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I. T6m tit ndi dung ludn an

Luan 4n bao gdm 7 chuong trong d6 chuong 1 noéi vé tong quan nghién ciru;
chuong 2 va 3 trinh bay cong cu st dung tinh toan 1a phuong phéap sé dang hinh hoc
dwa trén trich xudt Bézier va co s& 1y thuyét cho bai toan tim (bao gdm 4 loai bai
toan tim khac nhau), twong tng; 3 chuong tiép theo dua ra cac vi du sd minh hoa
cho phan tich tinh, dao dong tu do, dap tmg cua 4 loai vat liéu mo hinh tdm cho ca
dap tng tuyén tinh va phi tuyén véi cac dang hinh hoc khac nhau tir don gian dén
phtre tap hon. Ngoai ra trong cac chuong vi du sd con dua ra cac vi du sd vé diéu
khién dap ung cho bai toan tam vat liéu c6 dan 16p ap dién. Chuong 7 1a két luan
cling nhu hudng phat trién cta dé tai.

Boi vi dong vai tro quan trong trong nhiéu két cau ky thuat va cong nghiép hién
dai, két cau tim nhiéu 16p dugc sir dung rong rii trong nhiéu mang k§ thuat khac
nhau chiang han nhu hang khong, dong tau, ky thuat dan dung, vv. Két cau tam
nhiéu 16p c6 cac tinh chit co hoc tuyét voi, bao gom do bén va do cung cao, kha
nang chéng mai mon, trong lugng nhe va nhiéu dic tinh khac. Bén canh viéc s& hitu
cac dic tinh vat liéu uu viét, vat liéu tong hop nhiéu 16p con cung cap thiét ké thuan
loi thong qua viée sip xép trinh tu xép chong va do day cac 16p dé co duogc cac dic
tinh mong mudn, d6 1 1y do tai sao chung nhan dugc sy quan tim nghién ctu dang
ké ctia nhiéu nha nghién ctru trén toan thé gidi.

Phén tich dang hinh hoc (c6 tén viét tat tiéng Anh 1a IGA) duoc gidi thiéu nam
2005 boi Hughes va cac cong sy nhu 1a mot sy dot pha trong tinh toAn mé phong sd.
Uu diém chinh cua IGA 13 str dung cung mot ham dang co s dé mé ta hinh hoc va
xap xi ca nghiém sO. N6 tich hop viéc thiét ké dya trén mdy tinh ciing nhu cong
nghé lién quan dén viéc str dung hé théng may tinh dé phén tich déi twong hinh hoc
CAD (CAE) va nhiing cong cu s6 hiéu qua khac dé phan tich nhiéu 16p bai toan k¥
thuat khac nhau. Chi phi tinh todn giam dang ké vi hinh hoc chinh xac dugc tao ra
trong CAD, sau d6 dua vao tinh toan ma khong bi sai s6 hinh hoc. IGA cho két qua
vo1 d0 chinh x&c cao hon vi tinh tron va tinh li€n tuc bac cao hon gitra cac ph?ln tur.
Trong mdt thap ky phat trién gan day, phan tich dang hinh hoc d vugt qua phan



I1.

tich phan tir hitu han (FEM) vé tinh hiéu qua va do tin ciy di véi cac bai toan khac
nhau, dic biét ddi vdi cac bai toan ¢ hinh hoc phtc tap.

Trong luan &n nay, mdt cong thic phﬁn tir hiru han déng hinh hoc dugc phat
trién dua trén trich xuat Bézier dé giai quyét cac bai toan tam khac nhau, st dung 1y
thuyet bién dang cit bac cao 7 bac tir do cho ca phén tich va diéu khién dap ung cua
cac ciu trac tim. Mot diém moi trong luan 4n nay 1a sir dung trich xuat Bézier.
Trong phan tich dang hinh hoc thong thudng, cic ham co sé B-spline hodc ham trai
rong trén toan bo mién cua cac cau trac chu khong chi 1a mdt mién cuc bd nhu cac
ham hinh dang Lagrangian trong FEM. Viéc ham dang phdn bd toan cuc nhu vay
gay ra viéc thuc hién tinh toan phirc tap. Do d6 sir dung trich xuat Bézier dugc coi
1a giai phap khac phuc nhuoc diém ciia ham dé quy NURBS va c6 thé tich hop dugc
vao nhimng code FEM san co.

Maic du IGA phu hop véi cac bai toan ¢ tinh lién tuc bac cao, nghién ctru sinh
da su dung ly thuyét bién dang cit bac cao véi lién tuc C° 7 bac tu do, dé théng
nhat cho tat ca cac chuong. Dé co sy thong nhit cia cac bién xap xi, trong mot s6
hinh hoc phurc tap voi cac diéu kién bién dbi ximg, thuong kho 4p diéu kién bién
cho cac thanh phan dao ham nén trong ludn van nay nghién ctru sinh sur dung IGA
dua trén trich xuat Bézier v6i 7 bac tu do cho mdi nut.

Hon ntra, nghién ctru sinh nghién ctru ca dap Gng tuyén tinh va phi tuyén cho
bbn loai vat ligu bao gdm tAm composite nhiéu 16p, tam comp051te nhiéu 16p c6 16p
ap dién, tam vat liéu chirc nang dan 16p ap dién c6 16 rong dugc gia cuong bang cac
tam graphene va tim vat liéu 4p dién chic niang c6 16 réng. Cac thuat toan diéu
khién cai dya trén cac tin hiéu phan hoi chuyén vi va vén toc khong ddi duoc ap
dung dé diéu khién dap Gng tinh va dong cua tdm cho ca tuyén tinh va phi tuyén
hinh hoc, trong d6 hiu Gng cua giam chan ciu tric dugc xem xét, dua trén diéu
khién kin voi cac cam bién va bd truyén dong ap dién. Cac két qua dat duoc cua
phuong phap dé xuat phu hop tot voi cac 1oi giai giai tich va mét s6 phuong phap
tlep can co san khac. Thong qua phan tich phan vi du s, cac két qua dat dugc chi ra
rang phuong phap duoc dé xuat dat duge do tin ciy cao khi so voi cac giai phap
khac da dugc cong b trén céac tap chi uy tin. Ngoai ra, mét s6 10i giai s6 cho cac
tam vat liéu chie nang dan 16p ap dién co 16 rong dugc gia cuong bang cac tAm
graphene va tAm vat liéu 4p dién chirc ning c6 1 réng c6 thé duoc coi 1a nguon tai
liu tham khao cho nhiing nghién ciru khac trong twong lai vi cho dén nay van chua
c6 101 gidi giai tich nao dua ra.

Nhirng dong gop cia luan an

Phuong phap s6 duoc str dung cho luan 4n 14 phuong phap phan tich dang hinh
hoc (IGA). Cach tiép can s nay duogc trinh bay vao nim 2005 bai Hughes va cong
sy, tuy nhién, n6 van con han ché & Viét Nam. IGA di vuot qua phuong phap phan
tir hitu han (FEM) ca vé hiéu qua va do tin cay dbi voi viée tinh toan cac bai toan k¥
thuét khac nhau, dic biét ddi v4i cac bai toan c6 hinh hoc phtrc tap.




Mot ly thuyet bién dang cit bac cao khong rang budc tong quat mdi (UHSDT) dugc
duara. Ly thuyet dé xuit khong chi khong rang budc tng suat cit trén cac bé mit trén
va dudi cta cac tim bang 0 ma con khong yéu cau cac hé sé hiéu chinh cit. Ly thuyét
nay duoc viét dudi dang tong quat ctia cac ham phan bd. Tac gia dé xuat mot ham phan
bd ma né cung cip két qua tot hon so véi cac nghiém tham khao.

Thay vi str dung IGA truyén thong, tac gia sir dung IGA dya trén trich xuat Bézier
cho tat ca cac chuong. Muc dich chinh cua IGA duya trén trich xuat Bézier 13 thay thé
cac ham co s& B-spline / NURBS (the B-spline or Non-uniform Rational B-spline)
phan bd toan cuc bing cac ham da thirc Bernstein str dung cing mot bé ham dang cho
mdi phan tir twong tu nhu FEM. Nhu vy s& dé dang tich hop duoc nhitng code FEM
san c6 trong cac phan mém thuong mai. Bang cach chon da thirc Bernstein lam ham co
s0, IGA s& dugc thuc hién dé dang twong tu nhu cach trién khai trong FEM. Céc ham
co s B-spline / NURBS c6 thé duoc viét lai dudi dang két hop cac da thirc Bernstein
va toan tir trich xuit Bézier. D6 dugc goi la trich xuét Bézier cho B-spline / NURBS.

Ca dap ung tuyén tinh va phi tuyén cho bbn loai vat liéu bao gom tém composite
nhiéu 16p, tim composite nhiéu 16p c6 dan l6p ap dién, tam vat liéu ¢ 16 rong thay ddi
chire nang dan 16p ap dién dugc gia cuong bang cac tAm graphene va tam vat liéu ap
dién thay doi chirc ning c6 16 rdng duge nghién ctru. TAt ca cac bai toan lién quan dén
bon loai vat liéu nay duoc khai thac phan tich va ky thuat diéu khién cha dong dé diéu
khién cac dap mg tinh va dong cua cac loai tdm ndy ciing dugc trinh bay trong luan an.

Cho dén nay, cac nha nghién ctru dudng nhu chua c6 nghién ctu dap g cua tAm
c6 16 rdng thay d6i chtrc ning dan 16p ap dién dugc gia cuong bang cac tim _graphene
(PFGP-GPLs) str dung IGA dua trén trich xuét Bézier cho ca phan tich tuyén tinh va
phi tuyen Tt ca cac két qua dat duge duoc so sanh voi nhiing 101 giai giai tich hodc loi
giai s6 di dugc cong bd trén nhitng tap chi qubc té uy tin.

Mot cong thirc phan tir hiru han dang hinh hoc dwa trén trich xuét Bézier dé phan
tich dao dong tu do cua cac tam vat liéu ap dién chirc nang co 16 réng duoc ching minh
va trinh bay. Cong thirc nay dugc chimg minh 1an dau tién. Trong cong trinh gan day
lién quan dén van dé nay, ching t6i da dua ra tan s6 dao dong ty do cho mét s6 hinh
hoc phirc tap chua co giai giai tich hodc 10 giai s6 nao trude day dua ra.

Trong luan 4n nay, ching t6i dwa ra mot bai toan c6 hinh hoc phtic tap bang cach sir
dung k¥ thuat multipatches dé tinh toan nhim tin dung loi thé cua IGA. Diéu nay khac
voi cac ludn an stir dung IGA trude day 6 Viét Nam.

Luén an gop phan lam tang nguon tai liéu tham khao vé phuong phap dang hinh hoc
cho phan tich va diéu khién dap ung két ciu tAm nhiéu 16p ciing nhu tim vat liéu ap
di€n thong minh nhiing loai vat li¢u c6 rng dung kha rong rai hién nay.

Tp HO6 Chi Minh, ngay 29 thang 09 nim 2019
Nghién ctru sinh

Nguyén Thi Bich Liéu
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I. Thesis summary

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
laminated plate structures. The main advantage of the isogeometric analysis (IGA)
is to use the same basis function to describe the geometry and to approximate the
problem unknowns. 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.

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 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.

Although IGA is suitable for the problems which have the higher-order
continuity, a higher-order shear deformation theory with CO-continuity is used for
unification of all chapters. Furthermore, both linear and nonlinear responses for four
material models are investigated such as 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

works because there have not yet been analytical solutions so far.
II.  The new contributions of the dissertation

A generalized unconstrain higher order shear deformation theory (UHSDT) and
the CO-higher order shear deformation theory (CO-HSDT) are given. UHSDT
relaxes zero-shear stresses at the top and bottom surfaces of the plates. It reflects
well nonlinear behavior through the plate thickness and can provide better solutions

than the third order shear deformation theory.




The combination of IGA based on Bézier extraction with UHSDT and CO-HSDT
for the static, free vibration analyses and dynamic control for four plate material
models has been studied effectively. By using Bézier extraction operator, the
implementation of IGA becomes significantly easier with Bernstein basis functions,
which have a close resemblance to Lagrange shape functions as using CO0
continuous Bézier elements. This can be a reasonable choice due to the basis
functions are given on localized form and the way of implementation in IGA is

similar to that in FEM.

In static, free vibration and dynamic analyses, the predictions of the proposed
approach agree well with analytical solutions and several available other
approaches. Through the analysis, numerical results indicated that the proposed
method achieves high reliability as compared with other published solutions and
slightly better than the UTSDT using IGA based on Bézier extraction. Interestingly,
obtained results matched well with extant studies or available solutions in the
literature. Furthermore, we achieved numerical solutions for PFGPM plates and
piezoelectric FG porous reinforced by GPLs. It is known that there have not yet
been analytical solutions so far, so numerical solutions may be considered as

reference solutions for future works.

Both linear and nonlinear responses of FG porous reinforced by GPLs with
piezoelectric sensors and actuators are investigated. The geometrically nonlinear
equations are solved by the Newton-Raphson iterative procedure and the
Newmark’s time integration scheme. The influences of the porosity coefficients,
weight fractions of GPLs as well as the external electrical voltage on the linear and
geometrically nonlinear behaviors of the plates with different porosity distributions

and GPL dispersion patterns are evidently investigated through numerical examples.

An isogeometric Bézier finite element method, and combined it with CO-type

HSDT theory for electro-mechanical vibration analysis of functionally graded




piezoelectric material porous plates has been presented for the first time. Through
the free vibration analysis, it is observed that external electric voltages, power-law
index, porosity coefficient, porosity distribution, geometrical aspect ratios and

various boundary conditions significantly affect natural frequencies of structures.

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.
For geometrically nonlinear static responses control of the FG porous plates, two
effective algorithms, including the input voltage control with opposite signs applied
across the thickness of two piezoelectric layers and the displacement feedback
control algorithm are considered. In addition, the dynamic response of the FG
porous plate can be expectantly suppressed based on the effectiveness of the

velocity feedback control algorithm.

In this dissertation, in addition to some numerical examples with either square or
circle/eclipse, there are various complex geometries which can be modeled easily
with multi-patch approach. These complicated geometries can raise the 1GA’s

advantages to the maximum.

Ho Chi Minh City, October 29, 2019

PhD candidate

Nguyen Thi Bich Lieu



