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ABSTRACT

Isogeometric analysis was introduced in 2005 by Hughes et al. as a breakthrough
in numerical simulation. The main advantage of the IGA 1is to use the same basis
function to describe the geometry and to approximate the problem unknowns. It
integrates Computer Aided Design (CAD) and Computer Aided Engineering (CAE)
and so far the effectively numerical tool for the analysis of a variety of practical
problems. The computational cost is decreased significantly as the meshes are
generated within the CAD. IGA gives the results with higher accuracy because of the
smoothness and the higher-order continuity between elements. For the last decade of
development, isogeometric analysis has surpassed the standard finite elements in
terms of effectiveness and reliability for various problems, especially for the ones

with complex geometry.

Owing to its important role in many engineering structures and modern
industries, laminated plate structures are widely used in a diverse array of structures
in many areas such as aviation, shipbuilding, civil engineering, etc. Laminated plates
have excellent mechanical properties, including high strength to weight and stiffness
to weight ratios, wear resistance, light weight and so on. Besides possessing the
superior material properties, the laminated composites also supply the advantageous
design through the arrangement of the stacking sequence and layer thickness to obtain
the desired characteristics, that’s why they have received considerable attention of

many researchers worldwide.

In this dissertation, an isogeometric finite element formulation is developed
based on Bézier extraction to solve various plate problems, using a seven-dof higher-
order shear deformation theory for both analysis and control the responses of plate
structures. One key point in this dissertation is using Bézier extraction. In the
conventional isogeometric analysis, the B-spline or Non-uniform Rational B-spline
(NURBS) basis functions span over the entire domain of structures not just a local

domain as Lagrangian shape functions in FEM. The global structure induces the
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complex implementation in a traditional finite element context. In addition, in order
to compute the shape functions, the Gaussian integration points force to transform to
parametric space. By choosing Bernstein polynomials as the basis functions, IGA will
be performed easily similar to the way of implementation in FE framework. The B-
spline/NURBS basis can be rewritten in form of the combination of Bernstein
polynomials and Bézier extraction operator. That is called Bézier extraction for B-

spline/NURBS/T-spline.

Although IGA is suitable for the problems which have the higher-order
continuity, we use a higher-order shear deformation theory with C°-continuity, 7 dofs,
for unification of all chapters. The explanation is that in some complex geometry with
symmetric boundary conditions, it is often difficult to enforce boundary conditions
for slope components, rotation free technique, due to the unification of the

approximate variables.

Furthermore, we investigate both linear and nonlinear responses for four
material models including laminated composite plates, piezoelectric laminated
composite plates, piezoelectric functionally graded porous plates with graphene
platelets reinforcement and functionally graded piezoelectric material porous plates.
The control algorithms based on the constant displacement and velocity feedbacks
are applied to control linear and geometrically nonlinear static and dynamic responses
of the plate, where the effect of the structural damping is considered, based on a
closed-loop control with piezoelectric sensors and actuators. The predictions of the
proposed approach agree well with analytical solutions and several other available
approaches. Through the analysis, numerical results indicated that the proposed
method achieves high reliability as compared with other published solutions. Besides,
some numerical solutions for PFGPM plates and FG porous reinforced by GPLs may
be considered as reference solutions for future work because there have not yet been

analytical solutions so far.




TOM TAT

Phan tich dang hinh hoc (IGA) duoc gii thidu ndm 2005 boéi Hughes va céc
cong su nhu 1a mdt sy dot pha trong tinh toan mé phdong s6. Uu diém chinh cua IGA
1a str dung cting mot ham dang co s dé mé ta cho ca hinh hoc va x4p xi nghiém sé.
N6 tich hop viéc thiét ké dua trén may tinh ciing nhu cong nghé lién quan dén viéc
st dung hé thong may tinh dé phan tich ddi twong hinh hoc CAD (CAE) va nhiing
cong cu sb hiéu qua khac dé phan tich nhiéu 16p bai toan k¥ thuét khac nhau. Chi phi
tinh todn gidm dang ké vi hinh hoc chinh x4c duoc tao ra trong CAD, sau d6 dua vao
tinh todn ma khong bi sai s6 hinh hoc. Hon nita, IGA cho két qua v6i do chinh xac
cao hon vi tinh tron va tinh lién tuc bac cao hon gitta cac phan tir. Trong mot thap ky
phat trién gan day, phan tich ding hinh hoc dd vuot qua phan tich phan tt hiru han
(FEM) vé tinh hiéu qua va d9 tin cay d6i v6i cac bai toan khac nhau, dic biét di véi
cac bai toan co6 hinh hoc phtc tap.

Boi vi dong vai trd quan trong trong nhiéu két cau k¥ thuat va cong nghiép hién
dai, két cau tdm nhiéu 16p duoc sir dung rong rdi trong nhidu mang k¥ thuat khac
nhau ching han nhu hang khong, dong tau, k¥ thuat dan dung, vv. Két cdu tm nhiéu
16p ¢6 cac tinh chat co hoc tuyét voi, bao gdm dd bén va do cimg cao, kha ning chong
mai mon, trong luong nhe va nhiéu dic tinh khac. Bén canh viéc sé hitu cac dic tinh
vat liéu wu viét, vat liéu tong hop nhiéu 16p con cung cap thiét ké thuan loi thong qua
viée sip xép trinh tr xép chong va do day cac 16p dé co6 dugc cac dic tinh mong
mudn, do 1a 1y do tai sao chung nhan dugc sy quan tdm nghién ctru dang ké cua nhiéu
nha nghién ctru trén toan thé gioi.

Trong lun an nay, mot céng thirc phan tir hitu han dang hinh hoc duoc phat
trién dya trén trich xuat Bézier dé giai quyét cic bai toan tim khac nhau, sir dung 1y
thuyét bién dang cit bac cao 7 bac tu do cho ca phan tich va diéu khién dap ung cia
cac cAu trac tim. Mot diém mai trong ludn an nay 1a sir dung trich xuat Bézier. Trong
phan tich ddng hinh hoc thong thuong, cac ham co s B-spline hodc ham NURBS trai

rong trén toan by mién cua cac cau truc chir khong chi 1a mot mién cuc by nhu cac
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ham hinh dang Lagrangian trong FEM. Viéc ham dang phan b6 toan cuc nhu vay giy
ra vi¢c thuc hién tinh toan phire tap. Ngoai ra, dé tinh toan cac ham hinh dang, cac
diém tich phan Gauss budc phai chuyén doi sang khong gian tham sb. Bang cach chon
da thire Bernstein 1am ham co sd, IGA sé& dugc thuc hién dé dang tuong tu nhu cach
trién khai trong khung phan tir hit han. Cac ham co s B-spline / NURBS c¢6 thé dugc
viét lai dudi dang két hop céc da thirc Bernstein va toan tur trich xuét Bézier. D6 duoc

goi 1a trich xudt Bézier cho B-spline / NURBS / T-spline.

Maic du IGA phu hop véi cac bai toan cd tinh lién tuc bac cao, chiing t6i sir dung
ly thuyét bién dang cit bac cao véi lién tuc C?, 7 bac tu do, dé théng nhét cho tit ca
cac chuong. Pé c6 su thong nhat cia cac bién xap xi, trong mot s6 hinh hoc phirc tap
v6i cac diéu kién bién d6i xung, thuong kho ap diéu kién bién cho cac thanh phan
dao ham nén trong luan vin nay chiing t6i st dung IGA dya trén trich xuat Bézier voi

7 bac tu do cho mdi nut.

Hon nita, chiing toi nghién ctru ca dap tng tuyén tinh va phi tuyén cho bén loai
vat liéu bao gdbm tAm composite nhiéu 16p, tim composite nhiéu 16p c6 16p ap dién,
tam vat liéu chtrc ning dan 16p ap dién c6 16 rong duoc gia cudng bang cac tim
graphene va tim vat liéu ap dién chirc ning c6 16 rdng. Cac thuat toan diéu khién céi
dua trén cac tin hiéu phan hoi chuyén vi va van toc khong ddi duoc ap dung dé diéu
khién dap tmg tinh va dong ctia tim cho ca tuyén tinh va phi tuyén hinh hoc, trong d6
hi¢u Uing cta giam chin cu tric dugc xem xét, dua trén diéu khién kin v&i cac cam
bién va bo truyén dong ap dién. Cac két qua dat duoc ciia phuwong phap dé xuét phu
hop t6t véi cac 10 giai giai tich va mot sé phuong phap tiép cin c6 san khac. Thong
qua phén tich phan vi du s, cac két qua dat duoc chi ra ring phuong phap dugc dé
xuat dat duoc do tin cdy cao khi so véi cac giai phap khac da dugc cong bd trén cac
tap chi uy tin. Ngoai ra, mot sé 101 giai sé cho cac tAm vt liéu chirc niang dan 16p ap
dién co 16 rdng dugc gia cuong bang cic tim graphene va tam vat liéu ap dién chirc
nang co6 16 rdng c6 thé duoc coi 13 ngudn tai liéu tham khao cho nhimg nghién ctiru

khéc trong twong lai vi cho dén nay van chua c6 1oi giai giai tich ndo dua ra.




NHUNG PONG GOP CUA LUAN AN

Mot 1y thuyét bién dang cat béac cao khong rang budc tong quat moi (UHSDT)
duoc dua ra. Ly thuyét dé xuat khong chi khong rang budc ing sudt cat trén cac
bé mit trén va dudi cua cac tam bang 0 ma con khong yéu céu cac he sO hiéu
chinh cit. Ly thuyet nay duoc viét dudi dang tong quat cua cac ham phan bd.
Chung t6i dé& xuat mot ham phan bd ma né cung cp két qua tét hon so vdi cac
nghi¢m tham khao.

Phuong phap duoc str dung 1a phan tich dang hinh hoc (IGA). Cach tiép can sb
nay duoc trinh bay vao nim 2005 bdi Hughes va cong sy, tuy nhién, né van con
mdi & Viét Nam. Chi c¢6 nhom PGS. TS Nguyén Xuan Hung da nghién ctru cho
cac 16p bai toan khac nhau. IGA d3 vuot qua phuong phap phan tir hitu han (FEM)
ca vé hiéu qua va do tin cay ddi v6i cac bai toan ki thuat khac nhau, dic biét ddi
V01 céc bai toan ¢6 hinh hoc phtrc tap.

Thay vi sir dung IGA truyén thong, ching toi sir dung IGA dua trén trich xuat
Bézier cho tit ca cac chuong. Muc dich chinh ctia IGA duya trén trich xuat Bézier
1a thay thé cac ham co s B-spline / NURBS toan cuc bang cac ham da thirc
Bernstein st dung cting mot bd ham hinh dang cho mdi phan tir nhu FEM. Theo
do, cac ham co s¢ Bernstein duge ap dung va c¢6 lién tuc C? giéng nhu cac ham
dang Lagrangian trong FEM.

Cho dén nay, cac nha nghién ctru dudong nhu chua nghién ctru dép ng ciia tim
c¢6 16 rdng thay d6i chuc ning dan 16p ap dién duoc gia cuong bang cac tim
graphene (PFGP-GPLs) str dung IGA duya trén trich xuat Bézier cho ca phan tich
tuyén tinh va phi tuyén. Ngoai ra, ky thuat diéu khién chu dong dé diéu khién cac
dap tmg tinh va dong cua loai tAm nay cling dugc trinh bay trong luan an.

Mot cong thirc phén tir hiru han dang hinh hoc dugc dua ra dé phan tich dao dong
tu do clia cac tim vat liéu ap dién chirc nang co 16 rong dugc ching minh va trinh
bay. Trong cong trinh gan day cua ching to1 lién quan dén van dé nay, ching toi
da dua ra tan s6 dao dong tu do cho mot s6 hinh hoc phtrc tap chua co giai giai
tich hodc 101 giai sd trude day.

Trong luan 4n nay, ching toi dua ra nhiéu bai toan c6 hinh hoc phtrc tap bang cach
st dung multipatches dé€ tinh toan. Pi€u nay khac véi cac luan van st dung IGA
trude day.
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