NHUNG PONG GOP MOI CUA LUAN AN

Két hop hé sé diéu chinh cit cai tién da phat trién vai vi tri mat trung hoa vat Iy
trén co s& ly thuyét FSDT dé phan tich bai toan tinh, 6n dinh va dao dong tu do
cta két cAu tim FGM va composite FGM. Ngoai ra, luan an ciing dé cap dén ky
thuat 1am giam sé an sé cua phwong trinh dic trung, xét anh hudng cua nén dan
hoi théng qua loi giai Navier va PP PTHH.

Dé xuit mot ham bién dang cit bac cao moi dé xay dung ly thuyét HSDT va
Quasi-3D dé phén tich bai toan tinh, 6n dinh va dao dong tu do cua két cau tim
FGM va composite FGM khi chiu tai trong co hoc va nhiét do. Két hop 1oi giai
Ritz dé phan tich cho tim véi cac diéu kién bién khac nhau theo phwong phap
giai tich nham khac phuc nhuoc diém cua loi giai Navier.

Phat trién phan tir khir khoa cat CS-MITC3, ES-MITC3, NS-MITC3 dé phan
tich bai toan tinh va dao dong tu do cua két ciu tim FGM va composite FGM tir
ham bién dang cit bac cao dang da thirc bac 3 va ham bién dang cit bac cao cua
luan an.

Phat trién phan ta khir khoa cit CS-MITC3, ES-MITC3 theo Iy thuyét bién dang
Von-Karman dé phan tich bai toan tinh cua két ciu tim FGM va tim composite
nhiéu 16p tir ham bién dang cat bac cao dang da thirc bac 3.

Danh gia hiéu ing cta cac mé hinh tinh toan vat liéu cling nhu cac quy luat tng
xur hién nay théng qua viéc phan tich ang xir cia két ciu tim composite FGM.
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MO DAU

Khai niém vat liéu phan 16p chiic ning (Functionally Graded Material (FGM)) xuat
hién lan dau tién vao giira thap nién 1980 tai Nhat Ban boi mot nhdm cac nha khoa
hoc vat liéu, do tinh wu viét cua né théng qua su lam viéc cua két cau dang dam,
tam hay vo khi chiu tai trong co hoc, nhiét d, ¢ am... hay trong céac diéu kién lam
viéc bat loi khéc thi loai vét liéu nay thuong c6 nhimg wu diém ndi bat. Vi du: hé
théng day phan luc cua dong co tén lira khi mot mat phai tiép xdc véi nhiét do rat
cao trong khi mat con lai chi chiu tac dong bai céc tai trong thong thuong, hay 16p
vo tau ngam khi mit ngoai phai chiu ap luc thuy tinh va mai truong bat loi cua
nuéc bién trong khi mat bén trong chi can dap (g cac yéu cau co hoc co ban ... Vi
vay, viéc dao sau nghién ciru ddi twong nay 1a yéu cau cap thiét hién nay. C6 nhiéu
cach dé tiép can ddi twong nghién cau nay.

e C0 thé bang céc thi nghiém vat liéu dé xac dinh cac dic trung vat liéu cua
chdng hay bang cac thi nghiém két cau dang tdm hay dam dé biét cac nguyén
ly (g xtr cua két cau.

e Bing cac md hinh mé phong vat liéu hay két cau dé rat ra dugc cac nguyén
tac ung xur chung.

e Bing cac mo hinh tinh toan ly thuyét thuan tuy théng qua phan tich sy 1am
viéc cua céc két ciu cu thé dé tir d6 co duogc céi nhin téng quéat nhat. ..

MJi céch tiép can & trén déu c6 nhitng wu diém nhat dinh, cach tiép can dau tién
thuong mang lai hiéu qua cao nhung doi hoi chi phi dau tu 16n, nhat 1a trong diéu
kién ¢ Viét Nam thi mot s thi nghiém s& khong thuc hién dugc. Céch tiép can thir
hai kha truc quan, két qua chinh xac cao nhung khéi lwong tinh toan rat 16n nén doi
hoi phai ¢6 cong cu tinh todn du manh méi dap wng cac yéu cau dat ra. Céch tiép
can thi ba 1a don gian nhat nhung van dap ung duoc cac muc tiéu dé ra va day 1a
cach tiép can phé bién hién nay dugc rat nhiéu Nha khoa hoc trén thé giéi quan tam.
Luan an s& chon céch tiép can thir ba dé phan tich cho d6i twong nghién ctu théng
qua bai toan tam.

Trong luan an nay sé tién hanh phan tich cu thé cho nhiéu loai tim khac nhau: tim
FGM, tim composite FGM va tim composite huéng soi nhiéu 16p véi cac diéu kién
bién khac nhau trén nén dan hdi chiu tac dung bai tai trong co hoc va nhiét o dua
trén Iy thuyét bien dang cat bac nhat, bac cao va tiép can 3 chicu, co xét den bai
toan tuyén tinh va phi tuyén cho quan hé gitra cac thanh phan chuyen vi va bién
dang, tng dung phuong phap lam giam s an sb cua truong Chuyen vi, xac dinh
chinh xé&c vi tri mat trung hoa vat Iy cho tim khong dong nhat, thiét lap phuong
trinh nang luong theo nguyén Iy bién phan Hamilton, phuong trinh Lagrange, thiét
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lap cac phuong trinh chu dao cua bai toan, st dung phuong phap giai tich (o1 giai
Navier va Ritz) va phuong phap sé (phuong phap phan tir hitu han (PP PTHH)) dé
giai hé phuong trinh chu dao. Trong d6, PP PTHH st dung bién phap khir khoa cit,
két hop véi cac phuong phap lam tron dé ting muc d6 chinh xac cua loi giai, cac vi
du s6 dé phan tich cac bai toan tinh hoc, bai toan lyc téi han va bai toan phan tich
tan s6 dao dong riéng cua két cau tam. Bong thoi, luan &n ciing khao sat anh huong
cua quy luat phan phéi vat liéu, kich thuéc tim, hiéu ang nén, ciu tric cac phan 16p
cling nhu tién hanh phan tich hiéu tng cac phuong phap dong nhat dén wng xu cua
tam phan 16p chuc ning.



CHUONG 1
TONG QUAN

1.1 Pitvan dé

Hién nay, trong linh vuc co hoc vat rin ngudi ta ludn tim cach phét trién nhitng loai
vat liéu c6 nhiéu tinh ning wu viét nhu: kha ning chiu luc cao, tinh déo, mtc do
chdng chiu nhiét d6... ciing nhu tinh ¢ng dung rong rai va mang lai nhiéu hiéu qua
kinh té. Vat liéu phan 16p chic nang (FGM) dap wng hau hét cac yéu cau trén. FGM
la loai vat liéu composite dac biét c¢6 cac dic trung vat liéu thay d6i lién tuc nham
cai thién va toi wu kha ning chiu tai trong co, nhiét cua két cau theo yéu cau mong
muén. Bé viéc tng dung loai vat lidu nay duoc rong réi, nhat 1a trong céc linh vuc:
xay dung, co khi, ndng luong, hang khong, v tru... can thiét phai tién hanh phan
tich va dao sau nghién ciru vé tng xir cua vat liéu théng qua cac md hinh ly thuyét
thuan tdy, cac md hinh mé phong va cac md hinh thi nghiém thuc té.

Bai toan phan tich tng xtr két cau dang dam, tim hay vo khi chiu tai trong co hoc
va nhiét do dugc tng dung nhleu trong linh vuc co ky thuat. Vi du: phan tich két
cau cau, dudng ray, cbng ngam trong nganh giao thong; phan tich két cdu san, dam,
véach trong nganh xay dung; phan tich chi tiét dong co dét trong, hé théng phan lyuc
day trong linh vuc co khi, hang khong, vii tru... Co rat nhiéu Nha nghién ciu (trong
va ngoai nudc) quan tdm dén chu dé nay, tuy nhién van con nhiéu diéu can duoc
phan tich va phét trién nhiéu hon nira. Chang han, khi phan tich tng xir cia két cau
tam nguoi ta thudng ap dung mot s Iy thuyét tinh toan: Iy thuyét cé dién (CPT) bo
qua anh huong cua bién dang cat, ly thuyét bién dang cat bac nhat (FSDT) c6 ké
dén thanh phan bién dang cit nhung can c6 hé sé hiéu chinh cat, ly thuyét bién dang
cat bac cao (HSDT) khong can hé sé hiéu chinh cat nhung can phai chon mét cach
hop Iy ham bién dang cit, ly thuyét tiép can ba chiéu (Quasi-3D) 1a ly thuyét HSDT
nhung c6 xét dén thanh phan bién dang theo chiéu day tdm. Bén canh do, viéc ap
dung cac phuong phap tinh toan cho két cau tam cling rat quan trong, pho bién hién
nay do6 la: phuong phap giai tich va phuong phap s6 dé phan tich ing xtr tinh va ca
g xtr dong cho cac loai két cau tim véi mace d6 phan bé vat liéu khac nhau (tuyen
tinh, phi tuyén), tam nhiéu Iép... Tuy nhién, tinh hiéu qua va mirc d chinh xac cua
loi giai can phai dugc nghién ctru sau hon, d6 1a: Phat trién hé s6 diéu chinh cit cai
tién trong d6 ké dén mat trung hoa vat ly cho Iy thuyét FSDT dé phan tich cho tam
FGM; Phat trién mot ham bién dang cét bac cao méi ¢6 nhiéu wu diém cho Iy thuyét
HSDT va Quasi-3D dé phan tich ang xtr ciia tim FGM khi chiu tai trong co hoc va
nhigt do; Phat trién mo hinh phan tir hitu han 1am tron khir khéa cét véi do chinh
xéac cao dé phan tich ang xu tim FGM khi &p dung phuong phap sO; Phat trién mo
hinh phan tir hitu han 1am tron cho phén tich phi tuyén hinh hoc tim FGM va tim




composite nhiéu 16p; Phan tich hiéu tng phuong phap dong nhit hoa vat liéu dén
ung xu tam FGM.

1.2 Téng quan
1.2.1 Vat liéu composite

Vit liéu composite 12 mot loai vat liéu duoc té hop tir hai hay nhiéu loai vat liéu
khac nhau trong d6 bao gom vat liéu nén va cét gia cudng, tao nén mot loai vat liu
méi c6 tinh ning wu viét hon so véi tirng thanh phan vat liéu riéng 1é. Vat liéu nén
c6 vai trd dinh vi va gitt 6n dinh ciu tric cta chung thuong dugc ciu tao tir polyme,
kim loai, hop kim, gbm, vira xi méng,.... Vat liéu cdt gia cudng dugc cau tao tir cac
soi thuy tinh, soi polyme, soi gbm, soi kim loai, soi cacbon... hoic 1a cac loai hat
nhu kim loai va phi kim... Hinh 1.1 thé hién minh hoa vé vat liéu composite.

® (@) ® o _ ‘
@ © P _Vat lieu nen
'®) & o 1S3
. ~ - I( M \
0 T—Vat liéu cot gia cuong
@ (@) °

Hinh 1.1: Minh hoa vé vat liéu composite
http://www.kieugiacomposite.com/ vatlieucompositevacacungdung.html

Phan loai vat liéu composite:
e Phan loai theo cau tao: Vat liéu composite dugc cau tao tir cac soi hay hat gia
cuong va vat liéu nén (Hinh 1.2)

Vit liéu nén

Soi gia cuong
o = + @

(a) Dang soi

Vat liéu nén

Hat gia cuong ’q r ,.::-: ..:
® + i e
(b) Dang hat
Hinh 1.2: Vat liéu composite tir nhiéu phan tir [1]

e Phan loai theo ban chat, thanh phan: Vat liéu composite c6 thé dugc hinh
thanh tu vat liéu nén hitu co, vd co va khoang vat. Hinh 1.3 thé hién
composite nén hitu co.
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Hinh 1.3: Composite nén hitu co trong tu nhién: cay tre va cau tric vi md vat ligu
trén mat cat ngang
http://rsos.royalsocietypublishing.org/content/4/1/160412

Viéc khai thac tinh hiéu qua cua cac loai composite tu nhién da nhuong chd cho
viéc sir dung cac loai composite nhan tao tién tién bang cach két hop cac hop chat
polyme, hop kim, kinh, gom, st... dé tao ra composite c¢6 cau tric nhiéu Ié6p mong
lien két v&i nhau, tuy nhién nhuge diém cua loai vat liéu nay 1a tinh khdng lién tuc
vé dac tinh vat liéu, diéu nay din dén van dé tap trung tng suit tai cac phan Iop khi
tién hanh phan tich ang xur cua két cau, dic biét 1a khi xét yéu t6 nhiét do thi su bat
loi nay cang thé hién rd rang hon. Pay 13 van dé duoc nhiéu nha khoa hoc quan tam.

1.2. 2 Vat liéu phén lép chirc nang
1.2.2.1 Khéi ni¢m

Vién dé tap trung Gng suat sé duoc giam thiéu dang ké néu sy thay doi cac dic tinh
tir vat liéu nay dén vat liéu khac tai cac phan 16p dién ra tir tir. Nguyén tic nay 1a co
s dé hinh thanh va phat trién phan Ién cac vat liéu phan I6p chic niang. Vat liéu
phén 16p chirc nang (FGM) la moét loai composite dac biét co cac dac trung vat liéu
thay dbi lién tuc nham cai thién va téi wu kha ning chiu tai trong co hoc va nhiét do
cua két cau. Piéu nay ¢ duogc tir viéc ché tao loai vat lidu ¢ su thay dbi dan dan
(quy luat gradient) caa cau tric vat liéu nham tbi uvu sy lam viée cua ting loai vat
ligu (Hinh 1.4).

(a) Composite phan lép (b) FGM
Hinh 1.4: Vat liéu composite phan l6p va phan 16p chic naing FGM

Khai niém vat lisu FGM xuat hién lan dau tién vao gitta thap nién 1980 tai Nhat
Ban boi mot nhém cdc nha khoa hoc vat liéu, nhitng nguoi da tao ra mot loai vat
lieu méi chdng lai nhitng anh hudng cua nhiét trong nganh hang khéng. Vat liéu
mai nay cé kha nang chiu dugc moi truong nhiét dé cao va loai bé dugc hién tuong
tap trung Gng suat tai vi tri tiép xGc gitra cac 1op vat liéu khac nhau. Nghién ciu do
tap trung Ién nhirng két cau c6 mot mit trong moi truong lanh va mat con lai trong
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moi trudng nhiét do rat cao.Vat liu gdbm dugc chon cho mit néng véi nhiét do 1én
dén 2000K trong moi truong oxy hda, va mat lanh véi nhiét d6 1000K thi vat lidu
c6 tinh nang dan nhiét, bén, déo nhu kim loai dugc chon. Ngoai Nhat Ban, sé luong
nghién ctu trén vat liéu FGM ting 18n nhanh chdong va trg thanh chu dé duoc ua
thich trong nghién ctru vé vat liéu trong nhitng nam sau d6 bao gdm cac nude nhu:
Puc, Thuy Sy, My, Trung Quédc, Nga...

Vit ligu FGM la hdn hop cua nhiéu loai vat ligu, pho bién thuong gom hai thanh
phan la gom (ceramic) va kim loai (metal) vai cac dac trung co hoc nhu Bang 1.1.

Bang 1.1: So sanh dic tinh cia gém va kim loai [1]

Vi tri Vat ligu Tinh nang
’ - Chiu nhiét cao
\Vung chiu nhiét cao Gom - Chong oxy héa cao

Dan nhiét thip

Loai bo nhitng van dé bé mat tiép
xUc gitra cac vat liéu

Tinh nang chiu lyc cao

Vung chiu nhiét thip | Kim loai - Hé sb dan nhiét cao

Do déo dai cao

Céc 16p bén trong G6ém — kim loai

1.2.2.2 Ung dung

Vit ligu FGM duoc (ng dung nhiéu trong méi treong ¢ su lam viéc khiac nghiét
nhu 14 chin nhiét cua tau vii try, thiét bi day phan luc, vo 10 tinh luyén céc loai xi,
quang khai khoang, cac bo phan dong co, thiét bi tiép xdc vai nguon dién cong suat
I6n... Vi du nhu trong cac 16p cach nhiét truyén thdng cuaa cac thiét bi chiu nhiét
cao, mot 1op vat liéu ceramic s& duoc trang 18n cac két cdu kim loai, tuy nhién su
thay doi dot ngot tai vi tri tiép xuc gitra 2 vat liéu khac nhau s& gay ra su tap trung
I6n (ng suat, dan dén hinh thanh bién dang déo hoic nat. Nhiing anh huong tiéu
cuc d6 c6 thé dugc giam nhe bang cach sip xép vat liéu thay ddi lién tuc theo cac
vat liéu thanh phan, tai nhitng vi tri can chiu nhiét va dn mon cao thi ham luong
ceramic cao, nguoc lai kim loai duoc tap trung tai nhitng vi tri can céc tinh ning co
hoc 6 tinh déo dai... Hinh 1.5 va 1.6 la ung dung cua vat liéu FGM trong nganh
vil tru va xay dung.

Cu-8Cr-INb

o

NiCrATY

iCrAIY-CuCrNb Gradient 500x 20 rmicron

Hinh 1.5: Ung dung FGM trong hé théng day phan luc
http://www.nasa.govvisionearthtechnologies13apr_gradient.html.jpg



http://www.nasa.govvisionearthtechnologies13apr_gradient.html.jpg/

Hinh 1.6: Ung dung FGM trong x4y dung
http://www.slideshare.net/sirris_be/2013-1205sirrismaterialsworkshopfgmmagien

1.2. 3 Pic tinh dan hoi hiru hiéu ciaa vat ligu FGM

Nhu da giéi thiéu, FGM Ia loai vat liéu co cac dic trung vat liéu thay doi lién tuc
theo yu cau mong mudn nhung néu xét trén binh dién cau tric vi mo thi cc hat vat
licu van phan bd mot cach khong dong nhét. Chinh vi vay, dé phan tich rng xur vat
licu FGM mot céch hiéu qua, nhat thiét phai tién hanh don gian hoa cac cau trdc vi
mé phuc tap bang cach ap dung phuwong phap ddng nhit hoa. Pay 1a phuong phap
udc luong cac dic tinh hitu hiéu caa vat lieu FGM. C6 hai cach tiép can danh gia
cac dac tinh hiru hiéu cua vat liéu FGM: mé hinh roi rac va mo hinh lién tuc (Hinh
1.7). M6 hinh roi rac ké dén cac vi cau trdc bang cach gia thiét mé hinh vat liéu ly
tuong theo cac 6 thé tich don vi sau d6 tién hanh cac phwong phép tinh toan trén 6
thé tich nay, con d6i vai md hinh lién tyuc thi gia thiét dac tinh vat liéu thay d6i lién
tuc theo hudng va khdng xét anh hudng cua cau trdc vi md, sau d6 cac dic tinh hitu
hiéu xac dinh bang c4c mé hinh co hoc vi mé khac nhau. Luan &n s& dya vao mé
hinh lién tuc dé xac dinh cac dic tinh hitu higu caa vat ligu FGM.

Hudng thay d6i vat isu Hirdng thay d6i vat iéu

— e
H o Ceramic
. w Metal Dic tinh

e
vt liéu

Ceramic
Metal
Ceramic
Metal

Hinh 1.7: M6 hinh roi rac va mé hinh lién tuc [1]

M® hinh vat lieu FGM: Theo mé hinh lién tuc thi cac dac trung hiru hiéu cua vat
liéu duoc xac gjnh théng qua cac bém mat do thé tich, ,phén I6n cac nghién cuu hién
nay thuong dién ta ham mat do thé tich ¢ dang ham s6 liy thira hé s6 mi p (power-
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law function), quy luat ham S (Sigmoid function) hay quy luat ham sé mi

(exponential function). Cac quy luat nay s€ dugc xem xét trong luan an.

Déi turgng nghién ciu: Trong pham vi luan &n nay, ddi twong nghién ciru 13 két cau
tam trong do6 gia thiét raing tim FGM dang hinh chix nhat ¢6 canh dai a, canh ngin
b, chiéu day tim h (Hinh 1.8) 1a hdn hop cua gém (ceramic voi mé dun Young
E., khéi lwong riéng p,, hé s Poisson v,) va kim loai (metal véi mé dun Young
E_, khdi lugng riéng p_, hé s6 Poisson v, ). CAc mo dun dan héi hitu higu caa tam
FGM nhu: mé dun E, khdi lugng riéng p, mé dun cat G ... thay doi lién tuc theo

chiéu day cua tim va phu thudc vao ham mat do thé tich cua ching.

A
L

Hinh 1.8: Hinh dang tim FGM
1.2.3.1 Pic trung hiru hiéu theo quy luét liiy thira hé s6 mii p (power-law)

Mot s6 mo hinh xac dinh thanh phan médun dan hdi Young (E) va hé sé Poisson

(v) theo quy luat ham luy thira hé s6 mii p [2]:

e MO hinh Voigt ([3], [4], [5]):
E(z)=E\V(z2)+E,(1-V(2))

v(2)=vV (2)+ v, (1-V (2)) N

e M0 hinh Reuss ([3], [4], [5]):
EmEc
B(2)= 1=V (2))+EN(2) >
o) EE (12)
v (1-V(2))+ vV (2)

e M© hinh Hashin-Shtrikman ([6], [7]):

9G(z)K(2) 3K (z)-2G(z) (13)

E(z)= 523K (2) v(z)= 2(G(2)+3K(2))

trong d0G(z), K(z) xac dinh theo nguyén Iy can trén va can dudi:
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- Can duoi:

" v(2)

G (z)=G, + 1 6(KC+ZGC)(1—V(Z))
{Gm G, + 5G, (3K, +4G, )

K™(z) =K.+ e

)

K,-K, (3K, +4G,)

- Cantl‘GGTZZ B (1_\/(2))
()= m+{ 1 +6(Km+ZGm)V(z)}

G, -G, 5G,(3K,+4G,)
K+(Z)=K + (1_\/(2))

m {KC f K (3K3r:/+(i1)6m)}

e MO0 hinh Tamura ([8], [9]):
1-V(2))E. (g, —E,)+V (2)E, (g —E,)
1V ())(a ~E,) v (2)(a, -E)
v(z)=v,V (2)+v.(1-V(2))
VGi g, “stress-to-strain transfer” 1a tham s6 tinh toan.

e MO0 hinh SCM (Self-Consistent Method) ([10], [11]):

E(z):(

K, + oG, +2
K. +26(z) G(2)-Gy
V(z)= 3
K., 56, __ K, &G
K. +%6(z) ©(2)-Gn k 1+2G(z) C(1)-C
1 4
K(2)= V(2) 1-V(2) -3¢0

+
Ko +36(2) K.+36(2)

e Mo hinh LRVE duogc xay dung boi Gasik va Lilius ([12], [13]):

(1.4a)

(1.4b)

(1.5)
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e[y V@ 1
E(z)=E|1 FE—M ! FE_l—EC/Em (1.7)
v(2)=v,V (2)+v.(1-V (2))

So sanh cac mé hinh xac dinh cac dac tinh hiru hi¢u:

Xét tim FGM nhu Hinh 1.8 dugc ché tao tir vat ligu nhdm (Al) cho mit dudi va
mat trén la vat liéu gom (Al,O3) vai tinh chat vat liéu dugc thé hién trong Bang 1.2.
Két qua so sanh gia tri cac thanh phan E va v dugc thé hién trong Hinh 1.9.

Bang 1.2: Dic tinh vat liéu cua kim loai (aluminum) va gém (ceramic)

Vit ligu E (GPa) p (kg/m®) v
Aluminum alloy 1100 69 2710 0.33
Ceramic (Al,03 99% pure) 380 3980 0.22

Hinh 1.9a biéu dién su phan b6 clia md dun Young E theo chicu day tinh toan theo
cac mo hinh vi cau trlic khac nhau. C6 the thay rang mo dun Young tinh toan tir mo
hinh Voigt va Reuss lan luot cho gia tri 16n nhat va beé nhat so veéi cac mo hinh con
lai. Cu thé, néu xeét tai vi tri V (z) =0.5 thi mac d6 chénh léch cua hai két qua la:
48%. Twong tu, X4p Xi can trén va can dudi cua Hashin-Shtrikman 1a: 22%. Céc xap
Xi cua Tamura (g, =100GPa), LRVE va SCM c6 mtc d9 khac biét 1a khong dang
ké. Pac biét, md hinh ciia Tamura phu thudc rat nhiéu vao thanh phan g, . Tuong
tu, trong Hinh 1.9b khi xé4c dinh hé s6 Poisson (v) thi cac mé hinh c6 mic do khac
biét khdng lon. Vi vay, khi phan tich g xu cua vt liéu FGM thi can Pphai lya chon
m6 hinh tinh toan sao cho pht hop, nhét 1a khi xac dinh médun dan hoi Young (E)
doi khi can thiét phai tién hanh thyc nghiém dé nhan dinh cac mé hinh phu hop.

Bén canh do, vat liéu FGM duoc ché tao bang cac phuong phap: luyén bot kim loai,
lang dong hoi, ly tam va cong nghé in 3D. HE so dac trung vat liéu p dugc xac dinh
thdng qua ti 1€ tron gitra cac thanh phan vat ligu hoac duoc toi wu théng qua cac bai
toan xac dinh cac thanh phan ndi luc (ang suat), chuyén vi, tan so dao dong va luc
t6i han...([14], [15], [16]). Tuy nhién, trong thuc té dé dat dugc ding nhu mé hinh

Iy thuyét tinh toan dé xuat thi yéu cau cong nghé san xuat doi hoi mic do chinh xac
rat cao.
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Hinh 1.9: Anh huéng cua gié tri modun

0.4

0.5 0.9

V(z)
(b)

Young (E ) va hé sé Poisson (v ) dbi voi

0.6 0.7 0.8

ham mat do thé tich (V (z)) cua tam FGM

1.2.3.2Ham mat d¢ thé tich theo quy luat phan bd ham S (Sigmoid)

Dic trung hiru hiéu cia tim phan bé ham

P(z)=(P.—P,)V,(z)+P, voi z e{o,g}

S [17] duoc xac dinh:
(1.8)
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P(z)=(P.—P,)V,(2)+P, voi z e _—D,O} (1.9)

| 2
trong d6 V,(z), V, (z) 1a cac ham mat d thé tich (Hinh 1.10):

1(h/2-z)" ..  [_.h
V. (z)=1-— V6ol ze€|0,— 1.10
(@) 2( h/zjc | 2} (110)

1(hi2+z\" .. h

V. (2)=— Vol ze|——,0 1.11
2<>2(h,2)oe{2} (1.11)

0.5 T T T T T

T

z/h

% r r r r
"0 01 02 03 04 05 06 07 08 09 1
V(2)

Hinh 1.10: Ham V (z)theo quy luat phan b ham S

C6 thé ‘théy rang su phéan bd vat liéu theo quy luat ham S 1a dya trén co s ham s
mil p bang trén nira chiéu day tam.
1.2.3.3 Ham mat do thé tich c6 dang ham s6 mii (exponential)
Dic trung hitu hiéu cua tim FGM theo quy luit ham sé mi dugc xac dinh theo
Delate va Erdogan [18]:

P(z) = Ae®""? (1.12)
trong do:

A:Pm;leIn i (1.13)
h (P,
Dang phan b nay ciing duge dé cap trong nghién ciru ciru ciia Mantari va cong su
[19] (Hinh 1.11):

z 1

P(z) = Pmep(“] (1.14)
P=Pe (1.15)
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0.5
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h(z)
Hinh 1.11: Ham V (z)theo quy luat phan bé ham mi

1.2. 4 Két cau tim FGM

Xét tam FGM nhu Hinh 1.8 véi cau tao mit cat ngang nhu Hinh 1.12 ¢6 cac dic
trung vat liéu: médun Young (E ), hé so Poisson (v) va khoi lugng riéng (p) thay
ddi lién tuc theo chiéu day tim. Bén loai tim dwgc xét dén trong luan an (Hinh
1.13).

h/2 - ‘ ceramic
X
metal
a
(a) Loai A
z
h,=h/2 ceramic

ceramic
X

metal
metal

a

(b) Loai B
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metal

| ceramic
X
.:] ceramic
=3 metal
a
=1
(c) Loai C

a 5
(@ LoaiD e
Hinh 1.12: Cau tao mat cat ngang cua két cau tam
e Tam loai A: duoc hinh thanh tir vat liéu kim loai va gém véi ham mat do thé
tich cua vat lieu gom (V) (Hinh 1.12a):

Vc(z)=(222;hjpvc’ri z{—%,%} (1.16)

trong d6 p 1a hé sb dic trung vat lidu, h 1a chiéu day tam.

e Tam loai B: la tim composite véi 16p trén 1a gom, 16p dudi duoc ché tao tir
kim loai, va I8i giira duoc 1am tir kim loai va gém (Hinh 1.12b). Ham mat do
thé tich cua vat lieu gém (V. ) tai mdi phan 16p:

VP(z)=0; ze[h,h]

p
V(2) =( z-h J ; ze[h,h] (1.17)
hz - h1
V(2) =1 ze[h,h]
e Tam loai C: la tim composite vai 16p trén, 16p dudi duoc ché tao tir gébm va
kim loai, va I8i gitta duoc lam tir gbm (16i ciing) hay kim loai (16i mém)
(Hinh 1.12c). Ham mat d6 thé tich cuaa vat ligu gom (V,) tai mdi phan 16p:

V;ﬂg);[é‘_?f] ; ze[hyh]

V/2(z)=1 ze[h,h] (1.18)

z—h
VC(3)(z):(h _;] : Ze[hz,hs]
2 3
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e Tam loai D: 1a tim composite phan 16p duoc hinh thanh tir nhiéu 16p khac

nhau trong d6 mdi 16p c6 hudng sgi khac nhau (Hinh 1.12d).

z/h
z/h

-0.30 p=5.0

400

@ p=10
0.4
@
— : : : : . : 0.50 ; : : : : ‘ ‘ : :
“0 o1 02 03 04 05 06 07 08 09 1 0 01 0z 03 04 35 06 07 08 09 1
Cc
(b) Loai B
0.5 05 . . -
0.4 0.4
03 0.3
02| ) 02|
0.1r —6— p=05 } 0.1
+— p=1.0 '
p
< oF _ < o
p=5.0 N
0.1fF p=10 0.1}
0.2k ) 0.21
0.3
0.45
5 T r r r r r r r 05 r r r r r r
0 01 02 03 04 05 06 07 08 09 1 %50 100 150 200 250 300 350
7 E@2)
(c) Loai C (d) Loai D

Hinh 1.13: Su phan b vat liéu tim composite FGM theo chiéu day tam.
1.2.5 Ly thuyét tim lép don

Phéan nay sé& trinh bay cac ly thuyét tam 16p don st dung trong ludn van trong phan
tich ng xtr tam churc nang: ly thuyet tam c6 dién, 1y thuyét tim bién dang cit béc
nhat, 1y thuyét tim bién dang cit bac cao.

1.2.5.1 Ly thuyét tim cé dién

M6 hinh tim dua trén ly thuyét tim c6 dién (CPT) thoa mén céc gia dinh cua Love-
Kirchhoff 1a duong thang vudng gdc véi mat trung binh van thang va vuéng goc voi
mit trung binh trudc va sau khi bién dang (Hinh 1.14). Ly thuyét CPT di bo qua
anh huong cua thanh phan bién dang cat (tham khao cac nghién ciu cua
Timoshenko va Woinowsky-Krieger [20], Reddy ([21], [22], [23]).

Do bo qua bién dang cit ngang nén ly thuyét nay chi pht hop cho bai toan tam
mong va khong mang lai két qua phl hop cho cac bai toan tim day. Tuy nhién, do
tinh don gian 1 chi véi ba thanh phan chuyén vi doc lap nén day 1a céch tiép can dé

dang nhat. Ly thuyét nay duoc He va cong su [24], Chi va Chung ([25], [26]),
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Srinivas va Rao [27] dung dé phan tich ¢ng xir cua tim FGM va composite phan
16p.
Truong chuyén vi cua ly thuyét tim cb dién:
oW
u(xy,z)=ulxy)-z—
OX
0,(6Y,2) =v(x,Y) - z% (1.19)

Uy (X, Y,2) = w(X,y)
trong dou, v, w la céc thanh phan chuyén vi theo x, y, z tai vi tri mt trung hoa.

Hinh 1.14: M6 hinh tam theo ly thuyét co dién [21]
1.2.5.2 Ly thuyét bién dang cit bac nhat

Ly thuyét bién dang cit bac nhat (FSDT) la Iy thuyét cai tién tir ly thuyét CPT trong
do ke dén thanh phan bién dang ct ngang trong tim nén mat bién dang khang con
vuong goc mat trung blnh cua tam (Hinh 1. 15). Tuy nhién, theo ly thyét nay thi tng
suat cit ngang la hang sé theo chiéu day cua tam, nén doi hoi can phai co mot hé sb
diéu chinh cat dé tinh gié tri ung suat cit (Reddy [21]). Trong thuc té, do tinh don
gian nén 1y thuyét bién dang cat bac nhat da dugc quan tam va sir dung boi rat nhiéu
nha nghién cau trén thé gidi nham phan tich cac wng Xt tinh, on dinh va dao dong
cua két cau dam va tim FGM chiu cac loai tai trong co nhiét khac nhau. Bién hinh
la nghién ciu cua Praveen va Reddy [28] di phan tich tinh va dao dong caa tam
FGM dua vao ly thuyét bién dang cat bac nhét sir dung phuong phap phan tir hiru
han; Oatao va Tanigawa [29] phan tich ung suit cia tim FGM trong méi trudng
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nhiét khong déu; Li va cong su [30] da dwa ra 10i giai chinh xac dé phan tich tim
FGM chiu tai trong nhiét do; Batra va Jin [31] da st dung ly thuyét bién dang cit
bac nhit két hop véi PP PTHH dé nghién ciru dao dong tu do cua tim FGM hinh
chix nhat. Bén canh do, van dé h¢ s6 higu chinh cét ciing duoc quan tam boi Nguyen
va cong su ([32], [33], [34], [35]) trong d6 nhém nghién cuu da dé Xuat hé so higu
chinh cit dé phan tich tng xir tim FGM va tam sandwich FGM. Mot sO nghién ctu
cho rang, do vat liéu FGM la vat liéu khong déng nhat nén can thiét phai xét dén vi
tri mat trung hoa vat ly. Bidu nay duoc nghién cau bai Shingha va cong su [36]
ding PP PTHH c6 xét dén vi tri mat trung hoa vat ly dé phan tich tim FGM dudi
tac dung cua tai trong ngang; Ma va Lee [37] st dung mat trung hoa vat ly dé phan
tich tng xu phi tuyén cua dam FGM khi chiu tai trong do nhiét; Zhang va cong su
([38], [39]) dung ly thuyét bién dang cat bac cao dé phan tich tim FGM dua trén
mat trung hoa vat ly; Singha va cong su [40], Wu va cong su [41] da st dung mat
trung hoa vat 1y dé phan tich dao dong phi tuyén cia tim FGM dudi tac dung cua
tai trong khi dong; Latifi va cong su [42] da dung chudi ham Fourier mé rong dé
phan tich 6n dinh cho tim FGM véi cac diéu kién bién khac nhau; Srinivas va
Prasad [43], Naderi va Saidi [44] ¢4 m6 hinh tim FGM dudi tac dung cua tai trong
co hoc c6 xét dén vi tri mit trung hoa vat ly; Prakash va cong su [45], Lee va cong
su [46] dua vao ly thuyét bién dang cat bac nhat va vi tri mat trung hoa vat ly dé
phan tich ung xtr cua tim FGM duéi tac dung cua tai trong do nhiét do.

Nhin chung, méi nhdm tac gia da phat trién va dua ra cac md hinh tinh toan dya
trén FSDT déu c6 nhitng vu nhuge diém nhat dinh, nhét 1a van dé hé sé diéu chinh
cit trong viéc tinh toan g suét cat caa ly thuyét FSDT can phai duoc phat trién
thém nira. Khong ngoai quy dao trén, luan &n s& két hop hé sb dieu chinh cat cai tién
trong do vi tri mat trung hoa vat ly duoc ké dén, dong thoi két hop hiéu tng nén, 1y
thuyet tam cai tién 4 bién nham phan tich cac dap ung chuyén vi, ng suit, luc toi
han va tan sé dao dong cho két cau tam. Ket qua 1oi giai s& duoc kiém chirg nham
danh gia tinh phd hop cta 1y thuyét phat trién.

Truong chuyén vi cta ly thuyét bién dang cat bac nhat:

U (X,y,2) =u(x,y) +(z-25)0,(xY)

u,(X,y,z) =v(x,y) +(z-2,)6,(x,y) (1.20)

Uy (X, Y,2) = W(X,y)
trong d6 (U, v, W) la cac thanh phan chuyén vi tai mat trung hoa;(6,, 6, )1an luot Ia
goc xoay dbi véi trucy vax ciaa tam;z, 1a vi tri mat trung hoa d6i voi mat trung

binh, dugc xac dinh:
h/2

I ZE(z)dz
Z, ="M (1.21)

h/2

j E(z)dz

-h/2
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Hinh 1.15: M6 hinh tam trén nén dan hoi theo ly thuyét bién dang cit bac nhat va vi
tri mat trung hoa vat ly

1.2.5.3 Ly thuyét bién dang cit bac cao

Ly thuyét bién dang cat bac cao (HSDT) Ia phan mé rong cia nhom Iy thuyét bién
dang cat bac nhat, wu diém cua ly thuyét nay 1a khic phuc nhuge diém cua ly thuyét
bién dang cat bac nhat, nghia 1a khong can str dung hé s6 diéu chinh cét dé tinh toan
c4c thanh phan Gng suat cat trong tim do thanh phan bién dang cat khong phai 1a
hang s theo chiéu day tim va mat bién dang 14 mit cong theo chiéu day tdim (Hinh
1.16). Tuy nhién, tinh chinh xac cling nhu mue d6 hiéu qua cua phuong phap phy
thuoc vao viéc luya chon ham dang bién dang cat, mot vai nghién ciru gan day da dé
Xuat mot s6 ham bién dang véi mac do chinh xac khac nhau cua 10i giai, dién hinh
trong s6 d6 1a ham bién dang cat bac ba (TSDT) cua Reddy ([47], [48], [49]),
Zenkour va cong su ([50], [51], [52]), Shariat va Eslami [53], Dong va Li [54], Tran
va cong su [55], Shi [56], Roque va cong su [57], Ghugal va Sayyad [58], Mechad
va cong su [59] Kumar va cong su [60] da phan tich kha ddy du viéc tng xur cua
tam FGM va tam composite nhiéu I6p khi chiu tdc dung cua tai trong co hoc va
nhiét d6 ké ca bai toan phi tuyén hinh hoc. Bén canh d6, Soldatos [61], Kettaf va
cong su [62], Akavci [63] da dung ham bién dang cat dang ham hyperpolic (HDT)
dé phan tich cac ung xtr cia tim FGM va tim FGM trén nén dan hdi chiu tai trong
nhiét do; Touratier [64], Thai va Vo [65] st dung ham bién dang cat dang hinh sin
(SSDT) dé phan tich tng xu két cau tim; Karama [66] st dung ham bién dang cat
dang ham mil (ESDT) dé phan tich bai toan tinh, 6n dinh va dao dong cho dam
FGM; Mantari va cong su ([67], [68]) da két hop gitra ham luong giac va ham mi
dé xay dung ham bién dang cat mai tir d6 phan tich cac gia tri bién dang va ting suat
trong tim FGM.. Ngoai ra, ham bién dang cat ciing da dugc phat trién bai Xiang va
Kang [69] dung ham bién dang cit dang da thic bac n dé phan tich cac thanh phan
g suat va bién dang trong tim FGM; Thai va cong su [70] da str dung ham bién
dang cat dang ham lugng gi4c nghich dao dé phan tich tim FGM va tim sandwich
nhiéu 16p; Neeraj Grover va cong sy [71] da dung ham hyperpolic nguoc dé xay
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dung ham bién dang Cit tir 46 phan tich bai toan tinh, bai toan 6n dinh va bai toan
dao dong cho tam FGM va sandwich nhiéu 16p. Ngoai ra, Houari [72] ding ham
bién dang cit bac cao két hop véi mit trung hoa vat 1y dé phan tich ¢ng suat, bién
dang cho két ciu tim FGM.

Nhin chung, cac ham bién dang cit bac cao néi trén da dong gop dang ké cho viéc
xay dung va phat trién md hinh tinh toan cho tim FGM theo ly thuyét bién dang cit
bac cao. Tuy nhién, dé c6 duoc mot ham bién dang cat bac cao phu hop cho tat ca
cac md hinh ¢ng xir cia tim FGM cua tat ca cac dang bai toan thi can c6 nhiéu hon
cac nghién ciu vé chu dé nay. Chinh vi vay, luan &n s& dé xuat mot ham bién dang
cat mai c6 the ap dung dugc cho nhiéu loai bai toan tim véi nhiing uu diém noi bat
trong muc tiéu la xay dung mot ly thuyét bién dang cit bac cao méi, tong quét, tiép
can véi mo hinh 1am viéc thuc té cua céc loai tim FGM khac nhau.

Trudng chuyén vi cua ly thuyét bién dang cit bac cao:
X,
w(xy2) =uteyy2 A s £ (2)0, )
X,
U, (X,Y,2) =V(X,y)-Z (gyy) f(z)6,(x.y) (1.22)

Uy (X,y,2) =w(x,y)
trong d6 (u, v, w, ,, 6,) la céc thanh phan chuyén vi thang, goc xoay va f (z)la ham

bién dang cit bac cao.

Hinh 1.16: M6 hinh tam theo Iy thuyét bién dang cat bac cao
1.2.5.4 Ly thuyét bién dang cit tiép can ba chiéu

Ly thuyét bién dang cit tiép can ba chiéu (Quasi-3D) ciing duoc xay dung va phat
trién theo nhdm ly thuyét bién dang cat cua tam Reisner-Mindlin va ly thuyét tim
co dién Love-Kirchhoff, céch tiép can cua ly thuyet nay la xay dyng truong chuyén
vi ¢ ké dén bién dang theo Chleu day tam (phuong tryc z). biéu nay 1a phu hop vai
sur 1am viéc thue té cua két cau, dic biét dbi véi tam day. Ly thuyet Quasi-3D dugc
quan tam boi Carrera va cong su ([73]) trong do6 hiéu tmg bién ~dang theo chiéu day
tam va vo FGM dugc phan tich, cac két qua nghién ctru cho thay rang hiéu Gmg nay
c¢6 hiéu qua cho tAm va vo day; Neves va cong su ([74], [75]) da dua vao ly thuyét

21



bién dang cit bac cao véi ham bién dang cat dang hyperbolic va ham lwong giac dé
khao st bai toan phan tich tinh va dao dong ty do cua tim nhicu 16p; Thai va cong
su ([76], [77], [78]) da dwa vao ly thuyét blen dang cét bac cao voi ham dang 1a ham
lwong giac dé khao sat bai toan tinh cua tim FGM. Ngoai ra, Mantari va Soares
([79], [80]) da st dung ham bién dang cat dang ham luong giac c6 chta tham sé
hiéu chinh dé phén tich bai toan tinh cho tim FGM véi ham mat d the tich dang
ham lity thira va dang ham sé mil. Nhin chung, hudng nghién ctu Ve ly thuyet hay
hién nay kha it oi va day la phan hoan thién cua ly thuyét bién dang cét, vi da ké dén
thanh phan bién dang theo chiéu day tam, phan anh ding v6i md hinh lam viéc thuc
té cua tim va rat phu hop dé phan tich bai toan tim day. Khong ‘ngoai quy dao
chung cua luén an, phan hay s& dugc xay dung mot mo hinh Iy thuyét bién dang cit
tiép can ba chiéu véi ham bién dang cit bac bac cao méi phu hop véi nhiéu mé hinh
va &p dung duoc cho nhiéu loai bai toan tim.

Trudng chuyén vi caa ly thuyét bién dang cat tiép can 3 chiéu:

w(xy2) =utey- 2007 4 1 (2)0,60y)
u,(x,y,z) = V(X Y)- (gyy) z+f(2)0,(xy) (1.23)
Uy(X,Y,2) = W(X,y) +9(2)6,(x,y)

trong d6 (u,v,w, 8,, 6,, 6,) la cac thanh phan chuyén vi va géc xoay, f (z) 1a ham

bién dang cét bac cao, vag(z)=df /dz.

1.2. 6 La&i giai giai tich va phwong phap s6 phén tich ing xir tim FGM
1.2.6.1 Lo giai giai tich

1.2.6.1.1 Loi giai Navier

Loi giai Navier 1a mét trong nhirng 161 giai don gian va hiéu qua trong cac phuong
phap giai tich vi 4p dung duoc voi nhiéu dang bai toan khac nhau. Loi giai nay da
duoc ap dung trong viéc gidi quyét nhiéu bai toan khac nhau trong co hoc nhu phan
tich trang thai ung suat, bién dang cua cac két cau trong céc chi tiét co khi, may
bay, tau thuy. .. cling nhu cac van dé truyén nhiét, dong luc hoc, va thu duoc nhiing
hiéu qua nhat dinh, dic biét véi sy trg gilp cua may tinh thi phuong phap nay cang
phét huy tdi da vi c6 két qua tiém can véi 1oi giai chinh xac [81].
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Hinh 1.17: Tam hinh chit nhat véi 4 bién tya don [21]
Y twong cua loi giai 1a xap xi truong chuyen vi, tai trong, nhiét do... bang cac chudi
ham luong giac kép thoa dieu ki¢n bién tya don (Hinh 1.17). Sau d6 thiet 1ap cac
phuong trinh cin bang dé tim ra cac bién do cua truong xap Xi.
Truong chuyén vi dugc xap xi theo FSDT cua 10i giai Navier:
u(xy,t)=> > U, cosixsinuye™
m=1 n=1

ot

Il
M
M

v(X,y.t) V__sinAxcosuye

mn

3
N
T
N

NgE
NgE

w(x,y,t)= W__sinAxsin uye™ (1.24)

3
'L
=
'L

X_ cosAxsinuye™

s
s

0. (xy.t)=

1 n=1

3
Il
=}
Il

8
8

6,(x,y.t)=> DY, sinixcosuye™

m=1 n=1
trong d6A=mz/a, u=nz/b;m va n la s6 séng dao dong theo phuwong XVva
phuong y; @ la tan s6 dao dong tu do cua tam; i*=-1; U_ V., W_ X Y 14
cac bién do cua song.
1.2.6.1.2 Loi giai Levy
Nhuoc diém cua 161 giai Navier c¢d thé thay la chi 4p dung cho cac tim twya don. Dé
co the ap dung cho cac bai toan vei cac dieu kién bién khac nhau. Loi giai Levy
[21] m¢ rong tur 161 giai Navier trong d6 gia thiét 2 canh doi dién cua tam la tya don
trong khi 2 canh con lai vai diéu kién bién khac nhau (Hinh 1.18).

mn? mn?
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biéu kién bién T

khac nhau b

Hinh 1.18: TAm hinh chit nhat véi 2 bién tuya don
Véi gia thiét nay trueong chuyén vi (1.24) duoc viét lai dudi dang:

u(x, y,t):iiumn(y)cosixe‘“’t
m=1 n=1
v(x,y,t)=iivmn(y)sin/ixei“’t
m=1 n=1
(x,y,t)= > iw )sinAxe™ (1.25)
m=1 n=1

X (y)cOSAXE™

3

]

L

=
el Ngt

Y. (y)sinAxe™

Thay dang x4p xi nay vao cac phuong trinh can bang s& din dén hé phuong trinh vi
phan bac cao theo y. Mot s6 nghién ciru dién hinh caa Thai va Kim khi st dung loi
giai Levy dé phan tich tng xir cua tam ([82], [83], [84]). C6 thé thdy rang mic du
loi giai Levy cai tién 10i giai Navier tuy nhién phuong phap nay chi c6 thé ap dung
cho tim c6 2 canh tua don.

1.2.6.1.3 Lo giai Ritz

Loi giai Ritz 1a phuong phap giai tich 4p dung cho két cdu tim hay dam véi céc
diéu kién bién khac nhau (Hinh 1.19) dé phan tich tmg xir ciia két cu, day 1a phan
phét trién cua loi giai Navier va mang lai nhiéu hiéu qua nhat dinh. Mot vai nghién
ctru da cong bd nhu Guenfoud va cong su [85] phan tich bién dang cua bai toan tim
hinh chit nhat trén nén dan hdi; Ansari va cong su [86] phan tich luc toi han cua dng
nano carbon véi cac diéu kién bién khac nhau; Dozio [87] phan tich dao dong cua
tam vanh khin voi cac diéu kién bién khéc nhau theo mé hinh Ritz hop nhat;
Shahrbabaki va Alibeigloo [88] dung 15i giai Ritz cho mé hinh 3D dé phan tich tan
s6 dao dong cuia tAm nano soi carbon; Zenkour va Sobhy [89] dé phan tich lyc ti
han do nhiét d6 cho bai toan tim nano trén nén dan hoi voi céc diéu kién bién khac
nhau; Sobhy ([90], [91]) da phat trién hhirg nghién cau cua Zenkour bang cach st
dung ly thuyét bién dang cit bac cao dé phan tich tng xu tinh, 6n dinh va dao dong
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tu do cua tim nano dat trén nén dan hoi; Nguyen va cong su ([92], [93]) dung 1o
giai Ritz dé phan tich ung xu caa dam sandwich FGM va dam composite nhiéu 16p;
Thai va cong su [94] da sir dung ly thuyét bién dang cat bac nhat két hop vai cac
ham dang ap dat diéu kién bién dang luong giac don gian dé phan tich bai toan tam
sandwich FGM trong d6 chudi don theo mdi phuong dugc chon dé giai quyet bai
toan. Tong quan tinh hinh nghién ctru cho thdy rang rat it nghién ctru phét trién 10
giai Ritz cho tim FGM. Trong céch tlep cén nay, muyc tiéu cua luan an la van dung
cac ham dang ap dat diéu kién bién két hop ham bién dang cit bac cao méi ma luan
an da phat trién dé phan tich ang xtr cua tim FGM va tim sandwich FGM cho bai
toan tinh, 6n dinh va dao dong.

y
el L L L L Y
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Y
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TIFI77 77777777777
cccc SCSC

MANANANANASN

ALLRRRRRRNY

SFSC SFSS SFSF

Hinh 1.19: T4m hinh chir nhat véi cac diéu kién bién khac nhau [71]
1.2.6.2 Phuwong phap sb

Do nhitng gidi han cua phuong phép gidi tich trong viéc giai quyét cac bai toan Vai
hinh hoc phuc tap, phuong phap s6 tré nén la mot cong cu hitu hiéu dac biét khi
cdng nghé may tinh ngay cang phat trién. C6 thé ké dén mot sé6 phuong phap sb
dién hinh nhu: Phuong phap phan tir hitu han, phuong phap khong ludi, phuong
phap dang hinh hoc.
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Hinh 1.20: Luéi phan t hitu han két ciu vanh banh xe sir dung phan mém comsol
https://www.comsol.com/blogs/meshing-your-geometry-various-element-types/

Phuong phap phan t hitu han (PP PTHH) 12 mot phuong phap rat tong quét va hiru
hiéu cho 1oi giai sb, va c6 thé ap dung cho cac bai toan ky thuat khac nhau. Tur viéc
phan tich trang thai ung suat, bién dang trong cac ket ciu co khi, cac chi tiét trong 6
to, may bay, tau thuy, khung nha cao tang, dam cau... dén nhitng bai toan cua ly
thuyet truong nhu ly thuyet truyén nhiét, co hoc chét long, thuy dan hoi, khi dan
hoi... V&i sy phat trién ciia Cong nghé thong tin va md hinh hoa hinh hoc CAD,
nhidu két cAu phirc tap ciing di dugc tinh toan va thiét ké chi tiét mot cach d& dang
(Hinh 1.20). Y tuéng cta PP PTHH 14 khdng can tim dang xap xi cua ham can tim
trén toan miénQ,ma chi trong ting mién conQf(mién phan tir) thuoc mién xac
dinhQ, . Trong pham vi mdi phan tir thi dai lugng can tim dugc lay xap xi trong
dang mot ham don gian duoc goi 1a cac ham xap xi va cac ham xap xi nay duoc
biéu dién thdng qua c4c gia tri ciia ham tai cac diém ndt trén phan tir. C4c gia tri nay
duoc goi 1a c4c bac ty do cua phan tir va dugc xem 1a an sé can tim cua bai toan.
Nhing thuan loi trén s& dugc phét huy khi phan tich bai toan tam st dung Iy thuyét
FSDT nhung khi 4p dung ly thuyét HSDT thi s& c6 kho khan nhét dinh nhat 1a lya
chon ham Xap Xi phai lién tuc bac C*. Ngoai ra, hién tuong “khoa cat” khi phan tich
bai toan tam mong ciing can ¢ nhitng hiéu biét nhat dinh dé mang lai két qua nhu
mong muén.

Hién nay, c6 nhiéu cach dé khic phuc nhitng nhuge diém o trén (hién tuong khoa
cat va phan tir lién tuc C1), d6 1a: thay thé cac thanh phan dao ham trong (1.22) bang
cac ham d6 cong lién tuc bac C° khi 4p dung ly thuyét HSDT cua PP PTHH (bai
toan 7 bién). Hién tuong “khoa cat” dugc khir bang cach gia sir bién dang ty nhién
(ANS) ([95], [96], [97]), bién dang tu nhién nang cao (EAS) ([98], [99]), roi rac su
khac biét cit (DSG) ([100], [101]), hoic noi suy céc thanh phan tensor hén hop
(MITC) ([102], [103], [104], [105], [106], [107], [108]). Do st dung ham dang c?
trong xap Xi truong chuyén vi, cac thanh phan bién dang trong phan tir tim Ia hang
s6 trong mién phan tr nhung lai c6 su chénh léch gia tri giita cac phan ti. Bé lam
giam su chénh léch bién dang giira cac phan ta, hay con goi 1a 1am tron truong bién
dang ([109], [110], [111], [112], [113], [114], [115]) da trung binh trudng bién dang
trén cac mién duoc dinh nghia trén phan tir, cac phan tir chung canh, chung nit hozc
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trén mt phan tir d¢ hinh thanh PP PTHH tron trén mién (CS), trén canh (ES), trén
nat (NS) hoac trén mat (FS) phan ta.

Hinh 1.21: Phuong phap khong ludi véi diém chia theo 6 Vonoroi
https://math.temple.edu/~seibold/research/meshfree/

Bén canh PP PTHH, phuong phap khong luéi gan ddy ciling da duoc phat trién cho
phan tich ng Xu tam FGM ([116], [117], [118], [119], [120], [121]). Nghién cau
téng quan vé phuong phap khong lugi cho phan tich ung xu két cau tam vo chic
nang FGM c0 thé tham khao trong nghién ctu cia Liew va cong sy [122]. Hinh
1.21 minh hoa mot truong hop roi rac cac dlém Xap xi theo phwong phap 6 Vonoroi.
Phuong phap khong luoi 1a phuong phap Xap Xi cac phuong trinh vi phan ting phan
trén cac diém xap xi. Uu diém cua phuong phap nay so v6i PP PTHH la kha ning
giai quyét tot cac bai toan bién dang Ion, cac bai toan phi tuyén. Tuy nhién trong
thuc té, phuong phap nay c6 khéi lwong tinh toan Ion.

Hinh 1.22: Phuong phap dang hinh hoc - xap xi dua trén cac diém khoa hinh hoc
[123]

Hién nay véi su phat trién cia cong nghé may tinh, PP PTHH va phuong phéap
khong ludi co thé giai quyet nhiéu bai toan k¥ thuat v4i do phirc tap khac nhau, tuy
nhién ddi voi cac két cau c6 hinh hoc phirc tap thi bai toan chia luoi hay cac diém
chia c6 thé tré thanh mot van dé. Dé khic phuc van dé nay, phuong phap dang hinh
hoc (IGA) dang 1a mét chii dé thu hit nhidu nghién ctru trong nhiing nim gan day.
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Phuong phéap ding hinh hoc 13 mét phuong phap s6 dugc dé xuit boi Hughes va
cong sy [124], phuong phap nay 1a su két hop gitta mo hinh hoéa hinh hoc CAD va
phan tich phan tir hiru han. Su két hop nay duoc thé hién & viéc str dung ciing ham
dang trong mé hinh hinh hoc va phan tt hitu han (Hinh 1.22), do d6 thay vi str dung
cac ham dang co ban dya trén da thirc Lagrange, IGA st dung cac ham dang co ban
trong mo hinh hoa hinh hoc (B-splines). Cach tiép can ctia IGA cho phép Xap xi cac
bién trudng, thay vi dua trén nut phan ti, trén cac diém khoa hinh hoc, diéu nay 1am
giam bot khéi luong tinh toan, khé khan chia ludi dac biét cho cac dang hinh hoc
phirc tap. Phuong phap nay di duoc ap dung cho phan tich tim FGM ([125], [126],
[127], [128]).

Luan an s& thiét lap m6 hinh PTHH cho bai toan tam FGM vdéi phan te thdng
thuong 4 ndt va phan tor MITC 3 nat két hop cac phuong phap 1am tron: trén mién
(CS), trén canh (ES) va trén nat (NS) théng qua ngdn ngit lap trinh Matlab, ké ca
truong hop phi tuyén hinh hoc. Mirc d6 chinh xéac va su hiéu qua caa phuong phap
can phai c6 nhitng hiéu biét nhat dinh vé co s& Iy thuyét, k§ thuat mé hinh hoa ciing
nhu cac budc tinh co ban ciia phwong phap va van dé khai thac ngdn ngir lap trinh.

1.3 Muc tiéu nghién céu

Nghién ctu Gtng xar tam composite chirc nang (FGM) chiu tai trong co nhiét duoc
cu thé hoa mot s6 van deé:

e Phan tich va tong hop cac mé hinh, quy luat ttng xt cua vat liéu FGM hién
nay.

e Phat trién ly thuyét bién dang cat bac nhat nham tang mtc do chinh xéac cua
bai todn trong viéc phan tich két ciu tAm composite FGM.

e Phat trién ly thuyét bién dang cat bac cao, trong d6 d& xuat mot ham bién
dang cét bac cao mai phu hop cho nhiéu loai bai toan dé phan tich ang xir
cua két cau tam composite FGM (ké ca ly thuyét Quasi-3D).

e Phat trién loi giai giai tich (Navier va Ritz) dé phan tich Gng xir ciia tam
composite FGM.

e Phét trién PP PTHH bang céch st dung phan tir khir khoa cit 1am tron trén
mién, trén canh va trén nat dé phan tich ang xu tuyén tinh va phi tuyén cua
tam FGM.

e Xay dyng chuong trinh tinh toan cua cac phuong phap giai bang ngon ngir
ap trinh Matlab dé tinh toan cac thanh phan ndi luc, tng suat, chuyen vi, luc
tGi han va tan sé dao dong cua két ciu tim composite FGM va tim composite
nhiéu 16p.

e Khao sét nhiéu dang bai toan khac nhau nhiam ting tinh da dang va mac do
phong phu cua luan an, déng thoi kiém tra két qua dat duoc va so sanh Vi
cac két qua cuia cac nghién ciu khac.

e Su anh huong cua cac phuong phap ddng nhat hod, k¥ thuét lam giam sb an
cua phuong trinh dac trung, h¢ s6 dic trung vat licu, ti s6 hai canh, ti s6 canh
trén chiéu day tam, cau tric phan Iép, hé sé nén, céac ly thuyét bién dang cat
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bac cao khac nhau, cac phuong phap lam tron phan tir, ly thuyét bién dang
I6n... déu duoc khao sat va phan tich mét cach chi tiét.
e Dua ra cac nhan xét, két luan va hudng phat trién cua luan an.

1.4 Ngi dung nghién ctru

Nhitng khai niém, dic tinh, lich sir phét trién va ung dung cua vat liéu FGM trong
k¥ thuat, mé hinh uéc luong cac dac tinh hitu hiéu, co sé ly thuyét va cac phuong
phap tinh toan cho két cdu tam di duoc dé cap. Tuy nhién, do su thay d6i dan dan
dac tinh vat liéu FGM cho phép tao ra nhitng loai vat liéu méi c6 tng dung rong réi
trong thuc té, ciing chinh vi thé tao nén sy khong déng nhat vat liéu va gay ra mot
sb bat loi vé viéc phan tich tng xu cua két cau, nhat 1a vi tri mat trung hoa vat ly.
Bén canh dé, viéc ap dung cac ly thuyét tinh toan khac nhau FSDT, HSDT, Quasi-
3D, ké ca HSDT c6 ké dén thanh phan bién dang nho chuyén vi 16n cho két cau tam
FGM van con mot sb ton tai nhat dinh: hé sé diéu chinh cit, chon ham bién dang cit
thich hop cho tit ca cac bai toan... Hon thé nita, viéc st dung PP PTHH dé giai
phuong trinh dic trung con gap kho khan bai hién tuong “khoa cat”, phuong trinh
dic trung bi suy bién khi st dung ly thuyét HSDT... Nhitng ton tai nay s& duoc giai
quyét thdng qua cac ndi dung nghién ctu caa luan an:

e Két hop hé sb diéu chinh cit cai tién da phat trién véi vi tri mat trung hoa vat
1y trén co so ly thuyét FSDT dé phan tich bai toan tinh, 6n dinh va dao dong
tu do cua két cau tam composite FGM théng qua viéc thiét lap phuong trinh
can bang, st dung 1oi giai Navier va PP PTHH dé giai quyét bai toan. Trong
phan nay, cling xét dén ky thuat lam giam s6 an sé cua phuong trinh dic
trung, xét anh huong cua nén dan hoi. ..

e D& xuit mot ham bién dang cit bac cao moi dé xay dung ly thuyét HSDT va
Quasi-3D dé phan tich bai toan tinh, 6n dinh va dao dong tu do cua két ciu
tam FGM khi chiu tai trong co hoc va nhiét do. Két hop 1oi giai Ritz dé phan
tich cho tam voi cac diéu kién bién khac nhau theo phuong phéap giai tich
nham khic phuc nhuoc diém cua loi giai Navier.

e Phat trién phan ta khir khoa cat CS-MITC3, ES-MITC3, NS-MITC3 dé phan
tich bai toan tinh va dao déng tu do caa két cau tim FGM.

e Phat trién phan tir khir khoa cit CS-MITC3, ES-MITC3 theo ly thuyét bién
dang Von—Karman dé phén tich bai toan tinh voi phi tuyén hinh hoc cua két
cau tim FGM va tim composite nhiéu 16p.

e Danh gia hiéu tng ciia cac md hinh tinh toan vat liéu dong nhat hoa thong
qua viéc phan tich tng xu cua két cau tim composite FGM.

1.5 Tinh méi caa luan an
Thong qua ngi dung nghién cau, tinh mai cua luan an duoc tong hop va thé hign
nhu Hinh 1.23. Tinh méi sé lan luot xuat hién trong tirng chuong cua luan an:
e Kéthop hé sb diéu chinh cit cai tién da phat trién véi vi tri mét trung hoa vat
Iy trén co s¢ ly thuyet FSDT dé phan tich bai toan tinh, 6n dinh va dao dong
tu do cua ket cau tam FGM va composite FGM. Ngoai ra, luan an cling de
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cap dén ky thuat 1am giam sé an sé cua phuong trinh dic trung, xét anh

hudng caa nén dan hdi théng qua 161 giai Navier va PP PTHH.

Dé xuit mot ham bién dang cit bac cao mai dé xay dung ly thuyét HSDT va

Quasi-3D dé phan tich bai toan tinh, 6n dinh va dao dong tu do cua két cdu

tam FGM va composite FGM khi chiu tai trong co hoc va nhiét do. Két hop

loi giai Ritz dé phan tich cho tim vai cac diéu kién bién khac nhau theo

phuong phap giai tich nham khic phuc nhuoc diém caa 1oi giai Navier.

Phat trién phan tir khir khoé cit CS-MITC3, ES-MITC3, NS-MITC3 dé phan

tich bai toan tinh va dao dong tu do cua két cau tim FGM va composite FGM

tir ham bién dang cit bac cao dang da thirc bac 3 va ham bién dang cat bac

cao cua luan an.

Phat trién phan ti khir khoé cat CS-MITC3, ES-MITC3 theo Iy thuyét bién

dang Von-Karman dé phan tich bai toan tinh cua két cau tam FGM va tam
composite nhiéu 16p tir ham bién dang cit bac cao dang da thirc bac 3.

Danh gia hiéu tng cua cac md hinh tinh toan vét li¢u cling nhu cac quy luat

ing xir hién nay thong qua viéc phan tich (ing xur cua két ciu tam composite

FGM.
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Hinh 1.23: Tong hop cac d6i tuong lién quan dén bai toan tam FGM
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1.6 Bé cuc luan an

Luan an bao gom 171 trang (khdng ke phan tai ligu tham khéo va phu luc), 100 hinh
va 60 bang biéu. Ngoai phan m¢ dau, luan an bao gom 7 chuong:

Chuong 1 trinh bay téng quan ly thuyét lién quan dén vat liéu composite
chic ning, cac mé hinh phan bd vat liéu, cac ly thuyét tinh todn va céc
phuong phap giai phuong trinh dac trung cua bai toan.

Chuong 2 trinh bay mé hinh phan tich tdm chirc ning theo ly thuyét bién
dang cat bac nhét, chu yéu tap trung khai thac hé s hiéu chinh cit cai tién
két hop vai vi tri mat trung hoa vat ly dé phan tich bai toan tinh, 6n dinh va
dao dong cho két cau tim FGM. Ngoai ra, luan an ciing xét den k¥ thuat lam
giam s an sé cua phuong trinh dic trung, anh hudéng cia nén dan hoi thdng
qua loi giai Navier va PP PTHH.

Chuong 3 trinh bay mo hinh phan tich tim chirc nang theo 1y thuyét bién
dang cat bac cao, phan nay luan &n phat trién mot ham bién dang cat bac cao
méi dé xay dung ly thuyét HSDT va Quasi-3D cho phan tich bai toan tinh,
on dinh va dao dong cua két cau tim FGM khi chiu tai trong co hoc va nhiét
d6. Két hop 1oi giai Ritz dé giai quyét bai toan tim véi cac diéu kién bién
khac nhau cua phuong phap giai tich nham khic phuc nhuoc diém cua 10i
giai Navier.

Chuong 4 trinh bay phan tich tim FGM bang phan tir MITC3 1am tron st
dung Iy thuyét bién dang cit bac cao, phan nay dé cap dén phan tir khir khoé
cit cua PP PTHH két hop vai viéc 1am tron trén mién (CS), trén canh (ES) va
trén nat (NS) phan tir & phan tich bai toan tinh va dao dong ty do cua két
cau tam FGM.

Chuong 5 trinh bay phan tich tim FGM bing phan ta CS-MITC3 va ES-
MITC3 c6 xét thanh phan bién dang nho chuyén vi 16n Von—Karman theo ly
thuyét bién dang cat bac cao, phan nay tap trung khai thac thanh phan phi
tuyén cia trudong bién dang dé phan tich bai toan tinh ciia két cau tam nham
mang dén két qua tin cay dung véi su 1am viéc cua két cau.

Chuong 6 trinh bay hiéu ing cac phuong phap tinh toan cac dic tinh dan hoi
d6ng nhat hoa dén tng xtr cua tim FGM, phan nay chi yéu danh gia hiéu
ung cac mod hinh tinh toan vat liéu hién nay théng qua viéc phén tich ang xu
cua két cau tim FGM.

Chuong 7 trinh bay két luan, cac két qua dat duoc, hudng phat trién tiép theo
cling nhu cac ndi dung lién quan ma trong khuon kho luan an chua dé cap
den.
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CHUONG 2

MO HINH TAM CHUC
NANG SU DUNG LY
THUYET BIEN DANG CAT
BAC NHAT

2.1 Giéi thiéu

M6 hinh phan tich tim chtic ning (FGM) theo ly thuyét bién dang cit bac nhat
(FSDT) la md hinh don gian dé phan tich tng xu cua két cau tim. Theo mé hinh
nay thi gia tri (g suat cat 1a hiang s6 theo chiéu day cua tim nén doi hoi can phai c6
mot hé s6 diéu chinh cat dé tinh todn gia tri ng suat nay. Bén canh d6, FGM la loai
vat liéu khong ddng nhat nén can phai xac dinh chinh xac vi tri mit trung hoa vat ly.
Trong chwong nay lan luot trinh bay cac van dé sau: truong bién dang va dong hoc,
phuong trinh niang luong, phuong phap giam bét s6 an cua bai toan, vi tri mat trung
hoa vat 1y, phuong phap tinh toan (sur dung loi giai gial tich va PP PTHH dé phan
tich bai toan), két qua tinh toan sé. Cudi cung Ia nhitng két luan thu duogc tir qué
trinh phén tich loi giai.

2.2 Truong bién dang va déng hoc

2.2.1 MO hinh va dic trung vat liégu tam FGM

Tam FGM hinh chir nhat ¢ canh dai 14 a, canh ngan 13 b va chiéu cao la h dat
trén nén dan hdi nhu Hinh 2.1. i voi tim FGM duoc ché tao tir gém (ceramic) va
kim loai (metal) c6 cac dac tinh hitu hiéu vat liéu thay doi lién tuc theo chiéu day
tam theo quy luat iy thira va ham mil.

h/2 - - - ceramic
Q’/L . S e TR T )

metal

-h/2

(a) M6 hinh tim (b) Loai A
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z z

h,=h/2 ceramic  h,=h/2 metal .
h1 ¢ metal hl e s S S S ceramic
h,=-h/2 metal h,=-h/2 metal
a a
(c) Loai B (d) Loai C

Hinh 2.1: M6 hinh tam FGM
Dic trung hiru hiéu cua tim duoc xac dinh theo quy luat ham luy thira [2] (PGM):

PU(2)=(R-R NV, (2)+P, (21)
trong d6 P, va P 1a mddun dan hoi (E ), hé sb Poisson (1), khdi lwong thé tich (p)
cua vat lieu gom va kim loai; V. 1a ham mat do thé tich thay doi theo quy luat liiy
thira hé §6 mil tuy thugc vao ting loai tam (Hinh 2.2):
e Tam loai A: dwoc ché tao tir kim loai va gém véi ham mat do thé tich cua vat
licu gom (V,) (Hinh 2.1Db):

Vc(z)=(222;hjpvéi Ze{—h,h} 2.2)

2 2
trong d6 p 1a hé sb dic trung vat lidu, h 1a chiéu day tam.
e Tam loai B: 1a tim composite véi 16p trén 1a gbm, 16p dudi duoc ché tao tir
kim loai, va 18i gitta dugc 1am tir kim loai va gém (Hinh 2.1c). Ham mat do
thé tich cua vat lieu gébm (V. ) tai mdi phan 16p:

VP (z)=0; ze[hy,h]
an_[2-h ). i
Ve (Z)—(hz_hlj, zelh,h,] (2.3)
VP(2)=1 zelh,h]

e Tam loai C: la tam composite vai I6p trén, 16p du6i duoc ché tao tir gom va
kim loai, va 16i gitra dugc lam tir gom (16i cang) hay kim loai (161 mém)
(Hinh 2.1d). Ham mat do thé tich caa vat ligu gom (V,) tai mi phan 16p:

Vc(l)(z):(Z—ho] : ZE[hO,hl]

hl_hO
V/2(z)=1 ze[h,h] (2.4)
@ | 2-h, p_ c
Vc (Z)—(hz_hsj y L [hzihs]

Pic trung hiru hiéu cua tim ciing duoc xac dinh theo quy luat ham mii [129]
(EGM):
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(b) Loai B

0.06

0.04

0.02

0 c c c c
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 10 20 30 40 50

Ve

p
(c) Loai C (d) Vi tri mat trung hoa vat ly (loai A)

Hinh 2.2: Gia tri V, va vi tri mat trung hoa vat ly theo chiéu day tim

2.2.2 Vitri mat trung hoa vat ly o ,
Truong chuyen vi tai mét trung hoa vat ly (Hinh 2.1) theo ly thuyet bien dang cat
bac nhat:

u(xy,z) =u(x,y)+(z-2)6,(xYy)

U, (X,Y,2) =V(X,y) +(z-2,)6,(x,y) (2.6)

Uy (X, Y,2) = W(X,y)
trong d6 U, v, W, 6,, 6, 12 cac thanh phan chuyeén vi va géc xoay tai vi tri mat trung
hoa ctia tim, z, 1a vi tri mat trung hoa vat Iy dbi véi mat trung binh.
Ngoai ra, nham lam giam bét s6 an sé ctia phuong trinh (2.6) thi mot phwong phép

giam bién do la tach thanh phan chuyén vi w thanh hai thanh phan: chuyén vi do
uon w, va chuyen vi do cat w,. LUc nay, hai thanh phan goéc xoay dugc xac dinh
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theo thanh phan chuyén vi uén: @, =—ow, / ox, 8, =—ow, / dy (két qua bai toan 4
bién nam trong phan phu luc). Phuong trinh (2.6) dwoc viét lai:

u,(x,y,z) =u(x,y)+(z- Zo)%

u,(X,y,2) =v(X,y)+(z- Zo)%

(2.7)
. U, (x,y,z) =W, (X,Y)+W57(X,y)
Quan h¢ gitra truong bién dang va treong chuyén vi suy ra tir (2.6) nhu sau:
gxx 8>(<)X Kxx
Epy = ggy +(2-7y)9x,, (2.8a)
7 xy 7/>(<)y Ky
0
]/XZ }/XZ
= (2.8b)
{7/ yz} {7’ Sz}
Xét thanh phan bién dang va chuyén vj thang theo phuong X (2.8a):
ou o*'w
g =& +(1-2))K, =—+172,— 2.9
XX XX ( 0) XX ax 1 axz ( )
trong d6z, =7-12,.
Quan hé giira (rng suat va bién dang:
o, =E(7)e, (2.10)
Diéu kién can bang vat thé:
h
20
YF=[ c,dA=0 (2.11)
h
o,
Thay (2.9), (2.10) vao (2.11) va bo qua thanh phan du / ox:
h
2" oW
hjz E(zl)zlydzl =0 (2.12)
2 0
Viét lai:
h h
2 Z o'w
zE(z)dz- | z,E(z)dz =0 2.13
) )
Vi tri mat trung hoa vat ly (Hinh 2.2d):
h/2
j ZE(z)dz
Z, = _Eg (2.14)
[ E(2)dz

-h/2
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Cong thirc (2.8a), (2.8b) viét lai dudi dang ma tran:
e=g"+(2-2)k (2.15a)
v=v° (2.15b)
trong d6&°, kva y°la cac thanh bién dang mang, bién dang udn va bién dang cat
cua tim. Quan hé giira cac thanh phan bién dang va chuyén vi:

ou 00,
0 OX y OX
b X 00
g =q¢g, = (ol , K=<k, =1 — (2.16a)
0 oy K, oy
N a_u @ aex + aey
dy X dy  ox
0 @ +0,
y° :{7 32}: g\’,‘v (2.16b)
Yy —+6

2.3 Phuong trinh nang lwgng
Nguyén ly bién phan Hamilton cia mot hé duoc xac dinh:

0:](5u +6V —SK +8U, Yt (2.17)

0
trong d60U , oV, SKvadU. la cac thanh phan bién phan ning luong bién dang,
bién phan thé nang, bién phan dong niang va bién phan ning luong bién dang nén
cua tam FGM. ,
Thanh phan bién phan nang luong bién dang:

h/2

oU = j j (o, 0, + 0,08, +0,0y,, +0,07, + ayzﬁy/yz)dAdZ

A-h/2
006
:f[ N OOy 200, 20u 000, (3du ooy
A OX OX oy oy oy  OX
859
090, y +QX(85W 59) Q,[ 22% 5, | |dA (2.18)
ay O0X OX oy
trong 30N, M va Q la céc thanh phan noi luc trong tam:
h/2
(NaoNy,. Ny )= [ (0400,.0,)dz (2.19a)
—h/2
h/2
(MM M )= [ (2-2)(0.0,,0,)dz (2.19b)

-h/2
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h/2

(QX’QY)z J. (O-XZ’Gyz)dz (219C)

-h/2
Thanh phan bién phan thé nang:
oV =—[NswdA- [gowdA (2.20)
A A

trong d6 q 1a tai trong phan bd trén tim, N l1a thanh phan lyc nam trong mit trung
hoa cua tim:

2 2 2
N=Ne IW one OW | o OW (2.21)
OX Yoxoy 7 oy
Thanh phan bién phan dong ning:
K = [ (1,60, +U,8U, +Uydy )o(2)dAdz = [[ 1, (U0 +VoV + W)
\% A
+1, (0S8, + 6,80+ 950, +6,0) + 1,(6,50, + 6,50, ) |dA (2.22)

trong d6 dau (-) 1a dao ham cac thanh phan chuyén vi theo thoi gian (t), p(z)la

khéi lugng riéng va 1, 1., 1, 1a cac thanh phan quan tinh cia tam:
h/2

(lo 1 1) = [ (L(z=2,).(z—2,)*) p(2)dz (2.23)
—h/2
Thanh phan bién phan nang luong bién dang nén:
2 2
U, =[| Kw-K, oW OW ) | SwdA (2.24)
A ox"™ oy

trong d6 K, K, la cac gia tri hé s6 nén.

Thay (2.18), (2.20), (2.22) va (2.24) vao (2.17) va thyc hién cac phép bién doi toan
hoc, phuong trinh ciia hé duoc biéu dién duéi dang cac phuong trinh Euler—
Lagrange (bang cach cho cac gia tri twong tng véi cac bién phandu, ov,ow, 56, va
o0, bang 0) c6 dang nhu sau:

OoN o
Su: ON +—L=1,U+1,0,
OX oy
ON .
5V axy +Wyy: |0V+|10y
X
0 _
5W:®+&—KWW+ K V2W+ N (W) +q = l,W (2.25)
ox oy
oM iy
59X:%+—XV—QX = LU+ 1,0,
OX oy
oM )
56, :—agﬂxx +—8yxy -Q, =1V+1,6,
X
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véi V2 =02 1ox* +0° | oy°.
2.4 Quan hé giira ni lwc va bién dang

Phuong trinh &ng xir cia tim FGM biéu dién méi quan hé giira (rng suat va bién
dang:

wi=1Ca Cp 0 |1¢, (2.26a)
Ty 0 0 Cg Vyy
Xz C O XZ
° { > } ! (2.26b)
oy, 0 C,ll7y
trong do:
E(2)
C11(Z):C22(Z)_1_ ()2’ 12(2) V(Z)Cn(z) (2.273)
E(2)

Cu(2)=Cy(2)=C() =—— 2.27b
4(2) = C55(2) = Cy(2) 20+ 1(2)) (2.27b)

Thay (2.19) vao (2. 26) va két hop vai (2. 27) ta thu dugc méi quan hé gitra cac thanh
phan luc va md men udn véi cac thanh phan bién dang:

L ol e

trong d6A,D,B lan luot 14 cdc ma tran d6 cing mang, do cing udn, do cing

tuong tac gitra mang, udn va xoan cua tim FGM.
h/2

(AB,D)= [ (L(z-1,).(2-2)*)C(2)dz (2.29)

—h/2
Tuong tu, thanh phan lyc ct:

Ql _[A, o |{r
oS 2l =

Q=A%° (2.31)
2.5 Hé sé diéu chinh bién dang cit

hay dudi dang thu gon:

Do cing cat cia tim FGM:

h/2 h/2

A=A =1 | Cu()dz=x° [ Cy(z)dz (2.32)

—h/2 -h/2
Vv6i x° 12 hé s hiéu chinh bién dang cat »°, vi »°1a hang sé theo chiéu day tam.
Phuong trinh (2.28) duoc viét lai:
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°) TA BT (N b](N
el |8 (2.33)
K B D M b d||M
Thay thé cac gi4 tri tng suat tir (2.26) ta c6 duoc tng suat trong mat phang tim
6 = [GXX o, O'W]T nhu sau:
(i) (X, Y, 2) =[C(2)(a+ (2 — Z)b)IN(X, y) +[C(2)(b + (z — 2,)d)]M(X, Y) (2.34)
Hé s hiéu chinh bién dang cit ciing duoc tinh toan thong qua do cang cat [1]:

o0, . oo,,
oy, ¢ | ox oy
O op) = { } =— | & (2.35)
Oy ~hr2 any n 8ny
OX oy

Thanh phan ng suét cat ciing duoc xac dinh theo cac phuong trinh Gng X
GXZ R 0 X
= { H } Q (2.36)
o 0 R,||Q,

R(2)=— [ C(&)(b+&d)dé (2.37)
—h/2
Can bang nang luong bién dang cat trén mot don vi dién tich:
h/2 h/2 2 2
~Q ] Rul@)y, 1Q0 (2.38)

Ty =74 0xz7xzdz = ~7o\ -
2, 126(z)  2H

Voi:

Ta thu dugc do cang cit cai tién (H ):

H,=H_,=H-= (hhfz % dz] (2.39)

trong d6G(z) = E(z)/2(1+v(z))la mddun cat thay doi theo chicu day tam.

Ldc nay, hé s hiéu chinh cat cai tién () duoc xéac dinh:
PRSI B (2.40)

h/2

[ Cyi(2)dz

—h/2
Thanh phan luc cat trong tam s& duoc viét lai nhu sau:

oHs 1) =
Qy 0 H 7/82

Thay thé (2.41), (2.28) vao (2.25) ta s& c6 duoc hé phuong trinh can bang cua tim
FGM theo c4c thanh phan chuyén vi (u, v, w, 6, 6,).
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o%u o%u o%v 0%6 0°6
— tAs—t x4B, —~
Ay P Ass Y (A, +Ag) axay B, o B oy
2
Be{%Jra a;]: G+ 1,6,
X
oV az %6, %0,

Azz +Aea (A + Aea)

0°6 2 .
+BGG[—V+ 0 0X J =1V +10,

22 8y2 + B12%

ox*  oxoy

2 2 89 .
H 6\/2v+66' 8w+ — K W+ K VwW+ N (w)+q =,
x> ox  oy: dy
o 0% %6, %6 o' o
Bll 2+BIZ +D11_2+D12—y+ 66| ~ 2
OX oxoy OX oxoy oy® oxoy
2 620 ..
1D, | Lh 4 —H(@wj_llmlz@
oy’ oxoy OX
o’v o’u %6 0°0, o’v o4
B, — +B, +D,,—+D, +Bg| —5+— 2 42
oy oxdy oy oxdy oy>  oxoy (2.42)
0%6 ..
O i VPR ]
ox? 6x6’y oy

Néu sir dung trudng chuyén vi 4 bién theo (2.7) thi phuong trinh can bang dé giai co
dang:

o%u o%u o*w, o*w, o*w,
Auy"'Aeeg (A1 Aes) 8y B, o 3b B, 6X6ybz _ZBeewaybz
. OW,
= i——
OX
oV o%v o%u o*w o*w, o*w
Azzﬁ"'Aae 6X2 (A1 A66)8 ay 22 aysb _Blz 8X26by - eem
. OW,
=l V-1, —
oy
o°u o°u v v o'w
Blly—i_(BlZ + ZBGG)W—F(BH +2866)8XT+ Bzzy_ 11674b
o'w, o'w,
-D,, WLJ’—Z(Dl2 + 2D66)6x2—b2_ K (W, + W, )+ KV (W, +w,)

= - ou oV o'W,  O°W,
+N(W)+q:Io(Wb+Ws)+ll(&+@j_|2(asz+ ayzbj
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o’w,  o%w,
H +
(2.43)

=7 8y25J—KW(Wb +w, )+ KV (W, +w, )+ N(w)+q
=, (Wb + \7\'/5)
2.6 Phuong phap tinh toin
2.6.1 Loi giai giai tich
Xét tim FGM hinh chit nhat ¢ canh dai 12 a, canh ngan 1a b va chiéu cao 1a h
nhu Hinh 2.1. Tam chiu tai trong ngang q(X,y) va tai trong doc truc phan bé déu
NS, =RNg, NS =R,N,,N2 =0. Loi giai giai tich (Navier) ap dung cho tam FGM

véi bon bién 12 tya don, trudng chuyén vi cua bai toan dugc xap xi dudi dang chudi
luong giac kép thoa dieu kién bién:

u(x,y,t):iiumnc:os/ixsinyye“"t
m=1 n=1

v(x,y,t):iivmnsinﬁxcos;zye‘“"
m=1 n=1

w(x,y,t)= iiw sinAxsin uye™ (2.44)
m=1 n=1

0, (X, y.t) iix cosAxsin uye'
m=1 n=1

(%, y,t) iiYmnsinﬂ,xcos;zye“"t

m=1 n=1

Twong tu, hai thanh phan w,, w, dwoc xap xi:

W, (% Y,t) =D W, sinaxsin uye'”
meLn=t (2.45)
w, (X, y,t) =D > W, sinAxsin uye
m=1 n=1
trong 46 A=mz/a, u=nz/b, m va n la sb song dao dong theo phuong X va

phuong Yy, @ 1a tin s6 dao dong te do cua tam, i*=-1.

U, Vi W X Yo Womn W, 12 cdc bién d¢ cua song. Tai trong tac dung trén

mn? “mn? " "mn? mn’ mn? " “bmn?

tam ciing dugc Xap xi dudi dang chudi luong giac:

y)=iiqmnsinixsin,uy (2.46)

m=1 n=1
VGi g =0, néu tai phan bd c6 dang hinh sin. Thay thé cac thanh phan chuyén vi va
gia toe tir (2.44) vao (2.42) va (2.45) vao (2.43) thu duoc hé phuong trinh (2.47) va
(2.49) c6 dang (K—-’M)U=q. D¢ phan tich bai toan tinh (giai KU =qdé tim
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bién do ctia song), bai toan on dinh (gidi K| =0 dé timN,), dao dong tu do (tim tri
riéng cua ma tran KM™) cuia tam.
Bai toan 5 bién theo (2.6):
(K5><5 _ a)zM5x5)U5x1 _ q5><l (2.47)

trong do:

ky, = Anﬂz + Aeelu Ky, = (A12 + A%)ﬂ,u, 14 = 811/12 + 866,“

Kis (Blz + Bee)lﬂ’ 22 Aesﬂz + AQZILI Ky = (Blz + Bes)/iﬂ

Kps = BgoA” + Bypti® Koy = H (A2 + 1% )+ K + K (27 + 1 )+

Ky = HA, Ky = H 1, Ky = (DA% + Dggs® + H) (2.48)
Kys = (D, + Dgs ) A, Kss :(Dse/ﬁtz +Dp,u” +H )
= NO(RM12 + Rzﬂz)

My =My =My =y, M, =My =1
Bai toan 4 bién theo (2.7):
(K™ —’M*)U* =g** (2.49)
trong do:
Ky = ApA” + A66:u ky, = (A12 + Aee)
Kis = 811/13 (Blz + BGG)X’/J Ky, = Ase;tz + A221u2
Kys = zz,u (Blz + Bea)/lzﬂ
Ky =(DyA’ + Dy’ )+ 2(Dy, + 2Dy ) P4’ + e+ B kyy =+ B (2.50)
Ky =H (27 + 4% )+ a+ B, my =m, =m
My = —ply, My = Iy + |2(ﬂ'2 +ﬂ2)
a=Ny(RA*+Ru’), B =K, + K (A + 1)

30 = My, = Io’ m, :_ﬂ’ll

2.6.2 Phwong phép sb (PP PTHH)
2.6.2.1 Thiet lap cac cong thirc phan tir hiru han

Y tuong cia PP PTHH 1a khong can tim dang xap xi cia ham can tim trén toan
mién Q, ma chi trong tirng mién con Q° (mién phan tir) thuoc mién xac dinhQ, .
Phuong trinh c4n bang ning luong dang yéu cua tim FGM:
_ Tk T/ T e
jgéapD sde+jQ(sy Dsde+jQ5w (N +q)wdQ—jQ5u miidQ =0 (2.51)
trong do:

. A B . T
D {B D]DszAs,sp:[ao K] (2.52)
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Theo ly thuyét tam Reissner-Mindlin, truong chuyén vi (u,v, w, 8,, 8,) 1a cac bién
doc 1ap va ham dang ‘duqc Qhon dé biéu dién céc dai luwong doc lap nay la cac ham
noi suy Lagrange. Phan tir tam dwoc chon la phan tir hinh chit nhat gé canh ax b 4
nat, moi ndt ¢6 5 bac ty do la (u, v, w, 6,, 6,) nhu Hinh 2.3a. Chuyén vi phan tir ¢6
dang nhu sau:

4
X,y)= 2 uwi(xy)
j=1
4

X,y) =2 V¥ (%)
j=1
4

w(x,y)= ijl//]?(x, y) (2.53)

Z%wjxy

J
ZSWJXV

V6iy; la cac ham noi suy Lagrange (theo toa d6 tu nhién Hinh 2.3b) c6 dang [21]:

i =3(-8)L-n)wi =41+ )(2-n)

. . (2.54)
v =3+ E)(1+n) pi =2 (1-€)(L+n)
trong do:
2(x-x)-a  2(y-y,)-b
¢ = (x=x) , = y=%) (2.55)
a b
u, v, w, 6, 6, (tai moi nut)
y Y 1
R 3 4 3
%
b /
/ vi 1 2 ¢
O1 2 X \
a 0 Xy X
(@) (b)

Hinh 2.3: Phan tir tim hinh chix nhat va toa do tu nhién
Phuong trinh (2.51) duoc viét lai:
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M 0 0 IM 0 =
o IM 0 0 IM|lv] |F?
0 0 IM 0 0 [Huwl={F (2.56)

IM 0 0 I,M o0 [|S$] |F
0 IM 0 0 ILM|& |F
Hay dudi dang ma tran thu gon:

KEA® + MCA® = F* (2.57)
Céc thanh phan ma tran con trong K, M, F* (o, f=1,2,3,4,5)c6 dang nhu
sau:

L NP1 a_ ([0 \e L OV e
Kl = [| Z2NE +=20NE dxdy, K2 = [| Z50Ng + =2 N2, dxd
' I[ ox oy jd y I( OX oy )
. oy, |
Ki?} :I a Qll l// 'jdXdy
QE
4a 81//| a
% _Je ox oy etV Q“JdXdy =%
K_S_a:J‘ al//, Ma al//| Ma +W‘€Qa. Xdy M :IWel/jedXdy
ol ox oy VRS A

Eoy: oy
0"=—IN0 oy, l//,ﬂ/ﬁv/, dxdy
& OX OX oy ay

trong d6 cac hé s6 N“ My, Q («=1234,51=1,2,6)cé dang:

1j?

81// oy oy; oy
Au -, 12j :Alz—J’ N14j = Blla—XJ’ N15j = Blza—yJ

; oy’ oy

N;J:Aiz ale Azz N4 =B, axj’st:Bzz 8yJ
oy’ 'T’ oy oy’
Né;:Aaea—XJ!Nezj:Aeea—yJ’Ngj:Besa—Xl’Nesjz zsfs@—yJ
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oy oy oy oy
Mllj =B, ]'Mlzj =B,—+, Ml4j :DM@—XJ' ij =D, P :
oy’ oy’ oy: oy’
M;j:Blz aXJ’Mzzj:Bzz—J’M;j:Dua—XJ’ng:Dzz ayJ
oy’ oy® oy’ oy’
Mg, = Bre— = Mg, =By, —ayj M{ =Dy, —L, M, =D, —ayj (2.59)
oy’
NS =N; =N, =M} =M], =M? =0,Q} =H _ ayj’

Q14j = Hl/l?, Q15] :Q24j =0, Q251 = HW?, Fis = J-q(//iedXdy
Qe
v6i q 14 tai trong phan bd theo phuong z trén phan ter tam.
2.6.2.2 Hién twong “khoa cat”
Khi chiéu day cua tam nho hon nhieu lan kich thudc 2 canh cua tam, két qua tinh
toan do vong theo ly thuyét, tam Reissner-Mindlin, vé mat ly thuyet, phéi,trung V6i
ket qua khi st dung ly thuyet tam Kirchoff. Tuy nhién, ket qua tinh toan so6 cho thay

do vong cia tim nho hon nhiéu so véi thuc té, hién tuong nay goi la hién tuong

“khéa cat” (shear locking). V& mat ly thuyét, véi tim mong, bién dang city,, va Yy

bang 0 ([21]) hay:

,+ -9+ M_y (2.60)
OX ay

va do do trong biéu thirc ning luong khong tdn tai phan ning luong do bién dang

cat. Thanh phan nang luong do bién dang cat nhu sau:

1 ow) ow
Ei[H(eﬁa—y] +H(9 +&j ]dxdy (2.61)

Hién twong “khoa cat” cho thy, trong tinh toan so, bién dang cat y,, va y,, khong
bang 0 khi chiéu day cua tim mong. Ngoai ra, dbi véi tim dong nhat, do cang udn
D, ti 1 voi h® trong khi do cung catH ; ti 1¢ voi h, nén khi chicu day cua tam
mang thi hé s6 H,; 16n hon rat nhiéu so véi D, . Diéu nay 1am cho phan nang lugng
do bién dang cét van con dang ké trong biéu thirc nang luong cua tam, 1am anh
hudng den két qua bai toan.

Mot cach don gian dé giai quyét hién tuong “khoa cit” 1a sir dung ky thuat tich
phan giam (reduced integration). Dy la phuong phép st dung phép cau phuong
Gauss dé tinh cac ma tran thanh phan trong phuong trinh chuyén dong theo PP
PTHH, trong d6 cac hé s6 chira H,; duoc tinh voi sé diém Gauss it hon mot bac so

Vvé6i s diém Gauss can thiét. Trong truong hop voi phan tir chit nhat 4 nit nhu trén,
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cac hé sé H, duoc tinh véi 1 diém Gauss, con cac hé sb con lai dugc tinh véi 2
diém Gauss.
2.6.2.3 Phwong phap ciu phuwong Gauss
Viéc xac dinh cac ma tran thanh phan trong phwong trinh can bang (2.57) can phai
tinh tich phén co6 dang sau:
| = [ f(x,y)dxdy (2.62)
o

Phuong phap Gauss ap dung cho cac tich phan c6 can tir -1 dén +1, do d6 tich phan
(2.62) dugc chuyen sang hé toa @ tu nhién cta phan tir nhu sau:
11
I= [ f(uy)dxdy= [ f(&nldédn=[[fEmPdsdn  (263)
Q°f Q° -1-1

trong d6|J| 1a dinh thirc ma tran Jacobian va dwoc xac dinh nhu sau:
21 (L=1)(% =) +(L+m) (%= %) (L=m)(y, = ¥o)+(L+7)(¥s - y4)] _ Fll le} (2.64)
4 (1-8) (X =X )+ (14 &) (% =%) (1-&)(Ya=¥)+(1+E)(Ys—2)
Theo tich phan Gauss, tich phan (2.58) dugc xac dinh:
1 n n n n
L~ [ wi(&n)dn=dw Y wf(&n)~2>wwf(&n) (265
St 1 1 i=1 ]

i=l j=1

J 21 22

trong d6 W, va w; la trong s6 cua diém Gauss thiri va j, (&,7,) 1a toa do diém Gauss
thir i. Khi sir dung 1 diém Gauss, £ =n7=0va w, =w, =2. Khi sir dung 2 diém
Gauss, w, =w, =1 va toa do diém Gauss duoc xac dinh nhu Hinh 2.4.

AN
S Y 3
V3 R
1
=73 1 2
1 1
te- g g

Hinh 2.4: Biém Gauss theo qui tic tich phan 2 diém
2.7 Kétquasé

Trong chuong nay, mot s6 vi du s ap dung cho tim FGM thong thuong (Loai A),
tam sandwich cd 18i 1a FGM, mit trén va mat dudi 1a vat liéu ddng nhat (Loai B),
tam sandwich c6 16i 1 vat liéu dong nhat, mit trén va mat dudi 1a FGM (Loai C) c6
kich thugc hinh chit nhat (Hinh 2.1). Tinh chét vat liéu cia cac thanh phan nhu
trong Bang 2.1.
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Bang 2.1: Pic tinh vat liéu cua kim loai va gébm

Vit liéu E (GPa) p (kg/m®) v
Aluminum (Al) 70 2707 0.3
Aluminum (Al*) 70 2702 0.3
Alumina (Al,O5) 380 3800 0.3
Zirconia (ZrO,) 151 3000 0.3
Silicon carbide (SiC) 420 3210 0.3
Tungsten carbide (WC) 700 15800 0.3

Bién thién ciia modun dan hoi, khoi luong riéng theo quy luat luy thira (2.2) va ham
mil (2.5), h¢ so Poisson khong thay doi theo chieu day tam. Luan an lan luot khdo
sat cac bai toan tinh, 6n dinh va dao dong tu do cua tam FGM va tam sandwich
FGM.

Céc dai lugng khdng thir nguyén sir dung cho két qua 1oi giai:

_ . 1000°E, (. b _ 10nE, (a b
0(z)=—7—2u, O’E’Z ;O =—"u,

a‘q, a‘q, °l2'2
_ h ab . 10h? ab
Gu(2)=—0| = 22|, 6,(2)="F—04| = 2.2

ag, 2 2 a‘q, 2 2
5. (2) =0, (0,0,2), 5, =0, (0,2/2,0)

ag, 0

2

_cr:Ncr 2 3,0_)=a)h =

E_h E,

4 2 3
< _Ka K K.a D E.h

2
a,

n N a? . wa’
N = Tooee = Ty o Lkalm
0 0

2.7.1 Bai toan tinh

(2.66)

Khao sat gia tri chuyén vi, ang suat trong va ngoai mat phang ciaa tam vuéng FGM
(loai A) voi a/h=10 va cé4c hé sé dic trung vat liéu ( p) khéc nhau dudi tic dung
cua tai phan bd dang hinh sin. bé khéng dinh mtrc d6 tin cay cua lo1 giai, luan an
tién hanh so séanh két qua phan tich véi mot sé nghién ctru da dugc cong bd (Bang
2.2va2.3).
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Bang 2.2: Gia tri chuyén vi va tng suat caa tim FGM (loai A, Al/Al,O5) hinh vudng twa don theo
phuong phap gidi tich (a/h=10,K, =0,K,=0)

p Thamkhio T(-h/4) T 5,(h/3)  o,(-h/3)
1 FSDT 5n 0.6444 0.5734 1.4968 0.6125
FSDT 4n 0.6444 0.5734 1.4968 0.6125
HSDT [67] 0.6398 0.5880 1.4888 0.6109
TSDT [130] 0.6414 0.5890 1.4898 0.6111
2 FSDT 5n 0.9033 0.7352  1.4057 0.5459
FSDT 4n 0.9033 0.7352 1.4057 0.5459
HSDT [67]  0.8957 0.7564 1.3940 0.5438
TSDT [130] 0.8984 0.7573 1.3960 0.5442
4 FSDT 5n 1.0578 0.8485 1.1922 0.5693
FSDT 4n 1.0578 0.8485 1.1922 0.5693
HSDT [67]  1.0457 0.8814 1.1755 0.5662
TSDT [130] 1.0502 0.8815 1.1794 0.5669
8 FSDT 5n 1.0854 0.9322  0.9607 0.5886
FSDT 4n 1.0854 0.9322  0.9607 0.5886
HSDT [67]  1.0709 0.9737 0.9431 0.5850
TSDT [130] 1.0763 0.9746 0.9477 0.5858

FSDT 5n: 1o giai giai tich caa luan &n cho bai toan 5 bién
FSDT 4n: Ioi giai giai tich cua luan 4n chobai toan 4 bién

Bang 2.3: Gia tri chuyén vi va ing suét cia tam FGM (loai A, Al/AlL,O5) hinh vudng theo PP
PTHH (a/h=100,K, =0, K, =0)

SSSS ccce
p Tham khao — — — —

U3 O-xzmax U3 O_xzmax

Gém PP PTHH 0.4044 0.5042 0.1253 0.6592
FSDT [36] 0.4064 0.5067 0.1267 0.6666

05 PP PTHH 0.6277 0.5318 0.1944 0.6945
FSDT [36] 0.6269 0.5311 0.1955 0.6984

1 PP PTHH 0.8110 0.5375 0.2511 0.6983
FSDT [36] 0.8154 0.5404 0.2542 0.7069

15 PP PTHH 0.9472 0.5350 0.2933 0.6982
FSDT [36] 0.9525 0.5380 0.2970 0.7074

2 PP PTHH 1.0393 0.5276 0.3218 0.6873
FSDT [36] 1.0449 0.5304 0.3258 0.6958

3 PP PTHH 1.1419 0.5111 0.3536  0.6673
FSDT [36] 1.1482 0.5139 0.3580 0.6756

33 PP PTHH 1.1608 0.5070 0.3595 0.6619
FSDT [36] 1.1672 0.5098 0.3640 0.6702

4 PP PTHH 1.1944 0.4992 0.3699 0.6517
FSDT [36] 1.2011 0.5020 0.3746  0.6600

5 PP PTHH 1.2289 0.4915 0.3806 0.6418
FSDT [36] 1.2359 0.4943 0.3854 0.6499

10 PP PTHH 1.3489 0.4762 0.4178 0.6216
FSDT [36] 1.3569 0.4790 0.4233 0.6298

20 PP PTHH 1.5222 0.4692 0.4716 0.6127
FSDT [36] 1.5362 0.4735 0.4792 0.6226

Kim loai PP PTHH 2.1213 0.4874 0.6317 0.6120
FSDT [36] 2.2064 0.5070 0.6881 0.6666

PP PTHH: loi giai cua luan an stir dung PP PTHH 5n
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Sau khi kiém tra két qua 1oi giai cia tim FGM thong thuong (loai A), luan an tién
hanh khao sat trudng chuyén vi phan b theo chiéu dai tAm @ng véi cac hé sé dic
trung vat liéu khac nhau. Két qua nhan thay: khi hé sb dic trung vat liéu (p) cang
tang thi do vong trong tdm cang 16n, diéu nay 1a hoan toan phu hop khi mat do
ceramic trong tim giam dan anh huong dén d6 ctiing trong tam nén chuyén vi vi thé
tang theo gia tri p (Hinh 2.5).

15 T T T T 3 T T T T
<I<Kd G p=
<]<]<]<1 <1<]<]<] *Gr p=0

(=Y
w

0.5

< q««ﬂmﬂ«g e

gy Sk
A
r r r r r r "<1<] < b
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
x/a

Hinh 2.5: Gia tri chuyén vj (4, ) ctia tim FGM thong thuong (loai A,
AI*/AL,0;,a / h =10 va tai phan b hinh sin)

Tuong ty, Hinh 2.6 thé hién gia trj (mg suat mang phéan bo theo chiéu day tam cho
truong hop tam sandwich FGM (loai B) khi thay d6i dan hé sb dic trung vat liéu.
Cubi cung, trong phan nay luan &n phan tich chuyén vi caa tim sandwich FGM
(loai C) cho ca hai loai ham mat d6 thé tich (PGM va EGM) duoc thé hién nhu
Hinh 2.7. M6 hinh st dung do ctiing cit cai tién (H ) duoc so sanh véi 10i giai sir
dung hé s6 diéu chinh cit x° =5/6. Két qua cho thay: gia tri chuyén vi cua luan an
I6n hon so voi tinh toan truyén thong trong truong hop tim 16i cing va nguoc lai
cho truong hop tim 18i mém.
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Hinh 2.6: Gi4 tri ang suat caa tam (1-8-1) FG sandwich (loai B, AlI*/Al,O3) hinh

vuéng tua don (a/h =10)
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0.2
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p
(b) LGi ctrng
Hinh 2.7: Gia tri chuyén vi (4, ) ctia tim (1-2-1) FG sandwich (loai C, AI*/Al,03)
hinh vuéng tua don (a/h =10)

2.7.2 Bai toan on dinh

Trong phan nay, tinh chinh xéc cua loi gidi ciing duoc khang dinh théng qua so
sanh vai nhom téc gia Mqhammadi va cong su [131] cho tam FGM ([oai A) Véi cac
phuong luc khdc nhau: 6n dinh nén 1 phuong (R =-1, R, =0), on dinh nén 2
phuong (R, =-1, R, =-1) va 6n dinh cua tAim véi 1 phuong nén va 1 phuong kéo
(R, =-1 R, =1) cho truong hop 4p dung hé sb diéu chinh cat cai tién két hop mat
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trung hoa vat 1y va trudng hop sir dung lai hé s6 diéu chinh cit «° =5/6va khong
xét anh hudng clia mat trung hoa vat ly (Bang 2.4).

Bang 2.4: Gia tri luc t6i han (N_, ) ctia tam FGM (loai A, Al/AlLO;) hinh vudng tya don

(a/h=10)
, P
(R, Ry)  Phuong phép 0 05 1 2 5 10 20 100
(-1-1)  FSDT5n 92889 62019 47960 3.7405 3.1448 2.8478 25002 1.9297

(ooojo 70) 02880 60545 46604 36415 30500 27508 24340 19110
FSDT[131]  9.2893 60615 4.6694 36315 30177 27264 24173 19099
(10)  FSDT5n 185778 124039 95921 74811 62896 56955 50004 3.8594
(oo 70) 185778 121000 93388 72830 61017 55195 48680 38219
FSDT[131] 185785 121220 03391 7.2631 60353 54528 48346 3.8198
(11)  FSDT51 358342 249281 19.4175 151331 126168 113308 9.8666 7.5014
(oogjo g-q) 58342 235411 182173 141950 117469 105290 9.2607 7.3330
FSDT[131] 358416 235920 182206 141073 11.4583 102468 9.1281 7.3263

Khao sat sy anh huong caa hé sb dic trung vat lieu (p) doi véi luc t6i han (N_,)
(Hinh 2.8), sy anh huéng cua chiéu day ti d6i (a/h) ddi véi luc t6i han (N_,)
(Hinh 2.9), sy anh hudng cua chiéu day ti ddi (a/h) va hé sb dic trung vat liéu
(p) ddi véi cac luc t6i han (N, ) khac nhau (Hinh 2.10), sy anh huéng cua chiéu
day ti d6i (a/h) va hé s6 dic trung vat liéu (p) doi véi luc téi han (N, ) cho cac
loai vat liéu khac nhau (Hinh 2.11) cua tim FGM (loai A).

18 T T T
—<—FSDT 5n

"FSDT 5n (x°=5/6)
—&—FSDT 5n (z,=0)

———————— ~FSDT 5n (°=5/6, 7,=0) |

14

0 5 10 15 20

Hinh 2.8: Gia tri luc téi han (Ncr) cua tim FGM (loai A, Al/Al;O53) hinh vubdng tua
don (a/h=10,R =-1 R, =0)
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5.2 |
cr
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4.4 : y r r
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a/h

Hinh 2.9: Gid tri lyc toi han (N, ) cua tam FGM (loai A, Al/AlL,O5) hinh vuéng tua
don (p=10,R =-1 R, =0)

50+
R,=-LR,=1

201 o RTLR0

30

201

10— 4 |
60
0~
20 ' alh
plo 5 o O
Hinh 2.10: Gia tri lyc t6i han (N_ ) caa tim FGM (loai A, Al/Al,03) hinh vudng

tua don
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Hinh 2.11: Gia tri lyc t6i han (N_ ) caa tim FGM (loai A, Al/Al,03) hinh vudng
tua don véi cac loai vat liéu khac nhau (R, =-1, R, =-1)

Gia tri luc toi han (Ncr) cling dugc Xét sy anh huong do thay d6i hé sé dic trung
vat liéu va ti s giira canh trén chicu day tam (Hinh 2.12). Bén canh d6, trong Hinh
2.13 thé hién luc téi han tng véi truong hop xét va khong xét anh huong caa mat

trung hoa vat ly.

5 T T T T T . L L ) .
‘@,,, —ft
T ) = |
. P
o /;j;‘i%':/ |
pa
¢ A////,/
or 3.5 7 |
3r |
@ -
l / a/h=10
. y / e s
| R a/h:30
| < a/h=40 .
a/h=50
1.5 r : ; 2 r r r r r
0 2 4 6 8 10 12 14 16 "
p

20

Hinh 2.12: Gié tri luc téi han (Ncr) cua tim (1-8-1) sandwich FGM (loai B,

Al/AlLO5) hinh vudng tua don (R, = -1, R,

=-12,#0)
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Hinh 2.13: Gia tri luc tai han (Ncr) cua tam (1-8-1) sandwich FGM (loai B,
Al/Al,O3) hinh vuéng tya don (a/h =10)
Két qua phan tich luc téi han tim loai C duoc kiém ching théng qua so sanh véi 1oi
giai su dung ly thuyét bien dang cat bac cao va Quasi-3D. Nhan thay: két qua
nghién ctru cua luan an kha phu hop véi cac nghién ciru nay (Bang 2.5).
Bang 2.5: Gia tri luc t¢i han (N, ) caa tim sandwich FGM (PGM, Al/Al,Os, loai C, 16i cting) hinh
vudng twa don (a/h=10,R =-1 R, =-1)

p Tham khao 1-0-1 2-1-2 2-1-1 1-1-1 2-2-1 1-2-1
0 FSDT 5n 6.50224 6.50224 6.50224 6.50224 6.50224 6.50224
Zenkour [132] (TPT) 6.50248 6.50248 6.50248 6.50248 6.50248 6.50248
Zenkour [132] (SPT) 6.50303 6.50303 6.50303 6.50303 6.50303 6.50303
Meiche et al [133] (HPT) 6.50276 6.50276 6.50276 6.50276 6.50276 6.50276
Neves et al [133] (HSPT) 6.50266 6.50266 6.50266 6.50266 6.50266 6.50266
Neves et al [134] (Quasi-3D)  6.47652 6.47652 6.47652 6.47652 6.47652 6.47652
0.5 FSDT 5n 3.67679 3.96622 4.10823 4.21480 4.40145 4.60566
Zenkour [132] (TPT) 3.68219 3.97042 4.11235 4.21823 4.40499 4.60841
Zenkour [132] (SPT) 3.68284 3.97097 4.11269 4.21856 4.40519 4.60835
Meiche et al [133] (HPT) 3.68190 3.97023 4.11236 4.21823 4.40514 4.60878
Neves et al [133] (HSPT) 3.59354 3.87157 4.00853 4.11071 4.29073 4.48676
Neves et al [134] (Quasi-3D)  3.58096 3.85809 3.99480 4.09641 4.27592 4.47110
1.0 FSDT5n 2.58239 2.91934 3.09595 3.23203 3.47425 3.75279
Zenkour [132] (TPT) 2.58357 2.92003 3.09697 3.23237 3.47472 3.75328
Zenkour [132] (SPT) 2.58423 2.92060 3.09731 3.23270 3.47490 3.75314
Meiche et al [133] (HPT) 2.58315 2.91970 3.09686 3.23225 3.47476 3.75359
Neves et al [133] (HSPT) 2.53913 2.86503 3.03679 3.16779 3.40280 3.67204
Neves et al [134] (Quasi-3D)  2.53062 2.85563 3.02733 3.15750 3.39207 3.66013
5.0 FSDT 5n 1.32080 1.51412 1.69229 1.78553 2.05119 2.36523
Zenkour [132] (TPT) 1.32910 1.52129 1.70176 1.78978 2.05605 2.36734
Zenkour [132] (SPT) 1.33003 1.52203 1.70224 1.79032 2.05644 2.36744
Meiche et al [133] (HPT) 1.32839 1.52071 1.70140 1.78937 2.05578 2.36731
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Neves et al [133] (HSPT) 1.32331 1.50935 1.68594 1.77072 2.03078 2.33036
Neves et al [134] (Quasi-3D)  1.31829 1.50409 1.68128 1.76507 2.02534 2.32354

10  FSDT 5n 1.23333 1.36115 1.53014 1.58975 1.84504 2.13645
Zenkour [132] (TPT) 1.24363 1.37316 1.54595 1.59736 1.85376 2.13995
Zenkour [132] (SPT) 1.24475 1.37422 1.56721 1.59728 1.57287 2.19087
Meiche et al [133] (HPT) 1.24287 1.37249 1.54556 1.59687 1.85343 2.13982
Neves et al [133] (HSPT) 1.24090 1.36547 1.53468 1.58421 1.83573 2.10897

Neves et al [134] (Quasi-3D)  1.23599 1.36044 1.53036 1.57893 1.83083 2.10275

Ngoai ra, anh huong do hé sé dic trung vat liéu (p) trong truong hop tam 18i cang
(Hinh 2.14) va tim 18i mém (Hinh 2.15) khi xét trudng hop sir dung do cing cat
cai tién (H ) va cho truong hop d6i véi do cing cit st dung hé s diéu chinh cit
x° =5/6 khi phan tich tim hinh chir nhat tya don. Bén canh d6, anh huéng cua ti
s6 canh trén chiéu day tdm (a/h), ti 1& hai canh (a/b) khi thay d6i hé s6 dic trung
vat liéu lan lugt duoc thé hién trong hinh Hinh 2.16 va Hinh 2.17.
6.5 T T T T T T T T T
—¥— R1=1, R2=0

&
6 —& R1=1, R2=0 (k°=5/6)
—&— R1=1, R2=0.5

& R1=1, R2=0.5 (x°=5/6)
5 R1=1, R2=1 -
R1=1, R2=1 (x°=5/6)

15
0

Hinh 2.14: Gié tri lyc téi han (N_ ) cua tim (1-2-1) sandwich FGM (loai C,
16i cung, Al*/Al,05) hinh chit nhat (a=2b,a/h=10)
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Hinh 2.15: Gia tri lyc toi han (Ncr) cua tam (1-2-1) sandwich FGM (loai C, 16i
mém, Al*/Al,O;) hinh chit nhat (a=2b, a/h=10)

l . T T T T T T T T T
;‘{’ —<— a/h=10
10 O ah=20 -
a/h=50
9+ ~ a/h=100
8 —
— 7 -
cr
6 —
5 —
4 -
3 |
= = = P
2 r r r r r r r r r

0 2 4 6 8 10 12 14 16 18 20

Hinh 2.16: Gia tr lyc toi han (N, ) caa tim (1-1-1) sandwich FGM (loai C,
Al/Al,O3) hinh vudng cho truong hop (18i cirng)
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Hinh 2.17: Gia tri lyc t6i han (N, ) caa tim (1-1-1) sandwich FGM (loai C,
Al/AlL,O5) cho truong hop (16i mém, a/h=100)

2.7.3 Bai toan dao dong tw do
Pé khang dinh két qua nghién ctu cta phan nay, luan an tién hanh so sanh két qua
lo1 giai voi cac treong hop khac nhau (xét va khong xét anh huong cua mat trung
hoa vat ly, cling nhu thtr lai hé sé hiéu chinh cit x° =5/6) va so sanh voi nghién
cau cua Hashemi va cong sy [135] cua tam FGM (loai A) cho cac truong hop ti s6
canh trén chi¢u day tam thay doi (tng véi cac dang dao dong dau tién (Bang 2.6).
Bing 2.6: Gia tri tan s6 dao dong (@ ) ciia tam FGM thong (loai A, Al/Al,0s) hinh vuéng twa don

, [

a’h Mode (m,n) Phuong phap 0 05 1 1 10
10 1(1,1) FSDT 5n 0.0577 0.0496 0.0448 0.0388 0.0371
FSDT 5n (x*=5/6) 0.0577 0.0490 0.0442 0.0382 0.0366
FSDT 5n? 0.0577 0.0490 0.0442 0.0380 0.0364
FSDT 5n? (x* =5/6) 0.0577 0.0490 0.0442 0.0382 0.0366
FSDT [135] 0.0577 0.0490 0.0442 0.0382 0.0366
2(1,2) FSDT 5n 0.1376 0.1204 0.1091 0.0940 0.0897
FSDT 5n (x° =5/6) 0.1376 0.1173 0.1059 0.0911 0.0867
FSDT 5n? 0.1376 0.1174 0.1059 0.0901 0.0856
FSDT 5n? (x* =5/6) 0.1376 0.1173 0.1059 0.0911 0.0867
FSDT [135] 0.1376 0.1173 0.1059 0.0911 0.0867
3(2,2) FSDT 5n 0.2112 0.1877 0.1704 0.1463 0.1391
FSDT 5n (x° =5/6) 0.2112 0.1804 0.1631 0.1397 0.1324
FSDT 5n? 0.2112 0.1807 0.1631 0.1374 0.1299
FSDT 5n? («* =5/6) 0.2112 0.1805 0.1631 0.1397 0.1324
FSDT [135] 0.2112 0.1805 0.1631 0.1397 0.1324
20 1(1,1) FSDT 5n 0.0148 0.0126 0.0113 0.0099 0.0095
FSDT 5n (x° =5/6) 0.0148 0.0125 0.0113 0.0098 0.0094
FSDT 5n? 0.0148 0.0125 0.0113 0.0098 0.0094

FSDT 5n® (x*=5/6)  0.0148  0.0125 0.0113 0.0098 0.0094
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FSDT [135] 0.0148  0.0128 0.0115 0.0101 0.0096
2(12) FSDT 5n 0.0365  0.0312 0.0282 0.0244 0.0234
FSDT 5n (x° =5/6) 0.0365  0.0310 0.0279 0.0242 0.0232
FSDT 5n* 0.0365  0.0310 0.0279 0.0241 0.0231
FSDT 5n® (x*=5/6)  0.0365  0.0310 0.0279 0.0242 0.0232
FSDT [135] 0.0365  0.0310 0.0279 0.0244 0.0234
3(2,2) FSDT 5n 0.0577  0.0496 0.0448 0.0388 0.0371
FSDT 5n (x° =5/6) 0.0577  0.0490 0.0442 0.0382 0.0366
FSDT 5n¢ 0.0577  0.0490 0.0442 0.0380 0.0364
FSDT 5n® (x*=5/6)  0.0577  0.0490 0.0442 0.0382 0.0366
FSDT [135] 0.0577  0.0490 0.0442 0.0384 0.0368

(a): trudng hop co xét dén mat trung hoa vat ly.

Khao sat su anh huéng cua hé sé dic trung vat liéu (p) ddi véi tan sé dao dong
riéng cua taim (@) duoc trinh bay trong Hinh 2.18. Tur hinh vé nay, tac gia nhan
thay két qua nghién caru cua luan an 16n hon so véi cac nghién ctu truyén thong,
d1eu nay chtng to tinh téi wu cua loi giai phan tich tan sé dao dong riéng cua két
CAU tAm.

0.22 : ; L i
A\
—=—FSDT 5n
02 ‘FSDT 5n (x°=5/6) i
—<—FSDT 5n (z,=0)
| ———FSDT 5n (*=5/6, z,=0)
0.18
17
0.16
0.14
0.12

0.1 r r r r
0 10 20 30 40 50

Hinh 2.18: Gia tri tan s6 dao dong riéng (@) cua tim FGM thong thuong (loai A,
Al/Al,O3) hinh vuéng tya don (a/h=5)

Tuong ty, trong phan phan tich dao dong cho tam loai B tac gia cling tién hanh so
sanh két qua nghién ciu cua luan an véi cac loi giai su dung ly thuyet bién dang cat
bac nhét va bac cao ([136], Bang 2.7). Trong mot s6 truong hop két qua luan an rat
gan vai 10i giai st dung ly thuyét bién dang cat bac cao nay.
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Bang 2.7: Gia tri tn s6 dao dong (&) cua tam sandwich FGM (PGM, Al/Al,Qj, loai B) hinh

vudng tra don

‘, 111 121 2-2-1
alh Tham khao 05 1 5 05 1 5 05 1 5
5 FSDT 5n 11414 11561 11996 1.1574 1.1827 1.2569 1.1916 1.2268 1.3160
FSDT[136]  1.1503 1.1642 1.2050 1.1660 1.1880 12567 1.1950 1.2299 1.3173
HSDTO[136] 1.1449 11639 1.2113 11597 1.1884 12644 1.1965 12350 1.3249
HSDT11[136] 1.1512 11705 1.2184 11664 1.1953 12718 1.2034 12422 1.3326
HSDT13[136] 1.1511 11701 1.2162 11663 1.1952 12712 12031 12421 1.3312
10 FSDT5n 1.2355 1.2488 12902 12573 1.2778 13483 1.2839 1.3212 1.4153
FSDT[136]  1.2394 12509 1.2903 12601 1.2786 13469 1.2842 13201 1.4136
HSDTO[136] 1.2373 12506 1.2921 12578 1.2785 13492 12846 13216 1.4161
HSDT11[136] 1.2392 12525 1.2942 12598 1.2806 1.3515 1.2866 1.3238 1.4184
HSDT13[136] 1.2392 12524 1.2935 12598 1.2806 1.3513 1.2865 1.3238 1.4180
100  FSDT 5n 12752 12854 13238 12984 1.3147 1.3824 1.3198 1.3558 1.4518
FSDT[136]  1.2751 12854 1.3239 12981 1.3148 1.3825 1.3198 1.3559 1.4518
HSDTO [136] 1.2751 12854 1.3239 12981 1.3148 13825 1.3198 1.3559 1.4519
HSDT11[136] 1.2751 12854 1.3239 12981 1.3148 13825 1.3198 13559 1.4519
HSDT13[136] 1.2751 12854 1.3239 12981 1.3148 13825 1.3198 13559 1.4519

Luan 4n ciing khao S{Slt sw anh huong cua ti 1€ hai canh, hé s6 dic trung vat lidu va ti
SO gitta canh trén chicu day tam trong truong hop nay (Hinh 2.19, 2.20)

1.6 T T T T T
—— p=0
1.5¢ p=1 |
% —H— p=2
1l41j’\< —%—— p=3
135 < p=5 |
o p=10

1

0.9

0.8

0.7

1.2

W 1.1-%

i

Hinh 2.19: Gia tri tan s6 dao dong riéng (&) caa tam (1-8-1) sandwich FGM (loai
B, Al/AL,O5) hinh chit nhat (a/h =10)
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Hinh 2.20: Gia tri tan s6 dao dong riéng (&) caa tam (1-8-1) sandwich FGM (loai
B, Al/Al,O5) hinh chir nhat (p =1)

Cubi cuing, trong phan phan tich tan s dao dong riéng cua tam loai C, luan an ciing
so sanh két qua nghién cau cua luan an vai nhom tac gia Bessaim va cong sy (dung
loi giai Quasi-3D [137]) va nhom tac gia Li va cong su (dung loi giai chinh xac 3D
[138]). Nhin chung, két qua nghién ctru cua luan an 1a kha an tuong khi so sanh Vi

cac nhom tac gia nay (Bang 2.8 va 2.9).

Béang 2.8: Gia tri tin s dao dong (@ ) cua tim sandwich FGM (PGM, Al/Al,O;, loai C, 16i ciing)
hinh vubng twa don (a/h=10)

p Tham khao 1-0-1 2-1-2 1-1-1 2-2-1 1-2-1

0 FSDT 5n 1.82442 1.82442 1.82442 1.82442 1.82442
Bessaim et al (Quasi-3D) [137] 1.82682 1.82682 1.82682 1.82682 1.82682
Lietal (3D) [138] 1.82682 1.82682 1.82682 1.82682 1.82682

1 FSDT 5n 1.24294 1.29998 1.35328 1.39558 1.43927
Bessaim et al (Quasi-3D) [137] 1.24495 1.30195 1.35527 1.39987 1.44143

Li et al (3D) [138] 1.24470 1.30181 1.35523 1.39763 1.44137

5 FSDT 5n 0.94311 0.97960 1.04347 1.10771 1.17348
Bessaim et al (Quasi-3D) [137] 0.94716 0.98311 1.04613 1.11723 1.17579
Lietal (3D) [138] 0.94476 0.98103 1.04532 1.10983 1.17567

10  FSDT 5n 0.92464 0.93896 0.99321 1.05866 1.12226
Bessaim et al (Quasi-3D) [137] 0.92952 0.94410 0.99684 1.07015 1.12486

Li etal (3D) [138] 0.92727 0.94078 0.99523 1.06104 1.12466
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Bang 2.9: Gia tri tin s dao dong (@ ) cua tim sandwich FGM (PGM, Al/Al,O;, loai C, 16i mém)
hinh vuéng (a/h=10)

p Tham khao 1-0-1 2-1-2 1-11 2-2-1 1-2-1

0 FSDT 5n 0.92775 0.92775 0.92775 0.92775 0.92775
Bessaim et al (Quasi-3D) [137] 0.92897 0.92897 0.92897 0.92897 0.92897

Li et al (3D) [138] 0.92897 0.92897 0.92897 0.92897 0.92897

1 FSDT 5n 1.71619 1.66822 1.62652 1.56650 1.55414
Bessaim et al (Quasi-3D) [137] 1.72814 1.68625 1.64199 1.58430 1.56301
Lietal (3D) [138] 1.72227 1.67437 1.63053 1.57037 1.55788

5 FSDT 5n 1.83222 1.79962 1.77215 1.71157 1.71736
Bessaim et al (Quasi-3D) [137] 1.84465 1.84456 1.82032 1.75972 1.75143

Li et al (3D) [138] 1.84198 1.82611 1.78956 1.72726 1.72670

10  FSDT 5n 1.83231 1.80483 1.78266 1.72538 1.73573
Bessaim et al (Quasi-3D) [137] 1.84113 1.85489 1.83973 1.78163 1.77878

Li et al (3D) [138] 1.84020 1.83987 1.80813 1.74779 1.74811

Xét anh huong cua hé sé dic trung vat liéu, ti sb canh trén chiéu day tim va ciu
trac c&c phén lop trong tam den tan so dao dong cua tam FG sandwich loai C cho
treong hop 18i cieng va 16i mém (Hinh 2.21 va 2.22).

19 t T [N~ — 5—©
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a’h

Hinh 2.21: Gi4 tri tan sb dao dong riéng (&) cua tam (1-1-1) sandwich FGM (loai
C, Al/Al,03) hinh vudng cho truong hop (16i cang, p=10)
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Hinh 2.22: Gia tri tan s6 dao dong riéng (&) caa tim sandwich FGM (loai C,

Al/Al,O5) hinh vudng cho trudng hop (16i mém, p =10)

2.8 Kétluan

Mot hé sb hiéu chinh cit cai tién duoc ap dung cho Iy thuyét bién dang cét bac nhat
c6 xét dén anh hudng cua vi tri mat trung hoa vat ly, hiéu ang nén va don gian sé
bién s caa truong chuyén vi dé phan tich bai toan tinh, bai toan 6n dinh va bai toan
dao dong tu do cua tam FGM va tim composite FGM khi dung 1oi giai giai tich
(Navier) va PP PTHH. Mot s diém noi bat caa chuong nay:

Két qua nghién ctu luan an c6 do chinh xac cao vi di so sanh duoc Vi cac
loi giai theo ly thuyét FSDT, HSDT, Quasi-3D va ké ca 1oi giai chinh xac 3D
cua nhiéu tac gia wng véi nhiéu dang bai toan khéc nhau.

Khi phan tich chuyén vi, luc t6i han va tan s6 dao dong trong tam, két qua
cua luan an co su vuot troi so vei cac phuong phap nghién ctru truyén thng
khi str dung cing loai Iy thuyét FSDT. Biéu nay chung to tinh hop ly cua
luan an trong viéc phan tich céc loai bai toan nay.

Hi¢u trng cua mat trung hoa vat 1y dén hé sd hiéu chinh cét va cac dap ung
tam FGM dé xuat trong luan an da duoc 1am rd.

Phuong phéap giam b6t sé an sd cua phuong trinh dic trung gitp don gian
hoa cac budc tinh todn va lap trinh.

PP PTHH cua luan 4n da giai quyét duoc hién twong khoa cét khi phan tich
bai toan tinh theo FSDT.
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CHUONG 3

MO HINH TAM CHUC
NANG SU DUNG LY
THUYET BIEN DANG CAT
BAC CAO

3.1 Giéi thigu

Ly thuyét bién dang cat bac cao (HSDT) I1a phan mé rong va phét trién caa nhém Iy
bién dang cat. Diém noi bat cua ly thuyét nay 1a khic phuc nhuge diém cuaa ly
thuyét bién dang cat bac nhat, d6 1a khong can sir dung hé sé hiéu chinh cat dé xac
dinh cac thanh phan &ng suat cat trong tam. Tuy nhién, tinh chinh xac va muc do
hiéu qua caa phuong phap phu thudc vao viéc chon ham bién dang cat. Myc tiéu
cta chuong 1a dé xuat mot ly thuyét bién dang cat méi dé phan tich bai toan tinh, on
dinh va dao dong cho cac két cau tim phan lép chac nang (FGM) khi chiu tai trong
co hoc va nhiét do. Trong chuwong nay lan luot trinh bay cac van dé: thiét lap truong
bién dang va dong hoc, phuong trinh ning lwong (nguyén Iy bién phan Hamilton va
nguyén 1y Lagrange), phuong phép tinh toan s dung 16i giai giai tich (Navier va
Ritz) tir ham bién dang cit mai do luan an dé xuat, két qua tinh toan sé. Cudi cling
la nhitng két luan va nhiing so sanh véi cac nghién ctru da duoc céng bo.

3.2 Truong bién dang va déng hoc

3.2.1 M@ hinh va djc trung vt ligu tim FGM ‘

Tam FGM hinh chir nhat c6 canh dai la a, canh ngan la b va chiéu cao la h nhu

Hinh 3.1 dugc che tao tar gom (ceramic) va kim loai (metal) c6 cac déc tinh hitu

hiéu vat liéu thay doi lién tuc theo chiéu day tam theo quy luat Ity thira va ham md.
z

h/2 - - ceramic

-h/2

(a) M6 hinh tam (b) Loai A
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4 yA

ceramic  h,=h/2 metal
ceramic | ceramic
X h, k- X

metal h,=-h/2 metal

a

a
(c) Loai B (d) Loai C
Hinh 3.1: M6 hinh tam FGM
Pic trung hiru hiéu cua tim duoc xac dinh theo quy luat ham luy thira [2] (PGM):

PU(2)=(R-PV, (2)+P, (31)
trong d6 P.vaP, 1a mddun dan hoi (E ), hé sb Poisson (v), khdi lwong thé tich (p)
cua vat liéu gém va kim loai. V, l1a ham mat do thé tich thay doi theo quy luat liiy
thira hé s6 mii tuy thugc vao tirng loai tam (Hinh 3.2):
e Tim logi A: dugc ché tao tir kim loai va gom véi ham mat do thé tich cua vat
licu gom (V,) (Hinh 3.1Db):
p
V. (2) =(2”hj Vi Z e[—ﬁ,h} (3.2)
2h 2 2
Vv6i p 13 hé s6 dic trung vat liéu, h 1a chiéu day tam.
e Tam loai B: la tam composite vai I6p trén 1a gom, 16p dudi dugc ché tao tir
kim loai, va IGi gitra Qucyc lam tur k~im loai va gom (Hinh 3.1c). Ham mat do
the tich cua vat ligu gom (V. ) tai moi phén 16p:

v9(z)=0; ze[hy,h]
w20 Y c
Ve (Z)—(hz_hlj, ze[h,h,] (3.3)
V(2)=1 zelh,h]

e Tam loai C: Ia tim composite v6i 16p trén, I6p dudi dugc ché tao tir gom va
kim loai, va 16i gitra dugc lam tir gom (16i cang) hay kim loai (161 mém)
(Hinh 3.1d). Ham mat d¢ thé tich cua vat liéu gom (V.) tai moi phan lop:

Vc(l)(z)ZLZ—ho} : Ze[ho,hl]

hl_hO
V2(z)=1 ze[h,h,] (3.4)
3 _hs p.
VC()(Z):[I‘i—mj’ ze[h,,h]

Pic trung hiru hiéu cua tim ciing duoc xac dinh theo quy luat ham mi [129]
(EGM):
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(c) Loai C
Hinh 3.2: Gia trj V. theo chiéu day tim

[N

I I ﬁ

3.2.2 Trudng chuyén vi va bién dang theo HSDT
Truong chuyén vi theo ly thuyét bien dang cat bac cao (&, # 0):

u(x,y,z2) =u(x,y)-z———=

U, (x,y,2) = v(x,y)-z

( ),
(x, y)
oy

Us(x,Y,2) = W(x,y) +9(2),(x,y)
trong d6 f (z) 1a ham bién dang cat bac cao, g(z)=df /dz. Mot so6 ham bién dang

cat bac cao di phat trién (Bang 3.1):

sasi
) :% ; p=15 :
0.21:' bt
o ]
(d) EGM
+ 1 (2)6,(x.y)
f(z)6,(x.y) (3.6)
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Bang 3.1 Cac ham bién dang cat bac cao

Tac gia Ham bac cao

Reddy (TPT) [139] f(z)=2z(1-42"/3n*)

Mohammed Sobhy (RPT) [140] f (z) —z /(1+422 /h2)

Touratier (SPT) [64] f (z) = hsin(;;z / h)/ T

Soldatos (HPT1) [61] f(z)=hsinh(z/h)—zcosh(1/2)

Karama et al (EPT) [66] f(z)= 76271

Mahi et al (HPT2) [141] f(z)=(h/2)tanh(2z/h)-4z°/3h*cosh? (1)

Nguyén tic thiét 1ap ham bién dang cit theo HSDT:
e Ham lién tuc
e Mait bién dang Ia mit cong.
e Théa min diéu kién tu do ung suét cat tai bién trén va dudi cia tam.
e Gom hai thanh phan: 1 thanh phan Ia ham béc 3 twong g v&i vat liéu dong
nhat va 1 thanh phan phu hop cho vat liéu FGM.
Vi vay, ham dang f (z) dugc chon dudi dang sau:
f(z)=f(z)+a?’ (3.7)
trong d6 & 1 hang s6. Ham bién dang cit bac cao dé xuat cua luan an (NPT) c6
dang nhu sau:
rz 16rz°
f(z)=harctan| — |-——F—F—— 3.8
(2) (hj 3h*(r® +4) (38)
trong d6 r 1a tham sé hiéu chinh (Luan an chon r =1 dé phan tich ang xt cho két
cau tim FGM — Hinh 3.3); u, v, w, 6,, 6,, 6, 1a cac thanh phan chuyén vi va goc
xoay tai vi trf mat trung hoa cua tam.

0.5 - 0.5 = T
J‘fr * \rt
04} * 04 4
* *
03[ + 03F  #
* F
0.2f ¥ o F
4, . ¥ —©— Luanan
0.1 ¥ }/"ﬁ g 01f + —t+—TPT
B 3
- > S £ o RPT
5 0 S N 3 4 SPT
J}I/(E/ i —S— Luanan ol * —+— HPTL
01 A —t—TPT i T —5—EPT
= 1
0.2 /e&/ + N zg 02F * HPT2
i * ¥
0.3 L - HPTL 03 +
( + —B— EPT I
0.4 ¥ HPT2 4 0.4 ¥
+ e
05 : P - : : 05 e : : : :
-0.04 -0.01 0 001 002 003 004 0.2 0 0.2 0.4 0.6 0.8 1
f2) 9@)



0.24 T T T T T T T T T 0.949

0.948} —v—Luanan |
0.221 ] ——3D[52] 5
0.947+
0.2
0.946 -
_ ou18h ] @ 0.945
O-XZ
0.161 i 0.944 -
—v—Luanan 0.943|
0.14- —Quasi-3D [51]
0.942r-
0121 0.941}
%1 2 3 4 5 6 7 8 9 10 0% "1 2 3 4 5 & 7 8 9 10
r r
(¢) &,, (h/6)tam vuéng (1-8-1) FG (d) @ tam vudng (2-1-2) FG sandwich (loai
sandwich (loai B, AI/AL,O;, p =0) C, Al/AI,03, p=10)

Hinh 3.3: Ham bién dang cét bac cao va t6i wu hé sé hiéu chinh citr
Cac thanh phan bién dang duoc xac dinh:

ou A
L0) Ox 20 ox
P N e _9 W
e — 7%) — oy ,g() = yﬁ) = oy (3.9a)
v |l ov xv 2
&0 —+— £ —2 ow
2z ay OX z 8X5'y
0 0
00,
gij) aa; g)((:) 0
£ _y g 0
7/xy 69 89 yxy O
(2 x4 () 0
gzz ay 8X gzz z
0
00
0 o+ x
Y(O) — ?é) _ 20 (3.9¢)
7y 49y +—2
oy

3.3 Phwong trinh #ng Xir ciia tAm
Quan hé¢ gitra tng suat va bién dang trong tam:
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Oy C, C, C; O -a,AT
Oy | _ C, C, C, 0 ||g,—aAT (3.100)
%2 Cs Cp Cyy 0 |6, —aAT
) |0 0 0 Cu |l AT

C 0
ze — 55 ]/xz (310b)
GVZ 0 C44 ]/YZ

trong do:
(1-v(2))E(2)
C112022_(:33
(1 ZV( ))(1+(V)) (3.11a)
6. _c._c. . VOEQ
e (1 2v(z))(1+v(2))
C,=C,;=C, = & (3.11b)
2(1+v(2))

V6i a,, a,, a,, o la cac hé sé gian no nhiét; AT 1a qua trinh bién doi nhiét, duoc
xac dinh:
AT =T(x,y,2)-T, (3.12)

trong d6 T4 nhiét ban dau, T (X, Y,2)1a nhiét phan bd trong tAm [142].
z z
T(xy,2)=T(x, y)+HT2(x,y)+ WE\ )Ts(x,y) (3.13)

voi T, T,,T;1a cac gia tri nhiét do khao sat; ¥ (Zz)1a ham phan bd nhiét do cho
truong hop thay do6i phi tuyén.

Thay (3.9a), (3.9b) vao (3.10a) va Iay tich phan hai vé, thu dugc méi quan hé gita
c4c thanh phan lyc va cac thanh phan bién dang:

N A B B X|[g9 N

M{_|B D D Y| M (3.14)
P| [B® D° H° Y*||2] |P" '
R| [ X" YT v z|e?] [R"

trong d6 A, B, D, B%, D%, H%, X, Y, Y*, Z lan luot la cac ma tran d6 cang cua tim
FGM.

(A,B,D,B*,D*,H’*) = hf (Lz,2% f,2f, ?)C(2)dz (3.15a)
—h/2
(X,Y,Y*,Z)= hf (9'.29%9'f,9"?)C(2)dz (3.15b)

—h/2
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Céc thanh phén N™, M" P" R" duoc xac dinh:

NH MM pH C, C, C; O | a AT
NXHX,MX“T’PX:| :h_/[z Co Co Cp 0 ]aAT x(1,z,(z))dz(3.16a)
yy?! yy'oyy C C C 0 a. AT 1 '
NH MH PH —h/2 13 23 33 z
W ay 0 0 0 Gy |l@AT
a, AT
2 a AT
R"= [ [Cis Cp Cy O] Jar 19'(2)dz (3.16b)
—h/2 z

a4, AT

Tuong tu, thay (3.9¢) vao (3.10b) thu dwgc moi quan hé gitra lyc cat va bien dang
cat:

o, + 06,
{Qx}:|:A§5 0 } * Ox (3.17)
Qy 0 A:4 gy + aez
oy
Viét lai dudi dang ma tran:
Q=A% (3.18)
trong d6 A*1a ma tran do ciing cat caa tam véi cac thanh phan duoc xac dinh:
h/2 h/2
A:4 = Asss = _[ 92C44(Z)dz = _[ QZCSS(Z)dZ (3.19)
-h/2 -h/2

3.4 Phwong trinh nang lwgng

3.4.1 Nguyén ly Hamilton
Nguyén ly bién phan Hamilton caa mot hé duoc xac dinh:

.
0=[(8U +06V — 5Kt (3.20)
0
trong d66U , oV vadK la cac thanh phan bién phan niang luwong bién dang, bién

phan thé niang va bién phan dong nang cua tim. Thanh phan bién phan niang luong
bién dang:
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h/2

U = [ (0,08, +0,08, + 0,06, + 0,07, + 0,07, +0,07,)dAdz

A-h/2
2 2 0006,
=I{Nxxa(5u—Mx652\'V+Pxxa59*+N oov_yy dow , 2%,
A OX OX Yooy oy Yooy
oou 0oV 0*Sw 068, 000 (321)
R,00, + N, | —+—— |-2M, +P xyp—2
oy  OX Yoxoy Y\ oy OX

056 056
+ L1+Q, | 06, +—= | |dA
a2 a5
véidA =dxdy vaN, M, P, R, Q 1a c4c thanh phan noi luc xac dinh theo (3.14) va
(3.18).
Thanh phan bién phan thé nang:
oV =—[N&(w+g6,)dA—-[q5(w+g6,)dA (3.22)
A A

trong d6q 12 tai trong phan b trén tam, N 14 thanh phan luc nam trong mat phang
cua tam:
2 2 2
N=N W oo OW o OW (3.23)
ox’ oxoy oy’

Thanh phan bién phan dong nang:

5K = j (1,84, +U,6U, + U600, )p(z)dAdz = j (15 (U8 +VSV + Wi

OX 6x X oxX ay oy
+3, (66, + 6,50 +956, +6,60) - J, @Wae +6 ag_w + Mo o 85"")
x oy’ oy
+K, (8,00, +6,50, )+ L, (Wb, +0,6W) + L,6,50, |dA
trong d6 dau (-) 1a dao ham cac thanh phan chuyén vi theo thoi gian (t), p(z)la
khéi lwong rieng va 1, 1, 1,, J,, J,, K,, L, L, la cac thanh phan quan tinh cta
tam:

8§W oW OOW oW 8w85w awaaw
—1 [ — 4+ —O0U+V——+—9V j +1 [ J
(3.24)

h/2

(Ig,1,,1,)= J. (1,z,zz)p(z)dz

-h/2
h/2

(9,9, K,)= [ (f,fz, £?) p(2)dz (3.25)

-h/2
h/2

(k)= [ (9.9%)p(2)dz

-h/2
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Thay (3.21), (3.22), (3.24) vao (3.20) va thuc hi¢n cac phep bién ddi toan hoc,
phuong trinh chuyen dong cua hé dugc biéu didn dudi dang cac phuong trinh
Euler—Lagrange (bang cach cho cac gia tri twong ung véi cac bién
phanéu, v, 6w, 60, ,66,va 60, bang 0) c6 dang nhu sau:

5u:—XX+—XV:|OU—|1@+JléX
X oy OX

N N ..
svi ooy T gy M g4
OX oy oy
2 oM, M,
5W28M2XX+2 L — 2+ N(w)+q=I,Ww
OX oxoy oy

i ov j 00 3
+1, a, N — 1,V +J, 96 %% +L0,
ox oy ox oy

oP, W
50, P, T o 343 W kg
ox oy OX

o X (3.26)
59y:a—XV+EW—Qy:J1V—J2%+KZéy
X
0Q, 0Q - ) .
00 —*+—L-R _+g|N(w)+q|=LwW+L,6
z OX 8y 77 g[ ( ) q] Ll 271
trong d6 V? = 0% / ox* + 0% / oy* la toan tir Laplacian.

Thay (3.14), (3.18) vao (3.26) thu duoc hé phuong trinh dé giai theo nguyén ly bién
phén Hamilton'

o*w o*w
1 6 6 11 A3 \P2 66 ) Ay A2
AV G A (A /%)axay o (Bt 2By)o 5t
(3.27a)
. 826 . 6249 . 0000, a0, W .
B =7+ B +(By, Bee)a v X i = 1=l =4 3,0,
o’v o’u o*w o*w
Azz ay Aes (A1 Aee) 8y zzy_(Blz +2866)%+
(3.27h)
, 00, 6 6, s 0s 0%, 00 Y
Bzz 6'y Bae ox2 (Blz Bse)axay + xzsaz_ f2 = IoV_ I1E+ Jlgy
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o°u o°u v v o*'w
811%4_(812 +2866)6X—ay2+(812 + 2866)%+ 8225_ Dlla7_

o'w o*w . 0%, ., 0%
D22 P 2( D12 + 2D66 )— D11 3 D22 3y +

oy Ox*0y* OX oy

3 (3.27¢)

s s : s NG 49y 0? 0, 0? 0,

(Dlz +2D66)8X—ayz+(D12+2D66)%+Y13 x> +Y23 6y2 +q

. .o .o a“ ..
+N(w) — f, = 1, W+ I{Z—u+%j— 1, VAW + J{aaex +Ey]+ Lo,
X X

. . o*w
BGG Dll 3
ooy Coyr Mox oxoy?

. 0%0, N A" (g .20,
+HY =2+ (Hy + Hy ) =2+ Hy —2 Y13 _Ass( axj (3.27d)

0°0

o%u oV o%u o*w

Bfly—l—(sz Bge) (D152 2Dge)

x> Xy oy
~fy =00, + Ko,

2 2 3 3
o, 2 L (B 4 85) S+ B 0 3 D5 S - (0 +205) S

0°6), 2 020
+H3, ——L+(Hy, + He )89 HS, 2y+Y253892—Aj4(¢9y 06, j (3.27¢)
oy? oxay X oy oy

~f, =J1v—J2@+ K,0,
oy

2 00
- 132_2_X23?+Y1327V2V+ ( s )68?( (Aj“ ~Yz )_V
820 y (3.27f)
A~ yLI v =240, +9(a+NW))- f, = Lw+ L4,
trong do:
H o ONJ ONF ON!
fl:aNxx+_W’f2:_W+_W
OX oy OX oy
2 H aZM H aZM H
f=- My T My OV (3.28)
OX oxoy oy
Ho oP/ oP" opP"
4:aPXX+ = f=—"+ W’fsszj
OX oy OX oy
3.4.2 Nguyén ly Lagrange
Dé rut ra phuong trinh chuyén dong, phiém ham Lagrange duoc sir dung:
Im=U+Vv-K (3.29)
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trong d6 U,V vaK la cac thanh phan ning luong bién dang, thé ning va dong ning
cua tam.

Thanh phan ning lwong bién dang:

1
U= —I(Uxxgxx +0,8, +0,,8, 0,7, +0,.V,+0,7,)dV

:%h[ ~2B,uw,, +2Bu 6, +D,(w,) ~2D;w, 0
00

S XXX, X

XYY

S S S 2
-2D;,W,.0, , +2B; exxvy 20;,0,,W,, +2H,0,,0,, + A, (V)

XXy, Yy

~2B,v,W, +2BLv 6, +D,,(w,) ~2D5w, 06, +H;,(6, )2

WYYy YTy

+ XU, YWXX92+Y 0.0, + X,V 0, =YW 0, +Y,.0 0,+Z,,00,

X, X~z Yy z

+A66( ) + A (v ) +4D, ( Xy) +H; (exy) +H; ( yX) +2AU,
—4Bgu w, +2B;u 6, +2B;u 0, —4Bv W +2Bv 6 +2Bgv 9

66" ,x X,y 66", x7y,x

_ADW, 0, , —4D5w, 0, +2H:0, 0, + Ay (6,) +A44(0y)}dxdy (3.30)

+Hf1( ) +2A,UV, —2B,uw, +2B5u 6, —2B,w, Vv +2D,W W

VGi A, B, D, BS, D%, H%, X,Y,Y®, Zva A°lan luot 1a cAc ma tran d6 ciing cua tim
dugc xac dinh theo (3.15) va (3.19).

Thanh phan thé ning:
b a
V=211 J[[(N+a)(w-+90,) jixay (3:31)

Thanh phan d()ng nang:

K== j (@) +(0,)"+ (1)’ [o@av

b a
) - A . 2 L 5
ZH[IOU = 21,00, +23,06, + 1, (W, )" =23 ,W,0, +K,0; (332)
F1V2 =210, + 23,96, + 1, (W, ) = 23,W 6, + K, 07
+1oW* + 2L W6, + 1,07 |dxdy

Céc thanh phan trong cong thuc (3.32) xac dinh theo (3.25). Thay (3.30), (3.31) va
(3.32) vao (3.29), phiém ham Lagrange dugc biéu dién dudi dang:
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, XXX, X

ﬁ[Au(u’ ~2B,u,w,, +2B5u.6, +D,(w ) —2D:w 0
00
10, )2+2A12U v,—-2B,uw +2B%u 6, -2B,w, v +2D,w W

-2D;w .0, +2Bj60 v, —2D,0 W  +2H] xxyy+A22( )

XX YL Y

2B,V W, +2B5v 6, +D,(w, ) ~2D5w, 6, +H5(6,,)

YUY WYY

+ XU, 0, =Y W 0, +Y30, .0, + X,V 0, =YW 0, +Y.0, 0,+7.,0,0,

X, X"z

AL () + Ag (v, ) +4Dg (W, ) +HE(6,,) +HE(6,,) +2Au,
—4Bgu W +2Bgu 6, +2Bgu 6 —4Bv W, +2Biv 0 +ZBSVX6’VX

YUXYy XX Y

~4DW,,0,, ~4Diw, 0, + 2H50, 6, + K (6,) + A, (6,) |axcy

Xy Y, X
+—H[(N+q)(W+ 902)]dxdy——jj[|ou2 — 200w, +23,6,+ 1, (v, )
259 2%% , ,

~23,W,8, + K, 02 + 1 — 21, + 23,96, +1, (W, ) ~23,W 6, +K,6?

+1W* + 2L, W6, + L7 |dxdy (3.33)
3.5 Lot giai Navier
Xét tm hinh chir nhat c6 canh dai 12 a, canh ngan 1a b va chiéu day lah, bbn bién
tya don. TAm chiu tai trong ngang q(x, y) va tai trong doc truc phan bd déu
NS, =RNg, NS =R,Ny,N? =0. Phuong trinh (3.27) theo nguyén Iy bién phan
Hamilton duoc giai bang cach xap xi truong chuyén vi dudi dang chudi luong giac
kép thoa dieu Kién bién nhu sau:

o0 0

u(x,y,t) ZZU _cosAxsinuye

=1 n=

g 3
8

v(X,y,t)=> >V, sinixcosuye"

m=1 n=1

(%, y,t) iiwmnsinﬂbxsinyyei“’t
meLne (3.34)

6, (% y,t)=>> X, cosixsin uye"
m=1 n=1

0, (x, y,t):iiYmnsinAxcos;;ye‘“’t
m=1 n=1

(x,y,t) Z.Qlizmsin/‘txsinyyei"’t
m=1 n=1

trong d6Al=mz/a, u=nxz/b, mva n la sé song dao dong theo phuong XVva
phuong Yy, @ la tan s6 dao dong ty do cua tam, i*=-1. U_,V._ W _ X Y v

mn? “mn? mn’? mn?
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Z_la cac bién d¢ cua song. Tai trong tac dung trén tdm ciing dugc xap xi dudi
dang chudi lugng giéc:
q(XyY)=D.D UnpSinAxsin puy (3.35)

m=1 n=1
V6iq,, =0, (tai phan bd cé dang hinh sin).
Tuong tu, Xap xi trudng nhiét do:

o0 0

ZZ TmSinAxsinpy; 17=1,2,3 (3.36)

m=1 n=1
Thay thé cac thanh phan tir (3.34), (3.35) va (3.36) vao (3.27) thu dugc phuong
trinh dudi dang ma tran:
(K-o’M)U=F (3.37)
Pé phan tich bai toan tinh: giai KU = F dé tim bién d6 cua song, bai toan 6n dinh:
giéi‘Kij‘ =0 dé timN,, dao dong tu do: tim tri riéng cua ma tran KM ™. C4c thanh
phén trong phuong trinh (3.37):
= Anﬂ’z + Aae:uz! k12 = (A12 + Aae)ﬂﬁu

k —B,A° —(By, + 2By ) Agt?, ky, = BiA® + BE 42

k, = (Bs + By ) At Kyg = =AX 5, Ky = AGAE + Ay s’

Ky = —Bpott’ (B +2B, )/1 M, k24:(Blsz+Bes6)ﬁﬂu
s = B’ +BSA%, Ky =—uX,,
k33 =D,A* +2(D, +2D66)12ﬂ2 +D,,u*
Ky = —DjA° =(Dy, + 2D, ) Apt’, Ky = —Dspus* — (D, + 2D, ) A2t
Kgs = Yiod” +Youts®, Ky = HOA® + HE 1" + AL Ky (H + Hse)ﬂlu
k46_’1(A55 13)’ ks = Hg 12+H22,u + A K = ﬂ(A:4_Y23)
= AAL N, + 2, a =N (R1/12+R2u ). m, =m, =1,

33!

X

>~
=

My, =—Al, my, =, My =—pl, my =3, m; =1,+(A°+42)1,

My, = ﬂ"]wmas_ /"‘Jzimse Ll m44_m55_K2’m66:L2

m, =m; = mﬁs m24_ My, _m45 =My = Mgy _O 3 B
Fo.=—A(AT,+B[T,+°B[T,),F2 =—A(AT,+B;T,+ BT,

F2 =0, +h[ (Bl A"+ B] )T, +(DT/12+D2u )T, +(*Df A%+ °D] )T‘](338)
Fr =—hA(*B/T,+°D[T,+*F'T,), Fy =—hu(*B;T,+°D,T,+ °F,T,)

Fo =00y, +h(LT,+ LT, +°L'T,)
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VOI:
h/2

{A",B],D] } = I(Cllax-i-CIZa ){1,%,2—2}&; i=12

h
—h/2
{°B/,°D/,*F'} = “f (Cliax+Ci2ay)%z){l,%,¥}dz i=12 (3.39)
—h/2
. h/2 g 1 7
{, LT,bLT}:_hj/Z(ClgaX+C23ay) r(1 ){1,%, ﬁl)}dz

3.5.1 Lwc téi han khi dong nhiét thay déi déu
Tuong ty nhu phan tich bai toan tAm chiu tai trong co, on dinh cua tam khi nhiét do
thay doi mot dai luong AT theo chiéu day tm dugc xéc dinh bang céch:|K, [=0
Nhiét 6 thay d6i déu theo chiéu day tam:

T(z)=T, +AT (3.40)
3.5.2 Luc téi han khi dong nhiét thay d6i khong déu (tuyén tinh va phi tuyén)
Nhiét d6 thay d6i khong déu theo chiéu day tam véi quy luat ham hé s6 miik :

T(2)=T,+AT [%+%) (3.41)

Ngoai hai quy luat phan bd deu va phan bo phi tuyen cua nhiét do theo chicu day
tam nhu (3.40) va (3.41), quy luat phan bo tuyen tinh hay quy luat phan bo phi
tuyén theo phuong trinh Fourier ¢6 thé dugc sir dung.

3.6 Laoigiai Ritz

Xét tam hinh chit nhat c6 canh dai la a, canh ngan 1a b, chiéu day tdim 1a h, véi

cac diéu kién bién khac nhau. Phuong trinh (3.33) theo nguyén ly Lagrange du’oc
phan tich theo 1oi giai Ritz dugc xap xi trudng chuyén vi dudi dang:

u(x,y,t) ZZU X(X)Y (y)e™

m=1 n=1
o0 00

v(xy,t)= Z;anx(x)Y’(y)e'”t

W, X (X)Y (y)e

-1 (3.42)
X X' (X)Y (y )

Il
LN

w(x,y,t)=

M DM

0. (xy,t)=

1

>
|

M

1

M 2
[M: 21

0,(x,y,t)= Yo X (X)Y'(y )™

s

0,(x,y.t)= Yo X (X)Y (y)e

3
Il

AN
LN

n=
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trong d6 wla tan sé dao dong tw do cua tam, i°=-1. U _,V._W_ X Y v
Z_1a céc gia tri can xac dinh. Ham dang X (x), Y (y)duoc chon ung véi cac diéu
kién bién (DKB) cua :[ém theo tac gia Sobhy [90]:
e Truong hop: bon bién tya don (SSSS):
X (x)=sina,x Y (y)=singy (3.43)
Voia, =mr/ava f,=nz/b
e Truodng hop: bbn bién ngam (CCCC):
X (x)=sinea,x —sinh e, X — ¢, (cosa,x —cosha,,X) (3.44)
Y (y)=sin B,y —sinh 8,y -6, (cos B,y —cosh S,y) '

Voi:
o = singpa-sinha,a (m+0.5)7
" cosa,a-cosha,a’ " a (3.45)
_singb-sinhgb _ (n+0.5)z '
" cosfBhb—coshBb’ b=
Bang 3.2: Ham dang hyperbolic &p dat diéu kién bién X (x),Y (y)

bKB X (x) Y(y)
SSSS  sin(Ax) sin(uy)
SSCC sin(4x) sin 8,y —sinh B,y -6, (cos B,y —cosh B.y)
CCSS sina,x—sinhea, x—¢, (cosa, x—cosh a, X) sin(uy)

CCCC sina,x—sinha,x—g¢, (cosa,x —cosh a, X) sin B,y —sinh B,y — &, (cos B,y —cosh ,y)

Ngoai ra, dé thoa mén diéu kién bién cac ham dang caa truong chuyén vi ciing duoc
chon nhu sau [91]:
Bang 3.3: Ham dang luong gidc ap dat diéu kién bién X, (x),Y,(y)

DKB X, (x) Y. (y)
SSSS sin(4x) sin(uy)
CSSS sin(Ax)[cos(x)-1] sin(uy)
CSCS sin(Ax)[ cos(Ax)-1] sin(uy)[cos(uy)-1]
CCSS sin?(Ax) sin(uy)
CCCC sin®(4x) sin?(uy)
FFCC cos’ ﬂ,x)[sm AX +1] sin?(uy)
Thay thé truong chuyén vi véi cac ham dang X ( (y)[ X.(x),Y,(y)] da chon

vao cac phuong trinh can bang, ta thu dugc phuong trlnh ma tran dang rut gon:
(K—a)ZM)U =(q, trong do:
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" =I AW, W, + A s, Jixdy
Ko = i AN W2y + A W, axdy
v =—[ [(Buw1, @, + By, @, + 2By, 0, Jdxdy
Ko =§ BSW, Wi + Baayu, W, Jxdy
Ko =I BLW Wy + By W, Jaxdy, K3 iixlswl,xcodxdy
Kon =i Ao Wy + Ao W, JiXdy
-

(B, @+ By 0, + 2By, 00, ixdy

3
=

N
=

3
5

b a
B WoWoy T Bes':”z Wax )dXdY1 Krf\i = II XzaWz,medy

w
w

ERN)
S a
Il
Ol T O T O e T
Ot Oy O O @ O ey © ot—,cr o'—,c- o'—.c‘ Ot Oy © O ey © ot—,o- Ol Oy O O ey @ o!—.c Oty O ey

mn

11¢xx¢xx + 2D12g0xx(0yy + D22¢ W(Dyy + 4D66¢Xy¢xy + a)dXdy

(
(
i
(
(
(
i
(BLW,, Wi, + Bogw, vy, Jxdy
(
(D
i
i
i
(H
(H

o =—[[(D30 W, + Dy v, +2D50 w, , dxdy
o ==[[(D50,W,, + Dy, , +2D50 7, Yixdy
o = =] [ (Y@ + Yo, ixdly
b
44
o = [ [(Haw o, + Hogw, wr, + Ay, Yixdy
0
b
:1?1 = I 12'//1 Woyt H, 66 1,y¥ 2 x )dXdy
0
b b a
o= | [Yiweodxdy, K3 = [ [(How, v, , + Ay, Jixdy
N s
:1?1 = I st‘//z,y(DdXdyl K:]?w = J.J.Z%(D(DdXdy
0 00
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a=Nyo.0 +2N o0, +N o o

b a b a b a
M ;1n II oWy, dxdy, M ;1::1 = _J.I |1l//1¢,dedyi M ;t = J.J. Jy,y,dxdy
0 00

M2 H |y, M2 = —H L7, dxcly, M2 = iiwzwzdxdy

M = J:i(logoqp+lzgo o, + 1,00, )ixdy, M3 = ii32¢,xwldxdy (3.46)
Mg, = I{ 3,0 ,w,dxdy, M7 = zg Lppdxdy, M 1 I! K,y dxdy

M3 IJ Kty M = U Lppixdy

MlZ :MlS :M16 :MZG :Mgﬁ :MSG :M24 :M45 :O
3.7 Kétquaso
Trong chuong nay, mot sb vi du s6 ap dung cho tim FGM thong thuong (loai A),
tam sandwich co 16i la FGM, mat trén ya mat dudi la vat liéu dong nhat (loai B),
tam sandwich c6 16i la vat liéu dong nhat, mat trén va mat duéi la FGM (loai C) co
kich thuéc hinh chir nhat (Hinh 3.1). Tinh chat vat liéu cua cac thanh phan nhu
trong Bang 3.4.

Bang 3.4: Bic tinh vat liéu cua kim loai va gém

Vit ligu E (GPa) p (ko/m’) v o (10°K)
Aluminum (Al) 70 2707 0.3 23
Aluminum (Al*) 70 2702 0.3 23
Titanium (Ti-6A1-4V) 66.2 4430 0.3 10.3
Alumina (Al,O5) 380 3800 0.3 7
Zirconia (ZrO,) 151 3000 0.3 10
Zirconia (ZrO,*) 117 3000 0.3 7.11

Bién thién cua mddun dan hdi, khdi luong riéng, hé sé gidn né nhiét theo quy luat
luy thira va ham mii, hé s6 Poisson khong thay doi theo chiéu day tim. Luan an lan
luot khao sat cac bai toan tinh, 6n dinh va dao dong tu do cua tim FGM va tim
sandwich FGM.

Céc dai lugng khdng tha nguyén sir dung cho két qua 1oi giai:

_ 100h3EC b _ 10h3EC ab
U1(2)=4—U 0’_,2 U, = 4 w| —,—
a'q, 2 a'q, 22

A—lohEOW(E bj =1GPa, W, = __h U(EEJ
a’q, \2'2 a, 8" (22

3
2
& ()= (%gzj 6. (2)=20" axx(

ag,

3
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_ 100h° b
()20 (02,
a'q, 2
~ 10hE, (a b
3 2 PR ’Eo
a‘q, 2 2

_ h? ab _
1XX( ) ao-szanz UQX(Z,Z’ZJ’O—xy(Z)_aqO ny(
o En— O,_, y =
XZ(Z) aqo ze( 2 Zj 1xz(z)
2 2
ao :1076 / K, Ncr = Ncrag , Acr — Ncra -
E,h 100E,h
12(1- 2
a?:w?b ( V) © =22 P 24
7h E. h \E,
@, = wh &,a)z—a)h Pn
E. E,

3.7.1 Bai toan tinh

(3.47)

Pé kiém chung két qua nghién ciru phan phan tich tinh, luan 4n khao sét gié tri
chuyén vi, ang suat trong va ngoai mat phang cia tim vuéng FGM thong thudng
(loai A) vai ti s6 canh va chiéu day tim a/h =10 véi cac hé sé dic trung vat liéu
(p) khac nhau dudi tac dung cua tai phan bd dang hinh sin. Két qua 1oi giai duoc
su so sanh véi 101 gidi Quasi-3D va HSDT (Bang 3.5). Nhin chung, két qua luan an
la kha phu hop véi cac nghién ctu nay. Hinh 3.4 biéu dién cac thanh phan chuyen
Vi va ang suat trong tdm khi khong ké d@én thanh phan bién dang theo chiéu day

tam.

Bang 3.5: Gia tri chuyén vi va tng suit khong thir nguyén caa tim FGM thong thuong (PGM,

Al/Al,QOs, loai A) hinh vuéng tya don (a/h=10)

P Tham khao g,(-h/4) 0, 5, (h13) &,(-h13)  &,(h/6)
1 Luanan (s, =0) 0.6413 0.5890 1.4897 0.6111 0.2611
Luanan (s, #0) 0.6416 0.5884 1.4915 0.6103 0.2605
Quasi-3D [143]  0.6436 0.5875 1.5062 0.6081 0.2510
Quasi-3D [144]  0.6436 0.5876 1.5061 0.6112 0.2511
SPT [145] 0.6626 0.5889 1.4894 0.6110 0.2622
HPT [67] 0.6398 0.5880 1.4888 0.6109 0.2566
TPT [130] 0.6414 0.5890 1.4898 0.6111 0.2608
2 Luanan (s, =0) 0.8982 0.7573 1.3959 0.5422 0.2742
Luanan (s, #0)  0.8986 0.7572 1.3972 0.5431 0.2733
Quasi-3D [143]  0.9012 0.7570 1.4147 0.5421 0.2496
Quasi-3D [144]  0.9013 0.7571 1.4133 0.5436 0.2495
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SPT [145] 0.9281 1.3954 0.5441 0.2763
HPT [67] 0.8957 1.3940 0.5438 0.2741
TPT [130] 0.8984 1.3960 0.5442 0.2737
Luanan (&, =0) 1.0500 1.1792 0.5669 0.2546
Luanan (e, #0)  1.0507 1.1825 0.5680 0.2522
Quasi-3D [143]  1.0541 1.1985 0.5666 0.2362
Quasi-3D [144]  1.0541 1.1841 0.5671 0.2362
SPT [145] 1.0941 1.1783 0.5667 0.2380
HPT [67] 1.0457 1.1755 0.5662 0.2623
TPT [130] 1.0502 1.1794 0.5669 0.2537
Luanan (&, =0) 1.0759 0.9473 0.5857 0.2094
Luanan (e, #0)  1.0767 0.9487 0.5874 0.2082
Quasi-3D [143]  1.0830 0.9687 0.5879 0.2262
Quasi-3D [144]  1.0830 0.9622 0.5883 0.2261
SPT [145] 1.1340 0.9466 0.5856 0.2121
HPT [67] 1.0709 0.9431 0.5850 0.2140
TPT [130] 1.0763 0.9477 0.5858 0.2088
0.5 .
0.4 A
0.3F 1
0.2+ 1
0.1+ 1
] 0r 1
-0.1F i
-0.2} i
_03 L i
_04 L i
-0.5 L

Ql
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0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
(b) &,

Hinh 3.4: Gi4 tri chuyén vi va ang suat cia tim FGM thong thuong (PGM, Al/AI,0;,
loai A, ¢,, =0,a/h=10 va tai phan bo hinh sin)

05 T T T T T {‘l
0.4
0.3 4
0.2~

0.1r-

or

z/h

0.1

-0.21-

-0.31

0.5
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0.4

0.3

0.2

0.11-

0.1

0.2

-0.31

0.4+

[~
0 0.05 0.1

0.15

(b) &,
Hinh 3.5: Gi4 tri &ng suat caa tim FGM thong thuong (EGM, AI/ALLOs, loai A,

0.2 0.25

0.35

g,, #0,a/h =10 va tai phan bé hinh sin)

Tuwong ty, trong Bang 3.6, 3.7 va 3.8 la két qua cua cc thanh phan chuyén vi dung
(U;), ung suat tiep (&,,) va ung suat phap (&,,) dugc so sanh véi Loi giai chinh

xac 3D [139], ly thuyet bién dang cit bac cao dang da thic bac 3 TPT [139], Iy

thuyet bién dang cit bac cao dang hyperbolic HPT [146], va ly thuyét bién dang cit
tiép can 3 chiéu Quasi-3D [76]. Két qua nghién ctiru nhan thay: khi so sanh sanh véi
Loi giai 3D va Quasi-3D lan luot c6 sai léch la 0.16% va 1.27% (Gng véi
alb=2a/h=2 vap=0.3), trong khi Iy thuyét bién dang cat bac cao HPT [146]
so sanh v&i hai loi giai trén thi gia tri sai léch lan luot 3.12% va 4.18%. Hinh 3.5
biéu dién cac thanh phan wng suat trong tim khi ké dén thanh phan bién dang theo

chiéu day tam.

Bang 3.6: Gia trj chuyén vi (U, (0)) cta tim FGM thong thuong (EGM, Al/ALLOs, loai A) chiu tai
trong phan bé hinh sin

a/b a/h Tham khao p=0.1 p=0.3 p=0.5 p=0.7 p=1.0 p=1.5
1/6 2 Luanan (&,, #0) 1.64945 1.47128 1.32792 1.19746 1.02343 0.78414
3D [139] 1.63774 1.48846 1.35184 122688 1.05929 0.82606
TPT [139] 1.62939 1.47309 1.33066 1.20101 1.02823 0.79056
HPT [146] 1.54777 1.39964 1.26493 1.14249 1.97956 0.75560
Quasi-3D [76]  1.6294 1.4731 13307 1.2010 1.0282 0.7906
1/5 Luanan (&, #0) 1.61926 1.44431 1.30355 1.17547 1.00460 0.76963
3D [139] 1.60646 1.46007 1.32607 1.20349 1.03907 0.81024
TPT [139] 1.59825 1.44493 1.30522 1.17804 1.00856 0.77540
HPT [146] 151991 1.37444 1.24214 1.12188 0.96184 0.74184
Quasi-3D [76] 15982 1.4449 13052 1.1780 1.0086 0.7754
1/4 Luanan (¢, #0) 156613 1.39684 1.26068 1.13677 0.97146 0.74411
3D [139] 1.55146 1.41013 1.28074 1.16235 1.00352 0.78241
TPT [139] 1.54348 1.39541 1.26048 1.13764 0.97395 0.74874
HPT [146] 1.47089 1.33009 1.20201 1.08559 0.93065 0.71762
Quasi-3D [76]  1.5435 1.3954 12605 1.1376 0.9739 0.7487
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1/3

172

Luanén (¢, #0) 1.46115

3D [139]
TPT [139]
HPT [146]

Quasi-3D [76]
Luanén (&, #0)

3D [139]
TPT [139]
HPT [146]

Quasi-3D [76]
Luanan (¢,, #0)

3D [139]
TPT [139]
HPT [146]

Quasi-3D [76]

1.44295
1.43542
1.37394
1.4354

1.21999
1.19445
1.18798
1.15080
1.1880

0.61372

0.57693
0.57308
0.58586
0.5731

1.30307
1.31160
1.29771
1.24238
1.2977

1.08764
1.08593
1.07399
1.04052
1.0740

0.54617

0.52473
0.51806
0.52955
0.5181

1.17599
1.19129
1.17221
1.12269
1.1722

0.98143
0.98640
0.97009
0.94012
0.9701

0.49255

0.47664
0.46788
0.47814
0.4679

1.06033
1.08117
1.05795
1.01386
1.0579

0.88473
0.89520
0.87548
0.84878
0.8755

0.44364

0.43240
0.42216
0.43127
0.4222

0.90598
0.93337
0.90567
0.86898
0.9057

0.75563
0.77266
0.74936
0.72712
0.7494

0.37823

0.37269
0.36117
0.36871
0.3612

0.69370
0.72750
0.69615
0.66977
0.6961

0.57800
0.60174
0.57578
0.55975
0.5758

0.28808

0.28904
0.27712
0.28246
0.2771

Béng 3.7: Gia tri tng suat mang (&, (h/2) )cua tim FGM thong thuong (EGM, Al/ALO;, loai A)
chiu tai trong phan bé hinh sin

a/b a/h Tham khao p=0.1 p=0.3 p=0.5 p=0.7 p=1.0 p=1.5
1/6 4 Ludnén (¢, #0) 0.21725 0.23134 0.24574 0.26134 0.28725 0.33833
3D [139] 0.21814 0.23211 0.24699 0.26284  0.28857 0.33725
TPT [139] 0.23686 0.25204 0.26830 0.28574 0.31441 0.36990
HPT [146] 0.28170 0.30133 0.32219 0.34435 0.38024 0.44786
Quasi-3D [76] 0.2369 0.2521  0.2683 0.2858 0.3144 0.3699
1/5 Luanan (g, #0) 0.21980 0.23408 0.24873 0.26457 0.29085 0.34258
3D [139] 0.22060 0.23476 0.24984 0.26591 0.29199 0.34133
TPT [139] 0.23912 0.25450 0.27097 0.28863 0.31764 0.37371
HPT [146] 0.28261 0.30231 0.32323 0.34547 0.38148 0.44934
Quasi-3D [76] 0.2391 0.2545 0.2710 0.2887 0.3177 0.3737
1/4 Luanén (¢, #0) 0.22407 0.23867 0.25371 0.26996 0.29687 0.34969
3D [139] 0.22470 0.23918 0.25460 0.27103 0.29770 0.34816
TPT [139] 0.24286 0.25858 0.27539 0.29342 0.32299 0.38004
HPT [146] 0.28399 0.30379 0.32483 0.34719 0.38338 0.45159
Quasi-3D [76] 0.2429 0.2586 0.2754 0.2934 0.3230 0.3801
1/3 Luanén (¢, #0) 0.23156 0.24675 0.26250 0.27948 0.30752 0.36227
3D [139] 0.23188 0.24692 0.26295 0.28002 0.30775 0.36021
TPT [139] 0.24931 0.26563 0.28307 0.30174 0.33230 0.39106
HPT [146] 0.28588 0.30583 0.32702 0.34954 0.38601 0.45471
Quasi-3D [76] 0.2493 0.2656  0.2831 0.3018 0.3323 0.3911
1/2 Ludnén(¢,, #0) 0.24352 0.25969 0.27668 0.29493 0.32490 0.38282
3D [139] 0.24314 0.25913 0.27618 0.29434 0.32385 0.37968
TPT [139] 0.25878 0.27609 0.29456 0.31428 0.34644 0.40788
HPT [146] 0.28539 0.30534 0.32655 0.34908 0.38556 0.45428
Quasi-3D [76] 0.2588 0.2761  0.2946 0.3143 0.3465 0.4079
1 Ludnén (¢, #0) 0.22626 0.24177 0.25839 0.27611 0.30493 0.35971
3D [139] 0.22472 0.23995 0.25621 0.27356  0.30177 0.35885
TPT [139] 0.23457 0.25098 0.26842 0.28698 0.31706 0.37386
HPT [146] 0.24080 0.25783 0.27593 0.29515 0.32627 0.38482
Quasi-3D [76] 0.2346 0.2510 0.2684 0.2870 0.3171 0.3739
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Bang 3.8: Gia trj tng suat cit (&, (0)) cua taim FGM thong thuong (EGM, Al/Al,Os, loai A,
a/h=10) chiu tai trong phan bd hinh sin

alb Tham khao p=0.1 p=0.3 p=05 p=0.7 p=1.0 p=1.5

1/3 Luanan (e, #0) 04325 0.4305 0.4291 0.4269 0.4223 0.4112

Quasi-3D [146] 0.4286 0.4279 0.4264 0.4242 0.4196 0.4084
HPT [146] 0.4285 0.4278 0.4263 0.4241 0.4195 0.4084
TPT [146] 0.4418 0.4411 0.4396 0.4375 0.4330 0.4222

172 Luanan (e, #0) 0.3844 0.3827 0.3814 0.3794 0.3753 0.3655
Quasi-3D [146] 0.3809 0.3803 0.3790 0.3770 0.3730 0.3630

HPT [146] 0.3809 0.3803 0.3789 0.3770 0.3729 0.3630
TPT [146] 0.3927 0.3920 0.3908 0.3889 0.3849 0.3752
1 Luanan (e, #0) 02402 0.2391 02383 0.2371 0.2345 0.2284

Quasi-3D [147] 0274 - 0271 - 0260 -
Quasi-3D [146]  0.2380 0.2376 0.2368 0.2356 0.2330 0.2268
HPT [146] 02380 02376 02368 0.2356 0.2330 0.2268
TPT [146] 0.2454 0.2450 0.2442 0.2430 0.2405 0.2344

Bén canh d6, luan 4n ciing tién hanh kiém chung két qua tinh toan cia tam
sandwich FGM (loai B va loai C) chiu tac dung bdi tai trong phan b6 dang hinh sin
va lan lugt thé hién trong Bang 3.9 va 3.10. Hinh 3.6 biéu dién cac thanh phan ung
suat phan bé trong tim loai B va loai C khi khdng ké dén thanh phan bién dang theo
chiéu day tam (&, =0).

Bang 3.9: Gia tri chuyén vi va tng suit caa tim sandwich FGM (PGM, Al/Al,O;, loai B, 1-8-1)
hinh vubng tua don (a/h=10)

p Tham khao 0, (-h/4) u, G, (h/13) &,(-h/3) &,(h/6)
0 Luanan (g, =0) 0.3247 0.3744 1.4761 1.0130 0.2161
Quasi-3D [148] - 03711 - - 0.2227
0.5 Luanéan (¢, =0) 0.5542 0.5245 1.5750 0.6965 0.2509
Quasi-3D [148] - 05238 - - 0.2581
1 Luanéan (¢, =0) 0.7337 0.6345 1.5691 0.5447 0.2733
FSDT [149] ; 0.6337 - - 0.2458
Quasi-3D [73] ; 0.6324 - - 0.2594
Quasi-3D [150] - 0.6305 - - 0.2788
Quasi-3D [148] - 0.6305 - - 0.2789
4 Luanéan (g, =0) 1.0550 0.8331 1.2539 0.5614 0.2697
FSDT [149] - 0.8191 - - 0.1877
Quasi-3D [73] - 0.8307 - - 0.2398
Quasi-3D [150] - 0.8202 - - 0.2778
Quasi-3D [148] - 08199 - - 0.2747
10 Luanéan (g, =0) 1.0798 0.8807 1.2539 0.5614 0.1982
FSDT [149] - 0.8556 - - 0.1234
Quasi-3D [73] - 0.8740 - - 0.1944
Quasi-3D [150] - 0.8650 - - 0.2059
Quasi-3D [148] - 0.8645 - : 0.2034
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Bang 3.10: Gid tri ung suat cat (&,, (0)) cua tim sandwich FGM (PGM, Al/ZrOj, loai C) hinh
vudng tya don (a/h=10)

p Tham khao 1-0-1 2-1-2 2-1-1 1-1-1 2-2-1 1-2-1
0 Luanan(e, =0) 0.23581 0.23581 0.23581 0.23581 023581 0.23581
Zenkour [132] (TPT) 0.23857 0.23857 - 0.23857 0.23857 0.23857
Zenkour [132] (SPT) 0.24618 0.24618 - 0.24618 0.24618 0.24618
Zenkour [151] (Quasi-3D) 0.23910 0.23910 - 0.23910 0.23910 0.23910
Neves et al [148] (Quasi-3D) - 0.25380 0.22910 0.24610 0.24410 0.23630
Bessaim et al [137] (Quasi-3D) - 0.23794 0.23794 0.23794 0.23794 0.23794
1 Luanén (g, =0) 0.28953 0.26882 0.26852 0.25906 0.25736 0.25054
Zenkour [132] (TPT) 0.29203 0.27104 - 0.26117 0.25951 0.25258
Zenkour [132] (SPT) 0.29907 0.27774 - 0.26809 0.26680 0.26004
Zenkour [151] (Quasi-3D) 0.36531 0.34366 - 032853 0.31785 0.30845
Neves et al [148] (Quasi-3D) - 0.27450 0.26400 0.26430 0.25940 0.24960
Bessaim et al [137] (Quasi-3D) - 0.27050 0.27017 0.26060 0.25890 0.25196
2 Luanéan(g,, =0) 0.32336 0.28607 0.28569 0.26982 0.26731 0.25645
Zenkour [132] (TPT) 0.32622 0.28838 - 0.27188 0.26939 0.25834
Zenkour [132] (SPT) 0.33285 0.29422 - 0.27807 0.27627 0.26543
Zenkour [151] (Quasi-3D) 0.41778 0.38601 - 0.36417 0.34824 0.33543
Neves et al [148] (Quasi-3D) - 0.27600 0.28770 0.26680 0.26360 0.25230
Bessaim et al [137] (Quasi-3D) - 0.28792 0.28742 0.27138 0.26885 0.25776
5 Luanéan(g,, =0) 0.38250 0.31182 0.31087 0.28420 0.28047 0.26327
Zenkour [132] (TPT) 0.38634 0.31454 - 0.28643 0.28265 0.26512
Zenkour [132] (SPT) 0.39370 0.31930 - 0.29150 0.28895 0.27153
Zenkour [151] (Quasi-3D) 0.46890 0.42723 - 0.39918 0.37791 0.36234
Neves et al [148] (Quasi-3D) - 0.27120 0.33770 0.26550 0.26690 0.25460
Bessaim et al [137] (Quasi-3D) - 0.31419 0.31293 0.28606 0.28217 0.26463
10 Luanén(g,=0) 0.42744 0.32936 0.32732 0.29326 0.28854 0.26705
Zenkour [132] (TPT) 0.43206 0.33242 - 0.29566 0.29080 0.26895
Zenkour [132] (SPT) 0.44147 0.33644 - 0.29529 0.29671 0.27676
Zenkour [151] (Quasi-3D) 0.49051 0.44435 - 0.41385 0.39045 0.37390
Neves et al [148] (Quasi-3D) - 0.26710 0.38060 0.26390 0.26920 0.25680
Bessaim et al [137] (Quasi-3D) - 0.33210 0.32959 0.29534 0.29036 0.26850
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Hinh 3.6: Gi4 tri tng suat trong tim (PGM, a/h =10, twa don va tai trong phan b
hinh sin)

Dé khao sat bai toan tim chiu tai trong nhiét do, luan &n tién hanh so sanh gia tri
chuyén vi (W,) va ang suét cit (&,,,) voi Houari va cong su [142] (1oi giai Quasi—
3D), Zenkour va Alghamdi [142] (l6i gidi Quasi-3D va HSDT) va TPT (ham bién
dang cit dang da thuc bac 3 cua Zenkour). Két qua nghién ciu cua luan &n twong
d6i phii hop véi céc két qua trong nghién ctiu nay khi xét dén bién dang theo chiéu
day tam. Cac s liéu so sanh lan luot trinh bay trong cac Bang 3.11 va 3.12.
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Bang 3.11: Gia tri chuyén vi (W, ) caa tam sandwich FGM (PGM, Ti-6A1-4V/ZrO,, loai C) hinh
vudng (a/h=10,T,=0)

Tham khao i
1-0-1 1-1-1 1-2-1 2-1-2 2-2-1
Luanén(¢,, #0) 0.467251 0.467251 0.467251 0.467251 0.467251
Houari et al (¢&,, #0) [142] 0.461634 0.461634 0.461634 0.461634 0.461634
Zenkour and Alghamdi (&,, #0) [142] 0.461634 0.461634 0.461634 0.461634 0.461634
Zenkour and Alghamdi (&,, #0) [142] 0.480262 0.480262 0.480262 0.480262 0.480262
TPT (¢, =0) [142] 0.480262 0.480262 0.480262 0.480262 0.480262
Luanan (¢,, #0) 0.615107 0.592612 0.569721 0.606424 0.579707
Houari et al (&,, =0) [142] 0.614565 0.586124 0.563416 0.599933 0.573327
Zenkour and Alghamdi (¢,, #0) [142] 0.614565 0.586124 0.563416 0.599933 0.573327
Zenkour and Alghamdi (&,, #0) [142] 0.636916 0.606292 0.582342 0.621098 0.592604
TPT (&,, =0) [142] 0.636891 0.606256 0.582302 0.621067 0.592568
Luanan (¢,, #0) 0.653025 0.624986 0.596033 0.638751 0.607914
Houari et al (¢&,, #0) [142] 0.647135 0.618046 0.590491 0.633340 0.601843
Zenkour and Alghamdi (&,, #0) [142] 0.647135 0.618046 0.590491 0.633340 0.601843
Zenkour and Alghamdi (¢,, #0) [142] 0.671503 0.639361 0.609875 0.656142 0.621581
TPT (¢, =0) [142] 0.671486 0.639325 0.609829 0.656115 0.621544
Luanan (¢,, #0) 0.664212 0.637536 0.608777 0.652206 0.620184
Houari et al (&,, =0) [142] 0.658153 0.631600 0.602744 0.646475 0.614121
Zenkour and Alghamdi (¢,, #0) [142] 0.658153 0.631600 0.602744 0.646475 0.614121
Zenkour and Alghamdi (&,, #0) [142] 0.683572 0.653671 0.622467 0.670275 0.634175
TPT (&,, =0) [142] 0.683560 0.653638 0.622420 0.670253 0.634139
Luanan (¢,, #0) 0.668903 0.644213 0.615027 0.658334 0.626517
Houari et al (¢,, #0) [142] 0.662811 0.638705 0.609560 0.652890 0.620663
Zenkour and Alghamdi (&,, #0) [142] 0.662811 0.638705 0.609560 0.652890 0.620663
Zenkour and Alghamdi (¢,, #0) [142] 0.688803 0.661291 0.629533 0.677321 0.640940
TPT (¢, =0) [142] 0.688795 0.661260 0.629487 0.677303 0.640905
Luanén (¢,, #0) 0.670962 0.647173 0.618931 0.661012 0.629435
Houari et al (&,, #0) [142] 0.665096 0.642948 0.613842 0.656490 0.624629
Zenkour and Alghamdi (¢,, #0) [142] 0.665096 0.642948 0.613842 0.656490 0.624629
Zenkour and Alghamdi (&,, #0) [142] 0.691420 0.665898 0.634003 0.681343 0.645070
TPT (&,, =0) [142] 0.691415 0.665869 0.633958 0.681327 0.645036

Bang 3.12: Gia tri ung suat cit (&,,,) caa tam sandwich FGM (PGM, Ti-6A1-4V/Zr0O,, loai C)
hinh vuéng (a/h=10,T, =-100)

p

Tham khao

O-]. Xz

1-0-1

1-1-1

1-2-1

2-1-2

2-2-1

0 Luanén(e, =0)

Houari et al (&,, =0) [142]

0.754323 0.754323 0.754323 0.754323 0.754323
0.762438 0.762438 0.762438 0.762438 0.762438
Zenkour and Alghamdi (&,, #0) [142] 0.762438 0.762438 0.762438 0.762438 0.762438
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Zenkour and Alghamdi (&,, #0) [142] 0.574063 0.574063 0.574063 0.574063 0.574063

TPT (&, =0) [142] 0.466349 0.466349 0.466349 0.466349 0.466349
1 Luanén (¢, #0) 0.908763 0.8997817 0.910574 0.8936251 0.906572
Houari et al (&,, #0) [142] 0.916983 0.911165 0.922812 0.905127 0.914313

Zenkour and Alghamdi (&,, #0) [142] 0.916983 0.911165 0.922812 0.905127 0.914313
Zenkour and Alghamdi (&,, #0) [142] 0.564059 0.559957 0.566925 0.556662 0.562231

TPT (&, =0) [142] 0.696774 0.694817 0.705269 0.689077 0.697901
2 Luanan (&, #0) 0.911828 0.907431 0.922119 0.886271 0.9087515
Houari et al (&,, #0) [142] 0.919218 0.905787 0.930546 0.894489 0.916889

Zenkour and Alghamdi (&,, #0) [142] 0.919218 0.905787 0.930546 0.894489 0.916889
Zenkour and Alghamdi (&,, #0) [142] 0.696044 0.689620 0.711266 0.679194 0.699571

TPT (&, =0) [142] 0.565881 0.556769 0.571546 0.550567 0.564062
3 Luanan (g, #0) 0.915019 0.888653 0.922901 0.875448 0.906782
Houari et al (&,, #0) [142] 0.923419 0.896673 0.930393 0.883314 0.914156

Zenkour and Alghamdi (&,, #0) [142] 0.923419 0.896673 0.930393 0.883314 0.914156
Zenkour and Alghamdi (&,, #0) [142] 0.697635 0.681516 0.710627 0.669256 0.696850

TPT (&,, =0) [142] 0.568711 0.551237 0.571319 0.544027 0.562514
4 Luanén (e, =0) 0.923447 0.802350 0.206632 0.67995 0.903516
Houari et al (&,, =0) [142] 0.931204 0.888770 0.928612 0.875373 0.911369

Zenkour and Alghamdi (&,, #0) [142] 0.931204 0.888770 0.928612 0.875373 0.911369
Zenkour and Alghamdi (&,, #0) [142] 0.702617 0.674664 0.708782 0.662291 0.694226

TPT (&, =0) [142] 0.573625 0.546463 0.570117 0.539446 0.560893
5 Luanan(g,, #0) 0.932051 0.874763 0.918157 0.863970 0.891217
Houari et al (&,, #0) [142] 0.940770 0.882525 0.926543 0.870190 0.909225

Zenkour and Alghamdi (&,, #0) [142] 0.940770 0.882525 0.926543 0.870190 0.909225
Zenkour and Alghamdi (&,, #0) [142] 0.709315 0.669326 0.706821 0.657748 0.692220
TPT (&,, =0) [142] 0.579530 0.542724 0.568771 0.536526 0.559642

3.7.2 Phan tich én dinh

Pé kiém chuang két qua nghién ctru trong phan nay, luan an ciing so sanh gia tri luc
ti han (N_,) cho tim FGM théng thuong (loai A) vai ti s6 canh va chiéu day tam,
ti s6 canh trén canh va hé sé dic trung vat liéu (p) thay ddi dudi tac dung cua tai
phan bd hinh sin. Két qua 10i giai duoc su so sanh véi 10i giai HSDT, ké ca két qua
on dinh trong tam khi xét su anh huéng do thay doi nhiét do (Bang 3.13, 3.14 va
3.15). Hinh 3.7 va 3.8 biéu dién anh huong vé ti 1& canh trén chiéu day (a/h), ti 1¢
canh trén canh (a/b) caa tim loai A khi xét dén thanh phan bién dang theo chiéu
day tim (&, #0). Bang 3.16 kiém chung 6n dinh nhiét tng véi truong hop tam
lien két ngam va tua don.
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Bang 3.13: Gia tri lyc t6i han do tai trong co (N, ) ciia tam FGM thong thuong (PGM, Al/AI,Os,
loai A) tya don

y alb ah Tham khao p=0 p=05 p=1 p=2 p=5 p=10
05 5 Luanan (e, =0) 6.7204 4.4221 3.4164 2.6450 2.1479 1.9210
TPT [152] 6.7203 4.4235 3.4164 2.6451 2.1484 1.9213

10 Luanén (e, =0) 7.4053 4.8190 3.7111 2.8896 24163 2.1897
TPT [152] 7.4053 4.8206 3.7111 2.8897 2.4165 2.1896

20 Ludnén(eg, =0) 75993 4.9298 3.7930 2.9981 24944 2.2692
TPT [152] 7.5993 4.9315 3.7930 2.9582 2.4944 2.2690

10 5 Luanén (&, =0) 16.0216 10.6215 8.2247 6.3430 50513 4.4800
TPT [152] 16.0211 10.6254 8.2245 6.3432 5.0531 4.4807

10 Luinéan(e, =0) 185786 12.1181 9.3391 7.2630 6.0346 5.4530
TPT [152] 18.5785 12.1229 9.3391 7.2631 6.0353 5.4528

20 Luanéan(e,=0) 19.3528 12.5616 9.6675 7.5371 6.3446 5.7674
TPT [152] 19.3528 12.5668 9.6675 7.5371 6.3448 5.7668

1 05 5 Luanan (¢, =0) 5.3763 3.5377 2.7331 2.1160 1.7183 1.5368
TPT [152] 53762 3.5388 2.7331 2.1161 1.7187 1.5370

10 Luanéan (e, =0) 59243 3.8552 2.9689 2.3117 19330 1.7517
TPT [152] 5.9243 3.8565 2.9689 2.3117 1.9332 1.7517

20 Luinan(e, =0) 6.0794 3.9438 3.0344 2.3665 19955 1.8153
TPT [152] 6.0794 3.9452  3.0344 2.3665 1.9955 1.8152

1.0 5 Luanan (&, =0) 8.0108 5.3108 4.1124 3.1715 25256 2.2400
TPT [152] 8.0105 5.3127 4.1122 3.1716 2.5265 2.2403

10 Luénén(e, =0) 9.2893 6.0590 4.6696 3.6315 30173 2.7265
TPT [152] 9.2893 6.0615 4.6696 3.6315 3.0177 2.7264

20 Ludnan(e, =0) 9.6764 6.2808 4.8337 3.7686 3.1723 2.8837
TPT [152] 0.6764 6.2834 4.8337 3.7686 3.1724 2.8834

Bang 3.14: Gia tri lyc téi han do tai trong nhiét (T,, x10°%) cta tam FGM thdng thuong (PGM,
Al/ALLQ;, loai A) tya don khi nhiét do thay doi déu (a/h=100)

p Tham khao a/b=1 a/b=2 al/b=3 a/b=4 al/b=5
0 Ludnéan (g, #0) 17.1008 42.7520 85.5066 145.3645 222.3309
Luanan (g, =0) 17.0880 42.6854 85.2531 144.6477 220.6694
SPT [51] 17.0894 42.6876 85.2554 144.6500 220.6729
HPT [51] 17.0894 42.6875 85.2551 144.6490 220.6706
FPT [51] 17.0894 42.6875 85.2551 144.6489 220.6704
CPT [51] 17.0991 42.7477 85.4955 145.3424 222.2883
1 Luanan (g, #0) 8.1818 20.4544 40.9114 69.5526 106.3757
Ludnén (g, =0) 7.9386 19.8349 39.6237 67.2486 102.6355
SPT [51] 7.9400 19.8359 39.6249 67.2510 102.6365
HPT [51] 7.9400 19.8358 39.6248 67.2506 102.6356
FPT [51] 7.9400 19.8358 39.6248 67.2506 102.6355
CPT [51] 7.9437 19.8594 39.7188 67.5220 103.2690
2 Ludnéan (g, #0) 7.3651 18.4166 36.8333 62.6150 95.7645
Luanéan (g, =0) 7.0374 175821 35.1232 59.6019 90.9491
SPT [51] 7.0390 17.5840 35.1233 59.6034 90.9501
HPT [51] 7.0390 17.5840 35.1234 59.6037 90.9508
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10

FPT [51]
CPT [51]
Luanéan (&, #0)
Ludnén (¢, =0)
SPT [51]
HPT [51]
FPT [51]
CPT [51]
Ludnén (g, #0)
Luanéan (&, =0)
SPT [51]
HPT [51]
FPT [51]
CPT [51]

7.0392
7.0426

7.5597

7.2602

7.2606
7.2606
7.2615
7.2657

7.6467

7.4624
7.4634
7.4634
7.4644
7.4692

17.5853
17.6065

18.8979

18.1325

18.1324
18.1327
18.1380
18.1642

19.1206

18.6342
18.6365
18.6366
18.6427
18.6731

35.1285
35.2130

37.7958

36.2010

36.2014
36.2025
36.2236
36.3285

38.2387

37.1994
37.2001
37.2006
37.2246
37.3463

59.6184
59.8621

64.2483

61.3939

61.3921
61.3951
61.4559
61.7585

64.9984

63.0682
63.0673
63.0687
63.1378
63.4888

91.9850
91.5538

98.2528

93.6038

93.5999
93.6069
93.7481
94.4542

99.3971

96.1203
96.1183
96.1213
96.2820
97.1005

Béng 3.15: Gia tri lyc téi han do tai trong nhiét (T,, x10°%) cua tam FGM thong thuong (PGM,
Al/Al,0s, loai A) tya don khi nhiét d6 thay dbi phi tuyén (a/h=10,T, =5°C)

D Tham khio alb=1 alb=2 alb=3

k=2 k=5 k=10 k=2 k=5 k=10 k=2 k=5 k=10

0 Luanan (g, #0) 51183 10.2366 18.7672 12.8283 25.6566 47.0372 25.6985 51.3970 94.2279
Ludnén (¢, =0) 4.8411 9.6821 17.7506 11.2271 22.4542 41.1661 20.0075 40.0151 73.3609

SPT [51] 4.8414 9.6829 17.7520 11.2294 22.4589 41.1747 20.0164 40.0328 73.3935

HPT [51] 48410 9.6821 17.7505 11.2269 22.4538 41.1568 20.0066 40.0133 73.3577

FPT [51] 4.8408 9.6817 17.7498 11.2246 22.4492 46.9675 19.9919 39.9838 73.3037

CPT [51] 5.1147 10.2294  18.7540 12.8093 25.6186 46.9675 25.6336 51.2673  93.9900

1 Ludnén (g, #0) 2.2751 4.6633 8.8450 57126 11.7091 22.2092 11.4496 23.4681 445131
Luanén (g, =0) 2.1066 4.3180 8.1901 4.9509 10.1478 19.2478 8.9677 18.3809 34.8640

SPT [51] 2.1068 4.3182 8.1906 4.9517 10.1496 19.2512 8.9711 18.3880 34.8774

HPT [51] 2.1066 4.3179 8.1900 4.9508 10.1476 19.2475 8.9673 18.3802 34.8626

FPT [51] 2.1065 4.3178 8.1898 4.9499 10.1458 19.2440 8.9615 18.3684 34.8402

CPT [51] 2.2072 4.5241 8.5812 55391 11.3534 21.5346 11.0921 22.7355 43.1235

2 Luanan (g, #0) 1.8437 3.6000 6.7335 4.6245 9.0300 16.8901 9.2480 18.0578 33.7761
Ludnén (¢, =0) 1.6766 3.2738 6.1234 39245 7.6630 14.3333 7.0654 13.7962 25.8050

SPT [51] 1.6765 3.2736 6.1232 3.9243 7.6627 14.3327 7.0655 13.7962 25.8051

HPT [51] 1.6766 3.2738 6.1235 3.9246 7.6633  14.3339 7.0659 13.7970 25.8066

FPT [51] 1.6812 3.2828 6.1404 3.9493 7.7116  14.4242 7.1433 13.9483 26.0895

CPT [51] 1.7627 3.4419 6.4379  4.4256 8.6417 16.1638 8.8640 17.3080 32.3737

5 Luanan (g, #0) 17739 3.1670 55578 4.4368 7.9210 13.9008 8.8313 15.7665 27.6693
Ludnén (g, =0) 15962 2.8497 5.0011 3.6512 6.5185 11.4395 6.3728 11.3773 19.9665

SPT [51] 1.5955 2.8485 49990 3.6479 6.5126 11.4292 6.3635 11.3609 19.9377

HPT [51] 1.5964 2.8500 5.0017 3.6521 6.5202 11.4425 6.3755 11.3822 19.9751

FPT [51] 1.6141 2.8816 5.0571 3.7444 6.6849 11.7317 6.6569 11.8847 20.8569

CPT [51] 1.7083 3.0498 5.3522 4.2885 7.6562  13.4363 8.5888 15.3337 26.9097

10 Ludnén (g, #0) 1.8478 3.1788 5.2587 4.6175 7.9437 13.1413 9.1782 15.7900 26.1212
Luanén (g, =0) 1.6769 2.8849 47725 3.7965 6.5314 10.8049 6.5389 11.2494 18.6099

SPT [51] 1.6766 2.8844 47717 3.7953 6.5293 10.8015 6.5362 11.2448 18.6022

HPT [51] 1.6770 2.8851 47728 3.7970 6.5322 10.8062 6.5402 11.2515 18.6134

FPT [51] 1.6974 2.9202 48310 3.9016 6.7122 11.1040 6.8510 11.7862  19.4980

CPT [51] 1.8092 3.1126 5.1492 45414 7.8130 129250 9.0951 15.6470 25.8848
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Hinh 3.7: Anh huéng ti s6 canh va chiéu day (a/h) ddi véi cac luc téi han (N_)
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Hinh 3.8: Anh huong ti 6 2 canh (a/b) ddi véi céc luc téi han do tai trong co
(N, ) cua tim FGM (PGM, AI/ALOs, loai A)
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Bang 3.16: Gia tri luc t6i han do tai trong nhiét (T., x10%) cua tim FGM thong thuong (PGM,
Al/Al,0s, loai A) hinh vudng khi nhiét d¢ thay d6i déu

DKB a/h Tham khao p=0 p=0.5 p=1 p=2 p=5
SSSS 50 Luanén (e, =0) 68.2419 38.6765 31.7133 28.1114 28.9818
ES-FEM [153] 70.6998 39.4860 32.2723 28.5288 29.3283
EDuus [154] 68.2055 38.6553 31.6979 28.0962 28.9625

FPT [155] 67.915 38278 31.185 29.653 29.608

100 Luanan(e,=0) 17.0880 9.6819  7.9386 7.0374 7.2602
ES-FEM [153] 17.7187 9.8946  8.0867 7.1492 7.3515

EDyus [154] 17.0871 9.6821  7.9389 7.0379 7.2594

FPT [155] 17.361  9.805 7.944  6.925  7.423
CCCC 50 Luanan (e, =0) 179.1078 101.5526 83.2845 73.8099 75.9987
ES-FEM [153] 188.2834 105.2699 86.0739 76.0781 78.0599
EDy, [154] 185.8634 105.5901 86.6282 76.7304 78.8096

FPT [155] 175.817 99.162  82.357 71.013 74.591
100 Luanan(e, =0) 44.9741 254874 20.8973 18.5267 19.1027
ES-FEM [153] 47.4967 26.5411 21.6980 19.1804 19.7017
EDy, [154] 48.0005 27.2915 22.4017 19.8472 20.3664

FPT [155] 44,171 24899  20.771 18.489 19.150

Pé danh gia anh huong cua nhiét do 18n két cau tim cho bai toan Quasi-3D, luan &n
khao sét thanh phan luc téi han do tai trong nhiét (T.,) cho tim FGM théng thuong
(loai A) tng Vi ti s6 hai canh, hé s6 dic trung vat liéu (p) va ti s6 gitra canh trén
chiéu day tim thay ddi cho truong hop nhiét do thay d6i déu (Hinh 3.9 va 3.10).
Tuong tu, Hinh 3.11 xét cac truong nhiét do thay doi déu (UT), tuyén tinh (LT) va
phi tuyén (NLT) g véi cac hé sé dic trung vat liéu (p) thay doi.
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Hinh 3.9: Gia tri luc téi han (T ) cua tim FGM (PGM, Al/AlO3, loai A, p=2,
a/h=100) tya don khi nhiét d6 thay dbi déu
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Hinh 3.10: Gia tri luc toi han (T ) cua tam FGM (PGM, Al/Al,O;, loai A,
p =0.5) tya don khi nhiét do thay d6i déu
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Hinh 3.11: Gia tri luc toi han (T ) cua tam FGM (PGM, Al/ALOs, loai A,
a/h=50) hinh vudng tua don khi nhiét 6 thay d6i khac nhau
Déi véi trudng hop bai toan tam logi B, luan &n khao sét anh huong cua hé sb dac
trung vat liéu (p), ti so canh trén chiéu day va cau truc cua tam doi véi thanh phan
luc t6i han do tai trong co (N_ ) truong hop khong xét bién dang theo chiéu day
tam duoc thé hién trong Bang 3.17. CAc gia tri trong bang nay la kha mai vi khdng
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tim dwoc 101 giai twong thich dé so sanh két qua. Hinh 3.12, 3.13 va 3.14 khao sat
anh huong cuaa hé s6 dac trung vat liéu (p), ti so canh trén chiéu day va ti I¢ hai
canh caa tim ung véi trudng nhiét d6 thay doi déu, tuyén tinh va phi tuyén cho bai

toan Quasi-3D.

Bang 3.17: Gia tri luc t6i han do tai trong co (N, ) cua tam sandwich FGM (PGM, Al/AlLQ;,

loai B) hinh vuéng tua don

y ah Cautric p=0 p=0.5 p=1 p=5 p=10
1 5 1-1-1 2.0513 2.2342 2.3333 2.5978 2.6834
1-2-1 1.9456 2.2725 2.4387 2.8964 3.0545
2-2-1 2.1369 2.5023 2.7056 3.2351 3.4009
10 1-1-1 2.3508 2.5165 2.6123 2.8848 2.9773
1-2-1  2.3095 2.5768 2.7322 3.2063 3.3816
2-2-1 2.3928 2.7898 3.0116 3.6028 3.7937
100 1-1-1  2.4773 2.6308 2.7236 2.9969 3.0918
1-2-1  2.4730 2.7015 2.8495 3.3268 3.5087
2-2-1  2.4963 2.9038 3.1320 3.7467 3.9476
15000 T T T T T T T T T
<G uT
e | T
—&— NLT (k=2)
—— NLT (k=5)
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Hinh 3.12: Gia tri lyc t6i han (T ) caa tam (1-8-1) sandwich FGM (PGM, loai B

Al/Al,O3,a/h=10) tya don khi nhiét do thay doi khac nhau
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Hinh 3.13: Gia tri luc téi han (T ) cua tam (1-8-1) sandwich FGM (PGM, loai B,

Al/ALLO;, p =1) tua don khi nhiét d6 thay doi khac nhau
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Hinh 3.14: Gia tri lyc t6i han (T ) caa tim (1-8-1) sandwich FGM (PGM, loai B,
Al/AlL,O;, p=1,a/h=10) tya don khi nhiét 6 thay d6i khac nhau
Tam loai C cua bai toan phan tich lyc t6i han ciing duoc kiém ching trong Bang
3.18 truong hop khong Xét bien dang theo chiéu day tam. Hinh 3.15 biéu dien anh
hudng cua hé so dac trung vat liéu (p), cau trac phan 1op cua tam loai C khi khdng
xét dén thanh phan bién dang theo chiéu day tam (e, =0).
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Bang 3.18: Gia tri luc téi han (N, ) ctia tam sandwich FGM (PGM, Al/AlLQs, loai C, 16i cing)
hinh vudng tya don (a/h=10, y =1)

p Tham khao 1-0-1 2-1-2 2-1-1 1-1-1 2-2-1 1-2-1
0 Ludnén (g, =0) 6.50566 6.50566 6.50566 6.50566 6.50566 6.50566
Zenkour [132] (TPT) 6.50248 6.50248 6.50248 6.50248 6.50248 6.50248
Zenkour [132] (SPT) 6.50303 6.50303 6.50303 6.50303 6.50303 6.50303
Meiche et al [133] (HPT) 6.50276 6.50276 6.50276 6.50276 6.50276 6.50276
Neves et al [134] (HSPT) 6.50266 6.50266 6.50266 6.50266 6.50266 6.50266
Neves et al [134] (Quasi-3D)  6.47652 6.47652 6.47652 6.47652 6.47652 6.47652
1.0 Luénéan(¢g, =0) 2.58410 2.92060 3.09759 3.23299 3.47544 3.75403
Zenkour [132] (TPT) 2.58357 2.92003 3.09697 3.23237 3.47472 3.75328
Zenkour [132] (SPT) 2.58423 2.92060 3.09731 3.23270 3.47490 3.75314
Meiche et al [133] (HPT) 2.58315 291970 3.09686 3.23225 3.47476 3.75359
Neves et al [134] (HSPT) 2.53913 2.86503 3.03679 3.16779 3.40280 3.67204
Neves et al [134] (Quasi-3D)  2.53062 2.85563 3.02733 3.15750 3.39207 3.66013
50 Luanén(e, =0) 1.32948 1.52155 1.70203 1.79002 2.05633 2.36760
Zenkour [132] (TPT) 1.32910 1.52129 1.70176 1.78978 2.05605 2.36734
Zenkour [132] (SPT) 1.33003 1.52203 1.70224 1.79032 2.05644 2.36744
Meiche et al [133] (HPT) 1.32839 1.52071 1.70140 1.78937 2.05578 2.36731
Neves et al [134] (HSPT) 1.32331 1.50935 1.68594 1.77072 2.03078 2.33036
Neves et al [134] (Quasi-3D)  1.31829 1.50409 1.68128 1.76507 2.02534 2.32354
10 Ludnén (¢, =0) 1.24406 1.37341 154622 159758 1.85403 2.14020
Zenkour [132] (TPT) 1.24363 1.37316 1.54595 1.59736 1.85376 2.13995
Zenkour [132] (SPT) 1.24475 1.37422 156721 159728 1.57287 2.19087
Meiche et al [133] (HPT) 1.24287 1.37249 154556 1.59687 1.85343 2.13982
Neves et al [134] (HSPT) 1.24090 1.36547 1.53468 1.58421 1.83573 2.10897
Neves et al [134] (Quasi-3D)  1.23599 1.36044 1.53036 1.57893 1.83083 2.10275
7 . 0 T
b
—v—1-0-1
6 —o—1-1-1 b
——1-2-1
' —+—2-1-1
5r —#—2-1-2 iy
_ 2-2-1
cr
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Hinh 3.15: Gia tri luc téi han (N ) cta tam sandwich FGM (EGM, AI/Al,O, loai
C, 161 cung) hinh vuodng tya don (a/h=10)
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Trong phan phan tich luc ti han do nhiét d6 cua tim loai C, luan an xét anh huong
do hé sé dic trung vat liéu (p), cau trdc cac phan Iop trong tim trong céc trudng
nhiét d thay ddi khac nhau va c6 ké dén thanh phan bién dang theo chiéu day tam
(¢,, #0) (Hinh 3.16 va 3.17).
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Hinh 3.16: Gia tri luc t6i han (T ) caa tam (1-1-1) sandwich FGM (PGM, loai C,
Al/Al,Qs, 16i cng) hinh vuéng tya don khi nhiét do thay d6i khac nhau (a/h=10)

cr

9000 L L L T T T L
S, o
gooo|- 101 ¢
111
7000 - 21 a .
—&— 211 : g
oool- 212 ’ P
221 x s
5000 |- , A g
e L -
” _ ¢
4000 - [ 7
- /// k} - -
3000/ e = .
o
2000 |- Ja .
10005 — & 7
0 r r r r r r r
1 15 2 2.5 3 3.5 4 45 5
alb

(a) Nhiét do thay doi déu (UT)
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(b) Nhiét do thay ddi tuyén tinh (LT)
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(c) Nhiét do thay doi phi tuyén (NLT)
Hinh 3.17: Gia tri lyc t6i han (T ) caa tim sandwich FGM (PGM, loai C,
Al/Al,O3, 161 cung, p=2,k =2) tyadon (a/h=10)
Cudi cting, trong phan phan tich luc téi han cho tam loai C trong truong hop diéu
ki¢n bién khong phai tya don, luan an dung loi giai Ritz dé phan tich. Trudc tién,
luan an khao sat su hoi tu (keét qua tin cay) cua bai toan thong qua Bang 3.19 cho
treong hop khéng xét bien dang theo chicu day tam va dong thoi két hop so sanh
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bai toan sir dung ham bién dang cat bac cao méi cua luan an (NPT) d3 phat trién véi
cac bai toan sur dung ly thuyét bién dang cit bac cao khac nhau: TPT (ham da thic
bac 3) va SPT (ham luong gi4c). T4c gia nhan thay, dbi véi tam tya don (SSSS) thi
két qua hoi tu tai gid tri:m=1,n =1, con d6i voi tim bdn bién ngam (CCCC) thi gia
tri hoi tu: m=5,n=>5. Bén canh do6, gia trj tinh toan cua luan &n rat gan voi céc 10i
giai str dung ham bién dang cat TPT va SPT. Luan &n tiép tuc so sanh két qua véi
Neves va cong su [148], Thai va cong su [94] (Bang 3.20).

Bang 3.19: Khao sat sy hoi tu cta luc téi han do tai co (N, ) cia tam sandwich FGM (PGM,

Al/Al,O3, loai C, 2-1-2, 16i cting) hinh vubng (a/h=10, y =1,¢,, =0)

p=0 p=5 p=10
bKB (m,n)
TPT SPT NPT TPT SPT NPT TPT SPT NPT
SSSS  (L1) 65025 65030 6.5025 15213 15220 15214 13731 1.3740 1.3733
(2,2) 65025 65030 65025 15213 15220 15214 13731 1.3740 1.3733
(3,3) 65025 65030 65025 15213 15220 15214 13731 1.3740 13733
(4,4) 65025 65030 65025 15213 15220 15214 13731 1.3740 1.3733
(5,5) 65025 65030 65025 15213 15220 15214 13731 1.3740 13733
(6,6) 65025 65030 65025 15213 15220 15214 13731 1.3740 1.3733
(7,7) 65025 6.5030 6.5025 1.5213 1.5220 15214 1.3731 13740 1.3733
CCCC (L1 159136 159175 159139 3.9179 3.9229 3.9189 3.5386 3.5442 3.5397
(2,2) 159136 159175 159139 3.9179 3.9229 3.9189 3.5386 3.5442 3.5397
(3,3) 15.9080 15.9136 15.9084 3.9165 3.9214 3.9177 3.5376 3.5437 3.5382
(4,4) 159041 15.9080 159044 3.9154 3.9203 3.9163 3.5363 3.5419 3.5374
(5,5) 15.9037 15.9076 15.9040 3.9153 3.9202 3.9162 3.5362 3.5418 3.5373
(6,6) 15.9037 15.9076 15.9040 3.9153 3.9202 3.9162 3.5362 3.5418 3.5373
(7,7) 159037 159076 159040 3.9153 3.9202 3.9162 3.5362 3.5418 3.5373

Bang 3.20: Gia tri luc téi han (Nlcr) cua tim sandwich FGM (PGM, Al/AlO, loai C, 18i cung)
hinh vuéng (a/h=10,y=1¢,, =0)

bKB

o

Tham khao

1-0-1

2-1-2

1-1-1

2-2-1

1-2-1

SSSS

o

Luan anRitz (&, =0)

Luén &n Navier (&, =0)

Nevesetal (&, =0) [148]
Neves etal (&,, = 0) [148]

Thai et al (FSDT) [94]
1 LuananRitz (s, =0)
Luén &n Navier (&, =0)

Nevesetal (£, =0) [148]
Neves etal (&,, = 0) [148]

Thai et al (FSDT) [94]
5 LuananRitz (s, =0)
Luén &n Navier (&, =0)

6.50251
6.50251
6.50254
6.47643
6.50220
2.58369
2.58369
2.53924
2.53069
2.58240
1.32932
1.32932

6.50251
6.50251
6.50254
6.47643
6.50220
2.92013
2.92013
2.86511
2.85568
2.91930
1.52144
1.52144

6.50251
6.50251
6.50254
6.47643
6.50220
3.23241
3.23241
3.16778
3.15750
3.23200
1.78989
1.78989

6.50251
6.50251
6.50254
6.47643
6.50220
3.47473
3.47473
3.40274
3.39202
3.47420
2.05612
2.05612

6.50251
6.50251
6.50254
6.47643
6.50220
3.75323
3.75323
3.67183
3.65998
3.75280
2.36735
2.36735
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10

CCccc 0

10

Nevesetal (g, =0) [148]
Nevesetal (&, =0) [148]

Thai et al (FSDT) [94]
LudnéanRitz (g, =0)
Luan &an Navier (&, =0)

Nevesetal (&, =0) [148]
Nevesetal (&, =0) [148]

Thai et al (FSDT) [94]

Ludnén (g, =0)

Thai et al. (FSDT) [94]

Luanén (&, =0)

Thai et al (FSDT) [94]

Luanén (s, =0)

Thai et al (FSDT) [94]

Ludnén (¢, =0)

Thai et al (FSDT) [94]

1.32340
1.31826
1.32080
1.24384
1.24384
1.24109
1.23608
1.23330
15.9139
15.9226
6.54655
6.54340
3.39243
3.34000
3.14660
3.08250

1.50933
1.50395
1.51410
1.37331
1.37331
1.36540
1.36023
1.36120
15.9139
15.9226
7.39815
7.39900
3.91888
3.87380
3.53967
3.46290

1.77074
1.76502
1.78550
1.59747
1.59747
1.58419
1.57880
1.58970
15.9139
15.9226
8.17136
8.17530
4.60625
4.58130
4.12089
4.07320

2.03081
2.02535
2.05120
1.85386
1.85386
1.83576
1.83083
1.84500
15.9139
15.9226
8.75748
8.76120
5.26967
5.24170
4.76227
4.70840

2.33029
2.32351
2.36520
2.14001
2.14001
2.10896
2.10275
2.13640
15.9139
15.9226
9.43980
9.44430
6.05338
6.04450
5.48856
5.46960

3.7.3 Phan tich dao dng tw do
Khao séat gia tri tan sé dao dong rleng cua tim FGM thong thuong (loai A) hinh
vubng véi ti sé canh trén chiéu day tdim (a/h) va cac hé sé dic trung vat liéu (p)
thay d6i khac nhau. Két qua luan an duoc su so sanh véi 10i giai chinh xac 3D [156]
(Bang 3.21). Hinh 3.18 va 3.19 biéu dién anh huong ctua hé sé dic trung vat liu
(p), ti s6 hai canh (a/b) va ti sé canh trén chiéu day (a/h) caa tim loai A khi xét
dén thanh phan bién dang theo chiéu day tam (&, #0).

Bang 3.21: Gia tri tan s6 dao dong (@ ) cua tim FGM thong thuong (PGM, Al*/ZrO,, loai A) hinh
vuong tya don (¢, =0)

a/h Tham khao p=0 p=01 p=0.2 p=0.5 p=1 p=2 p=5 p=10
2 Luanan Ritz 12454 12162 11913 11356 1.0784 1.0234 0.9685 0.9435
Luanan Navier — 1.2454 12162 11913 1.1356 1.0784 1.0234 0.9685 0.9435
3D [156] 12589 1.2296 1.2049 1.1484  1.0913 1.0344 0.9777 0.9507
5  Luanén Ritz 17683 17208 1.6818 1.5974 1.5212 1.4601 1.4058 1.3690
Luin4n Navier ~ 1.7683 1.7208 16818 1.5974 15212 1.4601 1.4058 1.3690
3D [156] 17748 17262 1.6881 1.6031 1.4764 1.4628 1.4106 1.3711
10 Luanén Ritz 19317 1.8773 1.8332 17393 1.6583 15986 1.5492 1.5083
Luanan Navier ~ 1.9317 18773 1.8332 17393 1.6583 1.5986 15492 1.5083
3D [156] 1.9339 1.8788 1.8357 17406 1.6583 15968 1.5491 1.5066
20 Luanéan Ritz 1.9821 1.9254 1.8797 17827 1.7003 16415 1.5943 15521
Luanan Navier ~ 1.9821 19254 1.8797 1.7827 1.7003 1.6415 15943 1.5521
3D [156] 19570 1.9261 1.8788 17832  1.6999 16401 1.5937 1.5491
50  Luanan Ritz 1.9971 1.9397 1.8935 17956 1.7129 16543 1.6078 1.5652
Luanan Navier ~ 1.9971 19397 1.8935 1.7956 1.7129 1.6543 1.6078 1.5652
3D [156] 1.9974 1.9390 1.8920 1.7944  1.7117 1.6522 1.6062 1.5620
100  Luanén Ritz 1.9993 1.9418 1.8955 1.7975 1.7147 1.6562 1.6098 1.5671
Luin4n Navier ~ 1.9993 1.9418 18955 1.7975 17147 16562 1.6098 1.5671
3D [156] 1.9974 1.9416 1.8920 1.7972  1.7117 1.6552 1.6062 1.5652
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Hinh 3.18: Anh huong ti s6 canh va chiéu day (a/h) doi vei tan s6 dao dong (&)
cua tam FGM (PGM, AlI*/ZrO,, loai A) (¢,, #0)

3.4 T T
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Hinh 3.19: Anh huong ti s6 canh va canh (a/b) va ( p) dbi véi tan s dao dong
(&) cua tim FGM (PGM, AI*/zr0,, loai A) (&, #0)

Luan 4n ciing tién hanh phan tich tan s6 dao dong cua tam khi dung 16 giai Ritz cho
tam loai A va dugc so sanh véi 16i giai 3D cua Jin ya cong su [157] (Bang 3.22 v@
Hinh 3.20). Hinh 3.21 thé hién anh huong cua ti soh/ava gia tri p doi vaéi tan so

dao dong () cta tim c6 bbn bién lién két ngam.
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Bang 3.22: Gia tri tan s6 dao dong (@ ) cua tim FGM thong thuong (PGM, Al/Al,Os, loai A) hinh

vudng twra don

h/a Tham khao p=0 p=1 p=2 p=4 p=8 p=10
0.1 Luénén (g, =0) 5.7694 4.4192 4.0089 3.8069 3.6846 3.6369
Jinetal (3D) [157] 57776 44264 4.0142 3.8106 3.6895 3.6266
0.2 Luanén (g, =0) 5.2814 4.0781 3.6805 3.4453 3.2962 3.2512
Jin et al (3D) [157] 53038 4.0991 3.6962 3.4560 3.3092 3.2522
0.5 Luénén (g, =0) 3.7195 29428 2.6250 2.3690 2.1999 2.1643
Jin et al (3D) [157] 3.7602 29901 2.6660 2.3980 2.2221 2.1801
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Hinh 3.20: Anh huéng hé sé dic trung vat liéu ( p) ddi véi tan s6 dao dong (@)
caa tim FGM (PGM, Al/AlLQ3, loai A) tua don (&, =0)
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Hinh 3.21: Anh huong ti 6 (h/a) doi vai tan s6 dao dong (@) cua tam FGM
(PGM, Al/Al,O3, loai A) bon bién ngam (¢, =0)

Ngoadi ra, dé khao sét lai gid tri tin s6 dao dong (@, ) cua mot sé modes ban dau cia
tam dong nhat (Al,O3) khi chiu tai trong do nhiét &6 luan an st dung ham bién dang
cat dé& xuat (NPT) so sanh mot s ham bién dang cat bac cao d phat trién va véi cac
loi khéc [140] (Bang 3.23) dé thiy duoc nhitng diém noi bat cua luan an. Tuong tu,
luan 4n ciing phan tich cho tam FGM (loai A) va so sanh véi tac gia Mohammed
Sobhy [140] va Baferani va cong su [158] trong Bang 3.24, cac két qua luan an c6
duogc 1a twong d6i phi hop véi hai tac gia nay.
Bang 3.23: Gia tri tin s6 dao dong (@, ) ciia tim dong nhét (Al,05) hinh vudng
(a/h=10,AT =0,&, #0)

(mn) Loigisi  Luanan  RPT TPT SPT HPTL EPT HPT2
7 chinhxdc  (NPT) [140] [140] [140] [140] [140] [140]

(L) 009315 0.09303 0.09315 009303  0.09303  0.09303  0.09304  0.09304

(-0.13%)  (0%)  (-0.13%)  (-0.13%)  (-0.13%)  (-0.12%)  (-0.12%)
(L2) 022260 022190 022261 022195  0.22198 022195  0.22204  0.22200

(0.31%)  (0%)  (-0.29%)  (-0.28%)  (-0.29%)  (-0.25%)  (-0.27%)
(2,2) 034207 0.34092 034215  0.34063  0.34069  0.34063  0.34084  0.34075
(L,3) 041714 041585 041729  0.41507 041516 041507  0.41538  0.41524
(2,3) 052391 052107 052424 052081 052096 052081 052131  0.52109
(33) 068893 068511 0.68974  0.68396  0.68423  0.68395  0.68483  0.68445
(2,4) 075111 074603 0.75217  0.74536  0.74569  0.74535  0.74640  0.74596
(L5) 092678 092146 092886  0.91869  0.91922 0091866  0.92031  0.91963
(4,4) 108890 1.08221 1.09232  1.07845 1.07923 1.07842  1.08074  1.07981

Két qua trong dau ngoic () duoc so sanh véi 1o giai chinh xac.
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Bang 3.24: Gia tri tan sb dao dong (@, ) cua tim FGM thong thuong (PGM, Al/ALLOs, loai A) hinh
vudng tua don (AT =0)

h/a Tham khao

p=0 p=1 p=2 p=5

0.05 Luanan (¢, =0)

Mohammed Sobhy [140]

Baferani et al [158]
0.10 Luanén (&, =#0)

Mohammed Sobhy [140]

Baferani et al [158]
0.15 Luanén (&, =#0)

Mohammed Sobhy [140]

Baferani et al [158]
0.20 Luanéan (g, #0)

Mohammed Sobhy [140]

Baferani et al [158]

0.0292 0.0224  0.0205 0.0196
0.0291 0.0222 0.0202 0.0191
0.0291 0.0227 0.0209 0.0197
0.1137 0.0872 0.0794 0.0754
0.1136 0.0869 0.0789 0.0741
0.1134 0.0891 0.0819 0.0767
0.2469 0.1907 0.1729 0.1621
0.2461 0.1890 0.1710 0.1590
0.2454 0.1939 0.1778 0.1648
0.4178 0.3227 0.2911 0.2681
0.4172 0.3219 0.2903 0.2670
0.4154 0.3299 0.3016 0.2765

Bai toan tim loai B ciing dugc xem xét khi khao sat tim hinh vudng vai ti s6 canh
trén chiéu day tam (a/h) va cac hé so dac trung vat li¢u ( p) thay doi. Két qua cua
luan an dugc so sanh véi nghién ciru cua Natarajan va Manickam [136] (Bang

3.25).

Bang 3.25: Gia tri tan s6 dao dong (&) cua tim sandwich FGM (PGM, Al/Al,Os, loai B) hinh
vuodng tra don

q 111 12-1 2-2-1

ah Tham khao 05 1 5 05 1 5 05 1 5
5 Luanan (e, =0) 11414 1.1561 1.1996 1.1574 1.1827 1.2569 1.1916 1.2268 1.3160
HSDT9 [136] 11449 11639 12113 1.1597 1.1884 12644 1.1965 1.2350 1.3249
HSDT13 [136] 11511 11701 1.2162 1.1663 1.1952 12712 1.2031 1.2421 1.3312

10 Luanan(e, =0) 1.2359 12478 1.2883 1.2567 12763 1.3466 12827 1.3187 1.4130
HSDT9 [136] 12373 12506 1.2921 12578 1.2785 13492 1.2846 1.3216 1.4161
HSDT13 [136] 12392 12524 12935 12598 1.2806 1.3513 1.2865 1.3238 1.4180

100 Luanan(e, =0) 12752 12853 1.3238 1.2984 1.3147 1.3824 1.3198 1.3558 1.4518
HSDT9 [136] 12751 1.2854 1.3239 1.2981 1.3148 1.3825 1.3198 1.3559 1.4519
HSDT13 [136] 12751 1.2854 1.3239 1.2981 1.3148 1.3825 1.3198 1.3559 1.4519

Khi phan tich tin s6 dao dong riéng caa tim loai B véi cac diéu kién bién khéc
nhau, luan an dung loi giai Ritz dé phan tich. Két qua loi giai duoc so sanh vai loi
giai 3D cua Li va cong su [138] (Bang 3.26).
Bang 3.26: Gia tri tan s6 dao dong (@) cia tim sandwich FGM (PGM, Al/Al,Oj, loai B, 1-8-1)
hinh vudng bdn bién tya don va lién két ngam

DKB Tham khao h/b p=05 p=1 p=2 p=5 p=10
SSSS  Luanéan (g, =0) 001 1.33990 1.38666 1.44488 1.53138 1.59098
Li et al (3D) [138] 1.33931 1.38669 1.44491 1.53143 1.59105
Luanan (g, =0) 0.1 1.29512 1.34525 1.40498 1.49013 1.54714
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Lietal (3D) [138]
Ludnén (¢, =0)
Li et al (3D) [138]
Luanéan (&, =0)
Lietal (3D) [138]
Ludnén (¢, =0)
Lietal (3D) [138]
Ludnén (¢, =0)
Li etal (3D) [138]

CCCC

1.29751 1.34847 1.40828
0.2 1.18677 1.24288 1.30494
1.19580 1.25338 1.31569
0.01 2.43154 2.51684 2.62260
2.45438 2.54149 2.64835
0.1 2.26074 2.35982 2.47108
2.24154 2.34606 2.45973
0.2 191753 2.03206 2.14711

1.86081 1.97993 2.09554

1.49309
1.38619
1.39567
2.77963
2.80692
2.62130
2.60760
2.28062
2.22142

1.54980
1.43703
1.44540
2.88775
2.91611
2.71805
2.70070
2.35566
2.28896

Bai toan phan tich tan s6 dao dong riéng cho tim loai C ciing dugc phan tich va so
sanh voi 161 giai HSDT, Quasi-3D va 3D duoc trinh bay chi tiét trong Bang 3.27.
Nhin chung, cac két qua cua luan an 1a kha ph hop khi so sanh véi cac ly thuyét
nay. Hinh 3.22 biéu dién anh hudong cua hé sé dic trung vat lidu (p), cau tric cua

tam loai C khi khong xét dén thanh phan bién dang theo chiéu day tam (&, =0).

Bang 3.27: Gia tri tan s6 dao dong (&) cua tim sandwich FGM (PGM, Al/Al,Os, loai C, 16i cting)

hinh vuéng bén bién tya don (a/h=10)

P Tham khao 101 2112 211 111 2241 1-2-1
0 Luanén(e, =0) 1.82489 1.82489 1.82489 1.82489 1.82489 1.82489
Zenkour [132] (TPT) 1.82445 1.82445 1.82445 1.82445 1.82445 1.82445
Zenkour [132] (SPT) 1.82452 1.82452 1.82452 1.82452 1.82452 1.82452
Meiche et al [133] (HPT) 1.82449 1.82449 1.82449 1.82449 1.82449 1.82449
Bessaim et al [137] (Quasi-3D)  1.82682 1.82682 - 1.82682 1.82682 1.82682
Li et al [138] (3D) 1.82682 1.82682 - 1.82682 1.82682 1.82682
1.0 Lusnan(e, =0) 1.24332 1.30024 1.33352 1.35345 1.39579 1.43948
Zenkour [132] (TPT) 1.24320 1.30011 1.34888 1.35333 1.40789 1.43934
Zenkour [132] (SPT) 1.24335 1.30023 1.34894 1.35339 1.40792 1.43931
Meiche et al [133] (HPT) 1.24310 1.30004 1.33328 1.35331 1.39559 1.43940
Bessaim et al [137] (Quasi-3D)  1.24495 1.30195 - 1.35527 1.39987 1.44143
Li et al [138] (3D) 1.24470 1.30181 - 1.35523 1.39763 1.44137
50 Luanan(e, =0) 0.94611 0.98193 1.03067 1.04473 1.10905 1.17403
Zenkour [132] (TPT) 0.94598 0.98184 1.07432 1.04466 1.14731 1.17397
Zenkour [132] (SPT) 0.94630 0.98207 1.07445 1.04481 1.14741 1.17399
Meiche et al [133] (HPT) 0.94574 0.98166 1.03033 1.04455 1.10875 1.17397
Bessaim et al [137] (Quasi-3D)  0.94716 0.98311 - 1.04613 1.11723 1.17579
Li et al [138] (3D) 0.94476 0.98103 - 1.04532 1.10983 1.17567
10 Lusnan(e, =0) 0.92854 0.94305 0.99219 0.99558 1.06114 1.12320
Zenkour [132] (TPT) 0.92839 0.94297 1.03862 0.99551 1.10533 1.12314
Zenkour [132] (SPT) 0.92875 0.94332 1.04558 0.99519 1.04154 1.13460
Meiche et al [133] (HPT) 0.92811 0.94275 0.99184 0.99536 1.06081 1.12311
Bessaim et al [137] (Quasi-3D)  0.92952 0.94410 - 0.99684 1.07015 1.12486
Li et al [138] (3D) 0.92727 0.94078 - 0.99523 1.06104 1.12466
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Hinh 3.22: Gia tri tan s6 dao dong (& ) cua tim sandwich FGM (EGM, Al/Al,O;,
loai C, 18i ctng,a/h =10) hinh vuéng tua don

Khi phén tich dao dong cho tim loai C véi cac diéu kién bién khac nhau, luan an
cling dung 101 giai Ritz va két qua phan tich dugc so sanh vai loi giai Quasi-3D va
3D trong trueong hgp bon bién ngam va bon bién tya don (Bang 3.28).
Bang 3.28: Gia tri tan sé dao dong (@ ) cua tim sandwich FGM (PGM, Al/Al,O;, loai C, I8i cting)
hinh vubng (a/h=10)

bKB p Tham khao 1-0-1 2-1-2 1-1-1 2-2-1 1-2-1
SSSS 0 Luanan (g, =0) 1.82445 1.82445 1.82445 1.82445 1.82445
Bessaim et al (Quasi-3D) [137] 1.82682 1.82682 1.82682 1.82682 1.82682

Lietal (3D) [138] 1.82682 1.82682 1.82682 1.82682 1.82682

1 Luanéan (&, =0) 1.24323 1.30013 1.35334 1.39566 1.43933
Bessaim et al (Quasi-3D) [137] 1.24495 1.30195 1.35527 1.39987 1.44143

Li et al (3D) [138] 1.24470 1.30181 1.35523 1.39763 1.44137

5 Luanan (&, =0) 0.94606 0.98189 1.04469 1.10899 1.17397
Bessaim et al (Quasi-3D) [137] 0.94716 0.98311 1.04613 1.11723 1.17579

Li et al (3D) [138] 0.94476 0.98103 1.04532 1.10983 1.17567

10 Ludnén(g, =0) 0.92846 0.94302 0.99555 1.06110 1.12315
Bessaim et al (Quasi-3D) [137] 0.92952 0.94410 0.99684 1.07015 1.12486

Li et al (3D) [138] 0.92727 0.94078 0.99523 1.06104 1.12466

CCCC 0 Luanén (¢, =0) 3.17398 3.17398 3.17398 3.17398 3.17398
Thai et al (FSDT) [94] 3.29360 3.29360 3.29360 3.29360 3.29360

Li et al (3D) [138] 3.13800 3.13800 3.13800 3.13800 3.13800

1 Luanén (g, =0) 2.19951 2.30008 2.39165 2.46282 2.53734

Thai et al (FSDT) [94] 2.28140 2.38640 2.48180 2.55560 2.63300

Li et al (3D) [138] 2.19020 2.29110 2.38190 2.45110 2.53980
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10

Luanéan (&, =0)

Thai et al (FSDT) [94]

Lietal (3D) [138]
Luanéan (&, =0)

Thai et al (FSDT) [94]

Li et al (3D) [138]

1.67955
1.72930
1.66190
1.64133
1.68580
1.62120

1.75105
1.80640
1.73930
1.68225
1.72680
1.66330

1.86227
1.92690
1.85790
1.77671
1.83290
1.76860

1.97289
2.04150
1.96720
1.88979
1.94970
1.88080

2.08623
2.16290
2.15720
1.99884
2.07030
1.99860

Bén canh d6, luan an van dung cac ham dang ap dit diéu kién bién trong Bang 3.3
(c4c ham dang luong giac X, (x),Y,(y)) dé phan tich tan s6 dao dong ciia mot so
loai két cau tim (Bang 3.29, 3.30 va Hinh 3.23). Céc két qua sir dung ham dang
nay khong chinh xac bang cac két qua ham dang hyperbolic nhu da trinh bay.
Bang 3.29: Gia tri tan s6 dao dong (& ) ctia tim FGM thong thuong (PGM, Al/Al,Os, loai A) Véi

cac ham dang X, (x),Y,(y)

DbKB a/b h/a Tham khao p=0 p=1 p=2 p=5
SSSS 1 0.1 Luanan (g, =0) 0.1134 0.0868 0.0788 0.0740
Jinetal (3D) [157] 0.1135 0.0870 0.0789 0.0741

0.2 Luanéan(e, =0) 0.4151 0.3205 0.2892 0.2667

Jinetal (3D) [157] 0.4169 0.3222 0.2905 0.2676

05 Luanéan(e, =0) 1.8269 1.4454 1.2893 1.1317

Jinetal (3D) [157] 1.8470 1.4687 1.3095 1.1450

CSCs 2 0.1 Luanan(g,=0) 0.1991 0.1531 0.1386 0.1293
Jinetal (3D) [157] 0.1604 0.1236 0.1118 0.1038

0.2 Luanéan(e, =0) 0.6865 0.5350 0.4809 0.4353

Jinetal (3D) [157] 0.5402 0.4236 0.3799 0.3412

05 Luanéan(e, =0) 2.6559 2.1343 1.8984 1.6279

Jinetal (3D) [157] 1.9139 15724 1.4026 1.2072

CSSS 3 0.1 Luanan (g, =0) 0.1595 0.1224 0.1109 0.1038
Jinetal (3D) [157] 0.1339 0.1029 0.0932 0.0871

0.2 Luanéan(e, =0) 0.5630 0.4373 0.3936 0.3588

Jinetal (3D) [157] 0.4731 0.3681 0.3310 0.3014

05 Luanéan (e, =0) 22788 1.8206 1.6200  1.4004

Jinetal (3D) [157] 1.9139 15499 1.3796 1.1961

Tham khao p=0 p=05 p=1 p=2 p=3 p=5 p=10
Luanan (&, =0) 0.2459 0.2203 0.21690.2178 0.2193 0.2206 0.2203
Vel (chinh xac) [159] - - 0.21920.2197 0.2211 0.2225 -
Qian [160] - - 0.21520.2153 0.2172 0.2194 -
Nevesetal (¢, =0)[150] - - 0.21840.2189 0.2202 0.2215 -
Nevesetal (¢, #0) [150] - - 0.21930.2198 0.2212 0.2225 -
Neves et al (&,, =0) [150] 0.2459 0.2219 0.21840.2191 0.2206 0.2220 0.2219
Nevesetal (g, #0)[150]  0.2469 0.2228 0.21930.2200 0.2215 0.2230 0.2229

Bang 3.30: Gia tri tan s6 dao dong (@ ) cua tim FGM thong thuong (PGM, Al/ZrO,, loai A) véi
cac ham dang X, (x), Y, (y)hinh vudng tya don (a/h=5)
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Hinh 3.23: Tan s6 dao dong (@) caa tam (1-1-1) sandwich FGM (PGM, AIl/AlLOs,
loai C, 16i ctrng) hinh vudng (¢, =0, a/h =10)

Cubi cling, dé thay duoc tac dong dong thoi cua tai trong co hoc va nhiét do, luan
an phan tich hiéu ung cua sy thay doi nhiét do qua chiéu day tim va luc nén mang
dén tan s6 dao dong tim FGM (Hinh 3.24). Két qua phan tich cho thay khi nhiét do
tang 1én thi lyc t&i han (6n dinh) va tan s dao dong trong tam déu giam.

45g T T T T T T T T T
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Hinh 3.24: Higu tmg cua luc mang (N_ ) dén tan sb dao dong (@) caa tim FGM
(PGM, p=1, Al/Al,03, loai A) tya don (a/ h =10, &, =0) trong truong hgp nhiét
d6 thay d6i déu.
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3.8 Kétluan

Mot 1y thuyét bién dang cat bac cao mai dwgc luan an xay dung va phat trién dé
phan tich bai toan tinh, bai toan 6n dinh va bai toan dao dong ty do cua tim FGM
va tim sandwich FGM chiu tai trong co hoc va nhiét d6 khi dung loi giai Navier va
Ritz. M6t s6 diém ndi bat caa chuong nay:

Két qua nghién ctru cua luan an ¢ d6 chinh xac cao vi di so sanh duoc Voi
cac 10i giai theo ly thuyét HSDT, Quasi-3D va loi giai chinh x4c 3D cua
nhiéu tac gia ung véi nhiéu dang bai toan khéac nhau.

Mot sé két qua caa luan &n cé su vuot troi nhat dinh khi déi chung véi cac
nghién ctu khac cung ddi twong nghién ciu dac biét 1a khi phan tich tan sé
dao dong tu do. Piéu nay chtng to tinh wu viét cua Iy thuyét phat trién trong
luan an.

Ly thuyét phat trién trong luan an da giai quyét duoc nhiéu loai két cau tim
Véi cac diéu kién bién phuc tap bang phuong phap giai tich.

Luén an ciing da khao sat rat chi tiét sy anh huong cia mat do vat liéu phan
b trong tam, ti 1¢ hai canh, ti 1 canh trén chiéu day tim, cau trdc cac phan
l6p, cac diéu kién bién khac nhau, cac nguyén tic bién doi nhiét do theo
chiéu day tam, cac ly thuyét ap dung... 1én cac thanh phan noi lyc, 6n dinh
va dao dong trong két cdu tim. Diéu nay gilp cho cac nha nghién cau, cac
nha thiét ké co duoc nhiing du bao ciing nhu cac tién doan can thiét khi
nghién cau vé cac ddi tuong nay.

Ly thuyét Quasi—3D (ké dén bién dang theo phuong z) rat phu hgp cho viéc
phan tich cac két cau tim chiu tai trong do nhiét do.

Tir két qua phan tich 6n dinh nhiét cho thay két cau tim bj mat 6n dinh som
nhat khi nhiét do thay doi déu theo chiéu day tim. Qua dé danh gia duoc
muc do an toan cia két cau trong moi truong truyén nhiét.
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CHUONG 4

PHAN TICH TAM FGM
BANG PHAN TU TAM GIAC
3 NUT (MITC3) LAM TRON
SU DUNG LY THUYET BIEN

DANG CAT BAC CAO

4.1. Gioi thiéu

Nhitng nim dau thap nién 80 Bathe va Dvorkin dé& xuat phuong phap noi suy hon
hop céc thanh phan tensor “mixed interpolation tensorial components” (MITC) dé
giai quyét van dé khoa cat ([161], [162], [163]), k¥ thuat nay da thanh cong cho bai
toan vo 4 nat va 8 nut (MITC4 va MITC8) ([164], [165]). Sau d6, Bathe va
Bucalem da phat trién nd I1én 9 nit va 16 nit (MITC9 va MITC 16) [166].

Bén canh nhiing thanh cong nhat dinh cho phan tir tir giac thi viéc nghién ciu va
phét trién cho phan tir tam giac theo PP PTHH ciing da duoc ap dung va dat hiéu
qua trong Van dé roi rac hod hinh hoc cia mot sb két cau phic tap.

Do sir dung ham dang C° trong xap Xi trudng chuyén vi, cac thanh phan bién dang
trong phan tir tam 3 nGt 1a hang s6 trén mién phan tir nhung lai ¢6 sy chénh léch gia
tri giita c4c phan tir. Pé lam giam muc do chénh Iéch nay, tdc gia Liu va cong su
([167], [168]) da trung binh mién bién dang trén cac mién duoc dinh nghia trén
phan tir, cac phan tir chung canh, hoic céc phan tir chung ndt va hinh thanh PP
PTHH tron trén mién (CS), trén canh (ES), trén nat (NS) hoic trén mat phan tir
(FS). Tur do, cac phuong phap lam tron nay két hop véi cac phuong phap khir “khéa
Cit” da duoc quan tdm rat nhiéu boi cac nha khoa hoc.

4.2. Truwdng chuyén vi va bién dang theo HSDT

Dé, thudn tién danh gia phuong phap sO phat trién, truong chuyén vi theo ly thuyét
bien dang cat bac cao ([169], [170]):
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U, (x,y,2) =U(X,Y)+(

U, (x,y,2) =v(x,y) +(

Us(X,Y,2) = W(X,y)

(2

y Uy

trong dou, v, w

47
Z__
3h

47
Z__
3h

binh cua tm; ¢, , 4,1a cac ham d cong.
Quan hé gitra trudng bién dang va trueong chuyén vi:

gxx:%
OX
8yy:%
y
o oy,
P =5y " ox
Thay thé truong chuyén vi vao truong bién dang:
. _ou a6, 47(26, o9,
XX ax ox  3nh? 8x 6x
v, 20, 42°(26, 29,
8yy 2 +
8y 8y " 3h oy oy
ou_ov (00, 06,) 47°(06, 06, 04, oy,
Vg = +— + — L+
oy ax oy ox ) 3h°{dy oOx oOx oy
Viét lai cong thirc dang ma tran:
g=¢" +ze" + 2%?
trong do:
o 2, 20, . o9,
X ox X OX
o] & L ] % e c) 99 %,
oy oy 3 ay oy
ou ov 00 00 00, 00, o¢ 09
a2 _x+_y x+ Y+ x+ y
dy ox oy o oy ox oy o
Vi
4
Ty

3

ZJGX(X,y)

3h2

2 5 (Y)

zj«%(x, y)— 3h2 ¢ x,y)

Tuong tu, thanh phan bién dang cit:

(4.1)

6, 1a céc thanh phan chuyén vi va goc xoay tai vi tri mit trung

(4.2)

(4.3)

(4.4)

(4.5)

(4.6)
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—+0
Vxa ox | 4z% |4+ 0,
= —— 4.7)
Vy2 8_W+ 0 h ¢y + gy
oy '’
Dang ma tran:
y =g + 2% (4.8)
VoI
gﬂ+0x b +0
() _ ) X <s>_{x }
g’ = , K =C (4.9)
@4_ ey ¢}’ + 0)/

Ngoai ra, néu st dung ham bién dang cét bac cao f (z)ma luan én da phat trien &
chuong 3 (r =1) thi trudng chuyén vi theo (4.1) tro thanh:
20rz°

u(xy,z) =u(xy)+ f (Z)QX(X’Y) —m@(xﬂ)
U,(%,Y,2) =V(x,y) + £ (2)6,(x.y) —%m,y) (4.10)

Uy (X, Y,2) = W(X, ){) ,
Do tinh don gian cua ham bien dang cét dang da thic bac 3 nén trong chuong nay
luan an cha yéu tap trung phan tich irng xir cia tam FGM duya theo (4.1).

4.3. Phwong trinh &ng xir cha tam FGM

Tam FGM hinh chir nhat c6 canh dai 1a a, canh ngan I b va chiéu cao 1a h nhu
Hinh 4.1 dugc ché tao tir gom (ceramic) va kim loai (metal) c6 cac dac tinh hiru
hiéu vat liéu thay doi lién tuc theo chiéu day tam theo quy luat ham lay thura.

z

h/2 : : : ceramic

(a) M6 hinh tam (b) Loai A
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4 yA

ceramic h,=h/2 metal
ceramic T e ceramic
X h, | X
metal hp———— 1 Geramic
metal h,=-h/2 fee———— = metal
a ] a 4
(c) Loai B (d) Loai C

Hinh 4.1: M6 hinh tam FGM
Pic trung hiru hiéu cua tim duoc xac dinh theo quy luat ham luy thira [2] (PGM):
PU(2)=(R-R NV, (2)+P, (411)
trong d6 P, va P 1a modun dan hoi (E ), hé sb Poisson (1), khdi lwong thé tich (p)
cua vat liéu gém va kim loai. V, l1a ham mat do thé tich thay doi theo quy luat liiy
thira hé s6 mii tuy thugc vao tirng loai tam (Hinh 4.2):
e Tam loai A: duoc ché tao tir kim loai va gom véi ham mat do thé tich cua vat
licu gom (V,) (Hinh 4.1Db):

Vc(z)=(222;hjpvéi Ze{—g,g} (4.12)

Vv6i p 13 hé s6 dic trung vat liéu, h 1a chiéu day tam.

e Tam loai B: 1a tim composite véi 16p trén 1a gbm, 16p dudi duoc ché tao tir
kim loai, va 18i gitta dugc 1am tir kim loai va gém (Hinh 4.1c). Ham mat d6
thé tich cua vat liéu gém (V. ) tai mdi phan 16p:

v9(z)=0; ze[hy,h]

p
V2 (2) =( 27N j . ze[h,h] (4.13)
hz - hl
V(2)=1 zelh,h]
e Tam loai C: la tim composite vai 16p trén, 16p dudi duoc ché tao tir gém va
kim loai, va I8i gitta duoc lam tir gbm (16i cing) hay kim loai (16i mém)
(Hinh 4.1d). Ham mat do thé tich cua vat ligu gém (V. ) tai mdi phén 16p:

VC(1>(Z):£;1__T]°) ; ze[hy,h]

V2(z)=1 ze[h,h,] (4.14)

p
VC(E)(Z):[;_—EJ ; ze[h,h]
2 3
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0.5

0.4

OO0

0.3

z/h
z/h

-0.30 p=5.0
@
_05: r r r r r T r r r

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

(b) Loai B

0.2 @

@

0.1 —&— p=0.5 @

- <

< ol- + p=1.0 &

N p=5.0 (:.

0.1F p=10 @

<

-0.2f @
-0.31-

-0.4

0.5G r r r r r r r r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Ve

(c) Loai C
Hinh 4.2: Gia trj V. theo chiéu day tim
Quan hé gitra tng suat va bién dang trong tam tai 16p thir j :
) Cl(i') ch o

XX 12 Eux
olt=c) cl) o0 |ie, (4.15a)

on) |0 0 cd|lr
(i) clh 0
N {7 } (4.15b)
Gyz O Cz(li) 7/)/2

& (i) _ (i)
1_V<j>(z)z’clz (z2)=v"(2)Cy (2) (4.16a)

trong do:
Cii'(2)=C3'(2) =

E(i)(z)

Dy ccWy=cW(7) =
Cu (2)=C'(2) =Cq (2) = 2(1+V(j)(2))

(4.16b)
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4.4. Phuwong trinh nang lugng

Phuong trinh can bang theo phiém ham ning luong Lagrange:
IT=U+V -K

(4.17)

trong 46 U,V va K la c4c thanh phan ning luong bién dang, thé ning va dong ning

cua tim. Thanh phan phiém ham nang luong bién dang duoc xac dinh:

U =lj‘ (sTpD*sp +yTD:y)dQ

2Ja
Véi an:[s(O) e 8(2):|,’YT:|:8(S) K‘(S):|
va:
A B E q S
. . |A” B
D:BDF,DS—BSDS
E F H
trong do:

h

(A,B,D,E,F,H) ZSZJJ 1,2,2%,2%, 7" z)C (z)dz

=lh,

3 N _
(AS B, DS = Z j 1 zz,z“)C(‘)(z)dz
i=Lh;_
Thanh phan phiém ham thé ning:
‘ ’ = —_[qudQ
Thanh phan phiém ham dong nang:

K:lj u'mudQ
2 Q

(4.18)

(4.19)

(4.20a)

(4.20b)

(4.21)

(4.22)

trongdé u' =[u v W 6, 6, ¢, 4 | diu()Iladaoham theo thoi giant.

va:
'm;, 0 0 m, O m, O]
m22 0 0 m25 0 m27
m, 0 O 0 O
m = m, 0 m, O
m55 0 m57
Mg O
| sym m,, |
trong do:

(4.23)
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me=m,,=c/3l,,m,=mg=1,+—+— (4.24)
3, 3I,
2

m, =m. = c +C m m CZ
4 — ey = 77 T 1 Hlgg = Mgy = 57
3|5 9|7 9|7
VOi:
3 N

(I 0, 050,06, 1) =" .[ (l,Z,ZZ,Z3,Z4,Z6)p(j)(Z)dZ (4.25)

i=ln

Phiém ham Lagrange duoc viét lai:

§l =%IQ(sTpD*ap +yTD’;y)dQ—quwdg—%jAuTmudQ (4.26)

4.5. Mb hinh phan tir hiru han cho tim FGM
R&i rac mién Q cua phan ti sao choQ = U!‘;Qe and Q,NQ,,i= j, truong chuyén

victatim u"=[u v w 6, 6, ¢ 4, | duoc ngisuy theo cic chuyén vi nit

tuong ng:
N/(x) 0 0 0 0 0 0 |
0 Ni(x) o0 0 0 0 0
W| 0 0 Ni(x) o0 0 0 0
u" = 0 0 0 N(x) O 0 0 |d,=Nd(4.27)
S0 0 0 0 N(x) © 0
0 0 0 0 0 N(x) 0
0 0 0 0 0 0 N(x)]

trong do6 N la tong so nit trong mién rai rac, N, (x) 1a ham dang tai ndt thir i cua

phantir, df =[u, v, w6, 6, ¢, 4,]lavector chuyén vi tai nit thir i cua

trrong chuyen viu'®.
Céc thanh phan bién dang duogc xéc dinh

ZB d;e? an € ZBz. |

(4.28)
© =%"Bd,; k" ZBM .
trong do: |
N, 0 0O0O0O0O
B'={ 0 N, 000O0O (4.29a)
N., N, 000 OO
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000N, O 00O
B,=(0 00 0 N, 00O (4.29b)
000N, N, 00
000N, O N, O
Bgi—go 00 0 N, 0 N, (4.29¢)
000

(4.29d)

000N O N 0
B; =c (4.2%)
0 00 O N 0 N,

V6i N, ., N, 1a dao ham cac ham dang theo truc x va y.
Viét lai phiém ham Lagrange theo PP PTHH:
m=lqgr [(B'D'B+S'D;S)dQ |d-| [aNdQ d_tgr [NTmNdQ |d (4.30)
2 Q 2 Q

Q

Voi:
T T T
B, = l:(Blm) (Bfi) (Bgi) } (4.31)
T T
Si= |:(B(3Ji) (Bii) :| (4.32)
Phuong trinh dé giai cho bai toan tim FGM:
an, d o _ 439
ag,  dt og,
Véi g la cac thanh phan chuyén vi, §. la van téc chuyén dong, viét lai (4.30):
Kd+Md=P (4.34)
trong do:
P = aNdQ (4.35)
M = jﬂ N"mNdQ (4.36)
K = j (B"D'B+S"D;S)d0 (4.37)
Q

4.6. Mb hinh phan tir MITC va phwong phap lam tron
4.6.1 Mb hinh MITC cho phan tir tam giac
CAc chuyén vi thanh phan caa phan ti tam giac:
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N0, (4.38)

trong do:
N,=r;N,=s;N;=1-r-s (4.39)
VGi r, s la hé toa do quy chiéu cua phan tir.
Dbé khic phuc hién tuong “khod cat” (shear locking) thi truong bién dang cit
(4.29d) phai dugc xap xi lai thong qua cac “diém budc” (typing point) [171].
S s

(@) ~ (b)

1

Hinh 4.3: Cach xac dinh bién dang cit e,

Xét phan tir tam giac vai hé truc toa d tu nhién duoc chon nhu Hinh 4.3a. Ta xay
dung truong bien dang cat e, (canh huyen tam giac) theo 2 thanh phan
e, vae, (Hinh 4.3b). Thanh phan bién dang cat e, dugc xac dinh nhu sau:

e (4.40)

1
qt ﬁ (est - ert)
Ham xap xi da thirc duoc chon cho cac thanh phan bién dang cat:
€, =a,+br+cs
€, =a, +b,r+c,s (4.41)

6, = %(ést ~6,)= %[(a2 +b,r+¢,5)—(a, +br+cs)]
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€ =const. (3)
\t e(Z) eqt
€, = const. .

&, = const.

0 i roo 5 1

Hinh 4.4: Vi tri cac diém budc “typing point” cho phan tir tam giac 3 nat

Céc tham s cua phuong trinh (4.41) dugc xac dinh theo cac diém buoc nhu Hinh
4.4 (vai bien dang cat Ia hang s6 theo moi canh tam giac). Ap dung cac diéu kién

rang buoc ta co:
6,(0,0)=e,6,(10) =e?

re vt

€,(0,0)=el?,&,(0,1) =e?

st

N 1
6,(1,0)=el = ﬁ(eéf) —eﬁf))

~ 1
001 =e = (e —e?)

Thay (4.42) vao (4.41) thu duoc:
=60, =0,c, =&Y —ef! —e’ +ef)

st

a,=e? b,=-c,c,=0

e

Truong bién dang cat xap xi:

5 _p®
ert - ert + CSS
5 _ 2
€t =€ — Gl
trong do:
_ a2 (h) (3) (3)
C; =64 —€y —€ +E€y

Quan hé gitra bién dang cat va chuyén vi duoc viét lai:

& = {Z hiij( (r1S)BiSj |(rijk o ,t)}d:égi—mncd
k=1
Thanh phan lién quan ma tran do6 cang cit:
~ o T s T
Si= |:(BOi—MITC) (Bli) :|
4.6.2 Phwong phap lam tron cho phan tir MITC3
4.6.2.1 M6 hinh lam tron trén mién (CS)

(4.42)

(4.43)

(4.44)

(4.45)

(4.46)

(4.47)
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Cac bac ty do theo phuong phap CS-FEM ([172], [173], [174], [175], [176], [177])
thi mi phan tir tam giac Q, dwoc chia thanh 3 tam gidc con A, A,va A, dugc két

ndi véi mot diém trung tdm O cua tam giac 16n (Hinh 4.5).

Mién con NUt trung tam

Hinh 4.5: Céc tam giéc con trong phan tir CS-MITC3
Vector chuyén vi cia ndt trung tam d2 dugc xac dinh thong qua vector chuyén vi
caa 3 nut cua tam giéc lon:
d - %(df g+ ) (4.48)
Thanh phan tam giac con A, (tam giac O-1-2) ctia phan tir véi xap xi tuyén tinh
truong chuyen vi u™ =[u®™ v w gt ot gt gt T duoc xéc dinh:
U = NS + NS + NSdg = N (4.49)
tong d6 d*™=[d; di dj|la vector bic ty do cac nit va
N = [N‘*Al N, NeAl] la cac ham dang cta tam gidc con A, .
Lic nay, cac thanh phan bién dang mang tuyén tinhe™ | bién dang udne™™, €2 va
bién dang cat €, k™ trong mién tam giac con A, duoc tinh toan lai nhu sau:
d
g™ =™ by™ by ] di [=b™d* (4.50)

g(l)Alz[bklaAl bkzllAl bglAl] de — pPAged

(4.51)

g(z)Al — [b]k-)ZAl ngAl bng1] di — bbzAldeAl
d;
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do

531=[bf3ﬁhwc3 bZO—Anl/uTcs bZO—AﬁuTcs} d; :bsjo—Alxl/uTcsdeAl
e
% (4.52)
do
=l byt byt | df |=b™d*™
d;

vib™ , b™, b b, b va b*dugc xac dinh giéng B™,B™, BY, B},
B, e V& Binhung hé toa do caa 3 nit x, =[x y,]',i=1 2,3 duoc thay thé boi
Xy, X, VAX,.

Thay (4.49) vao (4.50)-(4.52) va sap xép lai, thu duoc:

d;
S0 =Ebfml+b2ml Lo +by %bﬂ ¢ |—gma @53
d;
d;
W | Lpmaypna Lpmas pos Lpoas || ge | gonge
3 3 3 o
;e (4.54)
E(Z)Al :[lb?ZAl +bt2’2A1 lblszl +bng1 1b$2A1j| dé :BbzAlde
3 3 3
d;
dE
Ay 1 YAV SpAAq 1 SoAy SpAq l SpAAq i
& = gbl—MITC3+b2—MIT03 gbl—MITCS+b3—MITC3 _bl—MITC3 gi (4'55a)
3

— B S:OA1 SoAy d e

j-MITC3

1
K :Fblel i3t Lpss g pss lblel} d: |=B%d®  (4.55h)
3 3 3
d;
Céc thanh phan bién dang cua 2 tam giac con con lai A,, A,dwoc suy ra tuong tu
nhu A, .

Lac nay, sir dung cac mién tron trén canh phan tir két hop vai thao tac lam tron trén
mién con Q, céc bién dang tron & c6 thé xac dinh tir cac bién dang twong tng &":

3
O _ J.Q E;O)h(ﬁe(x)dﬂ _ ngno)Aj J‘A¢e (x)dQ (4.56)
e j=1 ]

M
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3
g0 = jQ g, (x)dQ = Zg(m" L ¢, (x)dQ
' = j
(2 (2)h 3 (2, (4.57)
=IQeg ¢, (x)dQ=> ¢ ’L_¢e(x)dQ

i1

M

g = [ a()d0=Y" [ 4,(x)d0
e DO (4.58)
Ke :IQ Ksh¢e(x)dQ:ZKsAj J.A_¢e(x)dQ

Véi ¢, (x)1a mot ham c6 chirc nang lam tron va thda man céc diéu kién sau [178]:

$(x)=0 (4.5
4.5
jge #(x)dQ =1
Dé don gian ham ¢, (x) dugc chon Ia ham hang so theo timg mang:
1
—  xe
s()={A & (4.60)

0 X&)

trong do A l1a dién tich phan t tam giac, cac thanh phan bién dang tron (4.56)-
(4.58) tro thanh:

3
goe_ L1 Aye (4.61)
=L
3 3
g = Ly p e Z Ly p (4.62)
A\a =1 Ag j=1
ge:iij £dQ; ,zeziij KdQ (4.63)
s '%j:lAjS 1 R A\;':lAJ'S
Voi A, j=1,2,3 la phan di¢n tich tam giac con A;.
Thay thé cac thanh phan bién dang tir (4.53)-(4.55) vao (4.61)-(4.63):
~(0)e _ {mye. ~(We _ /b Ae. ~(2e _ Bb, e
g, =B"d% " =B*d"; & =B™d (4.64)

55 = éiSEMITC3de; ’2: =Bd°
trong d6B™, B%, B, B®, ,c2, B duoc goi la cic ma tran bién dang tron cua phan tir

dugc xac dinh theo (4.65):
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B" —iiA B™
=

- 3
B = LS A BB Y - ZA B™" (4.65)

AF "
3
B® :iZJ.A,BusOiMTcsdQ B :_ZI B%AldQ
R

Thanh phan lién quan ma tran d6 ctng cit theo CS MITC3.

~ ~ o T R T

Si :|:<BOi—CS—MITC3) (Bli) } (4.66)
4.6.2.2 M6 hinh lam tron trén canh (ES)

An—
Canh bién AB (m) [\ \@(\ W\ Y
AN

1
N AN
Tam giac ABI (QM 1 %\ NN\ L

sl N NG | ON\U|_Canh bén trong (k)

W\ \ P

. VDTSN
\\ Ve N /

\ |/ /‘ //\\
i \7// H/ | \<
/ / \
/ A / //o //g\\ \

C
4 n(it CHDO (Q9)

Hinh 4.6: Mién lam tron (Q) theo phuwong phap ES-MITC3

Theo phuong phap nay thi mién 1am tron dua trén canh phan tir ([153], [179], [180],
[181], [182], [183], [184], [185], [186], [187]), sao cho:

Ned
Qx| vaQ nQl =D vwsii=]j (4.67)

k=1
vé6i N, latong sb canh cua tat ca cac phan tir trén mién khao sat.
Déi véi phan tir tam giac 3 ndt mién tron Q" lién quan dén canh thtr k duoc tao ra
bang cach két noi hai nat cudi cua canh véi trong tdm cua phan tir lien ké (Hinh
4.6).
Tur viéc sir dung cac mién tron dya trén canh phan ti, cac bién dang tron &, c6 thé
xac dinh duoc tir sy tinh toan cac bién dang twong (ng &, két hop véi mot thao tac

1am tron trén mién ©Qlién quan dén canh thu k:
&= | "(00(0dQ (4.68)

o
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trong d6 @ (X) 1a mot ham ¢6 chirc ning 1am tron va thoa mén cac diéu kién [188]:
> S =
| ®(x)>0 va jgkgn(x)fig 1 (4.69)
bé don gian®(x) duogc chon la mot ham hang so6 theo tirng mang:

x e Q¥
dx)=1 A© "€ (4.70)
0 xeQ®
NK .
véi A% = IQK dQ = %Z A la dién tich ciia mién tron QX (4.71)
i=1

trong d6 NX = 1di véi cac canh bién, NS = 2 déi vai cac canh bén trong, A Ia dién
tich cua phan tir thwr i xung quanh canh k.
Tur (4.31) va (4.32), bién dang cua phan tir tré thanh:

_ 1
gk:W J‘ 6'th (472)
0
Ma tran chuyén vi va bién dang tron dugc xac dinh boi:
— 1
B, (%)= J)B,(x)dQ (4.73)
o) k

Doi vai phan tr tam giac 3 nit MITC3, ham dang la tuyen tinh. Do d6 ma tran bién
dang chuyén vi la hang so trén phan tir. Két hop cac phuong trinh tir (4.29a)-(4.29)
va (4.73):

o 10X s 10X
BI(Xk):W;AB';B?J(Xk):W;ABl}l

[ 1 % ns 1 % DS

B?i X, ):WZABW; Blzxk):WZAiBj?MITCB’
= R (4.74)
= 1L o . C e .
BY(%) =5y ;IA BY(x)dQ = ;AB

trong d6 ¢ 1a hang sé dugc xac dinh tir (4.6) vaBT, B, B, BT ., lacic ma

tran bién dang cua phan tir thir j xung quanh canh k. BT, B, B%” duoc xac dinh

tir (4.29a), (4.29b), (4.29c), B%°,,;c5 dugc xac dinh tir (4.47) va:

I

.fooo0o1010 .
|00 0O0 101 (4.79)
Ma tran d6 ctng phan tir theo ES-MITC3:
Ned~
K,=> K (4.76)
k=1

trong do:
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ABY +(B7) BB +(Br) Eéﬂ A

(B) BBy +(BY') DB} + (B1) FEY* A

o[ (B7) BBy +(B17) FBY + (B17) HBY® |A' (4.77)
(

Ak

BTEES—MITC3)T ASBTEES—MITCS + (éngS—MIT(R)T Bséfl
(B7) BB s +(B7) DB}

4.6.2.3 M6 hinh lam tron tréP nut (NS)

O O~
R T A ]
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Hinh 4.7: Mién 1am tron (Q) theo phuwong phap NS-MITC3

Tuong tu phuong phap ES-MITCS3, mién 1am tron cua phuong phap nay dua trén
nat phan tr ([189], [190], [191], [192], [193]) (Hinh 4.7), sao cho:

N, ) )
Q=0 vaQ nQ =d vwii=]j (4.78)
k=1
véi N, I tong s6 ndt cua tat ca cac phan tir trén mién khao sat.
Tur viéc sir dung cac mién tron dya trén ndt phan tir, cac bién dang tron £, c6 thé xac
dinh duoc tir sy tinh toan céc bién dang tuong tng &, két hop voi mot thao tac lam

tron trén mién Q*lién quan dén nit tha k:

&= | "(00(0dQ (4.79)

o
trong d6 @ (X) 1a mot ham ¢6 chirc nang 1am tron va thoa mén cac diéu kién [194]:
®(x)20va [, d(x)Q=1 (4.80)
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Dé don gian ham ®(x) dwoc chon 1a mot ham hang sé theo tirng mang:

1
Q(k)
D) =1 AD 1€ (4.81)
0 xgQ®
Ng .
vsi AV = [ da= %ZA la dién tich caa mién tron QX (4.82)
i=1

vaN! 13 s phan ti lién quan tai nat k, A Ia dién tich cua phan tir thir i xung quanh
nat k. ’ ‘
Tur (4.31) va (4.32), bién dang cua phan tir tré thanh:

_ 1
A= w [ e"da (4.83)
0
Ma tran chuyén vi va bién dang tron dugc xac dinh boi:
— 1
B,(xk):W J)B,(x)dQ (4.84)
o) k

Doi voi phan tir tam giéc 3 ndt MITC3, ham dang la tuyén tinh, do d6 ma tran bién
dang chuyén vi la hang so trén phan tir. Két hop cac phuong trinh tir (4.29a)-(4.29)
va (4.84) ta co:

- 10X 1 &
B|(Xk)=WZAB-;B?j(xk)=WzABl}1
i=1 i=1

[ 1 e [ 1 e DS
B?txk):WZABt}Z;B,‘(xk):WZABﬁMITcg (4.85)
i=1 i=1

_ 1 & s c N
B x, )= Zl“L\ BS(x)dQ = 2® Z_l:AB
s0

trong d6 ¢ 1a hang sé dugc xac dinh tir (4.6) vaBT, B, B, BT ., la cic ma
tran bién dang cua phan tir thir j xung quanh nat k. BT, BY, BY? duoc xac dinh

tir (4.29a), (4.29b), (4.29¢), B*?,,1c, duoc xéc dinh tir (4.47) va

.fooo0o1010 vae

|00 00101 (4.80)
Ma tran d6 ctiing phan ti theo NS-MITC3:
Ned~

K,=> K" (4.87)
k=1

trong do:
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ABY +(B7) BEY +(8]) EéﬂAk

(B) BB7 +(By') DB} +(B1) P8} | A

o[ (B7) EBY +(B17) FBY + (B1°) HBY* |A' (4.88)
(

BSO

~s0 s0
BI—NS—MITCS) A BI NS—-MITC3 ( I-NS-MITC3

) B°B:

Ak

+(éfl) B’ BfoNs MITC3 (Bfl) DSBTl

4.7. Kétquasbd

Trong chuong nay, mot sé vi du sé 4p dung cho tim FGM thong thuong (loai A),
tam sandwich c6 16i 12 FGM, mat trén va mat dudi 1a vat liéu déng nhat (loai B),
tam sandwich c6 18i 1 vat liéu dong nhat, mat trén va mat dudi 1a FGM (loai C) c6
kich thugc hinh chit nhat (Hinh 4.1). Tinh chét vat liéu cua cac thanh phan nhu

trong Bang 4.1. ,
Bang 4.1: Bac tinh vat liéu caa kim loai va gom

Vit liéu Modun dan hdi (GPa)  Khéi luong riéng (kg/m®)  Hé sb Poisson
Aluminum (Al%) 70 2702 0.3
Aluminum (Al) 70 2707 0.3
Zirconia (ZrOy) 151 3000 0.3
Alumina (Al,0,) 380 3800 0.3

Luan an lan luot khao sét cac bai toan tinh va dao dong tw do cua cac loai tam (loai
A, B va C) bang céc phuong phap lam tron trén mién (CS), trén canh (ES) va trén
nat (NS) phan ti. Cac dai lugng khong th nguyén sir dung cho két qua loi giai:

—y_100WE, (b ) _ _10WE, (ab
U1(2)24—U1 O,E,Z , U3: ; u3 E’E

aq ag

AszlozhEOuS(ﬁ,Ej, E, =1GPa

a“q, 2 2
_ h ab . 10h? ab

)=—o. | =,—,2]|, 7)= ==z 4.
7l2) g, % (2 2 j g o(33e) o
% _N ,(0,0 7 )=LG (O,E,Zj

aq, 2

_aqo
121 v:
a_):a)ab/ p° D= f’o" p, =1kg/m’
O

Dé khao sat kha nang hoi tu cua phan tir ES- MITC3, ludn an xét treong hop tim
FGM (loai A) c6a/h=10, twa don vé6i sé phan tir trén mdi canh cua tim thay
d6i N x N =4x4,8x8,16x16, 24x 24, 28x 28,32x32Vv4i 46 léch twong ddi:
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|A¢| <107 (¢ 1a dbi twong phén tich). Két qua do vong, ing suét va tan s6 duogc thé
hién & Bang 4.2. Hinh 4.8 thé hién mirc do hoi tu cua 1oi giai.
Bang 4.2: Khao sat sy hoi tu ciia tim FGM thong thuong (Al/Al,Os, loai A, ES) hinh vudng tya

don(a/h=10)

Chia ludi
4x4 8x8 16x16 24x24 28x28 32x32
U 0.4967 0.5690 0.5842 0.5868 0.5874 0.5878
U, 0.1307 0.1497 0.1537 0.1544 0.1545 0.1546
Gy (h / 3) 11368 1.4015 1.4675 1.4799 1.4825  1.4832
10} 1.6305 1.4454 14083 14018 14004  1.3995
0.59 T T T T T T
0.58 - b
0.57 - b
0.56 [~ b
0.55 b
LT3 0.54 - b
0.53 b
0.52 - b
0.51 b
0.5 b
049 r r r r r r

10

15

20

25

Chia lugi phan tir (N)
Hinh 4.8: Do vong tai tm tAm (T, ) ciia tim FGM thong thuong (Al/AILLOs, loai A,
ES, p=1) hinh vudng tya don chiu tai hinh sin (a/h =10)

Bang 4.3: Gid tri chuyén vi (100w(a/2,b/2)D/qg,a*, D=Eh’ /12(1— 02) ) tim ddng nhat
hinh vudng chiu tai phan bb déu

30

35

, al/h
bKB Tham khao 10 100 1000 10000
SSSS Luanan (ES) 04272 04064 04062 04062
Nguyen et al (MITC4) [195] 04273 04064 04062 04062
Nguyen et al (MISC1) [195] 04273 04065 04063 04063
Chinh xc [196] 04273 04064 04062 04062
CCCC Luan 4n (ES) 01505 01268 01265 0.1265
Nguyen et al (MITC4) [195] 01504 01268 01265 0.1265
Nguyen et al (MISC1) [195] 01505 01268 0.1265 0.1265
Chinh xac [196] 01499 01267 01265 01265

Phan tir MITC3 cua luan an da vuot qua khoa cit khi phan tich thanh phan chuyén

vi cho bai toan tim dong nhat chiu tai phan bé déu (Bang 4.3). Trong Bang 4.3 con
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cho thay cac két qua cua luan an co duoc 1a khé 4n twong khi vuot qua hién tuong
“khoa cit” cho truong hop tam rat méng: a/h =10000.
Ludn 4n ciing tién hanh so séanh cac gia tri: chuyén vi, tng suat tir két qua nghién
clru cua tac gia voi cac 10i giai da cong bd duoc thé hién ¢ Bang 4.4, trong do cac
dai lwong thuoc ES_NPT, CS_NPT va NS_NPT lan luot 14 céc két qua tinh toan st
dung phan tir MITC3 1am tron trén canh, trén mién va trén ndt véi truong chuyén vi
theo (4.10). Nhin chung, cac két qua nay c6 do chinh xac khéng cao khi &p dung
ham bién dang cat cua luan an (NPT) cho phwong phéap nay.

Bang 4.4: So sanh gid tri chuyén vi va tng suat ciia tim FGM thong thuong (AlI/AIL,Os, loai A)

hinh vudng tua don chiu tai hinh sin (a/h=10)

p Tham khao 0 (-h/4) a, G.(h/3)  &,(-hI3) &,(h/6)
1 Luanéan (ES) 0.6402 0.5874  1.4825 0.6080 0.2597
Luan an (ES_NPT) 0.6141 0.5595 1.2055 0.6854 0.2767
Luan &n (CS) 0.6404 0.5866 1.4794 0.6074 0.2616
Luan &n (CS_NPT) 0.6495 0.5744  1.3002 0.6582 0.2732
Luan &n (NS) 0.6399 0.5899  1.4907 0.6077 0.2611
Luan &n (NS_NPT) 0.6755 0.6138  1.4051 0.6283 0.2582
Quasi-3D [143] 0.6436 0.5875 1.5062 0.6081 0.2510
Quasi-3D [197] 0.6436 0.5876  1.5061 0.6112 0.2511
SSDT [145] 0.6626 0.5889  1.4894 0.6110 0.2622
HSDT [67] 0.6398 0.5880 1.4888 0.6109 0.2566
2 Luanan (ES) 0.8970 0.7553  1.3890 0.5414 0.2755
Luan an (CS) 0.8973 0.7542  1.3859 0.5407 0.2770
Luan &n (NS) 0.8962 0.7585 1.3964 0.5412 0.2770
Quasi-3D [143] 0.9012 0.7570  1.4147 0.5421 0.2496
Quasi-3D [197] 0.9013 0.7571 1.4133 0.5436 0.2495
SSDT [145] 0.9281 0.7573  1.3954 0.5441 0.2763
HSDT [67] 0.8957 0.7564  1.3940 0.5438 0.2741
4 Luanén (ES) 1.0488 0.8795 1.1718 0.5639 0.2611
Luan an (CS) 1.0493 0.8781 1.1695 0.5629 0.2615
Luan &n (NS) 1.0475 0.8832 1.1783 0.5639 0.2624
Quasi-3D [143] 1.0541 0.8823 1.1985 0.5666 0.2362
Quasi-3D [197] 1.0541 0.8823 1.1841 0.5671 0.2362
SSDT [145] 1,0941 0.8819 1.1783 0.5667 0.2380
HSDT [67] 1.0457 0.8814 1.1755 0.5662 0.2623
8 Luanan (ES) 1.0754 0.9723 0.9413 0.5826 0.2041
Luan &n (CS) 1.0761 0.9707  0.9395 0.5814 0.2140
Luan an (NS) 1.0742 0.9764  0.9466 0.5829 0.2151
Quasi-3D [143] 1.0830 0.9738  0.9687 0.5879 0.2262
Quasi-3D [197] 1.0830 0.9739  0.9622 0.5883 0.2261
SSDT [145] 1.1340 0.9750  0.9466 0.5856 0.2121
HSDT [67] 1.0709 0.9737  0.9431 0.5850 0.2140

Tuong ty, ludn 4n cling ciing tién hanh so sanh cac gia tri: chuyén vi, ing suat cho
tam loai B dugc thé hién ¢ Bang 4.5. Hinh 4.9 va 4.10 thé hién gia tri (rng suat
mang va trng suat cat phan bo theo chi¢u day tam.
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Bang 4.5: So sanh gia tri chuyén vi va ang suét cua tim sandwich FGM (AI/Al,O;, loai B, 1-8-1)
hinh vuéng tua don chiu tai hinh sin (a/h=10)

p  Thamkhio T (-h/4) @, G, (h13) &,(-hi3) &,(h/6)
0 Luagnan(ES) 0.3221 0.3726  1.4614 1.0023 0.2202
Lusnén (CS)  0.3220 0.3730  1.4652 1.0071 0.2227
Luanan (NS)  0.3211 0.3751 1.4764 1.0071 0.2221
Quasi-3D [148] - 03711 - - 0.2227
0.5 Luanan(ES) 05514 0.5216  1.5020 0.8487 0.2451
Luanan (CS)  0.5513 0.5222  1.5059 0.8527 0.2474
Luanan (NS)  0.5507 0.5251 1.5174 0.8527 0.2465
Quasi-3D [148] - 0.5238 - - 0.2581
1 Ludnan(ES) 0.7312 0.6319 1.4493 0.6867 0.2587
Lugnan (CS)  0.7314 0.6310 1.4463 0.6861 0.2609
Lugnan (NS)  0.7306 0.6346 1.4572 0.6863 0.2601
Quasi-3D [73] - 0.6324 - - 0.2594
Quasi-3D [150] - 0.6305 - - 0.2788
Quasi-3D [148] - 0.6305 - - 0.2789
10 Lugnan(ES) 1.0771 0.8719  0.5582 0.5662 0.1925
Luanan (CS)  1.0778 0.8703  0.5572 0.5649 0.1920
Luanan (NS)  1.0765 0.8755 0.5613 0.5665 0.1934
Quasi-3D [73] - 0.8740 - - 0.1944
Quasi-3D [150] - 0.8650 - - 0.2059
Quasi-3D [148] - 0.8645 - - 0.2034

0.5

0.4

0.3

0.2

0.1p

Oﬁ

z/h

0.1+

0.2

-0.3

0.4

-0.5
-2

Hinh 4.9: Ung sut mang (G, ) caa sandwich FGM (Al/AlLO;, loai B, 1-8-1, ES)
hinh vudng tua don chiu tai phan bé hinh sin (a/h =10)
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Hinh 4.10: Ung suét cit (G, ) caa sandwich FGM (Al/AlLO;, loai B, 1-8-1, ES)
hinh vuéng tua don chiu tai phan bé hinh sin (a/h =10)

Thanh phan chuyén vi va tng suat caa tim sandwich FGM (loai C) ciing duoc trinh
bay ¢ Bang 4.6.

Bing 4.6: So sanh gia tri chuyén vi (0, ) cua tim sandwich FGM (Al/ZrO,, loai C) hinh vuéng lién
két ngam chiu tai phan b hinh sin

h/a

p

Tham khao

1-0-1

2-1-2

2-1-1

1-1-1

1-2-1

0.01

0.1

0

0.5

10

0.5

Luan an (ES)
Luan an (CS)
Luan an (NS)
Luan an (ES)
Luan an (CS)
Luan an (NS)
Luan an (ES)
Luan an (CS)
Luan an (NS)
Luan an (ES)
Luan an (CS)
Luan an (NS)
Luan an (ES)
Luan an (CS)
Luan an (NS)
Luan an (ES)
Luan an (CS)
Luan an (NS)
HSDT [198]

Luan an (ES)
Luan an (CS)
Luan an (NS)

0.0961
0.0992
0.1010
0.1356
0.1403
0.1429
0.1601
0.1659
0.1689
0.2025
0.2096
0.2134
0.2061
0.2131
0.2170
0.1156
0.1167
0.1189
0.1128
0.1588
0.1604
0.1633

0.0961
0.0992
0.1010
0.1302
0.1348
0.1372
0.1516
0.1572
0.1600
0.1945
0.2019
0.2056
0.2005
0.2080
0.2118
0.1156
0.1167
0.1189
0.1128
0.1525
0.1541
0.1569

0.0961
0.0992
0.1010
0.1275
0.1319
0.1343
0.1468
0.1521
0.1548
0.1849
0.1918
0.1953
0.1905
0.1975
0.2011
0.1156
0.1167
0.1189
0.1128
0.1497
0.1512
0.1540

0.0961
0.0992
0.1010
0.1259
0.1303
0.1326
0.1445
0.1497
0.1525
0.1844
0.1916
0.1951
0.1915
0.1989
0.2025
0.1156
0.1167
0.1189
0.1128
0.1477
0.1492
0.1519

0.0961
0.0992
0.1010
0.1196
0.1237
0.1260
0.1339
0.1387
0.1412
0.1661
0.1724
0.1756
0.1728
0.1795
0.1828
0.1156
0.1167
0.1189
0.1128
0.1410
0.1423
0.1450
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1.0

5.0

10

HSDT [198]
Luan an (ES)
Luan an (CS)
Luan an (NS)
HSDT [198]
Luan an (ES)
Luan an (CS)
Luan an (NS)
HSDT [198]
Luan an (ES)
Luan an (CS)
Luan an (NS)
HSDT [198]

0.1557
0.1862
0.1881
0.1915
0.1824
0.2363
0.2388
0.2430
0.2304
0.2429
0.2453
0.2497
0.2365

0.1495
0.1760
0.1779
0.1810
0.1726
0.2238
0.2262
0.2302
0.2187
0.2312
0.2337
0.2378
0.2255

0.1467
0.1709
0.1727
0.1758
0.1675
0.2136
0.2159
0.2197
0.2091
0.2204
0.2228
0.2267
0.2156

0.1448
0.1679
0.1697
0.1727
0.1648
0.2116
0.2139
0.2176
0.2073
0.2196
0.2220
0.2258
0.2149

0.1414
0.1619
0.1636
0.1665
0.1588
0.1996
0.2018
0.2053
0.1957
0.2067
0.2089
0.2126
0.2024

0.1381
0.1563
0.1579
0.1608
0.1535
0.1909
0.1930
0.1964
0.1878
0.1983
0.2005
0.2040
0.1949

Tiép tuc, cac két qua phan tich tan sb dao dong riéng cho céc loai tim (loai A, B, C)

g vé6i diéu kién bién tya don va ngam 1an luot trinh bay trong Bang 4.7, 4.8 va

4.9. Hinh 4.11 va 4.12 trinh bay anh huong cta hé sb dic trung vat liéu (p), ti s6
(h/a) vacau trdc vat liéu dbi vai gia tri tan sé dao dong.

Bang 4.7: So sanh gia tri tan s6 (® ) cia tim FGM thong thuong (AI*/ZrO,, loai A) hinh vudng

tua don
a’h Tham khao p=0 p=0.1 p=0.2 p=05 p=1 p=2 p=5 p=10
2 Luanén (ES) 1.2502 1.2210 1.1960 1.1390 1.0821 1.0268 0.9717 0.9466
Luanén (CS) 1.2517 1.2224 11973 11403 1.0833 1.0281 0.9732 0.9480
Luandn (NS) 1.2455 1.2163 1.1914 1.1346 1.0779 1.0229 0.9681 0.9430
3D [156] 1.2589 1.2296 1.2049 1.1484  1.0913 1.0344 0.9777 0.9507
5 Luanén (ES) 1.7782 1.7270 1.6893  1.6057 1.5293 1.4677 1.4132 1.3764
Luanén (CS) 1.7780 1.7268 1.6891  1.6055 15291 1.4676 1.4133 1.3764
Luanan (NS) 1.7706 1.7196 1.6821 15988 1.5228 1.4615 1.4072 1.3706
3D [156] 17748 1.7262 1.6881 1.6031 1.4764 1.4628 1.4106 1.3711
10 Luanan (ES) 1.9426 1.8863 1.8426 1.7488 1.6674 1.6074 1.5578 1.5168
Luanan (CS) 1.9414 1.8852 1.8414 1.7477 1.6664 1.6064 1.5569 1.5159
Luanan (NS) 1.9339 1.8779 1.8344 1.7410 1.6600 1.6002 1.5509 1.5100
3D [156] 19339 1.8788 1.8357 1.7406 1.6583 1.5968 1.5491 1.5066
20 Luanén (ES) 1.9932 19286 1.8822 1.7908 1.7098 1.6507 1.6032 1.5608
Luanén (CS) 1.9916 1.9270 1.8807 1.7894 1.7084 1.6493 1.6019 1.5596
Luandn (NS) 1.9842 19199 1.8737 1.7827 1.7021 1.6432 1.5960 1.5538
3D [156] 19570 1.9261 1.8788 1.7832 1.6999 1.6401 1.5937 1.5491
50 Luanén (ES) 2.0028 1.9274 1.8888 1.8001 1.7188 1.6598 1.6129 1.5700
Luanén (CS) 2.0065 1.9292 1.8906 1.8021 1.7210 1.6622 1.6155 1.5727
Luanan (NS) 1.9991 1.9221 1.8837 1.7955 1.7146 1.6560 1.6095 1.5669
3D [156] 19974 19390 1.8920 1.7944  1.7117 1.6522 1.6062 1.5620
100 Luanan(ES) 2.0050 1.9272 1.8885 1.7999 1.7188 1.6599 1.6132 1.5704
Luanan (CS) 2.0087 1.9309 1.8923 1.8038 1.7228 1.6640 1.6174 1.5746
Luanan (NS) 2.0014 1.9238 1.8853 1.7971 1.7165 1.6579 1.6115 1.5688
3D [156] 19974 19416 1.8920 1.7972 1.7117 1.6552 1.6062 1.5652

Bing 4.8: Gia tri tan s6 (&) caa tim sandwich FGM (AI/Al,QOj, loai B) hinh vudng tya don

7 11-1 121 2-2-1
alh Thamkhao -5 05 1 5 05 1 5 05 1 5
5 Luanén(ES) 11072 11485 11765 12125 11622 11902 1.2686 11984 1.2392 13283
Luan4n (CS) 11100 11510 1.1690 12150 1.1648 1.1927 1.2682 12009 1.2388 1.3301
Luanan (NS) 11051 1.1463 1.1643 1.2102 1.1599 1.1879 1.2632 1.1961 12339 1.3248
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HSDT9[136] 1.1021 1.1449 11639 1.2113 1.1597 1.1884 1.2644 1.1965 1.2350
HSDT13[136] 1.0893 1.1511 1.1701 1.2162 1.1663 1.1952 1.2712 1.2031 1.2421
10  Luanén (ES) 1.2040 1.2412 1.2573 1.2951 1.2614 1.2851 1.3523 1.2878 1.3246
Luan &n (CS) 12205 1.2436 1.2564 1.2976 1.2640 1.2842 1.3549 1.2903 1.3272
Luanéan (NS)  1.2158 1.2389 12517 1.2928 1.2591 1.2793 1.3498 1.2855 1.3222
HSDT9[136] 1.2138 1.2373 1.2506 1.2921 1.2578 1.2785 1.3492 1.2846 1.3216
HSDT13[136] 1.2087 1.2392 1.2524 1.2935 1.2598 1.2806 1.3513 1.2865 1.3238
100 Luéan an (ES) 1.2652 1.2785 1.2890 1.3276 1.3014 1.3185 1.3864 1.3214 1.3597
Luén an (CS) 1.2676 1.2809 1.2915 1.3301 13039 1.3210 1.3890 1.3258 1.3622
Ludnéan (NS)  1.2630 1.2762 1.2867 1.3253 1.2991 13161 1.3839 1.3210 1.3572
HSDT9[136] 1.2617 1.2751 1.2854 1.3239 1.2981 1.3148 1.3825 1.3198 1.3559
HSDT13[136] 1.2616 1.2751 1.2854 1.3239 1.2981 1.3148 1.3825 1.3198 1.3559

1.3249
1.3312
1.4196
1.4224
1.4170
1.4161
1.4180
1.4559
1.4587
1.4533
1.4519
1.4519

Bang 4.9: Gia tri tan s6 (&) cua tim sandwich FGM (AI/AlL,Q;, loai B, 1-8-1, ES) hinh vuéng

bKB h/a Tham khao p=0.5 p=1.0 p=2 p=5 p=10

SSSS 0.01  Luénén (ES) 1.34091 1.38713 1.44558 1.53261 1.59320

Li et al [138] (3D) 1.33931 1.38669 1.44491 1.53143 1.59105

0.1 Luan &n (ES) 1.30037 1.35075 1.41078 1.49640 1.55372

Li et al [138] (3D) 1.29751 1.34847 1.40828 1.49309 1.54980

0.2 Luan &n (ES) 1.19521 1.25212 1.31480 1.39697 1.44837

Li et al [138] (3D) 1.19580 1.25338 1.31569 1.39567 1.44540

CCCC 0.01 Luénén (ES) 2.45628 2.54032 2.64720 2.80567 2.91465

Lietal [138] (3D)  2.45438 2.54149 2.64835 2.80692 2.91611

0.1 Luan an (ES) 2.24211 2.34552 2.45892 2.60848 2.70317

Lietal [138] (3D)  2.24154 2.34606 2.45973 2.60760 2.70070

0.2 Luan an (ES) 1.85910 1.97572 2.09056 2.22000 2.29087

Li et al [138] (3D) 1.86081 1.97993 2.09554 2.22142 2.28896

15 r T r r T T T r r

1.45
1.4}
1.35
o 13r
1.25
1.2
1.15

1.1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
h/a

Hinh 4.11: Anh huéng cia cau trlc vat liéu va ti s6 (h/ a) dbi voi tan sé (& )cua
tam sandwich FGM (Al/Al,O3, loai C, ES) hinh vuéng tya don ( p =1)
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Hinh 4.12: Gia tri tan s6 (&) cua tam sandwich FGM (AI/Al,Os, loai C, ES) hinh
vudng tya don (a/h=10)

< AVA RS OS
ATATA & AT AV A IS
ZZ 7SI SIS S
BT SSIINIY

(a) Mode 1 (w=1.6674) (b) Mode 2 (©=3.9923)

(¢) Mode 3,(5;:4.0021)
Hinh 4.13: Dang dao dong riéng cta tam FGM thong thuong (Al/Al,O3, loai A)
hinh vubng tya don (a/h =10, p=5)
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Bén canh d6, cac dang dao dong dau tién caa tim Al/AlLO; (loai A) duoc thé hién
trong Hinh 4.13. Cubi cung, dé khang dinh lai mtc d6 chinh xé4c cua cac phuong
phap: NS-MITC3, ES-MITC3 va CS-MITC3 luan an xét lai tam Al/ALLO; (loai A)
hinh vuéng c6 ti & chiéu dai trén chiéu day tima/h =10, bdn bién twa don. Do
chinh x4c dugc so sanh thdng qua mdi quan hé gitra gié tri tan s (&) va hé sé dac
trung vat liéu ( p) duoc biéu dién trong Hinh 4.14.

1.3 T T T T T T T T T
—v— NS-MITC3
1.25 ES-MITC3
—H— CS-MITC3

1.2

L
1.15

2

1R

1.05-M_

0.95

0.9 r r r r r r r r r

0 10 20 30 40 50 60 70 80 90 100

Hinh 4.14: Gia tri tan s6 (®) caa tam FGM thong thuong (Al/AlLOs, loai A) hinh

vuong tua don (a/h=10)

4.8. Kétluan

Trong chuong nay da phat trién cc phan tir CS-MITC3, ES-MITC3 va NS-MITC3
dé phan tich bai toan tinh va dao dong tu do cua tam FGM va tam sandwich FGM
chiu tai trong co hoc khi dung PP PTHH. Mot s6 diém noi bat cia chuong nay:

Két qua nghién ctru caa luan an c6 d6 chinh xac cao vi di so sanh duoc Vi
cac loi giai theo ly thuyét HSDT, Quasi-3D va loi giai chinh x4c 3D cua
nhiéu tac gia tng vai nhiéu dang bai toan khac nhau.

D3 khtr duoc hién tugng khod cat khi két qua phan tich 1a kha phu hop cho
bai toan tim rat mong.

Str dung phan tir bac C°xap xi trudng chuyén vi gitp cho viéc tinh toan duoc
don gian hon.

Cac phan tir phat trién trong luan an c6 sy twong dong vé két qua phan tich.
Ludn an cling da khao sat rat chi tiét sy anh huong cia mat do vat liéu phan
b trong tim, ti 18 hai canh, ti 1& canh trén chiéu day tdm, ciu tric cac phan
16p, cac diéu kién bién khéc nhau, &p dung trudong chuyén vi theo ly thuyét
HSDT caa luan &n... 1én cac thanh phan noi luc va dao dong trong két ciu
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tam. Diéu ndy gilp cho c4c nha nghién ctu, cac nha thiét ké co duoc nhiing
du bao cling nhu cac tién doan can thiét khi nghién ciru vé cac doi tuong nay.
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CHUONG 5

MO HINH TAM SU DUNG
LY THUYET PHI TUYEN
HINH HQC BAC CAO

5.1. Gigi thigu
M6 hinh tim st dung ly thuyét phi tuyén hinh hoc bac cao 1a bai toan tim su dung
ly thuyét bién dang cat bac cao c6 ké dén cac thanh phan bién dang nho chuyén vi
I6n (phi tuyén), day 1a phan mé rong caa Iy thuyét bién dang cat bac cao nham dat
duoc két qua chinh xac, dung vai md hinh 1am viéc caa két cau. Muc tiéu phan nay
la xay dung ly thuyét phi tuyen hinh hoc bac cao dé phan tich tam FGM thong
thuong va tim composite nhiéu 16p bang PP PTHH dugc lam tron trén mién va trén
canh phan ti va sir dung 10i giai 1ap Newton — Raphson dé phan tich bai toan tinh.
Trong chuong nay lan luot trinh bay céc van dé: thiét 1ap truong chuyén vi va bién
dang, phuong trinh tng xur cta tim, phuong trinh ning lugng theo phiém ham
Lagrange, md hinh FEM cho bai toan tim, phuong phap 1am tron, céc vi du s6 ¢6
so sanh v&i c&c nghién cau trude day. Cudi cung 1a nhiing két luan dat duoc.

5.2 Truwong chuyén vi va bién dang theo HSDT
Truong chuyén vi theo Iy thuyét bién dang cat bac cao ([169] [170]):

0,(%,y,2) = u(xy){z—“—j (%)~ 3h2¢( )

uz(x,y,z)zv(x,y){z—4 ]9( =224 ) (5.1)

3h? 3h2
Us (X,Y,2) = W(x,y)
trong d6 U, Vv, w, 6, 6, la cac thanh phan chuyeén vi va goc xoay tai vi tri mat trung

binh cia tim; 4, ¢, 1a cac ham do cong.
Quan hé gitra trudng bién dang va trudng chuyén vi caa Von Karman [199]:
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au 1(0u, ?
8 —_—
T ox 2 oX

au ou,
5.2
“w oy 2[ oy J (52)

ou, N ou, N ou, Ou,
oy O0x 0x oy

7xy:

Thay thé truong chuyén vi vao truong bién dang'

ou 00, 473 00, 09, 8W
£y =—+12 - X 4 +
OX ox 3n’lox  oax ) 2lox

06 (06, o
Syy:ﬂ” y_4z2 20 +1 ow)’ (5.3)
oy oy 3h°{ oy oy 8y
ou ov, (26, 00, 4z°(06, 00, 0¢, 0¢ | Owow
Vg =+ — + - + + + +——
oy 8x oy ox ) 3h°ldy oOx ox oy OX 0y
Viét lai cong thirc dang ma tran:
g=5% + 269 + 2% (5.4)
trong do:

e” =gl 4t (5.5)
vai g5, gMva £, £”1a cac thanh bién dang mang tuyén tinh, bién dang mang phi
tuyén va bién dang uén cua tim dugce xac dinh:

ou 9, a0, o,
OX OX oX  0OX
B L G A T GO 96, , 99,
oy oy 3 oy oy
a_u @ agx % agx + 89)/ + a¢x + a¢y
ay ox oy  ox oy ox oy OX
2 _ i (5.6)
1(%) o
2\ oX 2 ox ow
8:L: 1 @ :1 0 a_W OX -_CY
2\ oy 2 oy || ow
ow ow ow  ow Loy
OX oy | oy  OX |
trong do:
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Tuong tu, thanh phan bién dang cit:
a—W+ 0,
yxz ax 2 ¢x + gx
= +Cz (5.8)
4% 8_W +0 ¢, +0,
oy '’
Hay dudi dang ma tran:
y=¢" + 2% (5.9)
Voi:
gﬂ+ 0, 4.+0
(s) _ ) OX (5) _ o T
g’ = , K’ =C (5.10)
@ + ey {¢y + Hy}
oy

5.3 Phwong trinh &ng Xir ctia tAm
Tam hinh chir nhat ¢6 canh dai laa, canh ngan Ia b va chiéu cao lah nhu Hinh 5.1
gom hai loai tam: FGM thong thudng c6 ham mat d6 thé tich theo quy luét liy thura
(Hinh 5.1b) va composite nhiéu 16p hudng soi (laminates) (Hinh 5.1c).

z z

h/2 - - ceramic
- ; . |

-h/2 e - metal

a

(b) FGM

(a) M6 hinh tim
z

90

(c) Composite nhidu 16p
Hinh 5.1: M6 hinh tim
Quan hé gitra tng suat va bién dang tai lop thtr k caa tim composite nhiéu 16p:
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(k) (k) (k)
(o3 Q11 Q12 le &

Tyt =|Qu Qu Qup Eyy (5.11a)
GXV Q61 Q62 Q66 7xy
k (k) Kk
{O‘xz }( ) _ |:Q55 Q54j| {7/)(2 }( ) (5 llb)
O-VZ Q45 Q44 yyz
trong do:
E v, E E
Qll:—linz :Lanz =—2 (512&)
1_V12V21 1_V12V21 1_V12V21
Q66 = Glzl Q55 = G131Q44 = st (5-12b)

v6i E;, E,1a médun dan hoi tai mdi 16p va G,,, G,,, G,,1a modun cét trong cac mit
phang xy, yz, Xz .
Phuong trinh &ng xir cia tim composite nhiéu 16p trong hé toa d6 tong thé:

W ra a8 a W ®
Ql 1 Ql 2 91 6 &

O yx ~ = XX
Tyt =|Qu Qo Qup Eyy (5.13a)
Oy Qs Qs Qss Vxy
(k) = = k) (k)
{ze} _ {955 954:| {7&1} (5.13b)
Oy Q45 Q44 7y2

trong do:
QY =QY cos’ & + 2(Q1(2k> +2QW )sin2 acos? o +QY sin o
QY = (Ql('l‘) +Ql) —aQW )sin2 acos” a +Qjy (sin* a +cos’ )
QY =QWsin* o + 2(Q1(2k) +2QW )sin2 acos® o + Q¥ cos’ o
QY = (Qﬂ() —QW) —2QW )sin o cos® o + (Ql(;‘) —Ql) +2Q )sin3 @ CoSa
Q' = (Ql('f) QW —2QW® )sin3 acosa + (Ql(zk) QW) +2Q )sin acos®a
QW = (Ql(lk> +Ql) —2Q) —2QW® )sin2 acos” o +Qyy (sin a + cos* )

(5.14)

5.4 Phwong trinh nang lwgng

Phuong trinh c4n bang theo phiém ham ning luong Lagrange:

M=U +V (5.15)
trong d6 U va V 1a c4c thanh phan ning luong bién dang va thé ning cua tam.
Thanh phan phiém ham ning luong bién dang duoc xac dinh:

U Z%J‘Q(SLD*SF) +yTD:y)dQ (5.16)
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va:
A B E
A’ B®
D'=|B D F| D;{BS DS} (5.17)
E F H
trong do:
h/2 _
(A,B,D,E,F,H)= j (1,2,22,23,24,26)de (5.18a)
—h/2
h/2 .
(A*,B%,D°)= [ (12°,2")Qdz (5.18)
-h/2
Thanh phan phiém ham thé nang:
| | vz—quwdgz (5.19)
Phiém ham Lagrange dugc viét lai:
L e e
H_EIQ<89D g, +v Dsy)dQ—IAquQ (5.20)

5.5 Phan tich phi tuyén tim theo mé hinh phén tir hirtu han
Roi rac miénQ cua phan tir sao choQ = U'::lQe and Q,NQ,,i= j, truong chuyen

vi caa tim u" :[u vw o 0 4 ¢y] duoc noi suy theo cac chuyén vi nit

tuong tng:
'N,(x) 0 0 0 0 0 0 |
0 N(x) 0 0 0 0 0
W| 0 0 Ni(x) 0 0 0 0
u" = 0 0 0 N(x) 0 0 0 [d;=Nd(5.21)
S0 0 0 0 N(x) 0 0
0 0 0 0 0 N(x) 0
0 0 0 0 0 0 Ni(x)

trong d6 N, 1a tong sb ndt trong mien rai rac, N, (x) la ham dang tai ndt thi i cua

phan ti, d, =[u, v,

w0, 6, 9, ¢yi] la vector chuyén vi tai nat thir i cua
truong chuyén viu" .

Cac thanh phan bién dang duoc xac dinh:
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arI; = zBldel’ 8(1) = ZB]t.)IdI’ € ZB2| i

(5.22)
e =>"B;d,; k" ZBl,d,, ey EZB{“’“Ldi
trong do: | |
N, 0O 00O0O00O
B'"=| 0 N, 000 00O (5.23a)
N, N, 00000
000N, 0O 00O
B,=(0 00 0 N, 00 (5.23b)
000N, N, 00
000N, O N, O
Bgi—g 000 0O N, 0 N, (5.23¢)
000N, N, N, N
oo N, N O 00O
B‘”{o 0N, O N 0 o} (5.234)
000N O N 0
B; =¢ ' ' (5.23e)
{o 00 0 N, 0 NJ
B™- =CY, (5.23f)

véi N, ., N, Ia dao ham cac ham dang theo tryc x va y; C va Y dugc X4c dinh

i,x?

nhu sau:

(5.24)

Y=o o N. 000 O (5:25)

Phuong trinh dé giai cho bai toan tim theo phiém ham Lagrange:
ol'l ar_d d 51_[
og, dt (’BqI
Vvé6i q 1a cac thanh phan chuyén vi, g, 1a van téc chuyén dong. Phuong trinh can
bang:

(5.26)
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Kd=P (5.27)
trong do:
P = pNdQ (5.28)
K(d)=K_ +K +K, (5.29)
v6i K, 1a ma tran d¢ cang tuyén tinh tong thé, K, ma tran d¢ cing phi tuyén tong
thé va K, ma tran cting hinh hoc tong thé. Cac ma trén do cting tong thé duoc lap
rap tir cAC ma tran do cung phan tir K¢, K¢, , K¢ va cac ma tran phan tir nay trong
mién con Q_ dugc xic dinh:

K = er B/D'B,dQ+ jge SD;S,dQ (5.30)
trong do:
m\" b\ b \"
B, =[(Bi ) (BY) (B%) } (5.31)
T T
S, :[(Bgi) (8:) } (5.32)
Ma tran d6 ctang phi tuyén phan tu:
KS, = jge (BL,D"B,, +B},D"B,; +B] ;D B, }dQ (5.33)
Voi:
B, =[B S]:Bw =[B™ O] (5.342)
« |D 0
D :{ } (5.34b)
0 D
Ma tran d6 ctng hinh hoc phan tir:
e VALY
Ke :erYi NY ;dQ (5.35)
trong do:
— | N« N,
N=[_" _” (5.36)
ny Ny
VoI
. h/2
(Nx,Ny,ny): I (O'X,O'y,O'Xy)dZ (5.37)

—h/2
5.6 Phwong phap lam tron phan tir MITC3
5.6.1 M6 hinh CS-FEM cho phan tir MITC3

Céc béc ty do Theo phuong phap CS-FEM ([172], [173], [174], [175], [176], [177])
thi mdi phan tir tam giac Q, dwoc chia thanh 3 tam gidc con A, A,va A, dugc két
ndi véi mot diém trung tam O cua tam giac 16n (Hinh 5.2).
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Hinh 5.2: Céc tam giéc con trong phan tir CS-MITC3

Vector chuyén vi ciia nit trung tm d2 duoc xéac dinh théng qua vector chuyén vi
cua 3 nut cua tam giac 1on:

d :%(df g+ ) (5.38)
Thanh phan tam giac con A, (tam gidc O-1-2) ctia phan tir véi xap xi tuyén tinh

truong chuyén vi u® = [ueAl VW g O g g T duoc xac dinh:
U = NEds + N2l + NS = Ned™ (5.39)
tong d6 d*™=[d; di dj|la vector bic ty do cac nit va

N = [NfAl N, N;Al] la cac ham dang cua tam giac con A, .

LA
m

Lac nay, cac thanh phan bién dang mang tuyén tinhe™, bién dang mang phi

tuyéne" | bién dang uéng®™, £ va bién dang cit £, k" trong mién tam giac

con A, dugc tinh toan lai nhu sau:

do
8|n_1A1 — [b:anA1 b;m1 bgm1i| d; — bmAldeAl
d;
, (5.40)
gnl\]lLAl _ |:b:anNLA1 b;’]NLAl b;nNLAl:' d? _ meLAldeAl
d;
do
0N [b?Al bgiAl bglA1:| de | = P41 eAs
d;
. (5.41)
o]
8(2)A1 — [bszl ngAl b22A1:| d:‘: — beAldeAl
d;
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do
A SoA SpA SpAA e SpAA eA
551:[b13|\ﬁwcs b2 s bSO—I\;IITC3:| d; :bjo—l\l/IITCSd '
de
2
(5.42)
de
o
=i byt byt | df |=bhd™
de
2
25 A MA MNLA;  |abiA; | |y Sod A $14; A : P A mL mNL b b
veib™, b™ ", b, b, b va b*duoc xac dinh giong B™,B™, B/, B;,

T
)

BS, e VA Binhung hé toa do cuia 3 nat x, =[x, y,] ,i=1 2, 3dugc thay thé bai

Xy, X, VaX,.
Thay (5.39) vao (5.40)-(5.42) va sap xép lai thu dugc:
d;
LA, 1 mA, mA 1 mA, mA, 1 mA e mA; e
gm = gbl +b2 gbl +b3 §b1 d2 :B d
de
: g (5.43)
8nTLA1 =|:lbinNLAl +b?NLA1 leNLAl-Fb?NLAl %bTNLA1:| dg :BmNLAlde
d;
de |
g(l)Al :[lb?lAl +bglAl lb]k-)lAl +b21A1 lb]l-)lAl:| d; :BbJ.Alde
3 3 3 i
;; (5.44)
8(2)A1 :[lbszl +bt2’2A1 lbi’zAl +bng1 1b$2A1j| dé :BbzAlde
3 3 3 ’
ds
de
& = _bl—MITC3+b2—MIT03 gbl—MITC3+b3—MITC3 §bl—MITC3 dz
d;
- B?O—Al\alchsSOAlde (5.49)
d;
& 1 S S 1 S $18; 1 S e A A€
Kt =| Sbiv byt bt bl —bih | df =B
d;

Céc thanh phan bién dang cua 2 tam giac con con lai A,, A,dwoc suy ra tuong tu
nhu A, . Luc nay, str dung cac mién tron trén canh phan tir két hop vai thao tac lam
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tron trén mién con Q. cac bién dang tron & c6 thé xac dinh tir cac bién dang tuong
ting&":
3
g = jge En'd (X)dQ = Zg;AJ LJ ¢, (x)dQ
= (5.46)
~NLe NLA;
i :J‘Qegn'fm e(X)dQ:ng Lj¢e(x)dQ

j=1

3
g = _[Qe e, (x)dQ = Z_;g(m" IAj ¢, (x)dQ

i (5.47)
g% = IQ £?'"g, (x)dQ = Zg(Z)A’I ¢.(x)dQ
g = [ aa()d0=Y" [ 4,(x)de
e D (5.48)

3
~e h — Aj
K, _-[Qe K's¢e(X)dQ = Jz_lllcs j.Aj¢e(X)dQ
Voi ¢, (x)1a mot ham cé chire ndng 1am tron va théa man céac dieu kién sau [178]:

$(x)=0
{[Qegé(x)dQ:l (5.49)

Dé don gian ham ¢, (x) dugc chon Ia ham hang so theo timg mang:

1A XeQ,
¢(x)—{0 e (5.50)
trong d6 A la dién tich phan tir tam giac, cac thanh phan bién dang tron (5.46)-

(5.48) tro thanh:
é:Le :iiA gLAJ

m A\E — Aj“m
1J S\ NLa (551
ghle — = N4
i1
3 3
sme_ L > A 50 - iz Ae® (5.52)
A\% j=1 Ab =t
ge:iij' £doy; z%ezizslj. K,'dQ (5.53)
; AejzlAJ'S o A%'zlAjs

VoI A, j=123 I phan dién tich tam giac conA .

Thay thé cac thanh phan bién dang tir (5.46)-(5.48) vao (5.51)-(5.53), thu duoc:
~Le — ~>m_jye. ~NLe - > MNL ye. ~(1e — b e

fr(nZ)e B’“S ’e(.C:m~e ~Bso ‘ ’f. ~e B’"sjj e (554)

&7 =B"d"; &, =B y1cd s K, =B*d
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trong d6B™, B™", B®, B*, B, ..., B* dugc goi la cc ma tran bién dang tron cua
phan tir dugc xac dinh theo (5.51):

ZA BmAl BmNL _ ZA BmNLA
ZA B™ B% = — ZA B (5.55)

B* = _Zj. Bu MchsdQ! B* :KJZ_;,J.AJ B?Ade

Ma tran d6 cting tong the cua phuong phap CS-MITC3:

Ne
K=>K° (5.56)
Voi:
K® =K} +K} +K (5.57)
Thanh phan K¢ 1a ma tran d6 cing tuyén tinh phan tu:
K = jge B/D'B,dQ+ er S/DS,d0 (5.58)
trong do:
~ =~ m T ~h T ~b T
B :[(Bi ) (Bli) (BZi) :| (5.59)
~ s T ~ s T
S, |:(Bo| ES- MITC3) (Bli) :| (5.60)
Thanh phan K¢, la ma tran do cang phi tuyén phan tir:
Ki =1 (BT D"B, +B,D"B, +B,D"B,, )dQ (5.61)
Voi:
B.=[B, §]:B.=[B™ o] (5.62)
trong do:
B,™" =CY, (5.63)

véi C dugc tinh toén theo (5.24) va Y, duoc xac dinh theo (5.64):
- 3
= iz A YD (5.64)

Thanh phan K¢ 1a ma tran do ctng hinh hoc phan tir:
KS = jﬂe Y NY,dQ (5.65)

5.6.2 M6 hinh ES-FEM cho phan tie MITC3
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Hinh 5.3: Mién 1am tron (Q) theo phwong phap ES-MITC3

Theo phuong phap nay thi mién 1am tron dua trén canh phan tir ([153], [179], [180],
[181], [182], [183], [184], [185], [186], [187]), sao cho:

Ned
Qx| va nQ =D wii=]j (5.66)

k=1
véi N, 1a tong sb canh ciia tat ca cac phan tir trén mién khao sat.
D4i v6i phan tir tam giac 3 nat, mién tron QX lién quan dén canh thir k duoc tao ra
bang cach két noi hai nat cudi caa canh véi trong tdm cua phan t lien ké (Hinh
5.3). Tur viéc sir dung cac mién tron dya trén canh phan tu, cic bién dang tron &,
c6 thé xac dinh duoc tir su tinh todn cac bién dang twong ung &, két hop véi mot

thao tac 1am tron trén mién Q" lién quan dén canh th k:

&= | (00(0dQ (5.67)
o)
trong d6 @ (X) 1a mot ham c6 chirc nang 1am tron va thoa mén cac diéu kién [188]:
>0 va =
| ®(x)>0 va jgkqn(x)fig E (5.68)
bé don gian ham ®(x) duogc chon la mot ham hang so theo tirng mang:
1
x e O
Dx)=1 A© "€ (5.69)
0 xegQ
trong do:
NK .
A = ka dQ = %ZA la dién tich cia mién tron Q (5.70)
i=1

va NX =1 déi véi cac canh bién, N =2 ddi vai cac canh bén trong, A Ia dién
tich caa phan tir thir i xung quanh canh k.
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Tir phuong trinh (5.31) va (5.32) bién dang cua phan ti tro thanh:

_ 1
A= w j "dQ (5.71)
0
Ma tran chuyén vi va bién dang tron dugc xac dinh boi:
— 1
B,(%)=—q7 | Bi(x)dQ (5.72)
A
oK)

Doi voi phan tr tam giac 3 nit MITC3, ham dang la tuyén tinh. Do d6 ma tran bién
dang chuyén vi la hang so trén phan tir. Két hop cac phuong trinh tir (5.23a)-(5.23¢e)
va (5.72) ta c0:

. 1 ¥ s 1 ¥

BI(Xk):WZAB' ;B?J(Xk):WZAB?l
i=1 i=1

BP 1 5 b2. 5 1 L 0

B,ka):WZABj ;Bff(xk):WZABj._Mm (5.73)
i=1 i=1

_ 1 X ) c o

B'](XK)ZW;IAB' (X)dQ:W%:AiB

trong d6 ¢ 1a hang sé dugc xac dinh tir (5.7) vaB", Btj?l, Bt}z, B \ircs 12 cac ma

tran bién dang cua phan tir thir j xung quanh canh k. BT, B, B%” duoc xac dinh

tir (5.23a), (5.23b), (5.23c). BS’\rc5 duoc xédc dinh nhu trong chuong 4 va:

. [ooo01010
10000101 (5.74)
Ma tran d6 cting tuyén tinh phan tir ES-MITC3
Neg
K,=>» K (5.75)
k=1
VOi:
R*=[(8r) AB +(Br) BEY (B EeﬂAk
+|(BY) BT +(BY) DBY + (B}) FBI* |A
+|(B7) BBy +(B17) P8I+ (B1%) HBY® |A' (5.76)
+_<B70ESMITCS)T AséngsfMlTCS +(B??E87MITC3)T Bséfl Ak
+(B7) BBk e+ (B7) DB}

Thanh phan ma tran do cing phi tuyén va ma tran hinh hoc xac dinh tuwong ty nhu
phuong phap CS-MITC3.
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5.7. Phwong phap giai lap Newton-Raphson

Phuong phép 1ap Newton-Raphson [200] thuc hién mot s6 budc tinh lap dé dua
chuyen vi ctia hé vé gan chuyén vi that vai cap tai twong ng. Sau mdi bude ting tai
s& xuat hién mot do léch gitta ngoai luc va noi luc, cac budc tinh lip cua phuong
phap nay lam cho d6 léch giam dan va néi luyc cua hé ciing thay doi theo. Chuyén vi
cua hé sé tién dén chuyén vj thuc sy @ng vai tai trong tac dung. Khi dé ndi luc trong
hé ciing hoi tu v6i ngoai lyc tdc dung. Chu trinh tinh lip nay s& thuc hién cho dén
khi thoa tiéu chuan hoi tu. Phuong phap lap Newton-Raphson dua trén khai trién
chudi Taylor mo rong.

Truong chuyén vi tong quét cia phuong phap duoc giai tir phuong trinh:

K(d,,)d,, =P (5.77)
Phuong phap lap duoc thuc hién:

Rd,,, =K(d,,)d,,,—P (5.78)
trong d6: R la ma tran cimg du:, K(dm) la ma tran cang tuyén tinh twong GNg Vo
vector chuyén vi d,

Khai trién thanh phan R trong chudi Taylor ing véi trudng chuyén vid!

0=R_, +K_d 6d+K, ({5d}) (5.79)

s+1 g s+l

s+1

véi: K, 1a ma tran cing phi tuyén, K, la ma tran cang hinh hoc.
Giatri R}

s+1

duoc xac dinh:

R:,=K(d,)d.,—P (5.80)

Cudbi cung:
I:Kgd;+l:| Rs+1 (581)
dgj d", +5d (5.82)

5.8. Két qua sé

Trong phan nay, mot s6 vi du sé dugc ap dung dé khao sét phi tuyén bai toan tinh
cua tam FGM va tam composite nhiéu I6p (laminates) chiu tai phan bo déu. Két qua
cua luan an cé sy so sanh véi mot s6 nghién ciu da cong bo. Thanh phan tai trong,
chuyén vi tai tdm cua tam duoc chuan hoa:

Q=

gqa ga” u
EIN

3
= |
5.8.1 Tam FGM théong thuwong

Dé xac dinh mtc d6 tin cay cua oi giai phi tuyén hinh hoc, luan an xét tim FGM
hinh vudng lién két ngam c6 canh laa, chiéu day tim la hchiu tai trong phan b
déu véi mat trén giau ceramic va miat dudi giau kim loai. Tinh chat vat liéu cua cac
thanh phan nhu sau:

(5.83)
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E.=348.43GPa, ,=0.24 (vat lidu gém - SisN,).

E,.=201.04GPa, v,=0.3262 (vat liéu kim loai — SUS304).
T4m duoc md hinh bang hé luéi 36x36 phan tir tam giac nhu Hinh 5.4.
Két qua tinh toan dwoc so sanh véi Kar va Panda [201] va so sanh véi Yang va
Shen [202] duoc thé hién trong Bang 5.1. C6 thé nhan thay rang két qua nghién ciu
gan dung vai két qua cua 1oi giai Yang va Shen [202], dic biét khi tang cap tai Q thi
sai s6 vai 1oi giai Yang va Shen [202] 14 rat bé. Hinh 5.5 biéu dién mdi quan hé
giita chuyén vi va tai trong cua phan ti CS-MITC3.

y

a X

Hinh 5.4: So d6 chia ludi phan tir (36x36)

15

c

0( r r r r r r r r r

0 20 40 60 80 100 120 140 160 180 200
Cap tai trong

Hinh 5.5: Gia trj chuyén vi (u,,) cia tim vuong FGM ( p = 2) lién két ngam
(a/h=10,CS)
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Bang 5.1: Gia tri chuyén vi (u,, )cta tim vudng FGM lién két ngam chiu tai phan bd
déu(a/h=10)

4

a

p # Luanan (CS) Luan4n (ES) Kar [201]  Acs(%) E%“Z] Acs(%)

02 20 0.2201 0.2148 02358 6.7 02470 10.9
40 0.4194 0.4055 04716 111 04570 82
60 0.5934 0.5872 0.7065 160  0.6450 8.0
80 0.7412 0.7204 09401 211 07980 7.1

20 20 0.2614 0.2573 02873 9.0 02770 56
40 0.5034 0.4981 05748 124 05190 3.0
60 0.7032 0.6911 0.8607 183 07330 4.1
80 0.8661 0.8624 11444 243 08850 2.1

5.8.2 Tam composite 2 16p [0°/90°]

Trong phan nay, luan an s& tién hanh phan tich tim composite 2 I6p [0°/90°] hinh
vudng co canh la a, chiéu day tam I1a h chiu tai trong phan bé déu voi dic trung
vat liéu nhu sau: E;=40E,, G1,=G13=0.6E,, G,3=0.5E,, v1,=0.25. Gia thiét chiéu day
céc 16p bang nhau va bang h/ 2. Két qua loi giai cua luan an rat tot khi so sanh véi
mét s phuong phap nhu: CS-MIN3, MISQ20, MISQ24 va phan mém ANSYS
(Bing 5.2). Hinh 5.6 va 5.7 biéu dién mdi quan hé giita chuyén vi va tai trong cua
phan tir CS-MITC3 ung véi truong hop a/h=50va a/h=100.

Bang 5.2: Gi tri chuyén vi (u,, ) caa tam vudng composite 2 I6p [0°/90°] bdn bién lién két ngam
chiu tai phan bb déu

4

ga . s A s CS-MIN3  MISQ20 MISQ24 Ansys
alh £ Luan an (CS) Luan an (ES) [170] [203] [203] [170]
50 25 0.066 0.066 0.066 0.066 0.064 0.072
50 0.130 0.134 0.132 0.139 0.137 0.140
75 0.192 0.199 0.195 0.203 0.202 0.204
100 0.251 0.256 0.254 0.261 0.260 0.262
125 0.305 0.308 0.309 0.314 0.312 0.314
150 0.355 0.358 0.360 0.362 0.362 0.362
175 0.401 0.404 0.406 0.407 0.405 0.405
200 0.444 0.445 0.449 0.447 0.445 0.445
225 0.483 0.484 0.488 0.484 0.482 0.481
250 0.520 0.522 0.524 0.516 0.516 0.515
100 25 0.064 0.064 0.066 0.063 0.063 0.070
50 0.127 0.131 0.117 0.134 0.113 0.137
75 0.188 0.193 0.191 0.198 0.198 0.199
100 0.246 0.253 0.237 0.257 0.254 0.257
125 0.299 0.304 0.301 0.309 0.308 0.308
150 0.348 0.351 0.341 0.357 0.356 0.356
175 0.394 0.397 0.396 0.401 0.401 0.399
200 0.437 0.439 0.429 0.441 0.441 0.438
225 0.476 0.477 0.477 0.478 0.476 0.474
250 0.512 0.511 0.506 0.511 0.511 0.508
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055 S L S L

i
0.5
0.45 -
0.4~
0.35
8.3 -
3c
0.25
—<— CS-MIN3
0.2+ MISQ20
MISQ24
0.15 ANSYS -
—H— Ccs-MITC3
0.1r- —<— ES-MITC3 -
0.05 < r r r r
0 50 100 150 200 250

Cép tai trong
Hinh 5.6: Gia tri chuyén vi (u,, ) ciia tim vudng composite 2 16p [0°/90°] lién két
ngam (a/h=50)

055 L L T T
0.5 -
0.45 -
0.4
0.35
uSc 0.3
0.25
—%— CS-MIN3
0.2} MISQ20 4
MISQ24
0.15 ANSYS .
—F— CS-MITC3
0.1 —<— ES-MITC3
005 4 r r r r
0 50 100 150 200 250

Cap tai trong
Hinh 5.7: Gia tri chuyén vi (u,,) ciia tim vuéng composite 2 16p [0°/90°] lién két
ngam (a/h=100)
5.8.3 TAm composite 4 I¢p [0°/90°/90°/0°]
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Ludn &n tiép tuc phan tich tim composite 4 16p [0°/90°/90°/0°] hinh vuéng cd canh
la a=12, chiéu day tim Ia h =0.096bdn bién ngam chiu tai trong phan bé déu
voi dic trung vat ligu nhu sau: E; =1.8282x10°, E,=1.8315x10°,
v,,=0.23494, G, =G, =G,, =3.125x10°. Gia thiét chiéu day cac I6p bang
nhau va bang h/4. Loi giai cua luan an duoc so sanh véi cac phwong phap nhu:
MI1SQ20, RDKQ-NL20, Mixed element, Experiment (Bang 5.3). Két qua luan an
tuong ddi phu hop véi két qua thi nghiém (Experiment), mot vai gia tri sai khéc
khdng qué 1% va Hinh 5.8 biéu dién méi quan hé giita chuyén vi va tai trong cua
phan tr CS-MITC3.

Bang 5.3: Gia tri chuyén vi (u,, ) caa tam vudng composite 4 16p [0°/90°/90°/0°] lién két ngam
chiu tai phan bé déu

Model g=04 ¢=0.8 g@g=12 0g=16 =20
MIS20 (regular) [204] 0.068 0.105 0.130 0.149 0.165
MIS20 (irregular) [204] 0.065 0.102  0.127 0.147 0.163

RDKQ-NL20 [205] 0.061 0.096 0.120 0.139 0.155
Mixed element [206] 0.062 0.096 0.119 0.140 0.150
Experiment [206] 0.078 0.122 0.148 0.174 0.187
Luan an (CS) 0.074 0.117 0.146 0.168 0.185
Luan an (ES) 0.071 0.111 0.138 0.157 0.173
0.2 T T T T T T T T

B
0.181 b

0.16

1

—V— MISQ20(regular)
MISQ20(irregular)
RDKQ-NL20 ,
Mixed element

— = Experiment

0.1

0.08

& CS-MITC3 1
g —<— ES-MITC3
006 L r r r r r r r r
02 04 06 08 1 12 14 16 18 2

Cép tai trong
Hinh 5.8: Gia tri chuyén vi (u,,) ciia tim vudng composite 4 16p [0°/90°/90°/0°]
bdn bién lién két ngam
Dé khang dinh hon nita mic d6 tin ciy cua phuwong phap nghién ctu ndy, luan an
tiép tuc phan tich tAm composite 4 16p [0°/90°/90°/0°] hinh vudng c6 canh 1a a,
chiéu day tdm 1 hbon bién tya don SS1 chiu tai trong phan bd déu véi dic trung
Vé.t IIéu nhu sau: E1:25E2, 612:G13:0.5E2, ngZO.ZEz, 012:0.25. Két qUél loi glél
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cua luan &n duoc so sanh voi mot sé phuong phap nhu: MISQ20, RDKQ-NL20,

RDKQ-NL24 va phuong phap giai tich (Analytical) (Bang 5.4). Hinh 5.9 va 5.10

biéu didn mdi quan hé giita chuyén vi va tai trong cua phuong phap nghién citu tng

véi truong hop: a/h=10 va a/h=40.
e Tuya don SSI:

Xx=tal2:v,=w,=6,=¢, =0, y=1a/2:u,=w, =6, =¢, =0

Bang 5.4: Gid tri chuyén vi khdng thir nguyén (u,_) ctia tim vudng composite 4 16p

[0°/90°/90°/0°] twa don chiu tai phan bb déu

a ga* Luanan Luanan ?:Ielqulsg (:\r/lr:asg(jlza ?) RDKQ-NL20 RDKQ-NL24 Analytical
h Ezh4 (CS) (ES) [204] [204] [205] [205] [207]
40 50 0.257 0.265 0.296 0.298 0.291 0.294 0.293
100 0.460 0.470 0.473 0.473 0.461 0.467 0.464
150 0.603 0.595 0.592 0.592 0.577 0.587 0.582
200 0.712 0.691 0.683 0.683 0.667 0.679 0.664
250 0.801 0.784 0.759 0.760 0.740 0.754 0.738
20 50 0.302 0.308 0.312 0.312 0.323 0.327 0.320
100 0.509 0.491 0.487 0.485 0.487 0.494 0.486
150 0.644 0.625 0.603 0.601 0.597 0.608 0.592
200 0.746 0.723 0.691 0.690 0.682 0.695 0.680
250 0.830 0.801 0.765 0.762 0.751 0.766 0.752
10 50 0.343 0.351 0.356 0.356 0.363 0.370 0.356
100 0.538 0.526 0.521 0.519 0.514 0.525 0.510
150 0.662 0.637 0.629 0.626 0.616 0.629 0.610
200 0.754 0.726 0.711 0.710 0.695 0.710 0.689
250 0.830 0.800 0.779 0.776 0.761 0.777 0.747
1 T L L
0.9 y
0.8 -
V
J
0.7
u3c
0.6
—~¥— MISQ20 (regular)
MISQ20 (irregular)
0.5 RDKQ-NL20 .
RDKQ-NL24
— = ANALYTICAL
0.4 —©— CS-MITC3

—<— ES-MITC3

r r

150 200
Cap tai trong

250

Hinh 5.9: Gia tri chuyén vi (u,,) ciia tim vudng composite 4 16p [0°/90°/90°/0°]

tya don SS1 (a/h=10)
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CAp tai trong
Hinh 5.10: Gia tri chuyén vi (u,_) ctia tam vuong composite 4 16p [0°/90°/90°/0°]
twa don SS1 (a/h=40)
Cudi cung, luan an xét lai tim composite 4 1ép [0°/90°/90°/0°] hinh vudng ¢6 canh
la a=12, chiéu day tim la h =0.096 bdn bién tya don SS3 chiu tai trong phan b
déu véi dic trung vat lieu nhu sau: E, =1.8282x10°, E,=1.8315x10°,
v,,=0.23494, G, =G,, =G,, =3.125x10°. Hinh 5.11 biéu dién méi quan h¢
giita chuyeén vi va tai trong cua hai phuong phap CS-MITC3 va ES-MITC3.
e TwadonSS3: x=xa/2:u,=v,=w,=0;y=%a/2:u,=v,=w, =0

25 T T T T T T T T T
—S— CS-MITC3
—P>— ES-MITC3 .
2+ — -
1.5~ -
USC
1r- A
0.5 -
Ofd' r r r r r r r r r
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Cép tai trong
Hinh 5.11: Gia tri chuyén vi (u,_ ) ctia tam vudng composite 4 16p [0°/90°/90°/0°]
tua don SS3
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5.9. Kétluan

Trong chuong nay da phat trién cac phan tr CS-MITC3 va ES-MITC3 c6 ké dén
thanh phan bién dang phi tuyén dé phan tich bai toan tinh cua tim FGM va tim
composite nhiéu 16p chiu tai trong co hoc khi dung PP PTHH. Mét sb diém noi bat
cua chuong nay:

e Két qua nghién ctru cua luan an c6 d6 chinh xac cao vi di so sanh duoc VOi
c4c 1oi giai tinh toan theo cac phwong phap khac nhau cua nhiéu tac gia ang
véi mot sb dang bai toan khac nhau.

e Su dung phan t bac C°xap xi truong chuyén vi gidp cho viéc tinh toan dugc
don gian hon.

e Céc phan tu phat trién trong luan &n c6 su trong dong vé két qua phan tich.

e Luan an ciing d3 khao sat rat chi tiét sy anh huong caa mat do vat liéu phan
b trong tim, ti 18 hai canh, ti 1& canh trén chiéu day tdm, ciu tric céc phan
l6p, cac diéu kién bién khac nhau, cac cap tai trong... 1én thanh phan chuyén
vi cua tim. Diéu nay gidp cho cac nha nghién cau, cac nha thiét ké co duoc
nhitng du bao ciing nhu cac tién doan can thiét khi nghién cau vé cac ddi
tuong nay.
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CHUONG 6

HIEU UNG CAC PHUONG
PHAP TINH TOAN CAC PAC
TINH PAN HOI PONG NHAT

HOA PEN UNG XU TAM
FGM

6.1 Gioi thiéu

Nhu da trinh bay & Chuong 1, vat li¢u phan I6p chire nang (FGM) c6 su sap xép cac
tinh Chat vat liéu thay doi dan dan theo yéu cau chic nang su dung, diéu nay tranh
dugc Van dé tap trung ung suat va tach lop dol VGi cac tam composite thong thuong.
Tuy nhién, ¢ cap d6 vi m6 loai vat liéu nay van 1a vat liéu khong dong nhat va do d6
can thiét c6 cac mo hinh phan tich phu hop. Hién nay, cd rat nhiéu mé hinh co hoc
vi mO cho phép tinh toan céc dac tinh dan hoi hiru hiéu cua vat liéu composite, bao
gdm ca tim FGM trong d6 c6 thé dén mot s6 mod hinh dién hinh nhu sau: Voigt,
Reuss, Hanshin va Shtrikman, Mori-Tanaka...Trong thuc té, viéc nghién ctru hiéu
g cta cac md hinh co hoc vi mé dén tng xur tim FGM ciing thu hit mét sé it tac
gia. Chuong nay s& phan tich mot s6 mé hinh co hoc vi mé trong tinh toan dic tinh
d6ng nhat hoa vat liéu FGM va hiéu ang cta né dén dap ung tim FGM.

6.2 Cac md hinh tinh toan cac diic tinh dan hoi hiru hiéu tim FGM

Tong quan tinh hinh nghién ciu cho thay rang dé danh gia dic tinh dan hoi hiu
hiéu tim FGM c6 phan biét lam hai md hinh tinh toan chinh: mé hinh lién tuc va
md hinh roi rac. M6 hinh lién tuc gia thlet vat liéu phan bé lién tuc theo huéng
chiéu day tam va khong ké dén hiéu ung cau tric vi mo vat ligu, sau d6 cac mo dun
dan hoi vat liéu s& dugc tinh toan bang cac mé hinh trung binh théng qua cac biéu
thae giai tich. M6 hinh roi rac ké dén cau trdc vi mé véi cac dang hinh hoc dugc ly
tudng hoa, sau d6 cac phuwong phap s6 s& duoc ap dung. Trong ca hai céach tiép can,
dau tién tam dugc ddng nhat hod véi cac moédun dan hoéi hitu hiéu nhu médun
Young, hé sé Poisson, hé sé dan nhiét... sau d6 d6 cang tim s& dugc tinh toan dua
trén ly thuyét tim ddng nhat. B4i véi md hinh lién tuc, hau hét cac phuong phap
déu dua trén phuong phap dong nhat hoa trung binh trong dé cac médun dan hoi
hitu hiéu duoc tinh toan, duwa trén cac biéu thirc giai tich, theo cac dic tinh vat liéu
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thanh phan va mat d6 thé tich twong ung. Trong thuc té, md hinh Voigt va Reuss [3]
dwa trén nguyén Iy cuc tiéu ning luong bién dang va ning luong bi dugc sir dung
rong rii trong tinh toan cac mo dundai hoi FGM do tinh don gian cia cac céng thuc
tinh toan, trong d6 c6 thé ké dén mot sé nghién ctu dién hinh (Reddy, Zenkour,
Sobhy, Nguyen va cong su...). Tuy nhién can chd y rang md hinh nay chi phi hop
d6i véi vat lidu co6 d6 twong phan khong 16n, nguoc lai khoang cach gitta cac can
kha 16n va khong cho két qua phi hop. Mot céch tiép can khac ciing da duoc ap
dung cho vat liéu FGM la md hinh ty tuong thich (self-consistent [208]). Vé ap
dung, so dd nay khong phan biét pha vat ligu nén hay vat li¢u cbt gia cuong, do d6
cach tiép can nay phu hop cho cac mién chuyén tiép gitra 2 vat liéu [209]. Vel va
Batra [210] cting da ap dung md hinh nay va mé hinh Mori-Tanaka ([8], [9]) danh
gia cac dic tinh hitu hiéu vat liéu FGM. Thuc té mé hinh Mori-Tanaka 1a md hinh
trung binh trong d6 gia thiét mot hat gia cuong hinh cau bao boc bai vat liéu nén, do
d6 m6 hinh nay phu hop cho tinh toan mién vat liéu véi vat liéu nén va cét gia
cuong. Mot s6 m6 hinh co hoc vi mo khac tinh toan vat li¢u composite khong dong
nhat c6 thé tim thay trong mot s6 nghién ctiru (Suresh va Mortensen [211]; Gasik
[13]; Aboudi va cbng su [212]; Cho va Ha [213], Nguyen va cong su ([214],
[215])). Trong phéan tich rng xur tam FGM, md hinh lién tuc cho thay tinh don gian
hoa nén da dugc sir dung pho bién nham du bao ng xur tam FGM. Tuy nhién, Viéc
phan tich hiéu tmg cic md hinh nay dén dap tng tim FGM con rét gisi han vé sb
lugng.

M6 hinh Voigt ([3], [4], [5]): theo (1.1).

Mo hinh Reuss ([3], [4], [5]): theo (1.2).

M6 hinh Hashin-Shtrikman can dudi va can trén ([6], [7]): theo (1.3) va
(1.4).

M6 hinh Tamura ([8], [9]): theo (1.5).

M6 hinh SCM (Self-Consistent Method) ([10], [11]): theo (1.6).

Mo hinh LRVE duoc xay dung boi Gasik va Lilius ([12], [13]): theo (1.7).

Ham mat dé thé tich:

Xem xét tam FGM hinh chir nhat c6 canh dai 1a a, canh ngan 14 b va chiéu day la
h duoc tao hai loai vat liéu 12 gbm va kim loai. Khi xac dinh duoc cac dic tinh hitu
hiéu cta tAm nguoi ta dya vao ham mat do thé tich (VF ) dé dién ta gia tri cac dic
trung vat liéu theo chiéu day tam. Mot sé quy luat phan bd cac dic tinh hitu hiéu
cua vat liéu da dugc nghién ctu nhu: quy luat ham ldy thua (P-FGM), quy luat ham
Sigmoid (S-FGM), hay ham mii (E-FGM).

(P-FGM) (6.1a)

p
VF =VF, +(VF, —VFt)[ZZZE hj
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p
VF, +(VF, -VF)) 1_1(h‘22j ] osm%

VF = (S-FGM)  (6.1b)

2

~ VF, )(2z+h’
VF _VFtexp[In[VF )( oh j] (E-FGM) (6.1c)

t

p
VF, +(VF, —VF,) 1(“22} J <o

trong 6 VF,, VF, 1a gia tri thanh phan thé tich tai mat trén (z = h/2) va mat dudi
(z=—h/2)ctatim, pla hé sé biéu dién dic trung vat liéu caa tim FGM.

6.3 Xay dwng phwong trinh tinh toan tim FGM cho cac md hinh theo HSDT

Pé danh gia sy anh huong cua cac md hinh tinh toan cac dic trung hitu hiéu khi
phan tich tng xtr vat liéu FGM, luan &n tién hanh phan tich lai cac md hinh: Voigt,
Reuss, Hashin (LB), Hashin (UB), LRVE, Tamura, SCM cho két cau tim FGM
(Hinh 6.1) st dung Iy thuyét bién dang cat bac cao (&, = 0) ciia Chuong 3.

Trudng chuyén vi theo ly thuyét bién dang cat bac cao:

u(x,y,z)=u(xy)- zg—\:(v+(harctan(£j—1623}«9X(X, y)

h) 15h®
oW z\ 167°
Y,2) = ,Y)—z—+/| harctan| — |- g, (X, 6.2
u,(x,y,z) =v(xy) ZayJ{ arcan[hj 15h2J L (%, y) (6.2)
Uy (X, Y,2) = W(X,y)
h/2 —— ‘ ceramic

-h/2

a
(b) Loai A
(@) M@ hinh tim
z
h,=h/2 : ceramic  h,=h/2 metal
h, ceramic I —————mTA ceramiic
X h, | X
hl metal hl g | ceramic
h,=-h/2 metal metal
a | a |
(c) Loai B (d) Loai C

Hinh 6.1: M6 hinh tAim FGM
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6.4 Phuwong phap tinh todn
Str dung 1o giai Navier xap xi truong chuyén vi:

u(x,yt)= iiumn cosAxsin uye™

m=1 n=1
0 o0

v(x,y,t)=> >V, sinixcos uye"

m=1 n=1
(X, y,t)=>>W,_ sinixsinuye™ (6.3)
m=1 n=1
(X, y,t)=> > X, cosixsinuye"
m=1 n=1
(%, y,t) ZZYmnsinixcos;lye“"t
m=1 n=1

6.5 Kétqua sé

Trong chuong ndy, mot sé vi du sé ap dung cho tim FGM véi dic tinh vat liéu
duoc 1y theo Bang 6.1, kich thuéc hinh vuéng, 4 bién tua don va chiu tai phan bd
déu. ’

Bang 6.1: Bac tinh vat liéu caa kim loai va gom

Vit ligu E (GPa) p (kg/m®) v
Aluminum alloy 1100 69 2710 0.33
Ceramic (Al,03 99% pure) 380 3980 0.22

Bién thién cua modun dan hoi, khoi lwgng riéng va hé so Poisson theo quy luat ham

luy thira, ham  Sigmoid va ham so6 mii thay doi theo chiéu day tam. Luan an tien

hanh khao sat cac bai toan tinh, 6n dinh va dao dong tu do cua tam. Cac dai lugng

khong thtr nguyén dugc dung cho loi giai:

10Eh3 ab NaN_NaZ
a‘q, - Nt " 100E,h*

12 1-v?
a_):wab f p° /’00 p, =1kg/m’
O

6.5.1 Panh gia anh hwéong cia cac md hinh nghién ciu

E, =1GPa
(6.4)

Anh huong cua cac mé hinh nghién ciru dén cac tng xr cua tim FGM tya don vi
cau trdc vat lieu phan bé theo quy luat ham luy thira (P-FGM) dugc phan tich trong
phan nay. Céc gia tri: chuyén vi 16n nhat, luc t&i han, tan sé dao dong riéng lan luot
trinh bay trong Bang 6.2, 6.3 va 6.4 ¢ xét dén sy thay doi cua ti s6 canh va chiéu
day (a/h) va hé sé dic trung vat liéu (p) cua tim FGM. Bai toan tinh duoc tinh
toan Vvai tai trong phan bd déu, ly thuyét bién dang cit bac cao (HSDT) trong
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chuong 3 duoc ap dung cho cdc mé hinh Voigt, Reuss, Hashin LB, Hashin UB,
LRVE, Tamura (g, =—-100GPa) va SCM.

Bang 6.2: Gid tri chuyén vi () ctia tim FGM (loai A) hinh vudng twa don chiu tai phan bb déu

a/h p  Voigt Reuss Hashin(LB) Hashin(UB) LRVE Tamura SCM
5 0 0.3523 0.3523 0.3523 0.3523 0.3523 0.3523  0.3523
0.5 0.5259 0.7887 0.7293 0.6254 0.6710 0.6703  0.7094
1 0.6766 0.9640 0.9060 0.7963 0.8524 0.8454  0.8883
2 0.8752 1.1341 1.0823 0.9843 1.0336 1.0284  1.0661
10 1.2431 1.4829 1.4336 1.3415 1.3838 1.3821  1.4117
© 1.8613 1.8613 1.8613 1.8613 1.8613 1.8613  1.8613
10 0 0.3079 0.3079 0.3079 0.3079 0.3079 0.3079  0.3079
0.5 0.4642 0.6904 0.6405 0.5519 0.5923 0.5903 0.6150
1 0.5983 0.8314 0.7857 0.6987 0.7451 0.7377 0.7623
2 0.7654 0.9572 0.9176 0.8463 0.8808 0.8778  0.8968
10 1.0163 1.2367 1.1900 1.1045 1.1425 1.1419 1.1683
© 15952 1.5952 1.5952 1.5952 15952 15952  1.5952
100 O 0.2932 0.2932 0.2932 0.2932 0.2932 0.2932  0.2932
0.5 0.4438 0.6579 0.6112 0.5276 0.5662 0.5638  0.5838
1 0.5725 0.7874 0.7459 0.6664 0.7095 0.7020  0.7205
2 0.7291 0.8986 0.8631 0.8006 0.8301 0.8279  0.8407
10 0.9411 1.1551 1.1094 1.0260 1.0626 1.0623  1.0877
o0 15071 15071 1.5071 1.5071 15071 15071 1.5071

Bang 6.3: Gid tri luc téi han (N, ) ciia tim FGM (loai A) hinh vuéng tya don (R, =R, =—1)

a’h p  Voigt Reuss Hashin(LB) Hashin(UB) LRVE Tamura SCM
5 0 7.9204 7.9204 7.9204 7.9204 7.9204 7.9204  7.9204
0.5 5.3057 3.5377 3.8258 4.4613 41579 4.1624  3.9330
1 4.1238 2.8942 3.0796 3.5036 3.2731 3.3002  3.1409
2 3.1879 2.4600 2.5779 2.8344 2.6994 27129 26171
10 2.2445 1.8815 1.9462 2.0798 2.0162 2.0187 1.9763
© 1.4990 1.4990 1.4990 1.4990 14990 1.4990  1.4990
10 0 9.0615 9.0615 9.0615 9.0615 9.0615 9.0615 9.0615
0.5 6.0102 4.0410 4.3557 5.0552 47107 4.7267  4.5366
1 4.6629 3.3560 3.5509 3.9933 3.7447 3.7821  3.6601
2 3.6451 2.9147 3.0405 3.2967 3.1678 3.1784  3.1112
10 2.7454 2.2560 2.3445 2.5260 2.4420 2.4433  2.3880
00 1.7490 1.7490 1.7490 1.7490 1.7490 1.7490 1.7490
100 O 9.5150 9.5150 9.5150 9.5150 9.5150 9.5150 9.5150
0.5 6.2863 4.2406 4.5650 5.2881 49275 49487 47794
1 48736 3.5431 3.7405 4.1870 3.9322 39741 3.8721
2 3.8268 3.1048 3.2327 3.4849 3.3609 3.3699  3.3188
10 2.9646 2.4153 2.5150 2.7193 2.6257 2.6264  2.5651
© 1.8513 1.8513 1.8513 1.8513 1.8513 1.8513  1.8513
Bang 6.4: Gia tri tan s6 (@ ) cua tam FGM (loai A) hinh vudng tya don
a/h p  Voigt Reuss Hashin(LB) Hashin(UB) LRVE Tamura SCM
5 1.7837 1.7837 1.7837 1.7837 1.7837 1.7837 1.7837
0.5 1.5431 1.2584 1.3088 1.4139 1.3643 1.3654 1.3279
1 14008 1.1745 1.2110 1.2909 1.2475 1.2532  1.2235
2 1.2708 1.1203 1.1460 1.1998 11716 1.1747 1.1549
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10 1.1279 1.0335 1.0512 1.0865 1.0700 1.0706 1.0594

o 0.9415 0.9415 0.9415 0.9415 0.9415 0.9415 0.9415

10 0 19369 1.9369 1.9369 1.9369 1.9369 1.9369 1.9369
0.5 1.6685 1.3673 1.4197 1.5298 1.4765 1.4791 1.4489

1 15147 1.2848 1.3216 1.4015 1.3570 1.3639 1.3417

2 1.3829 1.2373 1.2636 1.3153 1.2894 1.2917 1.2781

10 1.2644 1.1468 1.1691 1.2133 1.1930 1.1934 1.1798

o 10314 1.0314 1.0314 1.0314 1.0314 1.0314 1.0314

100 0 1.9993 1.9993 1.9993 1.9993 1.9993 1.9993 1.9993
0.5 1.7191 1.4119 1.4649 1.5767 15220 1.5253 1.4989

1 15608 1.3308 1.3674 1.4467 1.4020 1.4094 1.3912

2 1.4290 1.2872 1.3134 1.3637 1.3392 1.3410 1.3308

10 1.3245 1.1955 1.2199 1.2685 1.2465 1.2467 1.2320

o 1.0687 1.0687 1.0687 1.0687 1.0687 1.0687 1.0687

T cac két qua co dugc, dé dang nhan thay rang gia tri chuyén vi (@,) theo mé hinh
Voigt 1a bé nhét so v&i cac md hinh con lai (ang véi p=0.5-—>10) va hoan toan
nguoc lai véi cac thanh phan luc téi han (N_,) va tan s6 dao dong riéng (). Trong
truong hop bai todn tam day: a/h =5 vai hé s6 dic trung vat liéu: p =0.5, thi md
hinh Hashin (LB) va Hashin (UB) cho két qua thanh phan chuyén vi (T,) trong tam
I6n hon so vai mo hinh Voigt 12 39% va 19%, trong khi d6 thanh phan lyc téi han
(N,,) lai nho hon lan luot 13 28% va 16%. Tuong tu, thanh phan gia tri tin s dao
dong (@) ciing nhé hon 1a 15% va 8%. Néu so sanh thanh phan chuyén vi (a,) cta
cac mo hinh Reuss, LRVE, Tamura va SCM so véi md hinh Voigt thi c6 gia tri lan
luot: 50%, 28%, 27% va 35%. bé thé}y rd hon su khac biét vé anh huong cua cac
mo hinh vat li¢u doi v&i ung xtr cua ket cau tam loai thong qua Hinh 6.2. Tuong tu,
trong cac Bang 6.5, 6.6 va H‘|nh,6.3,, 6.4 Iér} luot so sanh su su khac biét cua cac
mo hinh vat liéu doi vai ung xir két cau caa tam FG sandwich (loai B va C).

1.3 1 C T C T C T T T

121 4
11

1
0.9
0.8
0.7
0.6
0.5

0.4
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11 r r L r r

p
(c) (@)
Hinh 6.2: Anh huéng cua cac mé hinh dbi vai ung xir ciia tim FGM (loai A,
Al/Al,O5) hinh vudng tua don (a/h =10)
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Bang 6.5: Gia tri lyc t6i han (N, ) ciia tim FG sandwich (loai B, Al/Al,O3, R, =R, =—1) hinh
vuong tua don (a/h=100)

M6 hinh  Ciutric p=0 p=0.5 p=1 p=5 p=10 e

Voigt 1-1-1 24549 25980 2.6835 2.9331 3.0194 3.1488
Reuss 24549 24922 25283 2.7629 2.8952  3.1488
Hashin (LB) 24549 25375 2.6021 2.8586 2.9677 3.1488
Hashin (UB) 24549 25044 25498 2.7950 2.9203  3.1488
LRVE 2.4549 25668 2.6400 2.8861 2.9843  3.1488
Tamura 2.4549 25209 25768 2.8299 2.9466 3.1488
SCM 2.4549 25363 2.6082 2.8714 2.9774 3.1488
Voigt 1-2-1 24501 2.6666 2.8049 3.2451 3.4116 3.6825
Reuss 2.4501 2.5002 2.5525 2.9208 3.1634 3.6825
Hashin (LB) 2.4501 25704 2.6688 3.1014 3.3075 3.6825
Hashin (UB) 24501 25200 2.5856 2.9808 3.2130 3.6825
LRVE 2.4501 2.6170 2.7337 3.1571 3.3423 3.6825
Tamura 24501 25452 2.6281 3.0466 3.2654  3.6825
SCM 24501 25641 2.6753 3.1251 3.3267 3.6825
Voigt 2-2-1 24706 2.8573 3.0704 3.6382 3.8226 4.1046
Reuss 24706 2.5754 2.6857 3.2671 3.5603 4.1046
Hashin (LB) 24706 2.7016 2.8738 3.4779 3.7144 4.1046
Hashin (UB) 24706 2.6112 2.7419 3.3384 3.6137 4.1046
LRVE 24706 2.7765 2.9644 35361 3.7485 4.1046
Tamura 2.4706 2.6570 2.8107 3.4151 3.6695 4.1046
SCM 24706 2.7028 2.8912 35058 3.7346 4.1046
0.1 T T T T T T T T T
0.09

0.08
0.07
0.06

a, 005
0.04
0.03
0.02

0.01

O@v r r r r r r r r r k"
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
x/a

Hinh 6.3: Anh huéng cua cac md hinh ddi véi chuyén vi (T, ) tim FG sandwich
(loai B, Al/Al,O5) hinh vuéng tua don (p =10, a/h =10)
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Bang 6.6: Gia tri tan s6 (&) cua tam FG sandwich (loai C, Al/Al,03) hinh vuéng (I6i cung,

a/h=10)
Cau trac M©b hinh 0 05 1 5 10 -
1-0-1 Voigt 0.7670 1.4501 1.6790 2.0128 2.0649 2.1186
Reuss 0.7670 1.1081 1.3869 1.9611 2.0483 2.1186
Hashin (LB) 0.7670 1.2947 15602 1.9949 2.0591 2.1186
Hashin (UB) 0.7670 1.1679 1.4469 19739 2.0524 2.1186
LRVE 0.7670 1.3609 1.6016 1.9976 2.0599 2.1186
Tamura 0.7670 1.2362 15099 19860 2.0562 2.1186
SCM 0.7670 1.3264 1.5895 2.0007 2.0612 2.1186
1-1-1 Voigt 0.8394 14000 1.5924 1.8782 1.9251 1.9708
Reuss 0.8394 1.0991 1.3221 1.8093 1.8948 1.9708
Hashin (LB) 0.8394 1.2597 1.4794 1.8522 19136 1.9708
Hashin (UB) 0.8394 1.1504 13761 1.8250 1.9017 1.9708
LRVE 0.8394 1.3204 15209 1.8578 19159 1.9708
Tamura 0.8394 1.2092 14335 1.8405 1.9085 1.9708
SCM 0.8394 1.2818 15015 1.8582 19163 1.9708
1-2-1 Voigt 0.9624 1.4014 15643 18184 1.8628 1.9078
Reuss 0.9624 1.1558 1.3286 1.7441 1.8267 1.9078
Hashin (LB) 0.9624 1.2834 14628 1.7896 1.8488  1.9078
Hashin (UB)  0.9624 1.1955 13738 1.7606 1.8347 1.9078
LRVE 0.9624 1.3351 1.5012 1.7967 1.8520 1.9078
Tamura 0.9624 1.2422 1.4229 1.7770 1.8427 1.9078
SCM 0.9624 13007 1.4813 1.7958 1.8519  1.9078

Z>

cr

—¥— Voigt

— Reuss
LB
UB
—S— LRVE
—<— Tamura
SCM

r r

8 9

10

Hinh 6.4: Anh hudng cia cac mé hinh ddi vai luc t6i han (N, ) tim (1-1-1) FG
sandwich (loai C, Al/Al,O3) hinh vuéng tua don (a/h =100)
6.5.2 DPanh gia anh hwéng cia cac quy luat phan bo vat ligu

Trong phan nay, dé danh gia mirc do wng Xt cua tim FGM thong thuong (loai A)
khi thay doi cac quy luat phan bo vat liéu (P-FGM, E-FGM va S-FGM) theo (6.1),
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luan an ciing tién hanh phan tich cac gid tri: @,, N_, va & tuong tu nhu 6.5.1. CAc
két qua phan anh mirc do khac biét dugc thé hién trong Hinh 6.5, 6.6 va 6.7 khi xét
bai toan tam FGM (loai A) hinh vudng twa don véi ti soa/h=10. Theo két qua
phén tich, tng vai hé so dac trung vat li¢u p =10, thi quy luat E-FGM cho ket qua
thanh phan @, trong tim Ién hon so véi quy luat P-FGM la 10%, trong khi S-FGM
$0 V&i P-FGM nho hon 25%. Trai ngugc khi phan tich thanh phan N_ thi ¢ gia tri
nho hon 9% va Ién hon 34%, tuong tu thanh phan @ lan luot 1a nho hon 4% va 16n
hon 6%.

1.3 T T T T T T T T T

1.2 P-FGM (Voigt) i
' — T E-FGM

11 +  S-FGM 4

1
0.9
u, os
0.7
0.6
0.5F |

0.4r

[ r r r r r r r r r

0 1 2 3 4 5 6 7 8 9 10
p

Hinh 6.5: Panh gia thanh phan chuyén vi (T, ) gitra cac quy luat phan bé vat li¢u
tam FGM (loai A, a/h =10, p =10)
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10 T C C C C T T T C

—<— P-FGM (Voigt)

—b—E-FGM ,
S-FGM

2 r r r r r r r r r

0 1 2 3 4 5 6 7 8 9 10

Hinh 6.6: Panh gi4 thanh phan lyc t&i han ( N.,) gitra cac quy luét phan bé vat licu
tam FGM (loai A, a/h =10, p =10)

2 r T T r T r 3 r T
P-FGM (Voigt)
*  E-FGM i

—<— S-FGM

r r r r r r r r r ¥*

0 1 2 3 4 5 6 7 8 9 10

Hinh 6.7: Panh gia thanh phan tan sé dao dong riéng (@) gitra cac quy luat phan
bo vat liéu tam FGM (loai A, a/h =10, p=10)
6.6 Kétluan
Chuong nay da trinh bay (ng xir cua tim FGM duya trén 1y thuyet bién dang cit bac
cao mai ma luan an da phat trién ¢ Chuong 3. Mot so mo hinh ham mat do thé tich
duoc ap dung cho céc gia thiét quy luat phan bo vat liéu (P-FGM, E-FGM va S-
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FGM) dé xac dinh cac dic tinh hiru hiéu cua tim. Anh huéng cua cac cia md hinh
ham mat do thé tich (Voigt, Reuss, Hashin Shtrikman, Tamura, LRVE va SCM), ti
s6 canh trén chiéu day tim va hé sé dic trung vat liéu dé xac dinh chuyén vi lén
nhét, lrc toi han va tan sé dao dong riéng cua tim duya trén loi giai giai tich da duoc
phan tich.

Két qua nghién ctiru cho thay c6 sy khac biét dang ké khi sir dung cac mé hinh ham
mat do thé tich khac nhau. Vi du: ton tai sy chénh léch dén 50% khi phan tich thanh
phan chuyén vi theo md hinh Reuss so véi md hinh Voigt, can Hashin-Shtrikman
cho két qua phu hon khi khoang céch giira cac can nho. Hiéu Gmg phuong phép tinh
toan cac dic tinh ddong nhat hoa vat lisu FGM cho thay can duoc ké dén trong phan
tich ung xur tim FGM.
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CHUONG 7
KET LUAN VA KIEN NGHI

7.1 Kétluan

Théng qua nhitng gi da dat dugc trong subt qua trinh nghién ciu, luan an rat ra mot
sb két luan:

Huéng nghién cau c6 nhiéu y nghia va dugc quan tdm béi rat nhiéu nha khoa
hoc trén thé gigi. Bac biét 1a ham bién dang cit bac cao ma luan an phat trién
da duoc trich dan trén nhiéu bai bao dang trén cac tap chi qudc té uy tin.

Céc nodi dung ma luan an da tap trung nghién cau:

Cac ung xu cua tim FGM, tam composite FGM va tim composite nhiéu
l6p.

Cac quy luat phan bé vat liéu (P-FGM, E-FGM va S-FGM) va cac mo
hinh xac dinh cac dac trung hiru hiéu (Voigt, Reuss, Hashin-Shtrikman,
Mori-Tanaka, Tamura, LRVE va SCM) cta tim FGM.

Ap dung ly thuyét bien dang cét bac nhat de phén tich bai toan tam c6 ké
dén: hé s6 dleu chinh cat cai tién, mat trung hoa vét ly, phuong phap giam
bét s6 an 30 cua bai toan, anh huong nén dan hoi. Dung 1oi giai giai tich,
loi giai s, xét hién tuong khoa cat... dé phan tich bai toan tinh, luc toi
han va tan s6 dao dong tw do cua két cau tam.

Ap dung ly thuyet bién dang cat bac cao va ly thuyét Quasi-3D dé phan
tich bai toan tam, trong d6 phat trién ham bién dang cit bac cao mai, sir
dung nguyén Iy bién phan Hamilton, nguyén Iy Lagrange dé thiét lap
phuong trinh ning lugng. St dung 1oi giai Navier, 10i giai Ritz cho tim
chiu tai trong tinh va tai trong do nhiét do... dé phan tich bai toan tinh, lyuc
ti han va tan s6 dao dong riéng caa két cau tam.

Phat trién PP PTHH bang cach sir dung phan tir MITC3 va c6 ké dén
thanh phan d6 cong dugc 1am tron trén mién, trén canh va trén nit phan
tir, sir dung 1y thuyét bién dang cit bac cao... dé phan tich bai toan tinh va
tan s6 dao dong riéng cho két cau tam.

Phat trién bai toan phi tuyén hinh hoc bing cach st dung PP PTHH st
dung phan ttr MITC3 c6 ké dén thanh phan do cong duoc lam tron trén
mién, trén canh phan t, sir dung ly thuyét bién dang cat bac cao két hop
giai thuat lap Newton — Raphson... d¢ phan tich bai toan tinh cho két cau
tam.

Phan tich hiéu tng cac phuong phap ddng nhat hoa cac dic tinh vat liéu
FGM dén cac dap tng cua tam.

173



- Céc hiéu tng vé su thay doi ti sb canh trén canh, ti s6 canh trén chiéu day
tam, hé sé dic trung vat liéu khong dong nhat, hé sb nén, cau tric phan
16p vat ligu... déu xuat hién trong hau hét cac két qua phan tich.

- Céc két qua dat duoc co d6 chinh xac cao, dang tin cay va co thé st dung
dé l1am tai liéu cho cac nghién ciru sau nay.

7.2 Kién nghi

Trong sudt qué trinh nghién ctu, luan an ciing gdp mot s6 kho khin va han ché nhat
dinh. Vi vay, mot sé van dé ton tai trong luan an s& duogc phat trién trong thoi gian
sap toi:

e Dung loi giai Lévy dé phan tich ang xir cho két cau tim FGM véi diéu kién
bién khac nhau.

e Phét trién PP PTHH C* cho ly thuyét bién dang cét bac cao.

e Phan tich thanh phan luc toi han va dao dong tu do cho bai toan tim FGM st
dung ly thuyét phi tuyén hinh hoc véi ham bién dang cét bac cao cua luan &n
két hop céc phwong phép lam tron.

e Phét trién PP PTHH hién tai cho md hinh tim vi ciu tric sir dung ly thuyét
dan hoi phi cuc bo két hop ly thuyét higu chinh ung suat.

e Phét trién phuong phap sé cho md hinh roi rac tinh ton cac dac tinh hiu
hi¢u tim FGM.
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