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L.OI CAM ON

Nghién citu sinh xin bay t6 long biét on chan thanh dén thay huéng dan GS.
TSKH Nguyén Dinh Dtc. Thay da tao moi diéu kién thuan loi, dong hanh va
hd trg nghién citu sinh hoan thanh cac cong trinh nghién citu trong qua trinh

hoc tap.

Nghién citu sinh xin chan thanh cdm on thay co trong Khoa Co hoc ki thuat
va Ty dong hoéa, cac thay co va can bo Phong Dao tao, Truong Dai hoc Cong
nghé - DHQGHN da quan tam, giup dd va tao diéu kién thuan loi cho nghién

cttu sinh trong sudt qua trinh hoc tap va nghién ctu.

Nghién citu sinh chan thanh cdm on thay co, dong nghiép tai Phong thi
nghiem Vat lieu va Két cau tien tién, Khoa Cong nghe Xay dung - Giao thong,
Truong Dai hoc Cong nghe - DPHQGHN da luén quan tam, giap dé va dong vién

nghién cttu sinh.

Nghién citu sinh xin bay t6 long biét on vi nhiing gia tri dugce trao tang qua cac
suat hoc bong t6i Truong Dai hoc Cong nghé, Quy Ddi méi sang tao Vingroup-
VINIF (ma s6 VINIF.2019.TS.44 va VINIF.2020.TS.17), T6 chiic Khoa hoc va
Gido duc Gap go Viet Nam, Tap doan Toshiba-Nhat Ban.

Nghién cttu sinh bay t6 15i cAm on t6i gia dinh, dong nghiép va ban be da
luon dong vién, chia sé, ing ho va gitp d6 nghién citu sinh vugt qua kho khan

dé hoan thanh céac két qua nghién cttu trong luan an.

NCS. Pham Dinh Nguyén
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MG DAU

Tinh cap thiét cta dé tai

Hien nay, véi sut phét trién manh mé ciia khoa hoc ki thuat, viec st dung vat
licu c6 tinh chat co hoc uu viéet thay thé cho cac vat liéu truyén thong 1a yéu
cau tat yéu nham muc dich nang cao hiéu suat lam viéc ctia cac két cau. Vat
lisu composite duge gia cuong 6ng nano carbon (CNT) ¢6 co tinh bién doi, dang
tré thanh mot huéng nghién cttu méi trong linh vie ¢o hoc véi muc tiéu la tan
dung uu diém vé do bén, do cting cao, tinh dan dién tét clia cac 6ng CNT dé
tao ra loai vat lieu nanocomposite c6 kha nang lam viéc trong moi truong khac
nghiét, dac biét quan trong trong cac nganh cong nghiép nhu hang khong, cong

nghiép déng tau, ky thuat xay dung, ha tang. ..

Trong ki thuat, tam va vd 14 cic cau kién co ban dong vai tro quan trong
trong cac két cau chiu tai, dic biét trong linh vitc co hoc vat lieu va két cau.
Nhitng két cau nay thuong phai hoat dong trong moi truong khic nhiet vi vay
viéc nang cao hiéu suat va thoi gian lam viéc clia ching 13 mot bai toan quan
trong. Thay doi thanh phan vat lieu dé tang do bén va do cting 1a mot phuong
phap hic¢u qua dé cai thién kha ning lam viéc ctia két cau.

Xuét phat tit nhitng yéu cau cap thiét nham hiéu vé tng xt co hoc clia céc
két cau gia cudng éng nano carbon, luan an nay tap trung vao bai toan "Phdn
tich tinh va dong luc hoc phi tuyén cia tam va vé FG-CNTRC".
Bing cach st dung nguyén Iy co ban dé thiét lap phuong trinh can bang va
chuyén dong ap dung cho phan tich mat on dinh, dao dong tu do, va dap tng
dong Iuc hoc clia cac két cau tam va vo gia cuong bang éng CNT c6 co tinh bién

doi.



Muc tiéu nghién ciu cta luan an

e Xay dung phuong trinh can bing va chuyén dong dua trén nguyeén Iy cong
40, Hamilton st dung cac 1y thuyét bién dang cit ctia Reddy va ly thuyét
bién dang cat hinh sin cho tam va vé FG-CNTRC.

e Bai todn tinh: Phan tich mat 6n dinh clia tdm, vé FG-CNTRC st dung
phuong phap ban gidi tich v mo6 phdéng s6 nhiam xac dinh tai t6i han va

moi lién hé tai trong - do vong sau tdéi han.

e Bai toan dong: Phan tich dong lyc hoc phi tuyén ciia tam, vo FG-CNTRC
nhim xac dinh tan s6 riéng, moi lien hée bien do do vong - tan s6, mdi lien

hé do vong-thoi gian.

D6i tugng va pham vi nghién ciu

Déi tuong nghién ciu: D61 tugng nghién citu ctia luan 4n 14 tam chit nhat, vo

hai do cong va vé nén cut FG-CNTRC.

Pham vi nghién ciu: Bai toan tinh: Phan tich mat on dinh va sau mat 6n

dinh. Bai toan dong: Phan tich dap ting dong luc hoc va dao dong.

Phuong phap nghién ciu

Dé thue hien muc tieu dé ra, luan an da chon phuong phép giai tich di tit cac
nguyén Iy co ban dé xay dung phuong trinh va ap dung cac phuong phap sé dé

giai cac phuong trinh co ban. Cu theé:

e Phuong phdp gidi tich: Stt dung cac 1y thuyét tam vo (Iy thuyét bién dang
cat bac 3, Iy thuyét bién dang cat hinh sin) xéc dinh cac chuyén vi. Sau
d6, thiét lap truong bién dang Von-Karman biéu thi méi quan hé phi tuyén
gitta bién dang va chuyén vi. Stt dung nguyén 1y cong 4o hoiic nguyen ly
Hamilton dé xay dung phuong trinh can bing hoic chuyén dong ¢ dang dao

ham riéng theo toa do va thoi gian.
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e Phuong phdap ban gidi tich: St dung phuong phap ham tng suat Airy va
phuong phap Galerkin dé giai phuong trinh dao ham riéng vé6i viec lita chon
nghiém ctia chuyén vi va ham tng suat théa man diéu kien bien. Déi véi
bai toan tinh, két qua thu ducc la phuong trinh dai s6 bicu thi méi quan
hé gitta luc va chuyén vi dé phan tich mat én dinh ctia tam vé FG-CNTRC.
D6i v6i bai toan dong, két qua thu duge 1a phuong trinh vi phan ciia chuyén
vi theo thai gian dugce st dung dé xac dinh tan s6 riéng trong phan tich dao
dong tu dao va ap dung phuong phap Runge-Kutta bac 4 dé thu duge méi
quan hé gita bién do do vong theo thoi gian trong phan tich dap ing dong

lire hoc.

e Phuong phdp moé phéng: Xay dung mo hinh phan t hitu han 3D trong phan
mém ABAQUS véi chuong trinh con USDFLD viét tren FORTRAN dé mo
phéng su phan bd clia cac 6ng nano carbon cé co tinh bién déi theo chiéu

day ap dung cho phan tich mét 6n dinh.

Y nghia khoa hoc va thuc tién ctia luan an

Y nghia khoa hoc: Hien nay, nghién ctu trong va ngoai nude lien quan t6i
bai toan mat 6n dinh, dao dong rieng, va dap tng dong luc hoc clia tam va vo
FG-CNTRC stt dung phuong phap giai tich, ban gidi tich két hop véi phuong
phap mo phdéng s6 con han ché. Luan 4n nay trinh bay mot cach c6 hé thong
tit viec ap dung, cai thien cac 1y thuyét bién dang cit nham xac dinh chuyen
vi, truong bién dang phi tuyén Von-Karmén, xay dyng phuong trinh can bang,
chuyén dong & dang dao ham riéng ciia toa do va thoi gian cho téi viec 4p dung
phuong phap mo phéng s6, phuong phap Galerkin, phuong phap Runge-Kutta
nham xéac dinh tai trong t6i han, méi lien he tai trong-do vong va chuyen vi-thoi

gian trong phan tich mat dn dinh va dong lyc hoc ctia tam va vo FG-CNTRC.

Y nghia thuc tién: Cung cap cac két qua vé gia tri tai t6i han, bidu thic tai

trong va do vong, tan so6 rieng, bien do do vong va thoi gian dé hiéu ré cach cac
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két cau FG-CNTRC phan ting dudi tdc dong ciia tai trong tinh va dong trong
diéu kien thyc té. Diéu nay déng gép vao viéc cung cap cac gidi phap hd tro
trong qua trinh thiét ké va chan doan khong pha hily ciing nhu nang cao hieu

suat cua cac ket cau composite gia cudng ong nano carbon c¢é ¢o tinh bien thién.

Bo6 cuc cua luan an

Noi dung chinh ctia luan an duge trinh bay trong bon chuong va cac phan mdé
dau, két luan va huéng phat trién clia luan an, cac cong trinh khoa hoc da cong
b, tai lieu tham khao va phu luc. Noi dung tém tat clia cic phan nhu sau:

Mé dau: Trinh bay cac van dé chung ctia luan an, ¥ nghia khoa hoc va thuc
tién, tom tat noi dung nghién citu va bo cuc ciia luan an.

Chuong 1: Trinh bay tong quan cac noi dung nghién citu vé phan tich tinh
va dong Iuc hoc ctia tam va vo FG-CNTRC.

Chuong 2: Trinh bay tém tat cac ly thuyét tam vo, nguyen 1y co ban xay
dung phuong trinh can bang v chuyén dong, phuong phap giai bai toan, cac
khai niém co ban, cac mo hinh vat liéu st dung trong luan an.

Chuong 3: Trinh bay phan tich mat on dinh cia tam va vé6 FG-CNTRC

nham xac dinh tai trong t6i han, biéu thitc tai trong-do vong sau t6i han.

Chuong 4: Trinh bay két qua phan tich dong lic hoc xac dinh tan sd dao
dong, mdi quan hé chuyén vi-thdi gian, bién do-tan s6 ctia vo hai do cong va vo

nén cut FG-CNTRC.
Két luan va huéng phat trién ctia luan an.
Tai liéu tham khao

Phu luc



CHUGONG 1. TONG QUAN NGHIEN CUU

1.1. Vat liéu composite va ong nano carbon

Vat lieu composite 1a sit két hop gitta hai hodc nhiéu loai vat liéu c6 tinh chat
khac nhau, tan dung nhiing dic tinh riéng biét ctia ting vat lieu thanh phan.
Viéc t6 hop ching tao ra mot vat lieu méi véi nhitng diic tinh wu viet hon so
v6i cac thanh phan ban dau. Composite bao gom vat liéu nén va vat liéu gia cd,
trong d6 vat lieu nén dam bao su lien két gitta cac vat lieu gia c6, duy tri tinh
nguyén khéi va lién tuc ctia cau trac. Vat lieu nén anh huéng dén kha nang chiu
nhiét, bén héa va kha nang chiu tai clia két cau composite, thuong dude chon tir
polyme, gém, kim loai hodc carbon. Vat liéu gia c6 ddm bdo két cau composite

c6 do ciing va do beén cao, thuong duge sit dung duéi dang bot, hat, soi, v.v

Co tinh clia vat lieu composite chit yéu phu thuoc vao mot so6 yéu td quan
trong bao gom: co tinh ctia vat liéu thanh phan, luat phan bo hinh hoc ciia vat
lieu gia co, tuong téc gitta cac vat lieu thanh phan, v dic diém ctia mat tiép
xtc gitta vat lieu gia c6 va vat lieu nén. Céc co tinh nay gép phan quan trong dé
mo td mot vat lieu composite. Dac trung hinh hoc ctia vat lieu gia c¢6 duge xéac
dinh bdi cac yéu t6 nhu hinh dang, kich thudc, mat do, va mo hinh phan bé.
Trong cac yéu to nay, mat do ctia vat licu gia c6 thuong duge do luong thong
qua ti lé thé tich hoic ti 1 khéi Iugng 1a yéu t6 quan trong quyét dinh dén tinh

chat co hoc ctia vat lieu composite [8, 9].

6ng nano carbon la mot dang thu hinh ctia carbon, xuat phat tit nhitng phan
tit carbon véi nhitng dac tinh noi bat nhu do bén va do cing, kha nang dan
dien va dan nhiét hiéu qua. éng nano carbon lan dau tién dugc phat hién vao

nam 1991 tai Nhat Ban do Tién si Sumio Iijima mot nghién citu vién clia cong



6
ty NEC tinh cd phat hién qua kinh hién vi dién tit [50]. Tt sy kham pha nay,
nghién ctiu vé éng nano carbon da phat trién manh mé trong ca linh viic nghién
citu c¢o ban va tng dung. Do d6, CNT dat ra nhu mot vat liéu cé co tinh vugt
troi so v6i nhiéu vat ligu truyeén thong da biét trude do [6]. Tuy vao dieu kien
ché tao va vat lieu gbc c6 thé chia thanh hai loai CNT la 6ng nano carbon don

vach (SWCNT) va da vach (MWCNT) (Hinh 1.1).

(a). SWCNT (b). MWCNT

Hinh 1.1: Cau tric 6ng nano carbon

Cac dic tinh co hoc wu viéet cia cac 6ng nano carbon gitp nang cao tinh chat
clia vat lieu composite nén kim loai, gobm hoac polyme. Sut két hop CNT vao céc
vat lieu nay gidp cai thien do bén, do cing, do déo dai, kha nang chéng mai
mon, do dan dién, do dan nhiét va tadn nhiét clia vat liéu composite. Diéu nay
gitip cho vat lieu composite gia c6 CNT phu hop véi nhiéu ting dung trong hang
khong v try, 6 t0, nang lugng va ki thuat co khi, xay dung cong trinh. Nghién
cttu [18] chi ra rang 6ng nano carbon c6 do bén cao 200GPa, dong thoi nhe va
c6 module Young la 1TPa. Tac gid Deng va cac cong su [35] két luan rang kha
nang chiu tai ciia két cAu composite gia cuong CNT c¢6 do bén va do cing cao
dué6i dnh hudng ctia nhiet do. Tac gia Fernanda va Daniel [42] trinh bay két qua
thi nghiem vé dap tng dong lyc hoc clia tam nhom sandwich gia cuong CNT
va chi ra rang tai trong pha hiy dude nang lén véi cdc mau thi nghiém c6 chita

CNT. Téac gia Wang va cong sut [116] chi ra ring két cau composite nén nhom
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gia cuong CNT c6 cuong do va module dan hoi 1lan lugt 1a 6.6GPa va 500GPa,

nho st ¢6 mit ctia CNT dan t6i do bén va do ciing tang lén nhung van ddm bao
do dan dieén cao. Stt dung phuong phap mo6 phong dong hoc phan tit (molecular
dynamics simulation - MD) xac dinh tinh chat vat li¢u ctia composite gia cudng
CNT, téac gia Snehanshu va cong su [80] chi ra sy gia ¢6 cia CNT vao cdc mau
nén nhom lam tang cuong do, cu thé 13 mau nén nhom gia cusng CNT (30,30).
Ngoai ra, nhiéu nghién cttu da chi ra syt ¢c6 mat ctia CNT trong nén kim loai gitp

tang do bén va do ciing ciing nhu 1a tai trong pha hay [15, 24-26, 119, 128].

Khéi niem vat lieu ¢6 co tinh bién doi lan dau tien duge dua ra vao nim
1984 tir cdc nha khoa hoc Nhat Béan [61], duge biét dén 1a loai vat ligu gom 2
thanh phan gom va kim loai dudce phan bé theo ham bién ddi tuyén tinh theo
chiéu day ctia két cau nham tan dung t6i da tinh chat vat lieu thanh phan.
Tac gid Shen [92] 1a nguoi dau tien dé xuat khai niém vat lieu composite gia
cudng cac ong nano carbon cé cd tinh bién déi nhim nang cao tinh chat cia
vat lieu composite so véi truong hop cac 6ng CNT phan b déu. T do, vat lieu
composite gia cudng 6ng nano carbon co6 co tinh bién ddi da thu hit duge nhiéu
nha khoa hoc nghién cttu. Dé xéc dinh cac module dan hoi clia két cau nay nhiéu
phuong phap da duge st dung gobm phuong phap dong hoc phan ti& (MD), Mo
hinh Mori-Tanaka, va Halpin-Tsai. Tac gia Shen [92] sit dung phuong phap MD
dé xac dinh tinh chat vat lieu FG-CNT. Tiép theo d6, Shen va Zhu [97] da phat
trien cho bai toan phan tich mat 6n dinh ciia tAm trong moi trudng nhiet do.
Sau d6, c6 nhic¢u nghién ctiu dya trén cong thiic clia tac gid Shen dé tién hanh
phan tich bai toan dong lyc hoc ctia két cau composite gia cuong FG-CNT [16,
72]. Hon nita, mo hinh Halpin-Tsai ciing duge st dung rong réi trong xac dinh
tinh chat vat lieu ctia két cau composite gia cuong FG-CNT [54, 62, 103]. Mo
hinh Mori-Tanaka ciing duge ap dung trong céc nghién citu [68, 98, 123].

Vat lieu ¢6 co tinh bién thien (FGM) va vat lieu composite gia cudng cac ong
nano carbon c6 co tinh bién thien (FG-CNTRC) la loai vat liéu c¢6 thanh phan
va tinh chat thay doéi theo chiéu day cia két cau. FGM va FG-CNT la nhiing
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vat lieu dugc thiét ké dé co cac dic tinh cu thé thay déi dan dan theo mot ti lé
thé tich nhat dinh, nhim mang lai hiéu suat vuot troi so véi cac vat lieu thanh
phan truyén théng. Vat litu composite gia cusng CNT trd nén phd bién trong
nhitng nam gan day do cac dic tinh co hoc dac biet. Tim hiéu cac tinh chat
co hoc va ting xti clia cac két cau FGM va FG-CNT da trd thanh mot linh vuc

nghién citu quan trong trong khoa hoc va ky thuat vat liéu.

1.2. Tong quan phan tich tAim FG-CNTRC

Tam 1a cau kién co ban c6 tng dung rong rai trong nhicéu két cau ki thuat,
thanh phan quan trong ciia cic san pham trong nhiéu nganh cong nghiép nhu
xay dung, kién tric, hang khong. Dé tranh viec hu héng clia cac két cau, viec
phan tich tinh chat co hoc clia két cau 1a bai toan dac biét quan trong nham
danh gia vé kha nang lam viec ciia két cau. Tac gid Shen [92] 14 nguoi dau tien
dé xuat khai niem vat liéu composite gia cuong cac 6ng nano carbon c6 co tinh
bién doi va ap dung cho phan tich tam FG-CNTRC chiu uén duya trén ly thuyét
bién dang cat ciia Reddy va truong bién dang Von-Karman. Sau dé xuat nay, da
c6 nhiéu nghién ctu phan tich on dinh, mat o6n dinh, sau mat én dinh, dao dong
tu do, va dap tng dong luc hoc dé hiéu vé tng xit clia két cAu tam composite

gia cudng 6ng nano carbon c6 cd tinh bién doi.

D6i v6i phan tich udén, dira trén cach tiép can s6 bang phuong phap phan ti
hitu han, tac gia Zhu va cong su [127] da phan tich tAm FG-CNTRC chiu uén
dya trén ly thuyét bién dang cat bac nhat (FSDT). Tac gid Zhang va cong su
[126] da ap dung phuong phap IMLS-Ritz v6i phan t1t tu do st dung céc ntt
phan tan thay cho viéc chia ludi. Tac gid Phungvan va cong sy [81] dé xuat
stt dung cac phan t@ déng hinh hoc dua trén phuong phap cac ham co ban
B-Spline (Nonuniform Rational B-Spline) két hop 1y thuyét bién dang cit bac
cao (HSDT) dé phan tich ting xit clia tam FG-CNTRC. Tac gid Sobhy [99] dé
xuat mot ham dang mdi cho phan tich uén ciia tam chit nhat FG-CNTRC dit
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trén nén dan hoi trong moi trudng nhiét do st dung 1y thuyét HSDT. Ciing gidi
quyét bai toan nay, tac gia Soni va cong su [102] da ap dung ly thuyét bién dang
cat hinh hyperbol. Tac gia Keleshteri va cong sy [53] phan tich tAm hinh khuyén
FG-CNTRC stt dung phuong phép cau phuong vi phan tong quat (generalized
differential quadrature method). Téc gid Natarajan va cong sy [77] da trinh bay
két qua phan tich uén ciia tAm sandwich véi mit ngoai lam bang vat lieu FG-
CNT stt dung phan tt QUAD-8 mo ta sut bién doi thuc thé ctia chuyén vi doc
theo chidu day. Tac gid Chavan va Lal [29] da dé xuat phan ti dang hinh hoc
9 nit véi 7 bac tur do cho mdi nat ap dung cho phan tich uén ctia tam nhiéu
16p gia cuong 6ng nano carbon. Tac gid Shen va cong sy [94] trinh bay két qua
nghién citu tng x uén phi tuyén ctia tam FG-CNTRC c6 hé s6 Poisson am.
Tac gia Sciuva va Sorrenti [70] dé xuat ap dung ly thuyét Zigzag gian luge md
rong (extended Refined Zigzag Theory - eRZT) két hop véi phuong phap Ritz
cho phan tich uén ciia tam FG-CNTRC va két luan rang 1y thuyét eRZT mo ta
quan he gitta ting suat tiép va bién dang cat chinh xac hon ly thuyét FSDT va
TSDT cho tam FG-CNTRC.

Phan tich mat on dinh ctia tam FG-CNTRC thu hit nhiéu hoc gia nghién ctu,
stt dung phuong phap ban giai tich dua trén 1y thuyét co dién va phuong phap
Galerkin, tac gid Wang [117] da phan tich mat on dinh ctia tam FG-CNTRC véi
cac diéu kién bien khac nhau. Tac gia Shen va Zhang [96] ap dung phuong phép
nhidu hai budc (two-step perturbation technique) cho phan tich mat on dinh va
sau mat on dinh ctia tam chiu tai nhiet parabol véi diéu kien bién tua don cac
canh. Cling phan tich bai toan nay, Torabi va cong sy [110] 4p dung phuong phéap
cau phuong vi phan (variational differential quadrature - VDQ), Ansari va cong
su [18] két hgp phuong phap VDQ vé6i phuong phap FEM. Tac gia Kiani [55]
stt dung phuong phap Ritz cho phan tich mat én dinh tam FG-CNTRC chiu tai
cat. Sau do, Kiani va Mirzaei [60] 4p dung phuong phap nay cho phan tich mat
on dinh ctia tAm chit nhat va tam xieén. Tac gia Civalek va Jalaei [31] st dung

phuong phap discrete singular convolution nghién citu tam xién FG-CNTRC. St



10
dung mo hinh vat lieu Eshelby—Mori-Tanaka, Safaei va cong su [91] da trinh bay
két qua phan tich ng xit mat on dinh ctia tam sandwich c¢6 16 réng bing phuong
phap lusi ty do. Jiao [52] phan tich ng xt mat on dinh clia tam FG-CNTRC

chiu tai nén phan bd bat k¥ st dung phuong phap cau phuong vi phan.

Mot s6 nghién cttu vé phan tich dao dong tir do va dap tng dong e hoc clia
tam FG-CNTRC, tac gid Zhang va cong su [121] ap dung phuong phap IMLS-
Ritz 1uéi tu do dé phan tich dao dong tu do ciia tam FG-CNTRC dua trén 1y
thuyét FSDT. Sau d6, cac tac gia da phat trién cho phan tich tam day dat tren
nén dan hoi [122]. Dya tréen 1y thuyét FSDT va nguyén 1y bién phan, tac gia
Zhong va cong su [129] sit dung chudi Fourier dé thay cho dang nghiém truyén
thong clia phuong phap Ritz. Tac gia Thai va cong sy [105] trinh bay phuong
phap moving Kriging mesh-free két hop véi Iy thuyét HSDT va phi dia phuong
dé phan tich tam FG-CNTRC. Di va cong su [36] thiét 1ap cdc mo hinh tinh
toan dya trén phuong phap phan tit cau phuong dang yéu va ly thuyét HSDT
cho phan tich tdm FG-CNTRC. Tac gid Beni [27] céi tién cong thitc Carrera
ap dung cho phan tich tan s6 riéng ctia tam tron FG-CNTRC véi phuong trinh
chuyén dong duge xay dung bing nguyén 1y cong ao va gidi bang phuong phap
GDQ. Tac gia Moradi-Dastjerdi vi Momeni-Khabisi [76] phan tich dao dong ciia
tam sandwich dat trén nén dan hoi chiu tai tuan hoan. Tac gid Vahid [104] st
dung mo hinh Eshelby—Mori-Tanaka x4c dinh tinh chat ctia cac 6ng CNT gia
cudng tily ¥ vao tdm composite. Sut gia cudsng ctia CNT vao nén FGM c6 thé
gitip tang dang ké cac tinh chat co hoc ciia vat lieu composite. Tac gia Rostami
va Mohammadimehr [90] stt dung 1y thuyét tam co dién dé phan tich do én dinh
dong ctia tam sandwich bao gom 161 FGM va mit ngoai composite dugc gia
cuong FG-CNT, xem xét moi truong phu thudc vao nhiét do va tai trong ngau
nhién.

Bai toan phan tich tinh va dong lyc hoc ctia tam FG-CNTRC ciing nhan dudc
st quan tam cua cac nha khoa hoc trong nuée. Tac gid Nguyén Dinh Diic va

cong sy stt dung phuong phap Galerkin va 1y thuyét bién dang cat bac ba cho
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phan tich dap tng dong luc hoc ciia tam day FG-CNTRC véi dieu kién bién
tuta don [33, 39, 109]. Mot s6 két qua vé phan tich 6n dinh va dong litc hoc phi
tuyén ctia tam FG-CNTRC tya don céc canh st dung phuong phéap giai tich va
Iy thuyét bién dang cit bac ba [4], 6n dinh nhiét dan hoi clia tam FG-CNTRC
chiu tai trong co nhiét véi dieu kién bién tia don stt dung phuong phap gii tich
va 1y thuyét bién dang cit bac ba [7], phan tich tinh va dao dong riéng ctia tam
gia cuong carbon nanotube ap dién sit dung phuong phap FEM va ly thuyét

bién dang cit bac cao bén bac ty do [5].

1.3. Téng quan phan tich vé6 FG-CNTRC

Vo 1a két cau dude st dung nhiéu trong céc ing dung thic té. Dé nang cao
kha ning chiu tai ciing nhu do bén va do ciing clia vo, nhiéu hoc gid da nghien

cttu tng x1t ¢o hoc ciia vo gia cudng 6ng nano carbon c¢é co tinh bién thién.

Trong phan tich tinh, tac gid Zghal va cong sy [120] da st dung phan tit vo
discrete double-director trong phuong phap FEM nham xac dinh tng xit tinh
hoc ctia panel try FG-CNTRC. Két qua dugce so sanh vdéi tac gid Zhang va cong
sy [124], stt dung phan tit khong lu6i. Tac gid Frikha va cong su [45] st dung
phan ti vé ba va bon nat va 1y thuyét Kirchhoff cho phan tich vé moéng FG-
CNTRC. Téc gid Ansari vi Kumar [17] phat trién chuong trinh FEM cho vat
lieu FG-CNT sit dung phan tit 9 nat aCO cho phan tich uén ctia voé hai do cong.
Alibeigloo [12] gi4 thiét tinh chat vat liu khong phu thudc vao nhiet do, st
dung chudi khai trién Fourier dé nhan dugc trudng tng suat va chuyén vi. Sau
d6, Alibeigloo va Zanoosi [13] phat trién cho phan tich uén vé tru tron cé 16p
ap dién.

Déi véi nghién cttu mat on dinh ciia vé FG-CNTRC, tac gid Mehri v cong
su [74] st dung phuong phap ban giai tich phan tich xac dinh gid tri tai téi
han ctia vo nén FG-CNTRC chiu tai nén doc truc va ap luc ngoai két hop. St

dung ly thuyét FSDT, Tac gid Nguyen va cong su [79] phan tich sau mat 6n
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dinh ctia vé6 FG-CNTRC, véi phuong phap mo phong s6 két hgp gitta FEM va
CAD. Dua trén 1y thuyét dan hoi 3D, Liew va Alibeigloo [67] phan tich mat 6n
dinh panle tru FG-CNTRC chiu tai nén doc truc véi diéu kién bién tia don céc
canh. Hajlaoui va cong su [46] cai tién phan tit khéi dé mo ta trudsng bién dang
cat phan bo phi tuyén nham xtt Iy hién tuong shear lockling trong phuong phap
FEM, &p dung cho phan tich mat 6n dinh ctia vé tru tron FG-CNTRC. Tac gia
Safarpour v cong su [73] trinh bay két qua tai t6i han cia v6 tru FG-CNTRC
6 16p ap dien. Tac gid Mehar va cong sy [73] st dung phuong phap bién phan
cho phan tich mat on dinh ctia vé sandwich FG-CNTRC.

D6i v6i phan tich dong lyc hoc clia vo6 FG-CNTRC, tac Qin va cong su [83]
xem xét anh hudng ly tam va Coriolis t6i bién dang ctia vo FG-CNTRC cho
phan tich tan s6 rieng st dung phuong phap Ritz. Tac gia Kiani [57] st dung
phuong phap Ritz v6i ham dang st dung phuong phap Gram-Schmidt cho phan
tich panel cau FG-CNTRC. Sau d6, Kiani v& cong sy [59] phat trién cho panel
nén. Dya trén 1y thuyét FSDT va phuong phap bién phan Ritz, tac gia Wang
[118] st dung phuong phap ban giai tich cho phan tich tan s6 riéng ciia vo va
panel hai do cong v6i dang nghiém st dung chudi khai trién Fourier. Song va
cong sy [101] st dung nguyén 1y Hamilton thiét lap phuong trinh chuyén dong
cho phéan tich v6 hai do cong FG-CNTRC. Tac gia Kiani [56] sit dung phuong
phap Newmark gidi phuong trinh vi phan dong hoc xac dinh méi lien hé van
toc theo thoi gian. Tac gia Frikha v cong su [44] cling st dung phuong phap
nay cho phan tich vo FG-CNTRC. Phéan tich tinh khong hoan hoan cua vo, tac
gid Foroutan [43] dua trén Iy thuyét v co dién cho panel khong hoan hao chiu
tai nén trong moi trudng nhiét do. Tac gid Amipour va cong su [34] st dung 1y
thuyét bién dang trugt bac cao va Iy thuyét dan hoi phi cuc bo cho bai toan
truyen song ctia voé hai do cong FGM gia cudng FG-CNT. Tac gid Miao va cong
sy [75] trinh bay nghién cttu v6i sy két hop FG-CNT gia cudng v tru nén FGM
nhiéu 16p gitp ting cudng cic tinh chat co hoc va tan sb rieng dira trén 1y thuyét

bién dang trugt bac nhat va phuong phap Rayleigh-Ritz.
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Vat liéu composite gia cuong FG-CNT Ia loai vat lieu khong dong nhat, co
thé Iy thuyét tuyén tinh thong thuong khong phit hgp dé phan tich. Ngoai ra,
sit phan b6 thé tich ctia CNT 1a bién ddi tuyén tinh, dan dén module cit ngang
thap hon so véi module dan hoi tuong ting theo phuong vat lieu gia cuong. Do
do, cac két cau composite duge gia cuong FG-CNT c6 ton tai bién dang cat
ngang va bat ky phan tich nao ciing nén tinh dén cac bién dang cit ngang.
Trong 1y thuyét FSDT, c6 ké t6i thanh phan bién dang cit ngang va tng suat
cat ngang nhung chi xét t6i méi quan hé tuyén tinh nén can dua vao hé s6 hieu
chinh, viéc stt dung hé s6 nay doi hoéi phai xac dinh dude hé s6 hieu chinh tuong
ing cho cac hinh dang két cau va vat lieu khac nhau. Hon nita, Iy thuyét bién
dang cit bac nhat dugc ap dung dé xay dung céc phuong trinh co ban cho phan
tich dong Iuc hoc ctia tam va vo FG-CNTRC [49, 64, 66, 82].

Viéc xac dinh hé s6 hiéu chinh khong chi phu thuoc vao hé sé Poisson ma con
phu thuoc vao cac diac tinh vat lieu va tiét dien mat cat. viec nay gay bat tien
khi stt dung 1y thuyét bién dang truct bac nhat vi khé c6 dude gia tri chinh xac
khi tinh todn hé s6 nay bay 1y thuyét. Dé dua ra nhitng dy doan chinh xac hon
ve anh huéng ciia cic thanh phan bién dang cat ngang va ing suat cit v6i phan
tich mat on dinh, uén v dao dong tu do ciia két cau, mot s 1y thuyét HSDT
da dugc phat triéen. Mot trong nhitng 1y thuyét duge st dung phd bién nhat 1a
Iy thuyét TSDT duge dé xuat bdi Reddy [86]. Nhiéu nghién cttu da duge tién
hanh dé danh gia viec ap dung TSDT trong cac tinh huéng khac nhau. Tac gia
Shen [92, 97] da stt dung 1y thuyét nay dé phan tich mat 6n dinh phi tuyén clia
tam tya don gia cuong CNT. Tac gid Mehar va Panda [71] da nghién cttu mat
on dinh phi tuyén hinh hoc cfia hai do cong. Tac gid Zhang va cong su [125,
127] da trinh bay két qua tan s6 dao dong tu do ctia cdc tam nhiéu 16p. Mot 1y
thuyét bién dang cat bac cao khac ciing dudgce st dung 1a Iy thuyét bién dang cit
hinh sin [22, 23, 85, 106]. Nhitng nghién citu ndy da ching minh ring viéc ap
dung 1y thuyét bién dang cit bac cao c¢6 thé dua ra nhitng du doan chinh xac

ve bai toan phan tich tinh va dong clia cic két cau tam va vo.
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Cac nha khoa hoc trong nuéc ciing c6 nhitng két qua déng gép cho bai toan
phan tich én dinh, mat én dinh, vi dong luc hoc ctia vé FG-CNTRC. St dung
phuong phap giai tich cho phan tich dao dong tu do va dap tng dong lic hoc
ctiia v6 hai do cong FG-CNTRC dugc trinh bay béi tac giai Nguyén Dinh Dric
va cong su [11, 32, 37, 38, 40]. Tac gia Vi Hoai Nam va cong su stt dung phuong
phép gii tich cho phan tich mat 6n dinh ctia vé tréng FG-CNTRC trong moi
truong nhiet do [114, 115]. Tac gid Tran Minh Ta va cong sy trinh bay két qua
tan s6 dao dong tu do ctia panel cau [111] va v6 hai do cong [107] ap dien FG-
CNTRC st dung phuong phap FEM véi Iy thuyét bién dang cit bac cao bon bac
tu do. Tac gia Pham Toan Thing va Nguyén Thai Trung [108] stt dung phuong
phap Galerkin va 1y thuyét vé Donnell cho phan tich mat én dinh phi tuyén cia
vo tru tron FG-CNTRC véi diéu kién bién tia don. Mot s6 két qua phan tich

tinh va dong ctia vé6 FG-CNTRC lién quan t6i cac luan an sau [1-5].

1.4. Két luan chung va xac dinh van dé nghién ciu

Tw tong quan nghién ciu vé tam, vo gia cuong ong nano carbon

co co tinh bien thién, co thé rut ra mot so két luan nhu sau:

e Cac bai toan phan tich co hoc clia két cau tam vé FG-CNTRC chia yéu
gom: Phan tich uén, mat on dinh, sau mat on dinh, dao dong tu do, va dap

ting dong luc hoc.

e Céic phuong trinh co ban ciia tam v6 duge xay dyng dya trén nguyén ly
cong 4o va Hamilton két hop véi cac 1y thuyét bién dang cat FSDT, HSDT,
TSDT, Zigzag.

e Cac phuong phap chinh cho phan tich co hoc ctia két cau FG-CNTRC gom
phuong phap bién phan, phuong phap Galerkin, phuong phap Ritz, phuong
phap FEM, phuong phap cau phuong vi phan, phuong phap perturbation.
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e Céc mo hinh vat lieu FG-CNT c6 thé ké t6i quy tic nén sgi, phuong phap
MD, M6 hinh Mori-Tanaka, mo hinh Halpin-Tsai, phuong phap RVE.

e Céc nghién ctiu vé két cau tam FG-CNTRC tuong dbi hoan thién nhung c6
it nghién ctu két cau két hop nhu tam-panel, vé hai do cong-panel, vé hai

do cong-vo cau.

Duva trén co sd trén, mot sé6 van dé nghién cdu duoc rdc dinh

trong luan an nhv sau:

e Thiét lap cac phuong trinh can bang va chuyén dong st dung nguyén ly
cong 4o va Hamilton duya trén 1y thuyét bién dang ciat bac ba, 1y thuyét

bién dang cat hinh sin két hop v6i tinh phi tuyén hinh hoc Von-Karman.

e Dé xuat Iy thuyét bién dang cat hinh sin gidn luge tit Iy thuyét bién dang
cat bac ba ctia Reddy, mo t4 moi lien hé phi tuyén clia ting suat tiép va
bién dang cat ctia vo véi dieu kién ting suat tiép tu do trén hai mat trén
va duéi ctia vo. Tt d6, xac dinh trudng chuyén vi clia vé va ap nguyen ly
xay dung truong bién dang phi tuyén Von-Karman nham xay dyng phuong

trinh chuyén dong dua trén nguyén ly Hamilton.

e Phan tich céc bai toan mat on dinh, dao dong tu do va dap tng dong hoc

ctia két cau tam, vo gia cudng déng nano carbon cé co tinh bién thién.

e Tim dang nghiém giai tich cia chuyén vi va ham tng suat tuong tng cho
ba truong hop dieu kién bién ctia vé hai do cong duge khao sat: Truong hop
tat ca cac canh tia don, truong hop tat ci cac canh ngam va truong hop

hai canh tita don, hai canh ngam.

e Phuong phap ban giai tich va mo phéng s6 dude ap dung dé phan tich bai
toan mat on dinh ctia tam FG-CNTRC. Déi v6i phuong phap ban giai tich,
két hop phuong phap Galerkin, ham tng suat Airy va can bang diéu hoa

dé xac dinh nghiém ctia bai toan. Déi v6i phuong phap mo phéng s6, mo
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hinh phan ti hitu han véi ham con USDFLD trong ABAQUS dudc thiét
lap nham mo ta su phan bd bién doi chiic nang theo chiéu day ciia cac 6ng

nano carbon.

e Phan tich co hoc két cau két hop cac dang hinh hoc khac nhau nhu tam,
panel try, v hai do cong. Khdo sat anh hudng thong s6 vat lieu FG-CNT
va thong s6 hinh hoc téi gia tri tai t6i han, duong cong tai trong - do vong

sau t6i han, tan s6 riéng, mdi lien hé bién do - tan s6 va do vong - thoi gian.



17

CHUONG 2. CO SO LY THUYET

2.1. Céac ly thuyét co ban

Phan nay trinh bay céac Iy thuyét duge ap dung dé xay dung cac phuong trinh
co ban cho két cau tam va v composite gia cudng cac éng nano carbon cé co
tinh bién thien.

Ly thuyét co dién thiét lap céc phuong trinh don gian nhung bé qua thanh
phan bién dang cat va tng suat tiép do d6 chi phtt hgp cho cac két cau tam va
vo méng. Ly thuyét bién dang cit bac nhat c¢6 xét t6i thanh phan bién dang
cat va 1ing suat tiép nhung chi xét méi quan hé nay 1a tuyén tinh nén can dua
vao hé s6 hiéu chinh, viéc st dung he s6 nay doi héi phai xac dinh duge hé s6
hiéu chinh tuong ting cho cac hinh dang két cau va vat lieu khac nhau. Vi vay,
1y thuyét bién dang cat bac nhat phit hop cho két cau tam va vo vita. Ly thuyét
bién dang cat bac ba dd mo td moéi quan hé clia cdc thanh phan bién dang cat
va ting suat tiép bang ham phi tuyén, phit hgp cho mo ta tng xi clia két cau
tam va vo. Tuy nhién 1y thuyét bién dang cit bac ba ciing tuwong ddi phic tap
va can nhiéu tinh toan dé dat dugc do chinh xac trong viéc thiét 1ap cac phuong
trinh co ban ciia tam va vé. Dé khic phuc nhuge diém ctia 1y bién dang cit bac
nhat trong viéc stt dung hé s6 hiéu chinh, Iy thuyét bién dang cat bac cao dudc
dé xuat v6i mo ta tung tu nhu 1y thuyét bac ba nhung don gidn hon trong viéc
tinh toan thiét lap cac phuong trinh can bing va chuyén dong ciia tAm va vo

FG-CNTRC.
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2.1.1. Ly thuyét tém co dién

Ly thuyét tam cd dién (CPT) [88] theo gia thiét Kirchhoff dugc sit dung de
xay dyng cac phuong trinh c¢o ban cho tAm méng (tdm c6 do day rat nho so véi
chiéu dai hodc chiéu rong, cu thé ti 1é chic¢u dai trén do day 16n hon 50) véi gia
thiét dudng phap tuyén truéc va sau bién dang déu thang va vuong géc v6i mit
gifta clia tam va bo qua thanh phan ting suat tiép [88]. Hinh 2.1 mo ta thanh
phan chuyén vi cia tam theo 1y thuyét CPT.

o —— 2 4

1 T

Hinh 2.1: Mt cdt trude va sau bién dang cia tam theo ly thuyét CPT

trong d6, ug(z,y,t) 14 thanh phan chuyén vi ban dau theo truc z, wo(z,y,t) 1

thanh phan chuyén vi ban dau theo truc z, 6, 1a d6 dbc (slope) theo truc z.

Tu Hinh 2.1 khi khoang cach Az — 0 thi tan(6,) — 6, do déc duge xac dinh
nhu sau:
A d A
0, = lim 20y dw V6l tan (0;) = =0 (2.1)
Ax
Tit d6 xéac dinh gia tri chuyen vi u(z, y, z,t) theo chuyén vi ban dau ug(z, y, t)
v6i truc z huéng xuéng dudi nhu sau:

(. 2,0) = o (1,9,0) — 20 = g (2,9,0) — 250 22)

Thanh phan chuyén vi theo truc y duge xac dinh tuong tu, nhu vay cac thanh
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phan chuyén vi cia tam theo 1y thuyét co dién duge viét lai nhu sau:

ow
U(l’,y, Zat) = Uug (xvyat) - Z%
U(x,y,z,t) = 0 <x7y7t)_zaa_,l; (23)

w(z,y, z,t) = wy (z,y,1t)

trong do6, ug (x,y,t),v0 (x,y,t),wo (z,y,t) 1& cAc chuyen vi tai mit giita tuong tng

v6i truc x,y, z

2.1.2. Ly thuyét bién dang cdt bac nhat

Ly thuyét bién dang cit bac nhat dugc st dung dé xay dung cac phuong trinh
co ban cho tam day (ti 1e chiéu dai tréen do day nhd hon ho#ic bang 20). Trong
d6, 1y thuyét bién dang cit bac nhat (FSDT) [88] ¢6 xét tdi cac thanh phan bién
dang cat va tng suat tiép nhung moéi quan hé gitta hai dai lugng nay 1a tuyén

tinh nén can dua vao hé sé hiéu chinh.

Hinh 2.2: Mt cdt trude va sau bién dang cia tam theo ly thuyét FSDT

Tuong tu nhu cac xac dinh cta ly thuyét CPT, tit Hinh 2.2 cac thanh phan
chuyén vi theo 1y thuyét bién dang cit bac nhat duge bieu dién nhu sau:
u(x,y,z,t) =g (z,y,t) + 20,
v (2,9, 2,t) = vo (2, y,t) + 29y (2.4)
w(z,y,2,t) = wo (z,y,1)

tI‘ODg dé; ug (x7y>t>av() (:E: y7t)7w0 (;E,y,t) la ChUYéD vi tal mat glﬁa’a ¢:E = g_ga (by =



20
% la géc quay tuong ng quanh truc y, x.

Trong trudong hop tam mong (ti 1¢ chiéu dai tréen do day 16n hon 50) khi do6

br =~ by — —%—Z’ Iy thuyét bién dang cit bac nhat tré vé 1y thuyét co dién.

2.1.3. Ly thuyét bién dang cdt bac ba

Ly thuyét bién cit dang bac ba (TSDT) [88] ducc xay dung trén co sé cla
Iy thuyét bién dang trugt bac nhat cho tdm day (ti 1é chicéu dai trén do day nhd
hon ho#c bang 20) véi gia thiét duong phap tuyén ciia mit trung binh sau bién
dang khong con thing va vuong goc nita nhu Hinh 2.3. Ly thuyét bién dang cat
bac ba dua ra gid thiét chinh x4c hon vé anh hudng clia cidc thanh phan bién

dang cat va ting suat tiép trong phan tich két cau tam va vo.

X

Truée bién dang
-"". ..................................................................... —_— -
T VT L:- x,U

"

CPT

FSDT

Sau bién dang

TSDT

Hinh 2.3: Mt cat trude va sau bién dang ciia tam theo ly thuyét TSDT

Céc thanh phan chuyén vi theo 1y thuyét bién dang cit bac ba ciia Reddy
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dugce xac dinh nhu sau:
w(z,y, z,t) = up (2, y,t) + 20z + 220, + 22 \p
v (1Y, 2,t) = v (2,4, 1) + 2y + 220, + 2> Ny (2.5)
w(x,y,z,t) =wp (z,y,t)

trong do, cac ham ¢, ¢y, 0z, 0y, Az, Ay dudc xac dinh nhu sau:

u0:<x7y707t>7 Uoz(x,y,o,t), wo = (x7y707t)

ou ov 0%u

=% T e, a2 (2.6)
0%v 3u 93v

=z = as| 0 WNTas|

Trusng chuyén vi theo 1y thuyét bién dang cit bac 3 trong phuong trinh (2.5)
gom c6 9 bién doc lap chua xac dinh, céc bién nay c6 thé duge giam bét bang
cach xét diéu kién bien ing suat tiép tai mat trén va dudi ciia tam bang khong

(U$Z|z:ih/2 = Ozzlpminjp = 0) tuong duong:

0= Uﬂ?z’z::l:% = Q557xz‘zzi% + Q45'sz|zz:t%

(2.7)
0= O'yz|Z::t% = Q45’Va:z|2::|:% + Q447yz|zzi%
trong do, Q;;(i,j =4,5) tuy y ta co:
0
0= ’YmZ‘z:iﬁ = ¢y + el + (22(% + 322)\96)
a zz:l:%
(2.8)
_ 2
0= 7yz|z:ih Oy + e (226’ + 327X ) i
Thay 2 = i% phuong trinh trén duge viét lai nhu sau:
9 3h2 3h?
br+ G2 [ <Ry + TN, | = 0,0, + Wy + 2Ny ) =0
ox 4 ox 4 (2.9)
oy + 290 (g, +3h2>\ — 0,6, + 20 4 (hg, +3h2/\ —0 |
Y oy 4 4 8y 4

Tu d6 xac dinh duge ham do déc nhu sau:

Owy 4 owy
Op =0y =0,y = (qu —) s Ay = 372 (fby + a—y) (2.10)
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Trudng chuyén vi theo 1y thuyét bién dang cit bac 3 dudc viét lai nhu sau:

423 Owyg
“(fﬂa?/,zaﬂ = Ug (xvyvt) + z¢x (‘T7y727t) - W <¢$ + %)

423 owg 211
U(«T,y,Z,t):U0($,y,t)+2¢y($,y,2,t)_W(¢y+8—y> ( ) )

w(z,y,2,t) = wo (x,y,t)
trong dév uo (x7y7t)7v() (:L‘7yat)7w0 (l’,y,t) 1a ChUYén vl tal mat giﬁa7 o3 (fL’,y7t) =

% X by (x,y,t) = % . la gbc quay tuong tng tai z = 0.
z

z=

2.1.4. Ly thuyét bién dang cdt hinh sin

Trong trudng hop can doi hoéi nhitng dy doan chinh xac hon vé anh hudng
clia cac thanh phan bién dang cit v tGng suat tiép véi phan tich mat on dinh
va dao dong tu do ciia két cau tam vé FG-CNTRC va don gidn tinh todn hon
Iy thuyét bién dang cat bac 3, 1y thuyét bién dang cit hinh sin (SSDT) da dugc
phét trién. V6i Iy thuyét SSDT, cac thanh phan chuyén vi u (z,v, 2, ), v (x,y, 2, t),

w(x,y, z,t) tuong tng theo cac huéng z,y, z xac dinh theo cong thic sau:

_ dwy d¢p  OJwy
u(@,y, z,t) =uo (2,y,t) — 25—+ f (2) (%*W)

— _ 9w 9¢ , dwo (2.12)
U(.flf,y,Z,t)—’Uo(.T,y,t) Zay +f(z) (ay+ ay)

w (z,y,2,t) = wo (2,y,1)

trong d6, ug (z, y,t),vo (z,y,t),wo (z,y,t) 1a chuyén vi tai mat gitta, ¢ (z,y,t) 1a goc

_ 99 v _%)
— Oz’ 0z — 0y’

quay tuong tng tai z =0 (g_z
z=0

z=0

Truong chuyén vi dude xac dinh théa méan dieu kién bién tng suat tiép tu do
tai méat trén va dudi clia vo (0uzl,_pp0 = Ouzl,_pyp = 0). Trong luan én nay,
ham f (z) = =L cos (%% + ) mo ta mdi quan he phi tuyén gitta bién dang cit va

ing suat tiép, dugc Iua chon 1a ham dicu hoa théa man dicu kién cho trudng

chuyén vi tuong duong f (z)}zzo =0, dj;(zz) 0 1 va dfd—(zz) i = 0.
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2.1.5. Truong bién dang phi tuyén Von-Kdrmdn

Tinh phi tuyén hinh hoc trong céc thanh phan bién dang dudc dé xuat bdi
Von-Karman vao nam 1910 [113] nhim muc dich mo t4 truong bién dang c6 ké

t6i thanh phan phi tuyén cta do vong.

Xét mot phan tit duong c6 chieu dai A, doc theo truc 2. Cho phan tit dich
chuyén nhu Hinh 2.4 v6i u,v,w 1a cac thanh phan chuyén vi theo truc z,y, z,
dS,ds lan luot dai dién cho chiéu dai clia phan ti truée va sau bién dang. Bién
dang theo truc = dugce xac dinh nhu sau:

ds—dS _ |P'd'| —Ipdl

o = 2.13
ds Ipq| (2.13)

Thay do dai pg va p'q’ vao phuong trinh (2.13) nhan dugc két qué sau

’p’q’}—|pq! ou\’ av\ > o\’
EM—T— 1+% + 7 + e -1 (2.14)

-~

ow
w(x, y)+—Ax
ox

) 4 Qu
u(x.y) u(x,y)+—Ax
ox

<>
Ax

Hinh 2.4: Bién dang ctia phan ti theo truc

- A A e 2 , N X ~ 2 2 . b a
Theo ly thuyet tam, gia st cac thanh phan dao ham cua chuyen vi gom %,

Ou Ou v Qv Qv 0w 15 whd <3 vao R PR TN X 1A 0
Bu> Ga> Tu0 Gy 950 D la nhé, vi vay bd qua cac thanh phan bac cao cia cac

thanh phan nay. Tuy nhién, cac thanh phan dao ham bac 2 va tich vo huéng

2 2
ctia do dbc 1a cic thanh phan quan trong van dugce gitt lai gom (‘3—‘;) , (%) ,
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gwow Tyt cac gia thiét nay phuong trinh (2.14) duge gidn luge nhu sau:

dr Oy *
ou ow\’

Véiz << 1c6+1+z~1+%, taco thanh phan bién dang e, tit phuong trinh

(2.15) (cac thanh phan bién dang dai e, €., dudc xay dung tuong tu) nhan

dudce nhu sau:

~_Ou 1 (0w 2
= Gy §<a_>
o 1(6_w) (2.16)
W oy o 2\ Oy
ow
52,2—6_

Xét géc gitta hai phan ti duong sau bién dang # = /r'p/q’ trong mat phing
x —y ma trude bién dang phan tit nay c6 hudng theo truc = va y véi do dai tuong
ing la A, va A, nhu Hinh 2.5, v6i v = %i — 6 14 géc Lrpg trong phan tit duong

ban dau.

Hinh 2.5: Mt cat tinh bién dang cat

. . - P
Ta c6 goc 6 la gbc xen gitta hai vector p'q’ va p'r’, duge cac dinh nhu sau:
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’p/qll . ‘p/T./|

(Al‘—l— %Aw) (%Az) + (%Aac) (%Az) + <‘g—7“;Ax) <Az + %—Z’Az)

)+ () () (o0 ()7 ()

(2.17)

Bo qua dao ham clia cac chuyén vi phuong trinh (2.17) dugc viét lai nhu sau:

AxAz (%) + (%A:p) (%AZ) + (‘g—;‘c’Ax) Az

cosf =

AzAz (2.18)

@B

Gia thiét géc v nho, do d6 v = sin(y) = cos(f), tuong tu cac thanh phan bién

dang cat khac dugc xac dinh 1a cosin clia goc gita hai phan tit duong nhu sau:

2\ 0z Oz
1 f0v Ow
L= — + — 2.1
v 2 <8z * 8y> (2.19)
(o o dwou
Ty T g dy Oxr Ox Oy

Truong bién dang Von-Karman cho 1y thuyét c6 dien (e, = ¢, = €., = 0)

dugc xéc dinh lai tit phuong trinh (2.16) va phuong trinh (2.19) nhu sau:

0w 10w’
=9 2\ ox
2
_ v 1fow (2.20)
gy_8y+2<8y>
0w v wdu
ey = Oy Ox Ox Oy

Truong bién dang phi tuyén Von-Karman cho 1y thuyét bién dang cit bac cao

(€., = 0) dugc xac dinh lai tt phuong trinh (2.16) va phuong trinh (2.19) nhw

Sau:
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ou  1(0w)*
Fo or 2\ Ox
o0 1(0w\"
vy oy 2\ Oy
1 (Ou Ov Owow
S T ittt 2.21
cay 2<8y+8x+8x8y> ( )
Ll ou
=5\ 0z | On
(o0, o
v2 Ty 0z Oy

2.2. Cac nguyén ly co ban

2.2.1. Nguyén ly cong do

Nguyén 1y cong ao la mot nguyén 1y quan trong trong co hoc duge st dung
dé xay dung phuong trinh can bing cho vat rin bién dang. Nguyen 1y cong 4o
duge xay dung dua trén khai niem dich chuyén khé di, nghia la cac chuyén vi
c6 thé, vo cling bé chi c¢6 ¥ nghia vé mit hinh hoc va théa méan cac rang budc
cua heé.

Nguyén Iy cong 4o phat biéu ring [88]: Néu mot vat thé dang trong trang thdi
can bing thi cong do ciia tat cd cdc luc tdc dung lén vat thé gom noi luc va ngoas

luc qua cdc chuyén dich khd di sé bang khong:

SW = 6W + 6Wg =0 (2.22)
trong d6, 6W; = [ o dedV la cong do ctia noi luc, 6Wg = — [ pf - dudV — [T - duds
1a cong 4o clia ngoai Iite v6i f 1a thanh phan lue khéi ciia Xat thé trongsmién thé

tich V, T 1a luc mit trén bien S. w, @ lan lugt dai dién cho thanh phan chuyen

vi vd dao ham chuyén vi theo thoi gian, § 1a toan t& bién phan.
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2.2.2. Nguyén ly Hamilton

Nguyéen 1y Hamilton la trudng hgp tong quat clia nguyen 1y cong 4o cho bai
toan dong luc hoc, duge xay dung dira trén cac ham nang lugng cia hé, véi gia
thiét he dong Iuc hoc duge dac trung boi hai ham nang luong 1a Dong niang K

va Thé nang W.

Nguyén ly Hamilton phat biéu rang [88]: Trong tit cd cdc duong di chuyén

ma mot chat diém co thé di tu vi tri tai thoi diém ty téi vi tri tai thoi diém to,
to

thy duong di thuc té cia né duge xzdc dinh khi tich phan f (K —W)dt dat cuc

t1
try.

Su khac biet gitta dong niang va thé ning dugc goi 1a ham Lagrange L =
K —-W =K — W — Wg. Vivay, Nguyén 1y Hamilton duge viét lai nhu sau:
to
/ (6K — Wy — 6Wg) dt = 0 (2.23)
t1
trong d6, 0K = [ pududV la bién phan clia dong nang, W; = [ o dedV 1a bién
v v
phan ciia ning lugng bién dang dan hoi, sWg = — [ pf - oudV — [ T - fuds 1a bién
1% S

phan clia thé ning.

2.2.3. Phuong phap Galerkin

Cac phuong trinh ciia bai todn phan tich tam vo dude xay dung dua trén
nguyén 1y cong ao hodac nguyén ly Hamilton thuong la cac phuong trinh dao
ham riéng vé6i dieu kien bien. Cac phuong trinh nay 1a ham theo toa do va thoi
gian va khong thé gidi dude mot cach tusng minh. Do dé, trong gisi han luan 4n
stt dung phuong phap Galerkin dé tinh gan ding nghiém ciia cac phuong trinh

dao ham riéng.

Phuong phap Galerkin 13 mot phuong phap s6 dya trén nguyén 1y bién phan

duge dat tén theo nha toan hoc Boris Galerkin. Cac budce chinh trong phuong
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phap Galerkin gom:

e Chon khong gian nghiém: Khong gian nghiém Galerkin duge chon 1a khong

gian con hitu han chiéu gom hitu han ham co sé.

e Tim dang ham nghiem: Dang ham nghiém gan ding la mot to hop tuyén
tinh ctia cac ham co s6 trong khong gian Galerkin. Ham nghiém nay phai
théa man diéu kién bién ctia phuong trinh dao ham riéng can giai. Trong
do, cac heé s6 tuong ting clia cac ham co s6 dude coi nhu cac bién can phai

xac dinh.

e Xac dinh cic hé s6 clia cac ham co s6: Thay dang nghiém gan dung vao
phuong trinh dao ham riéng ban dau. Nhan dudc sy sai khac gitta phuong
trinh ban dau véi nghiem gan dung (goi su sai khac nay 1a ham 16i).

e T6i thiéu héa sai s6: Ham 16i phai thda man mot sd diéu kién nham toi
thiéu hoa sai s6. Diéu kién toi thicu héa ham 15i 1a tich phan ctia ham 16i
v6i mot ham thit (ham trong s6) bat ky bang khong.

e Giai phuong trinh dai s6 vd x4c dinh dang ham nghiém: Gidi cidc phuong
trinh dai s6 dé tim cac hé s6 ctia cac ham co s6 va xac dinh dang ham

nghiém gan ddng.

Mo ta toan hoc:

Gia st phuong trinh dao ham riéng trong mién Q véi dieu kién bién cho trude

c6 dang sau:
Lu)+ f=0 (2.24)

trong d6, u 1 cac bién phu thudc va chua xac dinh (c6 thé 1a cic chuyén vi); f

1a ham lyc da biét; L dai dién cho toan t vi phan.

Goi uy ~ u la nghiém xap xi cia phuong trinh dao ham riéng. Nghiem xap
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xi nay 14 to hop tuyén tinh ctia n ham co s dinh nghia nhu sau:
n

uyN = Zai@i =a1 P+ ... + a, Py, (2.25)

v6i a; 1a cac hé s6; ®; 1a cac ham co cd.
Ham 16i (phan du) clia nghiém xap xi sau khi thay vao phuong trinh dao ham
rieng ban dau:

n

Ry =LY a® | +f#0 (2.26)

i
Céc he s6 a; dugc xac dinh sao cho ham 16i 6 phuong trinh (2.26) théa man
diéu kien tryc giao véi ham trong s6. Phuong phap Galerkin liya chon ham trong
s6 13 ham co s6 clia dang nghiém ®;, vi vay cic hé s6 a; dude xac dinh theo dieu

kién sau:
/ ®: R (ar, @, )d2 = 0 (2.27)
Q

trong do6, Ry 1a ham 15i, ®; 13 ham trong s6.

2.2.4. Phuong phap Runge-Kutta

Trong bai toan dong luc hoc tdm vo, phuong trinh dao ham riéng chuyén dong
dugc giai bang phuong phap Galerkin dwa phuong trinh dao ham riéng chuyén
dong vé phuong trinh vi phan chuyén dong theo thoi gian. Trong luan &n lya

chon phuong phap Runge-Kutta bac 4 dé giai phuong trinh vi phan chuyén dong.

Mot trong nhitng phuong phap s6 dude st dung rong rai dé giai phuong trinh
vi phan la ho phuong phap Runge-Kutta. Ho phuong phap Runge-Kutta nhan
dugc tit khai trien chudi Taylor b qua cac dao ham bac cao. Ho phuong phap
nayy gom phuong phap Rung-Kutta bac 1 (phuong phap Euler), bac 2 (phuong
phép Heun, Midpoint, Ralston), bac 3, bac 4 va bac 5, cac phuong phap nay dya

trén viec roi rac hoa thoi gian dé tim 161 gidi gan ding cho cac phuong trinh vi
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phan thusng. Trong dé, phuong phap Runge-Kutta bac 4 1a dudc sit dung pho
bién nhat.
M6 ta toan hoc:

Gia st cho trudce phuong trinh vi phan thudng véi gia tri dau nhu sau:

y=fty), ylto) = o (2.28)

trong d6, phuong trinh trén 13 haco nghiém m gan diamot ng y theo bién thoi
gian t; f(t,y) 1a do ddc (slope) ctia ham y. Tai thoi diém ban dau ty gia tri y
tuong ting la .

Khai trién Taylor cho ham y(t) tai t; + h nhu sau:

2 hS 4

y(ti+h) =y ) +yt) b+ 5 ) 5 + () 57 + (8) % +0 (h7), (2.29)

tivs1 =ti+h

Thay phuong trinh vi phan (2.28) va phuong trinh (2.29) thu dugc phuong

trinh sau:

) h . h2 h3 5
virr =i+ b f (g + f(tw) 5+ F (t0) 5+ () 57 ) + 0 (h°) (2:30)

Phuong phap Runge-Kutta bac bon nhan duge tit phuong trinh (2.30) nhu

sau:

Yir1 = Ui + (a1k1 + agks + asks + agky) h, (2.31)

Zai=1

trong do, a; 1a cac trong s6; k; 1a cac do déc dude thé hien trong Hinh 2.6.

Phuong phap Runge-Kutta bac bon sau khi xac dinh cac hé sb6 a; dugc viét

lai nhu sau:
1
Yi+1 = Y; + 6 (kl + 2ko + 2k3 + /C4) h (2.32)

trong do, h la budc tinh thoi gian.
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Cac thanh phan do déc duge xac dinh nhu sau:
kv = f(ti,yi) =9 ()

1 1

1 1
ks = f (t; + h,yi + ksh)

Mo ta phuong phap Runge-Kutta bac 4 trén phuong dién hinh hoc nhu sau:

A J

Hinh 2.6: Mo td phuong phdp Runge-Kutta bac 4

2.3. Cac khai niém co ban

Trong phan nay trinh bay cac khai niém co ban trong bai toin phan tich mat

on dinh tinh va dong luc hoc ctia tam va vo FG-CNTRC.

2.3.1. Phan tich mat on dinh

Mat on dinh (Buckling) 1a ting xit co hoc trong mién dan hdi (mdi quan hée

ting suat-bién dang 1a tuyén tinh) thudng xay ra trong cac két cau nhu tam hoac
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vo, dudi tac dung ciia tai trong lam cho cac két cau bi bién dang bat thuong
hosic mat kha nang chiu tai. Khi mot két cAu chiu tai trong nén né c6 thé bi uén
cong hoac bién dang, khi gia tri tai trong tac dung vuot qua mot gisi han cho
phép (Fer-gia tri tai t6i han), két cau sé bi mat 6n dinh nghia 14 bi uén cong
hoac bién dang bat thuong va khong con kha ning chiu tai nhu ban dau.

Sau mat on dinh (Post-buckling) 1 trang thai tiép ndi cia trang thai mat on
dinh sau khi két cAu dat t6i gia tri t6i han, kha nang chiu tai c6 thé khong thay
doi hodic bat dau gidm dan, trong khi d6 bién dang van tiép tuc ting. C6 thé
coi trang thai sau mat on dinh nhu 13 mot dang dac biét ctia tng xi phi tuyén
vat lieu xdy ra trong khodng thoi gian rat ngan sau khi két cau vuot qua trang
thai t6i han.

Trang thai mat on dinh va sau mat 6n dinh ctia két cau tam va vé duge thé
hién tren phuong dién hinh hoc nhu Hinh 2.7 thong qua biéu dd quan hé tai

trong va chuyén vi.

b:o 4 £ . , g:‘u 4
S. ———— Tam hoan hao S. — Vo hoan hao
= £ n . R =
.é —===Tam khong hoan hao E.§ -—=- V6 khéng hoan hio
Diém ré nhanh
2 N IS —
Fer Post-buckling
- Post-buckling biém ta lh';lll
_.i-’ Diém t61 han 4 i
3 AR
i/ A HEAN
] PN
] S
]
! »
L I; Ll

Chuyén vi

(a). Két cau tam (b). Két ciu vé

Hinh 2.7: Duong cong tdi trong-chuyén vi ctia két ciu chiu nén

Phan tich mat 6n dinh két cau tam, vo thuong dudce chia lam hai bai toan

chinh:
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e Phan tich mat on dinh: Phan tich mat én dinh (phan tich buckling) I bai
toan xac dinh gid tri tai trong t6i han (Fer) (diém ré nhanh hodc diém téi
han trén dudng cong tai trong - chuyén vi trong Hinh 2.7) ma két cau cé

2 . N N [N X < N
thé chiu va lam viéc trong mién dan hoi.

e Phan tich sau tdi han: Phan tich sau t6i han (phan tich post-buckling) 1a
bai toan nghién citu trang théi ctia két cau sau khi x4y ra su mat on dinh,

tap trung vao viéc nghién cttu moi lién hé tai trong - dong vong.

2.3.2. Tan sb riéng va dao dong tu do

Dao dong tur do ciia mot hé xay ra khi hé dé khong bi tac dong baéi ngoai luc
va xuét phat tit sy bién doi ctia nang lugng c6 thé 1a dong nang hodc thé nang.
Cu the, mot hé xay ra dao dong tu do 1a khi né bi day ra khéi vi tri can bang
ban dau va dao dong ma khong chiu &nh hudng tir cac ngoai lyc tic dung.

Dao dong tit do bé qua anh hudng ctia Iiic can duge miéu ta bang phuong

trinh vi phan sau:
Mii(t) + Ku(t) =0 (2.33)

trong d6, M, K lan luct 13 ma tran khéi lugng, ma tran do ciing ctia hé. Phuong
trinh (2.33) gdm n phuong trinh vi phan thuan nhét véi chuyén vi u(t), gia toc
ii(t) |

Tan s6 rieng ctia hé dao dong tu do khong can thuosng dude ky hieu 1a w, va

duge xac dinh tit bai toan tri riéng ctia phuong trinh (2.33), nhu sau:

K — w2M] ¢, = 0 (2.34)

He phuong trinh (2.34) 14 hé phuong trinh thuan nhét luon c6 nghiem tam

thuong véi ¢, = 0 tuong ing v6i trang thai hé khong chuyén dong. Tan s6 dao
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dong tu do ctia hé duge xac dinh bang phuong trinh dac trung sau:
‘K—w§M| =0 (2.35)

trong d6, w, 1a tan sé riéng; ¢, 1a dang dao dong rieng xac dinh tuong tdng véi
tan s6 rieng thay vao phuong trinh (2.34). Gia tri nh6 nhat ctia tan s6 rieng duge
goi 1 tan s6 co ban wy (fundamental frequency), dang dao dong riéng tuong tng

¢o dugce goi la dang dao dong co ban cia he.

2.3.3. Phan tich dap ing dong luc hoc

Dap ting dong lyc hoc (Dynamic response) la iing xit clia két cau phén ting
lai cac tai trong dong tac dung lén n6. Phan tich dap tng dong la bai toan danh
gia cac dai lugng dic trung clia chuyén dong (nhu chuyén vi, van tdc va gia toc)

phu thudc vao thoi gian dudi tac dung cua tai trong dong.

Tai trong dong la tai trong cé gia tri, phuong chiéu hay diém tac dung cia
né bién ddi theo thoi gian. Néu su thay doi theo thoi gian ctia tai trong dudc
biéu dién bing mot ham cu thé duge goi la tai trong xac dinh. Néu sy thay doi
khong duge biéu dién bang ham cu thé ma la s6 lieu roi rac thi duge goi 1a tai
trong bat ky. Tai trong dong dugc chia lam hai loai: tai trong c6 chu ky va tai

trong khong c6 chu ky:

e Tai trong c6 chu k¥ 1a tai trong ma sit bién thién theo thoi gian clia né sé
lap lai sau mot khoang thoi gian 7. Tai trong ¢6 chu ky duge chia thanh

hai loai: tai trong diéu hoa va tai trong chu k¥ bat ky.

e Tai trong khong c6 chu ky 1a tai trong bién doi mot cach bat ky theo thoi
gian. Tai trong khong c6 chu k¥ dugce chia thanh tai trong tac dung ngan

han nhu tai trong xung va tai trong tac dung dai han.
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2.4. Cac mé hinh dong nhit hoa FG-CNTRC

2.4.1. Cdac phwong phdp xzdc dinh tinh chat co hoc cia vt liéu com-

posite

Tinh chat co hoc ctia vat lieu composite phu thudc vao ti lé thanh phan vat
lieu tao nén composite. Phuong phap xac dinh tinh chat vat lieu composite dira
tren ti le thé tich clia cac vat lieu thanh phan dude goi 1a quy luat phéi tron

(Rule of mixture).
Theo quy luat phdi tron, tinh chat vat lieu composite duge xac dinh nhu sau:

Pro = Pryvy + Prpvp, (2 36)

vy +vp =1

trong d6, Pr dai dién cho cac tinh chat vat lieu co hoc (nhu module dan hoi, he
s6 Poisson...), v dai dién cho ti 1¢ thé tich. C4c ky hiéu hiéu chi s6 duéi ¢, ar, F
dai dién cho vat lieu composite, nén va sgi, tuong ng.

Cac phuong phap mo phéng dé xac dinh tinh chat co hoc ciia vat lieu com-
posite duge phan loai theo kich thuéec mo hinh (tur kich thude nano t6i kich

thuéc macro).

ko

—
.
= s e o

&

/
¥

~107"%m ~107%m ~107%m
Nano Micro Meso Macro
MDS RVE FEM

Hinh 2.8: Cdc phuong phap zdc dinh tinh chat vat lieu [28]
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Hinh 2.8 thé hién ba phuong phap moé phéng phan loai theo kich thude mo
hinh. Trong d6, phuong phap lugng tit mo phong 6 kich thuée nano gom phuong
phédp mo phéng dong hoc phan it (MDS - Molecular Dynamics Simulation).
Phuong phap phan tit thé tich dai dién (RVE - Representive Volume Element)
mo phong 6 kich thude micro. Phuong phap phan tit hitu han (Finite Element
Method) x4c dinh tinh chat vat lieu bang cach xét cac thi nghiém ctia mo hinh

4 kich thuéc macro.

2.4.2. M6 hinh Halpin-Tsat

M6 hinh Halpin-Tsai dugc phat trién dua trén quy luat phoi tron dé xac dinh
tinh chat co hoc clia vat lieu composite va dude sit dung cho nhiéu loai vat liéu

khac nhau trong dé c6 vat lieu FG-CNT.

Ti le thé tich CNT & 16p thi k" theo cdc mo hinh phan bd duge xac dinh

nhu sau:
f
Vonr (UD)
Vonr =42 (w) Venr (FG‘X) (2'37>
2 (1 ) Vo (FG-O)
VoL Vg = Wont . N1 14 s6 cac 16p, Wenr ti 1é theé tich,

WCNT+(PCNT/Pm)*(PCNT/Pm)WCNT
cac chi s6 dué6i “onr” va “,,” dai dién cho vat lieu CNTs va vat liéu neén.

Tinh chat vat lieu composite gia cudng 6ng nano carbon st dung phuong

trinh Halpin-Tsai [47, 48]:

g_3 142 (lenr/dent) nLVonT B 4 5 (1 - 277DVCNT) B,
8 1 =g 8\ 1—npVonr (2.38)
. (Ecnt/Em) — (dont/Atent) ; (Ecnr/Em) — (dont/Atent) '
L= D =

(Ecnt/Em) + (lont/2tent) (Ecnt/Em) + (dont/2tent)
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a= QTm Ve(1 —v) + Vonr(1 +vont) + Vin(1 + vim) (agNT>] ,
(2.39)
VenrEent (QEZT) +VenrEnp
VC =

VenrEent + VinEm
trong do, cac ky hieu lonr, dent va tont dai dién tuong tng cho chicu dai,
duong kinh va do day ciia 6ng nano carbon. Eonr, En 13 cac module Young

Vont, Vin tuong ting la ti lé the tich ctia CNT va vat lieu nén.

Bdng 2.1: Tinh chat vat liu phu thuoc vao nhiét do

Vat lieu | Tinh chat c1 co c3 cy cs
E(Pa) 384.43¢9 | 0 | -3.07e-4 | 2.16e-7 | -8.946e-11
Gém | p(kg/m?) 2370 | 0 0 0 0
(SigNyg) | a(K™1) 5.87e-6 | 0 | 9.095e-4 0 0
v 0.24 0 0 0 0
E(Pa) 201.04€9 | 0 | 3.079e-4 | -6.534e-7 0
Kim loai | p(kg/m?) 8166 | 0 0 0 0
(SUS304) | (K™Y | 12.33e-6 | 0 | 8.086e-4 0 0
v 0.3262 0 -2e-4 3.797e-7 0
E(Pa) |6.3998e12 | 0 | -6.779e-4 | 1.161e-6 | -6.966e-10
ONT p(kg/m3) 1350 0 0 0 0
al K1) | -1.12515 | 0 | -2.037e-2 | 2.566e-5 | -1.01e-8
v 0.175 0 0 0 0

Vat lieu nén c6 thé duge lua chon la vat lieu dong nhat hosic vat lieu FGM
tao tir gom va kim loai. Trong truong hop, vat lieu nén 1a FGM, cac tinh chat

vat lieu phu thuoc theo ti 1& thé tich (N) [89] duge xac dinh nhu sau:

| >

(2.40)

1 =z N h
Pm: me‘l’(Pce_Pme)(é“‘E) 7_§§2§
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v6i P, dai dién cho module Young (E,,), hé s6 Poisson (v,,), hé s6 gian nd nhiét
Qm, mat do khoi lugng p,,, ky hiéu chi s6 duéi "me" va "ce" dai dién cho vat

lieu gébm va kim loai, tuong ting.
Tinh chat vat lieu P. cia nén FGM va éng CNTs phu thuoc nhiét do [87, 92]:
P, (T) = Cp (C_lT_l +14+aT+ 02T2 + 03T3) (241)

v6i hé s6 ¢; trinh bay trong Bang 2.1.

2.4.3. M6 hinh vdt liéu cua Shen

Trong khi mo6 hinh Halpin-Tsai danh cho vat licu CNT phan bd hd don, con
mo hinh vat liu duge dé suat béi tac gid Shen [92] 14 danh cho vat lieu CNT
phan bd dong phuong véi tinh chat vat lieu FG-CNTRC dude xac dinh duya trén
quy luat phéi tron két hop véi phuong phap mo phong MD nhu sau:

By = mVenrEGNT + Vi,

e _ Vonr | Vm

Foo EQCQNT Jo (2.42)
ns_ Vent | Vm

Gz  GONT - Gy

trong do6, EGNT, EGNT GUNT 1a céc module Young va module cit clia dng nano

carbon don vach (10,10) (SWCNTSs) véi gia tri thé hien trong Bang 2.2.

Bdng 2.2: Tinh chat vat liéu phu thude nhiét do cia (10, 10) SWCNTs

T En Ea E1p G2 Gas
(K) (GPa) (GPa) (GPa) (GPa) (GPa)
300 5.6466 7.0800 1.9445 3.4584 5.1682
400 5.5679 6.9814 1.9703 4.1496 5.0905
500 5.5308 6.9348 1.9643 4.5361 5.0189
700 5.4744 6.8641 1.9644 4.6677 4.8943
1000 5.2814 6.6220 1.9451 4.2800 4.7532
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Vat lieu composite duge chon gom hai loai nén polymer 1a nén Poly Methyl
MethAcrylate (PMMA) va nén Poly(m-PhenyleneVinylene)-co-[(2,5-dioctoxy-p-
phenylene)vinylene] (PmPV) véi tinh chat duge thé hién trong Bang 2.3.

Bdng 2.3: Tinh chat vt lieu nén phu thuoc nhiét do

Nén Ep, (GPa) U am(x1079/K)
PMMA (3.52 — 0.0034AT) 0.34 45 (1 + 0.0005AT)
PmPV (3.51 — 0.0047AT) 0.34 45 (1 + 0.0005AT)

He s6 hi¢u chinh n;(i = 1, ..., 3) trong phuong trinh (2.42) tuong ting cho ting
loai nén va ti 1é thé tich CNT xéc dinh trong Bang 2.4.

Bdng 2.4: He 56 hiéu chinh cho két cau composite gia cuong ong nano carbon

Loai
composite Vonr " " "
0.12 0.137 1.022 0.715
PMMA/CNT 0.17 0.142 1.626 1.138
0.28 0.141 1.585 1.110
0.11 0.149 0.934 0.654
PmPV/CNT 0.14 0.150 0.941 0.659
0.17 0.149 1.381 0.967

Ong CNT phan bé déu (UD) hosic bién ddi tuyén tinh theo chic¢u day (FG)

v6i cdc mo hinh phan b6 CNT nhu trong Hinh 2.9 va cong thiic sau:

;

Venr (UD)

Vent = Q 4V, 12 (FG-X). Vin=1-"Vonr. (2.43)

h
pATEI (1 - 2%) (FG-0)
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® o o o ® © o o ®
® © o ¢ ® o o ® o o
e © o o ® ® o o o
e © o o ® o o e © o
e © o o ® o o o o

(a) UD (b) FG-X (c) FG-O

Hinh 2.9: Sy phan b6 CNT qua chiéu day két cau (a) Phan b6 deu (UD), (b)
Ti l¢ thé tich CNT ldn nhat ¢ mat ngoai (FG-X), (c) Ti l¢ thé tich ONT Ilén
nhat ¢ mat gida (FG-0)

2.5. Két luan chuong 2

Cac 1y thuyét va phuong phép 4p dung cho phan tich mat 6n dinh va dong luc
hoc phi tuyén ctia tam va vé FG-CNTRC da trinh bay gom nhitng gia thiét co
ban clia cac 1y thuyét tam vo tit Iy thuyét c¢o dién t6i 1y thuyét bién dang cat bac
cao; nguyén ly cong ao, nguyén ly Hamilton lam co s6 xay dung phuong trinh
can bang va chuyén dong ctia tam va vé FG-CNTRC; phuong phap Galerkin
giai phuong trinh dao ham riéng; phuong phap Runge-Kutta bac 4 giai phuong
trinh vi phan chuyén dong; cdc mo hinh dong nhéat hoa vat lieu FG-CNTRC;
cac khai niem co ban vé bai toan phan tich mat 6n dinh v dong luc hoc cia

tam va vo FG-CNTRC.
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CHUONG 3. PHAN TiCH MAT ON DINH CUA TAM
VA VO FG-CNTRC

3.1. Phan tich méat 6n dinh ctia tim FG-CNTRC

Trong phan nay trinh bay két qua phan tich mat 6n dinh ciia tdm nanocom-
posite gia cudng 6ng nano carbon c6 co tinh bién thién chiu tac dung cta tai
trong nén déu va khong déu (tai trong hinh parabol va hinh sin). Phuong phéap
ban giai tich va phuong phdp mo phéng duge st dung dé phan tich bai toan

nay. Cu thé nhu sau:

e Phuong phdp ban gidi tich: Thiét lap cac phuong trinh can bang ciia tam
theo 1y thuyét bién dang cit bac 3 két hop vdi tinh phi tuyén hinh hoc von
Karmén dua trén nguyén 1y cong 4o (Noi dung trinh bay ¢ Chuong 2). Sau
do, cac phuong trinh nay duge thiét 1ap é dang phuong trinh dao ham riéng
theo toa do va dudc gidi bang viéc két hgp cac phuong phap Galerkin, ham
ing suat Airy, va can bang diéu hoa. Muc dich xac dinh gia tri tai trong tdi

han va mo6i quan hé tai trong - do vong.

o Phuong phdp mo phéng: Xay dung mo hinh phan ti hitu han 3D va mot
chuong trinh con USDFLD viét tren FORTRAN sau d6 dua vao ABAQUS
dé mo phéng su phan b clia cac 6ng nano carbon bién thién theo chiéu
day ctia tam nham muc dich xac dinh gia tri tai trong t6i han. Két qua he

sO tai t6i han duge so sanh véi phuong phap ban giai tich.



42

3.1.1. Cdc phuwong trinh co bin cia tém FG-CNTRC

Mo hinh tam FG-CNTRC véi mo hinh vat lieu ctia Shen nhu phuong trinh
(2.42) c6 chiéu dai @ va chidu rong b va chiéu day h duge thé hieén tren Hinh

3.1. He truc toa do (z, y, z) v6i mat phang (z, y) 1& mat gitta clia tAm va chidu

z theo chiéu day clia tam.

.T/:.
b

Hinh 3.1: M6 hinh tam FG-CNTRC

v

Céc thanh phan chuyén vi u (z,y, z,t), v (x,y, z, 1), w (z,y, z,t) tuong ing theo
cac truc z,y, z dua trén 1y thuyét bién dang cat bac 3 clia Reddy, dudce xac dinh

theo cong thic sau:

423 ow
u(xayvz7t) = Uo <I7y7t) +Z¢$ (‘raywzat) - m (¢I + 8_x0

423 d
v(z,y,z,t) = v (z,y,t) + 20y (2,y, 2, ) — 3—22 (¢y + 8&;) (3.1)

w(z,y,2,t) = wo (x,y,1)
tI‘ODg déa uQ <x7y7t)77}0 (l’,y,t),wo <x7y7t) la ChU.y'éIl Vi tal mat giﬁaa (b:v (.’L’,y,t) =

Ju , Oy (x,y,t) = % la géc quay tuong tng tai z = 0.
0 z=0

0z
z=

Mb6i quan hé ctia cdc thanh phan bién dang va chuyén vi clia tam c6 xét t6i

tinh phi tuyén hinh hoc Von-Kérman duge xéc dinh nhu sau [87]:
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2
Jdu 1( 0w
x Iz * 2 (_x) ou ow
9 2 Tz 9: T o
IS = gu 1{ 0w s =
Yy oy T 2\ 0y v | Jw
Vyz 0z oy
Vay Qu 4 Qv 4 Owdw
y ox x Oy

(3.2)

Thay cac thanh phan chuyén vi trong phuong trinh (3.1) vao phuong trinh

(3.2) nhan duge:

trong do,

= k3

e =€l + 2kt + 23K3 v = 40 + 222 (3.3)
( ou, 1{ dw 2
B i(%) :
2 0 Yzz ¢ZL‘ + e
= dug + 1( Owg Y= =
y 2\ 9y 0 Qwo
) duwn & Tuz Put Gy
G 1 G0 1 Quudu
[
or 2 dwo
Jy ’ k.2 ¢ + dwg
[olo + O¢y yz v Jy
y or
0z o?
9 T o A
) 2
:_Cl aiyy‘i_aa;/go , C1 _W762:361
9¢s | 09 fols
oy + 6_; + 2830152

Dinh luat Hooke cho quan hé ting suat - bién dang ctia tam FG-CNTRC theo

mo hinh vat liéu ctia Shen (phuong trinh 2.42) trong moi truong nhiét duge xéac

dinh nhu sau:

Ogx

B . ( ( ) 4 )
Qu Q12 0 0 0 Ex a1
Q2 Q22 0 0 0 Ey 22
0 0 Qe O 0 Yoy ¢ —AT S 0
0 0 0 Qu 0 Vyz 0
0 0 0 0 @s5 Vaz 0
| . \ \ J \ Vs
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U12E22

T—vigv21 V12021 Q22 - Q44 - G23 Q55 - G137 Q66 -

trong do, Q11 =
Go.

1—- vlzv21

Tonm Q12 =

Cac phuong trinh chuyén dong (can biang) clia tam theo Iy thuyét bién dang
cat bac 3 duge xay dung dya trén nguyén ly Hamilton [87] nhu sau:
T
/(5U+6V—6K)dt:0
0

(3.6)

Cong 40 ctia nang luong bién dang dan hoi xac dinh nhu sau:

- [

%4

h

o dedV = / / %(5535 + 0ydey + Ouy0Vay + 0220Ves + ayzéfyyz) dzdA (3.7)

l\.’)

Thay phuong trinh (3.3) vao phuong trinh (3.7) nhan dugce:
N, (86u0 n (%%)> +Mx% — P, (86% d 5w0) \
€T xr X

0x?
+N, (85”0 + (aa“; 63;0)) — 1Py (‘%‘f’y -

_|_

0,
+ M, Y Oy

8 5’[1)())

sU / TN, (85uo 4 Qb (8w0 dowy 8520%)) "
Al —ap, (35@: X a&;sy I 288120 duwq 288120 8wy
\ T (5¢y + 83;0) — 2Ky, (5% + 35%)
(3.8)
trong do,
h
2
(NlaMuPZ) = /Ui (17’27’23) dZa {sza%x?/}
_h
B (3.9)
2
(Qi, K) = /ai (1,22) dz, {i =zz,y2}

[

Thay phuong trinh (3.3) va phuong trinh (3.5) vao phuong trinh (3.9), xéc
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dinh dugc cac thanh phan luc va moment duge bieu dién nhu sau:

N [A] [B] [D]] |€° N'th
M= |[B] [C] [E]| Ky — < M™"
el o m @l ] | e (3.10)
Q o [AS] [OS] ’YO
K [Cs]  [Es] k2
trong do,
A Az 0 Bi1 B2 0 Cni Ci2 0
[Al= | A1 Ax 0 |,[Bl=|Biz Ba 0 |,[Cl=|C1a Cyn 0 |,
0 0 Agg 0 0 Bgs 0 0 Cegg
D1 D12 0 Ein Eip 0 G G2 0
(D= |D1s Doy 0 |,[E]=|F1p Fo 0 |,[Gl=|G1a G 0 |,
0 0 Degg 0 0 FEgg 0 0 Ges
A44 0 044 0 E44 0
[As}: ,[Cs]: ,[ES]:
0 A55 0 055 0 E55

{Nth} _ [NfghaNéh,O]T’ {Mth} _ [M;}h?Méh,O]T’ {Pth} _ {Pgﬁhvpgjh,O]T
h

2
(AZ]7Bljach7DljvE’L]vG’L]) = /Qlj (172722723724726) dZ, (17] = 17276)

NI

h

(Asij,C’Sij, Esij) = /Qw (1,22724 (z)) dz, (ij = 44,55),

|
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(NI MEE P = | (Quiont + Quacge) AT (1, 2,2%) dz

|
M\}F\m\:

(Nth Mth Pth) —

y by (Q20n1 + Qaa0i2) AT (1, 2,2%) dz

|
M‘:\M‘:

Cong 4o clia ngoai Iyc thuyc hién bdi lyc phan bd déu va lyc nén dan hoi duge

xac dinh nhu sau:

oV =— / (gowy — qedwp) dA (3.11)
A

Coéng 4o cua dong nang:

0K = /pu&idv = / / pz (W00 + 060 4+ wow) dzd A
AJ-t

Tpwodwg + (]0110 + ]m%x —c1l3 (qu + 8w0>> N \
+ | Ng + by — 1y ((bx + 6w°)) 3¢z
— | e I3ty + 61]4€Z.5;c — 612]6 <§bm + 8w0)> (5¢x + 85w0) (312)

_ / 1A
Al | Igvg + I1gz5y —c1l3 ((by 8“;“) )

+ | 1o + Izcby —c1ly (¢y + 8w°) 5%

\ — (e300 + 114y — 3o (¢y + 8w0>> (5% + 86wo>

Trong do, cac moment quan tinh duge xac dinh nhu sau:

I =

\w\r

p.2'dz (i=0,...,6) (3.13)

>

Thay cac phuong trinh (3.8), (3.11), va (3.12) vao phuong trinh (3.6) theo
nguyeén ly Hamilton st dung tich phan timg phan cho ting s6 hang 1a vi phan
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theo toa do hodc thdi gian nham muc dich ha bac vi phan ctia chuyén vi o vé
thanh chuyén vi 4o. Cac dai luong lay can tich phan theo toa do la cac diéu
kién bien vé luc trén bien. Céc biéu thic trude cac chuyén vi 4o 1a phuong trinh
chuyén dong Euler-Lagrange can tim, s6 phuong trinh thu dude tuong tng véi

s6 chuyen vi 4o nhu sau:

dug Y= Io=s + J1—=r — 13—
W Ty T e T e T B0
ONgy  ON, 0? 0? o?
Svg 0 2 4 L = [y 0 J1—¢2y - C1I3—wog
ox dy ot? ot dyot
0 0 o) 0 0
g (e ) + (Nw i+ N, )
wo -
wWo + K (88;;;0 + g wo) = 1o 8t20 + 01[3 (8:7687?2 + 33/(91502) (314)
+c1Jy (gxé;ﬁ; + gygﬁ> - 01[6 (32721522 + 883121522)
2
5y B+ Tt~ (apz Ty ) = Qu + 2R = N1 G
€T -
IS — o1 il
OM, P, °
5oy - y+6y ( y+8y)_Qy+62Ry:‘]1%
Y
+K2#’;y 61J4gyé”t%
trong do,

n
I, = /pzidz, Ji=1; — c1liyo, Ko = Io — 2c114 + 0%16; (1=0,...,6)

Trong luan an nay gidi bai toan tam vé theo phuong phap ham tng suat, biéu
dién cac thanh phan noi lyc qua mot ham tng suat Airy f (z,y,t) nhu sau:

2 2 2
N N | (3.15)

N, = —— - _ 7
oy Y g2 Ox0y

Dé xac dinh nghiém ham ting suit can xét dieéu kién tuong thich bién dang

cua tAm nhu sau:

(3.16)

0%y Oy Dy (0Pwe)" 0Pun 0wy
oy? 022  0x0y Ox0y ox? Oy?
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3.1.2. Phuong phap ban gidi tich

Céac phuong trinh co ban ctia tam theo 1y thuyét bién dang cit bac 3 da dugc
thiét lap trong phan truéc gom phuong trinh can bang thu dudc tit viec bd qua
thanh phan lyc quan tinh trong phuong trinh (3.14), phuong trinh tuong thich
bién dang (3.16).

Phuong trinh tuong thich bién dang clia tam dugce viét lai theo ham ting suat

f(z,y) nhu sau:

L0 L O . o O
1154 + A228_y4 + (—2A12 + A66) 022012
* * 83¢ * * * * a3¢
+ (=Diye1 + Byy) 87; + (D3y¢1 — Diger — Bsy + Bg) ax—@gg
Do D3¢
_D* . D* B* B* Y D* _ B* Y
+ (=Diser — Diger + Biy + Big) 9220y + (D3ge1 — B3y) 5 (3.17)
” 8411)() N 8411)0 84w0
— D1101m + D22018—y4 + ( —Diyc1 + Diyer — 2Dggen ) 31:2—83/2
. 62w0 2 - 82w0 82w0
~ \ 020y or? oy? -’

trong do, cac hé s6 A*., B*

B D;‘j dugce trinh bay trong Phu luc A.1.

Phuong trinh can bang viét theo ham tng suat f(x,y,t) xac dinh nhu sau:

G11 (wo) + Gi2 (¢e) + G13 (@) + G1a(f) + S (wo, f) =0
Ga1 (wo) + G22 (¢z) + Gaz (@) + Ga4 (f) =0 (3.18)
G31 (wo) + G32 (¢2) + Gs3 (¢y) + Gaa (f) =0
trong do, cac he s6 Gi;(i =1,2,3;5 = 1,...,4) duge trinh bay trong Phu luc A.1.
Hai phuong trinh (3.17) va (3.18) 1a ctia bai todn phan tich mat 6n dinh tinh
ctia tam FG-CNTRC nham xac dinh gia tri tii trong t6i han va moi quan hée
clia tai trong va do vong. Diéu kién bien tya don tat ca cac canh (SSSS) ctia bai
toan nay dugce xac dinh trong phuong trinh (3.19) véi dang nghiém ctia ham do

vong va géc quay nhu phuong trinh (3.20).

Diéu kién bién tya don (SSSS) theo ly thuyét bién dang cit bac 3 duge xac
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dinh cho cic thanh phan chuyén vi tit phuong trinh (3.1) la:
Tai x=0,a:
wo = O,UO = Oaw,x = Oaw,y = 07¢$ = O»¢y = O7Na:y = OvNaJ = NLEO~
(3.19)
Tai y=0,b:
wo = 0,u0 =0,wy; =0,wy =0,¢, = 0,0, =0, Npy =0, Ny = Nyp.
Nghiém xap xi thda man diéu kién bién tya don tat ca cac canh (phuong

trinh 3.19) dugce tim la:

w(zx,y,t) W (t) sin App sin 6,y
Ox(z,y,t) | = | Py () cOS A sin 0,y (3.20)
by(z,9,1) P, (t) sin A\ cos 6,y

trong d6, Ay, = mm/a,6, = nm/b, va W (t),®, (t), ®, (t) 1a bien do ciia chuyén vi

va goc quay, tuong ung.

Dang nghiém ham ting suat f (z,y) dudc tim tir viéc thod man diéu kién bien
SSSS (phuong trinh 3.19) va phuong trinh tuong thich bién dang (phuong trinh
3.17) dya trén phuong phap can bang diéu hoa bang cach thay dang nghiem &
phuong trinh (3.20), cu thé nhu sau:

f(z,y) = Fo + F1 cos2Apx + Fo cos 20,y + F3Sin\,,z sin 6,y (3.21)

trong do, Fy duge xac dinh cho tai nén déu doc truc Fy = 1 N;0y? + $Nyoz?; tai

nén doc truc khong déu parabol Fy = 6/N,, (% — %j) + 6Ny (% — é)

Céc gia tri he s6 F; trong phuong trinh nghiém (3.21) tim dugc bang cach thay
phuong trinh (3.21) vao phuong trinh tuong thich bién dang ctia tdm (phuong
trinh 3.16) va st dung phuong phap can bang diéu hoa.

32 a? Fy Fio Fi3
— ?)ZA—WW27F2 WQ,Fg - —CIDx—i——fI)y—i——W (322)

F =—
! 326243, Fp Fp Fp
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( 1104 2A”{2a252 + A} 2ﬁ4 + A66a252)

F3 = (a ca Dy — aﬁQClD*l + af? c1Dgg — 043Bf1 + aﬁQB* — aﬁQBg‘G)
= (o 5ch - B ch22 +a 5C1D66 — a’BB}, + 8°Bj, — o*BB;)
=

Thay phuong trinh (3.21) vao phuong trinh (3.18) va ap dung diéu kien clia
phuong phap Galerkin (trinh nay trong Chuong 2), thu duge két qui phuong
trinh sau:

K{W + K3W? + KGW3 + K{®, + K}®, + K{®, (W)
+ KT®, (W) + NypKS =0
b o (3.23)
KaW + KaW? + K3®, + K30, =0
KiW + K3W? + K30, + Ki®, =0
trong do, cac he s6 K;j(i =1,2,3;5 = 1,...,8) dugc trinh bay trong Phu luc A.1.
Tt hai phuong trinh cubi ctia hé phuong trinh (3.23) rat gia tri @, ®, va thay

vao phuong trinh dau nhan duge phuong trinh sau day:
01 W + 0aW? + 03W3 + 04 W N, = 0 (3.24)
trong do, cac hé s6 o;(i = 1, ...,4) dugc trinh bay trong Phu luc A.1.

Phuong trinh lién hé gitta tai trong nén doc truc va do vong duge xac dinh
nhu sau (Nyo = —F,h):
S ST A T2
F, = o2V oslh (3.25)

04

vei, W = % 01 = 01h,09 = 02h2, 03 = 03h3, 04 = o4h.
Tit phuong trinh (3.25) v6i W — 0 thu duge biéu thitc tai mat 6n dinh nhu

sau:

F = 2 (3.26)

04
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Gia tri tai trong t6i han F,. la gia tri nho nhat clia tai mat on dinh trong

phuong trinh trén phu thuoc vao sy thay doi ctia mode méat 6n dinh (m,n).

Phuong trinh (3.25) va (3.26) duge st dung dé phan tich cho bai toan mat
on dinh ctia tdm FG-CNTRC nhim xac dinh gié tri tai trong t6i han F.,. va moi

quan hé gitta tai trong va dong vong.

3.1.3. Phuong phap mé phong

Phan nay trinh bay mo hinh FEM 3D ciia tam FG-CNTRC nhiéu 16p trong
ABAQUS va xay duyng mot chuong trinh con USDFLD dugc viét tréen FOR-
TRAN dé mo ta sy phan b6 CNT bién doi tuyén tinh theo chiéu day tam. Sau
dé, ap dung mo minh nay cho phan tich mét 6n dinh ctia tam FG-CNTRC xéc

dinh gia tri tai trong t6i han va so sanh v6i phuong phap ban giai tich.

Phan tich hai mo6 hinh phan bd cidc 6ng nano carbon trong tam composite
nhiéu 16p nhu trong Hinh 3.2: (a) Sy phan bd tuyén tinh cia CNT trong moi
16p tao ra tam composite nhiéu 16p c6 CNT phan bd bién ddi chic nang theo
chiéu day trong toan bo tam (Mo hinh 1). (b) Su phan bd ctia CNT bién doi

theo chiéu day trong ting 16p clia tam composite nhiéu 16p (M6 hinh 2).

T y T y
[—
[I—
[—
[—

—» L
X

X

h,

(a). Mo hinh I: FG-X (b). Mo hinh II: FG-X

Hinh 3.2: Mt cdt tam composite nhiéu l6p vdi hai mo hinh phan b6 CNT

Xét tam c6 chiéu dai a, chiéu rong 1a b véi kich thudc a = b = 10 va do day 1a

h =1, phan tit C3D8 (phan tt khéi 1ap phuong luc dién) chia thanh 20 phan ti
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moi mat va 2 phan tit doc theo chieu day, duge rdi rac héa véi 1323 node. Mt
cat clia cac phan tit khoi duge gid dinh dugde tao thanh tit hai 16p vat lieu, co6
do day bang 0.25 va 15 diém tich phan. Vat lieu tao nén cac 16p dudce coi la dan
hoi tuyén tinh, véi sy phan b6 bién doi chitc nang ctia CNT theo chicu day ciia
tam nhiéu 16p. Sy phan bd nay duge xac dinh thong qua viéc stt dung chuong
trinh con USDFLD véi bién dinh nghia trong chuong trinh con USDFLD la ti
lé thé tich ctia CNT tuong tng vé6i sy bién doi clia cac dac tinh vat lieu theo

chiéu day.

SIS EEN S,
AT,

LZTT
/7

Layup: “COMPOSITELATUP-1"
3 Plotofplies 110 2,0f 2

277IT}

(a). Lop 1 va 2

Layup; "COMPOSITELAVUP-2"
I Plotofplies Lo 2, of 2.
2

(b). Ldp 3 vai 4

Hinh 8.3: M6 hinh phan ti hitu han cia tam

Mo hinh va mit cat ciia tam duge thé hién trong Hinh 3.3. Trong hinh nay,
tam gom 4 16p composite duoc trinh bay thanh hai hinh gom 16p 1 va 2 (Hinh
3.2a) va 16p 3 va 4 (Hinh 3.2b) céc s¢i duge hién thi bing cac duong thang manh
mau den, trong khi d6 cac diém tich phan (15 diém) thi biéu thi duéi dang cac

cham den dam doc theo do day ctia méi 16p.

Cac tai trong phan bd duge dat nhu tai tap trung vao ting node clia mat
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gitta trén cac canh bién clia tam. Diéu kién bién ciing dugc dit tai cac nat trén

bién. M6 hinh diéu kién bién va tai trong dugc trinh bay trong Hinh 3.4 va 3.5.

Y a v
“.=9}.'=8:=0 11‘=e‘_:a‘ =9_ :0
4s 4C
u=w=0 w=0 u=w=6,=0 w=6 =0
6,=0.=0 1S 3Ss 6,=6.=0 6,\; .=0|1cC 3C (9}_:5__:0
28 2C
\'=11'=Q =6 =0 ‘T 1‘:1.':6@:6}_:6::0 .T'
(a). Tua don cac canh - SSSS (b). Ngam cdic canh - CCCC
Hinh 8.4: Diéu kién bién cia tam
r'y Ny
» 1 Ny Y l‘\
TIT1L s
b A b
Nx [ »]|e L > Nx
Nx = Nx ™
—
v >
v x
A |
Ny Ny
. 2
(a). Tdi nén déu (b). Tai Parabal |Ng| = 6Ny (% - %2) 7
N.| = |N,| = N, 2
el = o] = o 0] = 6% (5 - )
Y 4 Ny l__\
e
— b
Nx [« 4, > Nx
|
- >

T x

Ny

(¢). Tdi hinh sin |N;| = Nosin (),
‘Ny| = 5 Npsin (%”)

Hinh 3.5: Mo hinh phan bo cia cdc logi tdi trong
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3.1.4. Két qud va thdo ludan
3.1.4.1. Két qud so sanh

Trong phan nay, cidc két qua so sanh mo hinh phan tt hitu han (FEM) st
dung chuong trinh con USDFLD mo t& sy phan bd bién doi chiic nang theo chiéu
day ctia cac 6ng CNT va phuong phap ban giai tich cho bai toan mat én dinh
ctia tam FG-CNTRC don 16p chiu tai parabol trong Bang 3.1 cho hé s6 tai trong

51 — _Fub? S O S
t61 han k.. = (WQDM),Dm = B(m)

v6i thong s6 b/h = 50,a = b =1,V = 0.17.
Trong Bang 3.2 va 3.3 so sanh hé sb tai trong tdéi han ciia tam FG-CNTRC
nhiéu 16p tya don 4 canh chiu tai parabol va tai tuan hoan. Thong sb trong Bang

3.2 1a Viiyy = 0.28,b/h = 10,a = b va Bang 3.3 1a Vyp = 0.17,b/h = 10,a = b

Tt két qua cic bang nay, gia tri hé s6 tai trong t6i han stt dung ca hai phuong
phap gan véi cac két qua clia Kiani [58] (tam composite gia cuong FG-CNT dudi
tai trong parabol) va Adhikari va Singh [10] (tdm composite gia cuong FG-CNT
nhiéu 16p chiu tai nén doc truc 2 va 4 canh khong déu (tai parabol va tai tuan

hoan).

Bdng 3.1: H¢ s6 tdi trong tdi han ke, cta tam don l6p SSSS gia cuong FG-CNT

Loai phan b6 | Tai lieu [58] Tai lieu [10] Luan an Luan an
CNT (FEM) (Giéi tich)
UD 59.1919 59.1758 60.3467 60.0992
(1.51%)* (1.54%) (0.41%)
FG-X 84.3870 84.3354 84.9354 86.3828
(2.31%) (2.37%) (1.68%)
FG-O 33.0091 33.2042 33.9470 33.3321
(0.97%) (0.38%) (1.84%)

* gia tri sai khac (%) véi két qua ctia luan 4n theo phuong phéap giai tich.




95

Bang 3.2: Hé so tdi trong tdi han ke ciia tam nhiéu I6p SSSS gia cuong FG-
CNT chiu tai parabol (Viy, =0.28,b/h =10,a =)

Nén 2 canh Nén 4 canh
Tai trong
UD FG-X UD FG-X
Tai ligu [10] 50.1738 53.4266 25.0611 26.6916
Luan an (FEM) 50.8963 53.1447 25.2823 26.4224
Sai khac (%) 1.42(%) 0.53(%) 2.06(%) 1.02(%)

Bdng 3.3: Hé so tdi trong tdi han k.. ciua tam nhiéu 6p SSSS gia cuong FG-
CNT chiu tdi parabol va tai tuan hoan (Vs =0.17,b/h =10,a =1b)

Toi lieu Thi trong Nén 2 canh Nén 4 canh

UD FG-X UD FG-X

Tai liéu [10] 37.3837 38.8689 18.6876 19.4302
Luan an (FEM) | Parabol 35.9630 36.6683 18.3715 18.7429
Sai khac (%) 3.95(%) 6(%) 1.72(%) 3.67(%)
Tai ligu [10] 36.5603 38.0141 18.2794 19.0066
Luan an (FEM) | Tuan hoan | 35.1773 35.8671 17.9733 18.3370
Sai khéc (%) 393(%) | 6(%) | 1.72(%) | 3.86(%)

3.1.4.2. Két qud phan tich mat on dinh

Trong phan nay trinh bay két qua phan tich mat 6n dinh ctia tam FG-CNTRC
v6i hai mo hinh phan tich nhu Hinh 3.2. He s6 tai trong tdéi han k., = % cua
tam FG-CNTRC dugc phan tich v6i thong s6 hinh hoc h = 1,b/h = 10,a = b,

thong s6 vat lieu FG-CNT da dugc trinh bay 6 Chuong 2

Bang 3.4 so sanh hé s6 tai trong téi han k. ciia tam composite nhiéu 16p cho
mo hinh FEM 3D véi hai loai mé hinh nhu trong Hinh 3.2. M6 hinh 1 (Hinh
3.1a) la sy phan bd tuyén tinh cia CNT trong timg 16p va tao thanh tam FG-
CNTRC bién doi chitc nang khi két hop tat ca cac 16p, Mo hinh 2 (Hinh 3.1b)
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14 syt phan bd ctia CNT bién dbi chitc nang theo chiéu day trong titng 16p. Véi

Mo hinh 1, hé s6 tai trong t6i han ctia tam 1a 16n nhat véi kiéu phan bé FG-X
va nhd nhat véi kiéu phan bé FG-O. Trong khi d6 déi véi Mo hinh 2 thi kicu

FG-O lai c6 hé s6 tai trong t6i han 1a 16n nhat (16n hon khong dang ké so véi

ki¢u FG-X). Sut khac nhau gitta 2 mo hinh c6 thé giai thich ring sy phan b ting

suat trong tAm nhiéu l6p. Déi v6i kieu FG-O ¢ mo hinh 1 thi mat trén va mit

dudi 1a viing ¢6 ti le CNT la it nhat trong khi d6 d6i v6i mo hinh 2 thi sy phan

bé CNT lai dan xen trong ting 16p.

Bang 3.4: So sanh 2 mo hinh cho hé so tdi trong tdi han ke cta tam SSSS
FG-CNTRC chiu tar nén parabol 2 canh

FEM VEaNT UD FG-X FG-O
Viinr = 0.28 30.5434 33.9581 24.1744
Mo hinh 1
Viiny = 0.12 14.1040 15.6972 11.1700
Vi =0.28 30.5434 31.0429 31.3792
Mo hinh 11T
Viinr = 0.12 14.1040 14.1196 14.2227

Bang 3.5: So sanh 2 mé hinh cho hé so tdi trong tdi han ke ctia tam SSSS
FG-CNTRC chiu tai nén parabol 2 canh

FEM (Giai tich
Loai CNT
Viyy =012 | Vayp =028 | Viyp =012 | Vi, = 0.28
UD 14.1040 30.5434 14.2984 29.8636
FG-X 15.6972 33.9581 17.7611 36.5837
FG-O 11.1700 24.1744 10.8193 23.0612

Bang 3.5 so sanh hé s6 tai t6i han ctia cac tam FG-CNTRC nhiéu 16p st

dung phuong phap giai tich va phuong phap phan ti httu han. Mo hinh I dudc

stt dung cho truong hop nay véi ba loai phan bé CNT. Cé thé thay rang, su sai
khéac nhiéu nhat va it nhat gitta hai phuong phap 1a khoang 1.36(%) va 7.2(%).
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Hinh 3.6 trinh bay sdéu mode mat én dinh (buckling) dau tién ctia tam com-
posite gia cudng éng nano carbon don 16p theo mo hinh I. Mode mét 6n dinh thi
nhét tuong tng la dang mat on dinh véi gié tri tai téi han ciia tam FG-CNTRC.

xa 2
Wb 0 Vb 0

(c). Mode 3 (m=1,n=3) (d). Mode 4 (m=1,n=4)

B - o
wh yb 0 o x/a

(e). Mode 5 (m=2,n=1) (f). Mode 6 (m=2,n=2)

Hinh 3.6: Siu mode mat on dinh dau tién cia tém FG-CNTRC theo mo hinh
I (Gidi tich)

Bang 3.6 trinh bay anh hudng ciia 3 loai phan bé CNT va ti 1é the tich téi ing

x1t mat on dinh ctia tdm composite nhidu 16p chiu tai parabol véi nén PMMA
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va PmPV cho M6 hinh II. Ba gia tri ti 1é thé tich Vinr = (012, 0.17, 0.28) cho
tam PMMA/CNT va Vjy, = (0.11, 0.14, 0.17) cho tAm PmPV/CNT. Déi véi
tam PMMA /CNT, heé s6 tai trong t6i han véi V. = 0.28 1a 16n nhat cho ca 3
loai phan bé CNT trong khi d6 gié tri nay la thap nhat véi V5, = 0.12. Tuong
tu, déi véi tam PmPV/CNT, hé s6 tai trong t6i han clia tam ting khi ti 1é thé
tich CNT tang len. Diéu nay duge giai thich ring, khi ti lé CNT tang lén lam
gia ting do cting ctia tam vi do ciing ciia cac 6ng CNT 16n hon rat nhiéu so
v6i do ciing ciia nén polymer bao xung quanh. Mot sy quan sat khac 1a hé s6
tai trong t6i han clia tAm véi Mo hinh II cho truong hop loai phan b6 FG-X
thi that hon mot chit so véi loai FG-O trong khi d6 déi véi Mo hinh T thi gia
tri nay cho loai FG-X lai 16n hon FG-O nhiéu. Diéu nay cé thé duge giai thich
rang viing gan méit gitta cila tam composite nhiéu 16p 14 noi c6 ting suat gan
bang khong va c6 ti le CNT 16n nhat doéi véi loai FG-X va nhé nhat déi véi loai
FG-0O. Do do, trong truong hop FG-X phan gia tang ti lé CNT tai khu viyc mat
gitta khong 4nh hudng nhiéu t6i ting suat. Vi vay, do cting uén ctia tam nhiéu
16p trong trusng hgp FG-X 1 thap hon so véi FG-O khi c¢6 cling ti 1é thé tich
CNT phan bo trong 4 16p ctia tam.

Bédng 3.6: Anh hudng ti lé thé tich va loai phan b6 CNT tdi hé sé tdi trong tdi
han ke, cia tam nhiéu l6p theo Mo hinh II (FEM)

Loai VENT UD FG-X FG-O
composite
0.12 14.1040 14.1196 14.2227
PMMA/CNT 0.17 21.8447 21.8682 22.0329
0.28 30.5434 31.0429 31.3792
0.11 14.9653 14.9665 15.0548
PmPV/CNT 0.14 17.5187 17.5253 17.6165
0.17 23.3075 23.3498 23.5029
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Bang 3.7: Hé so tdi trong tdi han ke, ctia tam UD-CNT nhiéu ldp 4 canh tua
don chiu tai nén 2 va 4 canh theo Mo hinh II (FEM)

Loai composite | Vi Tai phan b déu Tai parabol
2 canh 4 canh 2 canh 4 canh
0.12 18.2954 9.3894 14.1040 7.2589
PMMA/CNT | 0.17 28.2205 14.4164 21.8447 11.1592
0.28 39.5843 20.4779 30.5434 15.8039
0.11 19.4586 10.0891 14.9653 7.7831
PmPV/CNT | 0.14 22.7488 11.8980 17.5187 9.1653
0.17 30.2111 15.6405 23.3075 12.0690

Bang 3.7 so sanh anh hudng ctia tai nén déu va tai nén parabol tdi ting xu
mat on dinh ciia tam composite UD-CNT nhiéu 16p tira don 4 canh cho Mo hinh
II. Sy phan b tai trong & hai canh bén tac dung vao cac node ciia tam dugc
chia theo ti lé thich hop dé tong tai trong tac dung lén 1 canh ciia tam 14 bing
nhau gitta hai loai tai nén déu va tai nén parabol. Quan sat thay rang, he so tai
trong téi han ctia tAm nhiéu 16p chiu tai nén déu cao hon so v6i tdm chiu tai
nén parabol. Ngoai ra, theo két qua dudgc trinh bay trong Bang 3.3 thi he s6 tai
trong t6i han ddi v6i tam chiu tai parabol cao hon so véi tai hinh sin. Dieu nay
c6 thé duge giai thich biang viec xem xét moment quan tinh ctia mo6 hinh tai
trong phan bd (Truc trong tam song song véi hudng clia tai trong) két hgp véi
cac diéu kién bién ctia tam. That vay, moment quan tinh ciia ba loai tai trong
thé hién trong Hinh 3.5 14 0.0833 * N0, 0.05 * NO va 0.0474 * NO tuong tng véi
truong hop tai nén déu, tai parabol va tai hinh sin. C6 thé thay ring, viéc tang
moment quan tinh ctia st phan bd tai trong ciing lam cho tai trong t6i han clia
tam tang len, dieu nay c6 lien quan trie tiép t6i sy phan bd tng suat bén trong
tam va su bién dang phu thuoc vao moment quan tinh va dieu kién bién ctia
tam. Hon nita, luu ¥ rang tam trong trudng hgp nay 1a tam vuong véi ti 1é kich

thu6c (a = b) nén c6 thé lam ting su phu thudc ciia tai trong t6i han vao cau
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hinh phan bd tai trong, sy phu thudc nay sé gidm di khi ti Ié kich thuéc cua
tam tang len. Ngoai ra, c¢6 thé quan sat thay ring hé s tai trong t6i han cta
tam trong truong hop tai trong nén 2 canh cao hon gan doi so véi tai trong nén
4 canh. Vi du, trong trudng hop Vi, = 0.12, nen PMMA thi hé s6 tai trong t6i

han 1& k. = 18.2954 va k. = 9.3894 tuong ng vdi tam chiu tai nén 2 canh va 4

(a). SSSS (ker = 31.0429) (b). CCCC (ke = 32.1440)

LIy

(¢). SFSF (ke = 12.9070) (d). SSSF (ke = 14.2141)

canh.

Hinh 3.7: Mode mat on dinh cia tam FG-X nhiéu ldp vdi diéu kién bién khdc
nhau theo Mo hinh II (FEM)

Anh hudng ctia bén loai didu kien bien khac nhau va ba loai phan bé CNT
dén heé s6 tai trong t6i han ctia tam nhieéu 16p chiu tai trong parabol dugc trinh
bay trong Bang 3.8. Ro rang riang heé s6 tai t6i han ciia tAm nhiéu 16p véi diéu
kién bién ngam 4 canh (CCCC) la cao nhat, trong khi d6 déi véi tam c6 hai
canh tya don va hai canh tu do déi xing (SFSF) la thap nhat. Hinh 3.7 trinh
bay hinh dang mode méat 6n dinh cho tdm composite nhiéu 16p véi céc dieu kien

bién khac nhau theo Mo hinh II. Két qua hé so tai trong t6i han trong Hinh 3.7
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tuong ting véi truong hop FG-X type, Vi, = 0.28 trong Bang 3.8.

Béng 3.8: Anh hudng diéu kien bién tdi hé sé tdi trong tdi han ke cia tém
nhiéu I6p chiu tdi parabol theo Mo hinh II (FEM)

Loai composite BCs UD FG-X FG-O
SSSS 30.5434 31.0429 31.3792
PMMA/CNT CCCC 31.6043 32.1440 32.6065
Venr =028 SFSF 12.4287 12.9070 12.3466
SSSF 13.6829 14.2141 13.6035
SSSS 23.3075 23.3498 23.5029
PmPV/CNT CCCC 24.1083 24.1101 24.4015
Veny =017 SFSF 9.5219 9.7615 9.3303
SSSF 10.4611 10.7402 10.2709

3.1.4.8. Két qua phan tich sau tdi han

Trong phan nay trinh bay cac két qua vé phan tich sau t6i han ctia tam duéi
dang bi¢u do dudng cong tai trong (Fz) vdi ti 1é do vong/chiéu day (W/h). Tam
composite gia cuong FG-CNT dugc xem xét chiu tai trong nén déu va tai nén
parabol. Phuong phap phan tich st dung 1y thuyét bién dang ciat bac ba va
tinh phi tuyén von Karman dé suy ra phuong trinh co ban (phuong trinh 3.25)
cho phan tich méat on dinh v sau mat 6n dinh. Hon nita, tam FG-CNTRC cia
Mo hinh I st dung trong phan nay véi gia tri tai t6i han st dung phuong phap
ban giai tich da dudc so sanh véi két qua stt dung phuong phap FEM trinh bay
trong Bang 3.21. Cac tinh chat vat lieu FG-CNT dugc trinh bay é Muc 2.4 cua
Chuong 2 va cac thong sé hinh hoc duge st dung trong phan nay duge thé hién

chi tiét trong timg hinh.
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: —ememe V=028
MO hinh I: m=n=1, a=b, a/h=10, UD, nén _,-’/
06t PMMA %

W/h

Hinh 8.8: Anh hudng ti 1é thé tich CNT tdi duong cong tdi trong (Fx)-ti lé do
vong/chiéu day (W/h) ciia tam nanocomposite vdi nén PMMA

_\Fx

enr™ 011

- == V0.4
08 Mo hinh I: m=n~1, a=b=1, #h=10, UD, nén " |—occeyy”_—0.17|
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Hinh 8.9: Anh hudng ti 1é thé tich CNT tdi duong cong tdi trong (Fx)-ti lé do
vong/chiéu day (W/h) ciia tam nanocomposite vdi nén PmPV

Hinh 3.8 v& Hinh 3.9 trinh bay anh huéng cta ti lé thé tich CNT gia c6 hai

loai nén polymer PMMA va PmPV tuong tng t6i tng xit sau t6i han ciia cac
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tam composite nhiéu 16p. Cé thé thay, kha nang chiu tai clia tdm composite

nhiéu 16p duge tang len khi ti lé thé tich ctia CNT.

0.8 T T T T T T
---—FG-X]|,
0.7r ===-TUD |4
M hinh I: m=n=1, a=b=1, a/h=10, —FG-0 |/
06 Vent=0.28, nén PMMA Ay

0 0.2 04 0.6 0.8 1 1.2 1.4 1.6
Wih

Hinh 8.10: Anh hudng cia logi phan b6 CNT tdi duong cong tdi trong (Fx )-ti
le do vong/chiéu day (W/h) cia tam nanocomposite vdi nén PMMA

X

I (GPa)

02 04 0.6 0.8 1 1.2 14 1.6
Wi

Hinh 8.11: Anh hudng ciia logi phan b6 CNT tdi duong cong tdi trong (Fx )-ti
le do vong/chicu day (W/h) cia tam nanocomposite vdi nen PmPV

Anh huéng ciia ba loai phan b6 CNTs: UD, FG-X va FG-O déi véi duong
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cong tai trong (Fx) tren ti l¢ do vong/chiéu day (W/h) clia cdc tam composite
nhiéu 16p chiu tai nén parabol dugc trinh bay trong Hinh 3.10 va Hinh 3.11
tuong ting cho nén PMMA va PmPV. C6 thé thay rang, sy phan b6 CNT anh
hudng ro rang dén kha nang chiu tai ciia tam composite nhiéu 16p va gia tri nay

clia tAm composite nhiéu 16p véi loai FG-X 1a cao nhat va FG-O 1a thap nhat.

1.5

Tai nén déu
- = = .Tai nén parabol

M6 hinh I: m=n=1, a=b‘=l, a’h= lh. V#*enNT=0.28,
FG-X, nén PMMA

Hinh 3.12: So sanh hai logi tdi trong anh hudng tdi duong cong tai trong (Fz)-
ti le do vong/chiéu day (W/h) ciia tam nanocomposite vdi nén PMMA

Hinh 3.12 so sianh anh hudng ctia tai nén déu va tii nén parabol léen dudng
cong tai trong trén ti le do vong/chiéu day (W/h) clia cac tam PMMA gia cudng
FG-X CNT. C6 thé quan sat thay rang gia tri tai trong (Fx) clia tam nhiéu 16p
khi chiu tai nén parabol (duong nét ditt mau dé) thap hon gia tri tai trong (Fx)
clia tam khi chiu tai nén déu (duong nét lién mau xanh lam). Diéu nay c6 thé
giai thich la do lién quan t6i gia tri tai trong t6i han nhu da duge trinh bay
trong phan trudc.

Hinh 3.13 trinh bay anh hudng ciia ti 1é chiéu dai trén chiéu rong a/b t6i
duong cong tai trong do vong sau méat on dinh ctia tam PmPV gia cuong FG-X

CNTs. C6 thé thay rang, tai trong ciia tam ti 1& nghich véi ti 16 a/b. Khi mot
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chiéu ctia tam dugc c¢6 dinh thi viéc tang ti 1é a/b sé lam tang ti lé kich thudc
clia tam lam cho do ciing buckling va post-buckling gidm di. Hon nita, khi ti le
a/b 16n thi ng x1t clia tAm gidng nhu ng x1t clia cot c6 chiéu rong hitu han,

khi ti 1é a/b nhé t6i miic giéi han thi tAm khong xdy ra pha huy do uén.

08 T T T T T 1

M5 hinh I: m=n=1, a.-"h=10, V*ent=0.17, FG-X,
061 nén PmPV 4

P
-

Hinh 3.13: Anh hudng ti lé a/b tdi duong cong tdi trong (Fz)-ti le do
vong/chiéu day (W/h) ciia tam nanocomposite vdi nén PmPV

3.2. Phan tich méat 6n dinh ctia vé nén cut FG-CNTRC

Trong phan nay trinh bay két qua phan tich mat 6n dinh v sau mat on dinh
ctia v6 nén cut FG-CNTRC dit trén nén dan hoi sit dung phuong phap ban giai

tich dé phan tich bai toan nay. Cu thé nhu sau:

e Thiét 1ap cac phuong trinh can bang ciia vé nén cut 6 dang dao ham riéng
theo toa do va thoi gian dya trén 1y thuyét vé co dién véi tinh phi tuyén

hinh hoc von Karman.

e Cac phuong trinh can bang ¢ dang dao ham riéng v6i dieu kién bieén tua

don dugc giai bang phuong phap Galerkin va ham ting suat Airy.

e Dang nghiém ham ting suat duge xac dinh bao gom cd thanh phan phi
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tuyén théa man diéu kién bién va phuong trinh tuong thich bién dang véi

cac hée s6 xac dinh theo bién do vong bang phuong phap can bang dieu hoa.

e Khdo sat anh hudng ciia cac thong s6 hinh hoc va vat lieu t6i gia tri tai

trong t6i han v méi quan hé tai trong-do vong.

3.2.1. Phwong trinh phan tich mat én dinh ctda vé nén cut

Xem xét mot vé nén cut duge dit trén nén dan hoi véi chiéu day cla vo 1a
h, chiéu dai L va goc 6 nita dinh ciia hinh nén v giéi han béi hai duong tron véi
ban kinh nho R; va ban kinh 16n Re. Hé toa do cua vo non cut la (5,0, z), truc
S huéng theo duong sinh tinh tit dinh ctia hinh nén, truc 6 huéng theo duong vi
tuyén va truc z vuong goc véi mit trung binh va huéng vao trong. S, So lan lugt
la khoang cach tur dinh t6i day nho va day 16n tuong tng. Cac ky hiéu u, v, w
tuong ting dai dién cho chuyén vi theo huéng dudng sinh, dusng vi tuyén va
duong huéng vao trong ctia vé. Hé truc toa do va cac dac tinh hinh hoc cua vo

noén cut duge biéu thi nhu Hinh 3.14.

(a). Mo hinh vé non cut (b). V6 nén cut trén nen dan hoi

Hinh 8.14: M6 hinh vé non cut trén nén dan hoi

Tai trong thay thé quan hé ciia nén dan hoi véi két cau vo nén cut theo mo
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hinh nén dan hoi Pasternak duge cho nhu sau [100]:

Pw 10w 1 82w>

(S 0) = Kyw — KyAw, Aw = [ L8 4 10w 1o 2
qe(S, ) w pAw, Aw <8Sz+585+528gp2 (3.27)

trong do, ¢ = fsin(y), w la do vong cia vo non, K, (N/m3) dai dién do ciing
thanh phan nén tuyén tinh (mo6 hinh nén Winkler), K, (N/m) dai dién do cting
cia thanh phan phi tuyén (mo6 hinh nén Pasternak gom ca hai thanh phan K,

va K,).

Ly thuyét vo co dién duge st dung dé xay dung cac phuong trinh can bing
cua vé non cut FG-CNTRC vé6i mo hinh vat liéu ctia Shen trong phuong trinh
(2.42). Truong bién dang c6 xét tinh phi tuyén hinh hoc ctia vo nén cach mét

gitta mot khoéng z duge xac dinh nhu sau [100]:

€g 5% ks
£¢ = 52 +z ko (3.28)
V56 3o 2ksg

Cac thanh phan bién dang tai mit gitta ctia vé dudge xéc dinh nhu sau:

50—1@ — — S cot —|—L a_w 2

'~ Sap 5 5T T o5z By

0 _o|Llou v ov 1(0wdw)®

10T 4159, 5 a5 s\ aS oy (3.29)
02w

hs =55

o 10w 10w

07 7829,2 T S0S

k —_102_w+ia_w
50" 759500 T S20p

Mb6i quan hé gita ing suat va bién dang clia vé nén cut theo mo hinh vat

liu ctia Shen, dinh luat Hooke ducc xac dinh nhu sau:
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.
os Quu Q12 0 €3 a1l
of = Q2 Qa 0 S €0 — AT ¢ ag ; (3.30)
059 0 0  Qes V56 0

\ Vs

trong do, cac he s6 Q;;(ij = 11,12,22,66) duge xac dinh nhu sau:

E1 Ea9 vo1 1
= QRQu=7"" Q="
1 —vi9v9 1 — 19091 1 — 19091

Q11 , Qs = G2

Cac thanh phan Iuc v moment ctia vo nén cut duge viét lai nhu sau:

4 \ B . ( A 4 AN
Ng An A2 0 By Bz 0 % NE
Ny A1 A 0 DBia By 0 £ N}
Ngp 0 0 Ags 0 0 2B 72 0
4 b = -4 L (33D
Ms By Bi2 0 Dip Dz 0 Xs Mg
My Bia By 0 D12 Dy 0 X0 MF
Mgy 0 0 Bgs 0 0 2Dgs XS0 0
\ J L - \ J \ /

trong do6, cac he s6 A;j, Bij, Dij (i=1=2,6;5 =1+2,6) dugc xac dinh nhu sau:

h/2
(Aij:Biijij) = / Qij(l,Z,ZZ) dz, (2] = 11,12,22,66)
—h/2
T T h/2
N M a
g Mg :/ Qu Q2 AT
NI M] 2 Q12 Q22 a9
h/2
(N;, M;) = /ai(l,z)dz, (1 =s,0)
“h/2

Phuong trinh can bang ctia vé nén cut dude xay dung theo 1y thuyét vo co

dién vé6i tinh phi tuyén hinh hoc nhu sau:
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ONg ON
S—S 4 Z S0 4 No— N, =0

95 oy s TN
Ny s oy —
Dy as 50

0°M oM 0*Mgy | 10M 1M, oM, (3.32)
S5 + 278 +2 ( 9500 T 5 659) t577 — o5

0 0 0 9 9

—Nycoty+ 5 (SN + Ngg98 ) + & (Vo8 + 4N,82)

—SKyw + SKpAw =0

St dung ham ting suat Airy F(s,6,t) [100] nhu sau:

1 9*°F 10F O*F 1 9%F 1 OF

Ng= 208 108 O8N, =t 1 OF
ST o2 T 505 T 952 VT T 50505 T P op

(3.33)

Phuong trinh tuong thich bién dang ctia vé nén duge xac dinh nhu sau:

COt’YaQw_la’Ye_La’Yse_i_ o 4 1 9%eg +2_3 108 _
EERGER S 0S9p  S? Oy 052 52 &p S S S oS — 334
2 .
_ 1 (fow _l@_w FPw 1 321082 w 18 0w ( )
— S5t \ 9p S3 0p 0S0p  S? | 0520 S 0S5 052

Hai phuong trinh dau ctia h¢ phuong trinh (3.34) thoa man khi thay ham
tng suat Airy. Sau qua trinh bién doi thu duge phuong trinh tuong thich bién
dang va phuong trinh can bang theo bién ham ting suat va do vong Fi,w véi

F = Fie** S = S1e* (3.34) nhu sau:

Hyy (Fy) + Hiz (w) + Hig (F1,w) = 0
Hay (F1) + Hag (w) + Haz (w,w) =0

(3.35)

trong do, cac he s6 H;j(i = 1,2;j = 1,2,3) duge trinh bay trong phu luc A.2
Diéu kién bién ctia vé dugce gid st 1a tya don xac dinh nhu sau:
w=0talz=0vaz=ux (3.36)
Trong luan &n nay stt dung phuong phap ham tng suat dé giai bai toan véi

mghiém ctia phuong trinh (3.35) 1a ham do vong w va ham ting suat théa man

diéu kién bien duge xac dinh nhu sau [100]:
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w = fe¥sin(myz)sin(med) + G fesin? (mqx
f (my1w)sin(mef) + G f (mix) (3.37)
Zo ? 2:Sin77

mi = xozlng—f

trong d6, ham nghiem do vong w gom hai thanh phan véi he s6 f 1a bien do
do vong trong trudng hop tuyén tinh, hé s6 G thé hién mdi quan hé giita thanh

phan tuyén tinh va phi tuyén ciia do vong.

Thay phuong trinh (3.37) vao phuong trinh tuong thich bién dang (phuong
trinh 2 ctia (3.35)) va st dung phuong phap can béng diéu hoa, nghiém ham

ing suat F; nhan dugc nhu sau:

Fi = Kife”"sin (myz) sin (may) + Kafe™ cos (myz) sin (may)
+K3G fe"cos (2mix) + K4G fe  sin (2myx)
+ (K51G2f + K2 + K53G) f cos (2miz) + (K61 G? f + Ke2 + Ke3G) fsin (2m2)
+ K72 cos (2m1x) cos (2mae) + Kgf? sin (2mx) cos (2mayp)
+ (Kgle2 + Kng) cos (myx) sin (map) + (K101Gf2 + Klogf) sin (myx) sin (may)
+K11G f2 cos (3mqx) sin (mag) + K12G f2 sin (3m1x) sin (magp)
+K13G? f2 cos (4myx) + K14G2 f? sin (4myx)
+Ki5f% cos (2map) + K16Gfe ™ — 3 (1 + €27 cos (mggp)) TS?
(3.38)

trong do, cac he s6 K;(i = 1,...,16) dugc trinh bay & phu luc A.2

Ap dung phuong phap Galerkin véi cac giéi han tich phan ctia vo nén cut

duge cho bdi cong thie sau:

To 2msiny

/ / $e” sin(myx) sin(map)dedr = 0 (3.39)
0 0

To 2msiny

/ / de”sin? (myx)dpds = 0 (3.40)
0 0

trong do, ® dai dién cho phuong trinh (3.35), sau qua trinh tinh todn nhan dugc
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phuong trinh sau:

u f3G? + uaf2G +usfP +wiT f +usf =0 (3.41)
ugG2 3 + ur f2G% + ug f3G + uro fG + i f2 + (ug fG + up2) T =0 (3.42)
trong do6, cac he s6 u;(i = 1,...,14) dugc trinh bay trong phu luc A.2
T phuong trinh (3.41) xac dinh mdi quan he gitta thanh phan tuyén tinh f
va phi tuyén G ctia do vong nhu sau:

ustia (uguiz — uguiy) f2 N (uruig + ugug — uguz) f2G?
U4 U4 U4
33 3
Jr(19 aug) f Jr((39 48)f+(212 4U10 59)f)G_O

Uq Uq Uq

(3.43)

Gia stt mo6i quan hé G = Af va bd qua thanh phan phi tuyén bac cao, ti
phuong trinh (3.43) nhan dugc:

U3u12 — U4uU11

A:

(3.44)

UUT2 — ULULQ + U5UY

Phuong trinh méi lien hé tai doc truc T va do vong w thu duge bang viec
thay phuong trinh (3.44) vao phuong trinh (3.41):

B f4A2ul + szUQ + fzu;g + us
Uy

T =

(3.45)

Tai méat 6n dinh duge xac dinh tit phuong trinh (3.45) véi f — 0 thu dugc
biéu thitc nhu sau:

Ty = —2 (3.46)

=
Gia tri tai trong t6i han 7., 1a gia tri nhé nhat ctia tai mat on dinh trong
phuong trinh trén phu thuoc vao sy thay doi cia mode méat én dinh (m,n).

Phuong trinh (3.45) va (3.46) dugc sit dung trong phan tich mat on dinh cta
vé nén cut FG-CNTRC, cu thé xac dinh tai trong t6i han F,,. va mdi lien he tai

trong-do vong.
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3.2.2. Két qud va thdo luan
3.2.2.1. Két qud phan tich mat on dinh

Phan nay trinh bay két qua gia tri tai trong t6i han cia v6 nén cut FG-
CNTRC chiu tai nén doc truc. Cac thong s6 vat liéu ctia nén va 6ng CNT da

dugc trinh bay ¢ Chuong 2.

Hinh 3.15 v Hinh 3.16 lan lugt trinh bay anh hudng cia ti lé the tich CNT
va ty s6 ban kinh trén do day R;/h dén tai t6i han clia vo nén cut gia cuong
theo kiéu phan b6 bién doi tuyén tinh (FG-X) va phan b déu (UD). Tu két
qué ctia hinh vé c¢6 thé thay rang gia tri tai trong t6i han ctia v nén duge cai
thien khi ti le thé tich ctia CNT tang lén. Viéc ting gia tri thé tich CNT lam
cho tai t6i han tang 1én va kha nang chiu tai ciia vo non cut FG-CNTRC tang
len, c6 thé giai thich duge 1a do modul dan hoi ctia 6ng CNT 16n hon rat nhidu
so v4i modul dan hoi ctia nén polymer (két qua nay c6 thé duge so sanh trong
Bang 2.3 va Bang 2.4). Hon nita, ty s6 R1/h c6 anh huéng dang ké dén tai trong
t6i han ctia vo nén cut vi khi tang kich thudéc ma gitt nguyén do day thi vo sé
tré nén moéng hon dan dén kha ning chiu tai clia vé nén cut tré nén thap hon.
Ngoai ra, tai t6i han clia vé nén cut gia cuong 6ng CNT c6 co tinh bién thien
(FG-X) cao hon dang ké so véi vo noén cut gia c6 éng CNT phan b6 déu trong
cac diéu kien c6 cling thong s6 hinh hoc. Cu thé, véi cling cac tham s6 hinh hoc,
vat lieu v6i Vi, = 0.28, Ry/h = 100 gia tri tai trong t6i han ctia vo hinh nén
cut véi cac 6ng CNT phan bd bién ddi tuyén tinh FG-X 1a T, ~ 7 ,kN (Hinh
3.15) va gia tri tai trong t6i han ctia vé nén cut véi cac 6ng CNT phan b déu

UD la T, = 5kN (Hinh 3.16).

Hinh 3.17 trinh bay anh hudng clia géc ban dinh ~ va ti s6 L/ Ry téi tai trong
t6i han clia v nén cut véi cac thong s6 hinh hoc géc Ry /h = 80, hé s6 nén dan
hoi K, = 0, K, =0, ti le CNT V5 = 0.12 va kiéu phan bd FG-X. Khi tang goc

ban dinh tit 10° — 70° nhan thiy gia tri ctia tai t6i han F,,. gidm dan. Cu thé,
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trong truong hgp L/R; = 3 v6i goc ban dinh v = 107, tai t6i han F,, ~ 9 khi tang

géc ban dinh v = 70°, gia tri tai t6i han F,.. gidm xubéng gan 4 lan.

30
—9-= V. =012
25 | * 017 1
(mn)=(1,11), FG-X,L=2R , v=30°, [~ B =Vyy =017
20 K _=0.K =0. — V(=028

T (kN)

50 100 150

Hinh 3.15: Anh hudng ciia ti lé thé tich CNT tdi tdi trong tdi han cia vé nén
cut FG-X

20 ;
—@-=V =012
-p=V. _ =017
sk (m.n)=(1.11), UD, L=2R _. ~=30°, CNT 1
K —0.K 0. *— Vi =0-28
-3

7,69

50 100 150

Hinh 3.16: Anh hudng ciia ti lé the tich CNT tdi tdi trong tdi han cia vé nén
cut UD
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20 '
_*_L/R1 =2
(m.n)=(1,11), FG-X. R /h =80, - P-iﬁliis
15 - K _=0.K 0. i e B

W

Hinh 3.17: Anh hwong cia goc ban dinh va ti e L/ Ry tdi tdi trong tdi han cia
v6 non cut FG-CNTRC

Bang 3.9: Anh hudng cia ti lé phan bo va loai phan bo CNT tdi tdi trong tdi
han ciua v6 non cut FG-CNTRC

Loai phan bo Viyr = 0.12 Viyr =017 Vi nr = 0.28
FG-X 21.665 31.639 51.179
FG-O 7.592 10.940 17.229

UD 14.624 21.283 34.237

Béang 3.9 trinh bay anh hudng ciia ti thé tich CNT va cac loai phan b6 CNT
khac nhau dén tai trong t6i han ctia vé nén cut FG-CNTRC. Cac tham s6 hinh
hoc ctia cac vo hinh nén cut la (n,m) = (1,11), L/R; = 1, R1/h = 80, v = 30°,
Ky =0, K, = 0. C6 thé thay rang, gia tri tai trong t6i han bi &nh hudng bdi
nhiéu béi cac loai phan b6 CNT dic biét kiéu phan b bién doi tuyén tinh. Gia
tri tai trong t6i han ctia v v6i kiéu phan bé6 FG-X 1a cao nhat va FG-O 1a thap
nhét. Cu thé, trong trudng hgp Vi, = 0.12 gid tri tai trong t6i han ctia v6 nén
cut FG-X 1a T, = 21.665kN, gia tri nay chi 1a (T, = 7.592kN) cho kéu FG-O.
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Két qua nay dudce gidi thich rang, dic trung phan bd tng suat trong két cau
composite d viing gan mit gitta 14 gan bang khong va ¢ mit ngoai 1a 16n nhat.
Do d6, trong truong hop FG-X phan gia tang ti 1é CNT tai mat ngoai noi c6 ting
suat 16n nhat va truong hop FG-O gia cuong CNT nhiéu nhat ¢ mit gitta noi
c6 phan bd ting suat it nhat. Vi vay, do cting mat on dinh ctia vé trong trusng
hgp FG-X 16n hon nhiéu so v6i FG-O khi ¢6 cling ti 16 thé tich CNT va dan téi

gia tri tai trong téi han 16n hon.

3.2.2.2. Két qud phan tich sau tdi han

Két qua phan tich trang thai sau t6i han ctia vé nén cut FG-CNTRC thé hien
qua moi lien he gitta Iyc va ti 1é bien do do vong/do day trinh bay trong phan
nay. Khao sat anh hudng ciia cac thong sé6 hinh hoc va vat lieu dic biet 1a cac
thong sb lien quan t6i cac éng nano carbon t6i sy thay doi dudng cong sau t6i

han.

120

100 | ==mam R]ﬂlZSD
- _R]f"h=100
80 - _ *
(mn)=(1,11).FG-X.V 0.28,

CNT

— —an0 — —
= L=2R . 7=30". K =0, K =0. e
= 60 - ]
B~ ’.’ -
”a - -
-
40 -7 4
20— - 1
0 1 L L 1
0 0.5 1 1.5 2 2.5

J/h

Hinh 3.18: Anh huong cua ti ¢ Ri/h toi duong cong tai trong - ti ¢ do
vong/chieu day cia vé non cut FG-X

Hinh 3.18 va Hinh 3.19 trinh bay anh huéng ctia ti 16 ban kinh trén do day

(R1/h) dén dudng cong tai trong-ti 1¢ bien do do vong/do day ciia vé non cut FG-
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X (Hinh 3.18) v& UD (Hinh 3.19) v6i cting thong s6 hinh hoc duge thé hién trong
hinh vé. Khao sat ba truong hop ti lé ban kinh trén do day R1/h = (60, 80, 100).
C6 thé thay rang, khi ti & Ry /h tang lén thi duong cong tai trong — do vong tré
nén thap hon va ngudce lai. Tuong tu nhu trang thai mat 6n dinh, khi tang ban
kinh va giit nguyén do day vé nén sé trd nén moéng hon dan dén do ciing sau

méat on dinh clia v6 gidm di va kha nang chiu tai ctia vé thap di.

120 T
_leh=60
100 - _._._le“h=80
- _leh=100
80 * o 7
(mn)=(1,11), UD, V_.,_=0.28, L=2R , 7=30", e
’
‘é\ Kw=0’ Kp=0' I'I.
= 60 o’ P
= o
ol e g
40 -’ 1
-
20 . 4
0 c=- - 1 L L L .
0 0.5 1 1.5 2 2.5

Jh

Hinh 3.19: Anh huong cua ti 1 Ry/h tor duong cong tai trong - ti lé do
vong/chieu day cia vé noén cut c6 CNT phan bo deu

Hinh 3.20 thé hién anh hudng ctia ti 1¢ chiéu dai trén ban kinh nhé (L/R;)
dén trang thai sau tdi han ciia vo noén cut FG-CNTRC. Ba gia tri khac nhau vé
ti 1 chiéu dai trén ban kinh nhé (L/Ry = (1,1.5,2)) dudc xem xét. C6 thé quan
sat thay rang, khi tang tile L/R; thi duong cong tai trong-do vong thap dan di.
Cu thé, khi gia tri ti 16 L/R; tang len tit L/Ry = 1 t6i L/R; = 2 thi dudng cong

tai trong-do vong giam dang ké.

Hinh 3.21 biéu thi anh huéng ctia géc ban dinh ~ t6i duong cong tai trong-
bien do do vong trén do day clia vo nén cut FG-CNT trén nén dan hoi. Ba
truong hop goc ban dinh duge xem xét v = (30°,45°,60°) véi cac thong s6 hinh
hoc duge thé hién trén hinh. T hinh cho thay, géc ban dinh c6 anh huéng téi
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duong cong tai trong do vong ctia vo nén cut. Viéc tang gia tri ciia géc ban dinh
lam cho gia tri tai trong ctia vo giam nhe ¢ bién do do vong trén do day nho va

tuong doéi 16n véi ti le bien do do vong trén do day tur 1 t6i 2.5.

180 T T "
LR =
160 1
_____ L/R1=1 5
40 _ _ _L/RIZZ

120 F (mn)=(1.11), FG-X, V"

=0.28, R /h=80, =30
CNT 1 !

3 100 KWZO, KPZO. =

P

. -

& 80 s -

#".’ -
60 “a' - - _

'_d' - - - -
40 .----’-'.” - - b
- -
- -
() Emm———— p—— .- I i
0 1 1 | 1
0 0.5 1 1.5 2 2.5
Jh

Hinh 3.20: Anh hudng cua ti ¢ L/Ry tdi duong cong tai trong - ti lé do
vong/chieu day cia vé noén cut FG-CNTRC

80 T T . :
20 — 4 =30°

————= 45° ]
60 L=~ ~~v=60° ,/,_

v
7
_ * — R4

50 (mm)=(1,11),FG-X,V_ =028, L=2R , P |

Jh

Hinh 8.21: Anh huong cia goc ban dinh v tdi duong cong tai trong - ti lé do
vong/chieu day cia vé non cut FG-CNTRC
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70 - Vent =028 | . K _=5e5N/m’, K, =1le4 N/m
- = = V=012 | 2K =0,K =0.

- (m.n)=(1,11), FG-X, R /h=80, L=2R . 7=30°.

- -
E e ==

Jh

Hinh 8.22: Anh hudng ciia ti lé thé tich tdi duong cong tdi trong - ti lé do
vong/chieu day clia vé non cut FG-CNTRC ddt trén nén dan hoi

Hinh 3.22 thé hién 4nh hudng ctia nén dan hoi t6i duong cong tai trong-ti lé
bién do do vong trén do day cia vé non cut FG-CNT. Khao sat anh hudng cia
nén dan hoi Pasternak véi dic trung 1a hé s6 nén K, # 0va K, # 0 va v6 nén
khong dit tren nén dan hoi K, = K, = 0. R3 rang, vo nén dit trén nén dan hoi

c6 kha nang chiu tai tot hon vé nén khong dit trén nén dan hoi.

3.3. Két luan chuong 3

Luan an trinh bay két qua phan tich mat 6n dinh ctia tam va vé FG-CNTRC
stt dung nguyén 1y cong 4o va Hamilton duya trén 1y thuyét bién dang ciat bac ba
két hgp véi tinh phi tuyén hinh hoc ctia von Karman dé thiét lap céc phuong

trinh co ban. Mot s6 két luan c6 thé rat ra nhu sau:

e Sit dung phuong phép ban giai tich va mo phéng sé dé phan tich bai toan
méat on dinh ctia két cau composite gia cudng FG-CNT. Déi v6i phuong
phap ban gidi tich, két hop phuong phap Galerkin, ham tng suat va can

bing diéu hoa dé xac dinh nghiém ciia bai toan va xac dinh phuong trinh
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phan tich mat on dinh ctia tam va vo.

e Xay dyng mo hinh phan tit hitu han 3D trong phan mém ABAQUS véi
chuong trinh con USDFLD ngudi dung dinh nghia dé mo phéng su phan b

ctia CNT bién dbi chitc nang theo chiéu day ctia tam.

e Sy gia cudng clia 6ng nano carbon trong két cau gitp ting dang ké gia tri
tai trong t6i han ciing nhu kha nang chiu tai trong trang thai mat 6n dinh

va sau mat on dinh ctia tdm va vo composite gia cusng FG-CNT.

e Tai trong t6i han ctia tAm va vé composite dude cai thien dang ké trong mo
hinh phan bé FG-X véi cac 6ng nano carbon bién doi tuyén tinh theo chicu

day, c6 ti 1é thé tich nhiéu nhat & hai mit ngoai va gidam dan vao mit giita.

e Cac thong s6 hinh hoc clia tam va vo, thong s6 nén dan hoi c6 anh hudng
dang ké t6i gia tri tai trong t6i han trong phan tich méat on dinh va duong
cong tai trong-do vong sau mat on dinh ctia tam va vé composite gia cudng

FG-CNT.
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CHUONG 4. PHAN TiCH DONG LUC HOC CUA
TAM VA VO FG-CNTRC

4.1. Phan tich dao dong va dap tng dong luc hoc cua vo
hai do cong FG-CNTRC

Phan nay trinh bay két qua phan tich dao dong va dap tng dong lirc hoc ciia
v6 hai do cong FG-CNTRC stt dung phuong phap ban giai tich véi ba loai diéu

kien bien khac nhau. Cu thé nhu sau:

e St dung 1y thuyét bién dang cat hinh sin két hop véi tinh phi tuyén hinh
hoc ctia von Karman lam co sé xay dung phuong trinh chuyén dong clia vé

hai do cong FG-CNTRC dua trén nguyén ly Hamilton.

e Ly thuyét bién dang cat sy dung ham phan bd hinh sin v thda man cac
diéu kién ciia ting suat tiép tu do trén cad mit trén va dudi clia vo véi gia
thiét bon bac tut do gom chuyén vi va goc quay tuong @ng véi bon bién chua

biét can xac dinh.

e Xét ba dang nghiém ctia chuyén vi vd ham tng suat ctia vé hai do cong
tuong ting véi ba diéu kien bién: tat ci cic canh tua don (SSSS), tat ca céc
canh ngam (CCCC), hai canh tya don va hai canh ngam d6i dieén (CSCS).

e St dung phuong phap Galerkin va ham ting suat Airy gidi phuong trinh
dao ham rieng ctia chuyén dong. Ap dung phuong phap Runge-Kutta bac
4 giadi phuong trinh vi phan chuyén dong cho phan tich dap tng dong lyc

hoc.

e Xét hai mo hinh vat liéu bién ddi chiic nang gom Mo hinh I: Cac 6ng CNT
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bién doi chitc nang trong nén dong nhat va Mo hinh II: Vat licu nén dudc

tao nén tit gbm va kim loai bién doéi chitc nang duge gia cuong CNT.

4.1.1. Cac phuong trinh co ban cua vo hai déo cong FG-CNTRC

Mo hinh v6 hai do cong gia cuong éng CNTs theo mo hinh vat lieu Halpin-
Tsai (Muc 2.4.2) véi tong chiéu day h, chidu dai a va chiéu rong b thé hien trén
Hinh 4.1. Hé truc toa do (z, y, z) véi mit phang (z, y) 1a mit gita clia vo va

chiéu z theo chiéu day ctia vo.

Hinh 4.1: Mo hinh vo hai do cong

Ly thuyét bién dang cat hinh sin dugc dé xuat duya trén co sé cta 1y thuyét
bién dang cit bac 3 ctia Reddy véi bon bac tu do. Cac thanh phan chuyén vi
u(x,y,z,t),v(zr,y,2,t), w(x,y, 2, t) tuong ting theo cac hudng =, y, z xac dinh theo

cong thic sau:

_ dwo dp  Jwy
U(I,y7z,t)—UO(I’,y,t)_ZW‘i‘f(Z) (8_ZE+ 8x>

- _ 9w 9¢ , dwo (4.1)
U(Z‘,y,Z,t)—UO(.T,yat) Zay +f(Z) <6y+ 6y)

w ('Iaya Zat> = Wo (*Tayat)

trong d6, ug (x,y,t), vo (z,y,t), wo (z,y,t) 1a chuyén vi tai mat gitta, ¢ (z,y,t) la

_ 09 v _ @)

goc quay tuong ing tai z =0 (g4l =58 g4 =g

z=0
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Trudng chuyén vi dugc xac dinh théa man diéu kién bién tng suat cit ngang

tu do tai mat trén va dudi cua vo (UﬂcZ|z:ih/2 = 0IZ|z::|:h/2 = 0). Trong luan an

nay ham f(z) = —£2cos (% + %) duoc lua chon 14 ham diéu hoa dé mo td mobi

lien hé phi tuyén gitta thanh phan ing suat tiép va bién dang cat, véi dieu kien

s df(2) _
=1va =0.
=0 LR o7

xac dinh nhu sau: f (Z)‘zzo =0, d{g(:)

Mbi quan hé clia cac thanh phan bién dang va chuyén vi ¢6 xét t6i tinh phi
tuyén hinh hoc Von-Karman cho vé hai do cong FG-CNTRC dugc xac dinh nhu
sau [87]:

ou_ w 1)’
Eg ox R, 2\ Oz ou Ow
2 Vaz 2z T 0z
£ = v _ w + 1( 0w , = i v (42)
Y oy Ry 2\ oy v 4+ ow
Tyz 0z Jdy
’me Ou + v + Ow dw
Jy or Jzr Oy
Thay phuong trinh (4.1) vao phuong trinh (4.2) nhan dugc:
e=e 42k + F () k3,7 =" + g (2) K2 (4.3)
trong do,
( 0 \ BUO wo 1 811)0 2
€2 o~ ’ T2 ar 0 0 | owy
60: 0 _ %_%+1%2 70: Taz _ | oz ox
y dy v 2\ 0y ’ 0 96 | dwo
0 ou ov Jwo Ow Tyz 9y 9y
)\ G g Gl
1 \ _82w0
(kx / O0x? 12 99 + Jwo
k= 1| = 9w PR | 20T e (4.4)
- k - - U2 ) - - )
Y 2 99 + dwqg
\ fﬂy) \_ 0x0y
2 2
() [ G5 .
df (z
3 _ 3 | — ¢ | & — _
3 ¢ &
Kkiﬂy) \281'83] + 281615;

Dinh luat Hooke thé hién méi lien hé gitta cac thanh phan tng suat va bién

dang ctia v6 hai do cong FG-CNTRC theo mé hinh Halpin-Tsai (dugc trinh bay
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& Muc 2.4.2) trong moi truong nhiét do duge xac dinh nhu sau:

¢ 3 - 9 ( ¢ \ ¢ z )
o Quu Q12 0 0 0 Ex a1
oy Q2 Q22 0 0 0 Ey 22
o =10 0 Qs 0 0|47y ¢ "ATS 0 ¢ (4.5)
Oyz 0 0 0 Q44 0 Vyz 0
Ozz 0 0 0 0 Qs V= 0
\ y, L m \ J \ J

\
) E E E E
trong d6, Qu1 = 1=, Q12 = 1257, Q22 = 1=, Qaa = @55 = Qo6 = 53747

Céc phuong trinh chuyén dong ctia vé hai do cong FG-CNTRC dugdc xay
dung dua trén nguyén ly Hamilton nhu sau [87]:
T
/ (6U + 6V — 6K)dt = 0 (4.6)
0

Bién phan ctia niang luong bién dang dan hoi:

n
oU = /Uést = / / (aw&sx + oydey + OpyOVay + Ou207Yz: + Uyz57yz) dzdA (4.7)
1% A

h
2

Thay phuong trinh (4.3) vao phuong trinh (4.7) nhan duge:

h
SU = /A / h <ax (562 + 20Kk + f (z)5k§2> + oy (588 + 20ky + f (2)5k3>

+ ogy (57211 + zék}cy + f(z)ékgy) + 042 (&ygz + g(z)dkgz)

+ 0y <5722 + g(z)5k§z>> dzdA
(4.8)

— / ( (Ng0e) + Mydky + Proks)
A
+ (Nyoe) + Mydky + Pyoky) + (Naydy, + MaySky, + Paydk)

+ (Qua672, + Ko2bk2,) + (Qyz0y, + Ky26k2,) ) dA
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trong do,

(N, M, P;) = /ai (1, 2, f (z)) dz, {i=uzy,zy}

NI

) (4.9)
(Qi7 K’L) - /Oi (179 <Z>) dZ, {] =Xz, yZ}
~5%
Thay phuong trinh (4.3) va (4.5) vao phuong trinh (4.9) ta co:
(4] [B] [D]] |€° Nt
M= |[B] [C] [E]| {k'p—q M™"
I D] [E] [G]| | ¥ pth (4.10)
Q _ [AS] [CS] ’YO
K [C] [Es]| | &2
trong do,
A A 0 By B2 0 Ci1 Ci2 0
[Al= | A2 A 0 |,[B]=|Bia By 0 |,[C]=|C1a Co 0 |,
0 0 Agg 0 0 Bsgs 0 0 Cegs
D1 D12 O Ein Eip O Gi1 G2 0
[D]= |D1s Doy 0 |,[E]=|F1p Fo 0 |,[G]=|G1a G 0 |,
0 0 Degg 0 0 FEgg 0 0 Ges
Ay 0 Cya O Eu O
[As} = ) [CS] = ) [ES] =
0 Ass 0 Css 0 Ess
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(Aij, Bij, Cij, Dij, Eyj, Gij) = /Qij (L,2,2% f(2),2f (2), f* (2)) dz, (4,5 =1,2,6)

SRS

Agij 5 1

Esij _% g2 (Z)
N 2 1
M | = / (Quion1 + Qr2az2) AT z dz
pi -3 f(2)

th
Nt b |
Méh = / (Qr2011 + Q220022) AT 2 dz
L /()

Bién phan ctia thé nang do ngoai lyc tac dung 1a lyc phan b déu va liiec nén

dan hoi duge xac dinh nhu sau:

oV =— / (géwo — gedwp) dA (4.11)
A

Cac thanh phan bién phan ctia nang lugng bién dang dan hoi da duge xac
dinh trong phuong trinh (4.7), bién phan ctia thé niang do ngoai lyc tac dung
dugc xac dinh trong phuong trinh (4.11). Dé xay dung phuong trinh chuyén
dong ctia v dita trén nguyén ly Hamilton can phai xac dinh duge bién phan ctia

dong nang ctia cac thanh phan chuyén vi dude xac dinh nhu sau:

5K = / pusudV = / / pa (Wbt + 000 + iéiir) dzd A (4.12)
|4 A

_h
2
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5K = / / pa (Wi + 00 + o) dzd A = / Io (tSisg + D800 + pdrin) dA
A A

. 00wy Ouy .. . 0dwg Oy . Owg 0dwgy Oy Odwg
-1 — — + — I
1(“0 ox * ox Otio + o dy * oy 5UO>+ 2(83: ox * Oy Oy )

. [ 86 Db [0 By
i (%* au ) + 0tio (a?ﬁa?)
(966 By (99 oy
0 ( ay —+ ay ) ~+ dvp (8_y+ 8_y>

B 6wy [ O O oy [ 966 Dy
J2< ox (8_x+ 8x>+ ox <8x * ox )

+ Ji

+ Ji

g [ B6  Bdun 6 [ O g
dy <8y + oy >+ dy <6y+ 8y>

966 0% \ (09 D d¢ oy \ (006 | 6
3 (8:6 - Ox ) <8x+ 8x>+<8y+ (91/) <6’y * Ay
(4.13)
Trong do, cac moment quan tinh duge xac dinh nhu sau:
{107117-[27 Jla JQ; J3} = /pZ {17Z7227f(2) 7Zf (Z) 7f2 (Z>} dZ (414)

My

Thay céc phuong trinh (4.8), (4.11), va (4.13) vao nguyén ly Hamilton trong
phuong trinh (4.6) va qua cac budc bién ddi tich phan ting phan cho phuong

trinh trén nhan duge phuong trinh Euler-Lagrange chuyén dong (can bang).

Viéc ap dung tich phan ting phan trong truong hop nay nham muc dich ha
bac ciia vi phan ctia chuyén vi 4o vé thanh chuyén vi d4o. Tich phan ting phan
dugce ap dung cho ting s6 hang (vi phan theo toa do hoac thsi gian). Cac biéu

thiic truée cac chuyén vi 4o la phuong trinh Euler-Lagrange can tim theo gia
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thiét ctia nguyén 1y Hamilton, s6 phuong trinh thu dugc tuong ing véi sé chuyen
vi 4o cua bai toan.

Phuong trinh Euler-Lagrange chuyén dong nhan duge nhu sau:

o 0
(5u0 : Nx’m + ny,y = Iptig + (Jl [1) % + Ji ad)
8w0 agb

ovg - Ny,y + Nmy,x = Igtg + (Jl Il) oy + J1— Dy

N, Ny
owy: | — +—=— | + (Ma:,a:m + My,yy + 2Mmy,xy)
Rx Ry

- (Px,m + Pyyy + 2ny,:vy) + (sz,x + Quzy + Koza + Kyz,y)

0 owy Owy 0 Owy Owy
(N2 N, 20 L Ly, 20y, L — e
+3x< or yay>+ay(y8y+ yax)+q ! (4.15)

OJiig Oty 0%y 0% diig iy
_[0w0+[1(a +ay>—]2(w+a—y2 J1 8x+8_y

L RO S
<28w0 8%, 0% 8¢>J3<8w0+8w0+8¢+8¢>

Ox? 2 Oy + Oy + Ox? Ox? oy 0x? Oy

5¢ ( x,rT + 2ny xy + Py yy) (Qa:z,:c + Qyz,y + K:rz,x + Kyz,y) =
iy Oiig 921y a%o 9% 9%

Trong luan 4n nay giai bai todn tam vo theo phuong phap ham tng suat, bicu
dién cac thanh phan noi lyc qua mot ham tng suat Airy f (z,y,t) nhu sau:

0% f 0% f O f
y?’ Ny = 0x?’ Nay =  dxzdy (4.16)

N, =

Dé x4c dinh nghiém ham ting suat can xét diéu kién tuong thich bién dang sau:

Py | 0% 08y, (0Pwo\® PwePuwy 1 Pwy 1 Py (4.17)
oy 0z2  Oxdy  \ 0zdy 0z 0y*> Ry 0y*> Ry Ox? '

Cac phuong trinh co ban clia v6 hai do cong theo Iy thuyét bién dang cat hinh

sin cho phan tich dong luc hoc ctia v hai do cong gom phuong trinh chuyén

dong (phuong trinh 4.15) va phuong trinh tuong thich bién dang (phuong trinh

4.17).
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Thay phuong trinh ham ting suat Airy (4.16) vao phuong trinh phuong trinh

tuong thich bién dang viét theo ham ting suat f(z,y,t) nhu sau:

84f 84f 34f 0%y 0%y d*wg 34¢
—+H H Hy——F—+Hs——F— + H=——— + Hii—
H118x4 e o4 + 138x28y2 + Oxt + 15 o4 + 6 01202 + 1924
9o 9o 2uwo\>  Rwydwy 1 2wy 1 8wy
tHisz 1+ Hogso 5 = T 022 02 R. 02 R 0x2
oy 0x*0y 0xdy or* Oy R, Oy R, Ox
(4.18)
trong do,
1 2A
anLQ,le:LQ,HB: - = 5
A1 Az — A7, A11Az — A7, Ags A Ao — Af,
_ A11Bis — A1a B + A1a D11 — A Dy _ A19D11 — A1 Dy
tha = ApyAgy — A2 = - 2
11422 — Aq9 114322 — Aq9
_ ABis — A19Bos + A12D2g — Asa D1 _ A19D99 — A2 D19
H15 = 2 7H18 - 2
A1 Az — A7 A1 — A2,

Hyg = AgBii — 2A19B12 + 2A12D19 — A1 Do + A Ba2 — Ap D 2Bes L 2Dss
A1 Agy — A2, Ags  Age

2A12D12 — A11 D99 — A2 D1y n 2Dge

Hiqg =
19 A11A22 — A%Q A66

Thay cac thanh phan lyc theo ham ting suat ¢ phuong trinh (4.16) vao hai
phuong trinh dau ctia hé phuong trinh (4.15) dan t6i:

ot? Iy or Iy Ox
vy (I — J1) 0wy J1 09

ot? Iy oy  Ip 0y

Pug _ (L — 1) dig 1 0

(4.19)

Thay ham ting suat trong phuong trinh (4.16) va phuong trinh (4.19) vao
hai phuong trinh cudi ctia hé phuong trinh (4.15) nhan duge két qua heé phuong
trinh chuyén dong & dang dao ham riéng ctia ham tng suat, do véng va goc
quay theo toa do va thoi gian, hé phuong trinh chuyén dong ctia vo hai do cong
FG-CNTRC dugce viét lai nhu sau:
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ot ot ot g g g
H-—+Hy;— + Hyo——— + Hs—— + Hyy——— + Hos———=
e i o4 +Ha 0x20y? 43 Ox? +Ha o4 +

R0} ¢ oo 0%¢ 0%¢ 0w
— + Hop—— + Hog———— + Hog— — + Hog——5

ozt TG T B G a5 T 0G5 o2 T T
0wy [ 0%*wo 1\ 0%f 2f 0w 0wy 1\ 0%f
3055 | 32 TR 7~ 2 52z T ) a2 ta 4.20
oy oy R, ) Ox 0xdy 0xdy ox R, ) Oy (4.20)

. diig Oty 0y 9% diig O
— e =1, L2+ 222 ) (22 + =2 ) - [ 22+ 22
1 Ow0+1<8x+8y> 2(8x2+8y2 N 8:U+8y

o e @ 9 gy
+J2<2 U B ¢>Jg< ty | o 079 ¢>

Hog + Hs

Ox? oy2 Oy Ox? Ox? oy?  0x2  Oy?

oLf oL f oL f 84wy & wyg 84wy
—Hirg 7 - HISa_y4 — H19—6x28y2 + Hy1—— + H32—8y4 + H33—8x28y2
5o s 5o 82wy 82wy 826
+ H34@ + H358_y4 + H368x2—8y2 + H37W + Hgsa—yQ + HS?@
9% vy Biig 0%y 021y 9% 929
Hyg— = J1 ( 24+ 22 ) 4 (5= h) [+ =2 ) + J3 [ == + ==
s = (ay T ) TR G T e ) g T o

v6i cac he 86 Hy; (i = 2,3, =0,...,9) dugc trinh bay ¢ Phuc luc A.3.

Phuong trinh tuong thich bién dang (4.18) va hai phuong trinh dao ham riéng
chuyén dong (4.20) va (4.21) 1a cic phuong trinh ding dé phan tich dong luyc
hoc phi tuyén ctia vé hai do cong FG-CNTRC.

4.1.2. Cdc diéu kién bién va nghiém phuong trinh

Trong phan nay trinh bay dang nghiém ctia phuong trinh dao ham rieng dugc
xac dinh théa man cac diéu kién bién va cac hé s6 clia cac nghiem nay dudce xac
dinh duya trén phuong phap Galerkin cho ba trudng hop diéu kién bien (BC) ctia
v6 hai do cong nhu sau:

Trudng hop 1: Tua don tét cd cdic canh (SSSS)

Diéu kién bién tira don tat cd cac canh theo 1y thuyét bién dang cat hinh sin
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cho cac thanh phan chuyén vi tit phuong trinh (4.1) 1a:

Tai z=0,a:

wg = 0,v9 = O,w7 =0, q57 =0,Nz =0, Ny = Nyo.
Ia.i Yy 07 b:

wo = 0,19 = 0,wz = 0,6, =0, Ny = 0, N, = Nyp.

Nghiém xap xi thda man diéu kién bién tya don tat cad cac canh (phuong

trinh 4.22) duge tim la:

w(x,y,t W (t) sin Ay, x sin oy,
@un| _(wo y o)
o(z,y,t) O () sin A sin 0,y

trong d6, A, = mn/a,d, = nx/b, vi W (t),® (t) 1a bien do clia chuyén vi va goc

quay, tuong ng.

Dang nghiém ham tng suat f(x,y,t) duge tim tir viec thod man dieu kién
bién tya don (phuong trinh 4.22) va phuong trinh tuong thich bién dang (phuong
trinh 4.21) dya trén phuong phap can bang diéu hoa bang cach thay dang nghiem
& phuong trinh (4.23), cu thé nhu sau:

. 1 1
f(x,y,t) = Fj cos 2A\px + Fo cos 20,y + F3Sin\y,x sin 6,y + §Nx0y2 + 3 yox2

(4.24)
trong do, cac he s6 F;(i = 1,2,3) nhu sau:

1 82 1 A2

F=— 12 Py = —
T 3202 Hy, 07 £ 32 62 H1y

W (t)?, F3 = Fs W (t) + Fya ® (t),

(H14)\§n + H15(5ﬁb + ngéﬁ)\fn) Rny — )\gnR:r — (572LRy

F31 = - )
(Hu A%, + Hia0% + H1302,02) Ry R,

H17)\;ln + ngéfl + ngéﬁ)\%n

F39 = — .
32 Hll)\;Ln + ng(;;ll + H13/\2n5%

Trudng hop 2: Ngam tat cd cdac canh (CCCC)

Diéu kién bién ngam tat ca cac canh theo Iy thuyét hinh sin, cac thanh phan
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chuyén vi tit phuong trinh (4.1) la:
Taiz=0,a; y=0,b:
wo = 0,ug = 0,v9 = 0,wp, = 0,wpy = 0,6, =0, (425)

¢y =0,Nz = Ny, Ny = Nyg, Ny = 0.

Nghiem xap xi théa man dicu kien bién ngam tat ca cac canh duge tim la:

w(z,y,t) _ W (t) sin? Az sin? 6,y (4.26)
o(z,y,t) ® (t) sin® Az sin? 6,y
Dang nghiém ham tng suat f (z,y,t) dudc tim tit viec thod man diéu kién bién
CCCC (phuong trinh 4.25) va phuong trinh tuong thich bién dang (phuong trinh
4.21) dya trén phuong phap can bang diéu hoa bang cach thay dang nghiém &
phuong trinh (4.26), cu thé nhu sau:

f(z,y,t) = F1 cos (2Apx) + F cos (20,y) + F3 cos (4\x) + Fy cos (40,y)
+F5 cos (2\x) cos (20,y) + Fg cos (2\,) cos (46,y) (4.27)
+Fy cos (4 A\mx) cos (20py) + %Nxoy2 + 3 Nyoz?

trong do, cac hée s6 F;(i = 1,...,7) dudc xac dinh nhu sau:

1 Hyz 1 (8H14Ry\2, —2) 1 62
Fy=FaW @)+ FoaW@)? + -2 (#), Flp = — Fro— —_‘n
1= FuWi(t) + F () 1, (t), Fin 32 A2R,H; 7 32X2H),
1 His 1 (8H15R.07 —2) 1 A2
Fy = FnW (t) + FooW(#)? + - =50 (), [ = — oy — — _'m
2= FnW (1) + P () T 1, (1), Fan 327 02R,Hia 2 3202H;,
1 42 9 Y
Fy=FaWt) Fy = ———" [y = FuW(#)* Fyy = —————"
3 31W (1)7, F31 51202 Hyy 1 W (t)", Fn 515 321,

Fs = F5; W (t) + F52W(t)2 + F53® (1),

1 (4HuR RyA}, + 4AH15 Ry Ry0p + 4H16 Ry Ry02N2, — Ry A2, — Ry62)
51 — — 714
16 Ry Ry (Hii b, + Hi26) + Hi302)2,)

)

_i )\%152 o _1 (H17)\;1n + ngéfl + H195721)\72n)
16 HuAL + Higod + H136202," " ™ 7 4 Hy AL + Hip0d + Hi362)2,

F5o =
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1 A2 52

Fs = FaW(t)% Fe1 = —
6 61 W ()", Fer 32 HinAE + 16 H1902 + 4H1302 )02,

1 A2 62
32 16H11)\;Ln + leéé + 4H13(5%/\72n

Fr = FuW(t)?, Fpy =

Truong hop 3: Hai canh dbi dién tua don, hai canh dbi dién ngam
(CSCS)
Diéu kién bién theo 1y thuyét hinh sin, cac thanh phan chuyén vi tit phuong
trinh (4.1) la:
Ngam tai = =0,a:
wo = 0,up = 0,v9 = 0,wp ; = 0,wp, =0,
0= 0,0,y =0, Ngy = 0, Ny = Nyp. (4.28)
Tya don taiy = 0,b:

wo = 0,up =0,w, =0,0, =0,Nzy =0, N, = Ny.

Nghiem xap xi duge xac dinh nhu sau:

w(z,y,t) _ W (t) sin? A sin 8,y (4.29)
o(z,y,t) ® (1) sin? Az sin 8,y
Dang nghiém ham tng suat f (z,y,t) dudc tim tit viec thod man diéu kién bién
CSCS (phuong trinh 4.28) va phuong trinh tuong thich bién dang (phuong trinh
4.21) dya trén phuong phap can bang diéu hoa bang cach thay dang nghiém &
phuong trinh (4.29), cu thé nhu sau:

f(z,y,t) = Fysin (0,y) + Facos (2A\pmx) + F3 cos (20,y) + Fy cos (4Ax) ( )
4.30

1 1
+ F5 cos (2Ap,x) sin (0,y) + Fg cos (2A,x) cos (20,,y) + §way2 + 5 y0x2,

Céc he s6 Fi(i = 1,...,6) trong phuong trinh (4.30) dugc xac dinh bang cach
thay dang nghiém ham tng suat vio phuong trinh tuong thich bién dang va ap

dung phuong phap can bang diéu hoa, cu thé nhu sau:
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1 (HisRp0% — 1) 1 Hig
Fi = FpiW(t Fio® (t), F11 = —= = ———
1=FuW(t)+ Fi2® (t), Fin 2 IR, e 2Ty
1 62 9 1 A
Fy=Fou W2 Foy = ——"  F= F N2 Fay — m
y = I W(t)", Fn ERTNIITRAE. 31 W (t)7, F31 3302 Hyy'
Fy = FuW(t)’, F _ F5 = Fyy W (t) + F5® (1)
4 = 41 9 41 — 512 A%,LH117 5 — 51 52 I

1 (16H14 Ry RyAy, + Hi5Re Ry6p + AH16 Ry Ry02)%, — 4R N2, — Ry6Z)
2 Ry Ry (16H11 NS, + Hi26) + 4H1362)2,)

F51 =

?

P — 1 (16H17)\$n + ngéﬁ + 4H19(5%>\,2n)
2 2 16H11)\§n + ngé,% + 4H13572L>‘12n ’

1 A2 52

o= FaW (2 Fry = —— )
6 c1W (t)", Fe 32 Hii AL + Hi90} + Hy302 M2,

4.1.3. Phuong trinh phan tich dong luc hoc cia vo hai doé cong FG-
CNTRC

Trong phan nay xac dinh cac phuong trinh cho phan tich dao dong tir do, dao
dong citng biic va dap tng dong lirc hoc ctia v hai do cong FG-CNTRC véi ba

truong hop diéu kién bien.

Thay cac nghiém trong phuong trinh (4.23), (4.26), (4.29) va (4.24), (4.27),
(4.30) tuong tng vé6i 3 truong hgp dieu kien bien SSSS, CCCC, CSCS lan lugt
vao phuong trinh (4.20), (4.21) va ap dung phuong phap Galerkin thu dugc cac
phuong trinh sau:

(G1+ G1'Nao + GI*Nyo) W (1) + GIW (1) + GIW (1)° + G (1)

Nxo+M+q) —PW (1) —dow) (431

— Jl J2
R, Ry T e

+G§W(t)q>(t)+aff<
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—d*W (t) +—d2<1> ()

GYW (t) + G3W (1) + G3® (1) = JI s (4.32)

voi, G (i=1+2,j=1+12),J(i=1+2,j=1+2) tuong tng cho ba trudng
hop diéu kién bien SSSS, CCCC, CSCS dugc trinh bay trong Phu luc A.3.

Hai phuong trinh (4.31), (4.32) la phuong trinh vi phan dong hoc dugc st
dung cho phan tich dong liyc hoc ciia vé hai do cong FG-CNTRC véi tinh chat
vat lieu phu thudc vao nhiet do, duge tong quat hoa cho ba trusng hop dieu
kién bien SSSS, CCCC, va CSCS.

Dao dong tu do tuyén tinh

Dao dong tu do ctia v6 hai do cong bé qua luc tac dung (N = Ny = ¢ = 0),

phuong trinh (4.32) dugce viét lai nhu sau:

GIW () + GEW () + G3IW () + G (t) + GEW (1) D (1)

W () =3 (1) (4.33)
g g =0
__J2 ]
GIW (1) + GAW (£)* + G390 (t) — led W) Jgd M) _ (4.34)

dt? dt?

Tan s6 rieng nhan dugc bang viéc gidi bai toan tri rieng ctia phuong trinh
(4.33), (4.34), trong d6 gia tri tri rieng nhd nhat (wp) tuong ting duge goi la tan
s6 co ban:

Gl+w?Jl G+ w22

_ _1=0 (4.35)
G% + w2J21 G% + w2J22

Dao dong tu do va dao dong ciing bitc phi tuyén

Chon ham do vong va lyc phan bd déu c¢6 dang ham diéu hoa phu thuoc vao
thoi gian nhu sau W = Aysin (Qt),q = Qosin (). Moi quan hé gitta tan s6 va
bién do ctia v dude xac dinh véi viec don gidn hoa tinh toan bang gia thiét lyc

quan tinh gay ra bdi goc quay tuong déi nhd va bd qua thanh phan dao ham
T aww  (GIW()+GEW(1)?)
3

bac cao theo thoi gian cta goc quay, thay @ (1) = &gz~ — e tu
2 2
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phuong trinh (4.32) vao phuong trinh (4.31):

—  JGH\  JIGS 2
(Jll 2 1) 2 1W(t) dW(t):

G3 G3 dt?

41 4 2 5,1
(et Sttt it ) w0+ (61 - S - CE Y wige (499

2 2 2

G2G2 N, N,

3 1Y2 3 6 z0 20 .
+ (Gl — G% ) W(t)” + G} ( 7. + R_y + Qo Sant)
2w /Q

Ap dung phuong phap Galerkin ( [ (pt. 4.36) sin (Qt) dt) cho phuong trinh
0
(4.36) v6i W = Aysin (Qt) , ¢ = Qosin () xac dinh duge tan s6 phi tuyén 1a ham

phu thudc vao bién do do vong:

2
0 3 9 Qo
() = [re 3t i) - 2] o
3 (6163 - i) e gy

M, = > — —
T a(@ct-diay) ’

e N G )

Tan s6 co ban nhan duge tit phuong trinh (4.37) (wpn):

GGl — G3G!
Wmn = (_1 2 _2 1) (438)
(7t - Tict)

Tan s6 co ban wy,, xac dinh & phuong trinh (4.38) xap xi véi két qua tan so
co ban (wp) 6 phuong trinh (4.35). Phan két qua sb sé trinh bay két qua so sanh
gi4 tri hai tan s6 nay dé ching minh gia thiét bé qua thanh phan dao ham bac

cao cua goc quay theo thoi gian la hop ly.

M&éi quan hé tan s6 va bien do nhan dugc tit phuong trinh (4.38) véi Qo =

Nzo = Ny = 0 nhu sau:

( L )2 = [H—%Mﬁli] (4.39)

Wmn
Dadp wng dong luc hoc phi tuyén

Moéi quan hé gitta do vong va thoi gian duge xac dinh bang viéc gidi he phuong
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trinh vi phan chuyén dong sau day:

—d*W (t)  —d?® (1)

= (G} + G}'Nyo + GH Ny ) W (1) + GIW (1)

NN (4.40)
+GEWE?P + GO )+ W ()P (1) + GS ( R“’O + R—yo + Qo sin Qt)
T Yy
__J2 12
AV 7T _ a4 3w + G (1) (4.41)

dt? ot?

Heé phuong trinh vi phan trén duge giai bang phuong phap Runge-Kutta bac

4 (trinh bay ¢ Chuong 2) nham khao sat moéi quan he do vong - thoi gian.

4.1.4. Két qud va thdo luan

Thong s6 hinh hoc ctia vé hai do cong dude lra chon nhu sau: m =n = 1,
a/b=1,b/h =10, Qo = 6000(N/m?), a/R, = 0.25, b/ R, = 0.25. Thong s6 hinh hoc
ctia 6ng CNTs dont = 1.36e — 9 (m), lont = 9.26e — 9 (m), tont = 0.067¢ — 9 (m),
Weont = 1%. Tinh chat vat lieu nen FGM va 6ng CNTs dugce trinh bay trong
Bang 2.1.

4.1.4.1. Két qud so sanh

Két qué so sanh tan s6 co ban khong thit nguyén ciia tAm FGM véi diéu
kién bien SSSS va CCCC dugce trinh bay trong Bang 4.1 véi két qua ciia tac
gid Uymaz va Aydogdu [112] stt dung ly thuyét 3D két hgp v6i phuong phéap
Ritz va két qua clia tac gia Nguyen ciing cic cong sy [78] st dung ly thuyét
bién dang cat bac cao xay dung phuong trinh va giai bang phuong phap Ritz.

12(1—v2)p,n

Thong s6 sit dung 1a w = ‘;’T%C;Lb 7 (myn) = (1,1),a =b=1,a/h =10, va

b/Ry =b/R, = 0.

Bang 4.2 so sanh tan s6 co ban khong thit nguyén ctia v6 tru FGM dudi diéu
kien bien SSSS vdi két qua cia cac tac gia Aragh va Hedayati [21] st dung ly
thuyét 3D; Matsunaga [69] stt dung 1y thuyét cit bac cao; tac gia Quan va cong
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sy [84] st dung ly thuyét FSDT; tac gid Farid va cong su [41] sit dung 1y thuyét
3D; tac gid Shen va Wang [95] stt dung 1y thuyét cat bac ba.

Bdng 4.1: Tan s6 co ban khong thii nguyén cia tam FGM vdi diéu kién bién
SSSS va CCCC

N

BC Tai lieu

3D [112] | 1.9339 | 1.7406 | 1.6583 | 1.5491 | 1.5066 | 1.3861
SSSS | FEM [78] | 1.9325 | 1.7385 | 1.6589 | 1.5501 | 1.5091 -
Luan an | 1.9849 | 1.7932 | 1.7067 | 1.5768 | 1.5397 | 1.4222
3D [112] | 3.3496 | 3.0249 | 2.8809 | 2.6645 | 2.5923 | 2.4009
CCCC | FEM [78] | 3.3219 | 2.9974 | 2.8582 | 2.6463 | 2.5760 -
Luan an | 3.3680 | 3.0588 | 2.9076 | 2.6378 | 2.5721 | 2.4142

Badng 4.2: Tan so6 co ban khong thi nguyén w = wohy/P</g, clia panel tru
(m,n)=(1,1),a=b=1,b/h=5b/R, =0

b/R, | N | [21] | [69] | [84] | [41] | [95] | Luan an
0 | 0.2129 | 0.2153 | 0.2162 | 0.2113 | 0.2169 | 0.2080
0.5 | 0.1817 | 0.1855 | 0.1754 | 0.1814 | 0.1799 | 0.1786
0.5 1 101638 | 0.1678 | 0.1484 | 0.1639 | 0.1589 | 0.1530
4 10.1374 | 0.1413 | 0.1369 | 0.1367 | 0.1301 | 0.1325
10 | 0.1296 | 0.1328 | 0.1183 | 0.1271 | 0.1204 | 0.1258
0 | 0.2154 | 0.2239 | 0.2169 | 0.2164 | 0.2329 | 0.2133
0.5 | 0.1848 | 0.1945 | 0.1860 | 0.1879 | 0.1944 | 0.1861
1 1 ]0.1671 | 0.1769 | 0.1589 | 0.1676 | 0.1732 | 0.1704
4 10.1391 | 0.1483 | 0.1373 | 0.1394 | 0.1402 | 0.1462
10 | 0.1300 | 0.1380 | 0.1187 | 0.1286 | 0.1286 | 0.1366
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Bang 4.3 trinh bay két qua so sinh tan s6 co ban khong thit nguyén ciia vo

hai do cong FGM véi két qua trong tai lieu [14] sit dung 1y thuyét vo co dién va

tai lieu [30] va [35] st dung 1y thuyét bién dang c&t bac nhat.

Bdng 4.3: So sdnh tan so co ban khong thit nguyén @ = woh/P /g, clia v6 hai
do cong FGM (m,n) =(1,1),a=b=1,b/h = 10.

a/R, | b/R, | N | Tailieu [14] | Tai lieu[30] | Tai licu [35] | Luan an
0 0.0779 0.0762 0.0761 0.0695

0.5 0.0676 0.0664 0.0662 0.0618

0.5 0.5 1 0.0617 0.0601 0.0605 0.0572
4 0.0519 0.0503 0.0506 0.0482

10 0.0482 0.0464 0.0467 0.0438

0 0.0597 0.0563 0.0577 0.0546

0.5 0.0506 0.0479 0.049 0.0412

0.5 -0.5 1 0.0456 0.0432 0.0442 0.0371
4 0.0396 0.0372 0.0381 0.0322

10 0.0380 0.0355 0.0364 0.0310

Bdng 4.4: So sanh tan s6 co ban cia tam gia cuong FG-CNTs dat trén nén dan
hoi (m,n) = (1,1),a/h =15,N;, =5,a/b =1, Wy = 0.1 (%) ,a/Ry = 0,b/R; =0

Nén PMMA Nén PmPV
K, Ky | Tailigu [54] Luan an Tai ligu [54] Luan an
UD | FG-X | UD | FG-X | UD | FG-X | UD | FG-X
(0,0) 2768 | 3245 | 2832 | 3350 | 2537 | 2974 | 2596 | 3070
(2,0) 6515 | 6731 | 6522 | 6764 | 6420 | 6605 | 6423 | 6629
(2,0.05) | 8541 | 8707 | 8534 | 8720 | 8469 | 8610 | 8458 | 8616

Bang 4.4 trinh bay két qua so sanh tan s6 co ban clia tdm gia cuong FG-
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CNTs dat tren nén dan hoi véi két qua trong tai lieu [54]. Tai lieu [54] st dung
ly thuyét bién dang cat bac ba ciia Reddy trong khi d6 luan an nay sit dung Iy
thuyét bién dang cit hinh sin va ciing sit dung phuong phap Galerkin dé giai

phuong trinh dao ham riéeng nham xac dinh tan sb riéng.

Hinh 4.2 trinh bay két qua so sianh duong cong méi quan hé gitta ti lé bien
do tren do day (A, /h) va ti1e tan s6 (2/wm,) clia dao dong tu do phi tuyén doi
clia v6 hai do cong FG-CNTRC véi diéu kien bien SSSS. C6 thé thay ring két
qué phan tich trong luan an cé sai sé6 khong dang ké véi nghién citu trong clia

tac gia Shen va cong su [93].

1 G
----- Shen va cong su (2015)
= _ufin #n
08
=
;T; 0.6
S
S
= g4l
< 04
B (m,n)=(1,1}), a’b=1, a'h=10,
a.-"RX =0.1, b.-"'R\_I =0.1,
0.2 K, =K,=0, AT=100, N=0.5, SSSS
0 . . . .
0.8 0.9 1 1.1 1.2 1.3 1.4

Tt le tan sé (Yw )
mu

Hinh 4.2: So sanh duong cong Ay/h-Q)wmn ctia tam FG-CNTRC

4.1.4.2. Dao dong tu do

Phan nay trinh bay két qua tan so riéng tuyén tinh cho vé hai do cong dat
trén nen dan hoi. Hai mo hinh vat liéu chic nang dugce khao sat:

e M6 hinh 1: Sy phan bd bién ddi chitc nang ctia cic dng CNT (FG-CNT)

trong vat lieu nén gom (Model 1-a) va nén kim loai (Model I-b). V& duge

chia thanh nhiéu 16p vé6i st phan bd ciia ti lé CNT trong moéi 16p 1a khac



nhau va tao thanh sy phan bd bién doéi chitc ning cho toan bo vé véi ba

mo hinh: Phan bo déu (UD), phan bd CNT nhiéu nhit ¢ hai mét ngoai va

bang khong & 16p gitta (FG-X), phan b6 CNT bang khong ¢ hai mit ngoai
va nhiéu nhat ¢ gitta (FG-0O).

e M6 hinh 2: Sy phan bién doi chiic ning & vat lieu nén dugce tao tit gbm va

kim loai bién déi déu qua chiéu day clia két cau (FGM) véi su gia cudng

cac ong CNT phan b6 déu trong 16p nén FGM.

Badng 4.5: Su hoi tu clia tan so6 co ban khong thit nguyén cia vé kim loai hai

do cong gia cuong ong CNTs

3SSS CCCC
M 0D FG-O FG-X UD FG-O FG-X
5 1 00530 | 00528 | 00533 | 00764 | 00762 | 0.0766
6 | 00530 | 00528 | 00533 | 00764 | 00762 | 0.0767
71 00530 | 00528 | 00533 | 00764 | 0.0762 | 0.0766
8 | 00530 | 00527 | 00533 | 00764 | 00761 | 0.0767
o | 00530 | 00527 | 00533 | 00764 | 00761 | 0.0767
10| 00530 | 00527 | 00533 | 00764 | 00761 | 0.0767

Bang 4.6: Su hoi tu cta tan so co ban khong thit nguyén cia vé gom hai
cong gia cuong ong CNTs

SSSS CCCC
M 0D FG-O FG-X UD FG-O FG-X
5 1 00520 | 00520 | 00521 | 00751 | 00750 | 0.0752
6 | 00520 | 00519 | 00521 | 00751 | 00750 | 0.0752
71 00520 | 00519 | 00521 | 00751 | 00750 | 0.0752
8 | 00520 | 00519 | 00521 | 00751 | 00750 | 0.0752
o | 00520 | 00519 | 00521 | 00751 | 00750 | 0.0752
10| 00520 | 00519 | 00521 | 00751 | 0.0750 | 0.0752
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Trong truong hop Mo hinh I, dé phan tich bai toan dong lic hoc, can xét
dén sy hoi tu clia tan s6. Sy hoi tu nay phu thuoc vao s6 lugng cac 16p nham
dam bao rang sy phan b6 CNTs bién doi chiic ning véi s6 16p di nhidu. Bang
4.5 va 4.6 trinh bay két qua hoi tu ctia tan s6 co ban khong thit nguyén (w =
wohA/Pmatri= [ ) dudi cac diéu kién bién khac nhau cho nén kim loai va gém,
tuong tng. T cac két qua dude trinh bay trong cac bang nay, s6 16p ducce chon
cho truong hop FG-CNT dé phan tich 1a Ny = 8.

Béng 4.7: Anh hudng ciia ti ¢ thé tich CNT tdi tan s6 co bén khong thit nguyén
ctia v6é gom hai do cong (Model I-a)

SSSS CCCC
Wevt UD FG-O FG-X UD FG-O FG-X
0 0.0517 | 0.0517 | 0.0517 | 0.0746 | 0.0746 | 0.0746
0.1 0.0520 | 0.0519 | 0.0521 | 0.0751 | 0.0750 | 0.0752
0.2 0.0524 | 0.0522 | 0.0526 | 0.0756 | 0.0754 | 0.0758
0.5 0.0534 | 0.0530 | 0.0539 | 0.0771 | 0.0766 | 0.0775
1 0.0551 | 0.0543 | 0.0560 | 0.0796 | 0.0786 | 0.0804
2 0.0585 | 0.0568 | 0.0601 | 0.0845 | 0.0824 | 0.0859
5 0.0682 | 0.0640 | 0.0719 | 0.0985 | 0.0932 | 0.1010
10 0.0836 | 0.0759 | 0.0907 | 0.1207 | 0.1102 | 0.1242

Béang 4.7 va 4.8 trinh bay anh hudng ciia ti e thé tich va cac loai phan bd
ctia CNT déi v6i tan s6 co ban khong thit nguyen ctia vo hai do cong chiu cac
diéu kieén bien khac nhau, tuong ting v6i nén gom (Model I-a) va nén kim loai
(Model I-b). Két qua chi ra rang viéc tang phan tram CNT dan dén ting tan
s6 ctia v hai do cong. Gia tri thap nhat clia tan s6 co ban khong thit nguyéen
quan sat duge khi Wy = 0 (%), tuong duong véi truong hop vé hai do cong
1a dong nhat, khong c6 CNT.

Hon nita, trong s6 ba loai phan bé CNT, loai FG-X CNTs cho thay tan sb co
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ban khong thi nguyén cao nhat, trong khi loai FG-O CNTs ¢6 tan s6 thap nhét.
Diéu nay dudc giai thich 1a do loai FG-X ¢6 ti 1é thé tich CNT cao nhat & khu
vife gan hai mat ngoai, noi chiu lyc 16n nhat ctia vo tuong tng véi sy phan bo
ing suat 1a nhiéu nhat va sy phan b6 CNT thap nhat ¢ mat giita tuong tng vdéi
noi c6 su phan bo tng suat it nhat, trong khi loai FG-O c¢6 ti lé thé tich CNT
ngugc lai so véi FG-X & cac viung trén.

Béng 4.8: Anh hudng ciia ti 1é thé tich CNT tdi tan s6 co bén khong thi nguyén
ctia vo kim loai hai do cong (Model I-b)

3SSS CCCC
Wevt UD FG-O FG-X UD FG-O FG-X
0 0.0518 | 0.0518 | 0.0518 | 0.0746 | 0.0746 | 0.0746
0.1 0.0530 | 0.0527 | 0.0533 | 0.0764 | 0.0761 | 0.0767
0.5 0.0580 | 0.0565 | 0.0593 | 0.0835 | 0.0820 | 0.0846
1 0.0639 | 0.0610 | 0.0663 | 0.0920 | 0.0888 | 0.0937
2 0.0750 | 0.0696 | 0.0796 | 0.1080 | 0.1014 | 0.1103
5 0.1058 | 0.0944 | 0.1170 | 0.1525 | 0.1366 | 0.1547
10 0.1545 | 0.1396 | 0.1808 | 0.2229 | 0.1964 | 0.2271

Bang 4.9 trinh bay cac két qua tan s6 co ban clia vé hai do cong nén FGM
gia cuong 6ng nano carbon (Mo hinh II) v6i céc sut thay doi ti leé CNTs. Trong
Mo6 hinh II, éng nano carbon duge phan bo déu trong nén gém (N = 0, tuong
duong v6i truong hop UD trong Mo hinh I-a), nén kim loai (N = oo, trudng hgp
nay tuong duong véi trusng hgp éng nano carbon phan bo theo kiéu UD trong
M5 hinh I-b), v nén FGM (N = 1, sy phan b6 bién déi déu ciia cac thanh phan
gdbm va kim loai theo do day). Nhin chung, véi viéc chon 16p hoi tu Ny nhu trinh
bay trong Bang 4.6 va 4.7, c¢6 thé thay ring cang nhiéu su ¢6 mit ciia 6ng nano
carbon trong nén cang gitp gia ting tan s6 co ban ctia vo. Trudng hop nén gém

c6 tan s6 cd ban cao nhat do module cao hon so v6i nén kim loai.
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Bang 4.9: Anh hudng ciia ti 1é thé tich CNT tdi tan s6 co bin w (md/s) cta
v6 hai do cong CNTs-FGDCS (Model 11)

SSSS CCCC

Wenr () Ceramic FGM Metal Ceramic FGM Metal
(N=0) | (N=1) | (N=oc) | (N=0) | (N=1) | (N=c0)

0 12672 7587 5219 18263 10849 7521

0.5 13231 8321 6017 19069 11962 8671

1 13776 9002 6757 19854 12969 9738

2 14832 10278 8130 21375 14851 11716

5 17801 13753 11836 25653 19955 17055

10 22393 19087 17604 32269 27242 25365

Bang 4.10: Anh hudng diéu kién bién BCs va cdc loai phan b6 CNTs tdi tan s6
khong thi nguyén cia vé hai do cong nén kim loai gia cuong FG-CNTs (Model

I-b: Wenr =1(%))
BCs UD FG-O FG-X
SSSS 0.0639 0.0610 0.0663
CSCS 0.0668 0.0641 0.0691
Cccce 0.0920 0.0888 0.0937

Bang 4.10 so sanh tan s6 co ban khong thit nguyen ciia vé hai do cong nén
kim loai gia cuong FG-CNT (Model I-b) véi 3 diéu kién bién: Trudng hop 1: Gia
st tat ca cac canh ty don (SSSS); Truong hgp 2: Gia s tat ca cdc canh ngam
(CCCC); Truong hgp 3: Gid st hai canh do6i dién ngam va hai canh tya don
(CSCS). Két qua phan tich cho thay truong hop diéu kién bien CCCC ¢6 tan
sO co ban cao nhat. Diéu nay xdy ra do cac canh ngam c6 chitc nang nhu cac
gia d6 c¢d dinh han ché moi bién dang ctia vé tai cac canh do, do d6 lam tang

do cting va tan s6 co ban ciia vo.
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Bang 4.11: Anh hudng su phan b6 CNTs va ti lé chiéu dai trén ban kinh dén tan
50 co ban khong thit nguyén cta vé hai do cong nén kim logi gia cuong FG-CNT
tren nén dan hoi (Mo hnh I-b: Weyp = 1(%) , K1 = 2GPa/m, Ky = 0.1GPa.m)

SSSS CCCC
a/Ry b/Ry
UD FG-O | FG-X UD FG-O | FG-X
0 0 0.0749 | 0.0724 | 0.0770 | 0.1052 | 0.1024 | 0.1067
0.25 0 0.0764 | 0.0740 | 0.0785 | 0.1063 | 0.1035 | 0.1078
0.25 0.25 0.0809 | 0.0787 | 0.0829 | 0.1077 | 0.1049 | 0.1091
0.5 0.5 0.0968 | 0.0950 | 0.0986 | 0.1147 | 0.1121 | 0.1161

Bang 4.12: Anh hudng cac logi nén va ti lé chiéu dai trén ban kinh dén tan so
cd ban cia vo hai do cong gia cuong UD-CNT (Mo hinh II: Weny = 1%)

SSSS CcCCC
a/Ry b/Ry ) P
Gom FGM Kim loai] Gom FGM Kim loai
(N=0) | (N=1) | (N=00) (N=0) | (N =1) | (N = )
0 0 11873 7580 5651 18888 12081 8991
0.25 0 12309 7884 5859 19165 12266 9123
0.25 0.25 13533 8693 6442 19498 12487 9282
0.5 0.5 17597 11335 377 21224 13610 10104

Bang 4.11 trinh bay anh hudng ciia ti 1é chiéu dai trén ban kinh va ba loai phan

bd ctia CNT t6i tan s6 co ban khong tht nguyeén wg clia vo hai do cong nén kim

loai gia cuong FG-CNTs (Model I-b) diéu kién bien SSSS va CCCC. Bang 4.12

trinh bay d&nh hudng ctia ti 1é chiéu dai trén ban kinh t6i tan s6 co ban (wo(rad/s))

ctia vo hai do cong véi nén kim loai, gom va FGM gia cudng UD-CNT (Model 1)

v6i diéu kien bien SSSS va CCCC. C4 hai bang trinh bay két qua tan s6 co ban

cho tam, panel tru va vo hai do cong. Trudng hop R, R, — oo (a/Rx =b/R, = 0)
dai dién cho dang hinh hoc ctia tam, R, > 0, R, — oo (a/Rx #0,b/Ry = O) dai
dién cho dang hinh hoc ctia panel hinh tru va R, > 0, R, > 0 (a/Rx #0,b/Ry # 0)
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duoc trinh bay cho vé hai do cong. Quan sat thay rang tan so6 co ban ciia vo hai
do cong (a/Rm #0,b/R, # O) la cao hon so v6i panel tru (a/Rx #0,b/R, = 0)
trong khi tan s6 co ban clia panel hinh tru cao hon ctia tam (a/R, = b/R, =0).
St khac biet vé tan s6 co ban nay dude cho 14 do anh huéng ctia do cong, dan
dén do cing va tan s6 co ban cao hon trong vo. Do cong cho phép vo phan bd
tai trong déu hon trén bé mat so v6i tam va panel tru.

Béng 4.13: Anh hudng AT va th ¢ a/h tdi tan s6 co bin wy (rad/s) cia vé hai
do cong nén FGM (Model II: WenT = 1%)

AT | a/h / SSSS / CCCC
Gom FGM Kim loai | Gom FGM Kim loai
(N=0) | (N=1) | (V=o0) | (N=0) | (N=1) | (N =)
10 13533 8693 6442 19498 12487 9282
0 | 15 7013 4507 3337 9756 6239 4642
20 4532 2915 2157 5897 3770 2805
10 13394 8614 6395 19298 12375 9214
100 | 15 6941 4466 3313 9656 6183 4608
20 4485 2888 2141 5836 3736 2785
10 13157 8405 6174 18956 12069 8896
300 | 15 6818 4358 3199 9485 6029 4449
20 4406 2819 2067 5733 3643 2689

Béng 4.13 trinh bay anh hudng ciia sy gia ting nhiet do (AT) va ti 1¢ chiéu
dai tren do day (a/h) t6i tan s6 co ban ctia vo hai do cong FGM gia cudng
UD-CNT (Mo hinh II). Tan s6 co ban ctia vo bi anh hudng bdi ca ti 1é chieu dai
trén do day va su gia tang nhiét do. Khi ti 1é a/h tang tuong ing véi vo mong
di, tan s6 co ban sé giam tuong tng. Cu thé, véi sy gia ting nhiet do, tan sb
cd ban ctia v6 FGM v6i a/h = 10 1a wy = 8693 (rad/s), thap hon gan ba lan so
v6i a/h = 20. Ngoai ra, tan s6 co ban ciia vo duge xac dinh béi cac dic tinh vat

lieu clia no, cac dic tinh nay cé thé thay doi theo nhiét do. Nhin chung, khi do
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cting vat lieu ctia vo tang lén, tan s6 co ban clia vé ciing tang len. Do d6, khi
nhiét do gidm lam cho do cing clia vat liéu tang lén dan t6i tan s6 co ban clia
v6 tang len. Ngudce lai, khi nhiét do tang lam cho do cing vat liéu giam di dan

t6i tan s6 co ban gidm.

4.1.4.3. Dao dong cudng bic

Trong phan nay, nghién citu trinh bay két qua phan tich dao dong ti do va
dao dong cudng biic phi tuyén, xac dinh mdi quan hé gitta bien do va ty sd tan
86 (2/wmn) clia v6 hai do cong dugce gia cuong bsi CN'Ts v6i hai mo hinh vat
licu (M6 hinh T va M6 hinh IT) duge trinh bay trong phan truée. Tan s6 riéng
ctia dao dong phi tuyén dugce trinh bay dudi dang 1a ham ctia bien do va dugdc
tinh toan bang phuong trinh (4.37) d6i véi dao dong cudng biic va phuong trinh
(4.39) doi vé6i dao dong tu do.

Bang 4.14: So sanh hai cong thic tan so co ban cho vé hai do cong nén kim
loai gia cuong FG-CNT (Model I-b)

BCs | Tan s6 wp tit phuong trinh 4.35 | Tan s6 wyy,, tit phuong trinh 4.38
UD FG-O FG-X UD FG-O FG-X
SSSS 0.0639 0.0610 0.0663 0.0642 0.0613 0.0666
SCSC 0.0668 0.0641 0.0691 0.0672 0.0645 0.0694
CcCCC | 0.0920 0.0888 0.0937 0.0924 0.0893 0.0940

Bang 4.14 so sanh tan s6 co ban khong thit nguyen w = (wo, wmn) hy/Pm /5, .,
trong d6 wg 1a gia tri thap nhat trong bai todn gia tri rieng va wy duge tinh
tit phuong trinh (4.35), trong khi wy,, dugc tinh tit phuong trinh (4.38) vdi gia
thiét dao ham bac cao clia géc quay bi boé qua. Két qua nay cho thay su khac
biét gitta gia tri tan s6 tit hai phuong phap nay 1a khoang 0,5 %. Nhu vay, co
thé st dung dugc ca hai cong thiic & phuong trinh (4.35) va phuong trinh (4.38)
dé xac dinh tan s6 co ban ctia vé hai do cong FG-CNTRC.
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Hinh 4.3: Anh hudng ciia cac logi phan b6 CNT tdi duong cong bién do tan so
ctia dao dong tu do phi tuyén cho vé hai do cong nen kim loai (Model I-b)
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Hinh 4.4: So sanh duong cong bién do-tan so cia tam, panel tru, va vé hai do
cong (Model I-b)

Hinh 4.3 thé hién d&nh hudng ciia ba loai phan bé CNT dén moi quan hé gitta
ty s6 bien do tren do day (A, /h) va ty s6 tan s6 (Q/wmy) clia dao dong tu do
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phi tuyén ctia v6 hai do cong nén kim loai gia cuong FG-CNT véi dieu kién bién
SSSS (Model I-b). C6 thé thay ring dusng cong ti 1é bien do-tan s ciia vo véi
loai phan b6 FG-X 16n hon dudng cong ctia vé ¢c6 CNT phan bo dicu (UD), va
dudng cong ciia v6 gia cuong FG-O CNT la thap nhat. Xét truong hop cu thé,
khi Q/wm, &~ 1.1, ti 1¢ bién do trén do day (A, /h) cho loai phan bd FG-X, UD,
va FG-O lan luot 1a 0.82, 0.78, 0.74.

Hinh 4.4 va 4.5 trinh bay ti 1é bién do-tan so ctia dao dong tu do va dao dong
cudng bitc phi tuyén ciia tam, panel try, va vo hai do cong tuong tng. Trong
Hinh 4.4 xét mo hinh vat lieu 1a Mo hinh I-b v6i CNT phan bd déu trong nén
kim loai v& M6 hinh I-a xét CNT phan bd theo loai FG-X trong nén gom. Ro
rang 1a duong cong ti & bien do-tan sb ctia vo hai do cong cao hon tam va panel
tru. Su giai thich vé sy khac biet nay ciing tuong ting nhu sy gidi thich vé tan

s riéng trong nhan xét ctia Bang 4.11 va Bang 4.12.
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Hinh 4.5: Anh hudng cia bién do luc ngoai téi dudng cong bién do tan so cia
dao dong phi tuyén cho vé hai do cong va tam FG-X CNT gia cudng nén gom
(Model I-a)
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Hinh 4.6: Anh hudng cia bién do luc ngoai tdi duong cong bién do tan so cia
dao dong phi tuyén cho vé hai do cong FGM vdi CNT phan bo deu(Model II)

Hinh 4.6 thé hién anh hudng ctia bien do (Qp) ctia ngoai lic t6i ti 1& bién
do-tan s6 clia dao dong cudng biic phi tuyén ctia vé hai do cong nén FGM gia
cuong UD-CNTs véi cac canh tua don (SSSS) (Mo hinh II). Trong trusng hop
Qo = 0 thé hien dao dong tu do phi tuyén, trong khi Qg # 0 thé hién dao dong
cudng biic phi tuyén. Két qua chi ra rang duong cong ti 1é bien do tan s clia

v6 hai do cong tang véi bién do luc ngoai tang.

4.1.4.4. Dap ing dong luc hoc

Phan nay trinh bay két qua s6 phan tich dap tng dong litc hoc phi tuyén clia
v6 hai do cong gia cuong CNTs st dung phuong phap ban giai tich véi hai mo
hinh vat liéu bién déi chitc nang (M6 hinh I vA Mo hinh IT).

Hinh 4.7 va 4.8 trinh bay anh hudng ctia cac loai nén khac nhau t6i dap tng

dong Iyc hoc phi tuyén tinh cia vé hai do cong gia cuong CNTs vé6i diéu kien
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bien SSSS va CCCC. Ba loai nén dugc khdo sat gom nén gom (khi N = 0, tuong
duong v6i vo hai do cong gia cuong UD CNTs trong Mo hinh I-a), nén kim loai
(khi N = oo, tuong duong véi vo hai do cong gia cuong UD CNTs Mo hinh I-b)
va nén FGM (khiN = 1, biéu thi sut phan bd bién ddi déu ctia thanh phan gém
va kim loai theo do day). Két qua thé hién ring dudng cong bién do va thoi gian
(W (m)—t(s)) clia v6 hai do cong nén kim loai cao hon v6 hai do cong nén FGM,
trong khi duong cong bién do do vong — thoi gian ctia vé hai do cong nén gém
13 thap nhat. Két qua module dan hoi duge trinh bay trong Bang 2.1 giai thich
cho sy khac biet ve duong cong do vong-thdi gian trong cac truong hop khéc
nhau 1 do anh hudéng ctia cdc module dan hoi. Cu thé, nén gém c6 cac module
dan hoi vuot troi so véi kim loai, dan dén do cing clia vé nén gom cao hon nén
kim loai va duong cong do vong - thoi gian sé thap hon. Nguoge lai, module dan
hoi ctia nén FGM nam gitta gdm va kim loai nén do cting va bién do do vong -

thoi gian nam & gitta hai loai nén con lai.
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Hinh 4.7: Anh hudng ciia cdc loai nén khdac nhau tdi duong cong bién do-thoi
gian cia v6 hai do cong nén FGM gia cuong CNT vdi dieu kién bién SSSS
(Model 1)
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Hinh 4.8: Anh hudng clia cdc logi nén khdc nhau téi duong cong bién do-thoi
gian cua v6 hai do cong nén FGM gia cuong CNT vdi dieu kién bien CCCC
(Model 1)

Hinh 4.9 va Hinh 4.10 phan tich anh huéng ciia syt phan bé CNT t6i dap
ing dong luc hoc phi tuyén ctia vé hai do cong nén kim loai gia cuong FG-CNT
(Model I-b) tuong ting véi diéu kién bien SSSS va CCCC. Két qué chi ra rang
ki¢u phan b6 FG-X (c6 dac trung ti 1é thé tich CNT nhiéu nhat ¢ hai mit ngoai
va it nhat § mat gitta clia vo, tuong ting sy phan bo tng suat thap nhat & giita
va nhiéu nhat ¢ hai mat ngoai) ¢6 tan s6 co ban cao nhat va dudng cong bién do
- thai gian thap nhat. Ngugc lai, kiéu phan bd FG-O (c6 ti 1é thé tich it nhat &
hai m#t ngoai va nhiéu nhat ¢ mat gitta) c6 tan s6 co ban thap nhat va duong
cong bién do - thoi gian cao nhat.

Anh huéng ctia nhiét do t6i duong cong bién do - thoi gian ctia vo hai do cong
nén FGM gia cuong UD CNTs (Mo hinh II) duge thé hién trong Hinh 4.11. Hai
truong hop su gia tang nhiet do AT = (0,300) K dugc khao sat cho diéu kién bien
SSSS va CCCC. Khi nhiét do tang, dudng cong do vong thai gian (W (m) —t (s))

tang len, cho thay kha nang chiu tai ctia v6 trd nén yéu di. C6 thé giai thich 13
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do do ciing ctia vo hai do cong phu thudc vao dac tinh vat liéu, va cac dac tinh

vat liéu giam di khi nhiét do tang lén.
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Hinh 4.9: Anh hudng ciia cac loai phan b6 CNT tdi dép ting dong luc hoc phi
tuyén cho vé hai do cong nén kim loai vdi dieu kién bién SSSS

Wi(m)

L alh= =N 15 a/R =02 —K = - T =1%, _
-6 (mn)=1, a’b=1, . D_._S,J;Ry D_HS,K] K1 OV AT=0, W T 1%,

g=10000sin(R001), CCCC, NL=8, nén kim loai.
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Hinh 4.10: Anh hudng cia cdc logi phan b6 CNT tdi ddp ing dong luc hoc phi
tuyén cho vo hai do cong nén kim loai vdi dieu kién bién CCCC
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Hinh 4.11: Anh hudng cia su gia tang nhiét do toi dap ing dong luc hoc phi
tuyén cia vé hai do cong néen FGM (Model II)

Wim)

(m,n)=1, a’b=1,ah=10, a;'Rx—DQS, w‘Ry—Dl‘S, K]— 2—0, WC‘NT_I%‘
g=10000sin(800t), UD, nén FGM
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Hinh 4.12: Anh hudng ciua su gia tang nhiét do toi dap ung dong luc hoc phi
tuyén cia vé hai do cong nen FGM (Model II)

Hinh 4.12 so sanh dap tng dong luc hoc phi tuyén véi ba truong hop dieu

kien bién ctia vo hai do cong. Trudng hop 1: Tat ci cac canh clia vé tua don
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(SSSS), truong hop 2: Tat ca cac canh ngam (CCCC) va trudng hgp 3: hai canh
doi dien tya don trong khi hai canh con lai ngam (CSCS). Két qua cho thay
duong cong bién do - thoi gian ctia v6 véi diéu kién bien CCCC 1a thap hon so
v6i vé trong diéu kien bien CSCS, ching té voé trong dicu kien CCCC c6 thé
chiu dao dong tot hon so véi v6 trong diéu kién bien CSCS. Ngoai ra, dudng
cong bién do - thoi gian ctia vo trong diéu kién bién SSSS 1a cao nhat tuong ing

truong hop nay kém hiéu qua nhat trong viéc chong lai dao dong.

<107
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(m,n)=1, a/b=1, a’h=10, a-"RK—CI_ES, u-"RY—CI_ES, K]—Kq—[], AT=0,
g=10000sin(8001), SSSS, UD, nén FGM.
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Hinh 4.13: Anh hudng ciua su gia tang nhiét do tov dap ing dong luc hoc phi
tuyén ciia v6 hai do cong nén FGM (Model II)

Hinh 4.13 trinh bay anh huéng cua ti lé CNTs t6i dap ting dong luc hoc phi
tuyén ctia vo hai do cong nén FGM gia cuosng UD CNTs (Mo hinh II). Dudng
cong do vong - thoi gian c¢6 xu huéng giam khi ti e thé tich ciia CNT tang lén,
su c6 mat ciia CNT trong nén gitip tang cuong do cing clia vé va gidm bién do
vong. Két qua nay c6 thé 1a do cac tinh chét co hoc vuot troi cia CNTs nhu do
bén va do cting cao 16n hon nhiéu so véi vat lieu nén. Nhin chung, két qua thé
hién rang viec bé sung CNTs c6 thé cai thien dang ké cac tinh chat co hoc ciia

v6 hai do cong gitp vé ¢6 kha nang chdng dao dong tot hon.
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Hinh 4.14: So sanh duong cong bién do do vong-thoi gian cho tam, panel tru,
va v6 hai do cong nén FGM (Model II)

Hinh 4.14 trinh bay anh hudng ctia céc hinh dang hinh hoc (ti 1é chiéu dai trén
ban kinh a/R,,b/R, ) t6i duong cong do vong - thoi gian ctia vo hai do cong FGM
gia cuong UD-CNTs vdi dieu kien bien SSSS (Mo hinh IT). Trong d6, trudng hop
a/R; = b/R, = 0 dai dién cho dang hinh hoc cta tam, a/R, = 0.5, b/R, = 0 dai
dién cho dang hinh hoc cta panel tru va a/R, = b/R, = 0,5 dai dién cho vo hai
do cong. Két qua cho thay duong cong bién do thoi gian clia tam cao hon so véi

panel tru va vo hai do cong.

4.2. Phan tich dao dong tu do va dap ung dong luc hoc
cua vo néon cut FG-CNTRC

Phan nay trinh bay két qua tan s rieng va moi lien hé bien do dong vong
- thoi gian trong phan tich dong lyc ctia vo nén cut FG-CNTRC dat trén nén

dan hoi vé6i tinh chat vat lieu phu thudc vao nhiet do. Cu thé nhu sau:
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e Stt dung 1y thuyét vé co dién cung véi tinh phi tuyén hinh hoc thiét lap

phuong trinh chuyén dong clia vé non cut.

e Céc phuong trinh dao ham riéng chuyén dong clia vé dude gidi bang phuong

phap Galerkin vi ham tng suat Airy. Sau dé, phuong trinh vi phan chuyén

dong dugc giai bang phuong phap Runge-Kutta bac 4.

e Nghiém ham ting suat dude xac dinh cho bai toan phi tuyén hinh hoc clia

vo non cut bao gom ca thanh phan phi tuyén véi cac hé s6 tim dude bang

phuong phap can biang diéu hoa.

e Nghién cttu 4nh hudng ctia cdc thong s6 hinh hoc, cac loai phan b6 CNT
(FG, UD), ti lé thé tich CNT, nén dan hoi dén dudng cong dap ting dong

litc hoc va tan sb rieng vo nén cut FG-CNTRC.

4.2.1. Phuong trinh phan tich dong luc hoc

Phuong trinh tuong thich bién dang ctia vo6 nén cut FG-CNTRC duge xéc

dinh nhu sau:

Q

CERCEE S 050p — 52 0p

t~ 52 92~9 o~2 >
oty 07w _ 1 077se 1 759+a§26+52 ES_|_

)
2 2 2, 2 2 2 2
1 [ ow _ 20w 0w 1 |Qwdw _ [ Jw _ 10wdw
S4\ Op S8 0p 0S0p 5% | 5% dp? 0S0p S 0S5 052"

(4.42)

Phuong trinh chuyén dong ctia vo nén cut FG-CNTRC duge xay dung theo

Iy thuyét vo co dién nhu sau [100]:

ONg 8]\759 0%u

9%s Ng — Np =

o5 o, tNs—Ne=rgm

ONy ONgy B 0%

g +5 o9 + 2Ngy = po—atz

0?Mg _OMg P?Mgy 10Mgg 19*°My  9My

2 2 — — — Ny cot

e T2 (853gp TS5, ) TS T ag et

aS S 90 ) " 9y as "5 %9

0 (SNsa Ngga—w) 0 (Ngga Ngaw> - SKyw+ SK)Aw =

(4.43)

9w
£0 912
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trong do,
h/2

Pw 10w 1 9w
Aw = (w + 399 + §8_¢2> » PO = / p(z)dz;  p(2) = Venrpent + Vimpm

—h/2
Stt dung ham tng suat Airy F(s,6,t) dinh nghia nhu sau:

1 02F 10F O*F 1 0°F 1 OF

Ng= 28 108 Oy o Lo 1 o8
ST 2.2 T5a5 VT 952 VT T 5950, T oy

(4.44)

Sau mot qua trinh tinh todn phuong trinh tuong thich bién dang (4.42) va
phuong trinh chuyén dong (4.43) sit dung ham tng suat trong phuong trinh
(4.44) v6i gia thiét Volmir (%273 — 0, % — 0), nhan duge hé phuong trinh cho

bién F} v6i S = Sie® va F = Fle?® nhu sau:

2
Hyy (Fy) + Hig (w) + Hig (Fr,w) = poSet* &
Hay (F1) + Ha (w) + Has (w, w) =0

(4.45)

trong do, cac he s6 H;j(i = 1,2;j = 1,2,3) duge trinh bay trong phu luc A.2
Diéu kién bién ctia vé dugc gid st 1a tya don xac dinh nhu sau:
w=0talz=0vaz=ux (4.46)

Nghiém ctia phuong trinh (4.45) théa méan diéu kién bien duge xac dinh nhu sau
[100]:

w = fe” sin(myx) sin(maf) + Gfesin® (myx) (4.47)

mlzmmzz—n JZOZIDE—?

xo ! siny?’
trong d6, ham nghiém do vong w gom hai thanh phan véi he s6 f 1a bién do
do vong trong trusng hgp tuyén tinh, hé sé6 G thé hien méi quan hé gitta thanh
phan tuyén tinh va phi tuyén cia do vong.

Thay dang nghiém ctia do vong 6 phuong trinh (4.47) vao phuong trinh tuong
thich bién dang (phuong trinh 2 ctia hé phuong trinh (4.45)) va stt dung phuong

phap can bang diéu hoa, nghiém ham ting suat F; nhan dugc nhu sau:
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F1 = Ky fe "sin (myz)sin (map) + Kafe ™ cos (myx) sin (mayp)
+K3G fe"cos (2mix) + K4G fe  sin (2mx)
+ (K51G* f + Ksz + K53G) f cos (2miz) + (Ka1G2f + Koz + Ke3G) [ sin (2myz)
+ K72 cos (2m1x) cos (2may) + Kg f? sin (2m1x) cos (2mayp)
+ (Kgle2 + ngf) cos (myx) sin (map) + (Kl()le2 + K102f) sin (myx) sin (may)
+K11G f? cos (3myx) sin (mayp) + K12G f2 sin (3mqx) sin (may)
+K13G? f2 cos (4myx) + K14G2 f? sin (4myx)
+ K152 cos (2map) + K16Gfe " — 3 (1 + €% cos (mgcp)) TS?
(4.48)

trong do, cac he s6 K;(i = 1,...,16) dugc trinh bay & phu luc A.2

Ap dung phuong phap Galerkin véi cac giéi han tich phan ctia vé nén cut

duge cho béi cong thie sau:

To 2msiny

$e” sin(myx) sin(mayp)depdr = 0 (4.49)
0 0
2o 27 sinny

de”sin?(myx)deds = 0 (4.50)
0 0

Trong phuong trinh (4.49), ® dai dién cho phuong trinh (4.45) sau khi da
thay cac nghiém trong phuong trinh (4.47) va (4.48), sau qua trinh tinh toan

nhan dugc phuong trinh sau:

d2
uL f3G? +uo f2G + usf> + usT f + usf :ulgﬁf(t) (4.51)

d2
U6G3f3 + U7f2G2 + u8f3G +uofG + U11f2 + (ugfG +ui2) T = uyy <@f (t)) G
(4.52)
trong do6, cac he s6 u;(i = 1,...,14) duge trinh bay trong phu luc A.2

T phuong trinh (4.51) x4c dinh m6i quan hé gitta thanh phan tuyén tinh va

phi tuyén ctia do vong nhu sau:
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ustia (uguia — uguyy) f2 n (uruia + ugug — uguz) f2G?
Uy m Uy
B 363 B 3 B n
N (u1ug Z4U6)f N ((Usug uqug) f N (ugu12 — uguig U5U9)f) G =0
4

Uy Ug

(4.53)

Gia stt mo6i quan hé G = Af va bd qua thanh phan phi tuyén bac cao, ti
phuong trinh (4.53) nhan dugc:

U3UL2 — U4UL]
A= — (4.54)
U2UT2 — U4LULY + U5UY

Phuong trinh nghién cttu cho bai toan dong ciia két cau vé nén dude xac dinh

nhu sau:

2
ur f2 () A2+ ugf2 ()X +usf2(t) + usf (t) + ugQosin (wt) = ulg% f(t)  (4.55)

Tan s6 rieng clia vé nén cut FG-CNTRC nhan duge tit phuong trinh (4.55)

nhu sau:

Us
=, ,/—— 4.56
wr, s ( )

4.2.2. Két qud va thdo ludn
4.2.2.1. Két qud so sdanh

Phan nay trinh bay két qua so sanh tan s6 riéng ctia vé nén cut. Cu thé, Bang
4.15 so sanh tan s6 rieng khong thit nguyén ctia két cau vé nén cut dong chat

cac tai lieu [63]-[51] v6i cac thong s6 vat licu nhu sau: Q = wyy /2522 B — 100,

Loy —0.25, v = 0.3, E = 70GPa, p = 271054,
Bang 4.16 va Bang 4.17 trinh bay két qua so sanh tan s6 rieng khong thi
nguyen Q = wr, (R/h) /4= clia vo nén cut FG-CNTRC véi tai ligu [20] va tai

licu [19], tuong tng.



Cac két qua so sanh tan so riéng clia vo nén cut lam bang vat lieu dong nhat
va vat lieu FG-CNTRC v6i cac nghién cttu stt dung phuong phap phan ti hitu
han cho thay 1y thuyét thiét 1ap phuong trinh co ban va phuong phap Galerkin
va ham ting suat Airy gidi phuong trinh dao ham riéng ciia toa do va thoi gian
stt dung trong luan an nay la phit hop va c6 thé sit dung cho céc phan tich & céc

phan tiép theo cho két ciu vo nén cut gia cuong béi cac 6ng nano carbon c¢6 co

tinh bién thién.

Bang 4.15: So sanh tan so tu nhién khong thi nguyén cia vé nén cut dong

120

nhat (m =1)
n 2 3 4 ! 6 7
Tai liéu [63] | 0.8420 | 0.7376 0.6362 0.5528 0.4950 0.4661
Tai liéu [65] | 0.8431 | 0.7416 0.6419 0.5590 0.5008 0.4701
Tai liéu [51] | 0.7910 | 0.7284 0.6352 0.5531 0.4949 0.4653
Luan &n | 0.7894 | 0.7208 0.6552 0.5925 0.5328 0.4760

Bdng 4.16: So sanh tan so riéng khong thi nguyén Q = wr, (R%/h) \/ pm/ Emclia
vé non cut FG-CNTRC (L/Ry =2, Ry/h = 20,~ = 30°)

VinT Loai phan b6 CNT Tai lieu [20] Luan an
UD 6.00 5.66
0.12 FG-O 5.29 4.82
FG-X 6.61 6.41
UD 7.51 6.99
0.17 FG-O 6.68 5.97
FG-X 8.29 7.92
UD 8.52 8.02
0.28 FG-O 7.40 6.54
FG-X 9.66 9.38
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Bdng 4.17: So sanh tan so riéng khong thi nguyén Q = wp,(R2/h)\/pm/Em clia
vo non cut FG-CNTRC' (h = 0.002m, Ry /h = 25,y = 15°)

L/Ry =1 L/Ry =3
Vi Tai lieu
UD FG-O UD FG-O
Tai lieu [19] 4.03 3.58 1.81 1.69
012 Luan 4n 4.0218 3.5233 1.8170 1.6978
. Tai lieu [19] 5.08 4.51 2.30 2.15
Luan an 5.0436 4.4620 2.3160 2.1515
Tai lieu [19] 5.67 5.12 2.52 2.38
28 Luan an 5.6914 5.1946 2.5744 2.4030

4.2.2.2. Két qud tan so6 riéng

Cac thong s6 vat lieu CNT va vat lieu néen PMMA phu thuoc vao nhiét do
duoc trinh bay trong Chuong 2, muc 2.4.3. Cac thong s6 hinh hoc dudc sit dung
dé khao sat cho phan tich dong ctia vé nén cut FG-CNTRC trong moé trusng
nhiét do duge lya chon nhu sau: (m,n) = (1,11), h = 0.015m, L/R; = 2, tai trong
dong T = 3000sin(500%).

Béang 4.18 trinh bay anh hudéng cta ti 16 thé tich CNT va céc loai nén dan
hoi téi tan s6 rieng ctia vo non cut FG-CNTRC. C6 thé thay ring, tan sb
rieng ctia vo FG-X cao hon tan s6 riéng ctia vo c¢6 6ng nano carbon phan bd
déu. Hon nita, st ¢6 méat clia cic ong nano carbon va nén dan hoi lam cho
két cau c6 tan so rieng 16n hon. Tan s riéng ctia vé dit trén nén dan hoi
Pasternak (K, = 2MPa/m, K, = 0.1M Pa.m) 16n hon tan s6 rieng ciia vo dat
tren nén Winkler (K, = 1M Pa/m, K, = 0) va vo khong dat trén nén dan hoi
(K = K, = 0). Ti 1¢ thé tich ctia CNT tang lén trong két ciu composite dan
t6i tan s6 rieng clia vo ting lén cé thé duge gidi thich ring, sy gia tang CNT
lam tiang do cing clia tAm composite vi do ciing clia cac 6ng CNT 16n hon rat

nhiéu so v6i do cting clia nén polymer bao xung quanh.



Béng 4.18: Anh hudng ti lé CNT tdi tan s6 riéng wr(rad/s) ciua vo non cut

7:300, L/R1:2,AT:O
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k) Vg = 0.12 Vg = 0.28
UD FG-X UD FG-X
0,0) 2205 2640 3267 3960
1,0) 2752 3111 3646 4279
(2,0.1) 4534 4761 5085 5556
Béng 4.19: Anh hudng ciia goc ban dinh ~ lén tin sé riéng cia vé nén cut
FG-CNTRC
y UD FG-X FG-O
15 5721 6769 4446
30 2205 2640 1664
45 1358 1635 1010
60 1039 1250 772

Bang 4.19 trinh bay anh hudng ctia géc ban dinh t6i tan s6 rieng ciia vo nén
cut FG-CNTRC (Ry/h = 80, L/Ry =2, Viyy = 012, AT = 0, (K, , K,) = (0,0)).
Khi tang géc ban dinh trong cting ki¢u phan b6 CNT thi tan s6 ctia vé nén cut
FG-CNTRC gidm di. Cu thé, khi ting géc ban dinh tit 15° — 60° nhan thay gia
tri clia tan s6 rieng giam dan. Trong trudng hop kieu phan b6 déu CNT véi goc
ban dinh v = 15°, tan s0 rieng wy, = 5721 (rad/s) khi tdng géc ban dinh v = 60°,

tan s6 rieng gidm xuong wy, = 1039 (rad/s).

Bang 4.20 va Bang 4.21 thé hién anh huéng ctia ti sé chiéu dai trén ban kinh
(L/Ry) va ti le chiéu dai trén do day (Ry/h) t6i tan s6 rieng wy, clia vo nén cut
FG-CNTRC. C6 thé thay rang, khi ti lé (L/Ry, R1/h) v hé s6 gia nhict AT tang
len thi tan s6 rieng ciia vo giam di. C6 thé giai thich ring khi ¢d dinh mot gia

tri trong t1 86 (L/Ry hodc Ry/h) va tang gia tri kich thudc con lai sé lam cho v
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tré nén moéng hon dan t6i khé nang chiu tai cia vo kém di.

Bang 4.20: Anh hudng ti lé L/ Ry tdi tan so riéng cla vé non cut FG-CNTRC
Ri/h =80, v = 30,AT = 0, (K, K,) = (0,0)

Vinr L/R, UD FG-O
1 3641 2624
0.12 2 2205 1664
3 1686 1318
1 4370 3133
0.17 2 2667 2012
3 2051 1606

Béng 4.21: Anh hudng hé sé gia nhiét AT va ti Ié Ry/h tdi tan sé riéng cia
vo non cut FG-CNTRC (UD,~ =30° L/R1 =2,K,, =0,K,=0)

AT Ri/h Viyy =012 | Viyp =017 | Viyp =028
60 2580 3125 3816
0 80 2205 2666 3267
150 1481 1771 2222
60 2462 2976 3682
300 80 2113 2551 3164
150 1460 1749 2207
60 2236 2696 3402
700 80 1935 2332 2944
150 1405 1693 2141

C6 thé thay ring, trong céc trudng hop khao sat tan s rieng ciia vé nén cut
FG-CNTRC 1a 16n nhat cho loai FG-X va nhé nhat cho loai FG-O. Diéu nay c6
thé dugc giai thich 14 do sy phan bo ting suat cling véi sut phan b6 CNT theo
chiéu day ctia vé. Trong kiéu phan bé FG-X sy phan b6 CNT la nhiéu nhat &
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hai mit ngoai va bang khong & mat gitta trong khi d6 véi mo hinh FG-O thi
ngugdc lai sy phan b6 CNT nhiéu nhat ¢ mit gitta nhung bang khong 6 hai mat
ngoai. Sy phan b6 ctia CNT trong mo hinh FG-X trung v6i sy phan bo ting suat
theo chiéu day két cau nén tan dung dudc sy c6 mat cia CNT & nhitng ving

ing suat tap trung.

4.2.2.3. Két qud phan tich ddp wng dong lic hoc

Hinh 4.15 thé hién sy anh hudng ctia ti lé thé tich CNT lén dudng cong
bien do do vong - thoi gian clia vé nén cut. Ba truong hop ti 1é thé tich CNT
Vi = (0.12, 0.17, 0.28) dugc khdo sat. C6 thé nhan xét chung ring, gia tri
bién do dao dong clia vo tang lén khi ti 1é the tich CNT gidm di. Diéu nay dudc
giai thich rang cac 6ng nano carbon c6 modul dan hoi 16n hon rat nhiéu so véi
modul dan hoi ctia vat lieu nén (polymer) nén khi tang tileé CNT len sé lam cho
két cau tré nen ctiing hon dan dén kha nang chiu tai clia két cau 1a tot hon. Cu
thé, xét cling cac tham s6 hinh hoc va mot gia tri thoi gian, bien do dao dong
clia vo trong trudng hop Vi, = 0.12 16n hon khoéng hon 2 lan so véi bien do
dao dong ctia vo trong truong hgp Vv = 0.28 trong chu ky dau tién véi gia tri

thoi gian khoang ¢ = 0.004s.

Hinh 4.16 trinh bay anh hudng ctia cic loai phan b6 CNT léen dap tng dong
hoc ctia vé nén cut véi ba loai phan b6 CNT: UD va FG-O, FG-X dugc khao
sat. Co thé thay rang, viec xac dinh cac loai phan b6 CNT dé gia c¢b cho két cau
14 rat quan trong vi sy phan bd clia cac 6ng nano carbon c6 anh hudng rat 16n
dén bien do dao dong ctia vo nén cut. Bien do dao dong ctia vé nhé nhat véi
kiéu phan bd FG-X va 16n nhat véi kiéu phan bé6 FG-O. Diéu nay ciing dugc
giai thich tuong tu 1a do sy phan bo ctia éng CNT va sy phan b6 ting suat theo

chiéu day ctia vé nhu é cac phan trude.
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Hinh 4.19: Anh hudng ciua goc ban dinh v toi duong cong bién do do vong va
thoi gian cua vo non cut FG-CNTRC

Hinh 4.17 trinh bay anh hudng ciia hé s6 gia tang nhiét t6i phan ting dong
phi tuyén clia vé nén cut composite dude gia ¢6 bang FG-CNT. Sy tang nhiét
do c6 anh hudng tieu cuc dén dap ting dong Iuc hoc ciia v6 lam cho gia tri bién
do do vong gidm di. Diéu nay c6 thé giai thich rang, khi nhiét do ting len da
lam gidm di do ciing module dan hoi ctia vo dan t6i khd nang chiu tai clia vo
giam di.

Hinh 4.18 trinh bay anh hudng ctia nén dan hoi len dap tng dong hoc phi
tuyén ctia vé nén cut FG-CNTRC. Anh hudng ciia nén dan hdi Winkler duge
xem xét voi he s6 nén K, = 1MPa/m,K, = 0, anh hudng clia nén dan hoi
Pasternak v6i ddc trung 1a hé s6 nén K, = 1M Pa/m, K, = 0.1M Pa.m. RS rang,
nén dan hoi c6 anh hudng tich cuyc t6i dap ting dong hoc ciia vo nén cut. Gia
tri bien do dao dong ciia v6 sé giam di dang ké khi vo dat trén nén dan hoi dac
biét 14 nén Pasternak.

Hinh 4.19 bi¢u thi anh hudng ctia géc ban dinh lén dép ting dong hoc phi
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tuyén cia vo nén cut FG-CNTRC. Ba truong hop géc ban dinh duge xem xét
v = (30°,45°,60°). T hinh cho thay, géc ban dinh c6 anh hudng t6i dap tng
dong hoc cuia vo nén cut. Viéc tang gia tri ciia géc ban dinh lam cho gia tri bién
do dao dong clia v6 tang lén chiing t6 rang kha ning chiu tai ciia vo kém hon

khi géc ban dinh nay tang lén.

4.3. Két luan chuong 4

Két qua phan tich dap tng dong luc hoc va dao dong ciia tam va vé FG-
CNTRC st dung nguyén ly Hamilton véi 1y thuyét bién dang cat hinh sin va
tinh phi tuyén hinh hoc ctia Von Karman dé thiét lap cac phuong trinh chuyén
dong. Khéo sat &nh hudng cic yéu t6 hinh hoc va vat liéu tdi tan sb rieng, moi
lien he bien do do vong-thoi gian, bién do do vong-tan s6. Mot s6 két luan co

thé rat ra nhu sau:

e Dé xuat Iy thuyét bién dang cat hinh sin mo ta mdi lien hé phi tuyén cia
tng suat tiép va bién dang cit. Xay dung duge phuong trinh chuyen dong
cho tAdm va v6 FG-CNTRC sit dung 1y thuyét bién dang méi. Ap dung cho
phan tich dong luc hoc ctia vo hai d6 cong FG-CNTRC.

e St dung phuong phap giai tich xac dinh dugc ba dang nghiém tuong ting
cho ba truong hgp dieu kién bién ctia v hai do cong: Trudng hop tat ca cac
canh tya don, truong hop tat ca cac canh ngam va truong hop hai canh tua

don, hai canh ngam.

e Phuong phap Galerkin, ham tng suat va can bang dieu hoa dugc ap dung
dé xac dinh nghiém ctia bai toan dao ham riéng chuyén dong theo toa do.
Sau do6, st dung phuong phap Runge-Kutta bac 4 dé gidi phuong trinh vi
phéan theo thoi gian.

e Tile va vi tri phan b clia 6ng nano carbon trong két cau gitp ting dang
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ké gia tri tan s6 dao dong rieng, gidm bién do dao dong theo thdi gian cia

cac két cau tam va vo composite gia cuong FG-CNTRC.

e Két qua phan tich dap tng dong luc hoc, dao dong tir do va dao dong cudng
biic duge khdo sat véi cac dang hinh hoc khac nhau nhu tam, panel tru, vo
hai do cong. Tan s6 co ban ciia vé hai do cong cao hon tam va panel tru.
Két qua nay 1a do anh huéng ctia ban kinh cong lam cho do ciing trong vo
cao hon, cho phép vé c6 thé phan bd tai trong dong déu hon trén bé miit,

so véi tam va panel tru.



130

KET LUAN

Nhitng déng gép cta luan an:

e Dé xuat ly thuyét bién dang cat hinh sin nhim gidm bét khoi lugng tinh
toan trong phan tich tam va vé FG-CNTRC nhung van mo t4 moi quan hé
phi tuyén gitta ing suat tiép va bién dang cat. Cac phuong trinh can bang
va chuyén dong duge xay dung xuat phat tit Iy thuyét nay ciing nhu céac 1y
thuyét bién dang cat ciia Reddy dya trén nguyén ly cong do va nguyén ly

Hamilton véi truong bién dang phi tuyén von-Karman.

e Xéc dinh dugce ba dang nghiém ctia chuyén vi va ham tng suat tuong tng
v6i dieu kien bieén cac canh tu don, ngam va cac canh tua don va ngam doi

xting cho phan tich tam, vé FG-CNTRC stt dung phuong phap giai tich.

e Phan tich mat 6n dinh ctia tdm, v6 hai do cong va vé nén cut FG-CNTRC
nham xac dinh gid tri tai trong t6i han, moi lien hé tai trong-do vong sau

td6i han stt dung ca phuong phap giai tich va phuong phip mo phong so.

e Xay dyng mo hinh phan tit httu han 3D trong phan mém ABAQUS vdéi
chuong trinh con USDFLD ngusi dung dinh nghia dé mo phéng sy phan
b6 ctia CNT bién dbi chitc nang theo chiéu day cia tam ap dung phan tich
mat 6n dinh ctia tdim FG-CNTRC.

e Xac dinh tan so6 rieng, moi lien hé bien do do vong - thoi gian, bien do do
vong-tan s6 trong phan tich dong lic hoc phi tuyén ctia tam, vé hai do cong

va vo néon cut FG-CNTRC st dung phuong phap giai tich va phuong phap

On

S

Huéng phat trién ctia luan an:
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e Phan tich bai toan tinh va dong ctia tam, vé FG-CNTRC véi cac phuong
phap khac nhau nhu Navier solution, bién déi Fourier nham xac dinh dang

nghiém doéong cua phuong trinh.

e T6i wu héa thanh phan vat lieu CNT nham nang cao hiéu suat hoat dong

ciing nhu gi4 tri tai trong t6i han, tan s6 riéng clia cac két cau FG-CNTRC.

e St dung phuong phap thuc nghiém, giai tich, mo phéng so6 két hop véi
phuong phap hoc may (machine learning) 4p dung trong phan tich co hoc
clia cac két cau FG-CNTRC.

e Xay duyng mo hinh x4c dinh tinh chat vat lieu FG-CNT bang phuong phap
mo phong s6 RVE (Representative Volume Element) két hgp mo hinh mang

tri tué nhan tao.
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