiéu.
2.3 Phin tich hiéu tng kich thwée tAim-micro
Ly thuyét MST dugc dé xuét boi Lam chinh stra tir 1y thuyét do doc co dién ciia
Mindlin va Eshel dé dua ra cac s6 liéu bac cao moi, trong do téng MLSP duoc
giam tir nam xudng ba.
Ay, = J(65£+p5§ +1én+méy)dA (2.20)
A

Trong d6 €,%,&7n 1an luot 1a bién dang, d6 ddc goc quay ddi xing, 46 dbc gian
no, do doc deviation stretch; o is Gng sut Cauchy ; m,p,t twong tmg la cac
(g suét bac cao twong tng voi d6 doc bién dang 7,&7.

2.4 Phwong phap Ritz 7

Phuong phap Ritz duge Walter Ritz gidi thiéu dé phan tich dao dong tu do cua

két cau.
1 NZ

(U0 0. %), 405 %, 1)} = zz{ 2 (0% ()L ()R (%) (2.242)

j i

{u (0%, 1), 0, (,, Xz’t)} ii{um le } '(Xl)Pi,Z(XZ) (2.24b)

j=1 i=1

ug (X, X,,t) = 22u3“ Fi(%)P(x,) (2.24c)

j=1 i=1
trong d6 u;, Uy, Ug;, X5, Yy 18 cac bién can dugc xac dinh; cac ham dang theo cac
huéng x,— va x,— la F;(x),P(x,).
2.5 Phuong phap ngiu nhién
Phuong phap mé phong Monte Carlo (MCS) 1a phuong phap don gian va phd
bién nhat dé giai quyét van dé phirc tap nay. Mot cach tiép can khac 1a sir dung
khai trién hdn loan da thirc (PCE) gitip ting tdc qua trinh tinh toan trong khi van
duy tri d6 chinh xac. Phuwong phap sap xép ngiu nhién (SC) dugc biét dén 1a mot
trong nhitg phuong phap khai trién ngau nhién twong tu nhu PCE.
2.6 Hé thong mang no-ron



Bén canh d6, su két hop gitra thudt toan BCMO va ANN dé xac dinh dap ung t01
uu cho céc tam vi cdu triic FG v6i cdc tinh chat vat liéu khong chic chin van
chua dugc phat trién, chu dé tha vi nay can duoc nghién ctru. Hon nira, mét thuat
toan tinh toan thong minh méi iBCMO-DNN dé gidi quyét cac van dé ubn cong
nhiét ngau nhién cta cac tim vi cdu trac FGP bing cach sir ~dung phuong phap
MST, HSDT thong nhat va phuong phap Ritz s& duoc dé xuat.

2.7 Thuét toan meta-heuristic

Ba thuat toan bao gﬁ)m tién hoa khac biét (DE), thuat toan tim kiém lién két tom
va ca bong (SGA) va t01 uu hoa chuyén dong tong hop can bang (BCMO) duoc
sir dung dé giai quyét van dé trén.

2.8 Két luin

T6ng quan tai liéu cho thdy can phai phat trién ciac mé hinh tim composite ngiu
nhién chiu tai trong co hoc va nhiét. Voi muc dich nay, luén an sé tap trung vao
cac noi dung:
* Phat tr1en cac ham hinh dang lai méi cho phuong phap Ritz.
« Phat trién cdc mo hinh ngau nhién dé nghién ciru Gmg xir ctia cac tim vi mo
c6 ddc tinh vat liéu khong chic chan.
* Phat trién cac thuat toan tinh toan mai sir dung tri tué nhén tao dé giai quyét
cac van d& ngdu nhién cua cac tam vi cAu tric. ) )
« Ap dung cac phuong phap t6i wu hoa dé tim kiém cac hudng soi ti wu ciia
cac tam composite nhiéu lop.

CHUONG 3 PHUONG PHAP RITZ CHO PHAN TiCH HIEU UNG
KiCH THUOC CUA TAM VI CAU TRUC COMPOSITE TIEN TIEN
DUOI TAC DUNG TAI NHIET-CO HQC

3.1 Tong quan

Chuong nay trinh bay da dang cach tiép can méi vé phuong phap tinh toan, trong
d6 cac ham hinh dang méi cho 10i giai Ritz s& dugc két hop véi 1y thuyét bién
dang cit bac cao théng nhét va Iy thuyét d6 doc bién dang sira d6i (MST) cho
phan tich tim vi ciu trac. Phuong trinh dic trimg duoc suy ra tir nguyén ly
Hamilton va dugc tinh toan bang 10i giai Ritz.

3.2 Ly thuyét co ban

3.2.1 Vat liéu phan 16p chirc ning tién tién

3.2.1.1 Vit liéu bot kim loai x6p

Xem xét mot tim vi cdu trac hinh chir nhét voi vat liéu bot kim loai x5p (PMF).
T4m c6 bé day h va kich thu6c canh axb . Hinh. 3.1 mé ta dic tinh vat liéu



ctia ba loai phan phdi do xbp thong qua bé day cta tAm vi ciu trac PMF. Mbi
lién h¢ giira mat do khdi lugng p vamodun Youngs E dugc thé hién nhu sau:
e Phan phdi d6 xép ddng déu

P(2) = pony(1-Bv) ; E(2)=E,,, (1-pv) (3.1)

e Phan phdi d6 x6p bat ddi xang
Tz )|, B B 7L T
P(2) = Prax {1—ﬂm cos(%+zﬂ ; E(2)=E {1 ﬂcos(zh + 4” (3.2)

e Phan phdi do x6p ddi xung

i =
| 3 _Ex3)
3 15
i i

(a) Phan phéi do x6p dong déu

(c) Phan phéi d6 xép bat ddi xang
Hinh 3.1: Ba loai dong gop vt liéu bot kim loai xdp
trong d6 E,_, VA p,, tuong tmg la gia tri I6n nhit cia modun Young va mat do

khéi lugng; f va B, biéu thi cac théng s6 do xdp va mat do khdi lugng, duoc

xac dinh:

B=1-E; /E.0<B<1l; B, =1-pu! Prx:0< B, <1 (3.4)
trong d6 E_. VA p,. tuongng la gia tri nho nhat cia modun Young va mat do
khéi lugng.
véi

p,=1-I-F (35)

Céc dic tinh vat liéu trong truong hop phan bd do xdp ddéng déu van khong doi
theo hudng do day va chi phu thudc vao hé s6 do xép S . Hé sb v duoc viét nhu
sau:

u:l/ﬂ—((le—_ﬂ)/ﬂ—z/ml)z/ﬂ (3.6)
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3.2.1.2 Vit liéu sandwich phén lop chirc ning
Céac cong thure sau day co thé duoc sir dung dé danh gia cac dac tinh vat li¢u hiéu
hiéu cta tAm vi ciu tric FG sandwich:

P(x;)=(P, =P, )V, (%5)+P, (3.7)
trong d6 thé tich déng gop cua vat liéu ceramic V, (x,) xuyén qua bé diy tim
duoc xac dinh boi cong thuce (3.8).
v6i chi sé power-law p, P, va P, tuong g la cac dic trung vat liéu cia ceramic
va kim loai nhu modun Young E, mat d6 khdi lugng p , va hé sb Poisson v .

p
Z,- X
=423 7,<x,<1z, FG top  layer
z,-1,
V, (%)= 1 z,<%, <z, ceramic core layer (3.8)

p

X, —Z

=1 ,<X,<1z, FG bottom  layer
,—4

3.2.1.3 Vit liéu xdp phén 16p chirc niing
The effective material properties of FGP microplates are given by:

p(xs):(pc_pm)(%jpwm_g(mpm) (3.9)
where P, and P, are the Poisson’s ratio v, Young’s moduli E of ceramic and
metal materials, respectively; p is the power-law index; 0 < <« 1 is the porosity
volume fraction; x, e[-h/2,h/2].
3.2.1.4 Pic trung vt liéu va phan phéi nhiét dp
Anh huong cua truong nhiét d9, co ba loai phan phoi nhiét 6 dugc xem xét trong
tinh toan nhu sau:
e  Phan phdi dong déu (UTR): T(z)=T, +AT , nhiét d bén dudi bé mat T,
e Doi v6i phan phéi tuyén tinh (LTR): T(z)=(T,-T,)(z/h+05)+T,,
Nhiét do twong tng & trén va dudi cung cia bé mat tim duoc biéu thi
bang T, and T,.
e  Phan phéi nhiét d phi tuyén (NLTR):

h/2 z
T(z):T(b)Jr((Tt —Tb)ljihlzllk(z)dz)J:h/Zl/(k(g)df)
Trong 6 k(z) 1a hé s6 dan nhiét.

3.2.2 Ly thuyét d déc bién dang sira doi dwa vao Iy thuyét bién dang cit bac
cao thong nhat



Cho muc dich don gian, bo qua anh huong cia bién dang ngang, i.e.
Uy (X, %, % ) = U (%, %, ) trong d6 ud(x,,x,) 1a chuyén vi ngang tai chinh giita bé
mit cua tim. Hon nita, ing suét cit ngang duoc thé hién theo luc cit ngang nhu
Sau:

o= 15(%)Q (X%, )5 0 = T5(%)Q, (X, %,) (3.10)

Trong d6 f(x,) & ham cat bac cao c6 dao ham dau tién théa méan diéu kién bién
tu do ng suét tai mat trén va mat dudi cia tAm, tic 1a f,(x, =%0.5h)=0

Q (%% ),Q, (%,%,) 14 luc cit ngang. Ngoai ra, cac bién dang cit ngang ¢6 quan
h¢ tuyén tinh véi chuyén vi mang u, (X, %,,%;),U, (X, %,,% ) Vi chuyén vi ngang

Uz (%%, )

f f
Vi3 =Ups +U§_1 - % B = 1 Vo3 =Ups +u§,2 == it (3.11)

“ou

trong d6 4(x,)=E(x;)/(2(1+v)) 1a modun cdt. Hon nita, ndi suy tir Phuong
trinh (3.11) theo huéng x, — dan dén trudng chuyén vi théng nhat cho tim nhu
Sau:

Uy (%X, X5, % ) = U7 (X, X, ) = XgUg, + W (%) Q (%, %, ) (3.12a)
Uy (X0 X5, %5 ) = U3 (X, X, ) = XaUs, + ¥ (%) Q, (X, X, ) (3.12b)
5 (%%, %) = U3 (%, %, ) (3.12¢)
X3 f ’ .,
trong do W(x :J (3 ] X, . Hon nita, luc cat ngang c6 thé dugc trinh bay &
0 X3
dang goc xoay (¢, ¢, )va dd dbc ctia chuyén vi ngang dugc thé hién nhu sau:
Q1(X1v X2)= H*® ((0 +u§,1); Q, (Xl’ Xz) =H°* ((pz +u3,2) (3.13)

h/2
trong d6 H*® =k° I (%) dx, 12 do cling cit ngang clia tam; k* =5/6 14 h¢ s h¢
-h/2
s0 cit. ) o
Thay the Phuong trinh (3.13) bén trong Phuong trinh (3.12) dan dén HSDT chung
nhu sau:

Uy (X, X5, %) = U7 (X, %, )+ Dy (X ) Ug, + D@, (X ) (%, %) (3.14a)

Uy (X0 X5, X5 ) = Up (X, %, ) + @ (X5 )Us, + @, (%), (X0, %, ) (3.14b)

Uy (X, X, X3 ) =Ug (X, %, ) (3.14c)
trong d6 @, (%) =H "W (%)= %, D, (%) =H"¥(X,).



Téng ning luong cua tim vi cdu trac duogc tinh toan bang cach st dung nguyén
ly Hamilton nhu sau:

)

[ (ST + ST + STy — Mg )it =0 (3.15)

Y
Trong d6 A1, , dl., and 1,4 tuong tmg 1a cong duge thuce hién badi luc
nen mang, nang luong bién dang, tai trong ngoai va dong nang. Nang luong bién
dang cta hé thong 11, thu dugc tir Iy thuyet d6 doc bién dang stra d6i (MST):
Mg = [(658+pSE + 5 +may)dA (3.16)
A

trong d0 &7%,&,m lan luot 1a bién dang, d6 déc goc quay ddi xtimg, d6 doc gidn
n6 va doc doc 1éch gidn nd; ¢ 1a img suat Cauchy; m,p,t twong tmg la cac img
sut bac cao két ndi voi cac d6 doc bién dang x,& . Cac thanh phan cua bién
dang ¢; va do dbc bién dang & Mie» 2y dugce dinh nghia nhu sau:
=<ui,j +uj,i)/2 &= Enmi Xij = (un,mjeimn +Up i ]mn)/4
ik = (gjk,i + &t &k )/3_[(§i + 260 )é‘jk +(§k + 280 m )5.1
+(&) +260,) 5 /115
véi &, is Knonecker delta; e, is permutation symbol. Céc phuong trinh céu
thanh duorc su dung dé xac dinh cac thanh phﬁn ung sudt nhu sau:
Oy = A& Oy +2us; , My = =2ul? Zis b= 2ul? Sty = 2,u|3277ijk (3.18a)
p; = 2uly & T = 2ul; TTijk (3.18b)
trong d6 4,1 la Lamé constants; 1,1,,1, 1a ba thong sé ti 18 chiéu dai vat liu
MLSP) thuc té cin duoc x4c dinh bang cac cong trinh thuc nghiém.
3.2.3 Loi giai Ritz
Dua trén cach tiép c4n Ritz, mot chudi ham x4p xi va cac gia tri lién quan co6 thé
dugc st dung dé mé ta chuyén vi mang va chuyén vi ngang ((pl, ?,,u’,u7, ug) cua
tam vi cau tric nhu sau:

(3.17)

L]

U (Xi X ) :E::E:Lhu |1 u (xi X ) :E::EZUZU i ', )

i=1 j=1 i=1 j=1

u ()(1 X ) :E:: :E::lj3u i 472 ()(1 X ) :E:: :E:: )/u i )

i=1l j=1 i=1l j=1
M

(X, %) = ZZXU L ( (%,) (3.36)

i=1 j=1
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Trong do Uy, Uy, Uy, X;, Yy 1a cac bién chwa biét cdn x4c dinh; Can chu ¥ rang chi
can hai ham hinh dang theo huéng x, — and x, -, R (x) va P,(x,) la dii dé ké
hét niam bién chua biét ciia tAm vi cdu truc.
Trong nghién ctru nay, da thirc Hermite, da thirc Laguerre va da thirc tryc giao
duoc xay duyng tir qui trinh Gram Schmidt dugc xac dinh boi cong thuce d€ quy,
dugc str dung dé phat trién cac ham hinh dang méi cta phwong phap Ritz.
Hermite polynomial:
bPa thic Hermite dugc déc trung bdi cong thirc dé quy sau:

He,(x) =1 He(x) = 2Xx,

J00=1 He,(x) .
He,(x) =2xHe, ,(X)-2(n—-1)He, ,(x)

Pa thirc Hermite théa man sy chuin héa nhu sau:

j (He(x))2e ™ dx = 2"zn! (3.38)
Laguerre polynomial:
Ham Laguerre téng quat dugc dinh nghia:

L(n,a, x):(n;ajlﬁ(—n;aﬂ;x) (3.39)

Ham tra veé cac da thuc Laguerre tong quat truc giao cho céac gia tri sO nguyén
khéng am cua n:

(f112)=[ e x"f,(x) f, (x)dx (3.40)
Hon nita, da thire Laguerre tong quat dap tmg chuan hoa:
0 if n=m
(L(na,x),L(max)=1T(a+n+l) . (3.41)
— if n=m

Gram-Schmidt-based orthogonal polynomials

Tiép theo, cac ham dang 1a cac da thuc truc giao (OP), dugc xay dung béng
phuong phap Gram-Schmidt (GS). Cac ham nay thé hién téc do hoi tu nhanh,
mic di chiing gip khé khin trong viéc xac dinh ham ban dau. St dung phuong
phap GS dugc dinh nghia nhu sau:

¢1(X):(X—A1)¢O(X), ¢k(X):(X_Ak)¢k—l(x)_Dk¢k—2(X) (3.42&)
P(x) g (98 [xw(x)ds () (x) o

A =5 ; D, =+ (3.42D)
Jw(x)4¢ . (x)ox Jw(x)g¢ , (x)dx
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Trong d6 w(x) 1a ham trong s6. . Tinh truc giao duoc théa mén béi cac da thirc
¢, (x) nhu sau:

jw
Véi w(x)=1; ¢ (x)=2x+1va [c,d]e[-11].

Céc vi du 50 s& bao gom SSSS, CSCS, SCSC va CCCC trong Bang 3.1 nhu sau:
Bang 3.1: Cac ham xap xi vdi di€u kién bién khac nhau

10-1,

if
if

k =1
k=1

(3.43)

Piéu kién Ham xép xi

ién R, (1) A %)

SSSS Ritz-Hermite X, (a—x, ) He; X, (b—x, ) He,
Ritz-Laguerre x (a=x)L; X, (b—%, )L,
Ritz-OP X (a—x)¢, X, (b—X,)¢;

scsc Ritz-Hermite x, (a—x )" He, X, (b—x, )" He,
Ritz-Laguerre x (a-x)’L, X, (b—x%, ) L,
Ritz-OP x (a-%)" ¢, X, (b—x, )’ é;

CcsCs Ritz-Hermite X2 (a-x) He, % (b=x, ) He,
Ritz-Laguerre x?(a-x) L X3 (b=x, )L
Ritz-OP X (a=x) ¢; X (b=x,)¢,

ccee Ritz-Hermite xZ (a-x )" He, xZ (b—x,)" He,
Ritz-Laguerre 2 (a-x) L, X2 (b—x,)" L
Ritz-OP Xt (a=x) ¢, X2 (b=%)" ¢,

Phuong trinh chuyén dong ctia tam vi cau tric:

(K-N°K®)d+Md=F

3.3 Két qua sb

3.3.1 Nghién ciru tdc dd hoi tu

(3.44)

Tam vi c4u tric PMF dugc xay dung tuir vat liéu bot kim loai xép co dac trung

vat liéu nhu sau:

E.na =200 GPa, p,.. =7850 kg/m?, v

L =033,

bé don gian,

cong thirc chuan hoa sau day dugc st dung: @ =100why/p, ., / E,,. . Dé danh gia
su hdi tu va hi€u qua ctia phuong phap tinh toan, vi du nay s€ so sanh tde do hoi
tu va sy on dinh cua cac giai phap d& xuat: Hermite-Ritz, Laguerre-Ritz,
Exponential-Ritz, OP-Ritz v4i cac ham dang khac ctia phuong phéap Rizt. Cac
ham xap xi sau day s& dugc sir dung trong Phuong trinh (3.36) dé tinh toan:
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Static Beam Functions (SBF):

Fi (%)= A +B;x,+Cx; + D;x; +sin( jx, /b) (3.47)
With A =0;B, =—jz/b;C, = jz((-1) +2)/b% D, =—jr((-1)' +1) /.
Non-Orthogonal Polynomials (NOP):

F(%)=(b=%)" x}" (3.48)
Product of Trigonometric Functions (PTF):

F;(x,) =sin(zx, /b)sin(jzx, /b) (3.49)
Characteristic Functions (CF):

F;(x,)=sina;x, —sinha;x, —¢, (COSO{J-XZ —cosh asz) (3.50)

v6i ¢, =(sina;b—sinha;b)/(cosa;b—coshab);e; =(j+0.5)7/b. Can luu ¥ ring
ham T,(x) dugc dinh nghia mot cach tuong tu bang cach thay thé bién x, cho
x,, chiéu dai b cho bé rong a trong cac phuong trinh & trén. Dé dicu tra toc do
hoi tu ctia cac ham x4p xi , khoang cach tham chiéu dugc xac dinh nhu sau:

di =0, -0 (3.51)
trong d6 o, va o

., tuong tu 1a két qua ciia tin sd co ban ctia tim bot kim loai
xbp tai n, and n, ,.
Dé danh gia tdc do hoi tu cua giai phap Ritz, Bang 3.2 va cac Hinh. 3.6 trinh bay
tdc d6 hoi tu cua tan sd co ban clia tAm vi ciu trac PMF véi bién ngam hoan toan
tai a/h=10, f=03 and h/l=w.
Bing 3.2: So sanh tdc do hoi tu bing s6 chudi (n=n, =n,) cia thm vi cau trac
PMF véi bién ngam hoan toan tai (a/h =10, f=0.3,h/l =)

Solution

Number of series N=1, =N,

2 3 5 6 8 9 10 15
SBF 11.765 11.27 10.681 10.125 9.905 9.858 9.772 9.4444
NOP 9455 944 9382 9373 9.362 9363 9.362 9.364
PTF 9.784 9.486 9.401 9400 9.362 9.364 9.362 9.364
CF 9.560 9.545 9503 9.467 9402 9.388 9.388 9.388
Hermite 9.649 9382 9382 9.382 9.381 9.383 9.384 9.381
Laguerre 0.5341 9.364 9.364 9.364 9.364 9.364 9.364 9.364
OP_GS 9.5571 9381 9373 9373 9373 9373 9373 9.373

Exponential  9.5730 9.406 9.357 9.355 9.355 9.355 9.355  9.355
IGA[174] 95202

13



Hon nira, biéu dd duong so sanh tdc dd hoi tu cua bay loai ham dang trong Hinh

3.6.Dé dang nhan théy rﬁng tdc d6 hoi tu cua cac ham hinh dang duoc st dung
dé tinh toan tan sd co ban ctia tim vi cau tric 1a khac nhau giita cac ham hinh
dang.

Hermite
—+— Laguerre
- === NOP
e PTF

CF
—— SBF

Exponential

5 10 15 20
Number of series

Hinh 3.6: So sanh toc d6 hoi tu ctia tim vi cau trac PMF bot kim loai x6p véi didu
kién bién ngam hoan toan cho tan sé co ban (a/h=10, f=0.3,h/l =)

Pa thire truc giao cho két qua chinh xac khi tinh toan tin sb ty nhién.

3.3.2 Phan tich tAm vi ciu triic PMF

Trong vi du nay, dao dong ty do @ = wh./p,, /E,,. and 6n dinh t6i han (uniaxial
compression and biaxial compression) N,, =N, a’/(hE,,, ) cia tm vudng vi
cAu trac PMF véi bién tua don bén canh (SSSS) duogc phan tich. Tam vi ciu tric
PMF duogc xay dung tir vat li¢u bot kim loai xop cé dac trung vat li€u nhu sau:
E... =200 GPa, p,, =7850 kg/m?, Vi = 0.33.

Biang 3.3: Tan s6 co ban chuan hoa cua tim vudng vi cau trac PMF cho tya don bon
canh voi a/h=10

Loai phan g Ly thuyét h/l
phoi vt 10 5 2 1
liéu

Uniform 0.1 Ritz-Hermite 0.0606 0.0715 0.1234 0.2264
Ritz-Laguerre  0.0606 0.0715 0.1233  0.2262

0.2 Ritz-Hermite  0.0592 0.0702 0.1218 0.2240
Ritz-Laguerre  0.0592  0.0702  0.1218 0.2239

IGA [20] 0.0601 0.0706  0.1203  0.2196

0.3 Ritz-Hermite  0.0578 0.0688 0.1201 0.2212
Ritz-Laguerre  0.0578 0.0688 0.1200 0.2211

IGA [20] 0.0590 0.0692 0.1179 0.2153
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Bang 3.4: On dinh t61 han chuén héa v&i nén don truc cua tAm vi cAu tric PMF cho tura
don bén canh voi a/h =10
Type S Theory h/l
distribution 10 5 2 1

Uniform 0.1 Ritz-Hermite 3.6690 5.0792 14.9412 50.0314
Ritz-Laguerre 3.6665 5.0754 14.9287 49.9844

IGA [20] 3.7311 5.1334 14.9043 49.7140
0.2 Ritz-Hermite 3.3772 47119 14.0463 47.2574
Ritz-Laguerre 3.3748 47084 14.0345 47.2129
IGA [20] 34694 47734 13.8590 46.2271

3.4 Két luan

Chuong nay gidi thiéu cac ham dang méi cho 10i giai Ritz dé phan tich ung xtr
clia tAm vi cau trac. Ly thuyét bién dang cit bac cao théng nhat nhat (HSDT) 1a
chinh xé4c va dang tin cdy. Dé xét anh hudng cua hiéu tmg kich thude, 1y thuyét
d6 dbc bién dang sira dbi duoc tng dung. Phuong trinh chuyén dong ciia tim vi
ciu triic duoc suy ra tir nguyén Iy Hamilton. Cac nghién ctru hoi tu va danh gia
dugce thue hién dé xac minh tinh chinh xac va do tin cdy cua cac giai phap duoc
dé xuét.

CHUONG 4 THUAT TOAN TiNH TOAN THONG MINH CHO PHAN
TiCH NGAU NHIEN CUA TAM VI CAU TRUC PHAN LOP CHUC
NANG VOI SU KHONG CHAC CHAN CUA PAC TRUNG VAT LIEU

4.1 Téng quan

Muc tiéu chinh ciia chuong nay 1a phét trién mo hinh ngiu nhién cho phan tich
g xi ctia tAm vi cu triic sir dung da dang cac phuong phap hiéu qua nhu Monte
Carlo simulation with 10,000 mau, polynomial chaos expansion, stochastic
collocation, thuit toan BCMO-ANN and iBCMO-DNN.

4.2 Polynomial chaos expansion

Trong nghién ctru ndy, G 14 tAn sb co ban hoic tai trong on dinh t&i han cta tim
vi cau trac FG duge biéu dién bang mot chudi truc giao nhu sau:

p-1
U~ Opee (X) =D ¢ He (q)+r1 4.1)
i=0

trong d6 U,.. 1a dap g thu duoc tir PCE; q 1a vector cac bién doc lap ngiu
nhién trong khong gian PCE két n6i v6i cac thong sé ngiu nhién vat Iy x; He,
la cac ham co s¢ tryc giao da bién; ¢, la cac hé sb can dugc xac dinh sao cho sb
du r 1a nho nhat; P is the permutation of the qualified order of the polynomial
n.
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4.3 Stochastic collocation

D6i v6i bai toan 1-D (tirc 1d mot dau vao ngiu nhién X ) va n, diém ndi suy, no
xap xi phan ing ngiu nhién u bang cach hinh thanh cac ham Lagrange va udc
tinh phan (g ctia mo hinh tai cac diém noi suy u(g; ) nhu sau:

u(X)~0(X) - Zu(a)L (a) “9)

trong d6 q 1a mot bién tiéu chuan anh xa dén bién vatly X va dé téi da hoa hiéu
suét ctia cach tiép can nay g, dugc dinh nghia la cac diém vudng goc Gauss thich
hop tuong g v6i sy phan bd ciia g . Noi suy 1-D Lagrange L, (q) duoc dinh
nghia:

Li(q)=1_"{(q—q,-)/(qi—qj) (4.10)
i

i
4.4 Thuit toan tinh toan ngiu nhién théng minh dwa vao phwong phap téi
uu héa va may hoc
4.4.2 H¢ théng mang no-ron nhan tao (ANN) va thuit toan BMCO: BCMO-
ANN
Hé théng mang no-ron nhan tao (ANN) dugc hién thj trong Hinh 4.2 chta ba
loai 16p, d6 1a 16p déu vao, 16p an, 16p dau ra, trong d6 mdi 16p bao gém cac
noron duoc két ndi véi nhau & 16p trude.

. -
X e : R
Input data : 0 : ’ . Output layer
) 2

Input layer Output layer
\—

Hidden layer

Hinh 4.2: Cau triic ciia mang noron don gian
Dit liéu d4u ra ctia ham kich hoat cho tng gié tri dugc biéu thi nhu sau:
Im,_,
Y =¢(xi")=¢(z w; Xy,—“+b."J (4.24)
=1
trong 40 y"va x" twong ung 1a cip dir liéu dau ra va dau vao ciia ham kich hoat

cuanit i ;wr 1a trong luong giita nut daura i vanat dau vao j; b" 1a do léch
cuanut j; ¢ la ham kich hoat.
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4.4.3 Hé théng mang no-ron hoc sau (DNN) va thuit toan BMCO cai tién:

iBCMO-DNN
WJ e f—\
748 @Q’%J Q\ \M
\nmldaraw N/ ; g \}‘g Output data
_.,(-)LXX / 47- e (- /‘L O—
( ~ / % Output layer

Input layer \%,_
NS eaaf

Hidden layers
Hinh 4.3: h¢ thong no-ron hoc siu
M&i nut trong céc 16p tiép theo s& nhan dugc tong gi tri dau ra ctia cc nit trudc
d6 nhan véi trong sb tuong tng cua chung va dit liéu dau ra ciia ham kich hoat
cho tong gia tri dugc cung cap nhu sau:

= o(x)= [zwnlxyj ] (4.26)

4.5 Két qua sb

4.5.1 Phan tich ngiu nhién dao ddng tw do ciia tim vi cdu tric FG sir dung
polynomial chaos expansion

Dé didu tra cac dap ung ngiu nhién cua tdm vi ciu tric FG , cac dic trung vat
liéu (E,.,E,, and p,, p,) duoc sir dung 1am bién ngau nhién v&i phan phdi
lognormal, hé s6 do tin cdy (COV) cua cac bién ng?lu nhién 1a 10%. The MCS
v6i 10,000 miu duge xem xét nhu 14 giai phap chinh xac dé so sanh véi giai phap
dé xuét. For convenience, the following non-dimensional parameters are used in
the numerical examples:

o=(wa’ Ih)p, | E, (4.28)
Béng 4.2: So sanh gitra MCS (10.000 samples) va PCE (256 samples) v6i gia tri

trung binh, d6 1éch chuan (SD), Kurtosis and Skewness cho tan sb ctia tim vi cAu
tric FG (a/h =10, MAT 1)

BCs P Theory Mean SD Kurtosis  Skewness COV Time  Present
(%) (s)

h/l=

SS 1 PCE 11.010 0.5087 2.4628 -0.0532 4.6 17.02 11.010

SS MCS 11.010 0.5087 2.4633 -0.0531 4.6 814.1

5 PCE 8.7431  0.8313 2.6301 0.1966 9.5 18.1 8.720
MCS 8.7456  0.8317 2.6308 0.1962 9.5 815.3

10 PCE 8.0719  0.8990 2.6953 0.2624 111 18.4  8.044
MCS 8.0747  0.8986 2.6949 0.2629 111 8170
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C6 thé quan sat thiy rang tt ca cac trang thai thong ké thu duoc tir MCS va PCE
déu cho thay sy dong nhat t6t trong moi truong hop. Thoi gian tinh toan can thiét
ctia phuong phap PCE 1a khoang 1/47 so véi phuong phap MCS truc tiép.

0.8 10°

PCE \ ——PCE
06 - === MCS \----MCS
— =3 .
z 0.4 ¢ 02
: 1
X a3
o
0.2
0 10
7 8 9 10 11 7 8 9 10 1
Natural Frequency (Hz) Natural Frequency (Hz)

Hinh 4.6a: PDF va PoE cua phuong phap MCS va PCE cho tan s co ban cua
tam vi cau trac FG vdi SSSSBC (p=5, h/l1=1,a/h=10)

Hinh. 4.6a so sanh ham mat d6 xac suit (PDF) va xac suét toi han (PoE) cua
MCS va PCE cho phan tich dao dong tir do cia tim vi cdu trac véi SSSS BC. Co
thé quan sat thiy mot 1an nira rang két qua cia MCS phu hop voi PCE.

Hé s d6 tin cdy cua cac didu kién bién khac nhau 1a gidng nhau va c6 cing xu
hudng chung duoc hién thi trong Hinh 4.8

o= 12

e

—&—3888S \
-+ C5CS
CCcccC P
-
/

!

*

i
o
i
0
[l

\

©
@

Coefficient of variation (COV) %
Coefficient of variation (COV) %

& &

o
@
IS
o
£
~ )
o
©
3
I

p p

Tansb coban, h/l=1 Tén sé co ban, h/I1 =5
Hinh 4.8: Hé s6 do tin cay (COV) véi truc hoanh 1 chi s6 power-law p tdm vi
chu trac FG (a/h =10) v6i da dang BCs
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0.35 1 -p-
= o0a | [ p=5
5 -0
£ = 0.5 |
8 ,
6] 0.2
0]
—_ 015}
el
o
= R

0.05 |

ot
Random input parameters Random mput pararneters
Tan s6 co ban, h/l=1 Tan sb co ban, h/1=5

Hinh 4.11: Téng chi s6 Sobol clia cac bién dau vao ngiu nhién ddi voi tan sb co
ban cta tam vi cau triic FG (a/h=10, h/1=1), cho diéu kién biéen CCCC

4.5.2 Phén tich on dinh téi han nhiét d¢ ngau nhién cta tam vi cau tric FG
sandwich sir dung phwong phap stochastic collocation

Dbi véi md hinh SC ¢6 diém vudng goc Gauss, chi can 256 miu. Béng 4.3 trinh
bay két qua cua tim vi cdu tric FG sandwich v6i h/1=1va h/1 =5 cho hai loai
diéu kién bién, a/h va p. C4c trang thai 6n dinh dugc tao ta tir SC and MCS 1a
gidng nhau. Chi phi tinh toan ctia phwong SC chi bang 1/10 so v6i phuong MCS.

Bang 4.1: Bo 1éch chuéan (SD), gia tri trung binh, Skewness, Kurtosis cho 6n
dinh nhiét d6 nén hai chiéu cia tAm vi cau trac FG sandwich microplates (MAT
3, a/h=10) duéi linear distribution of SC (256 mau) and MCS (10.000 mau),
T, = 25°C

BCs P Theory  Mean SD Kurtosis Skewness COV Time  Present
(%) ()
1-1-1
hil=
SS 05 SC 10.023 0.8972 3.7410  0.5955 8.9 30 9.9421
SS MCS 10.017 0.8962 3.7306  0.5927 8.9 325
2 SC 9.8862 0.8221 3.4865 0.5257 8.3 33 9.8221
MCS 9.9028 0.8225 3.4923 0.5270 8.3 330
CC 05 sC 37.498 3.3337 3.4160 0.5005 9.0 40 37.1999
cC MCS 37.498 3.3363 3.4145 0.4994 9.0 342
2 SC 37.460 3.1073 3.4426 0.4919 8.3 41 37.2542
MCS 37.452 3.1061 3.4461 0.4912 8.3 340

4.5.3 Phan tich dao ddng tw do ngiu nhién ciia tAm vi cAu tric FGP sir

dung thuit toan BCMO-ANN

Pé diéu tra img x{r ngau nhién ciia cac tim vi cau trac FG, bon bién ngiu nhién

cua dac trung vat liéu (E Pmis Pei) duoc st dung voi quy md dan sd
19
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NP =500 . Cén luu v réng cac gia tri trong s6 va do léch duoc cap nhat tu dong
theo t6i wu hoa Levenberg - Marquardt, sd luong niit trong mdi 16p 4n 1a 21.
Biang 4.4: gia tri trung binh va d6 1éch chuan cua tan sé da chuan héa cho tim vi
cdu tric véi _a/h=10va diéu ki¢n bién SSSS

B P h/l Theory Mean SD Time(s)  Present
01 1 10 Ritz-BCMO 4.4049 0.0496 615 4.4073
BCMO-ANN 4.4090 0.0491 10
5 Ritz-BCMO 4.7449 0.0517 620 4.7485
BCMO-ANN 4.7451 0.0513 9
1 Ritz-BCMO 11.0692  0.1051 617 11.0673
BCMO-ANN 11.0745 0.1059 11
10 10 Ritz-BCMO 3.3994 0.0953 625 3.4012
BCMO-ANN 3.4040 0.0961 10
5 Ritz-BCMO 3.5922 0.0997 623 3.6001
BCMO-ANN 3.6037 0.0993 12
1 Ritz-BCMO 7.5662 0.1991 627 7.5531
BCMO-ANN 7.5376 0.1983 10

Bo dir li€u, bao gém cac cap diu vao-dau ra va cac mau dao tao duoc tao ngﬁu
nhién thong qua cac 1an lip lai trong qua trinh dao tao ANN. Ngoai ra, trong qué
trinh du doan, cac mau dao tao trong tdp dit li€u dugc chia thanh hai nhom, trong
d6 80% cap dir liéu dugc sir dung cho tap huén luyén va 20% cho tap thir nghiém.

Béng 4.4 trinh bay gi4 tri trung binh va d¢ 1éch chuan (SD) ciia cac tan s6 co ban

chuén hoa ctia cc tim vi cdu tric Al/Al,Oz FG véi cac diéu kién bién khac nhau
cho ca mo hinh Ritz-BCMO va BCMO-ANN.

Best Training Performance
is 5.7242e-05 at epoch 67

e
<
ra

Mean Squared Error (mse)
=

[

Train
Test
o Best
p
\u
0 20 40 60
67 Epochs

(a) SSSS, A=0.1

Mean Squared Error (mse)

20

Best Training Performance
is 5.4894e-05 at epoch 44

—Train

- Best

Test

my
A

10

20

30

44 Epochs
(b) SSSS, =02
Hinh 4.19: Loss function cta tan sé co ban chudn hoa cho cac tim vi ciu trac
FGP v6i céc diéu kién bién khac nhau, p=10, a/h=10 and h/I =5
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4.5.4 Phan tich 6n dinh nhiét d téi han ngiu nhién cia tAm vi cAu trac FGP
st dung thuét toan iBCMO-DNN
Dé tinh toan 6n dinh nhiét 6 t6i han ngiu nhién cta cac tim vi cau tric FGP,
can luu y ring ndm bién ngu nhién vé dic trung vat liéu (E,;,E,;. a2y 0)
duoc thiét ké voi cung quy mé dan so6 NP =2000 . Ngoai ra, viéc dao tao dit liéu
duoc thuc hién tiép theo voi dir liéu dugc tao ra tur phan tich trudc do cua giai
phap Ritz-iBCMO.
Ddi v6i cac tAm vi cdu tric Al/AlLOs FGP c6 ba diéu kién bién khac nhau, do
léch trung binh va do 1éch chuan cta 6n dinh nhiét d¢ t6i han chuan hoéa tir cc
md hinh Ritz-iIBCMO va iBCMO-DNN dugc thé hién trong Bang 4.9. Gia tri
trung binh cua on dinh nhiét d6 t6i han chuan hoéa duge tinh toan cho truong hop
ti s canh trén chiéu day a/h =20, hé s6 do xp S =0.1va 0.3, chi s6 power-law
p=0.5Vva 2, thong sb vat liéu h/1=1 va 10. R5 rang, cac trang thai thong ké cua
6n dinh nhiét d6 t6i han bit ngudn tir Ritz-iBCMO va iBCMO-DNN cho thiy sy
gidng nhau cho tat ca cac trudng hop.
Bang 4.9: Gi4 tri trung binh va do léch chuan (SD) cta 6n dinh nhiét d6 chuan
hoa cho tdm vi cdu trac FGP v&i trudng hop nén hai chiéu, a/h =20, SSSS trong
mdi truong nhiét do vai trang phan phdi ddng déu

Ji} p h/l Theory Mean SD Time(s) Present

01 05 10 Ritz-iBCMO 0.3291 0.0089 2123 0.3284
iBCMO-DNN  0.3307 0.0091 845

1 Ritz-iBCMO 5.1633 0.1343 2125 5.1596
iBCMO-DNN  5.1688 0.1347 844

2 10 Ritz-iBCMO 0.2239 0.0066 2124 0.2236
iBCMO-DNN  0.2259 0.0071 845

1 Ritz-iBCMO 3.8358 0.1084 2123 3.8278

iBCMO-DNN  3.8315 0.1082 846

Ngoai ra, hi€u sut cua thudt toan iBCMO-DNN hién tai trong viéc du doan dap
ung on dinh nhiét do t6i han cling duogc thé hién trong Hinh 4.24 abc.
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Hinh 4.24: Quantile-quantile plot ciia m6 hinh Ritz-iBCMO va md hinh DNN-
iBCMO, a/h=20, p=1, h/1=5, cho truong hgp nén hai chiéu trong moi
truong nhiét phan phdi dong déu

4.6. Két luan

Dé nghién ctru dp Gmg ngau nhién cta cac tim vi cau tric trong diéu kién khong
chic chin vé dic trung vat liéu, phuong phap Polynomial Chaos Expansion
(PCE), Phuong phap Stochastic Collocation (SC) va Phuong phap Monte Carlo
duoc sir dung. Hon nira, nghién ctru nay dé xuét mot thuat toan tinh toan thong
minh mé&i, iBCMO-DNN, dé phan tich on dinh nhiét d6 ngﬁu nhién cta cc tim
vi cAu truc véi su khong chic chén cua dic trung vat liéu. Mot su Kkét hop cua
BCMO-ANN di duoc dé xuit dé du doan ung xitr dao dong tu do ngﬁu nhién cia
cac tAm vi cAu trac trong diéu kién bat dinh vé dic trung vat 1li€u. DNN véi mo
hinh long short-term memory da dugc sir dung nhu mot phuong phap thay thé dé
thay thé mé hinh tinh toan tén thoi gian, trong khi iBCMO duoc sir dung dé tim
kiém tap hop cac giai phap t6i vu.

CHAPPTER 5 THUAT TOAN META-HEURISTIC CHO TOI UU HOA
DAO PONG TU DO VA ON PINH CUA TAM COMPOSITE PHAN LOP
5.1. Téng quan
Khao sat tai liéu ngén gon chi ra rang cac thuit toan BCMO va SGA duoc cong
nhan 1a phuong phap hidu qua dé tdi uu hoa cau tric. Tuy nhién, khong c6 nghién
ctru nao dugc xac dinh str dung cac thudt toan nay dac biét dé giai quyét cac van
dé t6i wu hoa lién quan dén cac tim composite nhiéu 16p. Nghién ciru nay nhim
muc dich giai quyét cac 16 hong hién c6 bang cach ap dung cac thuit toan ti uu
h6éa meta-heuristic dé xac dinh 6n din téi han va tan sb co ban cua cac tim
composite nhiéu 16p.
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5.2. Theoretical formulation

Ly thuyét HSDT cho tam phan 16p composite:

Uy (X X0 X0 ) = 6 (X0 %, ) W, (X ) +Ug, Py (X )+ U7 (%, X,)
Uy (X0 X0 Xg0t) = 5 (X0 %, ) W, (%) +Ug, W (X ) + U3 (X, X,)
Us (XX X5, 1) = U3 (X, X, )

rong d6 ¥, (x;)=

bién dang cho 16p thir k duoc thé hién nhu sau:

FRK) Ak Ak T
ou] | Q2 QS 00 g
0-22 QJ(.Z) Q(ZZ) Q(ZG) 0 0 ‘922
6 =40y, = Qig) Q(zkz) ng) 0 0 W7 =Q.8
O3 0 0 0 (3(5;) (jg';) V13

Oy 0 0 0 QE“;) Qg‘z)_ V23

Trong do

Q
(3(

1 = Q) sin' @+ QY cos' +2(2Q) +Qf)cos” asin’

QY = Qi (cos* a+sin‘ a )+ (Ql(lk) —4Ql +Ql¥) )cos2 asin®a
Q-
¥ = (2l + QY - Qi Jsin® arcosa +(Qff) ~(Q’ +2QW ) Jsinarcos®
K= (ZQQ(';) +QW Q) )sin acos’® o+ (Ql(lk) - (szk) +2QK ))sin3 acosa
() (QQ +QM - 2(Q1('§) +Q§§)))cos2 asin? a +QY (cos4 a+sina)

) = QW cos? @ + Q¥ sin? a; QY = Q) sin? o + QY cos?

2(2Q§§) +Q1(§))cos2 asin?a+QW sin® o +QY) cos’ «

QW —( ) _ (k))cowsma

voi o la goc hudéng soi ciia mdi 16p , QL

trong hé toa do cuc bd dugc cho boi:

) _

11

E w_ vk w_ E (k) ~G,,Q% =G Q
1 12 _1 22 _1 ’ 12144 231
ViV ViV ViV
(5.6b)
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(5.1)

H®(x,), ¥, (% )=H®(x,)-X,; Mbi lién h¢ giita tmg suat va

(5.4)

(5.53)
(5.5b)
(5.5¢)
(5.5d)
(5.5¢e)

(5.5f)

(5.59)
(5.5k)

cla cac tam composite truc hudng



5.3. Ritz method
Chuyén vi mang va chuyén vi ngang ciing nhu goc quay(uf ug,ug ,¢1,¢2) c6 thé
duoc trinh bay thong qua chudi s6 ctia ham dang theo huéng x, —, x, — (X;(x)

and Y, (x,)) va nam bién chua biét (Uyj, Uy Uz X, Yy ) durge thé hién nhu sau:

12 (%, %,.1) :izu, ()Y, (%)X, (%) (5.15a)
o 0. .) = 3 3k (Y, (%0 () (5.15b)
6, (% %,,1) =ijzyj (0, (%)%, (%) (5.15¢)
¢1(x1,x2,t)=f;§x“ ()Y, (%)X, (%) (5.150)
0% =3 S U, (1Y, (%)X (%) (5.15¢)

i=1 j=1
5.4. Optimization algorithm
Trong phan nay, ba thuat toan dugc trinh bay dé xac dinh goc 801 a dé xac dinh
gi4 tri 16n nhat cia tin s6 va tai trong vénh t6i han ciia cac tim composite nhidu
16p, véi ham muc tiéu nhu sau.

Maximum @ = f (') or N, = f (o)

Subjected to —90° < o <90° (5.23)
voi d lasélop.
Ba thuat toan bao gom differential evolution (DE), shrimp and goby association
search algorithm (SGA) and balancing composite motion optimization (BCMO)
duoc st dung deé tinh toan thiét ke toi uu cac muc ti€u trén.
5.5. Két qua s6
5.5.2. Nghién ciru tdi wvu
Dé so sanh hiéu qua cua cac meta-heuristics khac nhau, Hinh 5.4 cho théy lich
str hoi tu cta tan sb tu nhién va tai trong vénh cia cac tim SSSS br:ing ba giai
phap khac nhau (DE, SGA va BCMO). C6 thé thy rang cac thuat toan SGA va
BCMO hoi tu nhanh hon thuat toan DE.
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Hinh 5.4: So sanh tai trong vénh tdi da (nén mot truc) cia cac tim composite
nhiéu 16p vudng SSSS véi kich thude dan sé NP =20 (E,/E, =40)

5.6. Két luan

Chuong nay nghién ciru cac thuat toan t6i wu hoa meta-heuristic dé phén tich dao
dong tir do va 6n dinh t6i han ciia cac tim composite nhiéu 16p. Khung 1y thuyét
két hop HSDT, phuong phap Ritz, BCMO va SGA. Két qua s6 thu dugc cho thay
hiéu qua va d6 chinh x4c cua 1y thuyét hién tai trong viéc dy doan phan tng cua
céc tim composite nhiéu 10p.

CHUONG 6 KET LUAN VA KHUYEN NGHI
6.1 Két luan
Luan an da phat trién cac ham x4p xi mdi cho phuong phap Ritz; phat trién cac
md hinh ngau nhién cho phén tich img xr ciia tAm vi cdu triic FG, FG sandwich,
FGP, PMF; phat trién hai thudt toan tinh toan thong minh méi dé giai quyét cac
van d& ngdu nhién cua cac tim vi mé; 4p dung hai phwong phap tdi wu héa dé tim
kiém hudng soi t6i wu ciia cac tim composite nhiéu 16p.
Mic du cac ham hinh dang hién tai d3 ching minh hiéu qua trén cac tim vi cAu
trac hai chiéu, nhung tmg dung cua chung trén cac tim ba chiéu dang macro va
micro dit ra nhing thach thirc nhit dinh. Hon nita, ludn 4n hién tai khong tinh
dén cac dic diém ung xir clia cac tm vi cdu tric composite nhiéu 10p trong céc
tinh hudng ma hudng soi trai qua cac bién thé khong chéc chin. Phuong phap
hién tai gap phai nhiing thach thirc khi xtr 1y cac tim c6 diéu kién bién tuy ¥.
Ngoai ra, luan an hién khong dé cap dén vAn dé tAm vi céu tric c6 diéu kién bién
tuan hoan.
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6.2. Khuyén nghi
Sau day 1a mot s6 khuyén nghi vé hudng nghién ciru dy kién duge mé rong trong
tuong lai:
« Cic ham hinh dang méi c6 thé duoc phat trién dé phan tich img xr cia
cac tAm vi md composite nhiéu 16p cho hai chiéu va ba chiéu.
« Phén tich cac tdm vi c4u trac composite / FG 1éch ¢ thé dugc phat trién
bang cach mo rong cac phuong phéap hién tai.
« Mot md hinh phi tuyén dwa trén bién dang 16n, goc xoay va phuong phap
Ritz nén dugc xem xét dé phan tich cac tAm vi cdu trac composite va FGP
trong cac didu kién bién tuy y.
«  Giai quyét van dé tAm vi cdu triic véi diéu kién bién tun hoan.
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