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LOTI CAM POAN

T6i xin cam doan luan &n tién si: " On dinh tinh dan héi phi tuyén cia mgt
S0 tdm Va vé composite gia cwong graphene chiu tdi co trong méi truwong nhigt " 12
cdng trinh nghién ctu cua chinh tdi dudi sy huéng dan khoa hoc cuaa tap thé hudéng
dan. Luan &n nay st dung théng tin trich dan tir cac ngudn tham khao khéc nhau va
théng tin trich dan dugc tac gia luan an ghi rd ngudn goc. Cac két qua nghién ctu
trong luan an cua t6i duoc cdng bb chung véi cac tac gia khac, va da duoc sy nhat tri
cua tat ca dong tac gia khi dua vao luan an. Cac sé liéu, két qua sé duoc trinh bay
trong luan &n nay 1a hoan toan trung thuc va chua timg duoc céng bd trong bat ky
mat cong trinh nao khac ngoai céc cong trinh céng bd cua tdi. Luan an nay da duoc
t0i hoan thanh trong thoi gian t6i lam nghién cuiu sinh tai Hoc vién Khoa hoc va Cong
nghé, Vién co hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Ha Ngi, ngay thang nam 2024

Tac gia luan an

Cao Van Doan



LOI CAM ON

Téc gia luan &n xin bay t6 10ng biét on chan thanh va sau sic nhat ¢én PGS.TS
Vil Hoai Nam va PGS.TS Pao Nhu Mai d3 tan tinh huéng dan, hé trg, dong vién va
tao moi diéu kién tt dé tac gia hoan thanh luan an.

Trong qué trinh hoc tap va nghién ctu, tac gia da nhan duoc rat nhiéu sy gidp
dd, hd tro cua tap thé lanh dao, can bo, cac nha khoa hoc trong Hoc vién Khoa hoc
va Céng ngh¢, Vién Co hoc, Vién Han I[am Khoa hoc va Cong nghé Viét Nam. Tac
gia xin bay to long biét on sau sic vé nhitng su gitip d do.

Téc gia xin chan thanh cam on cac thanh vién trong hoi ddng khoa hoc cac
cép, da danh thoi gian quy bau dé doc, phan bién va gbp ¥ danh gia luan an. Nhiing
nhan xét va danh gia d6 da giup tac gia hoan thién va nang cao chat lugng cua luan
an nay.

Téc gia luan an xin bay to 10ng biét on chan thanh téi PGS.TS. Nguyén Thi
Phuong da quan tam, dong vién, gitip d& va co nhitng dong gop thuc sy quy bau trong
qua trinh tac gia thuc hién luan an.

Tac gia xin trén trong cam on Pang uy, Ban Giam Hiéu cua Truong Pai hoc
Cong nghé Giao théng van tai va cac ddng nghiép trong B6 mon Bia Ky Thuat Xay
Dung va Metro, Khoa Cong trinh d3 tao diéu kién thuan loi nhat, luén dong vién va
ludn quan tdm trong qua trinh tac gia nghién ctru va hoan thién luan an.

Cudi cuing, tac gia luan &n xin bay to 1ong biét on chan thanh téi gia dinh, dong
nghiép, ban bé va nhitng nguoi than da ludn ung ho va chia sé nhitng kho khan cua
tac gia trong sudt thoi gian thuc hién luan én.

Ha Ngi, ngay thang nam 2024

Tac gia luan an

Cao Van Doan
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

Ky hiéu
CLT
CNT
CNTRC

EM
FGM
FG-GRC

FG-GPLRC

FG-GRMMC

FG-CNTRC

FSDT

FEM
FFFF

FIFI

GRC
GPL
GPLRC

Tiéng Anh va Tiéng Viét

Classical theory - Ly thuyét vo ¢ dién

Carbon Nanotube - Ong nano céc-bon

Carbon Nanotube-Reinforced Composite - Vat liéu composite
gia cuong 6ng nano cac-bon

Energy method - phuong phap nang lugng

Functionally graded material - vat liéu co tinh bién thién

Functionally graded graphene reinforced composite - vat liéu

composite gia cuong graphene c6 co tinh bién thién
Functionally graded graphene platelets reinforced composite -
vit liéu composite gia cuong graphene paltelets co co tinh bién
thién

Functionally graded graphene reinforced metal matrix
composite - vat liéu composite nén kim loai gia cudong graphene
c6 co tinh bién bién

Functionally Graded Carbon Nanotube-Reinforced Composite -
Vit liéu composite gia cudng dng nano cac-bon c6 co tinh bién
thién

First-order shear deformation theory - Iy thuyét bién dang truot
bac nhat

Finite element method - phuong phap phan ti hitu han

Piéu kién bién 1: Céc canh cua vo twya don ty do dich chuyén
(freely movable)

Piéu kién bién 2: Cac canh cua vo déu twa don, trong d6 canh
x=0,x=a tya ty do (freely movable), canh y=0,y=> tua cb
dinh (immovable),

Graphene reinforced composite - composite gia cwong graphene
Graphene platelet - manh graphene

Graphene platelets reinforced composite - vat li¢u composite gia
cuong graphene paltelets



Ky hiéu
HSDT

PMMA
PZT-5A
ub

Vil

Tiéng Anh va Tiéng Viét
Higher-order shear deformation theory - ly thuyét bién dang

truot bac cao

Diéu kién bién 3: Céc canh cua vo tya don ¢b dinh khdng thé
dich chuyén (immovable)

Nondimensional stiffness parameters of elastic foundation - B9
ctring nén Winkler va do cang 16p truot cia nén Pasternak

Stiffness parameters nonlinear foundation - P cing nén phi
tuyén

Poly metyl methacrylate
Lead zirconate titanate - Vat liéu ap dién

Uniform Distribution - Phan bé déu
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MO PAU

Trong tinh toan céc két cau chiu tai, bai toan 6n dinh thu hat dugc nhiéu nha
khoa hoc trong nudc va qudc té nghién ciu. On dinh n6i chung va 6n dinh phi tuyén
noi riéng 1a mot tiéu chuan quan trong dé danh gia kha nang chiu tai va mac do an
toan cua két cau. Cac két cau tim, vo hién nay thuong duoc vu tién xem xét ché tao
tir c4c loai composite tién tién vi ching ¢é nhiéu wu diém vuot troi so voi cac vat liéu
truyén théng.

Graphene duoc tim ra nim 2004, dy 12 loai vat liéu c6 nhirng tinh chit co hoc
va vat Iy dic biét nhu tinh dan dién, dan nhiét rat tét, d6 cirng va do bén cuc ky cao.
Do d6 gidng nhu cac 6ng nano cac-bon (carbon nanotubes), graphene tré thanh loai
vt liéu méi day tiém nang dé ché tao cac loai composite tién tién. Trong nén polymer
hoac kim loai, graphene déng vai trd 13 pha cét (pha gia cuong), va su phan b caa
no trong cac pha nén nay cé thé dong phuong hoic ngau nhién. Véi ty phan thé tich
graphene trong vat liéu dugc gia cuong twong ddi thap, phuong phap b tri vat liu
co tinh bién thién (Functionally graded) duoc sir dung dé thay ddi su phan bd khéng
gian cua graphene trong két ciu composite, tir d6 két cdu gia cuong graphene dat
duoc c4c tinh chat co nhiét tot hon so véi cac loai vat lidu cbt truyén théng.

Khi gia cuong graphene sheet (dai graphene) vao tirng 16p nén polymer theo
ty phan thé tich nhat dinh ta thu dugc composite c6 tén goi qudc té 1a Functionally
graded graphene reinforced composites (viét tit 1a FG-GRC). Céc tinh chat hiéu dung
cua vat liéu composite gia cuong graphene dugc xac dinh theo mé hinh vi co
(micromechanical) va duoc gia thiét doc 1ap hoic phu thudc vao nhiét do. Su ra doi
cua cac loai composite tién tién nhu FG-GRC di thuc day tinh cip thiét can phai
nghién ciru bai toan 6n dinh cua cac két cau ché tao tir vat liéu nay. Tuy nhién, hién
nay cac nghién ciru vé két cau tim vo 1am tir composite gia cudng graphene van con
rat han ché va cac nghién ciru hau nhu chi tap trung phan tich 6n dinh va dao dong
cua cac két cau composite gia cuong graphene khong c6 gan gia cudong hoic khong
cd cé4c bién phap ting cing khéc. Ngoai ra, cac nghién ciru ciing cha yéu tap trung
vao céc két cau tim vo vai hinh dang va do cong don gian nhu tdm chit nhat, panel
try, vo tru tron, vo thoai hai do cong,...

Cac van dé 6n dinh dan hoi phi tuyén cua cac panel FG-GRC c6 do cong phtic
tap va 6n dinh dan hoi phi tuyén cua tam, vo FG-GRC c6 gan gia cudong hoic ¢ 16i
Auxetic 1a nhitng bai todn quan trong nhung van con rat it cac cong bd. Vi vay luan
an nay tap trung nghién ctu “On dinh tinh dan héi phi tuyén cia mgt sé tam va vé
composite gia cwong graphene chju tdi co trong méi trweong nhigt” co xét dén gan
gia cudng, 16 auxetic va d6 cong phiic tap cac panel duoc ché tao tir FG-GRC.



Muc tiéu caa luan an

1. Thiét 1ap cac phuong trinh cha dao va phan tich 6n dinh tinh phi tuyén cua
mot s6 loai tim vé FG-GRC ¢6 c6 gan gia cudng hoac 16i auxetic va cac panel c6 do
cong phuc tap chiu tai xodn, nén doc truc, &p luc ngoai trong mdi truong nhiét da
trén céc ly thuyét vo Donnell, ly thuyét tim va vo bién dang truot bac cao.

2. Phat trién k¥ thuat san déu tac dung gan lam bang vat liéu di huéng, ap dung
cho gan 1am bing FG-GRC trong khuén khé ly thuyét vo Donell va HSDT, c6 xét
dén cac thanh phan tng suat nhiét trong gan.

3. Tim ham ng suét theo nghia trung binh bao gdm cac thanh phan tuyén tinh
va phi tuyén caa ham &ng suat trong phan tich 6n dinh phi tuyén cua hai loai panel
Parabol va panel hinh Sin chiu &p luc ngoai, chiu nén doc truc trong moi trueong nhiét.

4. Xac dinh céc tai ti han va céc lién hé phi tuyén giira tai va 6 vong khi tai
vuot gia trj toi han dé xac dinh kha niang chiu tai sau mat 6n dinh cua két ciu tim, vo
FG-GRC khi chiu céc tai trong tinh.

5. Thuc hién cac khao sat s6 dé danh gia cac anh huong cua vat liéu, cac dac
trung hinh hoc, cac kiéu phan b va ty phan Graphene, nén dan héi, sy khdng hoan
hao hinh dang v, diéu kién bién va nhiét do méi trudng dén sy 6n dinh tinh ctia cac
tam, vé FG-GRC.

Poi twong va pham vi nghién ciu

Déi twong nghién ctu cua luan an 1a cac két ciu composite gia cuong graphene
nhu vo tréng va vo tru FG-GRC, tim va panel tru FG-GRC, panel parabol va panel
hinh sin FG-GRC c¢6 hoac khong c¢6 gan gia cuong chiu tai trong co trong moi truong
nhiét. Pay 1a cac két cau co tiém nang ¢ng dung trong nhiéu linh virc khac nhau, nhu
lam thing chira nhién liéu hodc than vo cua may bay, ché tao cac tim vo cua 6 16, ...

Trong qué trinh nghién ciru, cac yéu té anh huong dén tim vo FG-GRC nhu
do cung nén dan hoi Pasternak, nén dan hdi phi tuyén, 16p ap dién va 16i Auxetic
duoc luan an xem xét trong cac bai toan cu thé.

Pham vi nghién ctzu cua luan &n 13 bai toan 6n dinh tinh phi tuyén caa tim, vo
composite FG-GRC va duoc gidi han trén co sé cac gia thiét sau:

1. Céc vat liéu composite 1am viéc ¢ trang thai bién dang dan hdi, mdi quan
hé giita tng suat va bién dang Ia tuyén tinh.

2. Cac 16p vat liéu cua vo FG-GRC va gan FG-GRC hoic céc 16p trong két
cau sandwich lién két mot cach hoan hao véi nhau, khong cé sy bong tach gitra cac
16p.
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3. M6 dun dan hdi, mo dun trugt va hé sé gidn ng nhiét cia FG-GRC duoc gia
thiét phu thudc vao nhiét da.

4. Gan gia cuong FG-GRC dugc gia thiét 1a b tri mau, kich thuéc gan nho va
bang nhau, mat cat ngang khéng doi va c6 thé bo qua thanh phan bién dang xoén caa
gan.

5. Mit trung hoa duoc coi |2 tring véi mat gitta két cau khi vat liéu composite
phan b khong dbi xting truc

6. Do cong cua panel Parabol, panel hinh Sin FG-GRC va d6 cong theo phuong
doc cua vo tréng FG-GRC duoc gia thiét 1 thoai.

7. Nén dan hdi tiép xic hoan hao vai két ciu tim vo FG-GRC.

8. Hé s6 Poisson cua vat liéu nén va graphene duoc gia thiét 1a hang sd.
Phwong phap nghién ctu

Luan &n st dung phuong phap nghién ctu ly thuyét va dua trén cac cach tiép
can giai tich va ban giai tich, chi tiét 1a sir dung phuong phap Galerkin dé thu duoc
cac phuong trinh dai $6, tir d6 xac dinh duoc tai téi han va biéu dién quan hé giira tai
trong va do vong. V&i tim vo ¢ gan gia cudng, luan &n phat trién ky thuat san tac
dung gan cua Lekhnitskii cho gan gia cuong lam bang vat liéu FG-GRC dé thuan nhét
hoa cac két ciu tim, vo c6 gan gia cuong vé két cau tim vé khong gan thuan nhat di
huéng twong duong. Véi két cau c6 18i Auxetic, mot ki thuat thuan nhat hoa ciing
duoc &p dung dé xac dinh cac hiang s dan hdi truc hudng caa cac két ciu nay.

Y nghia khoa hoc va thuc tién cia luan an

Luan an nghién ctru cac bai toan co ban vé 6n dinh tinh cua cac két cau tim
Vo gia cudng graphene c6 hoic khong cé gan dua trén tiép can giai tich va ban giai
tich, nén két qua cua luan an co thé duoc tng dung mét cach thuan tién hon cho cong
tac tinh toan thiét ké két cau.

Trong luan &n, lan dau tién (ng suat trung binh theo huéng chu vi vo duoc xét
dén trong nghién ciu tinh toén vo trong chiu tai trong xoan ¢ nén dan hoi bao quanh.

Cac loai panel tru, panel dang parabol va panel dang hinh Sin chiu tai trong co
trong mdi truong nhiét dugc nghién ciru tinh toan, so sanh dé chon dugc dang panel
c6 kha nang chiu tai tbt nhat. Mot ki thuat dé xac dinh ham ang sudt mot cach xap xi
cho céc két cau panel parabol va panel hinh sin da dugc dé xuét.

Do khong hoan hao cua két ciu, cac diéu kién bién, s anh huong caa nhiét do
moi trudng va nhat 1a anh hudng cia gan dén kha ning chiu tai cia tam vé gia cuong
graphene di duoc luan 4n nghién ctu khao sat chi tiét. Két qua nghién ctu caa luan
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an khong nhitng c6 gia tri tham khao ddi véi cac nha nghién ctiu vé 6n dinh tinh cua
tAm vo ma con ¢ y nghia trong cong tac thiét ké, ché tao va nang cao kha nang chiu
tai cua két cau.

Bo cuc cia luan an

Luan &n bao gom phan m¢ dau va 4 chuwong ndi dung, phan két luan nghién
ctru, danh muc cac bai bao khoa hoc lién quan dén ndi dung caa luan an, cac tai liéu
tham khao va phu luc. Trong do:

Phan mé dau trinh bay tinh cap thiét caa vin dé nghién ctu, muc tiéu, doi
tuong va pham vi nghién ctru, phuong phap nghién ctru, y nghia khoa hoc va thuc
tién cua luan an.

Chuwong 1 trinh bay t6ng quan vé cac van dé nghién cuu.

Chuong 2 trinh bay nghién cttu 6n dinh dan héi phi tuyén caa vo try, vo tréng
FG-GRC c0 gan gia cuong, hoac co 16i Auxetic.

Chuwong 3 trinh bay nghién ciu 6n dinh dan hdi phi tuyén cua tim va panel
try FG-GRC c6 gan gia cuong theo ly thuyét bién dang truot bac cao.

Chuwong 4 trinh bay nghién ctu 6n dinh dan hdi phi tuyén caa panel parabol
va panel hinh sin FG-GRC theo ly thuyét bién dang truot bac cao.

Két luan va kién nghi trinh bay cac dong gop chinh cua luan an, mot s6 nhan
xét va kién nghi cac huéng phat trién tiép theo cua luan an.

Danh muc cac bai bao I cac bai bao lién quan dén noi dung luan an da duogc
tac gia cong bé trén tap chi uy tin.

Tai ligu tham khao la danh s&ch cac bai bdo, luan an cua cac tac gia khac
duoc luan an su dung dé tham khao trong qué trinh nghién cau

Phu luc 14 cac cong thire, hé sb trong luan an.
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CHUONG 1. TONG QUAN
1.1. Carbon nanotube va Graphene

1.1.1. Carbon nanotube

Ong nano cac-bon (carbon nanotube, viét tit 1a CNT) duoc lijima tim ra va
gioi thiéu trong cac nghién cau [1, 2]. Pay 1a vat liéu cac-bon dang éng co dudng
kinh nm (nand-mét), tuy c6 kich thudc rat nho nhung lai c6 mé dun dan hoi rat cao
(khoang hon 1TPa) va khéi lugng riéng rat thap (khoang 1300kg/m3) [3]. Ngoai ra,
d6 bén cua CNT khoang 63 GPa (Giga-pascal) cao hon thép tir 10 dén 100 lan, d6 6n
dinh nhiét 1én dén hon 2800°C trong chan khdng va kha niang dan dién cao hon déng
khoang 1000 l1an [3, 4]. Chinh nhd c6 cac dic tinh wu viét nhu vay nén dng nano céc-
bon don véch (single walled carbon nanotube, viét tat 12 SWCNT) va dng nano cac-
bon da vach (multi-walled carbon nanotube, viét tit 1a MWCNT) di thu hat duoc
nhiéu nha khoa hoc trén thé gisi tham gia nghién ctu va st dung vat liéu nay dé ché
tao cac vat liu composite thé hé méi.

1.1.2. Vat ligu graphene

b
: Hinh 1.1. a) Dai Graphene 2D, b) Fullerebe 0D
¢) Ong céac-bon 1D, d) Graphite 3D [5]

Nam 2004 vai viéc tach thanh cdng nhitng “dai” graphene (Graphene sheet)
dau tién tir bot graphite da danh dau méc quan trong trong su phat trién caa khoa hoc
vé vat liéu. Graphene 1a mot dang thd hinh cua céc-bon hai chiéu véi cac nguyén ti
carbon sap xép trong mot mang luc giac (Hinh 1.1a), day la thanh phan ciu trac co
ban cua tat ca cac dang thu hinh cac-bon graphit khéc véi cac kich thudc khac nhau.
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Mot dai graphene 2D c6 thé duoc cudn lai dé tao thanh fullerene khdng chiéu (0D,
Hinh 1.1b), hoic cudn lai thanh 6ng nano cac-bon (1D, Hinh 1.1c) va c6 thé xép
chdng Ién nhau tao ra graphite (dang tht hinh carbon 3D, Hinh 1.1d) [5].

Graphene 14 loai vat liéu méi c6 nhitng tinh chét co hoc va vat Iy vuot troi so
vé6i vat liéu kim loai truyén thong nhu tinh dan dién tuyét voi, mé dun dan hoi dic
biét cao (khoang 1TPa), d6 bén cao khoang 130 GPa (gap 100 dén 200 lan thép) va
dan nhiét rat tt [6-12].

Céc nghién ctu [13-15] cho thiy vat liéu graphene c6 dién tich bé mat I6n va
tuong tac tét hon véi cac pha nén ciia composite, ddng thoi graphene cé thé gia cuong
vao trong pha nén cia composite theo hai huéng tric giao. Chinh vi vay, graphene
da va dang thu hut duoc su quan tdm chd y caa nhiéu nha khoa hoc, nhiéu nhém
nghién ciru trén thé gigi thudc nhiéu linh vic khac nhau nham tan dung triét dé cac
uu viét caa dang vat liéu nay.

Cac nghién cau [16, 17] da cho thdy graphene c6 thé duoc b tri theo cac
huéng trong nén polyme dé tang cuong kha nang din dién va cai thién céc tinh chat
co hoc cua vat liéu nhu ting 98,7% mo dun dan hoi va ting khoang 240% d6 ciing
chéng dam xuyén.

C4c vat liéu thanh phan cau tao nén composite duoc xem xét 1a phu thudc vao
nhiét 6. O mai trudng nhiét do cao, md dun dan hoi thuong bi giam, trong khi hé sé
gidn n& nhiét va hé sé truyén nhiét thuong ting 1én. Khi d6, sy phu thudc vao nhiét
d6 cua c4c tinh chat vat liéu thanh phan can phai duoc xét dén.

Céc nghién ciru [18-21] da két luan rang cac dac tinh vat liéu cua dai graphene
c6 tinh di huong va phy thudc nhiét do. Cac md dun dan hoi tryc huéng Ey, , E,,, ,
mo dun trugt Gy, , hé s6 gidn ng nhiét 014,05, CUA graphene co xét dén anh huong
cua nhiét dugc xac dinh theo Lin va cong su [22] nhu sau
Ey, = (2.16637 —0.00193T +2.93701x10°T? —1.51775x10 °T* ) x10% Pa,
Ep, = (2.16868—0.00193T+ 2.85954x10°T? ~1.45145%10° T3)><1012 Pa,

Giog = (O.53514+8.24436><10‘4T—1.2932><10‘6T2 +5.78507 x1071° T3)><1o12 Pa, 1)
Oyyy = (—3.83788+ 0.01416T —1.63355x107°T"* +6.33589x10° T3)><10’6 /K, |
Olgpg = (—3.73997 +0.01296T —1.35033x10°T"* + 4.60392x10° T3)><10‘6 /K,

Vipg =0.177,
trong d6 vi,, la h¢ so Poisson cua graphene, T =T, +AT (K), véi nhiét do phong

T, =300K va AT la gia tri bién thién nhiét d6 cia méi truong.
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1.2. Céc loai composite cé co tinh bién thién

1.2.1. Composite c6 co tinh bién thién FGM
Composite ¢6 co tinh bién thién véi tén goi quéc té 1a “functionally graded
material” duoc viét tat 12 FGM, bao gém hai hozc nhiéu thanh phan, 13 mét loai
composite duoc tron theo cach sao cho ty phan cac vat liéu cau thanh bién déi tron
va lién tuc theo mét s6 hudng nhat dinh [23]. Céach ché tao nay 1am cho két ciu FGM
tranh duoc hién twong tap trung tng suat va bong tach cac 16p vat liéu dudi tac dung
cua tai trong co nhiét, tir d6 két cAu FGM c6 kha ning chiu nhiét tét va c6 do cang,
d6 bén cao. Nho cac wu diém nay ma két cau FGM thuong duoc st dung trong céc
két cau chiu tai khac nhiét nhu tén lira, may bay, 10 phan Gng hat nhan...
1.2.2. Composite gia cwong 6ng nano cac-bon c¢é co tinh bién thién (FG-CNTRC)
Composite gia cudng CNT dugc Shen [24] dé& xuit véi tén goi qudc té 1a

“functionally graded carbon nanotube-reinforced composite” va thudng duoc viét tat
la FG-CNTRC.

Dya trén y tuéng vé FGM, CNT dugc gia cudng dong phuong vao nén
polymer véi ty phan thé tich V,,, khong doi (uniform distribution, viét tat 1a UD)
hoac bién thién theo chiéu day h cua két cau (kiéu FG-A, FG-V, FG-0 va FG-X) voi
mot ham phan b nhét dinh nhu sau

*

Vonr (UD)
|7 (%} (FG-X)
Venr = 2VSNT( —%} (FG-0), (1.2)

Vonr (1+ %) (FG - A)

Vonr (1—%) (FG-V)

trong d6 Vg, 1a ty phan thé tich trung binh ctia CNT trong ca két ciu, x4c dinh nhu

Sau

. w
Vi = o , (1.3)
¢ wCNT+(pCNT/pm)(1_wCNT)

V6i peyp VA p,, lan luot 12 khdi lwgng riéng cia CNT va pha nén; wqy, 14 ty phan

khéi lwong cua CNT.
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1.2.3. Composite gia cwong graphene cé co tinh bién thién

Trong cac nim gan ddy, cic loai composite gia cuong graphene (Graphene
reinforced composite, viét tat 12 GRC) 1a loai vat liéu composite tién tién duoc rat
nhiéu nha khoa hoc trén thé gidi quan tdm va nghién ciu. Hién nay GRC di duoc
nghién ctru ché tao thanh céc bo phan sir dung trong cac linh vuc nhu cac thiét bi cam
bién [25], thiét bi dién tir [26] va ché tao pin luu giit nang luong [27].

1.2.3.1. Composite gia cwong graphene platelet ¢é co tinh bién thién (FG-
GPLRC)

Khi phan bb cac “manh” graphene (Graphene platelet, viét tit 1a GPL) mot
cach hdn don trong nén polymer, ta c6 thé nhan duoc mot I6p vat liéu dang hudng,
va Vi ty phan cua graphene qua céc 16p vat liéu duoc bién déi timg phan tao thanh
vat liéu bat dang hudng co tén goi qudc té 1a “Functionally graded graphene platelets
reinforced composite”, viét tit 1a FG-GPLRC.

Bang 1.1. Ty phan thé tich graphene V,,,, trong céc két cau FG-GPLRC theo céc
nghién cuu cua Kiani va Mirzaei [28], Sahmani va Aghdam [29], Thai va Phung [30],
Habibi va cac cong su [31].

Kieu Ty phan thé tich Vi, tai 16p thi k trong céc két cau FG-GPLRC
phan

b Cong trinh [28] Cong trinh [30] Cong trinh [31]
ub VgPL VgPL VG*PL
(1 N; +1
FG- oV w AVepL (2+ k- Lz j * Z‘Zj‘
X GPL 2VvGPL
L (2+N,)
FG- V* 2k -1 [29] Zk_V* V* 1_ﬁ
A GPL NL ' (1 + NL) GPL GPL h
« (N, +1 N, +1]
- . 2k—N, - 4V, L= k=L * Z;
F(()S 2Vip, (1— M} GPL [ 2 ‘ 2 |j 2V py, €OS {1— 2%}
L (2+N,)
FG- . 27 ;
e G
Wb, k)

,véi W) 1a ty phan khéi lugng graphene

trong d6 Vp, =

Wi, P (1w

trong 16p tht k, p,, VA pgp,. Khdi lrgng riéng ciia nén polymer va GPL, N, latong

s6 16p, va I6p thit k=12,..,N, . z, :LL 1 -ijh, va h 1 téng chidu day
2 2N, N,

cua két cAu FG-GPLRC.
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Tinh chat co tinh bién thién (Functionally graded) ¢ ddy duoc hiéu theo nghia
gan dung, tic 1a ty phan graphene phan b trong két cdu composite dugc bién doi
tirng phan qua ting 16p vat lidu theo quy luat nhat dinh, nhu phan bd theo cac kiéu
FG-X, FG-A, FG-V, FG-O. Trong d6 ty phan graphene trong mdi 1op vat liéu la
khong ddi. Khi graphene phan bb déu vao nén polymer dang huéng ta c6 dang UD.
Ty phan thé tich graphene Ve tai 16p thir k trong céc két cAu FG-GPLRC ung véi

cac kiéu phan b UD, FG-X, FG-A, FG-V va FG-O dugc rat nhiéu nha khoa hoc
[28-31] nghién ctu va dé xuat nhu trong Bang 1.1.

1.2.3.2. Composite gia cwong graphene sheet cé co tinh bién thién (FG-GRC
va FG-GRMMC)

Composite vai tén goi qudc té 1a “Functionally graded graphene-reinforced
composite” (viét tat 1a FG-GRC) duoc tao ra bang cach bé tri cac “dai” graphene
(graphene sheet) theo phuong Zigzag hodc Aimchair trong nén polymer (Hinh 1.2).
Tir d6 ta nhan dugc mot 16p vat liéu tryc huéng véi ty phan dai graphene bién doi
qua cac 1ép khéc nhau tao thanh maot loai vat liéu phuc tap vira co dic diém cua FGM,
vira c6 dic diém cua vat lieu composite 16p cb dién. Két hop véi cac hiéu ang vi co
ctia graphene, két cau tim vo FG-GRC thuong ¢6 ung Xt co hoc thi vi va cac phuong
trinh co hoc cua cac dang két cau tir vat liéu nay ciing trd' nén phic tap hon, c6 thé
gap nhiéu kho khin hon trong qua trinh tinh toan va phan tich.

Canh Zigzag

7

Canh Armchair

Hinh 1.2. Canh Armchair va canh Zigzag cua graphene trong nén Polymer

Huéng Zigzag cua graphene cd thé duoc bé tri theo hudng doc (0-layer) va
huéng ngang (90-layer) trong tdm vé composite. Do day cua tim vé FG-GRC duoc
tao ra tir nhiéu 16p, va ba cach sap xép graphene dugc nghién ciru 1a (0)10t, (0/90)sr,
va (0/90/0/90/0)s (trong d6 chit “T” viét tit cua tir “Time” va chir “S” viét tit cua tur
“Symmetric”). Tuong tu nhu FG-GPLRC, trong cac 16p cua tim vo FG-GRC, thé
tich graphene duoc bd tri bién d6i ting phan qua tirng 16p theo quy luat nhat dinh, va
cling c6 cac kiéu bd tri FG-X, FG-V, FG-A, FG-O vai ty phan thé tich cua graphene
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trong cac 16p duoc chon cu thé tir 3% dén 11% hoic bd tri déu kiéu UD voi ty phan
thé tich cua graphene 1a 7% nhu trong Bang 1.2 va Hinh 1.3.
Bang 1.2. Ty phan thé tich graphene trong cac 16p vo FG-GRC [32—35]

Loai vo Ty phan thé tich Graphene trong 10 16p cua vo FG-GRC
UD GRC 0.07 cho tat ca 10 16p GRC
FG-X GRC [0.11/0.09/0.07/0.05/0.03/0.03/0.05/0.07/0.09/0.11]
FG-V GRC [(0.11)2/(0.09)2/(0.07)2/(0.05)2/(0.03)]
FG-A GRC [(0.03)2/(0.05)2/(0.07)2/(0.09)2/(0.11).]
FG-O GRC [0.03/0.05/0.07/0.09/0.11/0.11/0.09/0.07/0.05/0.03]

Composite nén kim loai (Metal matrix composites, viét tit 12 MMCs) gia
cuong graphene c6 co tinh bién thién véi tén quoc té 1a “Functionally graded graphene
reinforced metal matrix composite” (viét tit 13 FG-GRMMC) la céc loai composite
sir dung kim loai dé 1am pha nén nhu nén nhém, titan, déng hoic hop kim. So sanh
véi kim loai thi MMCs ¢6 cac wu diém vuot troi nhu cuong d6 va do cing cao, kha
nang chéng moi tot hon, hé sé gidn né nhiét thap, kha ning chéng mai mon tot hon,
va tir bién thap [36, 37]. Cac nghién ctru vé ng Xt co hoc cta tim nhiéu 16p MMCs
hién nay chu yéu 1a nghién ciru vé mat on dinh co nhiét cua tim va panel ché tao tir
loai composite nay [38-42].

d)FG-V
Hinh 1.3. Sy phan b ty phan thé tich graphene trong cac 16p vo FG-GRC

e) FG-A
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Bang 1.3. Ty phan thé tich graphene trong céc 16p vo FG-GRMMC[43]
Ty phan thé tich Graphene

Loal vo trong 10 I6p nén polymer cia vo FG-GRMMC
UD GRMMC 0.09 cho tat ca 10 16p GRC
FG-X GRMMC [0.13/0.11/0.09/0.07/0.05/0.05/0.07/0.09/0.11/0.13]
FG-V GRMMC [(0.13)2/(0.11)./(0.09)2/(0.07)2/(0.05),]
FG-A GRMMC [(0.05)2/(0.07)2/(0.09)2/(0.11)2/(0.13),]
FG-O GRMMC [0.05/0.07/0.09/0.11/0.13/0.13/0.11/0.09/0.07/0.05]

Tuong ty nhu FG-GRC, tim vo FG-GRMMC ¢4 thé tich graphene duoc b tri
bién ddi tirng phan qua ting 16p theo quy luat nhat dinh trong nén kim loai, va ciing
cd céc kiéu bd tri UD, FG-X, FG-V, FG-A, FG-O. Tuy nhién ty phan thé tich cua
graphene trong céc 16p thudng dugc chon cu thé tir 5% dén 13% hoac bd tri déu kiéu
UD véi ty phan thé tich cua graphene 13 9% nhu trong Bang 1.3

Khac véi hai loai FG-GRPLC va FG-GRC c6 nén la polymer, FG-GRMMC
c6 nén l1a kim loai. Cac dic trung nhu mé dun dan héi, mé dun truot cua composite
nén kim loai dong (Cu) c6 gia cudng graphene dugc gidi thiéu trong nghién ctu caa
Fan va cac cong su [43].

1.3. On dinh va sau mat on dinh

On dinh va mét 6n dinh 1a nhitng van dé quan trong duoc quan tam rat nhiéu
trong phan tich va thiét ké cac két cau ky thuat. Su 6n dinh caa két cdu 1a tiéu chuan
dau tién dé danh gia kha ning chiju tai va 1am viéc cua két ciu cdng trinh trong giai
doan thiét ké va khai thac st dung. Cac khai niém co ban vé 6n dinh va cac tiéu chuan
6n dinh tinh cua két cAu da duoc dé cap chi tiét trong cong trinh cua Brush va Almroth
[44] va Bao Huy Bich [45].

Sy mat on dinh caa két ciu 1a mot hién twong phuc tap va né biéu hién theo
mot qua trinh, thuong duoc goi 12 12 qué trinh mdt én dinh. Qué trinh mat 6n dinh
cua cac két cau tim vo 12 khac nhau, dic biét 1a khi chiu céc loai tai trong khac nhau.
Vi vay, rat kho dé dua ra mot dinh nghia ngan gon vé su mat 6n dinh. Bé phu hop
v6i pham vi luan an, mot s kiéu mat 6n dinh tinh va qua trinh mat 6n dinh dudi day
s& duoc luan &n trinh bay va thao luan chi tiét.

Hinh 1.4 mé ta cac duong cong tai - d6 vong Ion nhat cua cac két cau tim vo
khi chiu tai va tir ddy ta c6 thé quan sat dugc mot sé kiéu mat én dinh thuong gap.

Truéc tién trén Hinh 1.4a mé ta hién twong mat 6n dinh theo kiéu r& nhanh
(bifurcation-type buckling), giai doan dau (doan OA) 1 giai doan truéc mét on dinh,
khi nay két cau 1am viéc & trang thai mang (tai trong ting nhung do véng bang khéng),



khi tai dat dén gia tri toi han thi bat dau xuat hién do vong, duong cong sau mat on

dinh ¢6 dang nhu duong AD va diém A duoc goi 1a diém ré& nhanh.
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Hinh 1.4b cho thay két cau bi véng ngay khi chiu tai, tai trong ting thi d6 véng

ting, dudng cong khong c6 diém ré nhanh hay diém cuc tri ndo xuat hién va khéng

xac dinh dugc tai téi han trong truong hop nay.

Hinh 1.4c cho thiy ¢ giai doan dau (doan OA) thi d6 véng tang tuyén tinh theo

tai trong, tai diém r& nhanh A tai dat dén gia tri t6i han va dudng cong sau mat 6n
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dinh tiép tuc phat trién lén nhu duong AD. Puong AD thudng duoc goi la duong
cong sau mat 6n dinh (postbuckling curve).

Hinh 1.4d c6 giai doan dau (doan OA) 1 giai doan trudc mat 6n dinh giéng
nhu Hinh 1.4a, tai trong ting nhung d6 vong bang khong. Tai A tai dat dén gia tri t6i
han va xuat hién r& nhanh tai diém A, duong cong di xubng dén diém cuc tri B roi
phét trién 1én theo dang dudng cong BCD. Tuy nhién thyc té tai diém ré nhanh A, két
cau bi mét 6n dinh tir diém A sang diém C, tai trong khong ting nhung d6 vong cua
két cau bi tang dot ngot va hién tuong nay goi 1a hién tuong hop (snap-through).

Hinh 1.4e cho thay khi tai trong ting thi do vong ciing ting theo duong cong
OA, sau khi dén diém cuc tri A duong cong di xudng dén diém cuc tri B va tiép tuc
di 1én theo duong cong dang BCD. Twong tu nhu Hinh 1.4d, thyc té cho thiy tai diém
cuc tri A két cdu bi mat on dinh tir diém A sang diém C va déy ciing 1a hién tuong
hop (snap-through), khi nay tai trong khong tang nhung d6 vong tang dot ngot. Tai
xéac dinh duoc tai diém A duoc goi 1a tai mat 6n dinh can trén (upper buckling load)
va tai x4c dinh duoc tai diém B duoc goi 1a tai mat 6n dinh cin dudi (lower buckling
load).

Hinh 1.4f ¢ giai doan dau (doan OA) tuong tu Hinh 1.4c, 46 vong ting tuyén
tinh véi tai trong. Tai diém r& nhanh A, két cdu c6 thé bi mat on dinh dot ngot tir diém
A sang diém C va hién tuong hop (snap-through) quan sat rd trong trudng hop nay.
Hién tuong nay duoc coi la dic biét nguy hiém cho két cau khi d6 vong ting mot cach
dot ngot, budc nhay vé do vong (con goi 1a cudng do hop - snap-through intensity)
cang 16n thi két cau co nguy co bi pha hoai cang cao.

Viéc danh gia kha ning chiu tai caa két ciu sau mat 6n dinh Ia rat quan trong
trong co hoc va k¥ thuat. Trong luan &n nay, tiéu chuan tinh vé 6n dinh s& duoc ap
dung, cac kiéu mat on dinh va cac dang dudng cong tai - d6 vang I6n nhat trong Hinh
1.4 s& duoc luan &n thao luan chi tiét trong cac bai toan tim, vo FG-GRC chiu tai
trong trong moi trueong nhiét.

1.4. Tong quan cac nghién ciru vé vt ligu ¢é co tinh bién thién
1.4.1. Mgt sé nghién cieu trong nwéc vé két cdu FGM va két cdu FG-CNTRC

D3 c6 rat nhidu cac nghién ciru trén thé giéi vé 6n dinh tinh va dong caa két
cdu FGM chiu tai trong co nhiét trong cac diéu kién bién khac nhau. Trong phan nay,
dé phu hop véi pham vi dé tai, luan an sau day s& trinh bay mét s6 nghién ctru dién
hinh cua cac tac gia Viet Nam vé két cAu FGM c6 gan gia cuong.

Dau tién, nhom tac gia gdom GS.TSKH. Pao Huy Bich va cac cong su [46] da
str dung ly thuyét bién dang truot bac nhat (First-order shear deformation theory, viét
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tat 12 FSDT) va ky thuat san déu tac dung gan cua Lekhnitskii dé nghién ctu dao
dong phi tuyén caa vo thoai FGM hai d6 cong ¢ gan gia cuong trén nén dan hodi. On
dinh tinh va dong phi tuyén cua vo trong va vo tru FGM c6 hé théng gan gia cuong
chiu tai &p lrc ngoai, nén doc truc va tai xoan trong méi trudng nhiét da duoc nghién
cau trong cac cong trinh [47-49] cua tac gia Bao Huy Bich va cac cong su, Dinh Gia
Ninh va céc cong su [50]. Nhom t&c gia Pao Vian Diing va Lé Kha Hoa [51-53] da
sir dung ly thuyét vo Donnell (Ly thuyét vo ¢ dién - CLT) dé nghién ciru 6n dinh
tinh phi tuyén cua vo tru tron FGM c6 gan gia cuong chiu tai xoin va ap lec ngoai
trong méi trudng nhiét. On dinh tinh ctia vo ndn cut cé gan gia cudng léch tam dudi
tac dung cua tai co dugc nghién ciru boi céc tac gia Pao Van Diing va cac cong su
[54]. Tac gia Nguyén Thi Phuong va cac cong su [55], Vii Hoai Nam va cac cong su
[56-58] da dya trén ly thuyét vo Donnell va nghiém d6 véng ba sé hang dé phan tich
va khao sat 6n dinh phi tuyén cua vé tru FGM duoc gia cudng bai hé théng gan xién
va gan truc giao chiu tai trong xoan va ap luc ngoai trong méi trudng nhiét. Nhdm
tac gia Dang Thuy Pong va DPao Vian Diing [59-62] da st dung Iy thuyét bién dang
truot bac cao (Higher-order shear deformation theory, viét tit 1a HSDT), FSDT va
phuong phap Runge-Kutta dé phan tich dao dong phi tuyén cua vo thoai FGM hai do
cong coO gan gia cuong.

Céc nghién ciru bén trén déu cho thay hé thong gan gia cudng lam tang 6n
dinh va kha ning chiu tai cho két ciu tim vo mét cach dang ké véi chi mot luong nho
vat liéu gan thém vao. Chinh vi vay nghién ciu céc két ciu composite tién tién co
gan gia cuong I rat can thiét, vi day 1a co s ly thuyét dé ché tao cac két cau mai co
khéi lugng nhe, do bén cao véi kha ning chiu tai trong lon.

Tuong tu nhu FGM, 6n dinh tinh va dong cia cac két ciu FG-CNTRC da ¢o
rat nhiéu cong bd trén thé gisi. Bé phi hop véi pham vi va phuong phéap tinh trong
luan &n, phan nay chu yéu tap trung phan tich mot sé nghién ciru véi tiép can tuong
tu luan &n trong thoi gian gan day lién quan dén 6n dinh tinh cta cac két ciu tim vo
FG-CNTRC.

Nhom tac gia Lé Thi Nhu Trang va Hoang Van Tung [63-67] da su dung ly
thuyét vo Donnell, FSDT va HSDT dé phan tich 6n dinh phi tuyén ctia tim, panel tru
tron va panel hai d§ cong FG-CNTRC c6 canh tya don trén nén dan hi chiu tai trong
nén doc truc, ap luc ngoai va tai co két hop trong mdi trudng nhiét. On dinh phi tuyén
cua cac vo kin nhu vé try mong FG-CNTRC c6 cac canh tya di dong chiu nén doc
truc da duoc nhom tac gia Pham Toan Thang va cac cong sy [68] nghién ciru bang
céch st dung 1y thuyét vo Donnell, phuong phap Galerkin va nghiém do véng mot sd

hang. Cac van dé vé 6n dinh cta vo nén cut FG-CNTRC trong nén dan hoi chiu tai
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trong co nhiét di dugc nhém tac gia Nguyén Dinh Dirc va cac cong sy nghién ciru
[69]. Duya trén 1y thuyét vo Donnell va nghiém d6 vong ba sé hang, nhom tac gia
Pham Thanh Hiéu va Hoang Vin Tung [70-72] d4 nghién ctru 6n dinh phi tuyén cta
7 tréng va vo tru FG-CNTRC c6 canh tya don chiu tai trong co nhiét trong diéu kién
bién dan hdi, dong thoi nhom tac gia ciing s dung FSDT va nghiém d6 vong hai s6
hang dé nghién ciru 6n dinh tuyén tinh cia vo tréng, vo tru FG-CNTRC chiu tai nén
doc truc, chiu ap lyc ngoai va tai nhiét [73, 74]. Cac van dé 6n dinh cta tAm sandwich
FG-CNTRC véi cac canh bién chiu lién két dan hdi ciing duoc phan tich trong cac
cong bd [75, 76] ciia cac tac gia Vii Thanh Long va Hoang Van Tung. Cac phuong
phap sd ciing dugc nhidu nhom tac gia dung dé nghién ctru tim vo FG-CNTRC, dién
hinh 12 nhdm tac gia Tran Hitu Qudc va cac cong su [77] da phan tich tinh cac tim
ap dién FG-CNTRC bang phuong phap phan ti hitu han dya trén ly thuyét bién dang
trurot bdn an chuyén vi.

Céc nghién ctru déu cho thady CNT 1am co tinh ctia composite nhu mé dun dan
hdi, d6 bén kéo tang 1én dang ké. Tir d6 gitip cac két cau tam vo FG-CNTRC c6 kha
nang chiu lyc 16n va 6n dinh cao khi chiu cac tai trong co nhiét. Véan dé vé hé théng
gan gia cudng cho cac két cdu FG-CNTRC ciing 1a hudng mé dé cac nha nha khoa
hoc tiép tuc tim hiéu va nghién ctru.

1.4.2. Céc nghién ciru vé két cdu FG-GRMMC

Céc danh gia tong quan va cac nghién ctru ciia graphene gia cudng composite
nén kim loai (graphene-reinforced metal matrix composite, viét tat |a GRMMC) ciing
dugc nhiéu nha khoa hoc phan tich va céng bd trong thoi gian gan day [43, 78-80].
C6 thé ké dén cong trinh cua Shen va Xiang [81] dua trén HSDT da nghién ciru 6n
dinh nhiét cua dam FG-GRMMC phan 16p trén nén dan hoi. Bong thoi nhom tac gia
nay cling da phan tich anh huang caa hé s6 Poisson 4m (negative Poisson’s ratio) dén
ung Xt cua vo tru tron khéng hoan hao FG-GRMMC phéan 16p chiu nén doc truc trong
moi trudng nhiét [82]. Chen va céc cong su [83-85] di phan tich két cau tam, panel
va tru tron sandwich c6 hai mat la kim loai véi 16i 1a GRMMC chiu tai nén doc truc
va tai nhiét. Nhdm nghién ciru caa Shen va cac cong su [86, 87] d xét dén anh huong
cua hé sb Poisson &m (negative Poisson’s ratio) I&n ang st sau mat 6n dinh caa tim
va panel FG-GRMMC trén nén dan hdi chiu nén doc truc trong méi truong nhiét. Céc
két qua nghién ciru cho thay hé so Poisson am anh huéng dang ké dén (g xir sau
mét 6n dinh caa tim va panel tru FG-GRMMC. Fan va cac cong su [88] ciing d phan
tich dao dong phi tuyén cua tam FG-GRMMC phan Iép trén nén dan hoi chiu tai co
nhiét két hop.
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Céac nhom nghién ctu cua Viét Nam ciing da va dang quan tam dén nghién
ctru két cau FG-GRMMC. Dién hinh 14 tac gia Vi Hoai Nam va cac cong su [89] da
nghién ciu vo tru tron gap nép chiu ap luc ngoai dua trén Iy thuyét vo Donnell va
phuong phap Galerkin.

1.4.3. C4c nghién citu vé két cdu FG-GPLRC

Céc két cau FG-GPLRC ciing thu hat nhiéu nha khoa hoc trén thé gigi tham
gia nghién ctiu trong thoi gian gan day. Zhao va cac cong su [90] di sir dung phuong
phap phan tu hitu han (FEM) cing véi md hinh Halpin-Tsai cai tién va quy tic hon
hop dé phan tich uén va dao dong cua tim FG-GPLRC. Song va cac cong su [91] da
sir dung FSDT dé nghién ctru 6n dinh tinh cia tim composite gia cuong bang GPL.
Ciing trong nghién citu cua Song va cong su [92], GPL duoc phan bd déu theo hudng
ngau nhién trong nén polyme cua tim composite chiu tai nén theo hai phuong. Trong
nghién citu nay, mot mé hinh nhiéu I6p dang hudéng theo phuong ngang da dugc dé
XUat va cac dic trung vat lidu caa composite gia cuong GPL duoc gia dinh 1a khong
phu thudc vao nhiét do, mé dun dan hdi dang huéng twong dwong cta cac 16p
composite gia cuong GPL xac dinh theo md hinh Halpin — Tsai cai tién. Két qua
nghién cau cho thay khi phan bé mot lwong rat nho GPL trong nén polyme d 1am
tang dang ké kha ning chiu tai cia tim. Tuy nhién c&c nghién ctu [93-95] ciing luu
y rang mo hinh dang huéng twong duong nay chi phii hop véi trudng hop GPL ¢o ty
I& chiéu dai trén chiéu rong khoang 5/3, néu khdng két qua co thé khong chinh xac.
Li va cac cong su [96] két hop dong thoi FSDT va HSDT dé phan tich va nghién cau
tng xir dan hoi tuyén tinh, tan s ty nhién va Gng xir mat 6n dinh cta cac tam
composite ¢c6 16 rong duoc gia cudng GPL. Cac két qua nghién ctru cua cac tac gia
ké trén chi ra rang, GPL lam tang d6 ciing va kha nang on dinh tinh va dong cho cac
tam composite, dic biét 1a kiéu FG-X, tirc 1a GPL duoc gia cuong va phan bé nhiéu
& bé mat trén va duéi cia tim lam tang d6 cirng cho tim hiéu qua nhét.

Dua trén phuong phap Mian va Spencer tong quat, c4c nghién cau cua Yang
Vva c4c cong su [97-99] da tinh toan va khao sat 6n dinh caa cac tim hinh tron, hinh
vanh khuyén, hinh chit nhat, hinh elip duoc gia cuong bing cac tim mong GPL chiu
tac dung cua tai trong co va nhiét déu. Trong cong bd [97, 99], ty phan GPL theo
chiéu day tim duoc phan b theo dang tuyén tinh, dang phan b déu va dang parabol.
Cac khao sat s6 chi ra rang phan bé ty phan GPLRC theo dang Parabol c6 hiéu qua
gia cudng tét nhat va do vong caa tim nho nhat. Wang va cong su [100-102] da st
dung phuong phap phan ti hitu han dé nghién ctru (g xtr sau mat 6n dinh caa vo tru
FG-GPLRC chiu tai xoin va chiu tai nén phan b déu. Trong cac nghién ciru nay, anh
huong caa ranh cat trén vo tru dugce xem xét trong qua trinh tinh toan va xac dinh tai
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mat on dinh. Két qua nghién ciu cho thay GPL lam ting dang ké kha nang chiu tai
ctia vo try va viéc tang sb lugng cac 16p gia cuong GPL c6 thé lam giam sy tap trung
rng suat gitra cac 16p lién ké va tir d6 1am giam nguy co phan tach cac 16p trong két
cau vo. Wang va cong su [103] di st dung Iy thuyét vo Donnell, phuong phap
Galerkin dé phan tich dao dong phi tuyén cua vo tru kim loai dwoc gia cuong GPL.
Nhitng anh huéng cua kich thuéc GPL dén cac dic trung dao dong phi tuyén cia vo
tru ciing duoc nhan manh. St dung ly thuyét va phuong phap tinh twong tir, Dong va
céc cong su [104] da nghién ctru dao dong tu do tuyén tinh va phi tuyén, dong thoi
xem xét dap ung dong cua cac vo tru mong FG-GPLRC chiu tai doc truc véi cac diéu
kién bién khac nhau. Nhém tac gia Cao Van Poan va Vit Hoai Nam [105], Cao Van
Doan va Pao Nhu Mai [106] da phan tich mét 6n dinh phi tuyén cta vo thoai hai do
cong FG-GPLRC c¢6 gan xién gia cuong chiu ap lyc ngoai.

Nhin chung, cac nghién ctu ké trén dd phan tich sy mat on dinh phi tuyén va
dao dong caa dam, tim, vo FG-GPLRC chiu tac dung cua cac loai tai trong bang cac
phuong phap khac nhau. M6i truong nhiét va moi truong dan hoi duoc mot so tac gia
ké dén trong qua trinh nghién ctu tinh toan két cAu FG-GPLRC.

1.4.4. Cac nghién cizu vé két cdu FG-GRC

Tinh toan céc két cu dam, tim, vo FG-GRC phan 16p phic tap hon so véi
tinh toan cac két cau dam, tim, vé FG-GPLRC. Tuy nhién trong nhirg nim gan day,
cac cong bd nghién ciru cua cac nha khoa hoc vé két ciu tim vé FG-GRC phan 16p
ciing rat soi dong.

Mot loat cac cong bd caa Shen va cong su [35, 107-112] di nghién ctu va
phan tich 6n dinh caia tim, vo tru tron, panel FG-GRC phan I6p chiu tai trong co nhiét
thong qua k§y thuat nhidu hai budc (two-step perturbation technique). Cu thé, tng Xt
6n dinh cua tim FG-GRC phan 16p chiu tai trong nén doc truc trong méi trudng nhiét
duoc nghién cau trong cong trinh [35]. Trong nghién ciru ndy, graphene dugc sap xép
va dinh huéng trong tirng 16p nén polyme, cac dic trung cua vat liéu di hudng va su
phu thudc nhiét d6 caa cac 16p GRC dugc uac tinh thong qua md hinh Halpin-Tsai
cai tién va ké dén cac théng sé hiéu dung cua graphene. Céc két qua khao sat s6 da
khing dinh rang tai mat 6n dinh, ciing nhu kha ning chiu tai sau mét 6n dinh caa tim
nhiéu lép GRC duoc tang 1én mot cach vuot troi khi c6 graphene gia cuong trong cac
I6p cua tim. Cac dudng cong tai - d6 vng va gia tri tai toi han cua vo tru tron FG-
GRC trong moi truong nhiét chiu nén doc truc va ap luc ngoai da dugc Shen cung
Xiang phan tich va nghién ciu trong cac cong trinh [107, 109] bang céch sir dung
HSDT c6 xét dén tinh phi tuyén hinh hoc ciia von Karman. Khi vo tru FG-GRC chiju
nén doc truc, cac két qua nghién ciu trong cong trinh [107] da cho thay tai téi han
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ctia vo tru FG-X 16n hon tai téi han cua vo UD khoang tir 4% dén hon 7% tuy thudc
vao nhiét d6 moi truong va kich thudc hinh hoc cua vo tru. Hién tuong hop (snap-
through) c6 thé quan sat dugc trong mién do vong 16n véi cac mode mat on dinh khac
nhau. Két qua khao sét sé trong cong trinh [109] da chirng minh tai ap luc ngoai toi
han cta vo tru FG-X 1a cao nhat va cao hon tai téi han cua vé UD khoang 8% +12%
thy thudc cac kich thude cua vo. Khi nhiét @6 moi truong tang 1én 500 (°K) thi tai ap
lwc ngoai tai han cua vo FG-X giam di khoang 13% +15% tuy thudc vao cac gia tri
I?/Rh da chon dé khao sat. Trong cong trinh [108], Shen va céc cong su da nghién
ctru mat 6n dinh phi tuyén cua panel tru FG-GRC phan 16p trén nén dan hdi chiu nén
doc truc trong méi trudng nhiét. Két qua khao séat cho thay duong cong sau mat on
dinh cua panel tru FG-GRC khéng con dang phan nhanh (bifurcation type) khi hai
canh thang cua panel tru la cac canh tya cd dinh. Cac phan tich mat 6n dinh nhiét va
sau mat 6n dinh nhiét caa tim, vo tru tron, panel tru FG-GRC phan I6p trén nén dan
hdi chiu tai nhiét thay d6i dugc Shen va céc cong su nghién ciu trong [110-112].
Diém chung cua cac nghién ciru nay 1a déu st dung HSDT va xét dén d6 khong hoan
hao vé hinh dang cua két cau. Nhin chung, tai nhiét va d6 cing cia nén dan hoi anh
hudng dang ké dén ang xir va tai toi han cua cac két cau tam va panel FG-GRC. Két
qua khao sét vai panel tru FG-GRC c6 cac canh twa don ¢6 dinh chiu tai nhiét phan
bd déu cho thay hién twong mat on dinh nhiét khong tuan theo kiéu ré nhanh. Hién
tuong hop (snap-through) caa vo tru FG-GRC chiu tai nhiét déu ciing c¢6 thé quan
sat duogc tuy thudc kich thudce hinh hoc caa vo trong qua trinh khao sat.

Shen va Xiang [113] di phan tich tng xir mat on dinh va xac dinh cac mo men
X04n tGi han ctia vo tru FG-GRC chiu tai trong xoan trong mdi truong nhiét bang ky
thuat nhiéu hai budc. Két qua sé cho thay graphene 1am ting kha ning chiu tai xoin
trong khi nhiét d6 tang lai lam giam dang ké kha ning chiu tai xoan caa vo tru, déng
thoi cling quan sat thay tai téi han va kha nang chiu tai sau mat 6n dinh cua vo FG-X
la cao nhat, nguoc lai 1a vo tru FG-O véi tai téi han va kha ning chiu tai sau mat 6n
dinh nho nhat trong céc loai vo tru FG-GRC da khao sat.

Shen va cong su [114] da phan tich (ng xu cua panel tru FG-GRC trén nén
dan hdi chiu tai trong phan bd déu trong moéi truong nhiét. Cac két qua khao sat cho
thiy cach bd tri graphene gia cuong, 6 cing cia nén dan hdi, nhiét do mai trudng
va cac diéu kién bién anh huong dang ké dén tng xir ubn phi tuyén cua panel try FG-
GRC. On dinh cua panel tru FG-GRC phan 16p trén nén dan hoi chiu ap lyc ngoai
trong moi trueong nhiét cling da duoc Shen va Xiang [115] nghién ctiru dya trén HSDT
va ¢ xét dén tinh phi tuyén cua von Karman. Cac khao sat s twong ¢ng véi diéu
kién bién tya don va diéu kién bién ngam cho thiy panel FG-X c6 kha ning chiu tai
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I6n nhat va duong cong tai - 6 vong khong cé dang ré nhanh vi panel c6 d6 vang
ban dau trudc khi hién tugng mat on dinh xay ra. Dua trén FSDT va phuong phap
Ritz, Lei va cac cong su [116] d thuc hién nghién ciu phan tich mat 6n dinh cua tim
FG-GRC phan 16p trong méi truong nhiét va cac diéu kién bién khac nhau. Két qua
khao sat da chi ra rang, kha nang chiu tai cia tim s& bi giam khi nhiét do ting hodc
d6 manh cua tim ting 1én, nguoc lai khi ting sb 16p GRC hoic ting d6 day thi kha
nang chiu tai caua tim duoc cai thién dang ké. Yu va cac cong su [117] da nghién ciru
mat 6n dinh phi tuyén caa tim sandwich FG-GRC phan 16p trén nén dan hoi chiu tai
nén mot phuong trong méi truong nhiét.

Ung xtr phi tuyén caa tdm sandwich véi bé mat 1a FG-GRC va 16i 1a mang 3D
auxetic c6 tinh chat co 1y bién thién chiu tai cham (Low-velocity impact) da duoc Li
va cong su [118] nghién ciu. Cac khao sat s6 cho thay tinh wu viét caa 18i 3D auxetic
trong viéc nang cao kha nang chiu tai cia tim sandwich, dong thoi cing cho thay tam
sandwich FG-X c6 kha niang chiu tai Ién nhat va khi ty phan thé tich graphene ting
Ién thi chuyén vi cia tim giam di, trong khi nhiét d6 tang lai lam ting chuyén vi cua
tam. Mirzaei va Kiani [119], Kiani va Mirzaei [120] da sir dung FSDT, két hop Vi
phuong phép phan tir hitu han dé nghién cau va khao sat sy mat 6n dinh va sau mat
6n dinh nhiét cua tim, va dam phan 16p duoc gia cuong bai graphene.

Bén canh van dé vé 6n dinh tinh, van dé 6n dinh dong va dao dong cua céc két
cu FG-GRC ciing duogc nhiéu tac gia quan tim nghién ciru. C6 thé ké dén cac nghién
ctu cua Shen va cac cong su [121-124], cac tac gia da sir dung HSDT va phuong
phap nhiéu hai budc budc (two-step perturbation technique) dé nghién cau vé dao
dong phi tuyén caa dam, tim, panel tru va vo tru tron FG-GRC trén nén dan hoi trong
moi trudng nhiét. Anh huong caa nén dan nhét (visco-elastic foundations) dén ung
Xt cia tim FG-GRC chiu tai trong dong trong méi truong nhiét cling duoc dé cap
trong nghién ctu cia Fan va cac cong su [125]. Phuong phap phan tir hitu han va
phuong trinh dao dong cua Lagrange cling da duwoc Singha va cac cong su [126] st
dung dé nghién ctu dao dong ty do cua vo tru FG-GRC chiu tai xoan trong moi
truong nhiét. FSDT va phuong phap Ritz da duoc Yin va Lei [127] st dung dé phan
tich cac dic trung dao dong cua tim FG-GRC bj nut trong méi trudng nhiét.

Shen va cac cong su [128] da dé xuat mot ki thuat méi dé phan tich mat on
dinh dong cua tim FG-GRC, trong d6 cac phuong trinh chuyén dong va cac phuong
trinh can bang phi tuyén duoc xay dung tir phuong phap nhiéu hai budc va duoc giai
ddng thoi dé xac dinh tan sé va tai trong trong mit phang dong duy nhat. Dao dong
tu do cua panel hinh thang FG-GRC da dugc Mohamadi [129] str dung HSDT nghién
ctru va phan tich. Dao dong tu do bién do Ion cua tim FG-GRC va sy mit 6n dinh
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cua vo non FG-GRC chiu ap lyc ngoai trong mdi truong nhiét ciing duoc Kiani
nghién ctu va phén tich trong cac cong trinh [130, 131].

Cac nhom tac gia Viét Nam cling dd c6 mot sé nghién ctru vé két cau tim va
v6 FG-GRC. Pon cir, nhém tac gia Vit Hoai Nam va cac cong sy ciing dd ¢ nhiéu
nghién ctiu ti cac két cau FG-GRC trong thoi gian gan day. Dién hinh 1 nghién cau
[132] vé dao dong phi tuyén cua cac tim nhiéu 16p FG - GRC nam trén nén dan hoi.
Lé Ngoc Ly va cac cong su [133] dd nghién ciru su mat 6n dinh co nhiét phi tuyén
tinh caa vo tru composite nhiéu 16p bao quanh boi nén dan hoi va dugc gia cudng
bang Graphene dudi tai trong nén truc. Nguyén Thi Phuong va cac cong su [134,
135] da nghién ciru sau mat 6n dinh co nhiét ciia vo trong composite nhiéu Iép, phan
tich mat 6n dinh phi tuyén cua tam composite phan 16p gia cuong graphene c6 nén
dan hoi bao quanh.

Dic biét, thc gia luan an da tham gia vao nghién ctru cia PGS.TS. Nguyén Thi
Phuong va cac cong su [136] dé phat trién ki thuat gan 1am bang vat liéu di hudng
ap dung cho gan l1am bing vt liéu FG-GRC trong khuén khé ly thuyét vo Donell va
ap dung dung cho bai toan vo tru FG-GRC ¢ gan FG-GRC c6 nén dan hoi bao quanh
chiu ap luc ngoai.

1.5. Nhitng két qua nghién ciu di dat dwoc vé két cau FG-GRC

Tir cac nghién ciu vé két cau FG-GRC ma luan an da trinh bay bén trén, co
thé thay nhirng két qua ma cac nha khoa hoc trong va ngoai nuéc da dat duoc Ia:

1. Pa st dung céac ly thuyét va phuong phéap giai khac nhau dé nghién ctu va
khao sét twong ddi toan dién 6n dinh tinh tuyén tinh va phi tuyén cua cac
két cAu tAm vo FG-GRC khong c6 gan gia cudng chiu tai trong co, nhiét,
va co-nhiét két hop trén nén dan hoi. Chua c6 cac nghién ciru vé cac két
cau FG-GRC I6i Auxetic.

2. i sir dung cac ly thuyét va phuong phép giai khac nhau khao sat dao dong
tuyén tinh va phi tuyén caa mot s6 két ciu FG-GRC khong cé gan gia
cudng. Chua co cac nghién ctitu vé dao dong phi tuyén cua két cau FG-
GRC c6 gan gia cuong.

3. Vé két cdu, chua ¢ cac nghién ctu vé on dinh dan hoi tuyén tinh va phi
tuyén cua cac két cau tim, panel try, vo trong FG-GRC c6 gan gia cudng.
Chua c6 nghién cttu vé c4c loai panel c6 d6 cong phtc tap nhu panel
parabol, panel hinh sin 1am bang vat liéu FG-GRC.

4. Téac gia luan an cung voéi nhém nghién cu cia Nguyén Thi Phuong va cac
cong su [136] da phat trién ki thuat gan 1am bang vat liéu di huéng (sau
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day goi tat 1a k§ thuat gan di hudng) ap dung cho gan FG-GRC cho bai
toan vo tru FG-GRC ¢ gan FG-GRC chiu ap lyc ngoai trong khudn kho
ly thuyét vo Donell.

1.6. Nhirng van dé can tiép tuc nghién ciru

Tir tong quan di trinh bay bén trén, luan an nhan thay c6 mot sé van dé can
duoc tiép tuc duoc nghién cau, d6 1a

1)

2)

3)

4)

Dua trén két qua budc dau vé k§ thuat san tac dung gan di hudng cho vat
liéu FG-GRC cua t&c gia luan an va nhdm nghién cau trong cong trinh
[136], can tiép tuc 4p dung va phét trién tiép k§ thuat nay cho céc két cau
tam, panel va vo trong FG-GRC c¢6 gan FG-GRC gia cudng chiu tai trong
trong moi truong nhiét theo Iy thuyét vo Donnell va HSDT.

Phan tich 6n dinh dan hdi phi tuyén caa cac két cau vo tréng va vo tru FG-
GRC c6 gan gia cuong FG-GRC, ¢6 16i Auxetic c6 nén dan hoi bao quanh
chiu tai trong moi truong nhiét theo ly thuyét vé Donell. Bic biét, bai toan
6n dinh phi tuyén caa vo tréng FG-GRC c6 gan gia cuong va nén dan hoi
bao quanh chju tai xo0én c6 xét dén ng suat theo chu vi o, can dugc quan

tam giai quyét. Mot sé cac yéu té khac nhu anh huéng cia nén dan hoi
cling can duoc quan tm nghién cau.

Phan tich 6n dinh dan hoi phi tuyén cia céc két cau tam, panel tru FG-GRC
c6 gan gia cudng FG-GRC trén nén dan hoi phi tuyén chiu tai nén doc truc
va ap luc ngoai trong moéi truong nhiét theo HSDT.

Phan tich 6n dinh dan hdi phi tuyén cua panel Parabol va panel hinh Sin
FG-GRC trén nén dan hdi phi tuyén chiu nén doc truc, chiu &p luc ngoai
trong moi treong nhiét theo HSDT.
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CHUONG 2. ON PINH PAN HOI PHI TUYEN CUA VO TRU VA VO
TRONG FG-GRC CO GAN GIA CUONG, CO LOI AUXETIC

Trong chuong nay, luan an nghién ciu 6n dinh phi tuyén cua vo tréng va vo
tru FG-GRC chju mot sé tai trong co trong méi trudng nhiét. Cac bai toan cu thé duoc
nghién ctiru va khao séat bao gom:

1) Vo trong FG-GRC c6 gan gia cuong va nén dan hoi bao quanh chiu tai trong

X04n trong méi truedng nhiét.

2) Vo trong FG-GRC 16i Auxetic c6 nén dan héi bao quanh chiu tai xoan.

3) Vo tréng FG-GRC 18i Auxetic c6 nén dan hoi bao quanh chiu tai doc tryc.

4) Vo tru FG-GRC c6 gan gia cudng va nén dan hdi bao quanh chiu tai xoan
trong moi truong nhiét.

5) V6 tru FG-GRC c6 gan gia cudng va nén dan hoi bao quanh chiu nén doc truc
trong moi truong nhiét.

Diém mai quan trong cua chuong nay so véi cac nghién ctru trude day 1a cac
két cau vo tréng, vo tru FG-GRC phan 16p duogc gia cudng boi hé théng gan léch tam
va vo trong FG-GRC phan 16p c6 16i Auxetic. Hé thong gan FG-GRC phan 16p duoc
thiét ké sao cho phan tiép xc gitra vo va gan cé ty phan thé tich graphene bang nhau
dé két cu co co tinh bién thién thay d6i mot cach ting phan vé vat liéu. Trong qué
trinh tinh cac bai toan vé vo tréng chiu tai xoin c6 nén dan hdi bao quanh, lan dau
tién (mg suat trung binh theo chu vi o, duoc xét dén trong ham ing suat dé mo ta
t6t hon ung Xt cia vo, ngoai ra hé phuong trinh can bang va diéu kién chu vi kin
duoc sir dung mot cach day du va logic vé mit toan hoc.

CAc bai toan trong chuong nay duoc xay dung theo ly thuyét vo Donnell c6
xét dén tinh phi tuyén hinh hoc cta von Karman. Véi cac bai toan ¢ gan gia cudng,
phuong phéap san déu tc dung gan cai tién danh cho gan FG-GRC [136] duoc luan
an st dung dé thuan nhat két cdu. Cac dang nghiém caa do véng duoc lya chon dé c6
thé thoa man mot cach xap xi cac diéu kién bién, dong thoi sir dung phuong phap
Galerkin dé tim duoc céc lién hé cua tai va do vong, tir d6 xac dinh duoc céc tai toi
han néu co.

N@i dung chwong nay di dwoc tac gid cong bé trong 6 bai bdo ding trén tap
chi quéc té uy tin, dé la cdc cong trinh 1 dén 6 trong danh muc céc cong trinh khoa
hoc lién quan d@én lugn an.
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2.1. M hinh vé tréng
2.1.1. Vé trong FG- GRC ¢é gén gia cuong.

Hinh 2.1. Vo tréng 15i va vo trong 16m gia cudng hé théng gan
V6 trong FG-GRC phan 16p trong Hinh 2.1 ¢6 chiéu dai L véi bé day 1a h,
cac ban kinh cong theo phuong x va y lan luot 14 R va a. Hai loai vo tréng 15i va
v tréng 18m FG-GRC tuong ung véi ban kinh R nhan gia tri duwong (R >0) hoic
gidtridm (R <0), vakhi R —« (hay /R =0) ta nhan dugc vo tru tron FG-GRC ban
kinh a. Hé toa do tya Dé-cac (Quasi-Cartesian) xyz duoc dit & mat gitta cua vo
tréng, trong d6 truc x va y lan luot 1a cc truc theo dudng sinh va chu vi vé tréng,

con truc z vudng goc véi mit giira cua vo va theo huéng bé day vo vao bén trong.
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V6 tréng dugc xem xét gia cuong hé théng gan doc theo phuong x va hé thong
gan vong theo phuong y phia bén trong vai chiéu cao va bé rong gan gia cudng theo

hai phuong 1an luot 13 h,, h,vab,,b,.Vo tréng va hé thng gan duoc ché tao tir 10

x> Yy
l6p GRC véi ba hudng bd tri graphene duoc xem xét trong luan an 1a (0)sor,
(0/90/0/90/0)s, v (0/90)st. Céc ky hidu UD, FG-X, FG-O, FG-A va FG-V I cAc quy
luat phan bé graphene trong nén polymer caa vo va gan véi thé tich graphene trong
cac 16p dugc trinh bay nhu trong Bang 1.2 va Hinh 2.2,

FG-X

) Vo trong

FG-O FG-V FG-A

Hinh 2.2. Quy luat phan b graphene trong vo va gan

Dé dam bao tinh lién tuc cua vat liéu gita vo va gan gia cuong, luan an dé
xuat mot thiét ké mai cho vo trong FG-GRC gia cudng bai hé théng gan FG-GRC
sao cho hai 16p composite cua vo va gan & vi tri tiép xidc c6 cing ty phan thé tich
graphene va 5 loai vo tréng duoc gia cudng boi hé thong gan FG-GRC dugc dé xuat
bao gom:

1. Vo tréng UD GRC gia cuong bgi hé théng gan UD GRC.

2. Vo tréng FG-X GRC gia cudng boi hé thdng gan FG-X GRC.

3. Vo tréng FG-V GRC gia cudng boi hé thong gan FG-A GRC.

4. Vo tréng FG-A GRC gia cudng boi hé thong gan FG-V GRC.

5. Vo tréng FG-O GRC gia cudng béi hé thdng gan FG-O GRC.

2.1.2. Vé tréng FG-GRC 16i Auxetic

Vit lidu Auxetic cling duoc coi 12 vat liéu tién tién khi c6 hé s Poisson am,
diéu tha vi 1a khi chju kéo vat liéu nay no héng va khi chiu nén né lai co héng. So
Vvéi cac vat lieu khac, vat lieu Auxetic c6 kha ning cach &m, hap thu niang luong,
chéng 16m va dut gdy. Cac vat liéu Auxetic thudng co cau tric hinh lyc giac (auxetic
hexagon) giéng nhu chiéc “no” ( bow-tie) nhu Hinh 2.3. Chinh vi vay vat liéu Auxetic
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dd duoc ung dung trong ché tao cam bién, thiét bi y té, cac thiét bi chéng va cham
trong linh vuc quén su, hang khong va dan dung [137-139].

\/\/\/\<
VAR VAR

[~
L]
"~

S
NNV | !

Hinh 2.3. CAu triic 2D Auxetic caa Masters va Evans [140]
Ta biét rang, md dun dan hoi truot cia mot vat lidu thudng duge xac dinh theo
cong thuc sau

G-—L 2.1)
2(1+v)
trong 46 E 1a mo dun dan hoi va v 1a hé sé Poisson cua vt liéu.

Tur cdng thie (2.1), khi hé sé Poisson cang giam thi kha ning khang cit cua
vat liéu s& cang tang. Vi vat liéu Auxetic, hé s6 Poisson am va khi v ——1 thi kha
ning khang cat cua vat liéu s& dan tién dén vo cing [141]. Chinh vi vay kha ning
khang cat cua vat liéu Auxetic cao hon so vai cac vat liéu thong thuong khac.

Trong phan nay, luan an xét mé hinh vo trong 16i va vo tréng 16m cau tao tir
hai 16p mat la cac I6p GRC va l6p 161 1a Auxetic nhu Hinh 2.4, trong d6 hgp- Va h,
lan luot 1a bé day 16p mat va 16p 16i Auxetic; h, R, va a lan luot 1a chiéu day, ban
kinh cia vo trong theo phuong x va phuwong y; thong sé cua Iop 16i bao gom
8, (1, &y, VA y duoc biéu dién nhu Hinh 2.3.

Ba kiéu phan bd graphene trong bé mat caa vo tréng dugc xem xét nghién ctu
trong phan nay 12 FG-X, UD va FG-O véi ty phan thé tich cua graphen trong cac 16p
GRC da trinh bay trong Bang 1.2.
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/

V6 tréng 16m Vo trong 16i

L1 honeycomb L1 honeycomb
auxetic auxetic

FG-O

FG-X
Hinh 2.4. M hinh vo tréng 16i Auxetic
2.2. Cac dac trung cua vat liéu FG-GRC va 16i Auxetic
M6 hinh Halpin—Tsai cai tién [32—35] duoc ap dung dé xac dinh mé dun dan
hoi va md dun truot hiéu dung cua cac loai tim vo gia cuong graphene, khi dé

b e 1+2(ag/hg)yllng e 1+2<bg/hg)y229Vg
11 = Moy -V s Ligp =MoLly, 1-V >
gY1lg gy22g (22)
.G
- QY129
trong do
Ellg_Em EZZg_Em GlZg_Gm (2 3)

Y = 5 Y = s Y =
B+ 2E,, (a, /h,) R 2E,, (b, /h,) 29T Gy,

V6i a,, b,, h, lan luot 4 chiéu dai, chiéu rong va chiéu day graphene. G,, va E,, lan
lrot 13 mo6 dun truot va mo dun dan hdi cua nén polymer duge xac dinh nhu sau [32,
109, 117]

E
E_=(-0.0034T + 3.520), G =—""— .
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n,,M,,Ms 12 cAc tham sé hiéu dung phu thudc vao ty phan thé tich graphene dugc lay
trong Bang 2.1va E,,, E,,,, G,, 1a m6 dun dan héi va md dun truot cua graphene
c6 xét dén anh huang cua thanh phan nhiét va xac dinh theo phuong trinh (1.1).

Bang 2.1. Cac mé dun dan hdi, mé dun truot, va cac tham sb hiéu dung cho vat liéu
nano graphene [32]

Cac dac trung cua graphene

v

I E,(GPa) T E,,(GPa) M, Gy, (GPa) s
T = 300K
0.03 12.47 2.929 12.47 2.855 0.962 11.842
0.05 19.41 3.068 19.41 2.962 0.982 15.944
0.07 26.58 3.013 26.58 2.966 1.003 23.575
0.09 34.01 2.647 34.01 2.609 1.025 32.816
0.11 41.71 2.311 41.71 2.260 1.048 33.125
T = 400K
0.03 10.96 2.977 10.96 2.896 0.831 13.928
0.05 17.09 3.128 17.09 3.023 0.848 15.229
0.07 23.43 3.060 23.43 3.027 0.867 22.588
0.09 30.01 2.701 30.00 2.603 0.886 28.869
0.11 36.82 2.405 36.82 2.337 0.906 29.527
T = 500K
0.03 9.424 3.388 90.420 3.382 0.700 16.712
0.05 14.72 3.544 14.71 3.414 0.715 16.018
0.07 20.21 3.462 20.20 3.339 0.730 23.428
0.09 25.90 3.058 25.89 2.936 0.746 29.754
0.11 31.82 2.736 31.80 2.665 0.763 30.773

Hé so gidn né nhiét o, a,, va hé sé Poisson v,, cua cac lép GRC dugc Xac

dinh nhu sau

o = (XnngEng +a,,V,.E,, ’
VoEig + Vi En
Oy =V 0lgy, (1+ Vlzg)-l-VmOLm (1+v,, )= Va0, (2.5)
Vi = vlngg + v, Vi,
trong d6 vy,, V& oyy,,0,,, 1an luot |2 cac hé s6 Poisson va hé s6 gian né nhiét cua
graphene dugc xac dinh theo phwong trinh (1.1). V. 1 ty phan thé tich cua nén thoa
man diéu kién Vv, +V,, =1, v,, Va a,, lan luot 12 h¢ s6 Poisson va hé so gian no nhiét

cua nén Poly metyl methacrylate (PMMA) [32, 109]



28

v, = 0.340,
o, = 45x10° (1+0.0005AT) /K, (2.6)
AT =T -T,.

Véi 16p 16i Auxetic, md dun dan hoi va mé dun truot cua Iop ndy c6 thé xac
dinh theo biéu thirc sau [142]
12 (4, —siny)
cos® Y|:<X1 sec?y +tan® y)xg +1}

Efﬁuxehc -E

m

3
E?uxeﬁc = Em . X22 2 ’ (27)
(xl—smy)(tan y+x2)c05y

3
GAu_xetic — X2
12 ™ (14 2y, )xg cosy’
trong d6 %, =C,/C1, %, =8/C;, VA hé s6 Poisson truc huéng cia I6p 18i auxetic duoc

xac dinh nhu sau

(l—xg)siny(xl —siny)

Auxetic _
V12 B ( 2 2. \.,2 2 7
[Xlsec v+ tan y)x2+1}cos Y
2.8
siny(xz —1) 9
Auxetic _ 2
Va1 =

(Xl - Siny)(tan2 Y+ X% ) .

2.3. Cac phwong trinh co ban

Theo Iy thuyét vo Donnell c6 xét dén céc thanh phan phi tuyén caa von Kaman
cac thanh phan bién dang cia mot diém bat ky caa vo tréng cach mat trung binh mot
khoang z duoc xéc dinh Ia [44, 143]

Sx 82 Xx
€, (= 82 ~Z%y > (2.9)
Yy Y?cy Xy

trong do €2,&J 1a cac bién dang phap theo hudng doc va chu vi ve, 12, 1a thanh phan
bieén dang truot & mat gitta cua vo. y,x,.x,, 12 s thay doi d6 cong va do xoan cua
Vo tuong (g véi cac thanh phan chuyén vi tai mat gitia 13 u(x,y), v(x,y), w(x,y)

theo c4c phuong x, y, va z, va [44]



w 1 2
N PR T
£, R 2 T T
w 1 2
82 = v,y—g+§(w,y) sy Wy (2.10)
Yoy u,+v, +w w, | [ty 2 5

Phuong trinh twong thich bién dang thu dugc tir phuong trinh (2.10) 1a

0 0 o 1 1 2
gy T By “Vayy T 7 W T Wy +(w,xy) w w, . (2.11)

Cac mbi quan hé ang suat va bién dang dugc xac dinh theo dinh luat Hooke
c6 xét dén anh huang nhiét do cho céac 16p GRC nhu sau

Ox Qs Quos 0 g, — ATay,
Oy =| Qs Qs 0 gy — ATay, | (2.12)

0 0 Q66s (k) ny ®

% Juy
trong d6 Q;, 1a céc thanh phéan do cing cua cac l6p GRC dugc xéc dinh theo bicu

thirc sau [109, 144]

Ell(k) E22(k)
Qlls(k) - ) szs(k) - )
1-v v 1-v,. .V
12(k)E 21(k) 12(k)V 21(k) (2.13)
_ Vo) Pk _
Quas() = 17 Vi Vatn Qess(r) = Gra(r)>

va AT =T —T, la nhiét d¢ ting déu tir gia tri ban dau T, dén T .

Dua trén y tuéng caa Lekhnitskii, luan an xem xét cac gan gia cuong lam viéc
nhu cac dam chiu udn phing, vé c6 gan gia cuong duoc thuan nhat vé vo khdng gan
di hudng twong duong bang cach cong tong cac thanh phan d6 cing cia gan (sau khi
duoc san theo huéng 1am viéc cua gan) vao céc thanh phan do ciing cia vo twong
ung.

Cac luc mang N,,N,,N, , va cac md men M,,M, M, duoc tinh qua cac

thanh phan ang suit nhu sau [143, 145]
h/2
(Nx,Ny,ny)z j (Gx,cy,cxy)dz,
—h)2
h/2
(MM, M, )= [ (04,0,.0, )2z
_h/2

(2.14)
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Thay phuong trinh (2.9) vao phuong trinh (2.12) va két qua thu duoc duoc
thay tiép vao phuong trinh (2.14), biéu thic noi luc cua vo trong FG-GRC ¢6 gén gia
cuong FG-GRC thu duoc co dang sau

Nel (4, A, 0 B, B, 0 8% Dy,

Ny Ay Ay 0 By By, 0 &y Dy

N,, _ 0 0 Ay O 0 B V?cy N 0 (2.15)
M, B, B, 0 D, D, 0 W Dy, , .
M, B, By, 0 Dy D, 0 -w,, D,,

Mxy 0 0 By O 0 Dy _Zw,xy 0

trong d6 cac thanh phan ma tran do cing A, B

5> Dy Cua vo trong co gén gia cuong

duoc xac dinh theo cong thirc

(AT'J"BI'J"DI'J') :(A7'J'S’BUS’D1'J'S) Jr(Aijx’BiJ'X’DiJ'x )[k] +(Aijy’Bijy’Dijy)[k] ’ (2'16)

(k]

va cé4c thanh phan do cang cua 16p GRC xé4c dinh nhu sau

10
(Ajs’Bijs’Dijs )[k] = Z .[ Qijs(k) (l,Z,ZZ)dZ, (i’j :]-;2,6), (2.17)

k=1 I

v6i 1, lan luot 12 mién lay tich phan cua cac 16p GRC, (Aijx,Bijx,DUx)[k] | thanh

phan do cang cuia gan doc theo huéng x , Véi

{Allx Bllx:|:
Bllx Dllx

) ) A A Ap AO By 0 Ay, B
i {All Bll}_[Alz 0 By 0} 0 A 0 By 0 0

By Dy| |B, O D, 0f|B, 0 Dy 0| |B, Dy
|0 By 0 Dy LO 0

trong do
S s b, -
(AiJ"BiJ"DiJ’)(k):d_ j Ql.j(k)(],z,zz)dz, (i,j = 1,2,6). (2.19)
X Alk)

Céc thanh phan do cang cia gan vong (A.. B.. , D,

s> Biiy» Diy )[k] nhan duoc bang cach

thay cAc chi s6 dudi “11” thanh céc chi s6 “22” va céc chi s6 dudi “22” thanh cac chi
s6 “11” trong cac cong thirc (2.18), (2.19), va bé rong vai khoang cach cua cac gan
b., d. duoc thay thé lan luot bang b, d,.
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Cac thanh phan nhiét caa vo dugc xac dinh theo biéu thuc
CDJ_X = CD]_x(s) +q)]_x(x), chy = chy(s) +q)ly(y)’ (2.20)

trong d6 cac thanh phan nhiét cia I6p GRC va cia gan xac dinh nhu sau

10
Dyys) = Z J. AT(Qlls(k)all(k) + Quas(i)%22(k) )dZ,
k=1 I

10
D) = Z j AT(QZZs(k)CXZZ(k) + Q1) %1(k) )dZ’

k=1 I

10
bx
Do) = Zd_ E[ AT(Qlls(k)all(k) +Q12s(k)a22(k))dz’
k

k=1 77X A )

(2.21)

10 b
Doy = Zd—y f‘- AT(szs(k)%z(k) +Q125(k)0°11(k))dz-
!

k=1 7Y A )

Véi vo trbng FG-GRC 16i auxetic khéng gan, khong xét dén nhiét trong qua
trinh tinh toan nén sé bo qua cac thanh phan do ciing ciia gan trong cong thic (2.16)
va bo qua cac thanh phan nhiét trong cong thic (2.15) va (2.20). Khi d6 cac thanh
phan ma tran do ctng A;,B;,D; trong cong thic (2.15) sé la tong d6 cung cua vo
gom hai 16p mit GRC va 16p 16i Auxetic.

Tir phuong trinh (2.15), biéu thirc ctia cac thanh phan bién dang tai mat trung
binh x4c dinh dugc nhu sau

Nx_q)lx
82 Ay Ap 0 B, B, O yN v
G [=14n An 0 By By 0 Yo, (2.22)
0 0 0 ~ 0 0 B A
'ny A66 66 w,yy
2w,xy

trong d6 cc hé so A; va B; duoc xac dinh cy thé trong phu luc AL

Két hop biéu thuc (2.22) va (2.15) ta thu duoc

Nx_q)lx
N -
Mx Xll XlZ O Sll SlZ 0 v & O 2x
ny
My (= Xa Xp O Sy Sp 01 @y, | (229)
M,| |0 0 Xz 0 0 S o 0
w
Yy
2w’xy
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trong d6 cac hé s6 X;; va S;; dugc xac dinh cy thé trong phuy luc AL

Hé phuong trinh can bang cua vo tréng co nén Pasternak bao quanh theo Iy
thuyét vo Donnell ¢6 dang [44]
N,.+N,,=0, N, .+N,, =0,
M, +2M,, +M,  +Nw +Nw, +2N w, + (2.24)
1 1
+EN’“ +5Ny -Kw+K, (w,xx +w,yy) =0,
trong d6 Kl(N / m3) Va K, (N/m) lacac tham sé do cting ciia nén dan hoi Pasternak.
Khi dua vao ham ting suat Airy 12 §(x,y) thoa man ba diéu kién 13

Ny =—0., N,=6,, N, =5, (2.25)
thi hai phwong trinh dau cua (2.24) thoa man hoan toan.
Thay cac phuong trinh (2.15) va (2.25) vao phuong trinh thr ba cua (2.24)
phuong trinh can bang duoc Viét lai nhu sau
O=P +P, n

+ P, + 511 Ws e FP4W, 10y +55

P e P oy T 1390 yyyy 2Wsyyyy

1 1 (2.26)
+ E F W,y [P T| Wy +E Py — 2(p,xyw’xy +K, (w’xx + w,yy)—Klw =0,

trong d6 cac hé s6 P,(i=1-»4) dugc xac dinh cy thé trong phu luc Al

Thay céc biéu thtc (2.25) va (2.22) vao phuong trinh twong thich bién dang

(2.11) rat gon lai ta dugc
A;Z@,XX)OC + (A1*2 + A;l + AQG )(_P,xxyy + Al*l(_P,yyyy + B;lw,w + Bl*Zw,yyyy +
+(B11 +B,, _2B66)w,xxyy + E+w,yy W +Ew,yy —(w,xy) =0.

Céc phuong trinh (2.26) va (2.27) 1a cac phuong trinh co ban dé nghién cau
va phan tich sy mat 6n dinh cia vo tréng FG-GRC c6 nén Pasternak bao quanh chiu
tal trong co trong moi trueong nhiét.

2.3.1. Bai toan vé tréng va vé tru chju tdi xodn

Déi voi bai toan vo tréng, vo tru FG-GRC chiu tai xodn c6 cac canh tua don tur

do, diéu kién bién duoc biéu dién dudi dang sau
w=0,M,=0,N, =0,N, =6, i, N, =—th tai x=0,L.  (2.28)

Khong giong vai két cau tam va panel FG-GRC, khi vé tréng hoic vo tru FG-
GRC chiu tai trong co trong méi truong nhiét, do diéu kién chu vi kin nén tng xir co
hoc cua vo trong hoac vo tru kha phirc tap va thuong co d6 vong déu dang ké trudc
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mat 6n dinh [44]. Vi vay, nghiém d6 vong cua vo tréng chiu tai xoan duoc lua chon
c6 ba s6 hang va thoa man xap xi diéu kién bién tya don c6 dang nhu sau [146]

w =&, +&sin| By —x) Jsin(ax)+E,sin? (ax), (2.29)
trong d6 &, 1a bién do cua do vong déu trugc mat on dinh, &, 1a bién do cua do vang
tuyén tinh sau mét 6n dinh, &, 1a bién d6 cua do véng phi tuyén sau mat on dinh, hé
s6 A la tan cua goc hop bai dudng cé d6 vdng bang khong véi duong sinh cua vo

J4 z A A n mm . N Y N A, , P \ Az
trong. Caché so p=—; a =7 véi m va n lan luot la so nira budc séng va so song
a

theo phuong doc va phuong chu vi vé.

Hinh 2.5. M6 hinh vo trong 16m FG- Hinh 2.6. M6 hinh v trong 16i FG-
GRC c6 gan gia cuong chiu tai xoan GRC ¢6 gan gia cuong chiu tai xoan

Thay biéu thtic (2.29) vao phuong trinh (2.27) va giai phuong trinh nhan duoc
dé tim ham ung suat, dan toi
¢=1I,cos(20x)+1, cos[ZB(—kx+y)]+I3 cos[By+(a—M3)x]
+1, cos[By —(Br+ oc)x]+ I cos[By—(3a+ kB)x] (2.30)
2
+ Iy cos[ By + (30— AB)x |+ o pyh ' —thay,
2
trong d6 o, 1a tng suét trung binh theo huéng chu vi vo va
1| (a0’p%e, - 05 )R-Pa g,
2 O,aR

1[(w@G-0)R-Fale e, o,
2 Os;Ra e Oy " 0y

Véi O;(i=1—9) dugc trinh bay cy thé trong phu luc A2.

I, =015.»12 +0,8,, I, =03§12, I, =

b

(2.31)

I,=

Thay cac phuong trinh (2.29) va (2.30) vao phuong trinh (2.26) va ap dung
phuong phéap Galerkin cho ba thanh phan d6 vong nhu sau
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L ZTca
O dydx =0,
00
[:ZTC.CI
@sin[B(y—kx)]sin(ocx)dydx =0, (2.32)
0 0
I:Zn.a
@sin’ (ax) dydx =0.

00
Tir biéu thire (2.32) ta thu dugc ba phuong trinh dai $6 nhu sau

—2K, Lrna&, - K, Ltag, +2Lrhs,, =0, (2.33)
Vle.alz—i_VZ é’;g_i_‘[:%‘H_‘GGoy—i_‘/BE»Z_'_Vv6:0> (234)
—K, Lnat, + Lrho,, + V,£5€, + ViEF + V4&, =0, (2.35)

Véi V;(i=1—9) dugc trinh bay cu thé trong phu luc A2.

V6 tréng phai thoa man diéu kién chu vi kin theo nghia trung binh, két hop
cac phuong trinh (2.22), (2.25) va (2.30) ta dugc

LZna L2na
” dydx = ”(g —05w? + 2 jdydx 0. (2.36)
suy ra

2 2
n°“Ln
VioOoy + L&, — &)

+2LnEy+Vyy, (2.37)
trong d6 V,(j =10,11) dugc trinh bay cu thé trong phu luc A2

Tir phuong trinh (2.37) ¢6 thé xac dinh duoc tng suat o,, Nhu sau

2 2
o =i(—Ln§2 L Z“‘il 2L, —VMJ. (2.38)
a

Y Vi
Thay biéu thirc (2.38) vao phuong trinh (2.33), ta tim duoc biéu thic &, nhu
sau

Lnhn®t? —4K,V,,a%, —8Lnahg, - 4viah
2K,V,,a* +4Lnah
Thay céac biéu thirc (2.38) va (2.39) vao phuong trinh (2.35), tim dugc biéu
thuc &, nhu sau

e, = (2:39)

2 2 2
Viuh n & Vs n Lrhn¢,

‘io:_Klvmmanh K,Lrna+2V,E72+2V, 4a(K,Vya+2Lzh)

. (2.40)
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Tiép tuc thay céc biéu thuc (2.38), (2.39) va (2.40) vao trong phuong trinh
(2.34) ta thu duoc biéu thic
= 1 TE° +T,8" +T,8° +T,
8Ty(K\Lra+2V,52 +2V,)

(2.41)

trong d6 T; (i =1—5) dugc trinh bay cu thé trong phu luc A2.
Tir phuong trinh (2.41) biéu thic tai xoin lam mat 6n dinh caa vo tréng © c6
thé tim dwoc khi & — 0.

1 T,
8T,(K,Lna+2V,)"

Gia tri tai toi han . 1a gia tri tai nho nhat trong biéu thac (2.42) tuong ung

(2.42)

véi cac mode (m,n,1).
Tir phuong trinh (2.29) d6 vng 16n nhat xac dinh theo biéu thtc
W =& +E& +E, (2.43)
Thay céac phuong trinh (2.39), (2.40) vao phuong trinh (2.43), thu duoc biéu
thic moi xac dinh d6 véng 16n nhéat nhu sau

_ T8 + T8’ + T&” + 16 + T

W, 2
8( K Lra+2V, &% +2V, )T,

max

(2.44)

trong d6 cac hé s6 T;(j =6 —11) dugc trinh bay cu thé trong phu luc A2.

Két hop cac phuong trinh (2.41) va (2.44) luan an s& khao sat dugc méi quan
hé giira tai trong va do vong Ion nhat caa voé tréng FG-GRC chiu tai xoan.

Gac xoan duge xac dinh theo biéu thirc sau

L2na

1
¢ = 2Lan-[ I (u,y +v,x) dydx
00 (2.45)
o T 22
“2Lan) S P Bt ST

Tuong tyu, két hop cac phuong trinh (2.41) va (2.45) s& khao sat duoc méi quan
hé gitra tai xodn va goc xoin caa vo tréng FG-GRC ¢d nén dan hoi bao quanh chiu
tai Xoan trong méi trudng nhiét.

Dua vao cac dang dudng cong tai xoan - do vong va tai xoan — géc xoan trong
qua trinh khao sét, luan an s& danh gia duoc kha ning chiu tai sau mét 6n dinh coa vo
tréng FG-GRC c6 gan gia cudng chiu tai trong xoan.
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2.3.2. Bai toan vé trong va vé tru FG-GRC chju tdi doc truc

Hinh 2.7. M6 hinh vo tréng FG-GRC chiu tai doc truc
Déi véi bai toan vo trong, vé tru FG-GRC chiu tai doc truc ¢é cac canh tua tu
do, diéu kién bién dugc biéu dién dudi dang sau

M, =0,w=0,N,, =0,N, = -o,,h,N, =—ph, tai x=0;L. (2.46)

Tuong tu nhu bai toan vo trng hoac vo tru FG-GRC ¢6 nén dan hoi bao quanh

chiu tai xoan trong méi truong nhiét, dang nghiém do véng cua vo tréng va vo tru

chiu tai doc truc duoc lua chon cd ba sé hang va thoa man diéu kién bién tya don da
trinh bay bén trén co6 dang sau [146, 147]

w(x,y) =&y +& sinoxsinfy +&, sin® ox, (2.47)

trong 46 o.=mn/L, p=n/a véi m 1as6 nira song theo hudng doc vo va n 1a s song
theo hudng chu vi trong tmg. Do vdng 16n nhat tir (2.47) xac dinh duoc 1a
Winax =80 +& +&;- (2.48)

Thay dang nghiém d¢ vong (2.47) vao phuong trinh (2.27) va giai phuong
trinh nhan duoc, dan téi ham ang suét c6 dang

¢ = @, COS 20X + @, cos 2BY — @, sinox sin Py + ¢, sin3ox sin Py

2 2
X
“ooh PR

véi p latai doc truc tac dung tai canh x =0; L , tai mang gia tri duong khi vo chiu nén

(2.49)

va am khi vo chiu kéo, va
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(P1=J12§12+J11§2, 02 :Jl3§12’ (2.50)
03 =J14, &8, +J15Ep, 904 = J 1€y,

trong do J; (i =1— 6) duoc xac dinh trong phu luc A3.

Thay ham (ng suat (2.49) va do vdng (2.47) vao trong phuong trinh (2.26) sau
do6 ap dung phuong phap Galerkin ta thu dugc cac phuong trinh sau

nLahp

-nLK,af, -2nLK, a&, - 2rnLho,, ~2 =0, (2.51)

Iy’ +J 558 +Jy D+J 500+ &, +J5 =0, (2.52)

LK, Q&+ J 5 £, °E, — nLho,, +Ja £ + oy PEy +Jay +Jisp=0.  (2.53)

V6 tréng phai thoa man diéu kién chu vi kin theo nghia trung binh, két hop
c4c biéu thie (2.22), (2.25) va (2.30) thay vao biéu thuc (2.36) ta c6 phuong trinh sau

n’mLE”

nLS,

—2LnAy, hao,, — 2LnahpA,, =0,

+2nLEy - 2Lnad,, ®,, - 2Lrad, ®,, - (2.54)
trong d6 J,;(i=1—6), J3;(j =1—5)xac dinh trong phu luc A3.

Tir phuong trinh (2.51) biéu thirc 6,y Xac dinh dugc nhu sau

_ (—ﬁz/z—ﬁo)Kla _ap
v h R
Thay (2.55) vao phuong trinh (2.54) biéu thuc &, xac dinh duoc Ia

(2.55)

§0:J38p_a_22+J37§12+J36 (2.56)
trong d6 J,;(j =6 —8) xac dinh trong phu luc A3.
Tiép tuc thay (2.55) va (2.56) vao phuong trinh (2.53), biéu thic &2 xac dinh
duoc nhu sau

-2J J J.
élzz( 2P +J40)E + 5D (2.57)
2J3,8; +2J 35

trong do J,y,J,, xac dinh trong phu luc A3.

Thay (2.55), (2.56) va (2.57) vao phuong trinh (2.52), giai tim dugc mdi quan
hé cua tai va bién do véng phi tuyén nhu sau

_ ‘]43E,~23+J44§22 + 58, +J s
J31&o +J g

, (2.58)

trong d6 J,; (1 =1— 6)xac dinh trong phu luc A3.
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Khi &, —0 tai mat on dinh twong Gng vai diém ré nhanh cua vo trong xac
dinh dugc theo biéu thic sau

Jas

: (2.59)
J42

p? =

Khéo st tai mat on dinh voi tat ca cac mode (m,n), gia tri tai trong nhé nhat
thu duoc ddi véi trudng hop tai trong nén va 16n nhat véi tai trong kéo duoc goi la
tai toi han p,,..

Trudng hop nén doc truc thi tai trong nén p, = p va tai nén mat 6n dinh t6i
han la p{" = p,,

Trudng hop kéo doc truc, thi tai trong kéo p, = —p tai kéo mat 6n dinh téi han
la pi" =-p..

Tir c4c phuong trinh (2.51) dén (2.54) va (2.48) ta c6 phuong trinh xac dinh

do vong khong thir nguyén W, /h nhu sau

max

&, ((J40_2J34p)§2+']39p)

JygD+—-+ +J.
W 1 seP 2 2J3, 8y +2J 3 * (2.60)
h h N (J4o_2J34p)§2+J39p
2J3,E, +2J3;

Két hop cac phuong trinh (2.58) va (2.60) luan an khao sat mdi quan hé cua
cua tai nén (hoic kéo) véi do vong Ion nhit caa vé trong. Dua vao cac dang duong
cong tai - do vong thu dugc trong qua trinh khao sat, luan an sé danh gia dugc kha
nang chiu tai sau mat 6n dinh cua vo trong FG-GRC c6 gan gia cuong chiu nén doc
truc.

Trong truong hop Vo try, ban kinh R — oo, biéu thirc chuyén vi trung binh &
cac canh bién A_ ¢ thé xac dinh thdng qua biéu thic

o fa

Tur phuong trinh (2.61) ta dugc

dydx. (2.61)

_ Jo by +J, 3 ? . *
1 - P(Jsi& +J5) +J56§2 +538s" + 5485 + Jss +AL,®,, + D A, (2.62)

* 8(']32&2 JrJ45)L2 8(J32§2 JrJ45)L2

trong d6 Jg; (i=1—6) duoc xac dinh trong phu luc A3.
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Tir phuong trinh (2.62), khi cho d§ véng phi tuyén &, — 0, d co canh bién
trong giai doan tru¢c mat on dinh x4c dinh duoc nhu sau

A = PJs, +Jss

Y +A1*ZCI)1y+CI>1XAfl. (2.63)
45

2.4. So sanh két qua

Pé khang dinh d6 tin cay ctua phuong phap nghién ciru, luan an tién hanh tinh
toan khao sét va so sanh véi cac két qua da dugc cong bd trén tap chi uy tin.
2.4.1. So sanh két qud bai toan vé tréng va vé tru chiu tai xodn

Trong Bang 2.2 luan &n so sanh md men xo4n tGi han M., (kN.m) cuacua vo
tru tron FG-GRC chiu tai xoan vai két qua nghién ciu ciia Shen va Xiang [113]. Tiép
theo trong Bang 2.3, luan &n so sanh tai xoan tGi han . (MPa) cua vo try tron FGM
chiu xoan véi cac nghién ctu cuia Huang va Han [151], Thang va Trung [149],
Sofiyev va Kurouglu [148], Najafov va cac cong su [150]. C6 thé thay tuy ciing st
dung Iy thuyét CLT nhung cach tiép can trong luan an di thu duoc tai xoin t&i han
nhé hon, déng thoi mode mat 6n dinh ciing khong tring véi cac nghién ctru khéc.
Bang 2.2. So sanh md men x0an téi han M, = 2rha’t,, (kN.m) cua vé tru FG-GRC
khong gan gia cuong voi cac két qua nghién cau cua Shen va Xiang [113] (a/h= 30
, h=2mm, I?/ah =400, T =300K)

) .y Luan an Shen va Xiang [113]
graphene
FG-X ubD FG-X ubD
(0)101 20.44 19.29 20.58 18.98
(0/50)st 20.49 19.33 20.62 19.04
(0/90/0/90/0)s 20.45 19.32 20.48 18.99

Bang 2.3. So sanh tai xoan t6i han ., (MPa) cta vo tru FGM khong gan véi cac
nghién ctu khac (L/a=2, h=lmm, T =300K, m=1)

Sofiyev va Thing va Najafov va Huang va Luan
on  Kurouglu  Trung [149] caccong su  Han [151] an
[148] (CLT) [150] (EM) (CLT)
(CLT) (CLT)
400 34.44 35.01 34.44 33.82 34.241
(10;0.21)" (10;0.21) (10;0.21) (12;0.31) (12;0.24)
500 25.93 26.22 25.93 25.58 25.815

(11:020)  (13:030)  (11:02)  (13:0.30)  (12:0.21)
" Céc gié trj trong ngoac 1a mode mat n dinh (711;1.)
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Trén Hinh 2.8, luan &n so sanh tai md men xoin téi han can trén va can dudi
cua vo try tron dang hudng véi két qua nghién ctu cua Huang va Han [151], Wang
va cac cong su [152]. Cac s lidu so sanh cho thay két qua nghién cau cua luan an rat
phu hop vai cac két qua trong nghién cau [151, 152].

45 X Thuc nghiém cua Wang va cac cong su [152] 1.6 —Luén 4n (CLT)
-------- Két qué tuyén tinh cia Wang va céc cong su [152] i N L a
- — - K&t qua tuyén tinh ciia Huang va Han [151] ——Huang va Hang (CLT va Rizt) [153]
40 Két qua phi tuyén Huang va Han [151]
. | —®— Ludn an - tai t6i han can trén
. | —&— Lu4n 4n - tai t6i han cin dudi 12
35 | | n=11
€ Vo try tron dang hudng 2o _ -
z E = 2230kg/mm?, v=0.33 - L2/ah =500, P = 2mahp, A, = A,L
530 f R =32.75mm, h = 0.2mm Sos | 10 alh=405,a=0.1m, m=1
= o E =5.56GPa, v=0.3
25
M,, =2nha’t,, 8 5
h_v2r2 04 7 6
20 bz- 1-v°L
ah
15 1 1 1 1 ) )
0 300 600 900 1200 1500 0
z 0 0.1 0.4 0.5

% o
Hinh 2.9. So sanh duong cong tai - o
co canh bién véi nghién ciu cia Huang
va Han [153] trong truong hop vo tru
FGM chiu nén doc truc

Hinh 2.8. So sanh tai mé men xoan t6i
han M, can trén va can dudi cua vo
try tron dang hudéng vai cac nghién ciu
[151, 152]

2.4.2. So sanh két qud bai toan vé tréng va vé tru chiu tai nén dec truc

Trén Hinh 2.9 luan an so sanh duong cong tai - dd co canh bién cua vo tru
FGM khong gan chiu nén doc truc véi nghién ctru cua Huang va Han [153]. Két qua
so sanh trén hinh cho thay sy phi hop tt.

Bang 2.4. So sanh tai toi han p,. = 2rahp,,. (kN) cia vo tru tron FG-GRC khong gan
chiu nén (a/h =20, h=2mm, T =300K)

Shen va Xiang [107]

I2 Luéan an (CLT)

Huéng GRC — (HSDT)
FG-X ub FG-X ub

500 1226.10 (4:4)" 1133.55 (4:4) 1154.36 (4;4) 1087.11 (4:4)
(0)10 300 1238.44 (3:4) 1143.80 (3;4) 1167.68 (3:4) 1098.08 (3:4)
100 1194.79 (2:4) 1107.81 (2;4) 1116.33 (2;4) 1056.72 (2:4)
500 1226.49 (4:4) 1134.25 (4:4) 1154.83 (4:4) 1087.81 (4:4)
(0/90/0/90/0)s 300 1238.95 (3:4) 1144.63 (3;4) 1168.23 (3:4) 1098.87 (3:4)
100 1194.88 (2:4) 1108.20 (2;4) 1116.70 (2;4) 1057.20 (2:4)
500 1228.12 (4:4) 1134.94 (4:4) 1156.27 (4:4) 1088.45 (4:4)
(0/90)sr 300 1240.73 (3:4) 1145.39 (3:4) 1169.80 (3;4) 1099.57 (3:4)
100 1196.04 (2:4) 1108.67 (2;4) 1117.73 (2;4) 1057.66 (2:4)

"Céc gia tri trong ngoic twong tng mode mat 6n dinh (m;n)
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Trong Bang 2.4 luan an so sanh tai téi han cua vo tru tron FG-GRC chiu nén
doc truc véi két qua nghién ciiu caa Shen va Xiang [107]. Do luan an sir dung ly
thuyét vo Donnell nén tai ti han cua luan &n cao hon tai téi han trong nghién ciru
cua Shen va Xiang [107], tuy nhién cac mode mat 6n dinh thi hoan toan pht hop.
2.5. Khao sét sé va thao luan
2.5.1. Vé trong FG-GRC c¢é gin gia cuwrong va nén dan héi bao quanh chju tdi trong
xodn

V6 trbng FG-GRC duoc gia cudng boi hé thong gan ¢ nén dan hoi Pasternak
bao quanh duoc ché tao tir 10 I6p GRC vai tong chiéu day cua vo h = 2mm. Hé thong
gan doc va gan vong ciing dugc ché tao tir 10 16p GRC véi bé rong caa gan la
b, =b,=h=2mm, cung véi chieu cao gan h, =h, =3mm, s6 lugng gan doc la

n, = 50, s lugng gan vong 1a n. = 12, chiéu dai vé L =2man, /n, dugc lya chon
dé tinh todn va khao sat s6. Nén dan hoi Pasternak c6 do cung K, = 2x10’ N/m°®,
K, = 5x10’ N/m. Cac kiéu gia cuong graphene nhu FG-X, UD, FG-V, FG-A va
FG-O véi ba kiéu sap xép (0)or, (0/90/0/90/0)s va (0/90)st khi dugc khao sat s& ghi
chi cu thé trong cac bang va hinh vé&. Cac dic trung hinh hoc cua cac 16p GRC va
cua céc dai graphene duoc iy theo céc cdng b cua Shen va Xiang [109, 113].

0.6 —1: Kho 3 07 M —1 wnA A
FG-X (0)101,h=2mm _;: égrtl)rlg)gan 1: Khong gan
a=100h, R =5m, —3 Gan vi‘)ng —Z:G'im d?c
AT =0K ——4: Gan tryc giao —3:Ganvong
Ky =2x107 N/m3 0.6 1 |—4: Gan tryc giao

055 1Kz = 5x10% N/m

) T
e e
0.5 4
— 04 FG - X (0)10, h =2mm, a = 100h
R=5m,AT=0K
—1 K; =2x107 N/m3
K, = 5%105 N/m
0.45 - - - 03 : : :
0 15 3 45 6
W, /h 0 0.02 0.04 0.06 0.08
¢ (rad)
Hinh 2.10. Anh huong caa hé théng Hinh 2.11. Anh huéng caa hé théng
gan gia cuong dén dudng cong gan gia cuong dén duong cong t—¢
T— W /R CUa VO trong FG-GRC cua vo tréng FG-GRC

Hinh 2.10 va Hinh 2.11 lan luot cho thiy anh huéng cua gan gia cuong dén
cac duong cong sau mat on dinh t—W, . /h va t—¢ cua vé tréng FG-GRC chiu tai
xoan. C6 thé thay rang trong mién d6 vong nho dudng cong sau mat on dinh cia vo
tréng c6 gan gia cudng cudng truc giao la cao nhat.
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Cac khao sét s6 trong Bang 2.5 cho thay anh huong cua hé thong gan gia cuong
dén tai xoan tgi han cua vo tréng FG-GRC. R rang la khi c6 gan, vo tréng chiu tai
t6t hon va hé thdng gan truc giao gitp vo tréng ¢ tai téi han Ion nhat. Cling quan sat

thdy gan vong gilp vo tréng chiu tai xoan tét hon so voi gan doc va cac gia tri tai téi
han twong (g véi ba kiéu bé tri graphene khong chénh léch nhau nhiéu. Khi khong
¢ gan gia cudng, vo tréng FG-O chiu tai kém nhat, nhung khi duoc gia cudng gan

truc giao thi tai ti han cua vo tréng nay vuot qua tai téi han caa vo trong FG-A.

Bang 2.5. Anh huong cua hé thong gan, quy luat phan b graphene va hudng b tri
GRC den tai xoan tsi han 1, (GPa) cua vo trong FG-GRC(AT = 0K, a/h=100,
R =5m,m=1)

Loai V6 Tai toi han
(0)10 (0/90/0/90/0)s (0/90)st
Khong gan 0.4539 (10;0.72)  0.4541 (10;0.72) 0.4541 (10;0.72)
UD Gan doc 0.4765 (9;0.65)  0.4766 (9;0.65)  0.4766 (9;0.65)
Gan vong 0.5164 (8;0.82)  0.5165 (8;0.82)  0.5165 (8;0.82)
Gantryc giao  0.5438 (8;0.73)  0.5438 (8;0.73)  0.5439 (8;0.73)
Khong gan 0.4671 (9;0.71)  0.4672(9;0.71)  0.4673(9;0.71)
G- X Gan doc 0.4873 (9;0.65)  0.4873(9;0.65)  0.4874 (9;0.65)
Gan vong 0.5222 (8;0.81)  0.5224 (8;0.81)  0.5224 (8;0.81)
Géntrucgiao  0.5464 (8;0.73)  0.5465 (8;0.73)  0.5465 (8;0.73)
Khéng gan 0.4351 (10;0.72) 0.4352 (10;0.72) 0.4353 (10;0.72)
G- A Gan doc 0.4513 (10;0.66) 0.4514 (10;0.66) 0.4515 (10;0.66)
Gan vong 0.4807 (9;0.81)  0.4809 (9;0.81)  0.4809 (9;0.81)
Gantryc giao  0.4998 (8;0.73)  0.4998 (8;0.73)  0.4998 (8;0.73)
Khdng gan 0.4219 (10;0.74)  0.422 (10;0.74)  0.4221 (10;0.74)
G-V Gan doc 0.4532 (9;0.64)  0.4532 (9;0.65)  0.4533 (9;0.65)
Gan vong 0.4966 (8;0.87)  0.4968 (8;0.87)  0.4968 (8;0.87)
Géntrucgiao  0.5328 (8;0.75)  0.5329 (8;0.75)  0.5329 (8;0.75)
Khéng géan 0.4141 (10;0.74) 0.4143 (10;0.74) 0.4143 (10;0.74)
Gan doc 0.438 (10;0.65)  0.4381 (10;0.66) 0.4381 (10;0.66)
FG-0 Gan vong 0.4752 (9;0.87)  0.4754 (9;0.87)  0.4754 (9;0.87)
Gan tryc giao  0.5029 (8;0.74) 0.503 (8;0.75) 0.5030 (8;0.75)

Do hé théng gan truc giao gilp vo tréng chiu tai tot nhat, vi vay cac khao sat
dudi day chi tap trung khao sat vo trong FG-GRC gia cuong hé théng gan nay. Dé dé
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trinh bay thi tir phan nay tro di, vo trong FG-GRC duoc hiéu 1a vo tréng da dugc gia
cudng hé thong gan truc giao va dugc ghi chl cu thé trong hinh Ve.

Hinh 2.12 va Hinh 2.13 Ian luot trinh bay cac dwong cong sau mat on dinh
t-W,,../h V3 t—¢ ciia nam kiéu vé trong FG-GRC twong ting véi nim kiéu phan
bd graphene. C6 thé quan sét thay, cac dudng cong t—W, .. /h VA t1—¢ Cia Vo trong
FG-X la cao nhit trong mién d6 vong nho va tiém can véi dudng cong cia vo UD
trong mién d¢ vong l6n, cac duong cong t—W, . /h VA t—¢ cta vo trong FG-A 1a
thap nhat va kém 6n dinh hon do ¢6 cuong dd hdp manh hon so véi c&c loai vé tréng
khac.

056 p—r 056 —ILFG-
Gan tryc giao _é: EGD X (0)10,h = 2mm, a=100h _; E% X
— 3 FG-V R=5m, AT=0K —3'FG-V
. (0]
A

—4:FG-0 —4FG-
0.54 \ —5.FG-A| 054 A ——5:FG-

71 (0)10,h = 2mm, a = 100h
R=5m, AT=0K K; = 2x107 N/m3

Ky = 2x107 N/m@, K, = 5x105 N/m Kz =5x10° N/m
Gan tryc giao

0.5 A 0.5 + 5
A
5
4

0.48 T T T 0.48 T T T
45 6 0.02 0.03 0.04 0.05 0.06

1 (GPa)
o
N

T (GpPa)
ol
N

° - W o (rad)
Hinh 2.12. Buong cong t—-W, . /h cia Hinh 2.13. Buong cong t—¢ Cua nam
nim loai vo trong FG-GRC loai vo tréng FG-GRC

Bdng 2.6. Anh huéng cta nhiét do dén tai xoan t6i han <. (GPa) cta vo trong FG-
GRC(a/h=100, R=5m, m=1)
(0/90/0/90/0)s AT =0K AT =100K AT = 200K
FG-X Khoénggan  0.4672(9:0.71)  0.4376 (9;0.73)  0.4254 (9:0.74)
Gantruc giao  0.5465 (8:0.73)  0.5096 (8;0.75)  0.4960 (8;0.75)
UD Khonggan  0.4541 (10;0.72) 0.4285 (10;0.74)  0.4142 (9;0.75)
Gantruc giao  0.5438 (8;0.73)  0.5094 (8;0.75)  0.4920 (8;0.75)
FG-A Khonggan  0.4352 (10;0.72) 0.4076 (10;0.75) 0.3968 (10:0.76)
Géantrucgiao 0.4998 (8;0.73)  0.4649 (8;0.75)  0.4520 (8;0.76)
Sy gia ting nhiét do ciing lam giam tai xo4n téi han cua hai loai vé tréng nhu
khao sat da chi ra trong Bang 2.6. R3 rang 1a khi nhiét d6 tang 1én s& 1am ting hé sb
gidn no nhiét va lam giam cac dac trung co hoc cua vat liéu, tir d6 giam kha nang
chiu tai cua vo trong. Hinh 2.14 va Hinh 2.15 lan luot trinh bay anh huéng caa nhiét
d6 dén cac duong cong sau mat 6n dinh t-W,__/h va t—¢ cua vo trong FG-GRC.

Nhu c6 thé quan sat thdy, dwong cong t-W,, /h cua hai loai vo trong khi
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AT =100K va AT =200K khong bat dau & vit tri W, /h =0, diéu nay la do su gia

tang nhiét do gay ra do vong am trudc khi vo trong chiu tai trong xoan.

0.56

. — L AT=0K
: —2:AT=100K
| —3: AT =200 K
Rl
054 - :
'FG - X (0/90/0/90/0)s, h = 2mm
< 'a=100h, R =5m,
05052 'K, = 2x107 N/m?, K, = 5x105 N/
e 1 Gén tryc giao
05 i
—i,
0.48 ? : ‘ ‘
-1.2 0 1.2 24 36 48
W, .,/h

max’

Hinh 2.14. Anh huéng cua nhiét do
dén duong cong t-W,,. /h cua vo

0.6
/\/
>
0.4 A
< —1:AT=0K
) —2:AT=100K
g —3:AT=200K
0.2
UD (0/90/0/90/0)s, h = 2mm, a = 100h, R = 5m
K, = 2x10” N/m?, K, = 5x105 N/m
Gan truc giao
0 T T T
0 0.02 0.04 0.06 0.08
¢ (rad)

Hinh 2.15. Anh huong cua nhiét do
dén duong cong t—¢ cua vo trong FG-

trong FG-GRC GRC
0.7 —1:a/h=80 0.9 — 1:-alh=80
—2:a/h =100 —2:a/h =100
—3:a/h =150 5 alh = 150
T —— —3: =
1
1/
06 - 06
—_ ) 2 /
CU —
a ©
V) \/ ) 8
; FG - X (0/90)s7, h = 2mm, R = 5m, AT = 0 K, e
05 1 K, = 2x107 N/m3, K, = 5x105 N/m 0.3
Gan tryc giao 3
FG - X (0/90)5;, h = 2mm, R = 5m, AT =0 K
K, = 2x107 N/m?, K, = 5x105 N/m
Gan truc giao
0.4 T T T 0 . . . .
0 2 4 6 8 0 0.02 0.04 0.06 0.08 0.1
W, /h ¢ (rad)

Hinh 2.16. Anh huong cua ty s6 a/h
dén duong cong t-W, . /h ctavo
trbng FG-GRC

Hinh 2.17. Anh huéng cua ty s6 a/h
dén duong cong t—¢ cua vo trong FG-
GRC

Hinh 2.16 va Hinh 2.17 lan luot trinh bay anh huéng cua ty sé a/h dén cac
duong cong sau mat on dinh t—W, . /h va 1—¢ cua vé tréng FG-GRC. C6 thé thay
ty s6 a/h cang 1on thi d manh cia vo tréng cang ting 1én, va lam cac duong cong
sau mét 6n dinh bi ha thap dang ké. Ngoai ra, cac khao sat sb trong Bang 2.7 ciing
chi ra rang, khi d6 manh ciia vo trong tang 1én (a/h cang I6n) thi tai téi han cua vo
trbng cang giam.

Anh huéng caa ban kinh doc R dén cac duong cong t—W, . /h va t—¢ cua
v trong FG-GRC lan lugt duoc trinh bay trén Hinh 2.18 va Hinh 2.19. Trong mién
d6 vong nho, cac duong cong tach biét nhau hoan toan va c¢6 xu hudng giao nhau
trong mién d6 vong 16n. Quan st thiy diém ré& nhanh caa vé tréng 1i cao hon so v6i
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Vo tréng 16m, diéu nay cho thay tai toi han cia vo trong 16i 12 16n hon so véi vé tréng
16m. Mat khéc, cac khao sat sé trong Bang 2.8 ciing mot 1an nira khang dinh diéu nay
va cho thay rang khi ban kinh doc R ting Ién thi 1am giam ti t&i han cua vo tréng.

Bdng 2.7. Anh huong cua ty s a/h dén tai xoan téi han t,. (GPa) cua vo trong FG-
GRC gia cuong gan truc giao (AT =200K, R=5m, m=1)

V6 trong FG-GRC a/h =80 a/h =100 a/h =150
(0)10 0.5790 (7;0.73)  0.4958 (8;0.75) 0.3990 (10;0.79)
FG-X  (0/90/0/90/0)s 0.5792 (7;0.73)  0.4960 (8;0.75) 0.3992 (10;0.79)
(0/90)st 0.5793 (7:0.73)  0.4960 (8:0.75) 0.3992 (10;0.79)
(0)10 0.5755 (7;0.73)  0.4918 (8;0.75) 0.3953 (10;0.79)
UD  (0/90/0/90/0)s 0.5757 (7;0.73)  0.4920 (8;0.75)  0.3955 (10;0.79)
(0/90)st 0.5757 (7:0.73)  0.4920 (8;0.75)  0.3955 (10:0.79)
rop O 0.5180 (7;0.74)  0.4519 (8;0.76) 0.3734 (11;0.80)
(0/90/0/90/0)s 0.5180 (7;0.74)  0.4520 (8:0.76)  0.3735 (11;0.80)
(0/90)st 0.5181 (7, 0.74) 0.4520 (8, 0.76) 0.3735 (11, 0.8)
0.55 — - ——1:R=5m 0.56 —1:R=5m 7
Gan truc giao _g: R =10m —2R=10m
—— :fRffo I 3:R=-10m
054 - 1 A 0.54 [ ---4R=-5m_|
—,
50.53 [ go.sz 2 /
© \ T T 3= :,4’
052 | ° 05 et g
UD (0/90)y;
h=2mm, a=100h, AT =0 FG - V (0/90)s7, h = 2mm, a = 100h, AT =0 K,
051 K, = 2x107 N/m3, K, = 5x10% N/m 0.48 K, = 2><107‘ N/m3, K, = §x105 N/m, (%én truc giao
o 1 2 3 4 0,02 0.03 0.04 0.05 0.06
Wiadh W,,/h
Hinh 2.18. Anh huong caa ban kinh Hinh 2.19. Anh huéng caa ban kinh

doc R dén dudng cong t-W, . /h cla

Vo tréng FG-GRC

doc R dén duong cong t—¢ cua vo

trbng FG-GRC

Bdng 2.8. Anh huong cua ban kinh doc dén tai xoén téi han . (GPa) cua vo tréng
FG-GRC ( (0/90)st, AT =0K, a/h =100, m=1)

FG-GRC R =5m R =-5m R =10m R =-10m
Khoéng 0.4673 0.4489 0.4624 0.4532
FG-X gan (9;0.71) (9;0.70) (9;0.71) (9;0.71)
Gén 0.5465 0.5249 0.5410 0.5307
truc giao (8;0.73) (7;0.71) (8;0.73) (8;0.72)
Khoéng 0.4541 0.4353 0.4492 0.4397
UD gan (10;0.72) (9;0.71) (9;0.72) (9;0.71)
Gén 0.5439 0.5226 0.538 0.5275
truc giao (8;0.73) (8;0.73) 1(8;0.73) (8;0.73)
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FG-GRC R =5m =-5m R =10m =—10m
Khéng 0.4143 0.3994 0.4103 0.4029
£G-O gan (10;0.74) (10;0.73) (10;0.74) (10;0.73)
Gan 0.5030 0.4826 0.4975 0.4873
truc giao (8;0.75) (8;0.74) (8;0.74) (8;0.74)

mat 6n dinh t—

Anh huéng cua do cing nén dan hoéi dén tai toi han va cac duong cong sau

W, /h va 1—¢ cta vé trong FG-GRC lan lugt dugc trinh bay cu

thé trong Bang 2.9, trén Hinh 2.20 va Hinh 2.21. R6 rang 1a d6 cang nén dan hoi cang
I6n s& lam tang tai téi han va cac dudng cong sau mat 6n dinh cia vo trong ciing duoc

nang

cao dang ke.

Bdng 2.9. Anh huéng ciia d¢ cing nén dan hoi dén tai xoan téi han <, (GPa) cua vo
trbng FG-GRC gia cuong gan tryc giao ((0/90)st , AT =0K, R=5m, a/h=100,

m=1)
K;(N/m%) K, (N/m) uD FG-X FG-O
0 0 0.2533 (7:0.54)  0.2530 (7:0.54)  0.2151 (8:0.57)
0 0.2570 (7;:0.55)  0.2567 (7:0.55)  0.2178 (8:0.58)
107 6x10% 0.2940 (8;0.62) 0.2942 (7;0.58)  0.2537 (8;0.61)
5x105  0.5417 (8:0.73) 0.5444 (8:0.73)  0.5009 (8;0.74)
0 0.3655 (9;0.73)  0.3702 (9:0.73)  0.3166 (9;0.75)
5x108 6x10% 0.3979 (9;0.75)  0.4028 (9;0.74)  0.3489 (9;0.76)
5x10° 0.6325 (9;0.81) 0.6379 (9;0.80) 0.5820 (9;0.83)
0.4 —— 1. K, = 107 N/m3, K, = 105 N/m 0.4 —1:K; =107 N/mé, K, =10° N/m
—T Kl-107N/m3 K, = 6x104N/m —_—2 K1—107N/m3 K, = 6x10*N/m
—3 Kl-107N/m3 K,=0N/m ——3:K; =107 N/m?, K, =0 N/m
0.35 0.3 A1
1
o 0 2
@o.s \ 502 3
0.25 Gan truc giao 0.1 . '
\ o aton
h =2mm, a = 100h S
0 AT = OKR‘Sm | | . | h=2mm‘,a=100h,AT=0K,‘R=5m
o 15 Wi 45 6 0 001 002 004 005

Hinh 2.20. Anh huéng ciia d6 ciing nén
dan hoi dén duong cong t—

max’

cua vo trong FG-GRC

0.03
¢ (rad)

Hinh 2.21. Anh huong cia do cing nén

dan hoi dén duong cong t—¢ cla vo

trong FG-GRC
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2.5.2. Vé trong sandwich FG-GRC 16i Auxetic c6 nén dan héi bao quanh chiu tdi
trong xodn

Phan nay luan &n khao sat vo trong sandwich FG-GRC 16i Auxetic chiu tai
trong xoan ¢6 nén dan hoi bao quanh véi do ciing K, =107 N/m?, K, =10° N/m. Hai
I6p mat caa vo tréng 1a nén Poly metyl methacrylate (viét tat 1a PMMA) duoc gia
cudng graphene véi cac dic trung duoc tham khao trong cong bd [113]. Lop 16i
Auxetic c6 bé day h, =2 mm va cac thudc tinh hinh hoc lan luot lay, =2, x, =0.1, va
y=30°. Do day ciia mdi 16p mat vo 1a hge. =1mm bao gom 5 16p véi mbi 16p GRC
day 0.2mm.

Bang 2.10. Tai xoan téi han cua vo tréng FG-GRC 1561 Auxetic va 151 dic (MPa,
L=15a, a/h=80, h=4mm)

V6 tréng FG-GRC ubD FG-X FG-O

Vo trong 16i (R = 4a)

L&i Auxetic  (0)10 238.98 (8;0.64) 238.52 (8;0.63) 214.35(9;0.62)
(0/90)st 239.05 (8;0.64) 238.61 (8;0.63) 214.54 (9;0.63)
(0/90/0/90/0)s  239.04 (8;0.64) 238.56 (8;0.63) 214.56 (9;0.63)

L5i dic (0)10 243.04 (8;0.64) 24255 (8;0.63) 217.72(9;0.62)

PMMA (0/90)s7 243.11 (8;0.64) 242.64 (8;0.63) 217.92(9;0.62)
(0/90/0/90/0)s  243.09 (8;0.64) 242.59 (8;0.63) 217.93 (9;0.62)

V6 trong 18m (R = —4a)

L&i Auxetic  (0)10 155.20 (7;0.63) 156.57 (7;0.63) 138.18 (7;0.63)
(0/90)st 155.33 (7;0.63) 156.74 (7;0.63) 138.34 (7;0.63)
(0/90/0/90/0)s  155.32 (7;0.63) 156.71 (7;0.63) 138.34 (7;0.63)

L5i dic (0)10 156.88 (7;0.63) 158.25 (7;0.62) 139.85 (7;0.63)

PMMA (0/90)s7 157.02 (7;0.63) 158.42 (7;0.63) 140.01 (7;0.63)
(0/90/0/90/0)s  157.00 (7;0.63) 158.39 (7;0.63) 140.02 (7;0.63)

Bang 2.10 trinh bay anh huéng cua céc kiéu phan bb graphene dén tai xoan

t6i han caa vo tréng 16i va vo tréng 16m trong truong hop c6 161 Auxetic va 15i dac.
Tai xo4n téi han khong chénh Iéch nhau nhiéu theo cach sap xép cua graphene. Véi
mét lugng thé tich vat liéu nho hon mot cach dang ké, tai xodn t6i han caa vo trong
16i Auxetic giam khong dang ké (khoang dudi 2%) so vai vo trong 161 dac. Bidu nay
cho thay I6p 16i Auxetic 1am giam dang ké khéi luong (giam khoang 36.7%) ma
khong lam giam dang ké kha ning chiu tai xodn cua vo tréng. Biéu nay 1a do 16p 16i
nam gan mat trung hoa cia vo nén khong cé chirc ning chiu lyc chinh nhu cac 16p
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mat GRC, bén canh d6 m6 dun dan hoi cua cac 16p 18i nhé hon nhiéu so véi moé dun
dan hoi cua hai lop mit.

Hinh 2.22 va Hinh 2.23 so sdnh anh hudong cua céc 16p 16i Auxetic va 16p 16i
dic dén cac duong cong sau mat on dinh t— W, /h va t—¢ caa vo trong 16i va vo
tréng 16m FG-GRC. C6 thé quan sét hién twong hop trén duong cong t—W, .. /h cua
vo tréng 16i. Mac du c6 sy khéc biét nho vé tai xoan toi han nhung xu hudng cua cac
duong cong sau mét 6n dinh caa vo trong 18i auxetic va vo trong 16i dac 1a giong
nhau. Trong trudng hop vo tréng tréng 16m quan sét thay tai trong ting lam d6 vang
tang trong mién khao sat.

260 ey 400 -
UD, L = 1.5a, a/h = 80 a: Loi ddc PMMA UD, L = 1.5a, a/h = 80, h = 4mm, h, = 2mm /-
h=d4mm, h, =2mm, | ... b: L&i Auxetic 3

---------- ’ VA /
230 300 | A7 TIb
<28
\ la
G Ky =10"N/me, e L s 2b
S200 | K,=10°N/m =20
s e a: L5i dic PMMA
------- b: Lo6i Auxetic

170 100 1: (0/90/0/90/0)5 v tréng 16i (R = 4a)

.......... - 2: (0/90/0/90/0)g v6 tréng I6m (R = -4a)
""""""" 1: (0/90/0/90/0)5 v tréng 16i (R = 4a) K, = 10’ N/m?; K, = 10° N/m

140 2: (0/90/0/90/0)s v6 trong lom (R = -4a) 0 , , , ,

0 2 4 6 3 10 0 0.02 0.04 0.06 0.08 0.1
Wina/h ¢ (rad)

Hinh 2.22. Anh huéng cta cac I16p 16i  Hinh 2.23. Anh huong cua céc 16p 16

dén cac duong cong t-W,_, /h ciavo deén cac duong cong t—¢ cua vo trong
tréng 16i va vo tréng 16m FG-GRC 16i va vo trong 16m FG-GRC

260

—a: FG-X 170 —a: FG-X
a/h =80, L =15a, R=4a, h =4mm, L=15a, R =4a, a/h =80, h =4mm, —b-UD
h, = 2mm —b:FG-0 h, = 2mm :

7 () v6 tréng —c: FG-0
. Vo trong lom
240 T1upper (8;0.63) /,l , 160 | 10 /g—/
\ (0), v6 tréng 16 v/ L a

/ ——b

K, = 107 N/m3; K, = 105 N/m /'

a

b, (9:0.62)

2upper p)
/

.\ N ’

D ’
S ’
- b Tuiower = 201.87 MPa 140
(8,05 ¢
=187.21 MPa

150 . _ (5% . - , , , |
0 3 6 9 12 0 1 2 3 4
max/h W a/h
a) b)
Hinh 2.24. Anh huong cua su phan bd graphene dén cac duong cong
1—-W, .. /h cuavo trong 16i (a) va vo trong 16m (b) FG-GRC

K, = 10’ N/m*: K, = 105 N/m

(53]

Hinh 2.24 cho thay su khéc biét ciia cac mode mat 6n dinh & tai toi han can
trén va tai toi han can dudi. Trong tat ca cac khao sét, ¢ thé quan sat dugc hién tuong
hop véi vo trong 16i nhung khong quan sat dugc véi vo trong 16m.
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Bang 2.11, Hinh 2.25 va Hinh 2.26 lan luot trinh bay anh huong cia ty so a/h
dén tai xoan téi han va cac duong cong sau mat 6n dinh t—W,_ /h vd t—¢ cuavo
tréng 161 Auxetic. Nhu c6 thé thay tai xodn téi han giam dang ké khi ty s6 a/h tang
1én, diéu nay 1a do d6 manh cua vo ting lam vo tréng dé mat 6n dinh, dong thoi ciing
quan sét thay vo tréng 15i c6 tai ré nhanh cao hon dang ké so véi vo trong 16m. Cac
duong cong t-W,,. /h va t—¢ ciia vo tréng trén Hinh 2.25 bi ha thap khi ty s6 a/h
tang.

Bang 2.11. Anh huong cua ty s a/h dén tai xoan toi han cua vo tréng sandwich 16i
Auxetic (MPa, L =1.5a, h=4mm)

a/h uD FG-X FG-O
(0)10 V6 trong 16i (R = 4a)
60 316.17 (7:0.64) 315.88 (7:0.63) 283.15 (7:0.64)
80 238.98 (8:0.64) 238.52 (8:0.63) 214.35 (9:0.62)
100 194.81 (9:0.64) 194.47 (9:0.63) 175.55 (10:0.63)
(0)10 V6 trong 18m (R = —4a)

60 213.31 (6:0.65) 214.85 (6:0.64) 189.24 (6:0.65)
80 155.20 (7:0.63) 156.57 (7:0.63) 138.18 (7:0.63)
100 125.52 (8:0.63) 126.65 (7:0.64) 112.09 (8:0.63)
350 - —— o —a:a/h =60 400 — S Py — —a:a/h =60
2 e e o) —b: a/h =80 v ey | —brain=g0
—c:a/h =100 —c: a’h =100

FG-X,L=15R
300 h=4mm, h,=2mm

270 [FG-X,L=15R
h=4mm, h, = 2mm

2 1 (MPa)

0 F

2
7 K, = 107 Nim®; K, = 10° N/m

K, = 10" N/m?; K, = 10° N/m

110

0 3 6 9 12 0 0.015 0.03 0.045 0.06
Wmax/h (0] (rad)

Hinh 2.25. Anh huong cia ty s6 a/h Hinh 2.26. Anh huéng cua ty s6 a/h
dén cac duong cong t-W,, /h ciavo  dén cac duong cong t—¢ cua vo trong
tréng 1i va vo tréng 16m FG-GRC 15i va vo tréng 16m FG-GRC
Bang 2.12, Hinh 2.27 va Hinh 2.28 trinh bay anh hudng cua ban kinh doc dén
tai t6i han va cac duong cong sau mét 6n dinh t—W, __/h va t—¢ cua vo tréng FG-
GRC 16i Auxetic. Quan sat Bang 2.12 ta thay, tai xoan téi han cua vé trong 16m nho
hon tai xoan téi han cua vo tru tron. So vai vo tru tron va vo tréng 16m, thi vo tréng
15i ¢4 tai xoan ti han Ién nhat. B6i vai vo tréng 16i, tai xoan t6i han tang 1én khi gia



50

tri ban kinh doc giam. Trén Hinh 2.27 va Hinh 2.28 duong cong t—-W, .. /h va 1—¢
caa vo trong 16i trong mién d6 vong nho cao hon déng ké cac dudng cong t—W, . /h
VA t—¢ cua Vo tréng 16m, tuy nhién cic duong cong nay cua vo trong 18m nhanh
chéng vuot qua duong cong cua vo trong 16i trong mién do vang 16n.

Bang 2.12. Anh huong cua béan kinh doc R dén tai xoan t6i han cua vo tréng FG-

GRC 16i Auxetic (MPa, L=1.5a, a/h=80, h=4mm, (0/90/0/90/0)s)

Ban kinh doc ubD FG-X FG-O
R=-3a 157.27 (7;0.60) 158.59 (7,0.60) 140.32 (7,0.60)
R=—-4a 155.32 (7;0.63) 156.71 (7;0.63) 138.34 (7;0.63)
R=-5a 153.86 (7;0.69) 155.40 (7;0.68) 136.71 (7;0.69)
R=o 180.06 (7:0.54) 180.69 (7:0.54) 162.43 (8:0.54)
R=5a 260.67 (9;0.67) 260.89 (8;0.68) 232.58 (9;0.67)
R=4a 239.04 (8:0.64) 238.56 (8:0.63) 214.56 (9:0.63)
R=3a 225.90 (8;0.61) 225.84 (8:0.60) 202.95 (8:0.61)
20 TG0 L= I3 ah =50 —a: V6 trong 10i » MR- =
h = 4mm, h, = 2mm, —b: Vo tl‘l:.l tron 2:R=-4a
(0/90/0/90/0) —c: VO trong 10m 3:R=-3a
220 s&l K, = 107 N/m?, K, = 105 N/m 20 (A7
6:R=4a
i~ 6a: = 7:R=5a
%’190 %73 %/190 i —a: Vo tréng 16i
- 6:R=4a e —b: Vo tru tron
7:R =D5a —¢: V6 tréng 1om
100 ; E z :Zg 160 K, = 10" N/mé; K, = 10° N/m
3:R=-3a FG-O, L = 1.5a, a/h = 80
4:R=w h = 4mm, h, = 2mm
130 e - - 130 : : :
0 2 6 8 10 0 0.02 0.04 0.06 0.08

4WmaX/h
Hinh 2.27. Anh huéng cuia ban kinh
doc R den cac duong cong t-W, . /h
cua vo trong 16i va vo tréng 18m FG-
GRC

¢ (rad)
Hinh 2.28. Anh huéng cuia ban kinh
doc R dén cac duong cong t—¢ cua
vo tréng 16i va vé trong 16m FG-GRC

Bang 2.13 va Hinh 2.29 trinh bay anh huéng caa chiéu day 16p 16i Auxetic dén
tai xoan téi han va cac duong cong sau mat 6n dinh t—W, . /h cta vo tréng FG-
GRC. C6 thé thay, khi do day 16p 15i ting 1én, mode mat 6n dinh theo huéng chu vi
giam manh. Piéu nay 1a do d6 day Iép 16i tang 1én lam ting do léch tam cua hai 16p
mit GRC va dan dén ting do clng va ting tai Xoan téi han cua vo tréng. Trén Hinh
2.29, chiéu day Iép 16i tang 1am nang cao cac dudng cong sau mat 6n dinh t—W,___/h
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cua vo trong FG-GRC. Hién tuong hop quan sét rat rd rang vai vo trong 16i va duong
nhu khong thay xuat hién véi vo tréng 16m.

Bang 2.13. Anh hudng ciua d6 day l6p 16i Auxetic dén tai xoan toi han caa vo trong
FG-GRC (MPa, a=0.32m, L=1.5a)

ubD FG-X FG-O
(0)20 V6 trong 16i (R = 4a)

h, =0 mm 205.49 (13:0.66)  215.03 (13:0.64)  175.08 (14:0.67)
h, =0.5mm 21416 (11:0.65)  220.59 (11:0.63)  185.51 (12:0.65)
h, =1 mm 222.89 (10:0.64)  227.15(10:0.63)  196.69 (11:0.63)

h, =1.5mm 231.08 (9:0.64)  232.92(9:0.62)  205.95 (9:0.63)

h,=2mm 238.98 (8:0.64)  238.52 (8:0.63) 214.35 (9;0.62)

(0)10 V6 tréng I8m (R = —4a)

h, =0 mm 127.80 (10:0.63) 13454 (10;0.62)  111.30 (11:0.63)

h,=0.5mm 132,50 (9;0.63)  138.34 (9:0.62) 115.73 (9:0.63)

h, =1 mm 139.43 (8;0.63)  143.42 (8:0.62) 122.96 (8:0.63)

h, =1.5 mm 14802 (7:0.64)  150.10 (7:0.63)  130.94 (8:0.62)

h,=2mm 155.20 (7:0.63)  156.57 (7:0.63) 138.18 (7:0.63)

0 [rGx a=032m L = 154 R=4a | 7% N;=2mm Y0 Meex a=o0am, L=15a, —ah,=2mm
(0),5 v6 tréng 16 | —b: h_=1.5mm R = -4a, (0),, v6 trdng lom —b:h,= 1.5mm

~. —c:h,=1mm —c:h,=1mm
2N e /::;:fs;:;:m

- - T
150 ye/
oo K= 107 Nim; K, = 10 Nim - . K) = 107 Niw; Ky = 10° Nim

0 3 6 9 12 0 2 4 6 8
Wiadh W,,./h

a) b)
Hinh 2.29. Anh huéng cua chieu day 16p 16i Auxetic dén cac duong cong
t—-W_../h cuavo trong 16i (a) va vo trong 16m (b) FG-GRC
Bang 2.14 cho thiy anh hudng cia cac dic trung hinh hoc cua 16p 18i Auxetic
dén tai xoan téi han cua vo trong 16i va vo tréng 18m. Cac khao sat sé cho thdy anh
hudng cua cac dic trung hinh hoc cua 16p 18i Auxetic dén tai tgi han cua vo tréng la
khong dang ké.
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Bang 2.14. Anh huong ciia céc ddc trung hinh hoc cua I6p 151 Auxetic dén tai xoan
ta1 han cua vo trong FG-GRC(MPa, L =1.5a,a/h =80, h=4mm)

ubD FG-X FG-O
(0/90)st Vo tréng 16 (R = 4a)
w=Lx,=0Ly=15° 239.07 (8:0.64) 23862 (8:0.63) 214.56 (9:0.63)
=27, =0Ly=30° 239.05(8:0.64) 238.61(8:0.63)  214.54 (9:0.63)
=37, =0Ly=45 239.08(8:0.64)  238.64(8:0.63)  214.57 (9:0.63)

(0/90)st V6 tréng 16m (R = —4a)

7 =Ly, =0.Ly=15°  155.35(7,0.63)  156.76 (7,0.63)  138.35 (7;0.63)
1=2%,=0Ly=30° 15533 (7;0.63) 156.74 (7;0.63)  138.34 (7:0.63)
1 =37,=0.Ly=45 15534 (7:0.63) 156.75(7;0.63)  138.34 (7;0.63)

Bang 2.15. Anh hudng cua do ciing nén dan hoi dén tai xodn t6i han cua vo trong
FG-GRC 16i Auxetic (MPa, L=1.5a, a/h =80, h=4mm)

K, (N/m% K, (N/m) uD FG-X FG-O
(0/90)st V6 tréng 16i (R = 4a)

0 0 206.55 (8;0.60)  205.76 (8;0.59)  182.53 (9;0.58)

107 10° 239.05 (8;0.64)  238.61 (8;0.63)  214.54 (9;0.63)
15x10"  15x10°  254.92(8;0.66)  254.62(8;0.65)  230.13 (9;0.64)

(0/90)st V6 tréng 16m (R = —4a)

0 0 121.22 (7;0.59)  122.32(7;0.58)  104.04 (7;0.58)

107 10° 155.33 (7;0.63)  156.74 (7;0.63)  138.34 (7;0.63)
15x107  15x10°  171.96 (7;0.65)  173.49(7;0.65)  154.98 (7;0.65)

260 FG o =152 ah=80,R=4a, 240

1: (0/90/)s; v6 trong l6i(R = 4a) 1a
2: (0/90)sy vo trong lom(R = -4a)

180 |
215 §1a 1c

1b 2b

V
2a

1: (0/90/)s; v6 trong I6i(R = 4a)
2C 2:(0/90)s; v6 tréng lom(R = -4a)

—

| Tic

1 (MPa)
T (MPa)

2a

a: K; = 1.5 x 107 N/m3; K, = 1.5 x 105 N/m
b: K; =107 N/m?; K, = 105 N/m
c: Ky =0 N/m3; K, =0 N/m

L —2b

125 60 |

h=4mm, h, = 2mm
c: K; =0N/m3; K, =0N/m
b: K; =107 N/m3; K, = 105 N/m
a: K, = 1.5x107N/m?; K, = 1,5x105 N/m 0

0 3 6 9 12 0 0.02 0.04 0.06 0.08

—2C

FG-O, L =1.5a, a/h = 80,
R =-4a, h = 4mm, h, = 2mm,

80

Wadh
Hinh 2.30. Anh huéng cuia do cing nén
dan hoi dén cac duong cong t-W, . /h
cua vo trong FG-GRC 18i Auxetic

o (rad)
Hinh 2.31. Anh huéng ciia d6 ciing nén
dan hoi dén cac dudng cong t—¢ cua
Vo tréng FG-GRC 16i Auxetic
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Anh huéng caa do cing nén dan hoi dén tai xoan téi han va cac duong cong
sau mat 6n dinh t—W,___/h va t—¢ cua vo tréng 16i Auxetic lan lugt duge dugc
trinh bay trong Bang 2.15, Hinh 2.30 va Hinh 2.31. B¢ cang nén dan hdi tang thi tai
X0an toi han cua vo trong 16 va vo trong 16m déu tiang, ddng thoi cac duong cong
t-W,_ . /h VA 1—¢ cua Vo tréng ciling dugc nang cao (xem Hinh 2.30 va Hinh 2.31).
Diéu nay 1a do phan luc cua nén luén nguoc chiéu véi dd vong nén lam tang on dinh
cua vo trong moi trudng hop. Ngoai ra, mode mat 6n dinh theo hudng chu vi duong
nhu khong thay doi khi do ciing ctia nén tang lén.

2.5.3. V6 tru tron FG-GRC c¢6 gén gia cwong va nén dan héi bao quanh chju tdi
treng Xxodn

V6 tru tron FG-GRC dugc ché tao tir 10 16p GRC véi tong chiéu day cua vé
h=2mm. Hé théng gan doc va gan vong ciing dugc ché tao tir 10 I6p GRC va bé
rong cua gan la b, =b, = h =2mm, cing véi chiéu cao gan h, = h, = 4mm, s6 lugng
gan doc 1a 50 va s6 lugng gan vong 1a 12 duoc lra chon dé tinh toan va khao sét so.
Nén dan hoi bao quanh vo try cd K, =1.5x107 N/m?, K, =1.5x10° N/m. Cac kiéu gia
cudng graphene nhu FG-X, UD, FG-V, FG-A va FG-O va ba kiéu sap xép (0)1or,
(0/90/0/90/0)s va (0/90)st trong vé tru FG-GRC khi duoc khao sat s& ghi ch cu thé
trén cac hinh vé. Cac dac trung hinh hoc cua cac 16p GRC va cua cac dai graphene
duoc lay theo cac cong b cua Shen va Xiang [109, 113].

Hinh 2.32. M6 hinh v6 truy FG-GRC c6 gan gia cuong chiu tai xoan
Bang 2.16 trinh bay tai xoan ti han caa vo tru tron FG-GRC ¢ cac nhiét do
moi trudng khac nhau, tir @6 ude tinh duoc sy anh huéng caa hé thong gan va nhiét
d6 dén tai xoan t6i han cua vo tru FG-GRC. Céc két qua sb trong Bang 2.16 chi ra
rang, khi khong c6 gan gia cudng, tai Xoan t6i han cua vo try FG-X 1a 16n nhat, ngugc
lai tai x04n t&i han cta vo tru FG-O 1a nhé nhét.
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Bang 2.16. Tai x0dn t6i han 1. (GPa) cua vé tru tron FG-GRC trong truong hop c6 va khong ¢ gan gia cuong véi su thay doi nhiét do moi

truong (L=1.5a, a/h=80)

T = 300K T = 400K T = 500K
’ Anh Anh Anh
Vo Hudéng bo tri Khong Co hudng Khong Co huong Khong Co hudng
graphene gan gan cua gan gan gan cua gan gan gan cua gan
(%) (%) (%)
(0)107 0.287 0.536 0.262 0.484 0.249 0.459
(8;0.57)  (6;0.64) 86.76 (8;,0.59)  (6;0.65) 84.73 (8;0.60)  (6;0.65) 84.34
(0/90/0/90/0)s 0.286 0.537 0.262 0.485 0.250 0.460
ub (8:057)  (6;0.64) 87.76 (8:0.59)  (6:0.65) 85.11 (8:0.60)  (6:0.65) 84.00
(0/90)s7 0.287 0.537 0.263 0.484 0.250 0.460
(8;0.57)  (6:0.64) 8r.11 (8;0.59)  (6;0.65) 84.03 (8;0.60)  (6;0.65) 84.00
(0)107 0.299 0.526 0.271 0.473 0.263 0.456
(8;0.57)  (6;0.64) 75.92 (8;0.59)  (6;0.65) 74.54 (8;0.60)  (6;0.65) 73.38
(0/90/0/90/0)s 0.299 0.527 0.272 0.474 0.262 0.457
FG-X (8:057)  (6:0.64) 76.25 (8:0.59)  (6;0.65) 74.26 (8:0.60)  (6:0.65) 74.43
(0/90)s 0.298 0.527 0.272 0.474 0.262 0.457
(8;:0.57)  (6:0.64) 76.85 (8;0.59)  (6;0.65) 74.26 (8;0.60)  (6;0.65) 74.43
(0)107 0.257 0.548 0.241 0.498 0.235 0.484
(9;0.58)  (6;0.65) 11323 (9;0.59)  (6;0.65) 106.64 (9;0.60)  (6;0.66) 105.96
(0/90/0/90/0)s 0.258 0.548 0.240 0.499 0.236 0.484
FG-v ©058) (6065 2 (9059 (6:066) U7 (9.060) (6066 08
(0/90)st 0.258 0.549 0.241 0.499 0.236 0.485
(9;0.58)  (6:0.65) 112.79 (9:0.59)  (6;0.66) 107.05 (9:0.60)  (6:0.66) 10551
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T = 300K T = 400K T =500K
’ Anh Anh Anh
Vo Hudéng bo tri Khong Co hudng Khong Co huong Khong Co hudng
graphene gan gan cua gan gan gan cua gan gan gan cua gan
(%) (%) (%)
(0)101 0.257 0.442 0.234 0.394 0.226 0.378
(9;0.58) (6;0.63) 71.98 (9;0.61) (6;0.64) 68.38 (8;0.60)  (6;0.65) 67.26
(0/90/0/90/0)s 0.258 0.443 0.235 0.394 0.225 0.378
FG-A (9;0.58) (6;0.63) L.l (9;,0.61)  (6;0.64) 67.66 (8;0.61)  (6;0.65) 68.00
(0/90)st 0.258 0.443 0.234 0.395 0.226 0.379
(9;0.58)  (6:0.63) e (9;0.61)  (6;0.64) 68.80 (8;0.61)  (6;0.65) 67.70
(0)107 0.242 0.478 0.223 0.430 0.216 0.415
(9;,0.58)  (6;0.64) 91.52 (9;0.60)  (6;0.65) 92.83 (9;0.61)  (6;0.65) 9213
(0/90/0/90/0)s 0.242 0.479 0.222 0.431 0.217 0.416
FG-0 (9;0.58) (6;0.64) 91.93 (9;0.60) (6;0.65) 94.14 (9;0.61)  (6;0.66) oL.71
(0/90)st 0.243 0.479 0.223 0.431 0.217 0.416
(9;0.58)  (6:0.64) o112 (9;0.60)  (6;0.65) 93.21 (9;0.61)  (6;0.65) oL.71
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Trong Bang 2.16, khi vo try duoc gia cudng hé théng gan, tai xoan téi han caa
vo tru FG-V lai 16n nhét, va tai xoin tGi han cua vo tru FG-X nho hon tai Xxoan toi
han caa vo try UD, diéu nay cho thiy sy anh huéng manh mé cua hé théng gan dén
kha niang lam viéc va chiu tai caa vo tru duoc gia cuong gan. Puong cong sau mét on
dinh t-W,_,./h va t—¢ cta vo tru dugc quan sat trén Hinh 2.33 va Hinh 2.34, c6
thé thay khi nhiét do ting 1én cac dudng cong sau mat én dinh bi ha thip dang ké va
tai xoan tGi han cua vo tru (trong Bang 2.16) giam rd rét.

0.65 ——a T =300K —a T =300K
K, = 1.5x107 N/m? b T=400K 0.8 o b T = 400K
K, = 1.5x10° N/m o K, = 1.5 x 107 N/m3 T=
= K, = 1.5 x 105 N/m 7 o
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Hinh 2.35. Anh huong cua céc kiéu Hinh 2.36. Tai téi han can trén va can
phan bo graphene dén duong cong dudi cua vo try tron FG-GRC

T—-W, . /h cuavo tru tron FG-GRC

Hinh 2.35 chi ra s anh huong cua cac kiéu phan bd graphene dén duong cong
sau mat 6n dinh t—W,__/h cta vé try tron FG-GRC. C6 thé thiy khi duoc gia cuong
gan, diém r& nhanh va duong cong t—W, . /h caa vé tru FG-V 1a cao nhat, trong khi
diém r& nhanh va duong cong ciia vo tru FG-A 1a thap nhat. Hinh 2.36 cho thay tai
t&i han can trén va tai tGi han can duéi cua vo tru tron FG-GRC thu dugc ¢ cac mode
mat on dinh khac nhau.
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Hinh 2.37. Anh hudng cua céc ty s6

a/h dén duong cong t-W,_ /h cua

vo tru tron FG-GRC
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Hinh 2.38. Anh hudng cua cac ty s6

a/h dén duong cong t—¢ cla vo tru

tron FG-GRC

Anh huong cuaty s6 a/h dén cac dudng cong sau mat on dinh t—W, . /h va

T—@ Ccha Vo tru tron FG-GRC lan luot duogc trinh bay trén Hinh 2.37 va Hinh 2.38.

Khi ty sé a/h cang Ién thi d manh caa vo tru cang ting, cac duong cong t—W, . /h

VA t—¢ cua Vo tru bi ha thip dang ké va bén canh d6 1am giam tai tgi han cta vo tru

(nhu két qua khao sat trong Bang 2.17).

Bdng 2.17. Tai x04n ti han t,. (GPa) cua vo tru tron FG-GRC twong ng Vi cac
ty s6 a/h (L=1.5a,m=1)

Vo (0/90)st a/h =60 a/h =80 a/h =100
Khdng gan 0.333 (7;0.58) 0.263 (8;0.59)  0.223 (9;0.60)
uD Co gan 0.726 (5;0.64) 0.484 (6;0.65) 0.367 (7;0.66)
Hiéu qua (%) 118.02 84.03 64.57
Khdng gan 0.346 (7;0.59) 0.272 (8;0.59) 0.231 (9;060)
FG-X Cobgan 0.707 (5;0.64) 0.474 (6;0.65) 0.361 (7;0.66)
Hiéu qua (%) 104.34 74.26 56.28
Khdng gan 0.302 (8;0.59) 0.241 (9;0.59) 0.207 (10;0.61)
FG-V Cdgan 0.757 (5;0.65) 0.499 (6;0.66)  0.376 (7;0.67)
Hiéu qua (%) 150.66 107.05 81.64
Khong gan 0.293 (8;0.60) 0.234 (9;0.61) 0.201 (10;0.62)
FG-A Cogan 0.578 (5;0.64) 0.395 (6;0.64)  0.304 (7;0.65)
Hiéu qua (%) 97.27 68.80 51.24
Khong gan 0.277 (8;0.59) 0.223 (9;0.60)  0.193 (10;0.61)
FG-O Cogan 0.643 (5;0.64) 0.431 (6;0.65)  0.329 (7;0.66)
Hiéu qua (%) 132.13 93.27 70.47
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Hinh 2.40. Anh huéng ciia d6 ciing nén
dan hoi dén duong cong t—¢ cua vo
tru tron FG-GRC

Hinh 2.39. Anh huéng cuia d¢ ciing nén
dan hoi dén duong cong t-W,,. /h
cua vo tru tron FG-GRC

Bdng 2.18. Tai xoan téi han t,. (GPa) cia vo try tron FG-GRC tuong ting Véi cac do
ctng nén dan hoi tuyén tinh (L =1.5a,m =1)

K,=0N/m® K, =15x10"N/m® K, =25x10' N/m®
Vo (0/90)st
K,=0N/m  K,=15x10°N/m K, =2.5x10° N/m
Khong gan  0.164 (8;0.47)  0.263(8;0.59) 0.323 (8;0.64)
UD Cobgan 0.389 (6;0.60)  0.484 (6;0.65) 0.546 (6;0.67)
Hiéu qua (%)  137.20 84.03 69.04
Khénggan  0.175 (8;0.48) 0.272 (8;0.59) 0.332 (8;0.64)
FG-X Cobgan 0.379 (6;0.60)  0.474 (6;0.65) 0.535 (6;0.67)
Hiéu qua (%) 116.57 74.26 61.14
Khong gan  0.142 (8;0.44) 0.241 (9;0.59) 0.300 (9;0.65)
FG-V Cégan 0.405 (6;0.61)  0.499 (6;0.66) 0.561 (6;0.68)
Hiéu qua (%)  185.21 107.05 87.00
Khong gan  0.136 (8;0.45)  0.234 (9;0.61) 0.293 (9;0.66)
FG-A C6gan 0.298 (6;0.58)  0.395 (6;0.64) 0.456 (6;0.68)
Hiéu qua (%)  119.12 68.80 55.63
Khong gan  0.126 (8;0.42)  0.223 (9;0.60) 0.282 (9;0.65)
FG-O Cdbgan 0.336 (6;0.60) 0.431 (6;0.65) 0.493 (6;0.68)
Hiéu qua (%)  166.67 93.27 74.82

Anh huéng cia do cang nén dan hdi dén cac duong cong sau mat 6n dinh
t-W,_. /h Vd 1—¢ cia vo tru FG-GRC lan luot duoc trinh bay trén Hinh 2.39 va
Hinh 2.40. C6 thé thdy nén dan hdi cang cang thi diém ré nhanh va cac dudng cong
cua vo try cang duoc nang cao dang ké. Két qua khao sat s trong Bang 2.18 cho thy
tai xoan téi han cua vo tru ting 1én khi d6 cing cua nén dan hoi ting 1én. Tuy nhién
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d6 cing nén dan hoi cang Ion thi hiéu qua gia cuong cua gan ciing bi giam di dang
Ké.

Dé ching minh sy phan b °% (g — 1: V6 FG-X v gan FG-X
5T 2 PRI
. x R ) — —2: V06 FG-A véi gan FG-X
graphene trong hé thong gan anh | | 3: V6 FG-X voi gan FG-V
) . R Ao oKy A an 048 | - - -4: Vo FG-A v6i gan FG-V
huong dang ké dén (g xur mat 6n dinh ' 7
. L A 2 = #
phi tuyen cta vo tru FG-GRC, luanan %1 s
5 ’ , \ Ay A o th, = h, = / :‘ = 2 ‘.". ’
khao sat cac duong cong sau mat on ‘-%0'44 hf,,,f: Amm, b, = b = 2men, /\4/ K
o, r v s ,,
dinh t-W,___/h cuavé tru FG-X va vo "’\\\__,7’ p
A . . A 0.40 | 3 o
tru FG-A lan lugt dugc gia cuong gan M-~ 4
FG-X va FG-V chiu tai xoan trén Hinh 1o |Kz15510 N1, 215 105 Njm
2.41. RO rang la anh huong cuaa hé o 25 5 75 10

max/h
) ~ " Hinh 2.41. buong cong t-W,_,,. /h cua
dinh phi tuyén cua vo tru Ién hon nhiéu V6 try tron FG-X va FG-A khi dugc gia
so véi hé thong gan FG-V. cuong bai cac hé thong gan khéac nhau

thdng gan FG-X ddi vai tng xir mat 6n

2.5.4. Vé trong sandwich FG-GRC 16i Auxetic c6 nén dan héi bao quanh chiu tdi
doc truc
Phan nay luan &n khao sat vo trong sandwich FG-GRC 16i Auxetic c6 nén dan
hoi bao quanh chiu tai doc truc. Cac 16p nén cua GRC 1a Poly methyl methacrylate
(PMMA), cac dic trung cia vat liéu graphene va I6p nén duoc tham khao trong cong
trinh [34, 109]. Hai I6p mat GRC c6 bé day A =1mm, con I6p 16i Auxetic cd bé
day h, =2mm va céc thong s6 hinh hoc lan luot 1a 3, =2, x, =0.1, y=30°. Nén dan
hoi bao quanh ¢6 K, =10”N/mé, K, =10°N/m.
Bang 2.19. Tai nén va kéo t6i han cua vo tréng 161 Auxetic twong ng voi cac ban
kinh doc R (MPa, L=15a, a/h=80, h=4mm, (0/90/0/90/0)s)
ub FG-X FG-O
Votréng R=-2a 8598(1;33) 8658 (1;3) 8252 (13)
16m R=-4a 140.44 (1;4) 141.42(1;4) 131.58 (1;4)
Votru R—oo 40245 (5:6) 399.43 (5:6)  360.44 (5:6)
Votrdng R=4a 42966 (7;1) 41146 (7;1)  368.87 (7;1)
161 R=2a 43058(7;1) 412.33(7;1) 369.68 (7:1)
R=6a 128164 (1;9) 1271.49 (1:9) 1098.20 (1:10)
R=4a 826.81(1;9) 812,50 (1:9) 716.21 (1:10)
R=2a 532.90 (1;11) 517.17 (1;11) 462.34 (1;11)
Bang 2.19 trinh bay tai t&i han caa vo tru va trong 18i Auxetic chiu nén va chiu
kéo tuwong g véi cac ban kinh doc khac nhau. Déi vai vo trong 16i, tai nén va kéo
t6i han déu xac dinh dugc, tuy nhién véi vo tréng 16m chi thu duogc tai nén téi han.

Tai nén
doc truc

Taikéo Vo tréng
doc truc 16
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Khi béan kinh doc giam, tai téi han nén doc truc cua vo trong 16i ting, nguoc lai kha
nang chiu kéo giam khi ban kinh doc giam. Bdi vai vo tréng 16m, tai nén doc truc téi
han ting khi gia trj tuyét d6i ban kinh doc tang. D4i voi vo trong 10, tai nén téi han
tuong ng véi mode mat 6n dinh theo chu vi bang 1. Quan sét thiy cac mode mat 6n
dinh vo hinh try twong déi 16n theo chiéu dai va theo chu vi vo. Kha ning chiu tai nén
cua vo trong 16i UD 16n hon 16 rét so vai vo FG-X, két qua nay ciing pht hop véi két
qua nghién ciru cia Shen [107] di véi vo sandwich FG-GRC.

Bang 2.20. Tai nén va kéo toi han cua vo trong FG-GRC 18i Auxetic hoic 16i dic
(MPa, L=1.5a, a/h =80, h=4mm)

V6 trong FG-GRC Tai nén Tai kéo
R=-4a R=4a R=14a
(0)107 140.27 (1;4)  429.87 (7;1)  825.36 (1;9)
UD  (0/90)st 140.49 (1;4)  429.37 (7;1)  827.39 (1,9)
(0/90/0/90/0)s  140.44 (1;4) 429.66 (7;1)  826.81 (1;9)
N (0)107 141.21 (1;4) 411.62 (7;1)  810.82 (1;9)
Alt(%'tic FG-X  (0/90)st 141.49 (1;4)  410.94 (7;1)  813.45(1;9)
(0/90/0/90/0)s  141.42 (1;4) 411.46 (7;1)  812.50 (1;9)
(0)107 131.34 (1;4)  369.25 (7;1)  713.07 (1;10)
FG-O (0/90)st 131.58 (1;4) 368.93 (7;1)  716.26 (1;10)
(0/90/0/90/0)s  131.58 (1;4) 368.87 (7;1)  716.21 (1;10)
(0)107 140.55 (1;4)  436.34 (7;1)  833.52 (1;9)
UD  (0/90)st 140.77 (1;4)  435.85(7;1)  835.56 (1;9)
(0/90/0/90/0)s  140.72 (1;4) 436.13 (7;1)  834.97 (1;9)
(0)107 141.49 (1;4) 418.10(7;1)  818.88 (1;9)
Loidic FG-X (0/90)st 141.77 (1;4)  417.41(7;1)  821.51 (1,9)
(0/90/0/90/0)s  141.70 (1;4) 417.94 (7;1)  820.56 (1;9)
(0)10 131.62 (1;4) 375.72(7;1)  719.78 (1;10)
FG-O (0/90)st 131.86 (1;4) 375.40 (7;1)  722.97 (1;10)
(0/90/0/90/0)s  131.85(1;4) 375.34 (7;1) 722.92 (1;10)

Anh huong caa sy phan bd va hudéng sap xép graphene dén tai téi han nén va

kéo cua vo tréng 16i Auxetic va vo trong 161 dac duoc trinh bay trong Bang 2.20. C6
thé thay trong tit ca cac khao st sd, tai téi han nén va kéo cuaa vo trong 16i Auxetic
déu nho hon khong dang ké so vai tai t6i han caa vo 168i dac. Didu ndy ching to rang
16i Auxetic l1am giam dang ké khéi lugng ma khong lam giam nhiéu dén kha niang
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chiu lyc cta vo. Bong thoi quan sét thiy ba cach sip xép graphene 1a (0)10, (0/90)s,
(0/90/0/90/0)s khong anh hudng nhiéu dén gia tri tai ti han cua vo tréng.
Anh huéng cua cac 16p 16i dén duong cong sau mét on dinh p, -W, . /h va
p,-W,.../h cia vo trong FG-GRC dugc trinh bay trén Hinh 2.42 va Hinh 2.43.
Tuong &ng Vi tai téi han, cac dudng cong cua vo trong 18i Auxetic ludn thip hon so

Véi cac duong cong cua cua vo trong 161 dic, tuy nhién xu hudng cac duong cong la
khé giéng nhau.

1415 UD. L = 1.5a a’h = 80 —a: Ldi ddc PMMA 880 UD, L = 1.5a, a/h = 80, —a: L3i dic PMMA
_ o — ~ . R =4a,h=4mm 1A ;
R=-4a, h=4mm, h, =2 mm{ —p: L5i Auxetic ’ —b: L&i Auxetic
(0/90/0/90/0)5 v tréng 16m h; = 2 mm, (0/90/0/90/0)s ,
865 |v6 trong 161
K, = 107 N/m?; K, = 105 N/m
141
g g
S < 850
< S
1405
835 | b
140 ’/Klz 107 N/m3; K, = 105 N/m
' * * 820 - - - :
-05 0 0.5 1 15 2 2.5 0.5 1 15 2 25 3

Wina/h Wiadh

Hinh 2.42. Anh huéng cua cac 1op 16i
dén cac duong cong p,—W,,,./h cua
v trong FG-GRC chiu nén doc truc
600

—a:UD
—bh: FG-X
b —Cc:FG-0
450
= L=15R,R/h=80,a=4R,h=4mm
% 300 h, = 2 mm, (0/90)s; v tréng 15i
<
150
K, = 107 N/m?; K, = 105 N/m
0 1 1 1
0.8 0.4 0 0.4 0.8 1.2

Wa/h
Hinh 2.44. Anh huong cua su phan b
graphene dén cac duong cong
D. —W,.../h cuavo trong FG-GRC 16i
Auxetic chiu nén doc truc

Hinh 2.43. Anh huéng cua cac 1op 16
dén cac duong cong p, -W,,./h cua
vo trong FG-GRC chiu kéo doc truc

1000

—a:uUbD
—Dh: FG-X
—c: FG-O

L=1.5aah=80,R= 4a, h=4mm,
h. =2 mm, (0/90)5; v6 trong 16i

900

K, = 107 N/m&; K, = 105 N/m
600 1 1 1

0 1 2 3 4 5
Wina/h

Hinh 2.45. Anh hudng ciia sy phan b6
graphene dén cac duong cong
Dy —W,../h cuavo trong FG-GRC 10i
Auxetic chiu kéo doc truc

Anh huéng cua sy phan bd graphene dén cac duong cong sau mat 6n dinh
p.-W.../h va p,—W,__/h ctiavo trong FG-GRC 16i Auxetic dugc trinh bay trong
Hinh 2.44 va Hinh 2.45. Quan sét thiy cac duong cong sau mat 6n dinh cua vo trong
15i (xem Hinh 2.44) khi chiu nén gan nhu tuyén tinh trong mién d6 véng khao sat.
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Hinh 2.46 trinh bay anh huong cua ban kinh doc R dén cac duong cong
p,-W.. /h ciavo trong FG-GRC 16i Auxetic. Co thé thdy cuong do hop cua vo
try chiu nén quan st rd nhat, trong khi cudng do hop caa vo tréng 16m tuong déi nho

va khong quan sat thay vai vo trong 16i.
600 —1:R=2a 600 —1:R=2a
1/ —2R=4a // —2R=4a

)

FG-0,ah=80, | —3R= — 3R=w

L=15a h,=2mm, | —4R=-4a 450 |
2" h=4mm, (0/90/0/90/0)s | —s5:R =-2a

FG-X, a/h = 80, —4:R=-4a
L =1.5a, h,=2mm, —5R=-2a

— h = 4 mm, (0/90/0/90/0)
g 3 g
=300 Ky =107 N/m? 2300 | . o
= K, = 105 N/m = 3 Ki=0N/m3; K, =0 N/m
\____/
150 —— 150
5 _/
) i— —
0 0 X
-1 0 1 2 3 4 1 0 1 2 3 4
Wing,/h W,,/h
a) b)

Hinh 2.46. Anh hudng cuia ban kinh doc R dén cac duong cong
D. —W,.../h cuavo trong FG-GRC 16i Auxetic chiu nén doc truc
Anh huong cua cac thong sé hinh hoc 16p 18i Auxetic dén tai nén va tai kéo

t6i han cua vo trong FG-GRC dugc trinh bay trong Bang 2.21. Do d6 cing cua lép
16i Auxetic rat nho so voi do cang caa hai 16p miat GRC nén anh hudéng do cac théng
s6 hinh hoc 16p 15i dén tai trong nén va kéo t6i han cua vo trong 1a khong dang ké.
Pay 1a co so dé thiét ké két cau tién tién co 16i nhe nham lam giam khéi luong két
cau sandwich.
Bang 2.21. Anh huong cua céc thdng s6 hinh hoc 16p 151 Auxetic dén tai nén va kéo
to1 han caa vo trong sandwich FG-GRC (MPa, L=1.5a, a/h=80,R=4a, h=4 mm,
(0/90)s71)

FG-GRC Tai nén tdi han Tai kéo tdi han
1 =1 ubD 429.80 (7;1) 827.40 (1,9)
%2 =0.1 FG-X 411.37 (7;1) 813.45 (1,9)
y=15° FG-O 369.36 (7;1) 716.31 (1;10)
A =2 ubD 429.37 (7;1) 827.39 (1,9)
x, =0.1 FG-X 410.94 (7;1) 813.45 (1,9)
y=30° FG-O 368.93 (7;1) 716.26 (1;10)
% =3 ubD 429.26 (7;1) 827.52 (1,9)
1, =0.1 FG-X 410.83 (7;1) 813.59 (1,9)
Y =45° FG-O 368.82 (7;1) 716.34 (1;10)

Anh huong cia bé day 16p 16i Auxetic dén tai nén va tai kéo tdi han caa vo
trong FG-GRC duoc trinh bay trong Bang 2.22. C6 thé thay tai nén va kéo tsi han
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cua vo trong tang khi chidu day 6p 15i ting 1én. Diéu nay la do chiéu day I6p 15i ting
lam hai l6p mat GRC xa truc trung hoa va lam tang d6 Iéch tdm, tir @6 1am tang tai
tai han.

Bang 2.22. Anh huong cua bé day 16p 16i Auxetic dén tai nén va kéo toi han cua vo
trong sandwich FG-GRC (MPa, a=0.32m, R=4a,L=1.5a, (0)10)

ubD FG-X FG-O
Tai nén tGi han
h, =0 mm 354.49 (11;1) 355.73 (10;1) 286.45 (12;1)
h.=1mm 399.47 (8;1) 387.86 (8;1) 338.79 (8;1)
h.=2mm 429.87 (7;1) 411.62 (7;1) 369.25 (7;1)
Tai kéo tdi han
h, =0 mm 628.73 (1;14) 643.96 (1;13) 529.22 (1;15)
h, =1 mm 715.82 (1;11) 718.68 (1;11) 611.72 (1;11)
h.=2mm 825.36 (1,9) 810.82 (1;9) 713.07 (1;10)

Bdng 2.23. Anh hudng cua ty s6 a/h dén tai nén va kéo téi han cua vo tréng 16i
Auxetic (MPa, L=15a, R=4a, h=4 mm, (0)10)

a/h Vo tréng Tai nén tai han Tai kéo téi han
UD 563.33 (6:1) 1169.82 (1;9)
60 FG-X 538.80 (6:1) 1155.38 (1:9)
FG-O 483.23 (6:1) 994.37 (1:9)
uD 429.87 (7:1) 825.36 (1;9)
80 FG-X 411.62 (7:1) 810.82 (1;9)
FG-O 369.25 (7:1) 713.07 (1:10)
UD 350.39 (7:2) 650.26 (1:10)
100 FG-X 332.71 (7:1) 639.27 (1:10)
FG-O 301.52 (8:1) 570.66 (1;11)

Anh huéng cua ty sb a/h dén tai nén va tai kéo téi han va cac duong cong sau
mat 6n dinh p, -W,_ /h va p, W, /h cta vo tréng FG-GRC I6i Auxetic lan luot
dugc trinh bay trong Bang 2.23, Hinh 2.47 va Hinh 2.48. Tuong ng cac ty s6 a/h
khac nhau, cac duong cong cua vo tach biét hoan toan va khi do manh cta vo tang
(twong Gng ty s6 a/h ting) s& lam ha thip cac duong cong va lam giam kha ning
chiu tai cua vo trong. Anh huong cua do cang nén dan hoi dén tai nén, tai kéo téi han
va cac duong cong sau mat 6n dinh p,-W, . /h va p,-W, . /h cta vo tréng 16i
Auxetic dugc lan lugt trinh bay trong Bang 2.24, Hinh 2.49 va Hinh 2.50. Céc khao
sat cho thay d6 cang nén dan hoi ting 1am ting kha niang chiu tai va nang cao cac
duong cong sau mat 6n dinh caa vo tréng.
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800 o 1600 T
a: afh =60 FG-X,L=15a R=4a h=4mm| — & " =60
a/ —b:ah =80 h, =2 mm, (0),, v6 trong 10i —b:ah =80
600 | —c: ath =100 1200 + a1 —c: a/h =100
—
s —] g -
S 400 c 5800 b
&L =) c__/
200 FG-X,L=15a,R= 4;1, h = 4 mm, 400
he =2 mm, (0),, vo trong 16i
K, = 107 N/m?; K, = 105 N/m
K, =107 N/m3; K, = 10° N/m
O 1 1 1 0 1 1 1
-0.6 -0.3 0.3 0.6 0.9 0 1 3 4

(iNmaX/h Wmaf/h
Hinh 2.47. Anh huong cua ty s6 a/h Hinh 2.48. Anh huong cua ty s6 a/h
dén cac duong cong p, -W, . /h ciavé dén cac duong cong p, -W, . /h cia vo
trbng FG-GRC 16i Auxetic chiu nén trong FG-GRC 16i Auxetic chiu kéo

Bang 2.24. Anh hudng cta d6 cing nén dan hoi dén tai toi han caa vo trong FG-GRC
16i Auxetic (MPa, L=1.5a, a/h=80, R=4a, h=4mm, (0/90)s7)

K (N/m®) K, (N/m) Vo Tai nén t6i han Tai kéo t6i han
ubD 403.04 (7;1) 661.17 (1;9)
0 0 FG-X 384.61 (7;1) 645.93 (1,9)
FG-O 342.60 (7;1) 555.88 (1;9)
ubD 429.37 (7;1) 827.39 (1,9)
10’ 10° FG-X 410.94 (7;1) 813.45 (1,9)
FG-O 368.93 (7;1) 716.26 (1;10)
ub 442.54 (7;1) 911.13 (1;10)
1.5x10’ 1.5x10° FG-X 424.11 (7;1) 899.79 (1;9)
FG-O 382.10 (7;1) 795.04 (1;10)
600 1200
FG-O,L=15a ah=80,R=4a,h=4m FG-O,L=15a a/h =80, R = 4a,
h. =2 mm, (0/90)5; vo trong 16i h=4mm, h, =2 mm,
/ (0/90)sy v6 trong 161 /
450 | 900 N
b
S0 a: K, = 1.5x107 N/m®; K, = 1.5x10° N/m S 00 ’
1% b: Ky =107 N/m3; K, = 105 N/m &
c: Ky =0 N/m3; K, =0 N/m
150 | 300 | / a K, =15x107N/m3; K, = 1.5x105 N/m
b: K; = 107 N/m?3; K, = 10° N/m
c: K; =0 N/m3 K, =0 N/m
0 - - : : 0 . .
05 025 0 025 05 075 1 0 15 3 45 6
W,../h W,s/h
Hinh 2.49. Anh huéng ctia d cing nén  Hinh 2.50. Anh hudng ciia d¢ ciing nen
dan hoi dén cac duong cong dan hoi dén cac duong cong

p.-W,../h ciaveé trong FG-GRC I6i  p, -W, . /h cia vo trong FG-GRC 16i
Auxetic chiu nén doc truc Auxetic chiu kéo doc truc
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2.5.5. Vé tru FG-GRC c¢é gin gia cwong va nén dan hoi bao quanh chiu nén dec
truc

Trong phan nay luan an khao sét vo tru FG-GRC c6 gan gia cudng va nén dan
hdi bao quanh chiu nén doc tryc trong méi trudng nhiét. Vo tru FG-GRC duoc ché
tao tir 10 16p GRC véi tong chiéu day cia vo h=2mm. Hé thong gan doc va gan
vong cling dugc ché tao tir 10 16p GRC va bé rong cia gan la b, =b, =h=2mm,
cling véi chiéu cao gan h, = h, = 4mm, 6 luong gan doc 1a 50 va s6 lugng gan vong
1a 12 duoc lya chon dé tinh todn va khao sét sb. Nén dan hoi bao quanh ¢ d6 ciing
K, =1.5x10" N/m®, K, =1.5x10° N/m . Cac dic trung hinh hoc cta cac 16p GRC va

cuia cac dai graphene duoc lay theo céc cong bd cua Shen va Xiang [109, 113].

\/p
§
= i
L5 d
ey
p \
=N

Cac canh tya ty do

Hinh 2.51. M6 hinh vo tru FG-GRC c¢6 gan gia cuong chiu tai doc truc

Bang 2.25 cho thay anh hudng dang ké cua nhiét d6 moi trudng dén tai toi han
cta vo tru FG-GRC trong trudng hop khong gin va ¢ gan gia cuong. Quan sat thay
khi nhiét @6 tang thi tai t6i han cta vo tru giam, didu nay 1a do cac co tinh cua vt
lieu GRC nhu mé dun dan hoi phu thudc nhiét 6 va bi giam khi nhiét do tiang, tir 46
lam giam kha nang chiu tai caa vo tru.

Véi vo tru khdng gan, tai téi han cia vo FG-X 16n nhat trong khi tai toi han
ctia vo FG-0 1a nho nhét. Khi c6 gan gia cuong, tai téi han cua vo UD 16n hon tai téi
han ctia vo FG-X. C6 thé thay d6 cting cua vo tru FG-GRC 1a tong hop d6 ciing caa
Vo va do cang caa hé thong gan va né phu thudc vao sy phan bb graphene trong vo
va ca trong hé thong gan.
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Bang 2.25. Tai nén téi han p,. (GPa) ciia vo tru FG-GRC trong trudng hop c6 va khong c6 gan gia cudng voi su thay doi nhiét do moi truong
(L=15a, a=80h, h=2 mm)

T=300K T=400K T=500K
Vo Khéng gan  Cd gan Hicu qua Khéng gan  Co gan Hicu qua Khéng gan Cb géan Hicu qua
(%) (%) (%)
(0)107 0.657 (6;7) 1.060 (3;6) 61.34 0.586 (6;7) 0.945(3;6) 61.26  0.548 (5;7) 0.892(3;6) 62.77
UD  (0/90/0/90/0)s 0.657 (6;7) 1.059 (3;6) 61.19 0.586 (6;7) 0.946 (3;6) 61.43  0.547 (5;7) 0.891(3;6) 62.89
(0/90)st 0.656 (6;7) 1.059 (3;6) 61.43 0.585 (6;7) 0.945(3;6) 61.54 0.548 (5;7) 0.891 (3;6) 62.59
(0)107 0.681 (6;6) 1.050(3;6) 54.19 0.604 (6;6) 0.931(3;6) 54.14 0.575(5;7) 0.890(3;6) 54.78
FG-X (0/90/0/90/0)s 0.682 (6;6) 1.051(3;6) 54.11 0.605 (6;6) 0.930(3;6) 53.72 0.574 (5;7) 0.891(3;6) 55.23
(0/90)st 0.680 (6;6) 1.050 (3;6) 54.41 0.604 (6;6) 0.930(3;6) 53.97 0.575(5;7) 0.890(3;6) 54.78
(0)107 0.566 (6;7) 1.047 (3;6) 84.98 0.517 (6;7) 0.950(3;6) 83.75 0.500 (6;7) 0.916 (3;5) 83.20
FG-V  (0/90/0/90/0)s 0.566 (6;7) 1.048 (3;6) 85.16 0.517 (6;7) 0.950(3;6) 83.75 0.501 (6;7) 0.915(3;5) 82.63
(0/90)st 0.565 (6;7) 1.047 (3;6) 85.31 0.516 (6;7) 0.949(3;6) 83.91 0.500 (6;7) 0.914 (3;5) 82.80
(0)107 0.585(8;1) 0.915(3;6) 56.41 0.524 (6;7) 0.798(3;6) 52.29  0.498 (6;7) 0.757 (3;6) 52.01
FG-A (0/90/0/90/0)s 0.585 (8;1) 0.916 (3;6) 56.58 0.524 (6;7) 0.799 (3;6) 52.48 0.499 (6;7) 0.758 (3;6) 51.90
(0/90)st 0.584 (8;1) 0.915(3;6) 56.68 0.523 (6;7) 0.798(3;6) 52.58 0.498 (6;7) 0.757 (3;6) 52.01
(0)107 0.541 (7;6) 0.945 (3;6) 74.68 0.486 (7;6) 0.842(3;6) 73.25 0.467 (6;7) 0.807 (3;6) 72.81
FG-O (0/90/0/90/0)s 0.540 (7;6) 0.946 (3;6) 75.19 0.485(7;6) 0.841(3;6) 73.40 0.468 (6;7) 0.806 (3;6) 72.22
(0/90)st 0.540 (7;6) 0.945 (3;6) 75.00 0.486 (7;6) 0.841(3;6) 73.05 0.467 (6;7) 0.806 (3;6) 72.59
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0.67 K, =15 x 107 N/m?; /

K, = 1.5 x 105 N/m _/2b / 03T

110 —a T = 300K} —— L2 e T =300k e o,
— b T=400K/|  maxdh —:\m —Db: T = 400K K,=
—c: T = 500K ; —— G T=500K
i L (0/90)s; shell
0.96 (0/90) 5 shell ﬂ'\lb—/ 0.9 }(0/90)s
\‘—: 1c—/ lc 1b la
) UD,L=15aah=80, | 1:c¢qa T
a L e i L2 Logan o
90.81 h=2mm, h, = hy = 4mm,: 2: Khong gan 9/0.6 3
e b,=b, =2mm,n =12, o 1: Co gdn
n; =50 : 2a 2: Khéng gan
i

UD, L =1.5a,ah =80

— -2 h = 2mm,h, = h, = 4mm
0.52 . . b, = b,= 2mm, n, = 12, n, = 50
2.2 -11 0 1.1 2.2 0
-0.01 0 _ 0.01 0.02
W, /h A

X

Hinh 2.52. Anh huéng caa nhiét do dén  Hinh 2.53. Anh huéng cua nhiét 4o dén
duong cong p-W,,. /h cuavo tru FG- duong cong p—A, cua vo tru FG-GRC

GRC chiu nén doc truc chiu nén doc truc
L2 " — PGV =150 ah = 80, h = 2mm, Y90 T Sa 7= 300K, i = 2mm . 2//2 - gg
——2:UD | T=300Kh = 2mmh, = h, = 4m he=h,=4mm>b,= b= 2mm, _C_' a/h - 100
—3:FG-X | b, = b,= 2mm, n, = 12, n, = 50 n.=12,n,= 50, / cath =
1.1 {—4:FG-0 : 1.60 } (0 shell ! la
—5:FG-A| _1 1 —

2a

(0/90/0/90/0) :v

=
Sro | shell
=

K, =15 x 107 Nfm?

K, = 1.5 x 10" N/m? )
| K= 1.5 % 10°N/m

i
' K,=15x%10°Nm
|

- \_4 _\_lb
0.9 \5 100 | !

p (GPa)
=
8

. —2b
' 2 e 26 1: UD
08 : , , , ! = 2: FG-0
-2 -1 0 1 2 3 4 0.70 . (‘) 2'5 :
Wmax/h - W._./h '

max

Hinh 2.54. Buong cong p—-W, . /h Hinh 2.55. Anh huong cua ty s6 a/h
cua vo tru FG-GRC chiq nén doc truc dén duong cong p-W, . /h cta Vo tru
tuong ung vai cac kieu phan bo FG-GRC chiu nén doc truc
graphene
Anh huéng cta nhiét do dén cac duong cong p—W, . /h VA p—A, cuave tru
chiu nén doc truc c6 thé quan sat trén Hinh 2.52 va Hinh 2.53. Nhiét d6 ting lam cac
duong cong bi ha thap, do vong trudc cta vo tru xuat hién do tai trong va nhiét do
gay ra nhu trong Hinh 2.52, nhiét d6 cang Ion thi d6 vong trude cang ting. Diéu nay
la do vo gidn no trong moi truong nhiét dé cao nén xay ra hién tugng vong trudc khi
chiu tai trong nén doc truc.
buong cong p-W,,,. /h cta vo tru FG-GRC chiu nén doc truc tuwong ung voi
céc kiéu phan b graphene FG-X, UD, FG-V, FG-A va FG-O c6 thé quan sat trong
Hinh 2.54. C6 thé thdy cac dudng cong caa vo tru FG-V cao nhat trong mién do vong
I6n tach biét hoan toan véi cac duong cong cua vo tru FG-O va FG-A.
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Anh huéng cua ty s6 a/h dén duong cong sau mat on dinh p—W,___/h va tai

ti han cua cua vo tru FG-GRC chiu nén doc truc duoc lan luot chi ra trong Hinh 2.55
va Bang 2.26. C6 thé thay vo tru cang manh (a/h cang 16n) thi cac duong cong

p—-W,,../h biha thap, hién tuong hop khé quan sat duoc va ddng thoi tai téi han caa

vo giam khi ty s6 a/h tang.

Bang 2.26. Tai nén téi han p,. (GPa) cua vo tru FG-GRC chiu nén doc truc tuong

g voi ty s6 a/h (T = 400 K)

a/h =100 a/h =80 a/h =60
UD Khong gan 0.488 (7;7) 0.585 (6;7) 0.744 (5;6)
Co gan 0.750 (4;7) 0.945 (3;6) 1.336 (3;5)
Hiéu qua (%) 53.69 61.54 79.57
FG-X Khéng gan 0.502 (7;6) 0.604 (6;6) 0.774 (5;5)
Cb gan 0.742 (4;7) 0.930 (3;6) 1.306 (3;5)
Hiéu qua (%) 47.81 53.97 68.73
FGY Khéng gan 0.432 (8;6) 0.516 (6;7) 0.656 (5;6)
Cb gan 0.746 (3;6) 0.949 (3;6) 1.333 (2;4)
Hiéu qua (%) 72.69 83.91 103.20
FGoA Khéng gan 0.437 (8;6) 0.523 (6;7) 0.666 (5;6)
Cb gan 0.633 (4;7) 0.798 (3;6) 1.090 (3;5)
Hiéu qua (%) 44.85 52.58 63.66
FG-O Khéng gan 0.407 (8;7) 0.486 (7;6) 0.617 (6;6)
Cb gan 0.666 (4;7) 0.841 (3;6) 1.178 (3;5)
Hiéu qua (%) 63.64 73.05 90.92

Bang 2.27. Tai nén t6i han p,. (GPa) cua vo tru FG-GRC véi cac gia tri d cirng nén
dan hoi (T = 400K, a/h=80, h=2 mm, m=1)

K,=0N/m® K,=15x10" N/m® K, =2.5x10" N/m®
(0/90)s K,=0N/m K,=15x10°N/m K,=2.5x10°N/m
up  Khong gan 0.465 (4:8) 0.585 (6:7) 0.650 (6:6)
Co gan 0.797 (3;6) 0.945 (3;6) 1.043 (3;6)
Hiéu qua (%) 71.40 61.54 60.46
FG-X Khong gan 0.492 (4;8) 0.604 (6;6) 0.666 (6;6)
C6 gan 0.783 (3;6) 0.930 (3;6) 1.028 (3;5)
Higu qua (%) 59.15 53.97 54.35
FG-O Khong gan 0.377 (4;9) 0.486 (7;6) 0.545 (7;6)
Co gan 0.694 (3;6) 0.841 (3;6) 0.940 (3;6)
Higu qua (%) 84.08 73.05 72.48
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Bang 2.27 va Hinh 2.56 cho thay anh huang cia d6 ciing nén dan hoi dén tai
t6i han va cac duong cong sau mat on dinh p—W,___ /h cia vé tru FG-GRC chiu nén
doc truc. C6 thé thdy kha niang chiu tai cua vo try khdng gan ting 1én dang ké khi
tang d6 cirng nén dan hoi. Trong truong hop khong c6 nén dan hoi, hiéu qua cua gan
gia cuong 1a 16n nhat va hiéu qua cia gan gia cuong dan giam di khi d6 cing nén dan
hoi tang 1én.

[=15a T=300K #h=80.h=2mm —a: FG-0 115 | —1: V6 FG-X v6i gan FG-X

h, = h, = 4mm, b, = b,= 2mm —b: FG-A ——2: V6 FG-A véi gan FG-X

n =12, n, = 50 ' ——3: V6 FG-X véi gin FG-V
(Or) A "S \ / ——4: V6 FG-A véi gin FG-V
she I
100 b 10 \ 3a 106
! 1
! 1
. 3 (0/90)5; shell \1
!
= ‘E\ 2a E |
= 2b = L=15a ! 2

: a/h = 80, ' s
T~ T = 300K, : 4
077 ‘.\/ 087 ' = 2mm i
1: K, = 0 N/m3; K, = 0 N/m he=h,=4mm, |

: K, = 1.5 x 107 N/m?
2: K, = 1.5x107 Nim? ; K, = 1.5x10° N/m b,=b,=2mm, | K= 15 %105 N/m
3: K, = 2.5x107 N/ ;K, = 2.5x105 N/m n,=12,n,= 50, 2= 1 m

-25 0 25 5 -25 0 25 5
Wonai/1 Wipai/h

Hinh 2.56. Buong cong p—-W,_../h  Hinh 2.57. buong cong p-W, . /h cua
cua vo tru FG-GRC chiu nén doc truc  vo tru FG-GRC chj’u nén doc truc tuong
twong ng vai cac gia tri d cng nen  ng Vi su phan bo graphene trong gan

dan hoi gia cuong
Bang 2.28. Tai nen t6i han p,. (GPa) cua vo tru FG-X and FG-A véi cac loai gan
khéc nhau (a/h =80, h=2 mm, m=1)

Vo FG-X Vo FG-A

Vo FG-X <A Vo FG-A <A
(0/90)st va gan FG-X va g‘i‘; FG- gan FG-v @ ga)rg FG-
T = 300K 1050 (3:6)  0.976 (3:6) 0.915(3:6) 0.984 (3:6)
T = 400K 0030 (3;6)  0.862(3;6) 0.798 (3;6) 0.862 (3:6)
T = 500K 0.890 (3:6)  0.823(3:6) 0.757(3:6)  0.821 (3:6)

Bang 2.28 va Hinh 2.57 minh hoa sy anh hudng dang ké cua quy luat phan bd
cta graphene trong gan gia cuong dén tai nén téi han va tng xu sau mat 6n dinh cua
vo tru. Tién hanh khao sét hai loai vo FG-X va FG-A duogc gia cuong hé thong gan
FG-X va FG-V. C06 thé thay anh huong cua gia cudng cia gan FG-X dén kha ning
chiu tai va cac duong cong sau mat 6n dinh caa vo tru 16n hon dang ké so vai gan
FG-V. biéu nay cho thiy vai cac quy luat phan bb khac nhau cua graphene trong gan
gia cudng, do léch tm cua cac gan gia cuong sé khac nhau din dén d6 cang va kha
nang chiu tai cia vo FG-GRC ciing khéac khéc nhau.



70

2.6. Két luan

Trong chwong 2, luan an da st dung ly thuyét vo Donnell dé xay dung cac
phuong trinh co ban. Nghiém d6 vdng ba s hang cling véi phuong phap Galerkin
duoc luan an st dung dé tim duoc tai toi han va khao sat 6n dinh phi tuyén cua céc
két cau sau:

1.

V6 tréng FG-GRC c¢6 gan gia cudng va nén dan hoi bao quanh chiu tai
X0an trong moi truong nhiét

V6 tréng sandwich FG-GRC 16i Auxetic c6 nén dan hoi bao quanh chju tai
X0an

V6 tréng sandwich FG-GRC 16i Auxetic c6 nén dan hoi bao quanh chiu tai
doc truc

V6 tru FG-GRC c¢6 gin gia cuong va nén dan hdi bao quanh chiu tai xoan
trong moi truong nhigt

V6 tru FG-GRC c¢6 gan gia cudng va nén dan hoi bao quanh chiu nén doc

truc trong moi trurong nhiét

Diém méi quan trong trong chuong nay 1a luan an da tiép tuc ap dung ky thuat
san tac dung gan cai tién cho gan FG-GRC duya trén y twong san tac dung gan cua
Lekhnitskii va Iy thuyét dam cb dién di huéng cho cac bai toan vo tréng va vo tru c6
gan chiu xoin hoic nén kéo doc truc. Bac biét 1a tng suat trung binh theo huéng chu
vi lan dau tién dugce xem xét dén trong ham tng suét khi tinh toan vo tréng FG-GRC
c6 gan gia cuong va nén dan hoi bao quanh chiu tai xoan.

Tir cac két qua so, luan an dua ra mot s6 nhan xét dang lwu ¥ nhu sau:

1.

Hé théng gan gia cuong lam ting tai téi han cua vé tréng va vo try FG-
GRC c6 gan gia cudng. Trong cac khao sét sb, quan sat thay hiéu qua cua
gan vong dén tai toi han cua cac vo kin 16n hon nhiéu so véi gan doc.

. Céc két qua s ciing ching minh duoc tai xoan téi han va tai nén kéo doc

truc téi han cua vo tréng 16i cao hon so vai vo tréng 18m. Hién tuong hop
c6 thé quan sét rat rd véi vo trong, vo tru chiu tai xoin hodc vé try chiu nén
doc truc. Tuy nhién khéng quan sat dugc hién twgng hdp trong truong hop
vo tréng 161 16i auxetic chiu tai nén doc truc.

Lép 16i Auxetic 1am giam dang ké khi luong két ciu nhung tai toi han
giam khong dang ké so véi truong hop 16i dic. Pay 1a co so dé thiét ké cac
két cu tién tién co 16i nhe nham lam giam khdi lwong cua cac két cau
sandwich.
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4. Khi nhiét d6 méi truong tang hodac d6 manh cua vo tang 1én s€ lam giam
tai ti han cua vo. Nguoc lai ¢ ciing ciia nén dan hoi gidp vo 6n dinh hon
va tir d6 1am ting kha niang chiu tai ciia vo. Tuy nhién, cac khao sat s6 ciing
cho thay do ciing ciia nén dan hoi 1am giam hiéu qua gia cudng cua gan.
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CHUONG 3. ON PINH PAN HOI PHI TUYEN CUA TAM CHU NHAT
VA PANEL TRU FG-GRC CO GAN GIA CUONG THEO HSDT
Trong chuong nay, luan &n nghién cttu 6n dinh phi tuyén caa tim chit nhat va
panel tru FG-GRC chiu tai trong nén va ap luc ngoai trong méi truong nhiét. Cac bai
toan cu thé duoc nghién cau va khao sat bao gom:
1. Panel tru ap dién FG-GRC c6 gan gia cudng trén nén dan hdi tuyén tinh chiu
ap nén doc truc trong moi troeong nhiét
2. Panel tru FG-GRC c6 gin gia cudng trén nén dan hoi phi tuyén chiu nén doc
truc trong moi treong nhiét
3. Tam chix nhat ap dién FG-GRC c6 gan gia cudng chiu nén mot phuong va ap
luc ngoai
4. Tam chit nhat FG-GRC c6 gan gia cudng trén nén dan hoi phi tuyén chiu nén
mot phuong va ap luc ngoai
Diém mai quan trong caa luan &n so véi cac nghién ctu trude day 1a ki thuat
san tac dung gan cai tién cho gan FG-GRC duoc phét trién dé phl hop véi HSDT cua
tam, bang cach két hop gitta ¥ tedng san tac dung gan caa Lekhnitskii va ly thuyét
dam bién dang truot bac cao di huéng. Céc két ciu tim va panel tru FG-GRC duoc
gia cuong bai hé thong gan FG-GRC theo phuong X hoidc phuong y . Hé théng gan
FG-GRC dugc thiét ké sao cho phan tiép xuc giira vo va gan c6 ty phan thé tich
graphene bang nhau dé két cAu c6 co tinh bién thién thay ddi tron va lién tuc vé vat
licu. M6 hinh nén dan hoi phi tuyén ba hé sb [155] duoc xét dén trong tinh toan va
nghién cau 6n dinh phi tuyén cho tam va panel chiu tai nén doc truc va ap luc ngoai.
Céc bai toan trong chuong nay duogc xay dung theo HSDT c6 xét dén tinh phi
tuyén hinh hoc ciia von Karman. Phuong phéap san déu tac dung gan cai tién cho gan
FG-GRC dugc luan an sir dung dé thuan nhat két ciu c6 gan gia cuong. C4c nghiém
giai tich dugc lya chon dé c6 thé thoa man cac diéu kién bién, dong thoi s dung
phuong phap Galerkin dé tim duogc cac lién hé cua tai va do vang, tir d6 cac tai toi
han cia tim va panel néu c6 sé dugc xac dinh.
N@i dung chwong nay di dwec tac gid cong bé trong 4 bai bdo ding trén tap
chi quéc té, dé la cdc cong trinh s6 7 dén 10 trong danh muc cac cong trinh khoa
hoc lién quan d@én lugn an.
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3.1. M0 hinh Panel tru ap dién FG-GRC c6 gan gia cuwong

Lop ap dién

Panel UD Panel FG-X
v61 gan UD vo1 gan FG-X

Panel FG-O Panel FG-A Panel FG-V
v gan FG-O vol gan FG-A vo1 gan FG-V

Hinh 3.1. Hinh dang va hé toa d6 cua Panel ap dién FG-GRC c¢6 gan gia cuong

Xét panel try ap dién FG-GRC bé day h c6 gan gia cuong trén nén dan hoi
phi tuyén véi hé toa do (x,y,z) 6 géc nam & mat giira & goc panel, truc x theo
hudng chiéu dai, truc y theo hudng canh cong va truc z vudng goc véi mit giira
huéng vao trong panel nhu Hinh 3.1. Lan luot goi R 1a ban kinh cong, a 1a chiéu
dai cta panel theo phuong x, b 1 chiéu dai canh cong va h, la chiéu day I6p &p
dién trén bé mat panel. Céac ky hiéu by, hg,, dg; lan lugt 1a bé rong, chiéu cao va
khoang cach cac gan gia cuong.

Panel FG-GRC dugc ché tao tir 10 I6p GRC c¢d ty phan thé tich graphene trong
cac 16p ¢ thé phan bb déu theo kiéu UD hoic thay doi tron va lién tuc theo chiéu day
panel twong tng vai cac kiéu phan bd FG-X, FG-V, FG-A va FG-O. Ty phan thé tich
ctia graphene twong tng Vai cac kiéu phan bé nay da duoc trinh bay trong Bang 1.2
va Hinh 1.3.

Tai vi tri tiép xdc gitta panel va gan gia cuong, ty phan thé tich cua graphene
duoc lra chon bang nhau dé dam bao tinh lién tuc cho két cau. Luan &n sé tién hanh
nghién ctru nam dang panel ap dién gia cudng gan cu thé nhu sau

Dang 1: Panel 4p dién UD GRC gia cuong hé théng gan UD GRC

Dang 2: Panel 4p dién FG-X GRC gia cudng hé théng gan FG-X GRC
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Dang 3: Panel 4p dién FG-O GRC gia cudng hé thong gan FG-O GRC
Dang 4: Panel 4p dién FG-A GRC gia cudng hé théng gan FG-V GRC
Dang 5: Panel 4p dién FG-V GRC gia cuong hé théng gan FG-A GRC
Trong trudng hop bo qua lop ép dién (h, =0) panel ap dién FG-GRC tr¢ thanh

panel tru FG-GRC. Khi R —w thi panel 4p dién FG-GRC tré thanh tim ap dién FG-
GRC, va panel tru FG-GRC tr¢ thanh tam FG-GRC.

Hinh 3.2. M6 hinh panel FG-GRC chiu ap luc ngoai
va nén doc truc trén nén dan hoi phi tuyén

3.2. Cac phwong trinh co ban
3.2.1. Phwong trinh bién dang va ngi luc

Theo HSDT, cac thanh phan chuyén vi tai mot diém bat ky la
u(x,y,z), v(x,y,2), va w(x,y,z) trong két cau vo lan lugt theo cac phuong x, y,
va z duoc biéu dién theo cong thic [143, 145]

1(x,y,z)=u(x,y)+ 20, (x.y)-12* (9, +w, ),

17(x,y,z)=v(x,y)+z¢y (x,y)—kz3(¢y +w,y), (3.1)

w(X,y,Z) = w(xay)’
trong d6 A =4 /3h?, cac thanh phan chuyén vi tai mit trung binh cua panel tru theo
phuong x, y va z lan luot 1a u(x,y), v(x,y)va w(x,y), cac goc xoay phap tuyén
ctia mat giira so vdi tryc y va x lan luot 12 ¢,.,¢, .

Cac thanh phan bién dang cia mot diém bat ky caa panel tru khéng hoan hao

cach mat trung binh mot khoang z dugc xac dinh nhu sau



£y €0x Elap &(3)x , , Yo
xz Xz 2)xz

& (=100 [TZ1Ey [TZ)Eay ,{yy}={yz }+z2 v [ (3.2)
z yz (2)yz

Tl o) Y Y(3py

trong d6 &,,€o, VA Yoy, lan luot 1 cac bién dang phap tuyén va bién dang truot tai
mit trung binh cua panel, v,,, Va v,,, lan luot 1a cac thanh phan bién dang truot
ngang tai cac mat trung binh xz va yz, xac dinh theo cong thic sau

2
u, +0.5w, +w, w,

8Ox

€y =1V, —W/R+0.5w; +w w,, ,

Yoxy U, +U, +W W, +W, W, +W W, (3_3)
YOxz . d)x + w,x

YOyz q)y + w,y ’

E(ax Orx E(a Py T Wy

By (= (I)y’y N @y (= — vy T Wy )

Y ¢x’y + ¢y’x Y3y (I)x,y + ¢y,x + zw,xy (3.4)
Yo | _%{bx + w,x}

Y(2)yz ¢, +w,

Véi w, =wy,(x, y) 1a d6 khong hoan hao hinh dang ban dau cua panel va duoc coi l1a
nho so véi bé day h cua két cau.

Cac mdi quan hé tng suit va bién dang duogc xac dinh theo dinh luat Hooke

nhu sau
(0| [Qus Qus 0 0 0 | &c—ouAT]
Oy Qps Qps 0 0 0 | & ~oAT
Cyl=| 0 0 Qg 0 O Yo o | (3.5)
Oy 0 0 0 Qu 0 Yz
6, LO 0 0 0 Qull oy, |
trong do
Qus = %, Qs :v211_fllv )
12V21 21V12
£ (3.6)

_ 2 _ _ _
hos = Qus = Gu35 Osss = Gi3,Q6s5 = G2
1-vyvip
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va AT =T —T, la chénh Iéch nhiét do so véi gia tri nhiét ban dau T, ma ¢ do panel
try khong c6 bién dang nhiét.

Déi véi vat liéu ap dién, dién thé duoc coi 1a phan bd theo chiéu day I6p &p
dién. Néu dién &p V, chi tac dung Ién 16p ap dién theo huéng chiéu day thi dién

truong dugce xac dinh nhu sau [156]

E. 0
E,;=1 0 ¢ (3.7)
Ez VO /hp

trong d6 V 1a dién ap dat vao lop ap dién.

Tuong ty nhu trong Chuong 2, chuong nay cling xem xét cac gan gia cuong
lam viéc nhu cac dam chiu ubn phang, két cau tim/panel ¢6 gan gia cuong duoc thuan
nhat vé két cau tim/panel khong gan di huéng tuong dwong. Tuy nhién ly thuyét si
dung trong chuong nay 1a HSDT nén k§y thuat san tac dung gan tiép tuc duoc luan an
cai tién dya trén ly thuyét dam di hudng bién dang truot bac cao [157]. Khi nay do
cung cua tam/panel c6 gan gia cudng s& 1a tong céc thanh phan do cang cua tim/panel
va cua gan (sau khi dugc san theo hudng lam viéc).

Cac thanh phan noi luc trong panel tru FG-GRC dugc tinh thdong qua cac thanh
phan g suat la [143, 145]

h/2
(Ni’MiaTi):j

L (1,z,z3)dz, (i=x,y,xy)

h/2 h/2 (3'8)

(00@))=], (0u0y Mz, (508,)=[ | (00,0, )e'de
Thay cac thanh phan bién dang (3.2) vao méi lién hé ¢ng suat va bién dang
(3.5), tiép d6 dat cac biéu thirc thu duoc vao (3.8), cac biéu thuc noi luc cua panel
try gia cuong boi hé thong gan duoc xac dinh theo biéu thirc

N,| |Au 4, O By B, 0 Gy Gy O Sox P
N, Ay Ay 0 By By, 0 C, Cpy O oy Py
N, 0 0 Ay O 0 Bg AO AO Cés YVoxy 0
M, B, B, 0 Dy D, 0 Ey E, 0 O x P2
M, \_|B, B, 0 D, D, 0 E, E, Ao by 1=10gy 2 (39)
M,, 0 0 By 0 0 Dg 0 0 Egl||g,,+0,, 0
T, Cy Cp, 0 Ell Elz 0 L, L, O —Aly Py
T, Cp Cpp 0 By By 0 Ly Ly O —A Pay
Ty ] |0 0 Cy 0 0 Eg 0 0 Ly | —Ms 0
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Vi Ty = (0 + Wi )s Ty =(0y, +10, )5 Ta=(dy, +0,,+2w,, ), N; 1a céc thanh
phan lyc gin, M, la cac thanh phan mé men va T; 1a cac thanh phan md men bac
cao (V6i i=x, y, xy), cac thanh phan ma tran do cang 1a

A=A+ Al + A, B; =B + B + B},

D, =Dj +Dj + D' ,C; =Cj +Cj, +CJ, (3.10)
E;=E]+Ef +EJ', Ly = L+ LE + L,
trong d6 d6 cang cua panel, 16p ap dién va gan gia cwong dugc xac dinh la
h/2
(AJ,Bg,Ds,Cg,Eg,LS) j Qyis (l,z,zz,z?’,z“,zﬁ)dz, (3.11)
—h/2+hP
*h/2+hP
(AU ,Blf,le,le,Elf,LP I Qu l,z AN/ ze)dz (3.12)
_h/2
St pSt St - - _ _
i By Gy Ay By Cy A, 0 B, 0 C, O
S S S A O 7 A &
Bijt Dijt Eijt = 1311 1_)11 €11 - 1_312 0 912 0 €12 0 [x
Cgt Egt L?}t n En Ly o 0 E, 0 L, O
o _ — o _ _ -
Ay _0 B, _0 Cp O » By, Cp (3.13)
0 Ay 0 By 0 Cg 0 0 0
y By 0 Dy 0 E, O B, D, E,
0 By 0 Dy O 66 0 0 0 ’
Co 0 Ep O Ces 0 C, E, L,
|0 L, 0 Eg 0 Lg| L0 0 0]
b h/2+hSn'
(ij,EU,Dg,Cy,Eij,ij):dLﬁ J. Q (LZ z%,2%,2%,z )dz (1,7=1,2,6), (3.14)
Sti h/2
cac thanh phan nhiét va dién duoc biéu bién nhu sau
h/2 —h/2+hp
Gy = J- (Qllsaus +Q1250°223)ATdZ+ I (Q O‘11+leO‘22)ATdZ
—h/2+hp —h/2
—h/2+hP
+ ey —2dz+oL >,
~h/2 hP
h/2 —h/2+hP (3.15)
Py = j (les“ns Jerzs%zs)ATdbL _[ (leall +Q220‘22)ATdZ
~h/2+hp ~h/2
—h/2+hp
+ —Ldz+o, ™,

~h/2 P
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trong trudng hop chi ¢ gan theo phuong x thi cac thanh phan nhiét caa gan duoc xéac

dinh nhu sau

h/2+hSn
7-St _ Dsii St St St St T-St
Py -5 ( o +0p 0‘22>ATdZ Py
Sti h/2

tuong tu trong trudng hop chi c6 gan theo phwong y thita co

h/2+hSt“l
7-St _ Dsti St St | St St T-St
Gy = (Qll oy +Qp O‘22)ATdZ Prx
Sti h/2

biéu thic e,,,e,, duoc xac dinh 1 [156, 158]

j2 P
€31 = dyQ)y +d3Qy,

P P
€3y = dy Q) +d3Qsy,

trong do

vpE|
11P — 1P
Q11 sz 1— V le 1_\/%

K

=1+ 231AT)G230’

Qyp = (1+0‘111AT)0‘110’ Qypop = (1+ O‘zzlAT)Otzzoa

-0, (3.16)
-0, (3.17)
(3.18)
(3.19)

VSi Ejp1, Ep195Giors GiogsOyg1, 0105 Olony, Olpgo 12 CAC tham s dau vao cua 1op ap dién

PZT-5A duoc lay nhu sau [158]

E,;, = E,y, = 61GPa,

Gppp = Gpao = G,y = 24.2 GPa,
vhie =0.3,E,,, =—0.0005,

Olygp = Olypp = 0.9x10° K77,
Oly1; = Olyy; = 0.0005,

dyy =ds, = 2.54x100mV 1,
Gyy1 = Gy = G,y = —0.0002.

(3.20)

Céc thanh phan luc cit Q; va lyc cat bac cao S, (v6i i=x,y) la

Qx _ H44w,x +H44(I)x SX _ H66w,x +H66(I)X
Q, Hgw, + Hgg, ’ S, Hyw, +H;¢,

}, (3.21)
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trong do
H44—H44S+H44+Hfj,H55—H55S+H55+H55§, (3.22)
H66—H663+H66+H656t’H77—H77S+H77+H3g7t’
VoI
h/2 h/2 —h/2+hp —h/2+hp
Hyg = j Quusdz -3 j Quszidz, HE = j Qldz -3\ j QL 2%z,
*h/2+hp *h/2+hP 7h/2 7h/2
h/2 h/2 —h/2+hp —h/2+hp
Hys= | Qusdz=3. | Querds, HG= [ Qhdz-3. [ Qhrds,
—h/2+hp —h/2+hp -h/2 -h/2
h/2 h/2 —h/2+hp —h/2+hp
Hgo = .[ Q44Szzdz—3}» I Q44Sz4dz Héz— j Q44zzdz 3\ J Q44z4dz,
—h/2+hp —h/2+hp —hj2 —h/2
h/2 h/2 —h/2+hp —h/2+hp
H, = J. QSSSzde—% I Q55524dz H% = J. Q55Z2dZ 3\ J. Q5524dz,
—hj2+hp —h/2+hp —h/2 —h/2
b . h/2+hSn h/2+hSn
Hi = j QStdz -3 J' QS z%dz |,
St p2 h/2
b . h/2+hSti h/2+hsﬁ
Hé96t=dﬁ J- Qi z*dz -3\ I Qulz'dz |.
Sti  pj2 h/2
Lién hé nguoc bién dang va luc gidn nhan dugc tir (3.9) 1a
Nx
Ny
€r | |A, A, O BB, 0 C,C,, 0 . AgpQr, + APy
Coy (T Ay, Ay 0 By By, 0 CypCyy O ¢y,y + A12(P1x+A11(P1y .
Yoxy 0 0 A O 0 —Bgg 0 0 Ceg ||y +dyx 0
AT,
AT,
AT,
(3.23)

Thay lién hé (3.23) vao cong thuc (3.9) thu duoc
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NX'
* * * * * * N Ny
Mx Bll BZl 0 Dll D2 0 E 1 E12 0 N
M, Bl*z Bgz 0 D§1 D*z 0 E*1 Ezz 0 o Xy
My| | 0 0 -By 0 0 Dy 0 0 Eg ¢X’X N
* * * * * * Y,y
Tx _Cll _C21 Ell E21 0 Lll L12 0 ¢ +¢
T, | |-c, —C;, O E, E, 0 Ly L, 0|
y 12 22 12 B2 21 22 T
Ty 0 0 —Cy O 0 E, 0 0 I .
- - - 2
Al
H;5(plx + H;6(ply — Qo
FI;s(Plx + ﬁga(Ply — P,y
0
+ * * ’
Hegg@r, + Hog®ryy — Py,
Hegy, + Hogy, — 0 (3.24)
0
trong d6 cac hé s6 Ay, B;;,Cy, Dy, Eg, Li; (1,7 =1,2,6) va Hy(i=j=5,6,8,9) duoC Xac

dinh trong phu luc B1,

3.2.2. H¢ phwong trinh cin bang va phwong trinh twong thich bién dang
Dua theo HSDT, hé cac phuong trinh can bang phi tuyén caa mot panel tru
khong hoan hao hinh dang c6 dang nhu sau [143, 145]
N, . +ny,y =0,
ny,x +Ny,y =0,

Qe +Qyy =S+ Sy )4 M T + 2Ty + Ty )+ N (W0 + 10
+%+2ny(w,xy+w0,xy)+Ny(w’yy+wo’yy) (3.25)
-|rq—K1w+K2(w,m+w,yy)—K3w3 =0,

M, +M,, -Q,+3S, ~A(T,, +T,,)=0,

M, +M,,-Q,+34S, ~A(T,  +T,,)=0,

trong d6 ¢ la ap luc ngoai phan bd déu, Kl(N/m3) la d6 cang nén Winkler,
K,(N/m) la dd cang 16p trugt theo md hinh nén dan hoi hai hé sé Pasternak,
KS(N/mS) 1a do cang nén phi tuyén [155]. D6 ciing nén phi tuyén KS(N/mS) co

thé nhan gia tri dwong hozc am tly thudc vao loai nén.
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Phuong trinh twong thich bién dang nhan dugc tir (3.3) la

1 2
— W T Wy —W

Cox,yy T Eoy e T Voxyy = R Wy — W oW yy

3 XX

(3.26)
+2W 5, Wo ) — Wy o Wy -
3.2.3. Cdc diéu kign bién va phwong trinh chii dao

Diéu kién bién 1: Cac canh cua panel tya don va tu do dich chuyén (freely
movable), diéu kién bién twong tng (ky hiéu FFFF) 1a

w=0,M,=0,N,,=0,¢,=0,T, =0, N, =N, =-hP,, tai x=0,x=aq, (3.27)
w=0,M,=0,N,,=0,0,=0,T,=0,N, =N, =0, tai y=0, y=b.

Diéu kién bién 2: Cac canh cua panel déu twa don, trong d6 hai canh
x=0,x=a tya ty do, hai canh y=0,y=>b tya c dinh (immovable). Diéu kién bién
twong tng (ky hiéu FIFI) la

w=0,M,=0,N,,=0,¢,=0, T, =0, N, =N,, =—hP,, taix=0,x=aq, (3.28)

w=0,v=0,¢,=0,M,=0, T,=0,N, =N, taiy=0, y=>.

Diéu kién bién 3: Cac canh cua panel tia don cb dinh (immovable), diéu kién
bién tuong tng (ky hiéu 1111) 1a

w=0,u=0,¢,=0,M,=0,N, =N, tai x=0,x=aq, 3.29)
w=0,v=0,¢,=0,M,=0, N,=N,, taiy=0, y=>b.
trong d6 N, N, la c&c hop luc nén tac dung 18n cac canh cua panel lan luot theo
phuong x,y trong truong hop cac canh tua don tu do va la phan luc trén cac canh

nay trong truong hop cac canh tya cd dinh.
Gia sir 6 ham &ng suat f(x,y) thoa mén cac diéu kién
Ny =Fyys Ny =Fas Ny =S (3.30)
thi ca hai phuong trinh dau cua (3.25) duoc thoa min ddng nhat. Thay cac phwong
trinh (3.9) va (3.30) vao ba phuong trinh cudi cua (3.25), hé phuong trinh chu dao
thu duoc nhu sau
_XCZIf:xxxx + uif,xxyy _}\‘CIZnyyyy _}LZLilw,xxxx + uZw,xxyy + u3¢x,xxx

2 *
+u4¢x,xyy + u5¢y,xxy + uﬁd)y,yyy A LZZw,yyyy + (w,yy + wO,yy )fxx

3.31

—Z(w’xy+wo,xy)f,xy+(w,xx+w0,xx)f’yy+(u7+K2)w,xx (3.31)
Soo K -Kw'-K =0
= +(us + K, )w,yy +Up0, , +Ugh, , — Kw w+q=0,

plf:x)cx: +p2f:xyy +p3w,xxx +p4w,xyy +p5¢x,)cx +p6¢x,yy +p7¢y,xy (3 32)

+pgW . +3MHged, —H 0, =0,



82

glf,xxy + ng,yyy TG3W oy T GaW yyyy + 95¢x,xy + 96¢y,xx + g7¢y,yy

(3.33)
+gsW,, + 3kH77¢y —H55¢y =0,

trong d6 cac hé sb u;, p;,g; (=1+8) duoc xé4c dinh nhu trong phy lyc B1.

Thay cac phuong trinh (3.9), (3.30) vao (3.26), phuong trinh twong thich bién
dang thu dugc

V= Allf,:ocxx + dlf,xxyy + A22f,yyyy + R - (wxy) + w,xxw,yy + w,xwa,yy

—C W e+, W vy~ Cp,hw (3.34)

a Zw,xywO,xy TW 4y Wo xx
+ d3¢x,xxx + d4¢x,xyy + d5¢y,xxy + d6¢y,yyy =0,

trong d6 cac hé sb d, (i=1+6) dugc xac dinh trong phuy lyc B1.

SYYyy

Bén phuong trinh tir (3.31) dén (3.34) 1a cac phuong trinh co ban dé phan tich
on dinh tinh cua panel try véi cac an ham 1a £, w, ¢, ¢, . D¢ giai cac phuong trinh
nay, dang nghiém cho ham d¢ vdng w va ham khong hoan hao w, cung véi ham
g6c xoay va ham &ng suat dugc lva chon thoa mén cac diéu kién bién, ¢ dang nhu
sau [145]

w =W sinoxsinfy, w,=:&hsinoxsinfy, 335
¢, =D, cosaxsinPy, ¢y = CDy sin ax cosBy, (3:35)

f = ficos2ax + f, cosZBy+fssinaxsinBy+% x0y2+%Ny0x2, (3.36)

, mm nmw , - N A < s X A .2 .,
trong d6 oo=—; B= 5 véi m va n lan luot la cac so nguyén duong bicu thi nua
a

s6 budc song theo phuong x va y. Cac hé sd f,,f, va f, dugc xac dinh bang céach
thay cac dang nghiém (3.35) vao phuong trinh twrong thich bién dang (3.34), giai ra
tim duoc cac hé sb sau

BZ (XZ
= —W (W +2Eh), f, =——=—=W (W +2Eh), f, =D, +e,®, +e;W,
fi 32A110(2 ( & ) f2 32A22B2 ( @ ) f3 1 2%y 3
(3.37)
trong do
—a’d, —ap?d, —a’Bd; —Bd
a= oAl +a?pid +BiA,’ “= oAl +a?pid +BAS,”

11 1 22 11 1 22

(3.38)

(0*2Cpy + B*ACpy — 0’B°d, )R+ 0

€3 = - -
R(o" Ay, + 0B, +B* Ay
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Thay céc biéu thirc dang nghiém (3.35) va ham (ng suat (3.36) vao hé phuong
trinh chu dao (3.31)-(3.33) va 4p dung phuong phap Galerkin, két qua thu duoc ba
phuong trinh dai s6 phi tuyén cé dang Ia

NyO
(a’leO +a3Ny0)(hz’;+W)+a2q+a2 T+a5d)x +a,®,

+a,(e®, +e,®, )(he+W)+a; (2he+ W)W (hE+W) (3.39)
+ag (2RE+ W)W +a,eW (RE+W )+ WP +aW =0,

b®, +b,d, +b,(2hE+ W)W +b,W =0, (3.40)
bs®, +b;®, +b,(2hE+ W )W + bW =0, (3.41)

trong d6 a;(i=1—>10) va b; (i=1—>8) duoc trinh bay cu thé trong phy luc B2
Tir hai phuong trinh (3.40) va (3.41) ta xac dinh duoc biéu thuc ®,,®, nhu
sau
O =c (2hE+ W)W +c, W,
e =a(2E W)W, (3.42)
D, =c3(2hE+ W)W +c,W,

trong do

1~ 2 — L3 — -, YY" ;5 -
bibs —b,bs bybs —b,bs bybs —b,bs bybg —b,bs

Thay @,,®, vao phuong trinh dau tién (3.39) va dat W =W/h,, ta thu duoc
mdi quan hé giira tai trong va do vong nhu sau

= g
oy + N y°a3)+CBW+T (3.43)

+esW (&+W )h+cgh? (26 + W)W (£+W ) +c,h(26+ W)W =0,

X

— N —
a, W3h? + %Tyo +(g+W)(N

trong do

cs =a,(c,e +ege, +e), cg =a,(ce +ce, ) +ay, (3.44)
C; = g0y +ACy + g, Cg=sCy +AgC, +g.

Phuong trinh (3.43) 1a phuong trinh cha dao ciing véi cac diéu kién bién duoc

trinh bay cu thé dudi day s& dugc dung dé phan tich 6n dinh tinh ciia tam, panel try

FG-GRC dugc gia cuong bai hé théng gan FG-GRC trén nén dan hoi phi tuyén chiu

tai trong co nhiét.
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3.3. C4c bai toan cu thé
3.3.1. On dinh phi tuyén ciia tdm ché# nhdt va panel tru FG-GRC ¢d gén gia cuong
chiu tai ap lec ngoai

Néu canh x =0, x =a 14 tya tu do va khdng co lyc nén trén canh nay thi ta c6
N, =0, néu canh tya tuy do va cé lyc nén trén canh thi N, = N_, =-hP,. Néu canh
y=0,y=>b latyatu do va khdng c6 lyc nén trén canh thi N, =0.

Néu canh x =0, x = a latwa don cd dinh thi tac 12 u=0trén x=0, x =a . Diéu

Kién nay duogc thoa mén theo nghia trung binh nhu sau

ab
! ! u, dydx =0, (3.45)

Néu canh y=0, y=>b latyadon cd dinhthitacla v=0trén y=0,y=>b. Piéu

Kién nay dugc théa mén theo nghia trung binh nhu sau
|

Tt c4e biéu thuc (3.23) va (3.3) ta xac dinh duoc

v, dydx =0. (3.46)

Y

O Ly S

u,x = AZZNx + A1*2Ny + Bfld)x,x + Bde)y,y - Cl*ly\‘(d)x,x + w,xx ) + A1*2 (Ply

* * 2
—Cpo My + Wy, )+ Agpy, —0.5w5 —w awy

* * * * * * 3.47
v, =ApN,+A; N, +Byd, . +Bpd, , - C217¥(¢ T W ) + Ay ¢y (3.47)

X,x

w(x,y)

* * 2

Thay biéu thuc (3.35) vao (3.47), sau d6 giai hé phuong trinh tim dugc tir biéu
thac (3.45) va (3.46), sau khi rat gon ta thu dugc
N o =t,®, +t,0, +t,W(2he+ W) +t,W -y,

Nyo =t @, +t, @, +t;W(2he+ W) +1t;W -y,

(3.48)

voi cac hé s6 t;(i=1->8) duoc trinh bay cu thé trong phu luc B3.
Thay phuong trinh (3.48) vao (3.43), biéu thic lién hé giira tai ap luc ngoai g
véi W =W/h thu duoc nhu sau
q=q(2&+ W)W (E+W)+q,(26+W )W + W (E+W )+ g, W°
(3.49)

— () a,¢Q;, a,o —
+QSW+H2%+[M 1;')1 TH, Zlyj(§+W)h,
2 2
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Véi g;(i=1-5) dugc trinh bay cu thé trong phu luc B3. Cac hé s6 w, va p, dugc
dua thém vao phuong trinh (3.49) va nhan cac gia trj cu thé bang 0 hoic bang 1 tly
theo diéu kién bién, cu thé nhu sau

1, =0 néu hai canh x=0, x =a la tya tu do

1, =1 néu hai canh x=0, x = a la tya don c6 dinh

1, =0 néu hai canh y =0, y=b la tya ty do

1, =1 néu hai canh y =0, y =b la tya don cb dinh.

Phuong trinh (3.49) duoc sir dung dé khao sat dudng cong sau mét 6n dinh
(tai &p luc ngoai - d6 vong) cua panel tru va tim FG-GRC c6 gan gia cudng chiu tac
dung cua &p lre ngoai trong méi trudng nhiét d6. Pong thai dira vao cac duong cong
sau mat 6n dinh nay, kha nang chiu tai caa panel tru va tim FG-GRC c6 thé quan sat
va danh gia.
3.3.2. On dinh phi tuyén cia tém ché# nhdt va panel tru FG-GRC ¢d gén gia cuong
chiu nén mét phwong va ap luc ngoai

Luc nén mot phuong P, dit trén hai canh x=0,x=a nén N_,=-hP,, két
hop Vi phuong trinh (3.42) va (3.46) ta thu duoc

N, =2P, +2,(2hE+ W)W + 2,W + 2,0, — @y, (3.50)

Y
Thay N, va N, vao phuong trinh (3.43), ta duoc biéu thuc sau

a, W3h? + ¢ h +(26+ W)W (E+W )25 + 25 (26 + W)W + 2,W

+ u224(:—;+(§+W)agj@1x—uz :_2+(‘:+W)a3j@1y (3.51)
+ 2gW (E+W )+ ( 2% =222 ¢ (£+ W )(agu,2, —hay ]P =0,

Voi z;(i=1-8) dugc trinh bay cu thé trong phu luc B3

Phuong trinh (3.51) duoc sir dung dé khao sat dudng cong sau mét 6n dinh
cua tam chir nhat va panel tru FG-GRC c6 gan gia cuong chiu nén mot phuong va ap
luc ngoai trong moi truong nhiét do.
3.3.3. On dinh phi tuyén cia tém ché# nhdt va panel tru FG-GRC ¢d gén gia cuong
chi chiu nén mét phwong

Trong truong hop panel tru chi chiu nén doc truc thi tai &p luc ngoai g =0, véi
bai todn tim thi R — o
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Dai véi diéu kién bién FFFF, cac canh cia tm va panel tru tua ty do (p, =0)
, khi d6 tir phuong trinh (3.51) ta rat ra dugc

, 1 (2&+W)W(§+W)z5+z6(2g+W)W 250
X_(§+W)ha1 a10W3h2+z7W+ZSW(&+W) . (3:52)

Truong hop tam va panel tru hoan hao(&=0), phuong trinh (3.52) tro thanh

phuong trinh xac dinh dugc cac tai nén 1am cho tim bi mét 6n dinh khi cho W —0

Z
qupper = ﬁ

(3.53)

Céc tai nén t6i han P,. 1a gia tri nho nhét trong cac gia tri P

xupper

Vi cap gia
tri (m,n) tuong ung.

O diéu kién bién FIFI, cac canh cua tim va panel tru twa don, co canh
x=0,x=a tya ty do, canh y=0,y=>b tua ¢ dinh nén p, =1. Tam va panel hoan
hao (& =0), phuong trinh (3.51) duoc viét lai nhu sau
(aloh2 +ZS>W3 +(zg + 25 ) W? +Z7W+(;11}22+Wa3j(z4@1x —(ply)

P =

X a _
—(hle21+W(aaz1 —hal)j

. (3.54)

Phuong trinh (3.51), (3.52) va (3.54) duogc st dung dé khao sat dudng cong
sau mat on dinh va danh gia kha ning chiu tai sau mat 6n dinh cua tim va panel tru
FG-GRC c6 gan gia cwong chiu nén mot phuong trong moi truedong nhiét.

3.4. So sanh két qua nghién ciu

Trong phan nay céc so sanh duoc thuc hién dé kiém tra do tin cay vé két qua

s6 va muc do chinh xéac vé phuong phap tiép can cua luan an.

Bang 3.1. So sanh tdi t6i han P,. =, (a/h)’ E, cho tm hoan hao (0/90/0/90/0)s FG-
GRC chiu tai nen m¢t phuong trong mdi truong nhiét (E,=2.5GPa,a/b= 1,
(m;n)=(L1), h=2mm )

uD FG-X FG-O
AT(K) afh Shen , Shen , Shen ,
vacong Luanan vacong Luanan vacong Luanan
su [35] su [35] su

0 20 105.073 105.075  120.995 120.997 71.198 71.199
100 20 92.094 92.084 104.218 104.207 63.340 63.333
200 20 85.889 85.894 98.572 98.577 60.973 60.976
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Pau tién, tai tgi han cua tim vudéng FG-GRC hoan hao khéng gan va tai téi
han cua panel try FG-GRMMC hoan hao khdng gan chiu nén mot phuong & diéu kién
bién 1 (FFFF) duoc lan luot so sanh vai két qua nghién ciu cia Shen va cong su [35]
trong Bang 3.1, Shen va Xiang [87] trong Bang 3.2.

Bdng 3.2. So sanh tai toi han P, = P,.ah (kN) cho panel tru FG-GRMMC chiu tai
trong nén doc truc (FFFF, a=20h, h=3mm, b/a=0.8, a/R=0.8, AT =0K,

(m;n)=(L1))
ubD FG-X FG-O
Sap xep Shen va Shen va Shen va
graphene Xiang  Luan an Xiang  Luanan Xiang Luan an
[87] [87] [87]
(0)101 709.81 711.261 775.33 774.863 655.64 654.293
(0/90/0/90/0)s  711.05 712.398 776.60 776.095 655.28 654.976
(0/90)st 711.74 713.719 77711 776.903 654.51 655.672
Tiép theo, luan &n so sanh duong ¢ # T Shen va cong su [34]
o, UD (0/90/0/90/0)g | —_1:Luandn
cong sau mat 6n dinh ga*/E, h* -W/h h=0002m _" _2: Shenvi cong sy [34]
. 2 {am= -%
cua tam FG-GRC hoan hao chiu ap luc + Z’?ZéK B ,-u7
ngoai & didu kién bién 1 (FFFF) va ¢ < |<o°™ I

diéu kién bién 3 (1111) vai két qua nghién
ctru cua Shen va cong su [34].

Céc so sanh cho thay do tin cay
cua két qua nghién ciru trong luan an voéi
cac nghién ctru da cong bé.

3.5. Két qua khao sat va thao luan

;O.B-

0.4 4

1: Biéu kién bién 3 (1111)
2: Dicu kién bién 1 (FFFF)

0 400

Hinh 3.3. So

00 1200

8
qa’/(Exh?)

sanh duong cong

qa*/E,h*-W/h cuatim FG-GRC

véi nghién ciu

cua Shen va cong su
[34]

3.5.1. Két qud bai toan tdém chi# nhdt FG-GRC va tém dp dién FG-GRC c6 gan gia
cwong chiu nén mét phwong va ap luc ngoai trong mai trwong nhiét

Phan nay luan an trinh bay két qua khao sat tim FG-GRC va tim ap dién FG-
GRC c¢6 gan gia cuong FG-GRC chiu nén mot phuong va ap luc ngoai trong moi
truong nhiét ¢ cac diéu kién bién khac nhau. Sé lwong gan duoc lya chon la ng, =10,

chiéu cao va bé rong gan lan luot 1a hg,; =0.75h, bg,; = h/2véi h=2mm. Nén dan hoi

phi tuyén trong khao sat tim FG-GRC c6 cac do cing K, = 2x10” N/m3, K, =10°
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N/m, K, =10 N/m?® . Khi khao sat tim 4p dién FG-GRC, nén dan hoi khong duoc
xét dén va lop ap dién co chiéu day h, = 0.1mm Véi dién &p V;, =500V . Céc dic trung
vé vat liéu va céc théng sé hinh hoc cua cac 16p GRC va cua graphene duoc liy theo
cac cong b cua Shen va Xiang [109, 113].

Hinh 3.4. M hinh tim FG-GRC c¢6 gin gia cuong FG-GRC
Bang 3.3. Anh huong ciia céc kiéu gia cudng graphene, huéng bé tri GRC va hé théng
gan gia cuong den tai téi han P,. (MPa) cua tam FG-GRC (FFFF,a/b=1, a/h =20,
AT =0K, £=0, ¢=0, (m;n)=(11))

Tam FG-GRC (0)101 (0/90/0/90/0)s (0/90)st
Khéng géan 758.339 758.340 758.339

ubD Gan phuong x 1029.794 1029.995 1029.713
Gan phuong y 1029.794 1029.995 1029.713

Khéng gan 857.851 857.852 857.848

FG-X Gan phuong x 1116.673 1116.951 1116.439
Gan phuong y 1116.673 1116.951 1116.439

Khdng gan 546.615 546.616 546.616

FG-O Gan phuong x 782.857 783.098 783.214
Gan phuong y 782.857 783.098 783.214

Khéng gan 627.087 627.077 627.053

FG-V Gan phuong x 953.010 952.950 952.397
Gan phuong y 953.010 952.950 952.397

Khdng gan 627.087 627.077 627.085

FG-A Gan phuong x 797.062 797.469 797.253
Gan phuong y 797.062 797.469 797.253

Anh huong caa hé théng gan gia cudng, hudng bd tri GRC va céc kiéu gia
cudng graphene dén kha nang chiu tai cia tim FG-GRC va tim ap dién FG-GRC lan
luot dugc thé hién trong Bang 3.3 va Bang 3.4. R3 rang la hé théng gan gia cuong
lam ting dang ké kha nang chiu tai ciia tim, cac khao sat s6 cho thay tai tgi han cua
cua tam c6 gan gia cuong theo phuong x bang véi tai toi han cua tim ¢ gan gia
cudng theo phuong y, tim FG-X ¢4 tai toi han 16n nhét trong céac truong hop khao
séat.
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Bang 3.4.Anh huéng cua céc kiéu gia cuong graphene, hudng bo tri GRC va hé thong
gan gia cuong den tai toi han P, (MPa) cua tam 4p dién FG-GRC (a/b=1, a = 20h,
(m;n)=(L1),AT =0,q=0, FFFF)

Tam 4p dién FG-GRC (0)107 (0/90/0/90/0)s (0/90)st
Khong gan 640.969 640.968 640.964

UD  Gan phuong x 909.509 909.588 909.304
Gan phuong y 909.509 909.588 909.304

Khong gan 726.547 726.547 726.541

FG-X Géan phuong x 982.295 982.390 981.900
Gan phuong y 982.295 982.390 981.900

Khéng gan 459.689 459.689 459.690

FG-O Gan phuong x 694.781 694.854 694.938
Gan phuong y 694.781 694.854 694.938

Khong gan 504.575 504.560 504.537

FG-V  Gan phuong x 823.463 823.265 822.738
Gan phuong y 823.463 823.265 822.738

Khdng gan 556.488 556.486 556.492

FG-A Gan phuong x 729.427 729.671 729.448
Gan phuong y 729.427 729.671 729.448

Anh huéng cua hé théng gan gia cuong dén cac duong cong tai - 6 véng
P.—-W/h va q—W/h cia tam Kkhi chi chiu tai nén va khi chiu tai déng thoi nén va
ap lrc ngoai co thé lan luot dugc quan sat trong Hinh 3.5 va Hinh 3.6. Khi tim c6
gan gia cuong theo phuong y hoac phuong x, cac duong cong tai - 6 vong duoc

nang cao hon so véi trudng hop tim khéng c6 gan gia cudng.

14 H-—-1- Ge:m phuong y o 14 i —1:Gan phuong y
A 2:Gan phuong x 1 e ® 2: Gan phuong x 1
——3: Khéng géan 4 - Khb 3
> A\ —3: Khdng gan \
1.25 A s 2 \
/‘ 2
_& 1.1 4
' ¢ A <
-A”
CERE S 3 g ' /
o | FG-X (0/90/0/90/0)g ~ FG-X (0/90)s; 3
~ FFFF, ath=20,9=0 o FFFF
o h=2mm 0.8 {ab=1,ah=20
0.95
h=2mm, hy=0.1mm, q =0, AT = 0K
N = 10, hg = 0.75h, bg; = h/2 V=500V, £=0, (m,n) = (L,1) .
0g | Ki= 2x10'N/mS, Ky = 10°N/m, Ky = 10°N/m® 05 Nsi = 10, hsg = 0.75h, bgy=h/2, Khong neén
0 0.2 04 0.6 0.8 1 0 0.3 0.6 0.9 12
W/h W/h
a) TAm FG-GRC b) Tém 4p dién FG-GRC

Hinh 3.5. Anh huéng caa hé,théng gan gia cudng dén
duong cong P, —W/h cia tam chiu nén mot phuong



90

80 T1---1:Gan phuong y 80 T —1. Gan phuong y
—2: Khdng gan —2: Khdng gan
60 { UD (0),5r 60 1 FG-X (0),gr, FIFI
FIFI, a’h =20 h,=0.1mm, a/b =1
e h=2mm, AT = 0K — a/h =20, h=2mm 2
N P,=0.1GPa, £=0 S P,=0.1GPa 1
= 40 1 K, =2x10"N/m? =40 1 AT=0K
= K, =105 N/m > | V,=500v
Kq= 1015 N/mS £=0
£=0 (m,n) =(1,1)
204 mn=ay - 20
P Ng;i = 10
. heg = 0.75h hey = 0.75h ‘
== bgi =h/2 bg; = h/2, Khong nén
0 == . . . 0 T T T
0 05 1 15 2 0 0.5 1 15 2
W/h W/h
a) TAm FG-GRC b) Tém 4p dién FG-GRC

Hinh 3.6. Anh huong cia hé thong gan dén duong cong g-Ww/h
cia tim FG-GRC va tim 4p dién FG-GRC

Pé tién cho viéc thao luan va dién giai, tim FG-GRC gia cuong gan theo
phuong y ky hiéu 1a FG-GRC(y ), twong tu cho tim gia cuong gan x ky hiéu 1a FG-
GRC(x). Cac hudng sap xép graphene va su phan bd graphene trong qua trinh khao
sat s€ duoc ghi chd rd trong bang va cac hinh ve.

Anh huong caa céc kiéu phan bd graphene dén duong cong tai - do vang
P.-W/h va g—W/h cta tam FG-GRC(y) va tam ap dién FG-GRC(y ) khi chiu tai
nén mot phuong va ap luc ngoai cé thé lan luot quan sét trong Hinh 3.7 va Hinh 3.8.
C6 thé thy xu hudng di 1én cla cac duong cong tai - 4 vong trong truong hop tim
c6 hoac khong co 16p ap dién 1a giéng nhau, va khong quan sat duoc hién tuong ré
nhanh khi tim chiu ddng thoi tai nén va tai &p luc ngoai. Tuong ty nhu khi quan sat
tai t6i han, cac duong cong tai - d6 vong ctia tim FG-X cao nhit trong khi cac dudng
cong cua tim FG-O la thap nhat.

144 —1:FG-X 0.9 Ganoh —
3 phuong y -
— 2 UD Gan phuong/
—3:FG-V 1
08 | —4:FG-0
2 .
~ 0.6 — : -
g S ---2:UD
= Q —3FG-V
04 a* - -4 FG-A
(0)yor, FIFI, =0, a/h = 20 03 - —5:FG-0
alb=1,h=2mm, AT = 0K (0)gor, FIFI, hy, =0.1mm ‘
0.2 - K, = 2x107 N/m3, K, = 105 N/m a/b =1, a/h = 20, h = 2mm, Khéng nén
K3 = 1015N/md , ng; = 10 AT =0K, q = 0.1MPa, V,= 500V, £ =0
heg = 0.75h, bey = h/2, g = 0.5 MPa (m.n) = (L,1), ng; = 10, hg; = 0.75h, bg, = h/2
0 T T T T 0 T T
0 0.1 0.2 0.3 0.4 0.5 0 0.2 0.4 0.6
W/h W/h
a) TAm FG-GRC(y ) b) TAm 4p dien FG-GRC(y)

Hinh 3.7. Anh huéng ctia cac kiéu phan b graphene dén
duong cong P, —W/h cua tam chiu nén mot phuong va ap luc ngoai
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K; = 2x107 N/m?
K, =10°N/m
1Kg=10N/m?
Ngy =10

hgi =0.75h

bg; =h/2
P,=0GPa
|Gén phuong y

10

g(MPa)

(0)107, FIFI, £=0,a/h =20
a/b=1,h=2mm, AT = 0K

W/h

a) TAm FG-GRC(y )

0.6

12 7{—1:AT=0K
—2: AT =100 K
—3: AT =200 K
1.1 1 Gan phuongy
S 2
S 1
D:(
UD (0/90)s; , FFFF
0.9 - £=0,ah=20
ab=1h=2mm

0.8

K, = 2x107 N/m?3, K, = 105 N/m, ng; = 10
Ky = 105N/mS , hg; = 0.75h, bg; = h/2, =0

0 0.2

04
W/h

0.6

a) TAm FG-GRC(y)
Hinh 3.9. Anh huong cia nhiét do dén duong cong P, —W/h
cta tim chiu nén mot phuong

0.8

g (MPa)

16

12

P, (GPa)

T -- -; 'L:J% % (0)497, FIFI, hy =0.1mm
: alb=1,ah=20 ) %
—3:FG-V /
---4FG-A 1 / /
—5:FG-0 \ // ,,
h=2mm % /’,
A 3 %
| P,=0.1GPa A
V0= 500V ,/ /- )
é: 0 // //
(mn) =(1,1) 5 \
Z Gan phuong y, khong nén
Ngy = 10, Ngy; = 0.75h, bgy; = h/2

0.2 0.4

Wrh

0.6 0.8

b) Tam 4p dién FG-GRC(y)
Hinh 3.8. Anh huong ciia céc kiéu phan bé graphene dén duong cong g—w/h

1.2

1.0 A

0.8 1

ctia tim chiu nén mot phuong va &p luc ngoai

[1—1:AT=0K
—2: AT =100 K
—3: AT =200 K
Gan phuong y

%2

UD (0/90)sr , FFFF, a/b=1, a/h=20,&=0
h=2mm, q =0, h, =0.1mm, V,= 500V
(m,n) = (1,1), ng; = 10, hg; = 0.75h, bg= h/2
Khéng nén

/

0.6

0 0.3

0.6 0.9
Wr/h

b) Tam ap dién FG-GRC(y)

Anh huéng cua sy gia ting nhiét do moi truong dén cac kha nang chiu tai va
cac duong cong P, —W/h cua tim FG-GRC(y) va tam 4p dién FG-GRC(y) chiu
nén ¢ diéu kién bién FFFF duoc lan luot trinh bay trong Bang 3.5 va Hinh 3.9. Khi
nhiét do tang, quan sat thay tai t6i han ctia tim bi giam va cac duong cong P, —W/h

bi ha thip déng ké. Xu hudng di 1én ctia cac duong cong P, —W/h trong trudng hop

tdm c6 hozc khdng c6 nén dan hdi, cd hodc khdng co 16p ap dién (xem Hinh 3.9) Ia

tuong ty nhau, tuy nhién d6 cing nén dan hdi da lam ting kha ning chiu tai cua tam
trong moi truong nhiét do cao (xem Bang 3.5). O diéu kién bién FFFF, cac canh déu
tua don va ty do dich chuyén nén su gidn ng nhiét cia tim khong gy ra do vdng
trugc (pre-deflection) va hién twong r& nhanh c6 thé quan sat dugc trén Hinh 3.9.
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Bang 3.5. Anh huéng cta nhiét do dén tai t6i han P,. (MPa) caa tam chiju nén mot
phuong (FFFF, a/b=1, a/h=20, (m;n)=(L1), ¢=0, £=0)
Nén phi tuyén, tim khong ap dién

Tam FG-GRC(y)

AT =0K AT =100 K AT =200K
FG-X (0)101 1116.673 985.453 944.833
(0/90/0/90/0)s 1116.951 985.919 945.357
(0/90)st 1116.439 985.862 945.114
uD (0)107 1029.794 920.334 874.906
(0/90/0/90/0)s 1029.995 920.465 875.362
(0/90)st 1029.713 920.291 874.805
FG-O (0)101 782.857 710.577 691.142
(0/90/0/90/0)s 783.098 710.926 691.537
(0/90)st 783.214 711.291 691.935
Thm 4p dién FG-GRC(y) Khdng nén, tam cé lop ap dién
AT =0K AT =100 K AT =200K
FG-X (0)101 982.295 863.825 825.116
(0/90/0/90/0)s 982.390 864.004 825.328
(0/90)st 981.900 863.965 825.111
ubD (0)101 909.509 809.303 766.553
(0/90/0/90/0)s 909.588 809.352 766.736
(0/90)st 909.304 809.175 766.166
FG-O (0)101 694.781 627.016 606.434
(0/90/0/90/0)s  694.854 627.106 606.548
(0/90)st 694.938 627.454 606.921
80 — L:AT=0K %% TUD (0)57, FIF.E= 0 —LAT=0K
UD (0)yor, FIFI, £=0 —2:AT=100K alh=20,alb=1,h=2mm —2:AT=100K
a/h =20,a/b =1, h = 2mm —3:AT=200K Ky = 2x107 N/m3 1 —3:AT=200K
K, = 2x107 N/m?3 ‘ ' 2 1K, = 105 N/m ST 7
60 {K, = 105 N/m Ky = 1018N/m® v’ y
K, = 1015N/m® Nng; = 10 s
- |nsa=10 T 15 1hg; = 0.75h .’ /
Soln §
£ |po1cre o [1T05MPa 3
20
05
Gan phuong x —— Gén phuong x
0 ' _--- Gér? phuong y 0 : oo Gan ph'ucmg y
0 05 1 15 2 0 05 1 15 2
W/h W/h

Hinh 3.10. Anh huéng cta nhiét do dén  Hinh 3.11. Anh huong cua nhiét d6 dén

duong cong g—-WwW/h cuatam FG-GRC duong cong P, —W/h cua tam FG-

cd gan gia cuong chiu nén mot phuong GRC c6 gan gia cuong chiu nén mot
va ap luc ngoai phuong va ap luc ngoai



93

Anh huong cua nhiét do dén cac dudng cong g—W/h va P, —W/h cua tam
FG-GRC(y) va tim FG-GRC(x) chiu nén va &p lec ngoai dong thoi ¢ diéu kién bién
FIFI duoc thé hién trén Hinh 3.10 va Hinh 3.11. Quan st thay cac duong cong tai -
d6 vong bi ha thap khi nhiét d6 tang va c6 xu huéng song song trong mién do vang
I6n. DI v6i tim ¢ diéu kien bién FIFI va chiu trudc tai p luc ngoai (Hinh 3.11), do
vong trudc (pre-deflection) ting rat nhanh & nhiét d6 cao, diéu nay la do kha ning
chiu tai caa vat liéu tro nén kém hon khi nhiét d6 ting va (ng suat nhiét trén cac canh
¢ dinh cua tim 1am tim chiu tai kém va méat 6n dinh sém hon.

Bang 3.6. Anh huong cua ty b a/h dén tai toi han P,. (MPa) cta tim chiu nén mot
phuong (FFFF, a/b=1, (m;n)=(L1), ¢=0, £=0)
Nén phi tuyén, tim khong ap dién

Tam FG-GRC(y)

a/h=20 a/h=30 a/h=40
FG-X (0)10 857.851 449.252 302.831
(0/90/0/90/0)s  1114.746 526.744 335.849
(0/90)st 1116.673 527.179 335.998
uD (0)10 758.339 401.026 274.871
(0/90/0/90/0)s 1028.059 483.406 310.221
(0/90)s7 1029.794 483.883 310.381
FG-O (0)10 546.615 303.562 219.364
(0/90/0/90/0)s  781.706 376.053 250.602
(0/90)st 782.857 376.311 250.689

£ 4 ain Khéng nén, tim c6 l6p ap dién
Tam ap dién FG-GRC(y) a/h=20 a/h=30 a/h =40
FG-X (0)10 632.469 288.729 163.968
(0/90/0/90/0)s 861.386 358.024 193.551
(0/90)s7 863.965 358.622 193.761
uD (0)10 567.650 257.269 145.721
(0/90/0/90/0)s  807.137 330.491 177.144
(0/90)st 809.175 330.948 177.299
FG-O (0)10 413.810 186.250 105.233
(0/90/0/90/0)s 625.069 251.364 133.288
(0/90)s7 627.454 251.975 133.521

Anh huéng cua ty s6 a/h dén kha nang chiu tai va cac duong cong tai - do
vong P, -W/h va g—W/h cuatam FG-GRC(y) va tim ap dién FG-GRC(y) duoc
lan luot trinh bay lan luot trong trong Bang 3.6, Hinh 3.12 va Hinh 3.13. Két qua
khao sat sb cho thay ty s a/h anh hudng 16n dén kha ning chiu tai va cac duong

cong tai - d6 vdng cua tam. Quan sat thay kha niang chiu tai caa tim bi giam va cac
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duong cong tai — do vong bi ha thap dang ké khi ty s6 a/h tang. Piéu nay 1 do do

manh ting s& lam cho tam dé mat 6n dinh hon.

1.6 —1:a/h=20 —1:ah=20

Khéng nén : _ 60 —— . _
Gan phuong y ---2:ah=30 —— Hoan hao %: ZE Z 1318
——3:ah=40 - - - Khong hoan hao '
12 1 UD (0)yo7, AT = 0 K, FFFF
/ Gan phuong y
40 1&£=0.1,a/b=1,h=2mm
s FG-X (0/90/0/90/0)s , AT = 0 K, FFFF ] = K, = 2x107 N/m3 )
® 08 { £=0,ah=20ab=1h=2mm P € |K,=105N/m y
=~ Pt >3 K= 1015 N/m® y
o - - o N = 10 /
_____ 2--" 20 4 hg; = 0.75h 23
04 {-~-"°7 3| bsyr = h/2
// P,=0
Ng; = 10, hg; = 0.75h, bg; =h/2, =0
0 : : : 0 - ; . .
0 05 1 15 2 0 05 1 15 2
W/h W/h
Hinh 3.12. Anh hudng cua ty so6 a/h Hinh 3.13. Anh hudng cua ty so6 a/h
den duong cong P, —W/h ctatam dén duong cong g—wW/h cua tam
FG-GRC(y) chiu nén mét phuong FG-GRC(y ) chiu tai ap lyc ngoai
45 12 — EETRee—
UD(0),or, FFFF, hy =0.1mm 4’ —— Hoan hao (€=
alb=1h=2mm, a/h =20 S ~ — = Khong hoan hio - -2:5=0001
P.= 0.1GPa R - - -3:£=0.005
AT = 0K ,/,/ - - -4:£=0010
| Ve=500v . |
ASO (m’n) - (;’1) ,,’/,:,’1 Al.o _1",::,”
< Khéng nén oy S RSP
o . ’ 7,7 3,7
S Gan phuong y KA ) AP
= Ng;i= 10 AP, x 1 4
S | hey=0.75h 2 Y
15 { bg;= hi2 L5 —1:£=0 0.8 1,
P ---2:£=0.1 |} FG-X (0/90)g; , FFFF, a/b = 1, a/h = 20, h = 2mm
L3> ---3:£=02 i1 hy =0.1mm, q =0, AT = 0K, Vo= 500V
- 4E-03 1 (mn) = (1,1) ng = 10, hg; = 0.75h, bg, = h/2
| i Khong nén
0 ; ; ; . | 06 M : : ; .
0 0.3 0.6 0.9 12 15 0 0.2 0.4 0.6 0.8 1

W/h W/h

Hinh 3.14. Anh huéng cuia d6 khong Hinh 3.15. Anh huéng cuia d6 khong

hoan hao dén duong cong g—W/h cia  hoan hao dén duong cong P, -W/h

tam ap dién FG-GRC(y) chiu &p luc cua tim ap dién FG-GRC(y) chiu tai

ngoai va nén mot phuong nén mot phuong
Anh huéng cta do khdng hoan hao dén cac duong cong tai - do vong g—W/h
va P,-W/h cla thm ap dién FG-GRC(y) ¢0 thé lan luot duoc quan sat trén Hinh
3.14 va Hinh 3.15. B khdng hoan hao duoc coi gan giéng nhu 1 d6 vdng trudc cua
tam nén trang thai mang khong ton tai va khong quan sat dugc diém r& nhanh véi tim
khong hoan hao chiu nén mot phuong. Trong trudng hop tim chiu nén va ap luc ngoai
(Hinh 3.14), khéng c6 trang thai mang cho ca hai truong hop tam hoan hao va tim
khdng hoan hao. Cac duong cong tai - d6 vong caa tim khong hoan hao c6 xu huéng
vuot qua dudng cong cua tim hoan hao va tach ra trong mién do vang I6n.



95

Bang 3.7. Anh huéng ctia d6 ciing nén dan hoi dén tai téi han P,. (MPa) caa tam FG-
GRC(y) ((0/90)st, FFFF, a/b=1, a/h=20, (m;n)=(L1), ¢=0, £=0, AT=0K,

K; =0 N/m°)
K; (N/m?) K, (N/m) FG-X uD FG-O
0 0 1014.818 928.092 681.593
2x107 0 1016.439 929.713 683.214
5x10* 1066.439 979.713 733.214
2x10° 1216.439 1129.713 883.214
5x107 0 1018.870 932.145 685.646
5x10* 1068.870 982.145 735.646
2x10° 1218.870 1132.145 885.646
- K. = 5 30 — 1 K3=0N/md
[Ecteme |7 Zianer | [/
39|-- 431 Ezixllfilssl\ll\l/inrf /Elzigy,l%“’ms 21122 4Ky = - 50 Nim / ) /
- = 5Ky = 5x10% N/ms| q=0M S | 5: Ky = — 10% N/mp 1

<
o
@2 1 UD (0/90)sy
o AT=0K

FFFF -7
1 sl Gan phuong y
£=0 T~e Nstit = 10
alh=20 RN 5 hsiis = 0.75h
0 alb=1,h = 2mm . S o bsﬁlf =h/2
0 0.5 1 15 2
Wih

Hinh 3.16. Anh huong cua hé so nén K,
dén duong cong P, —W/h cia tam FG-
GRC(y) chiu nen mot phuong

$ | FG-X(0/90)sr,£=0
> ath=20,ab=1
S1o | h=2mm, ng; = 10

hStif: 075h _-- =4 = -
bsyit = h/2 ~ -= 7 AT=0K,FIFI
6 1 Px=01GP ’,_:'_---‘génphuorngy
Ky =2x107N/m* 5
0 . K, = 10° N/m AN
0 0.2 0.4 \\/h 0.6 0.8 1

Hinh 3.17. Anh huong cua hé s6 nén K,
dén dudng cong g—W/h cua tam FG-
GRC(y) chiu nén va ap luc ngoai

Anh huéng caa do ciing nén dan hoi dén tai téi han cua tim FG-GRC(y) ¢6

thé quan sat trong Bang 3.7. R6 rang 1a kha ning chiu tai va 6n dinh cua tim ting 1én

khi cac d6 ctirng nén dan hoi ting.

Quan sét trén Hinh 3.16 va Hinh 3.17 thay rang hé s nén phi tuyén K, anh

huéng manh dén xu huéng cua cac duong cong tai - do véng P, —W/h va g—W/h

ma khéng anh huong téi diém r& nhanh cua tam, hay noi cach khéac 1a khdng anh
hudng dén tai t6i han cua tim chiju nén mot phuong, diéu nay 1a do diém phan nhanh

chi tuong (g vai tai téi han tuyén tinh va chi phu thudc vao hé sé nén tuyén tinh K,

va K, makhong phu thudc vao hé s6 nén phi tuyén K,.
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3.5.2. Két qud bai toan panel tru FG-GRC va panel tru dp dién FG-GRC c6 gan
gia cwong chiu nén doc truc

Trong phan nay hai loai panel tru FG-GRC c6 gan gia cudng FG-GRC chiu
nén doc truc trong moi truong nhiét & cac diéu kién bién khac nhau s& duoc khao séat
va phan tich chi tiét. S6 lwong gan theo phuong x hoic phuwong y duoc lya chon l1a
ng,; =10, chiéu cao va bé rong gan lan luot 1a by, =0.8h, hg, =1.5h VGi h=2mm.

Truong hop khdo sat thiz nhat cho panel tru FG-GRC gia cuong gan FG-GRC
trén nén dan hoi phi tuyén co cac do cing K, =3x10" N/m?, K, =2x10°N/m,
K, =10°N/m°.

Truong hop khao sat thur hai cho panel tru ap dién FG-GRC gia cuong gan
FG-GRC trén nén dan hdi Pasternak co cac do cang K, = 2x10” N/m®, K, =10°N/m.
L6p 4p dién c6 chiéu day h, =0.1mm va dién &p V;, =500V,

Tuong tu nhu bai toan tim, panel FG-GRC gia cudng gan theo phuong y
duoc viét tat 1a panel FG-GRC(y) va panel FG-GRC gia cudng gan theo phuong x
duoc viét tit 1a panel FG-GRC(x).

—— 1 FFFF 6 T : — — L FFFF
——2:FIFI \, ‘\ j— Hoan hao 2 FIFI
\3
\

/ — - = Khdng hoan hio ,/
2 : Y,
1 4 A 5 >
N : P
N \\/ i 1'

= K1 = 3x107 N/m3 < D

) K = 2x105N/m G2 - &N T .

~ Kz = 1015 N/ms ~ Lo Gan phuong x
a2 4 o /" ngi= 10, hgy = 1.5h, bg; = 0.8h

—— Hoan hao ! Ky = 2107 N/m3, K, = 105 N/m

o\ ...~~~ Khong hoanhio P (RN S
0 1Gan phuong x UD (0/90/0/90/0)s, a/b = 1 ---3:£=02 FG-X (0/90/0/90/0)s, a/b = 1
Ngi= 10, bg =0.8h | a=20h, h=2mm, AT = 0K ---48=-02 1 a3=20h h=2mm, hp =0.1mm
hgi = 1.5h | R=01m --56=02 M AT =0K,V,=500V,R=01m

—2 T T T T T T T ‘2 T T T T T T T
3 2 1 0 1 2 3 4 5 3 2 1 0 1 2 3 4 5

Wih Wih
a) Panel FG-GRC(x) b) Panel ap dién FG-GRC(x)

Hinh 3.18. Anh huong cua diéu kién bién dén
duong cong P, —W/h cua hai loai panel chiu nén doc truc

Hinh 3.18 so sanh anh huong cua diéu kién bién FFFF va FIFI d¢én dudng cong
P_—W/h cua panel tru FG-GRC(x) va panel tru ap dién FG-GRC(x ) chiu nén doc
tryc. C4 thé thay diém phan nhanh va hién tuong hdp quan sat rd trong mién do vong
duong chi xay ra ¢ diéu kién bién FFFF ma khong xay ra & diéu kién bién FIFI.

Anh huong cua hé théng gan gia cuong, huéng bé tri GRC va cac kiéu gia
cuong graphene dén kha ning chiu tai caa panel try FG-GRC va panel tru ap dién
FG-GRC dugc trinh bay lan luot trong Bang 3.8 va Bang 3.9. Nhin chung, tai toi han
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cua panel kndng chénh léch nhiéu theo huéng bé tri graphene nhung lai c6 su khéc
biét rd rang theo cac kiéu gia cwong graphene (nhu kiéu: UD, FG-X, FG-O, FG-A va
FG-V).

Bang 3.8. Anh hudng cua hé thong gan gia cuong, cac kiéu bo tri graphene va huong
GRC deén tai toi han P, (MPa) cua panel tru FG-GRC (FFFF, a/b=1, a=20h,
R=0.1m, AT=0K)

V6 panel FG-GRC (0)101 (0/90/0/90/0)s (0/90)st
Khong gan 1132.730 1132.735 1132.923

UD  Ganphuong x @ 2334.774 2331.225 2331.428
Gan phuong y ® 1305.782 1303.347 1301.835

Khéng gan 1225.054 1225.065 1225.394

FG-X  Ganphuong x ® 2358.357 2353.463 2354.648
Gan phuong y ® 1389.467 1387.049 1384.129

Khéng gan 913.819 913.829 913.735

FG-O  Gan phuong x ® 1937.087 1932.230 1931.244
Gan phuong y ® 974.272 969.954 970.228

Khéng gan 973.794 973.976 974.296

FG-V  Gan phuong x @ 2377.846 2372.953 2373.693
Gan phuong y ® 1173.034 1168.950 1166.382

Khéng gan 1014.785 1014.602 1014.769

FG-A  Gan phuong x @ 1769.637 1765.366 1765.552
Gan phuong y ® 1039.823 1037.312 1035.730

@ Mode mat 6n dinh (m;n)=(11)
® Mode mat on dinh (m;n)=(2;1)

Két qua sb ciing cho thdy hé thong gan gilp panel chiu tai tot hon dac biét 1a
hé thong gan gia cuong theo phuong x gilp kha nang chiu tai cia panel I6n nhat va
mét on dinh caa panel xay ra tai mode (1,1). Gan gia cuong theo phuong y tuy ciing
giup panel tang tai tdi han nhung hiéu qua khong cao nhur gan gia cuong theo phuong
x V& mét on dinh cua panel xay ra tai mode (2,1). Chinh vi vay céc khao sét tiép theo,
luan &n chi tap trung khao sat hai loai panel tru gia cwrong gan (x) chiu nén doc truc
trong moi truedng nhiét.

Trong truong hop panel tru khong cé gan gia cuong, tai téi han cua panel tru
FG-X la cao nhat, tai téi han cua panel tru FG-O la nhé nhat. Tuy nhién trong trudng
hop panel tru duoc gia cudng hé théng gan x thi tai tgi han cua panel tru FG-V cao
nhat. Biéu nay cho thiy sy phan b graphene trong hé théng gan gia cuéng anh huong
rat 16n dén kha ning chiu tai caa panel tru.
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Bang 3.9. Anh huong cua hé thong gan gia cuong, cac kieu bo tri graphene va huong
GRC den tai téi han P, (MPa) ctia panel tru ap di¢n FG-GRC (FFFF, a=20h,
R=0.1m, AT =0)

V¢ panel tru ap dién FG-GRC (0)101 (0/90/0/90/0)s (0/90)s7
Khéng gan 1009.197 1009.261 1009.447

UD  Gén phuong x @ 2196.020 2192.969 2193.190
Gan phuong y ® 1215.738 1213.556 1212.123

Khéng gan 1090.194 1090.313 1090.621

FG-X  Gan phuong x @ 2212.189 2208.034 2209.138
Gan phuong y ® 1284.542 1282.314 1279.557

Khéng gan 822.528 822.615 822.550

FG-O  Gan phuong x ® 1837.105 1832.958 1832.109
Gan phuong y ® 929.814 926.008 926.258

Khong gan 850.254 850.493 850.799

FG-V  Gan phuong x ® 2227.938 2223.712 2224.412
Gan phuong y ® 1070.976 1067.220 1064.816

Khdng gan 937.480 037.424 937.595

FG-A  Ganphuong x ® 1696.162 1692.563 1692.782
Gan phuong y ® 1021.542 1019.439 1017.940

@  Mode mat 6n dinh (myn) =(11)
®  Mode mét 6n dinh (m;n) =(2;1)

Anh huéng cua hé thong gan gia cuong dén duong cong sau mat 6n dinh
P.-W/h cua panel FG-GRC va panel ap dién FG-GRC chiu nén doc truc & diéu kién
bién FFFF va FIFI c6 thé lan luot quan sat trén Hinh 3.19 va Hinh 3.20.

C6 thé thay ¢ diéu kién bién FFFF (Hinh 3.19a), cac duong cong tai - d6 vong
sau mat 6n dinh P, —W/h cia panel FG-GRC(x ) cao hon cac duong cong tai - do
vong cua panel FG-GRC(y) va panel FG-GRC khéng gan gia cuong trong mién do
vong nho. Tuy nhién trong mién do vong I6n, cac duong cong tai - do véng P, -W/h
cua panel FG-GRC(y) c6 xu hudng vuot qua va cao hon duong cong tai - do vong
cua panel FG-GRC(x ). Hién tugng hop c6 thé quan sat rd vaéi panel FG-GRC khong
gan gia cudng va panel FG-GRC(x) va dudng nhu khong xuét hién véi panel FG-
GRC(y).
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3 - 9 —1: Gan phuong x
—— Hoan hao . GA
N o —2: Gan phuong y
- - = Khéng hoanlhao N —3: Khong gan
z NI
q X —— Hoan héo
-7 \\ Ny a 5 2
. ] Q - — = Khéng hoan hao
2 ,’ 2 6 \\\ 3 ~
—~ — N X,
s | , Ki=3x100Nim| & LN\
9, ! ’,/ K, = 2x105N/m Q, 2\ N 1
D_x ’ Ks = 1015 N/m® D_X NN <
1 40--=== —1: Gén phuong x, (m,n) = (1,1) 3 Eﬁ:]x;glgofST "N .
' FG-X (0/90) —2: Gan phuong . (man) = (2.1) a=20h, h = 2mm N
- 5T —_ A A = = , N = EN
FEFE b= 3: Khong gan, (m,n) = (1,1) AT =0K,£=-01, RN
a=20h, h=2mm, AT = 0K, £ =0.02 Ngti = 10, bgj = 0.8h, hgi =1.5h, R=0.1m S0
o | Nsi=10,bg;=08h hg =15h R=01m o K1 =3x107N/m?, K, = 25105 N/m, Ks = 1015 N/m®
0 05 1 15 2 25 3 -3 -25 -2 -1.5 -1 -0.5 0
W/h W/h
a) FFFF b) FIFI
Hinh 3.19. Anh hudng ctaa hé thong gan gia cuong dén
duong cong P, —W/h cua panel tru FG-GRC chiu nén doc truc
3 — —1: Gan phuong x, (m,n) = (1,1) — 3 — 1: Gan phuong x
—_2: Géli phu(zng y, (m,n) =(2,1) / 1 —2: Gan phuong y
—3: Khong gén, (m,n) =(1,1) —3: Khong gan
—— Hoan hao
2 _T-==== =7 2 ] — == Khdng hoan hao
. g —— Hoan hao —~ I™~3 S
g ! 2 — - = Khéng hoan hao E
a |l p o [T N
\; ! z7 \; \\
a - 3 a S \
Se e
1-//,_____ 1 1 FG-X (0)1r, FIFI, alb = 1 =3
W FG-X ()57, FFFF, a/b =1, a=20h, h =2mm a=20h, h =2mm, hp =0.1mm N\
he = 0.1mm, AT = 0K, Vo = 500V, & = 0.02, ng; = 10 AT =0K, Vo =500V, £ =~ 0.02 \
hei = 1.5h, bg; = 0.8h Ngti = 10, hgti = 1.5h, bg; = 0.8h \
R =0.1m, K; = 2x107 N/m3, K, = 105 N/m o LR=0.1m Ky =2x10TN/m?, Ko = 10°N/m
0 - : 2 . : : . .
0 06 1.2 1.8 2.4 3 -1 -0.8 -0.6 -0.4 -0.2 0
Wrh W/h
a) FFFF b) FIFI

Hinh 3.20. Anh huong cua hé théng gan gia cuong dén
duong cong P, —W/h cua panel tru ap dién FG-GRC chiu nén doc truc

O diéu kién bién FIFI (Hinh 3.19b), khéng quan sat thay hién tuong hop va
diém r& nhanh cua panel trong mién d6 vong am, cac dudng cong sau mat 6n dinh
P.-W/h cua panel FG-GRC khéong gan gia cuong giao cat voi cac duong cong
P.-W/h cia panel FG-GRC c6 gan gia cuong trong mién do véng Ion va duong
cong P, —W/h cua panel FG-GRC(x ) dan cao nhat trong mién d6 véng nho. Cac xu
hudng vira phan tich cling phu hop véi panel ap dién FG-GRC chiu nén doc truc
(Hinh 3.20).

Hinh 3.21 va Hinh 3.22 lan luot cho thiy anh huong cua céc kiéu gia cudng
graphene dén dudng cong P, —W/h caa panel try FG-GRC(x ) va panel ap dién FG-
GRC(x) chiu nén doc truc & diéu kién bién FFFF va FIFI.



100

C6 thé thay & diéu Kién bién FFFF, duong cong sau mat 6n dinh P, —W/h va

diém ré& nhéanh cua panel tru FG-V(x ) 1a cao nhat, diéu nay tuong tng véi tai toi han
cta panel FG-V/(x) sé& 16n nhat. Nguoc lai, diém ré& nhanh caa panel tru khi graphene
phan bd theo kiéu FG-A(x) la thap nhat nén tai téi han cua panel FG-A(x) s& nho

nhat.

O diéu kién bién FIFI, dudng cong sau mat 6n dinh P, —-W/h cta panel tru

UD, FG-X va FG-V duong nhu tring nhau trong mién d6 véng 16n (d6 véng am nho),
tuy nhién trong mién d6 vong nho (d6 véng am lén) cac duong cong P, —W/h dan

tach ra va duong cong P, —W/h cia panel UD vugt qua va cao hon cac duong cong

con lai.

3.0 — 1 FG-V
(0)101’ , FFFF, alb = l,a= 20h -=-=2:FG-X
h=2mm, AT =0K, £=0,R=0.1m —3:UD
(m,n) =(1,1) —4:FG-O
Ngti = 10, bsﬂ = 08h, hsﬂ =1.5h —b5:FG-A

2.0 1
S~
Gan phuong x

Ky = 3x107 N/m3 K, = 2x105 N/m, Kz = 1025 N/m®

9.0 . —1:UD
N 1 —2:FG-V
N - - -3 FG-X
\ 2 ——4:FG-0
0N ——5: FG-A
3 N
6.0 N\
~— \\
g 4 N\
O N
= 5 N
[N N
3.0 . N
(0)107, FIFI, &/b =1,a=20h N

0.0

h=2mm, AT =0K,£=0,R=0.1m

(m,n) = (1,1), Gan phuong x

Ngi = 10, bgij = 0.8h, hgj = 1.5h

Ky = 3x107 N/m3 K, = 2x10% N/m, K3 = 1015 N/m5

-3 -2.5 -2

-1.5 -1
Wrh

b) FIFI

-0.5

Hinh 3.21. Anh huong cua cac kiéu gia cudng graphene dén
duong cong P, —W/h cuia panel tru FG-GRC(x ) chiu nén doc truc

15
0 05 1 15 2
Wih
a) FFFF
- —1FG-V
30 - —-2.fG.X | @uor FFFF @b=1a=20h /
3:UD h=2mm, hp =0.1mm
— 4:FG-0 gT_ o 6 Yo~ 500V
—5:FG-A |>~ "
25 | (mn) =(1,1)
<
[a
2
o =
A @ Erccee em==
2.0 A s e = 10
hsti =1.5h
— 4 5 bsii = 0.8h
J Gan phuong x
15 Ky = 2x107 N/m3, K, = 105 N/m
0 05 1 15 2
W/h
a) FFFF

9.0 T ——1:UD
N 1 ---2:FG-V
NN
S0 - - -3:FG-X
N ) ——4:FG-0
N ——5:FG-A
6049 5 NN
NN
< NI 3
5 N
& | (O)wr FIF, ab =1 NN
3'O'a:20h,h:2mm NG
he = 0.1mm , AT = 0K, V, = 500V NN
£=0,R=0.2m, (mn) =(1,1)
Gan phuong x, ng;j= 10, hgj = 1.5h
00 bsn =0.8h, K. = 2x107 N/m3, Ky, = 105 N/m
-3 2.5 -2 -1.5 -1 -0.5
W/h
b) FIFI

Hinh 3.22. Anh hudng cia céc Kicu gia cuong graphene dén
duong cong P, —W/h cua panel tru ap dién FG-GRC(x ) chiu nén doc truc
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Bang 3.10. Anh huong cta nhiét do dén tai toi han P,. (MPa) caa panel truy FG-GRC(
x) chiu nén doc truc (FFFF, a/b=1, a=20h, (m;n)=(11)),R=0.1m)

Panel tru FG-GRC(x) AT =0K AT =100K AT =200K
FG-X (0)10 2358.357 2108.205 2038.206
(0/90/0/90/0)s 2353.463 2101.285 2030.875
(0/90)st 2354.648 2101.825 2031.875
ub (0)10 2334.774 2092.308 2012.071
(0/90/0/90/0)s 2331.225 2090.109 2005.084
(0/90)st 2331.428 2090.241 2005.512
FG-O (0)10 1937.087 1753.929 1707.515
(0/90/0/90/0)s 1932.230 1747.140 1700.320
(0/90)st 1931.244 1746.234 1699.124

Bang 3.11. Anh huong cua nhiét do dén tai toi han P,.(MPa) cia panel tru ap dién
FG-GRC(x) chiu nén doc truc (FFFF, a/b=1, a=20h, R=0.Im, AT =0,
(m;n)=(11))

Panel tru ap dién FG-GRC(x) AT =0K AT=100K AT =200K
FG-X (0)107 2212.189 1976.228 1905.910
(0/90/0/90/0)s  2208.034 1970.396 1899.720
(0/90)st 2209.138 1970.861 1900.609
uD (0)107 2196.020 1965.980 1886.298
(0/90/0/90/0)s  2192.969 1964.104 1880.336
(0/90)st 2193.190 1964.251 1880.806
FG-O (0)107 1837.105 1660.392 1610.806
(0/90/0/90/0)s  1832.958 1654.659 1604.715
(0/90)st 1832.109 1653.826 1603.634

Anh huéng caa nhiét do dén tai toi han cua panel FG-GRC(x ) va panel &p
dién FG-GRC(x ) chiu nén doc truc ¢ diéu kién bién FEFF duoc trinh bay trong Bang
3.10 va Bang 3.11. C6 thé thay khi nhiét d6 ting s& lam ting hé sé gidn no nhiét va
lam giam tai toi han cua cac panel. Anh huéng cua nhiét do moi truong dén dudng
cong sau mat 6n dinh P, —W/h cta panel truy FG-GRC(x ) va panel try ap dién FG-
GRC(x) chiu nén doc truc & diéu kién bién FFFF va FIFI duoc lan luot trinh bay trén
Hinh 3.23 va Hinh 3.24. Khi nhiét do tang, cac dudng cong sau mat 6n dinh P, -W/h
(trén Hinh 3.23 va Hinh 3.24) bj ha thap d4ng ké va hién tuong hop quan sat rat rd &
diéu kién bién FFFF. O diéu kién bién FIFI, panel bi vong ngay khi chiu tai va khdng
c6 diém r& nhéanh, va khi nhiét do tang cao sé thay panel bi vong trugc khi chiu tai
nén doc truc va tir 6 lam giam kha nang chiu tai caa panel.



102

. —1:AT=0K , —1:AT=0K
28 TEGV(0/90/0/90/0)s , FFFF AT 100K 00 \ 2l AT=100K
alb=1,a=20h, §=0,h=2mm| __ - _ — 3 AT=
R 01m, (M = L) 3: AT = 200K 1 3:AT = 200K
Géan phuong x
24 | ng;j = 10, bgij = 0.8h, hgj = 1.5h 40 4
< <
[N o
g \ . §
1 & | FG-\V(0/90/0/90/0)s , FIFI
22 1 3 20 1ab=1,a=20h£=0
h=2mm, R=0.1m, (m,n) = (1,1)
\/ 2 Gan phuong x
Nngti = 10, bgtj = 0.8h, hg = 1.5h
= 7 3 = 5 =105
50 LK1= 310" NIm® K; = 2:10° NIim, K, = 10! N/m? 0.0 L= 307N K, = 2>10° N/m, Ks = 10° T
0 03 06 0.9 12 -2 -15 -1 -05 0
Wi/h W/h
a) FFFF b) FIFI
Hinh 3.23. Anh hudng cua nhiét d¢ dén duong cong P.-W/h
cua panel tru FG-GRC(x) chiu nén doc truc
24 —1:AT=0K 3.0 —1:AT=0K
FG-V(0/90)st , FFFF, alb =1 —2:AT=100K —2:AT=100K
a=20n, £=0,h=2mm, hp =0.1mM| 3. AT = 200K . —3:AT =200K
AT = 100K, Vo = 500V, R = 0.1m
2.0 2
g
(O] FG-V(O/90)5T
:x FIFI, alb =1
a=20h =0
h 3 10 1p= 2mm, hp = 0.1mm
Vp =500V, R = 0.1m
Gan phuong x Ky = 2x107 N/m@, K, = 105 N/m
K3 = 2x107 N/m3, K, = 105 N/m Gan phuong x, (m,n) = (1,1)
(m,n) = (1,1), Ngtj = 10, hsﬁ = 1.5h, bsti =0.8h 0.0 Nsti = 10, hsﬁ =1.5h, bsﬁ =0.8h
18 . : . : . . : . .
0 0.4 08 1.2 16 2 -1 -0.8 -0.6 -0.4 0.2 0
W/h W/h
a) FFFF b) FIFI

Hinh 3.24. Anh huéng caa nhiét d6 dén duong cong P, —W/h
cua panel tru ap dién FG-GRC(x ) chiu nén doc truc

Bang 3.12. Anh huéng caa ban kinh R dén tai téi han cua panel tru FG-GRC(x)
chiu nén doc truc (FFFF, a/b=1, a=20h, (m;n)=(11), AT =0K)

Panel tru FG-GRC(x) R=0.08m R=0.1m R=0.2m
ubD (0)107 2460.997 2358.357 2256.934
(0/90/0/90/0)s 2455.658 2353.463 2253.035

(0/90)st 2456.818 2354.648 2254.283

FG-X (O 2440.004 2334.774 2230.658
(0/90/0/90/0)s 2436.144 2331.225 2227.798

(0/90)st 2436.292 2331.428 2228.127

FG-V (O 2466.249 2377.846 2304.897
(0/90/0/90/0)s 2460.859 2372.953 2301.098

(0/90)st 2461.543 2373.693 2301.968




103

Anh huong cua ban kinh cong R dén tai téi han cua panel tru FG-GRC(x)
chiu nén doc truc dugc thé hién trong Bang 3.12. C6 thé thay ban kinh cong cang Ion
cang lam giam tai téi han cua panel va lam panel d& bi mat 6n dinh.

—1:R=0. —1:R=0.
2.6 UB(0790)sy FFFF @b =1 ‘R= 0.08m 6.0 N L'R=0.08m
---2:R=0.1m N ---2:R=0.m
a=20h,£=0,h=2mm AN D
——3:R=0.2m N —3:R=02m
AT =0K, (mn) = (1,1) N
45 3 AN
24 \ 2
= 6l o
o Mo o R
Q t2 Q30 AN
P — & |UD(/90)sr , FIFI N\
' alb=1,a=20h £=0 \
15 1h=2mm, AT =0K
(m,n) = (1,1), Gan phuong x
Gan phuong x, Ng;j = 10, bg; = 0.8h, hgj = 1.5h Ngi = 10, bgi = 0.8h, hg; = 1.5h
Y LS 3x107| N/imé, K, = 2.X105 Nim, K, = 1075 N/md 0.0 1K= 3x107N/me, K, = 2x10° N/m, Kg = 101 N/m®
0 0.3 0.6 0.9 12 -2 -1.5 -1 -0.5 0
W/h W/h
a) FFFF b) FIFI
Hinh 3.25. Anh hudng cua ban kinh cong dén
duong cong P, —W/h cuia panel tru FG-GRC(x ) chiu nén doc truc
. —1:R=0. . —1:R=0.
27 T"UD(0/90/0/90/0)5 , FFFF, @b = 1 $R=005m 6.0 LR=005m
2= 20n, £ = 0, h = 2mm —2:R=0.10m —2:R=0.10m
=<0 c=0,h= — 3R= —3:R=0.15m
he = 0.1mm , AT = 100K yRZObm \
2.5 {\Vo =500V, (m,n) = (1,1) 1
4.0 K; = 2x107 N/m3
—_ 3 — K, = 105N/m
g 1 2 E Gan phuong x
92'2 i S-_'), I~ 3 2 ngi= 10
o~ o~ hgti = 1.5h
20 bSIi =0.8h
2.0 -
UD(0/90/0/90/0)g
Ky = 2x107 N/m3, K, = 105 N/m FIFI, /b =1,a=20h,£=0, h=2mm
17 | Gan phuong x, ng;= 10, hg; = 1.5h, bg; =0.8h 00 Jfe=0.1mm, AT = 100K, Vo = 500V, (myn) = (1,1)
0 05 1 15 2 25 -1 -0.8 -0.6 -0.4 -0.2 0
Wrh W/h
a) FFFF b) FIFI

Hinh 3.26. Anh huong cua béan kinh cong dén
duong cong P, —W/h cua panel tru ap dién FG-GRC(x ) chiu nén doc truc

Anh hudng cua ban kinh cong R dén duong cong sau mét 6n dinh P, —W/h
cta panel tru FG-GRC(x ) va panel try ap dién FG-GRC(x) chiu nén doc tryc ¢ diéu
kién bién FFFF va FIFI dugc thé hién trén Hinh 3.25 va Hinh 3.26. Twong tu nhu cac
s6 liéu khao sat trong Bang 3.12 khi ban kinh cong tang 1én diém r& nhanh bi ha thap
tuong ung vai tai toi han caa panel bi giam.

Anh huéng caa ty sé a/h dén tai téi han cia panel tru FG-GRC(x) va panel
try ap dién FG-GRC(x ) chiu nén doc truc lan luot duoc trinh bay trong Bang 3.13 va
Bang 3.14.
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Bang 3.13. Anh huéng cua ty s6 a/h dén tai téi han P,.(MPa) cua panel FG-GRC(
x) chiu nén doc truc (FFFF, a/b=1, (m;n)=(11) AT =0K)

Panel tru FG-GRC(x) a/h=20 a/h=25 a/h=30

UD (0)107 2358.357  1670.953  1446.843

(0/90/0/90/0)s 2353.463 1667.877 1444.702

(0/90)st 2354.648 1668.586 1445.192

FG-X (0)107 2334.774  1653.375  1437.725

(0/90/0/90/0)s 2331.225 1651.161 1436.185

(0/90)st 2331.428 1651.267 1436.255

FG-V (O)107 2377.846  1639.616  1397.921

(0/90/0/90/0)s 2372.953 1636.548 1395.781

(0/90)st 2373.693 1636.982 1396.081
3.0 UD(0/90)sy , FFFF, @b = 1,£=0 —1:ah =20 4.0 —1:ah=20
R=01m h=2mm AT=0K —2:ah=25 —2:ah=25
(m,n) = (1,1), Gan phuong x —3:ah=30 —3:ah=30

ngti = 10, bgj = 0.8h, hg; = 1.5h

K, = 3x107 N/m3
K, = 2x105 N/m

0 0.6 1.2
W/h

a) FFFF

Ks = 1015 N/m5

1.8

UD(0/90)s7 , FIFI
ab=1,6=0,R=0.1m
10 qh=2mm, AT=0K, (mn) = (1,1)

Géan phuong x
ngti = 10, bg; = 0.8h, hgtj = 1.5h

0.0
-1

-0.6
W/h

b) FIFI

Ky = 3x107 N/m3, K, = 2x105 N/m ,Kg = 1015 N/m
-0.4

-0.2 0

Hinh 3.27. Anh huéng cia ty sé a/h dén duong cong P, —W/h
cua panel tru FG-GRC(x ) chiu nén doc truc

Bang 3.14. Anh huong cia ty sé a/h dén tai téi han P,. (MPa) cua panel tru ap dién

FG-GRC(x) chiu nen doc truc (FFFF, a/b=1, (m;n)=(11),AT =0 K)

Panel tru ap dién FG-GRC(x) a/h=20 a/h=25 a/h=30
ub (0)107 2212.189 1539.186 1322.260
(0/90/0/90/0)s 2208.034 1536.570 1320.445

(0/90)st 2209.138 1537.229 1320.901

FG-X (0)107 2196.020 1526.178  1315.745
(0/90/0/90/0)s 2192.969 1524.265 1314.413

(0/90)st 2193.190 1524.384 1314.494

FG-V (0107 2227.938 1508.575 1275.798
(0/90/0/90/0)s 2223.712 1505.911 1273.937

(0/90)st 2224.412 1506.322 1274.222
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Két qua s (trong Bang 3.13 va Bang 3.14) chiing minh rang khi ty s6 a/h
cang tang (turc 1a d6 manh cua panel cang l6n) thi tai téi han cua panel cang giam va
cac duong cong sau mat 6n dinh P, —W/h cang bi ha thdp nhu quan sat trén Hinh
3.27 va Hinh 3.28.

23 —1:ah =20 3.0 —1:ah =20

N —g aﬂfég —2:ah=25
1 Ll 1 —3:ah =130
FG-V(0)yo7 , FFFF, alb=1
18 ] €=0.R=01m h=2mm 20 _\3 )
" | hp=0.1mm, AT = 100K / =
& | Vo=500V, (m,n) = (L,1) 2 a
O} 9
> D.X
e K, = 2x107 N/m3 Lo
131 K, = 105N/m 0 1 FG-V(0)or , FIFI, alb =1
Géan phuong x, £=0,R=0.1m,h=2mm
Ngtj = 10, hSIi = l.5h, bSti =0.8h hp =0.1mm, AT = 100K, VO =500V
3 (myn) = (1,1), Ky = 2x107 N/m?, K, = 105N/m
Gan phuo’ng X, Ngtj = 10, hSti = 15h, bsﬁ =0.8h
0.8 T T T T 0.0 T T T T
-1 0.8 0.6 0.4 0.2 0
0 0.6 12 18 2.4 3
W/'h W/'h
a) FFFF b) FIFI

Hinh 3.28. Anh huéng cua ty s6 a/h dén dudng cong P, —W/h
cua panel tru ap dién FG-GRC(x ) chiu nén doc truc

° FG - V (0)10r, — L K3=O0N/m® 9 \ - 1.: Kgf 0 N/n1155 ]
AT =0 K, FFFF — 2: K3 =5x10% N/m° \ \ ) ——— 2: K3=5x10N/m

4 1&=0,ah=20 —— 3: K3=2x10%5 N/m? 1 3 — 3:K3=2x10% N/m°
alb=1,h=2mm — - - 4:K3=—5x1015 N/m® o -~ 4 Kz= —5x1015 N/m8

Ky = 3x107N/m? - - - 5:Ky= —2x1015 N/mS 61 - o~ 5Ky = — 21015 N/mS

3 |Ka= 2x105N/m

/r? —~~
a 2 3 & S~o
O e 1 S AN
D.XZ- \::\_5\5\\ D_X _--_5 _______ \\‘\
oo T el < T-IIN
Gén phuong x S R R Gén phuong x, ngj= 10, bg;; = 0.8h N
11 ngi=10 . S~. .. hei = 1.5h, FG - VV (0)197, AT = 0 K, FIFI
bs; = 0.8h 4, - £=0,ah=20,ab=1h=2mm
o hsi =1.5h N o 1K1 =3x107 N/m?, Ky = 2x105 N/m
0 0.6 1.2 18 2.4 3 -3 2.4 -1.8 -1.2 0.6 0
W/'h W/'h
a) FFFF b) FIFI

Hinh 3.29. Anh huéng caa hé s6 nén phi tuyén K, dén
duong cong P, —W/h cua panel tru FG-GRC(x ) chiu nén doc truc
Anh hudng d6 cing nén phi tuyén K, dén duong cong sau mat 6n dinh
P_—W/h cua panel tru FG-GRC(x ) chiu nén doc truc ¢ diéu kién bién FFFF va FIFI
duoc trinh bay trong Hinh 3.29. R4 rang d6 cing nén phi tuyén anh huong dang ké
va 1am thay d6i xu hudng dudng cong sau mét 6n dinh P.—W/h nhung khong anh

huong dén tai r& nhanh cua panel tru (xem Hinh 3.29a).
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3.6. Két luan chwong 3

Trong chwong nay, luan an da st dung HSDT cung véi k§ thuat san gan cai

tién danh cho gan FG-GRC bién dang truot bac cao dé thiét lap cac phuong trinh chi
dao. Phuong phap Galerkin duoc sir dung dé tim tai téi han va khao sat 6n dinh phi
tuyén cua céac két cau sau:

1.

Panel try 4p dién FG-GRC c6 gan gia cuong trén nén dan hoi tuyén tinh chiu
nén doc truc trong moi truong nhiét.

Panel try FG-GRC c6 gan gia cuong trén nén dan hoi phi tuyén chiu nén doc
truc trong moi truong nhiét.

Tam chit nhat ap dién FG-GRC c6 gan gia cudng chiu nén mot phuong va ap
luc ngoai.

Tam chit nhat FG-GRC c6 gan gia cuong trén nén dan hdi phi tuyén chiu nén
mot phuong va ap luc ngoai.

Piém méi quan trong trong chuong nay 1a ki thuat san tac dung gan cai tién

danh cho gan FG-GRC bién dang truot bac cao duoc phat trién dua trén y tuéng san
tac dung gan cua Lekhnitskii va ly thuyét dam bién dang truot bac cao di hudng.

Tir cac két qua phan tich bén trén, luan an dwa ra mot sb nhan xét tong hop

nhu sau:

1.

Hé thdng gan gia cuong gilp tang do cing cua tdm chir nhat va panel tru FG-
GRC, tir d6 tai t6i han cua tim va panel duoc ting dang ké.

Hién trong phan nhanh quan sat duoc trong trudng hop tim va panel FG-GRC
hoan hao chi chiu nén doc truc ma khdng chiu déng thoi &p luc ngoai. Piéu
nay 1a do &p luc ngoai gy ra d6 vong trudc dan dén trang thai mang khéng
tn tai khi tai trong nén doc truc tac dung.

Do cang nén phi tuyén K, khong lam thay doi tai ré nhanh cia tam va panel
try FG-GRC, tuy nhién lai anh huéng 16n dén xu hudng duong cong sau mat
ondinh P_-W/h.

Nhiét d6 tang hodc do manh tang 1én sé lam giam tai t&i han va anh huéng 16n
dén kha ning chiu tai sau mat 6n dinh cua tim va panel try FG-GRC.
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CHUONG 4. ON PINH PAN HOI PHI TUYEN CUA PANEL
PARABOL VA PANEL HINH SIN FG - GRC THEO HSDT

Chuong nay luan an trinh bay nghién ctu hai loai panel 1a panel Parabol va
panel hinh Sin (panel c6 phuong trinh duong cong la Parabol va panel c6 phuong
trinh duwong cong nua chu ky hinh Sin) chiu &p luc ngoai, chiu tai nén doc truc trong
moi truong nhiét.

Khoéng giong nhu panel try tron (ban kinh 1a mot hang sé), hai loai panel
Parabol va panel hinh Sin ¢6 ban kinh cong la mét ham phuec tap duoc tinh théng qua
phuong trinh Parabol va phuong trinh nira chu ky hinh Sin. Vi vay khong thé ding
phuong phap thong thuong dé xac dinh ham (ng suat nhu trong Chwong 3. Thay vao
d6, luan an dé xuat mot ky thuat dé xac dinh ham @ng suét theo nghia trung binh cho
panel Parabol va panel Sin, day ciing 14 diém méi quan trong ciia chuong nay.

Céc bai toan duoc xay dung theo HSDT c¢d xét tinh phi tuyén hinh hoc cua
von Karman. Céc dang nghiém d¢ véng va goc xoay duoc lya chon dé co thé thoa
mén cac diéu Kién bién, ddng thoi st dung phuong phap Galerkin dé tim duoc céc
lien hé cua tai va d6 vong, tir d6 cac tai téi han cua panel néu c6 s& duoc xac dinh.
Céc két qua sb duogc so sanh vai panel try dé danh gia tai toi han va kha nang chiu tai
sau mat on dinh ciia céc dang panel c6 @6 cong phuc tap.

Néi dung chwong nay da dwec tac gid cong bé trong 02 bai bdo, trong dé 01
bai bao trong nwéc va 01 bai béo trén tap chi quéc té dé la cdc cong trinh 11 va 12
trong danh muc cac cong trinh khoa hoc lién quan dén luan an.
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4.1. Mb hinh panel Parabol, panel hinh Sin va panel tru trén nén dan héi phi
tuyén

Xét panel try, panel Parabol va panel hinh Sin FG-GRC (trén Hinh 4.1) c¢6 bé
day h trén nén dan hoi phi tuyén véi hé toa do (x,y,z) ¢ gbc nam & mat gitra & goc
panel, truc x theo huéng chiéu dai, truc y theo huéng canh cong va truc z vudng
g6c Vi mat gitra huéng vao trong panel nhu Hinh 4.2. Lan luot goi R 1a ban kinh
cong theo phuong y, chiéu dai cac canh trong mit phang chiéu la « va b.

-1
4 N \
0.8 - /4 A\
/4
/ N\
\
0.6 4 /4
- / \
R / \
-0.4 1 \
/ \
/ Panel Parabol
-0 27 4 / . . - \
- — —Panel ntra hinh Sin \
- - =Panel tru (R =b)
0 L L] L] L]
0 0.2 0.4 0.6 0.8 ]

y/b
Hinh 4.1. M6 hinh panel tru, panel Parabol va panel hinh Sin FG-GRC

Hinh 4.2. HE toa do cua panel FG-GRC
trén nén dan hoi phi tuyén chiu nén doc truc

Ba loai panel FG-GRC (panel try, panel Parabol va panel hinh Sin) duoc ché
tao tir 10 16p GRC véi ba huéng bé tri graphene duoc xem xét trong luan an 1a (0)1or,
(0/90/0/90/0)s, va (0/90)st. Ty phan thé tich graphene trong cac I6p c6 thé phan bd
déu theo kiéu UD hoic thay doi tron va lién tuc theo chiéu day panel twong ¢ng Voi
cac kiéu phan bd FG-X, FG-V, FG-A va FG-O. Ty phan thé tich cua graphene twong
g véi cac kiéu phan b nay da dugc trinh bay trong Bang 1.2 va Hinh 1.3.
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4.2. Cac phuong trinh co ban

Phuong trinh cua panel parabol va panel hinh sin lan lugt c6 dang

_AH o 4H

()= 350 21w, () = rrsin] 2 | @)

trong d6 H 1a d6 néng cua panel
Tu phuong trinh (4.1) ban kinh cong cua vo panel parabol va panel hinh sin
xac dinh duoc la

(b4 +16H?(b- 2y)2 )3/2 (HZTEZ (COS(yTE/b))Z +b° )3/2

8b'H K= g sin(yn/b) (4-2)
Tuong tu nhu trong Chuong 3, dya trén HSDT, cac thanh phan chuyén vi va

bién dang cua mot diém bat ky thudc cua panel cach mat trung binh mot khoang z,

méi lién hé giita (ng suét va bién dang, cac biéu thuc cua luyc gidn, mémen, luc cit,

R:

hé phuong trinh can bing va phuong trinh tuwong thich bién dang dwoc xac dinh nhu
trong cac phuong trinh (3.1) dén (3.34).

C6 thé thay rang trong truong hop nay, ban kinh cong cua panel Parabol va
panel hinh Sin 1a mot ham phuc tap theo y, dan téi viée xac dinh ham wng sut mot
cach tuwong ty nhu trong Chuong 3 gip rat nhiéu khé khin vé mat toan hoc. Vi vay
luan an dé xuat mot cach xac dinh ham ung suét theo nghia trung binh. Dang ham
g suat duoc lya chon twong tir (3.36) bao gém cac thanh phan tuyén tinh va phi
tuyén c6 dang nhu sau

fzfl(c,p,s) cosZocx+f2(c,p’s) cosZBy+f3(C,p,s) sinocxsinBy+lNy0x2 +£Nx0y2, 4.3)
2 2

véi cac ky hiéu phia dudi ¢,p va slan luot twong siing cho vo panel tru, panel
parabol va panel hinh Sin.

Dé tim duoc ham ung suat theo nghia trung binh cho panel Parabol va panel
Sin, ta thay c&c dang nghiém cua d6 vdng va goc xoay & phuong trinh (3.35) vao
phuong trinh (3.34) va &p dung phuong phap Galerkin nhu sau

ab ab ab
I y.cos2ox dydx = O,ij.cos 2By dydx = O,J-J-w.sinocxsin[?)y dydx =0,(4.4)
00 00 00

trong d6 v 1 biéu thizc xac dinh nhu phuong trinh (3.34).

Giai hé phuong trinh (4.4) tim duoc c4c biéu thirc sau
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W (W +2¢eh)p?
Frceps) = 3202A" t+eyep )W
11
W (W +2gh)a?
fZ(C,p,S) = BZBZA* + e2(c,p,s)W, (4-5)
22

f3(c,p,S) - e3(c,p,8)q)x + e4(c,p,S)CDy + eS(c,p,S)W’
trong do e, ,,(i=1—5) dugc xéac dinh trong phy luc C1.
Luu y rang, trong trudng hop panel try, ky thuat xac dinh ham tng suét nay
dan toi két qua ham ang suat chinh xac nhu trong Chuong 3.
Thay céc biéu thirc (4.3) va (4.5) vao trong cac phuong trinh (3.31), (3.32) va
(3.33) va ap dung phuong phap Galerkin ta thu dugc
Xi(e,p.5) (h& + W)Nxo +X2e,p,s) (h& + W)Nyo + X3(e,p,9) P T Xa(e,p) Py
X706 psyW° + Xo(e p.) P (RE+ W)+ X @, (RE+W)
+Xge p.s) (RE+W)(2RE+ W)W + Xy, o) (2RE+W )W
+Xy00e.p.6) (REF W)W + X150, N yo + Xioee pssW + Xige p.sy@ = 05
bl(c,p’s)CDx + bz(c,p,s)d)y + b3(c,p’s) (Zhﬁ + W)W + b4(c’p,s)W =0,
b5(c,p,s)q)x + bs(c,p’s)CDy + b7(c,p’s) (Zhé + W)W + bs(c,p’s)W =0,

(4.6)

trong d6 x;. ) (i=1—13) va bj. , ,(j =1—8) xac dinh trong phu luc C2.
Cac biéu thirc ®,.,®, xac dinh tr hai phuong trinh cudi cua (4.6) nhu sau

®X = cl(c,p,s)W(ZhF;"_W)+02(c,p,s)W Py

4.7
q)y = Cs(c’p’s)W(Zhé + W) + c4(c,p,s)W’
trong do
c _ b2(c,p,s)b7(c,p,s) _b3(c,p,s)b6(c,p,s)
o) bl(c,p,s)bG(c,p,s) _bZ(c,p,s)bS(c,p,s) ,
_ b2(c,p,s)b8(c,p,s) _b4(c,p,s)b6(c,p,s)
“Hep) T Beteny —brtensDoeps)
1(c,p,s)™6(c,p,s) 2(c,p,s)~5(c,p,s) ( 4 8)
_ bl(c,p,S)bY(c,p,S) _bS(c,p,S)bS(c,p,S)
Ser) = et ~Patepslaens)
1(c,p,s)~6(c,p,s) ~ “2(c,p,s)“5(c,p,s)
c _ bl(c,p,S)b8(c,p,S) _b4(c,p,3)b5(c,p,5)
4(c,p,s) — :
bl(c,p,s)bG(c,p,s) - b2(c,p,s)b5(c,p,s)
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4.3. Cac bai toan

4.3.1. Panel chju nen dgc truc
Truong hop panel chi chiu nén doc truc thi ap luc ngoai g =0. Luc nén doc
truc P, dat trén hai canh x=0,x=a nén N,,=-hP., Thay N,,=-hP, vao trong

phuong trinh (3.46), ta tim dugc biéu thic N, nhu sau
Nyo = Zie p.s)Pe + Zae, p. sV + Zae, pssW (2RE+W ) =@y + Zye 001 (4.9)

trong d6 cac hé sb z (i =1->4) xéc dinh trong phu lyc C2

i(e,p,s)
Thay N, =-hP, va cac phuong trinh (4.7), (4.9) vao phuong trinh dau cia

(4.6) ta thu dugc phuong trinh

Zs(e.p.s) (2?, + W)W + Zg(eps) (2& + W)W(é; + W)

Yy, X11(¢,p,s)

=372 o, A N
b X7(ep )W h +ZS(c,p,s)W+Z7(c,p,s)W(§+W) , (4.10)

X
H2X11(¢,p,5)%1(c,p,5)
(“2x2(c,p,s)zl(c,p,s) - hxl(c,p,s) )(Es + Wn ) + h

trong d6 hé s6 w, =0 vai diéu kién bién FFFF va u, =1 véi diéu kién bién FIFI, va

W =W/h, Zs(¢,p,s) = h(Hzxn(c,p,s)Zz(c,p,s) *+Cre,p,s) )»
Ze(c,p,s) — h? (M2x2(c,p,S)Z2(c,p,S) *Cs(c,p,s) >’
Z7(abe) = h(“zxz(c,p,s)zss(c,p,s) +Cs(¢,p,9) )’
Zg(c,p,s) = (“2x11(c,p,5)z3(c,p,5) *Cs(c,p,5) )
Tai toi han cua panel hoan hao (£=0) véi diéu kién bién FFFF c6 thé nhan
duoc tir phuong trinh (4.10) khi W — 0, tacé

pelin _ _ Cac Para _ _ Csp Haft-Sin _ _ Cgs (4.11)
cr = p s Ler - / > “er - h : '
1c 1p xls

Phuong trinh (4.11) la phuong trinh xac dinh tai téi han caa vo panel try, panel
parabol va panel sin.
4.3.2. Panel chiu ap luc ngoai

Thay phuong trinh (4.7) vao phuong trinh dau tién (4.6) ta thu duogc biéu thirc

lién hé gitra tai va d6 vong nhu sau
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W3h2x7(c,p,s) + MleO (a + W)xj_(c,p,s) + W(a + I/T/v)th(c,p,s)

H2E+ W)W (e+ W )hPcy, o + W ey poy +H(2E+W)Wey, o (4.12)
A H N C,D,S X c,Dp,S
+M2Ny0(é+w)x2(0,p,3) + & hll( 2:) + 13(h,p, ) =0,

trong d6 cac hé s6 p, va n, duoc thém vao phuong trinh dé xét diéu kién bién cho
panel chiu &p luc ngodi. p, =0 va p, =0 tuong ung Vvéi diéu kién bién 1 (FFFF),
n, =0 Va u, =1 tuong ung véi diéu kién bién 2 (FIFI), u, =1 va p, =1 tuong ng
véi diéu kién bién 3 (1111), va
Cs(c,p.s) = C2(c,p.s)X5(c,p.s) T Ca(e,p.s)X6(c.p.s) T X10(c,p,5)?
Co(c,p.s) = Cac,ps)X5(c,p.s) T Ca(c.p.s)X6(c,p.s) T Xo(e,pos)? (4.13)
Cole,p.s) = Cue,p.s)X3(e,pos) T Ca(c,p.s)Xa(e,p.s) T Xo(e,p.s)?
Co(c,p.s) = Co(c.p.s)X3(c,p.s) T Cae,p.s)Xa(e.p.s) T X12(c,p.s)"
T biéu thirc (3.45) va (3.46), tuong tu nhu trong chuong 3 ta thu dugc cac
biéu thuc sau
NxO

Ny = ts(e.p.s)

D, +t, w,
A 4e:ps) (4.14)

W (W +2t€)+ Ly,

(Dy + t3(c, p.s)

eps) W (W +2tg)+t

() +t(

be.ps)

6(c p,s)q)y + t7(c,p,s)

trong d6 cac hé sb Lie,pss

(1=1-8) xdc dinh trong phu luc C2
Thay phuong trinh (4.14) vao phuong trinh (4.12) ta thu dugc biéu thuc lién
hé gitra tai ap luc ngoai véi do vong nhu sau
. _ _ o _
_h W°h x7(c,p,s) + q2(c,p,s)W(a+ W)+ q](C DsS) (2&—'— W)W(&-l—W)
+Wc8(c,ps)+q4(c’ps)W+(2§+W)Wc7cps +d3c,p.s) ( )

q= ’ ’ , (4.15)

x13(c,p,s)

trong d6 c4c hé sb qi(c,p,s)(i =1-4) x4c dinh trong phy luc C2

Phuong trinh (4.10) va (4.15) lan luot 1a cac phuong trinh khao sat dudng cong
sau mat 6n dinh tai nén doc truc - 6 vdng va tai ap luc ngoai - d6 véng. T cac duong
cong thu dugc, luan &n c6 thé danh gia kha nang chiu tai cia cac panel sau mat 6n
dinh.

4.4. So sanh két qua nghién ciru

Trong phan nay céc so sanh duoc thuc hién dé kiém tra do tin cay vé két qua
s6 va kiém tra do chinh xac cua ky thuat tim ham ung suat trung binh cho panel
Parabol va panel hinh Sin cua luan an.
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So sé&nh thtr nhat, luan an tién hanh so sanh tai téi han cua tam vuéng FG-GRC
hoan hao chiu nén theo phuong x & diéu kién bién 1 (FFFF) vai két qua nghién cau
cua Shen va cong su [35] trong Bang 4.1. So sanh thir 2, luan an tién hanh so sanh
tai toi han caa panel FG-GRMMC hoan hao chiu nén doc truc véi két qua nghién ctu
cua Shen va Xiang [87] trong Bang 4.2.

Bang 4.1. So sanh ti toi han P,. = (a/h)’ E, cho tim (0/90/0/90/0)s FG-GRC chiju
tai trong nén theo phwong x trong moéi truong nhiét ((m;n)=(L1), a/b=1,
h=2mm)

FG-X ub FG-O
Shen Shen Shen
AT o Vvacong Luagnan vacong Ludnan vacong Luanan
(K) s [35] (HSDT) su[35] (HSDT) sw[35] (HSDT)
(HSDT) (HSDT (HSDT

10 105.380 105.382 95540 95541  67.312 67.313
0 20 120.995 120.997 105.073 105.075 71.198  71.199
50 126.244 126.246 108.098 108.100 72.369  72.370
10 90.702  90.693  83.296  83.287 59.454  59.448
100 20 104.218 104.207 92.094  92.084 63.340  63.333
50 108.766 108.754 94906  94.895 64.522  64.515
10 85.418 85422 77189  77.193 56.908 56.911
200 20 98.572 98577 85.889 85894 60973  60.976
50 103.024 103.030 88.693  88.698  62.219  62.222
Bang 4.2. So sénh tai toi han P,. (kN) cho panel tru FG-GRMMC chiu tai trong nén
doc truc (FFFF, a=20h, h=3mm, b/a=0.8, a/R=0.8,AT =0K,(m;n)=(1,1))

Lay up (0)107 (0/90/0/90/0)s  (0/90)st

FG-X  Shen va Xiang (HSDT) [87] 775.33 776.60 777.11
Luan an (HSDT) 774.863 776.095 776.903

UD  Shenva Xiang (HSDT) [87] 709.81 711.05 711.74
Luan an (HSDT) 711.261 712.398 713.719

FG-O Shen va Xiang (HSDT) [87] 655.64 655.28 654.51
Luan an (HSDT) 654.293 654.976 655.672

FG-A Shen va Xiang (HSDT) [87] 716.16 716.78 717.14
Luan an (HSDT) 716.001 716.539 716.878

FG-V Shen va Xiang (HSDT) [87] 686.93 686.47 685.70

Luan an (HSDT) 684.973 685.674 686.113
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So sanh thu ba, luan &n so sanh "0 ]| _° ) Shenvaconesr (34
\ ” X A 2:Sh a ¢ u [34 -9
duong cong qa*/E, h*-~W/h cua tim | ARl P
N o <, “|Lup e
FG-GRC hoan hao chiu ap luyc ngoai & 2:FG-X P
N . o , FFFF o
dieu Kkién bién 1 (FFFF) duoc so sanh Sos 74 \2
- A 9 - A ’ ° by A /’r",
vai két qua nghién ciru cua Shen va cong X
P2y
su [34]. 04 g
) ) , . «"‘ (0/90/0/90/0)5 , h = 0.002 m
Cac so sanh cho thay su phu hop # a= 20, b =1, 4T=0K
L, i . ' 6ng nén '
trong cach tiep can cua luan an vai voi 5 500 1000 1500
ga*(E™h*)

cac nghién ciru da cong bd. . , ‘
Hinh 4.3. So sanh duong cong
qa*/E,, h* ~W/h cia tim FG-GRC
chiu &p luc ngoai véi nghién cuu cua
Shen va cong su [34]
4.5. Cac két qua khao sat va thao luan
4.5.1. Khdo sat panel FG-GRC chju nén dec truc

Trong phan nay luan &n khao sét panel tru, panel Parabol va panel hinh Sin
FG-GRC trén nén dan hoi phi tuyén chiu tai nén doc tryc trong méi truong nhiét. Nén
dan hoi phi tuyén trong khao sat cac panel FG-GRC chiu nén doc truc c6 do cing
K, =2x10" N/m?, K, =10°N/m, K, =10" N/m° . Céac dic trung vé vat liéu va cac
thong sé hinh hoc cua cac 16p GRC va cua graphene dugc lay theo cac cong bé cua
Shen va Xiang [109, 113].

Tai t&i han cua panel Parabol, panel hinh Sin va panel tru twong ttng véi nam
kiéu phan b graphene (FG-X, UD, FG-O, FG-V va FG-A) & cac diéu kién nhiét do
khac nhau dugc trinh bay va so sanh trong Bang 4.3. C6 thé thay céc kiéu bd tri
graphene trong panel anh huong rd rét dén gia tri tai téi han. Quan sét thay tai téi han
cua panel hinh Sin 1a 16n nhat va tai toi han caa panel try 12 nho nhat. Tai téi han cua
cac panel gia cuong graphene theo kiéu FG-X 1a 16n nhat va tai téi han cua cac panel
gia cudng graphene theo kiéu FG-O 1a nhé nhat.

C6 thé thiy voi két ciu tim vo FG-GRC khong c6 gan gia cuong, ty phan thé
tich graphene dugc phan bé nhiéu & 16p mit trén va mat dudi caa két cau s 1am ting
tai toi han cua tim vo FG-GRC. Bang 4.3 ciing cho thy nhiét d6 méi trudng ting s&
lam giam tai téi han cua cac loai panel FG-GRC, diéu nay 1a do cac dic trung co hoc
cua vt liéu GRC bi suy giam do anh huéng bai nhiét do dan dén céc két ciu FG-
GRC giam kha ning chiu tai va d& mat 6n dinh.
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Bang 4.3. Anh huong cua kiéu phan bé graphene va nhiét do dén tai tgi han P,

(MPa) cua ba loai panel FG-GRC chiu nén doc truc (FFFF, a/b=1, h=2mm,

a=20h, H=15h, R=0.068167m, (m;n)=(L1))

FG-X ubD FG-O FG-V FG-A

AT =0K

Panel Parabol 1433.138  1349.139 1121.902 1152.995 1253.432

Panel hinh Sin 1449595 1365.970 1138.359 1168.504 1270.834

Panel tru 1431.146  1347.102 1119.911 1151.111 1251.333
AT =100K

Panel Parabol 1233.376  1177.471 977.919 1039.440 1057.827

Panel hinh Sin 1247.069  1191.677 991.612 1052.843 1071.811

Panel tru 1231.719 1175.751 976.262 1037.815 1056.139
AT =200K

Panel Parabol 1157.048 1086.228 922.042 996.639 986.412

Panel hinh Sin 1169.524  1098.895 934.518 1009.050 998.953

Panel tru 1155538 1084.694 920.532 995.134 984.897

Puong cong sau mat 6n dinh P, —-W/h cua ba kiéu panel c6 kiéu phan bé

(0)107

graphene FG-O chiu nén doc tryc tuong ung vai cac diéu kién bién FFFF va FIFI
dugc so sanh trong Hinh 4.4. C6 thé thay xu huéng cac duong cong P, - W/h cia ba
Kiéu panel ¢ cung diéu kién bién la gidng nhau.

Puong cong sau mat on dinh P, —W/h cua panel & diéu kién bién FIFI xuat
hién trong mién do véng am do c6 hai canh ¢ dinh, trong khi hién tuong hop (snap-
through) quan sat dugc trong mién do vong duong ¢ diéu kién bién FFFF, va ciing
chi & diéu kién bién nay méi ton tai diém ré& nhanh. Vi vay cac khao sat dudi ddy luan
an chi tap trung vao khao sat ba kiéu panel chiu nén doc truc & diéu kién bién FFFF.

Puong cong sau mét 6n dinh P, —W/h cia cac loai panel chiu nén doc truc
duoc so sanh trong Hinh 4.5. C6 thé thay xu huéng cua cac duong cong 1a nhu nhau
va hién tuong hop quan sét rat rd trong Hinh 4.5a. Khi cac panel c6 dd nang H nho,
cac duong cong P, —W/h rat sat nhau va cé sy giao cat trong mién do véng lon (Hinh
4.5a). Nguoc lai khi panel c6 @6 ndng H 16n cac duong cong P, —W/h cua cac panel
tach biét hoan toan, hién tugng hop khé quan sat hon trong Hinh 4.5b, tai trong tang
lam d6 vong tang theo trong mién khao sat va duong cong P, —W/h cia panel hinh
Sin cao nhét va gan nhu song song vdi cac duong cong P, —W/h cia panel tru va
panel Parabol (Hinh 4.5b).
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— 1. FFFF
—2:FIFI

| FG-0(0/90/0/90/0)s
lalb=1,£=02

‘AT =0K, a=20h
th=2mm, H =1.5h
((mn) =(1,1)

Ky = 2x107 N/m?
'K, = 105 N/m

'Kz = 1015 N/m5
iPaneI Parabol

P, (GPa)

—1:FFFF
—2: FIFI

IFG-0(0/90/0/90/0)g
lalh=1,£=02
i(m,n) =(1,1), AT=0K
la=20h, h=2mm, H = 1.5h
K, = 2x107 N/m3

1K, = 105 N/m

Ky = 1015 N/m®

{Panel hinh Sin

—— Hoan hao :
- — — Khong hoan hao\,

-3 -2 -1 0 1 2 3 4

b) Panel hinh Sin

——Hoan hao

—1: FFFF
—2:FIFI

' FG-0(0/90/0/90/0)s
ralb =1, (mn) =(1,1)

'AT =0K,£=0.2,a=20h
rh=2mm, H =1.5h

'Ky = 2x107 N/m3 ,

1K, =10°

' Kg = 1015 N/mS
' Panel tru

N/m

c) Panel tru
Hinh 4.4. Anh huong caa diéu kién bién
den duong cong P, —W/h cua cac panel chiu nén doc truc

15 : _
FG-X (0/90/0/90/0)s , FFFF | = = ~1: Panel hinh Sin
ab=1,=0,AT=0K ——2: Panel Parabol

\ a=20h,h=2mm  [Z2°=° 3: Panel try
1.4 \\ H= 15h, (m,n) = (1,1)
\

g

0l.3 1

n-)(

1.2 -
Ky = 2x107 N/m? , K, = 105 N/m, K; = 1015 N/m®
11 i :
0 0.5 1 15
W/h

31 ——1: Panel hinh Sin
—2: Panel Parabol
—3: Panel tru
2.8 A
g —t 3
Q 2
Iy /
25 A
FG-X(0/90/0/90/0)g , FFFF,alb=1,£=0
AT =0K, h=2mm, H=3h, (m,n) = (2,1)
K, = 2x107 N/m3, K, = 105 N/m, K, = 10%5 N/m®
2.2 T T T T
0 0.2 0.4 0.6 0.8 1
Wr/h

Hinh 4.5. So sanh duong cong P, —W/h cia ba kiéu panel chiu nén doc truc



16 — 1. FG-X .
(0)107, FFFF, a/b = 1,a=20h, h=2mm | __ 5. )} 18 T0)r, FFFF, @b =1, 2= 200, h = 2mm X
AT =0K,£=0,H=15h (mn) =(11) |---3:FG-A AT=0K,£=0,H=15n (mn)=(L1) | Z_ 5[5 A
Panel parabol Panel hinh Sin e

Ky = 2x107 N/m3, K, = 105 N/m, K = 1025 N/m® K, = 2x107 N/m?, K, = 105 N/m, K, = 1015 N/m§
0.7 : : ,
07 : , ,
0 05 Wllh 15 2 0 05 Wi 15 2
a) Panel Parabol b) Panel hinh Sin

Hinh 4.6. Buong cong P, —W/h cua ba loai panel chiu nén doc truc
tuong ung vai cac quy luat gia cuong graphene
Anh huéng cua cac quy luat gia cuong graphene dén dudng cong sau mat on
dinh P, —W/h cua panel Parabol va panel hinh Sin dugc trinh bay trong Hinh 4.6.
Céc duong cong P, —W/h cua cac panel c¢6 xu huéng gidng nhau, tach biét hoan toan
theo cac quy luat gia cudng graphene va hién twong hop quan sat rat rd. Co thé thay
1a dwong cong P, —W/h cia panel co graphene gia cuong theo kiéu FG-X 1a cao nhat

va dudng cong P, —W/h cua panel co graphene gia cuong theo kiéu FG-O la thap

nhat.

1.8 —— 1.8 - ——
FG-X(0)10r , FFFF, a/b=1 — L:AT=0K FG-X(0),o7 , FFFF, alb =1 —1:AT=0K
a=20h, £=0,h=2mm ---2:AT=100K a=20h,£=0,h=2mm ---2:AT=100K
H =1.5h, (mn) = (1,1) ——3:AT = 200K H=15h, (mn)=(11) ——3:AT =200 K
Panel parabol 7 Panel hinh Sin v

I
»~
L

P, (GPa)

K, = 2x107 N/m3

Ky = 2x107 N/m? K~ 0% Nim
Ko =10°N/m K2 = 10 NS
o K = 1015 N/m o5 | | |
0 05 W}h 15 2 0 05 W/1h 15 2
a) Panel Parabol b) Panel hinh Sin

Hinh 4.7. Anh huong cia nhiét do dén duong cong P, —W/h
cua panel Parabol va panel Sin chiu nén doc truc
Anh huong cua nhiét do dén cac duong cong sau mat 6n dinh P, —W/h cua
panel Parabol va panel Sin dugc thé hién trén Hinh 4.7. Khi nhiét d6 ting cac duong
cong P, —W/h bi ha thap dang ké, hién twong hép c6 xu huéng dich chuyén vé mién
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d6 vdng nho, dong thoi tai toi han nén doc truc cua cac loai panel bi giam dang ké
(xem trong Bang 4.3).

* TroX(0/90)er —1:H=2h (mn)=(21) 24 TEGX(0/90)sy , FFFF, alb =1 —__LH=a
FFFF, alb = 1 - -=-2:H=15h, (mn)=(11) a=20h, h =2mm, AT = 0K SH=h
a=20h,h=2mm | —3:H=h (mn)=(11) £=0,(mn)=(L1) 7

24 {AT=0K, =0 Panel hinh Sin
Panel parabol / 18 \
<
o
e
o AN
124 Tra2o____-
\3
Ky = 2x107 N/m3, K = 105 N/m, K3 = 1015 N/m® 06 Ky = 2x107 N/m3, K, = 105 N/m, Kj = 105 N/m®
0.6 ; ‘ : : - : ; .
0 0.5 1 15 2 25
0 0.5 1 15 2 Wih

Wrh
a) Panel Parabol b) Panel hinh Sin
Hinh 4.8. Anh huong ctua d6 nang H dén duong cong P, —W/h
cua cac panel chiu nén doc truc
Anh huong cia do nang H dén tai ti han va cac duong cong P, —W/h cia

cac loai panel dugc trinh bay trong Bang 4.4 va Hinh 4.8. b6 nang H tang 1én lam
tang tai t6i han va nang cao duong cong sau mat on dinh P, —W/h cua cac loai panel.
O cuing gia tri d6 nang H , tai téi han cua panel sin 1 16n nhat va tai téi han cua panel
tru 1a nho nhat, ngoai ra do ndng H tiang 1én ciing lam thay d6i mode mat on dinh
cua cac loai panel.

Bdng 4.4. Anh huong cua do nang H dén tai t6i han P,.(MPa) ciia céc loai panel
chiu nén doc tryc (FFFF, a/b=1, h=2mm, a=20h, AT =0K, (m;n)=(L1))
FG-X ubD FG-O FG-V FG-A

H=h, R=0.10lm

Panel Parabol 1119.362  1026.901 808.128 855.603 923.318
Panel hinh Sin 1126.244  1033.924 814.980 861.891 930.777

Panel tru 1119.002 1026.533 807.770 855.273 922.929

Loai panel H =1.5h, R=0.068167m

Panel Parabol 1433.160 1349.151 1121.923 1153.010 1253.466

Panel hinh Sin 1449.647 1365.998 1138.366 1168.560 1270.864

Panel tru 1431.166  1347.112 1119.933 1151.122 1251.367

Loai panel H =2h, R=0.052m

Panel Parabol 1831.801" 1761.828" 1417.607° 1483.711" 1571.995"

Panel hinh Sin 1881.406  1809.336 1483.708" 1547.633" 1640.194"

Panel tru 1819.687" 1749.069" 1405.485" 1472.000° 1559.477"
*(m;n) = (2;1)

(0/90)s7
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Bdng 4.5. Anh huong cua ty s6 a/h dén tai toi han P, (MPa) cua cac loai panel
(FFFF, a/b=1,h=2mm, AT =0K, (m;n)=(11))

FG-X ub FG-O FG-V FG-A
(0/90/0/90/0)s

a/h =20, H =1.5h, R=0.068167m
Panel Parabol 1433.159 1349.149 1121.923 1153.008 1253.464
Panel hinh Sin 1449.609 1365.975 1138.373 1168.527 1270.843
Panel tru 1431.169 1347.113 1119.933 1151.124 1251.367
Loai panel a/h =30, H =1.5h, R=0.1515m
Panel Parabol 710.765  669.587 552.450" 579.629  622.933"
Panel hinh Sin 717.621  676.595 569.322° 586.086 632.741
Panel tru 710.406  669.220 551.690" 579.290 622.140°
Loai panel a/h =40, H=1.5h, R=0.26817m
Panel Parabol 451.120  427.158 341.582" 364.696° 382.413"
Panel hinh Sin 454877  430.997 351.098" 373.789" 392.347"
Panel tru 451.011  427.046  341.341" 364.467° 382.162"

*(m;n) = (2;1)

Bang 4.5 va Hinh 4.9 cho thay sy anh huéng cia ty sé6 a/h dén tai ti han va

cac duong cong sau mat 6n dinh P, —W/h cua cac loai panel chiu nén doc truc. CO

thé thay khi ty s a/h ting lén tirc 1a d6 manh cia panel ting lén thi tai t6i han cua

cac loai panel bi giam va cac duong cong P, —W/h thay doi dang ké. Hién tuong

giao cat cac duong cong P, —W/h khi ty s a/h thay do6i quan sat duoc trén Hinh

4.9 va hién tuong hop cia dudong cong c¢6 xu hudng dich chuyén vé mién do vong

nho.

3

FG-X(0790/0/90/0), FFFF, a/b = 1
£=0,AT =0K, h=2mm

---2:ah=30

H =1.5h, (m,n) = (1,1)
Panel parabol

P.(GPa) |

[N
!

= 3
1rah =20 FG-X(0/90/0/90/0)s , FFFF, a/b = 1,
£=0,AT=0K,h=2mm
H=15h, (mn) =(1,1)

—3:ah =40
7/

—1:a/h=20
---2:ah=30

Panel hinh Sin

P, (GPa) ,

[y
1

4
7/
’
2
z
’
’
7

—3:a/h =40

Ky = 2x107 N/m3
K, = 105N/m
Kj = 1015 N/m5

0 0.5 1 15 2
W/h

a) Panel Parabol

25

K, = 2x107 N/m3
K, = 105 N/m
K, = 101 N/ms

0 0.5 1 15 2 2.5

W/h
b) Panel hinh Sin

Hinh 4.9. Anh huong cia ty sé a/h dén duong cong P, -W/h
cua céac panel chiu nén doc truc
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3 —1:£=0 3 —1:£=0
UD(0/90/0/90/0)s, FFFF | __ 507 ¢ UD(0/90/0/90/0)s , FFFF| __ - c—o1
alb=1,AT=0K . ‘ alh=1AT=0K S5T

’ ———3.i=02 ___34&:02
h=2mm, a = 20h - -4:£-03 h=2mm, a=20h : :
H =15h, (m,n) = (1,1) - H=15h (mn)=(11) L= -4:6=03
o | Panel parabol 7 | Panel hinh Sin
—~ <
g 5
e =
D.x \1 - 1 -
g -2 1 4 __,::4;
! L= TIE - 2m e
’/’,3::—:” Rt ta
e 1,47
III'I4 LI: K, = 2x107 N/m3, K, = 105 N/m, K, = 1015 N/m>
0 o K1 = 2x107 N/m3, K, = 105 N/m, K3 = 105 N/m> 0 L i : 2 i 3 i
‘ ‘ ‘ ‘ 0 0.6 12 1.8 2.4 3
0 0.6 1.2 18 24 3 Wih

Wr/h
a) Panel Parabol
Hinh 4.10. Anh huéng caa d6 khong hoan hao dén duong cong P, —-W/h
cua cac panel chiu nén doc truc
Anh huéng ctia d6 khdng hoan hao dén duong cong sau mat 6n dinh P, —-W/h

b) Panel hinh Sin

cua ba loai panel chiu nén doc truc duoc trinh bay trén Hinh 4.10. C6 thé thay duong
cong P, —W/h cua panel khong hoan hao vugt qua duong cong P, —W/h cua panel
hoan hao trong mién do véng 16n va hién tuong ré nhanh khong xay ra véi panel
khéng hoan hao.

Bdng 4.6. Anh hudng cta do cang nén dan hoi dén tai toi han P,. (MPa) cua ba loai
panel chiu nén doc truc (FFFF, (0/90)st, a/b=1,h=2mm, a/h=20, H =1.5h,
R=0.068167m,5=0, AT =0K, K, =0 N/m®, (m;n)=(L1))

K X2 P |FG-X Panel P |UD Panel
ane ane ane ane
(N/m?) - (N/m) parabol hinh Sin parabol hinh Sin
0 0 1331.539 1348.026 1247.530 1264.376
0 1333.971 1350.458 1249.961 1266.808
3x107  2x10° 1533.971 1550.458 1449.961 1466.808
108 2114.591" 2152.233" 2029.689" 2069.340"
0 1335.592 1352.079 1251.583 1268.429
5x10’ 2x10° 1535.592 1552.079 1451.583 1468.429
108 2114.997" 2152.638" 2030.094" 2069.745"
*(m;n) = (2;1)

Anh huéng ciia d6 cirng nén dan hoi K, va K, dén tai téi han cua panel Parabol
va panel hinh Sin duoc trinh bay trong Bang 4.6. Theo két qua khao sét ta thay do
cting nén dan hoi cang cao thi tai ti han cang tang va c6 thé thay d6i mode mat on

dinh cua panel.
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Anh huéng cia hé s6 nén phi tuyén K, dén duong cong sau mat 6n dinh
P_—W /h cua panel Parabol va panel hinh Sin chiu nén doc truc dugc trinh bay trén
Hinh 4.11. Céc gia tri K, khong lam thay dbi diém r& nhanh hay néi cach khac la
khong 1am thay ddi tai t6i han, tuy nhién lai 1am thay d6i dang ké xu huéng duong
cong sau mat 6n dinh P, —~W/h ciia cc loai panel trong mién do véng l6n.

6 T 1:Ks=0N/mS e — 1. Kz = 0 N/m®
——2: K3 = 5x1015N/m?® —— 2: K3 = 5x1015 N/m°
A ——3: K3 = 2x10%5 N/m5 I 3: K3 = 2x1015 N/mS 3
- —-4: K3 = — 2x10%5 N/m8 - = - 4: K3 = — 2x1015 N/mS
= ||z=-5:Ke= - 5x101 Nms |3 = |- 5:Ks= —5x1015 NImS
o o
UFN 2/ ] G2 .~ 17
a a
::C\ Panel parabol \::‘\ Panel sin
MR UD(0/90)gr. ™~
0 X_IFD(_OZQ(})()ST\S S.o Ky = 2x107 N/m? 0 a1 (_ 0 K)S‘r RN K; = 2x107 N/m3
= N ~o - 5 - ~ o - 5
FFFF, £=0 \\ 4~ Kz = 10°N/m FFFF, £=0 \\ 4 S Kz = 10°N/m
ah=20,ab=1 °, s ah=20,alb=1 T
, [h=2mm, H=15n » S o Jh=2mm H=15h ~ .
0 1 2 3 4 0 1 2 3 4
Wr/h Wrh
a) Panel Parabol b) Panel hinh Sin

Hinh 4.11. Anh huéng cia do ciing nén phi tuyén K, dén duong cong P, —W/h
cua panel Parabol va panel hinh Sin chiu nén doc truc
4.5.2. Khao sat panel FG-GRC chju ap luc ngoai

Trong phan nay luan an khao sét panel tru, panel Parabol va panel hinh sin
FG-GRC chiu 4p luyc ngoai. Po cing nén dan hoi phi tuyén va nhiét d6 duoc bo qua
trong qua trinh khao sét.

Céc dic trung vé vt lidu va cac thdng s hinh hoc cua céc 16p GRC va cua
graphene duoc lay theo cac cong bb cua Shen va Xiang [109, 113].

Anh huéng cua cac diéu kién bién dén duong cong sau mat 6n dinh g—W/h
cua cac panel chiu ap luc ngoai duoc trinh bay trén Hinh 4.12. Quan sét thay xu huéng
cua duong cong g—W/h cia ba loai panel 1a nhu nhau, déu xuat phat tir goc toa do
va mét 6n dinh theo kiéu r& nhanh khdng xuat hién khi panel chi chiu ap luc ngoai.
Khi ¢6 cac canh ¢b dinh, dudng cong g—W/h duoc nang cao hon so véi trudng hop

tat ca cac canh cua panel tu do.
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0.2 —— L. FFFF 02 —1
FG-X(O)r,a=20hab=1,6=0 | __ > o0 FG-X(0)yor ,a=20h, alb=1, £ =0 ; FFFF
AT =0K, h=2mm 32““ AT =0K, h=2mm T :FIFI
H = 1.5h, (m,n) = (1,1) — H = 1.5h, (m,n) = (1,1) —3
0.15 4 Panel Parabol / 0.15 { Panel hinh sin /
Khong nén ! Khoéng nén !
2 /
= 3 K =z 3 2
o ’ o /
0.1 ‘' Qo1 ’
= ! o Sl
’ 7’
o .
0.05 4 0.0 L2
0 : 0
0 1 2 3 4 0 1 2 4
W/h W/h
a) Panel Parabol b) Panel hinh Sin
02 TFeX (@ a=20n ab=16=0 | ___» tF
AT=0K,h=2mm 311
R = 0.06816666665 —
015 4 H=15h (mn)=(11) /
Panel try. /I
= Khong nén 3 o
Go1 2
T S
/
/
0.05 P
0 :
0 1 2 3 4
W/h
c) Panel tru

, Hinh 4.12. Anh huéng cua diéu kién bién
den duong cong g—wW/h cua céc panel chiu ap lyc ngoai

Hinh 4.13 lan luot so sanh duong cong sau mat 6n dinh caa ba loai panel & cac
diéu kién bién FFFF, FIF1 va I111. C6 thé thay ¢ diéu kién bién FFFF cac dudng cong
q-W/h cua ba loai panel kha 6n dinh va duong cong g—W/h cua panel tru cao nhat

trong mién do vong Ion. O diéu kién bién FIFI va 1111, kha nang chiu tai cua panel
Parabol la t6t nhat va kha ning chiu tai ciia panel hinh Sin 1a thap nhat. Hién tuong
hop va mat 6n dinh theo kiéu cuc tri khdng quan sat thay trong céc truang hop khao

sat.

Anh huong cua cac kiéu phan bb graphene dén duong cong sau mat on dinh
g—W/h cua panel Parabol va panel hinh Sin chiu &p luc ngoai dugc trinh bay trong
Hinh 4.14. Nhin chung trong ba kiéu phan b4 graphene 1a FG-X, UD va FG-O, kha
nang chiu tai cua panel tét nhat (twong tng véi dudng cong g—W/h cao nhat va 6n

dinh nhat) khi graphene pha

n bd theo kiéu FG-X.
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0.03

- = =1: Panel tru - = =1: Panel try
——2: Panel hinh Sin ——2: Panel hinh Sin
—3: Panel Parabol — 3 Panel Parabol 1 g
FG-X(0/90/0/90/0)s s —Z
01 da=20hab=1¢6=0 |.-=5~ 0.02 A 3 g
= AT=0K, h=2mm = 7=
[ R =0.06816666665 o P
Py P/ 2
Q H = 1.5h, (m,n) = (1,1) l 23 %
o Khong nén \ =
0.05 { FFFF 0.01
FG-X(0/90/0/90/0)s , a=20h,a/b=1,£=0
AT =0K,h=2mm,R = 0.06816666665
H = 1.5h, (m,n) = (1,1), Khong nén, FIFI
0 T T T 0 T T T
0 1 2 3 4 0 0.5 1 1.5 2
W/h W/h
a) biéu kién bién FFFF b) biéu kién bién FIFI
0.025 - - - 1: Panel tru P/
——2: Panel hinh Sin Y
002 - ——3: Panel Parabol > ~
72 > 1
3 4 g
=0.015 - o’
o Z 2
e Y
o /’
0.01 A
0.005 FG-X(0/90/0/90/0)s , a = 20h, alb = 1, £ = 0
AT=0K,h=2mm,R = 0.06816666665
H = 1.5h, (m,n) = (1,1), Khong nén, I1I1
0 T T T
0 0.3 0.6 0.9 1.2
W/h

c) biéu kién bién 1111
Hinh 4.13. So sanh duong cong g—W/h cua cac panel chiu &p luc ngoai

0.04 H—1 FG- 003 H—1 FG- -
LFG-X Panel Parabol LFG-X 2 ’
---2:UD / ---2:UD At
(4
—3:FG-O / —3:FG-0 1 7
7 (4
0.03 A 1 / Panel hinh Sin e
< 0.02 - z 3
=z ze’ =
a | - 2 3 S
©.0.02 = o
o =2
0.01 A
0.01 -
(0/90)r , a=20h, a/b=1,&=0,AT = 0K, (0/90)s; , a=20h, alb =1, =0, AT =0 K,
h'=2mm, R = 0.06816666665, h=2mm, R = 0.06816666665, H = 1.5h,
0 H=1.5h, (m,n) = (1,1), Khong nén, FIFI 0 (m,n) = (1,1), Khong nén, 111
0 0.5 1 1.5 2 25 0 05 1 15
W/h W/h

a) Panel Parabol

b) Panel hinh Sin

Hinh 4.14. Anh huong cua céc kiéu phan bd graphene
den duong cong g—wW/h cua cdc panel chiu &p luc ngoai

Anh huéng cua ty s a/h dén duong cong sau mat én dinh g—W/h cia panel

Parabol va panel hinh Sin chiu &p luc ngoai dugc danh gia trén Hinh 4.15. C6 thé
thy rang khi d6 manh cua panel ting 1én thi kha ning chiu tai caa panel bi giam dang
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ké, cac duong cong g—W/h phat trién kha don diéu va bi ha thap, gan nhu khong

thay c6 cac diém cuc trj trén cac dudng cong nay.

04 p— Py 04 alh=
004 TOBEe0r079010); , alb = 1 La/h=20 0-04 TUDB0/9070/9070), , alb = T Lah=20
£=0,AT=0K, h=2mm ---2:ah=30 £=0,AT=0K, h=2mm ---2:ah=30
H = 1.5h, (m,n) = (1,1) —3:ath=40 H = 15h, (mn) = (1,1) —3:alh=40
0.03 - Panel Parabol, FIFI /) 0.03 4 Panel hinh Sin, FIFI 7
Khong nén ’ Khong nén /I
— ’, — /’
© / © ,
o ’ [a /
©0.02 / G 0.02 1 .
o )/ o 2
2 /!
Il 4
’ /7
0.01 - R 0.01 - e /
.- . 3
_—— -7 3 - -7
0 4= . 0 4=
0 1 2 3 4 0 1 2 3 4
Wih Wih
a) Panel Parabol b) Panel hinh Sin
Hinh 4.15. Anh hudng cua ty so a/h
den duong cong q—W/h cua cac panel chiu ap luc ngoai
01 T{——1:FFFF,H=15h 01 T{——TLFFFF, H=15h 7 7
- - -2.FFFF,H=2h - - -2.FFFF,H=2h ) /)
——3: 111, H=15h —3:11ll,H=15h J )
0.08 1| ---4:111lI,H=2h 0.08 4 [-=--4:11I,H=2h ’ ’
’ /
FG-X(0/90) FG-X(0/90)sr s 32
be a2 5oh alb=1,a=20h . ,
3006 {ab="4a= =006 1 AT=0K, h=2mm ’ ,/
o AT =0K, h=2mm . o (m,n) = (1,1) L’ ,
e (mn) = (1,1) . e ’ ' . it
[ox 4- ‘< o 4 ’
0.04 - .- 0.04 - g /
- < L’ 4 / 1
0024 ,* === 002 o
RS Panel Parabol Ry Panel hinh Sin
A = Khong nén L Khong nén
0 . . . . 0 . . . .
0 06 1.2 1.8 24 3 0 0.6 1.2 18 24 3
Wih Wih
a) Panel Parabol b) Panel hinh Sin

, Hinh 4.16. Anh huong cua do nang H
den duong cong g—wW/h cua céc panel chiu ap lyc ngoai

Anh huong cia do nang H dén dudng cong sau mat 6n dinh g—W/h cia
panel Parabol va panel hinh Sin chiu ap luc ngoai dugc danh gia trén Hinh 4.16. Co
thé thay do nang H tang 1én s& lam tang kha nang chiu tai va cac duong cong g—W/h
cua panel hinh Sin dugc nang cao hon va tach biét hoan toan (Hinh 4.16b), khéng cé
su giao cit trong mién do véng l6n gidng nhu cac duong cong g—W/h cua panel
Parabol (Hinh 4.16a).

Hinh 4.17 danh gia cac anh hudéng cta 6 khdng hoan hao hinh dang ban dau
lén cac duong cong sau mét 6n dinh g—W/h caa panel Parabol va panel hinh Sin
chiu ap luc ngoai. Co thé thay rang, mic du khong 1am thay d6i dang mat on dinh
nhung kha nang chju tai caa panel bi giam khi d6 khéng hoan hao cua cac panel tang
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lén trong mién d6 vong nho. Tuy nhién khi 6 vong du 16n, kha nang chiu tai cia cac
panel tét hon tuwong Gng véi dd khong hoan hao Ién hon.

004 {—1.2= 0.04 T =
- _;. s 8 | |FG-O(0/90/0/90/0) 1:6=0" ' FG-0(0/90/0/90/0)
16=01 4 =1 a=20n ---2:6=0.1|ab=1 a=20h
3:£=02 AT =0K,h=2mm —3:£=02|AT=0K, h=2mm ,
0.03 - H = 1.5h, (m,n) = (1,1) /| 0.03 - H=150 (mn)=(L1) /-
/
/
3/’ 3//
= , = ,
o 2 o 2
©.0.02 , ©0.02 .
o o ‘ (=3 s
== 1— ~
001 2 0.01 - [
”, ,’
/ panel Parabol, FIFI / Panﬂel hm“h Sin, FIFI
Khéng nén Khoéng nén
0 : : : : 0 . . . .
0 05 1 15 2 25 0 05 1 15 2 25
W/h W/h
a) Panel Parabol b) Panel hinh Sin

~ Hinh 4.17. Anh huéng ctia do khong hoan hao
den duong cong g—wW/h cua céc panel chiu &p lyc ngoai

4.6. Két luan chuong 4

Trong chuong nay, luan &n da sir dung HSDT d¢é xéc dinh tai téi han P,. (MPa)
va cac duong cong tai-do vong sau mat 6n dinh cua panel Parabol va panel hinh Sin
chiu &p luc ngoai va chiu tai trong nén doc truc trong moéi truong nhiét.

Diém mai quan trong trong chuwong nay 1a mot ky thuat xac dinh ham ang suat
theo nghia x4p xi bao gém ca cac thanh phan tuyén tinh va phi tuyén da dugc dé xuat
danh cho truong hop céac panel c6 @ cong phirc tap. Tur céc két qua khao sat s6, luan
an dua ra mot s6 nhan xét sau:

1. Trong truong hop cac panel chiu nén doc truc, diém r& nhanh va hién tuong

hop ctia panel quan sat dugc & diéu kién bién FFFF va khong quan sat dugc
& diéu kién bién FIFI. Hién twong hép xay ra trong mién do véng duong
vai ca ba loai vo panel, xu huéng duong cong P, —W/h cua cac vo panel
la giong nhau trong tat ca cac khao sat.

2. Trong trudng hop cac panel chiu 4p lyc ngoai, hién twong hop va diém ré
nhanh khong quan sat duoc trong tat ca cac truong hop khao sét.

3. Khi cung d6 nang H , kha ning chiu tai nén caa panel hinh Sin 1 cao nhat
va kha nang chiu tai nén cua panel Parabol 12 thap nhat.

4. Do cang nén dan hoi K, va K, ting s& lam tang kha nang chiu tai cua cac
panel, trong khi d6 do ctiing nén phi tuyén K, khong anh huong dén tai ré
nhanh nhung 1am thay d6i dang ké xu huéng duong cong sau mat 6n dinh
P.—W/h cia céc panel chiu nén doc truc. Trong mién do véng lon, cac
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duong cong sau mat on dinh P, —-W/h c6 xu huéng di 1én hoic vong xuong
tuy thudc vao gia tri K;1a duong hay am, tic |1a 1am tang hay lam giam do
ctrng ctia nén dan hdi phi tuyén.

. Céac anh hudng dang ké cua cac thong sé hinh hoc, nhiét d6 maéi truong
dén tai téi han va cac duong cong sau mat 6n dinh cua cac loai panel ciing
duoc chi ra trong cac két qua sb, tir d6 dua ra cac nhan xét chi tiét va co y
nghia.
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KET LUAN VA KIEN NGHI

KET LUAN

On dinh phi tuyén cua cac két cau composite gia cuong graphene da c6 nhiéu

nha khoa hoc nghién ctru. Tuy nhién, cac nghién ctru trude day chi tap trung vao phan

tich on dinh cua céc két cau tam, panel try, vo kin FG-GRC khéng c¢6 gan gia cudng.

Tir két qua nghién ciru da cong bd trén cac bai bao trong nudc va quéc té, luan

an da c6 nhirng déng gdp mai ndi bat nhu sau:

1.

Luan an di phan tich 6n dinh phi tuyén cua cac loai tim vo FG-GRC ¢6
gan gia cuong FG-GRC hoic c6 18i Auxetic chiju tai trong xoin, nén doc
truc, &p luc ngoai trong méi truong nhiét. Trong d6 hé théng gan gia cuong
FG-GRC dugc thiét ké sao cho ty phan thé tich cua graphene trong céc 16p
GRC tai vi tri tiép xuc giira v6 va gan 1a bang nhau dé dam bao co tinh lién
tuc ctia két ciu FG-GRC.

Luan &n phét trién k§y thuat san déu tac dung gan Iam bang vat liéu di
huéng, &p dung cho gan 1am bang FG-GRC trong khudn kho ly thuyét vo
Donell va HSDT, c6 xét dén cac thanh phan ang suat nhiét trong gan.
Trong qué trinh tinh bai toan vé voé tréng FG-GRC chiu tai xoin c6 nén
dan hoi bao quanh, lan dau tién tng suat theo chu vi o, duoc xét dén
trong ham ung suat dé nham md ta tét hon ing xir cia vo, va sir dung day
du cac phuong trinh tinh toan sau Galerkin, tir do lién hé gitra tai trong va
d6 vong duoc thé hién chinh xac hon.

Luén 4n ciing d& xuat phuong phap dé tim dwoc ham tng suat theo nghia
trung binh bao gom céc thanh phan tuyén tinh va phi tuyén caa ham ung
suit trong phan tich 6n dinh phi tuyén cua hai loai panel Parabol va panel
hinh Sin chiu &p luc ngoai va chiu nén doc truc trong moi truong nhiét.
Nén dan hdi phi tuyén dugc xem xét trong phan tich cac bai toan tam, panel
tru FG-GRC c6 gan gia cudng chiu tai co két hop, va trong céc bai toan
panel Parabol va panel Sin chiu nén doc truc trong méi truong nhiét.

Noi dung cua luan an duoc cong b va gui ding 12 bai bao quéc té va trong
nuéc. Trong d6 c¢6 11 bai bao dang trén tap chi qudc té uy tin da xuét ban, 01 bai bao
dang trén tap chi dién tir treong Pai hoc Cong nghé Giao thong Van tai.
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KIEN NGHI

Theo quan diém cua tac gia, luan &n co thé phét trién tiép theo mot sé huéng
nghién ctu dudi day:
1. Phan tich dao dong phi tuyén caa céc loai vo trong, vo tru FG-GRC c6 gan gia
cudng c6 nén dan hdi phi tuyén bao quanh
2. Phan tich 6n dinh dong luc hoc cua céc loai tim, panel, vo thoai hai d6 cong FG-
GRC c6 gin gia cuong trén nén dan hoi phi tuyén
3. Phan tich anh huong cua 16 rdng trong cac pha cua vat liéu dén on dinh cua tam,
panel va vo thoai hai d6 cong FG-GRC
4. Phan tich anh huong cua 16p ap dién va hé sé Poisson am dén 6n dinh phi tuyén
cua cac loai panel Parabol va panel Sin chiu tai trong co nhiét trén nén dan hoi phi
tuyen.
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PHU LUC
Phu luc Al
Céc hé sé A;; va B; trong bieu thuc (2.22) xac dinh duoc nhu sau
Al*l = AzzAfl’Azz = AllAil’Al*Z = —Ale’l,Azl = _AzlAfla
Bl*l = (AZZBll - A12321)A_1?31*2 = (AzzBlz —ApBy )A_l’
le = _(A21Bll - A11321)A71>B;2 = _(A21BIZ - A, By, )Ail’
A;; - Agel ,B;G = BseAe_sl » A=Ay Ay — A Ay
Céc hé sé X;va S trong biéu thirc (2.23) xéc dinh dugc nhu sau

Xy = (AZZBll —AuB, )A_l’ X, = (AllBlz - AlZBll)A_l7

Xy = (Azszl — Ay By, )A_l> Xy = (AnBzz - AlZBZI)A_l’

X = BgsAgs» Si1 = BuByy + By By — Dy

Si2 = BuBi, + BBy, — Dyy, Sy = By By + By, By — Dy,

Sy = leBl*z + BZZBZZ —Dy;, See = BGGB;G — Dg.

Céc hé sd P, trong biéu thic (2.26) xac dinh duoc nhu sau

A= (Blezz + B A )’ B, = (_ZBeaAge + Byp Agy + By Ay + By Ay + By Ay )
Py = (BzzA; + BZlAl*l)’ P, = (S, +85, +4S)-

Phu luc A2
Cac hé s6 0;(i=1-9) trong biéu thirc (2.31) x4c dinh dugc nhu sau
1 B2 1 (-16aa’B;, +4) 1 o2
221t A+ AL+ |

o ﬁazAzz Y ao’A,,

O, =B*[ M* Ay, + A +B 07 |- 20] 245,2%+ B2 |p°
+a? (617 Az + B )B% — (40— ) Apy0i® B = Ay, + Agy + Age )
0 = 2({[2B§1x3 +o'2 B2+ 208y a —x)aBmZBZ to?
—{[B;x“ +a'A2+ By, |B*+ o (602B) +o B2+ B;‘la“}a,a* =(B),+ B, - 2By
Op =B*| 14 Az, +B07 + Ay |+ (40 + )’ Ay,
+a? (GAZAZZ +B ) B2 + Za[zAgzﬁ + B*x]sf‘.
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0, = —2({[23;73 vaa]p?+ 2azB§lx}a—x)aB+x232 ra?
—{[B;*lx“ +a'22+ By, Bt +a? (6128, + o )2 +B§1a4}a,

Op =| 20" A3, + 28727 + 24;, |B* +216 A5 1.0 ’B +1620.* Ay,
+108(A;2x2 +%]a2[32 +24) Apy2® +0.5B72 |ap?,
Oy = 2| M Agy + B0 + Ay |B* ~ 21645 L0 ’B +1620° Ay,

+10802 (m;z + %] B° - 24 A;,)2%+0.5p"2 |ap®,

Céc hé sé V;(i=1->11) trong cac bicu thirc (2.34), (2.35) va (2.37) xac dinh duoc

nhu sau
O +O 2 3.2 2 2n2.,..2_3
a a

2 2
V3:n hkLn’ V4:_En erc’
a 2 a

p2(Lin+mnam) nBo? B2(Lin-nam)‘nPa? o’n?p?(Lin+nam)’ P,
4a’0, I’ 4a0, I’ 4La%0,

Vi=-

V,=—

- o’n?p®(Lin - nam)2 nP, LBZW(RKZ + a)nzazL mn?p® (Lin-1/ 2nam)o’
4Ld%0, | 4a’RO, 2a0, L

inz (—402 OsRa +ap® +0, R)n3m2 . an(sz + a)nzoch . n’ (aB2 + OSR)7t3m2

| 4La’RO, 40RO, 4La’RO,

0?(0,+05)n*p°LnP; BPr’o’m(2LAn +mam) v :n(L%n +nam)’ (aB2 +0; R)Pl
4a°0,0, N 4a0, L s 4Ra’I°0,
n(Lin-nam)'(ap? +O;R)R, nn®(Lin+mnam)’(ap? +O; R)P,
4Ra*I0, | 4RLa%0,
nn® (Ln—mnam)’(aB + O;R) P, Lnn“L(OA ap’ +0sap’ + 0,0, R+0;0, R P,
4RLa%0, | 4RO,a"0,

+

+nn4L;922 1/ 2nLakK, + mn? (szzn2 + Zczazm2 )P4
2a 2La
a(L%nt +6L e m*n? +n'a'm* S, nKy| n? (A2 +1) [+ n’a’m? |
2a°0 2aL
(aB2 +0, R)[(LKn +ram)’ R+ Lzanz}n [(Lkn —nam)’ R+ Lzanz}(aB2 + OSR)n

4La*R*0y 4La*R?0,

b
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2 .2n02,,,2._3

y, - e pmn {(08+09)06+10809}o4+1060809 ,
2aL0,0,0,0, 2 2
” w°m’n’(0,ap’ + O;ap? + 0,0, R+O;04R) 21°0,m’(-4Bn’am’® + I?)
8 40,0,Ra’L | r ’
32m*(PO,-S,,/2)ar’

gz_j;{ m (P, 23 u/2)ar +gL2m2(K2a—202)7c2+K1L4a},

2A,, AggharL (All Age Oy, — Agy Ag Dy )anL

= —_2
10 » Y11
Ags Ay Agy— Agg A1y Ay Ay AggAgy— A1y Agg Ay

Céc hé s T;(i=1—5),T;(i=6—11) trong c4c biéu thirc (2.41) va (2.44) xéc dinh
duoc nhu sau

T, =4V, (LnV,n® +4V;Vyea) K, ~32LhnV, 'V,

T, = 4K’ I*n°V,V,an® -16 K, L1V, V,,V, a* - 32K, [*7°V,V,ah - 8K, LV, V, Vyn?
-32K,V,V;,V,Vya-16K,V,,V, Vi’a+16K,V,, VsV, V,a—16K, V,, Vs V;a
+16K,V;,V,V,2a—64LnV,V,Vyh —32LnV,V*h +32LaV, V, V,h — 32 LV, V,h,

T, =—-KL*7°V,a’n® - 4K I*n°V,V,, a® —-8K 2’1’V a*h - 4K *[*1*V, V, an?
~16K,’LnV,V,,Vya® +8K*LnV,,V, Vya® —16 K’ LnV,, V, V, a?

+16K,°LnV,,V,V,a® - 32K, I*1°V,Vyah + 16K, [*n°V, V,ah

~32K, I*1°V,V,ah - 4K, LV, V,*n* -16K,V,V,, Vy’a+16 K, V,, V, V; Vya

-32K,V,,V, V,Vya+32K,V,,V,V,Vya—32LxV,V,?h + 32LnV,V,V,h— 64 LV, V,V,h,

T, = —8(—%(—‘/10 Ve + ViV, ) K, + LthGJ(Kana +2v, ),

T, =V,(Lhn+1/2aK,V,,), Ty = 2LaV,hn?, T, =8K,V,,V,a* +16LnV, ah,
Ty =-4K, Vo Vya® +( K, I’n°n’ ~8LnV, ~8V,,V, Jha+ 2LxV,hn?,

Ty = 4K’ LnV,,a® +8K,( 'n*h+Vy,V, Ja’ +16 LV, ah,

T,, = —4K, LnV,,a*h -8V, V, ah,
T,, =(Lnh+1/2K,V,ya)a.
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Phu luc A3
Cac hé s6 Jy; (i=1—>6) trong biéu thirc (2.50) xé4c dinh dugc nhu sau

16aa’B,, —4 p o’
]_1: 2 ¥ )12: 2 *;J13: 2 ¥
32a0’ A, 320°A,, 32B%A,,
J _1 BZOLZ
14 2

0‘4A;2 + Bz (Al*Z + AZl + Age )0‘2 + BAAL ’

) Raa4Bl+(—1+ a(B},+ By, — 2B4 B’ )Ra2 +ap? (RB*B;, 1)
a(°‘4A;2 +p? (Al*z + Ay + Agg )0‘2 + B4Afl)R

1 B0
2810 Ay, +9B% (A, + Agy + Agg )a” +B* Ay,

16

Cache s J,,(i=1—6), J5;(j =1->5)trong cc bicu thirc (2.51) dén (2.54) xac dinh

duoc nhu sau

n*ahm? nn’hL 1% (Jis +Jpg )n°m’°
oy = »J22 = s o3 = s
2L 2a 2aL
37 n2%m? 5 4 ng(—J a+n®(Jys+2J ))m2
g __m Jyn'm'pP, mwahJ,m 14 15 11
2 2al. 21° 2al.
_mn*PJ,L . nLn’Jy, g n°(2J,, +2J 5 )n°m?
2a® 2aR % 2al. ’
g __malk; w*Jism® ndiLn® nln'(JisP—S,,)
% 2 2L 2aR 2a°
1t(7:2a2m2 +L2n2)K 302m?2 5 4
~ 2 mwnm’(JsP-P) ma(JisP-Sy)m
2al. 2al. 21 ’

Céc he s6 J,;(j=6—19) va J,, trong cac bicu thic (2.56) va (2.57) xac dinh duoc

nhu sau
a(q)lx Agl +@y, AZz) n? ah(RA; _aA;2)
J36= 2 * sd37 = 2 ’J38= 5 L * )
K,a’A,, +1 8a(K,a’ Ay, +1) R(K,a’ Ay, +1)
T = 2L ISR G g pra2g,.

R
Cac hé s6 J,; (=1 6) trong biéu thic (2.58) c6 dang nhu sau
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Ty = =160, J3,ah +16Rh(J 5y I, = J 55T, ) Kya® Ay, +1)
165, R(J5pa° Ay h—1/8n°J, ) K,
Jy :16((K1(J21A;2 —Jy A§1)GZ +J21)R—J22a)hJ33
~16( K,a® Ay, +1)h(Lnah+ o R) o5 + 25, Kyn® (Lnah+ Jg R),
J 43 = —16J y3J 5, K; Ra’hA,, —16J,,J 5, Rh,

Iy = —16Rh(K1a2A;2 +1)(J23J33 Jr']24‘]32)’

2
45 =165 J 5, @K, R(®y, Ay + Dy Ay )+ 8(LJ25 ahn ——Jﬂ'z T2 )RKl

2
+8(245,ha® Ky + 20| R(~J 5 T gy + I Ty = I 5535 ) +8Lan£J25A;2a2h —ng n JRKf,
J46 :16J33R(a2 ((JZZq)ly _ths)Azz +A;1J22(D1x)K1 _the)-

Cac hé s6J; (i =1-> 6) trong biéu thirc (2.62) xéc dinh duge nhu sau

Ty = (87367 aa +8740) Jap =854 (Jag Ty + I 57 ) Ay, +8hA T3y | 12 =Py,

T5p = (85844 +8J40) a5 +8J 46 (TsgT 41 + I 57 ) ) hAsy +8h AL 45 | L +Pn T

T3 =84, (Jggdss + 36 JhALL? +21°J gm?,

Jos = ((8J35T 4 +8J 59 ) I3y + (835 43 +8J 55 ) J 45 +8J 45 (T a9 4y + J 7 ) ) hALL? +* T g,
Jos = (835 4o +8J39 ) J 45 +8J 47 (s gy + J 7 ) ) hA,,

Jgg = 2n°J 5,m*.

Phu luc B1

Céc he s6 Ay,B;,C;,Dy,E;, L (1,j =1,2,6) va Hy(i=j=5,6,89) trong cic bicu

thac (3.23) va (3.24) (3.9) xac dinh duogc nhu sau

e - N i E R L _A L B =22t " Optn

27 T T A T T Ags = Ags 11 A
B — A;pBy —AyBj, B - ApB - A, B, B - ApB, - A By

12 = » Doy = » Doy = )

A A A

. B . ALC,—A,C « A.C,,—A.C « A.C,—A.C

Bl =—2%6 (=t 12A 2t o - e 22A 2t o =2 11A 112
Ags
Cyy =18 A L2 A=A Ay, —A122, Cee =— AZG Dy =By, By, + B, B, + Dy,
6

Dy, = B,,B), + B;By, + Dy, Dy =B}, B, + By, By, + Dy,
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D;, = By,B), + ByyBy, + Dyy, D = B Bgs + Dy

E;y =By,Cpy + BCo + Ell’ E;, = B;iCi, + B,Cy + E12a

Egs = BgoCos + Eas’ Hes = B, Ay, + By Ay, Hes = By Ay + BRAy,

Ej; = BiyCry + ByCoy + ElZ’ Ej, =B,Ciy +ByyCop + Ezz’

Hgs = By Ay + ByyAry, Heg = By Ay + By Ay,

Ly, =CyCpy +C,Cyy + Lyy, Ly =Cy,Crp + C1,Cop + Ly,

Ly, = CpyCpy +CppCoy + Ly, Lyy = C1yCry +CoyCip + Ly,

Lgs = CssCog + Lo, Hag = C11 A5, + Crp Ay, Hog = CriAr, +CipAry,

Hgy =C, Ay, +CrpAy,, Heg =CirA, +CrAr,
Cac hé s6 u;(i=1-+8) trong biéu thirc (3.31) x4c dinh dugc nhu sau
U= 7“<_C:1 +2Cg5 —Coy ), U, =1’ (Liz + Ly +4Lgs )7 Uz = }“(_7\1’11 + El*l)’
, =My —2hLg + Eyy + 2By ), ug =AMLy, — 20 Lgg + By, + 2B ),
g = (Mo + B, ), 1y ==3Hggh + Hyy, Uy = Hyg —3H ).
Cac hé s6 p, (i =1—8) trong biéu thirc (3.32) x4c dinh dugc nhu sau
P, =WCyy~ By, p, = By — By, _K(Cge _C1*1)7 Py =A*Ly; ~AEy,,

Py = ((Liz +2Lg, )7” ~E;, 2Eg )7% ps =Dy ~MEy, _7‘(_7‘121 + El*l)’

Pg =D~ Eggh — X(_KLZG + Egg )’ Pg =3Hegh —Hy,

Py = (L3 + Leg )1.° —( By + Egy + 2Ege A+ Dy, + Dyg.
Céc hé sb g; (i=1-8) trong biéu thtc (3.33) xé4c dinh duoc nhu sau
9= B~ By, _7\’(C26 ~C ), 9, =AC;, =By, gs= ((E;l + ZLZG)Q\’ ~E; —2Eg )7%
s =2*Lyy —~AEp, g5 = (LZ + Les )7‘2 + (_Efz —E, —2Eg )7‘ + Dy + D,
96 = D — Egs. _)"(_}‘LZG +Eg ), g7 =Dy~ 1Ep ~ X(Ezz ~MLy, )7

gs =3H7; A — Hgg.
Cac hé s6 d;(i=1+6) trong biéu thic (3.34) xé4c dinh duge nhu sau

dy =24, +Ags, d, = _k(cl*l +Co _chs)a ds =By —1.Coy,

d4 = kC;; _}“Cl*l +Bfl _Bgea ds = (Cge _sz)x+B;2 _Bge;de = sz _chz-
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Phu luc B2

Cac hé s6 a;(i =1-»10) trong biéu thic (3.39) x4c dinh duoc nhu sau

_bm*n’ abd an’n®  2nmn*md

YU 4a 2_nnzm’a?’__ 4 043 ab
8=—(-1)" —(-1)" +(-1)"" +1,

4_4n* 4_4~* 2 2 3.3
_ebam'n’C,  eain’n’C, n'bem M bm’u,

TTTTE ab° 4R 4d
. ©’mn’u, N n'm*n*we, mhmu,
4b 4ab 4 7
a - ©*m®nug N an®r’u, N e,m*n’ny, B e,aln’n*Cy, B e,bam*n’C;,
4a 4b* 4ab 4b° 4a’®
_augnn _ n’be,m’
4 4aR ’
a - ' (a4n4A;2 +b4m4A1*1) @ nmnA8Cy, N and N nmnA8C,,
64b°aA A, °  6abA,,  24bRm4,,  6abA;,
@ bak, (a2n2 +b*m? )n2K2 CbMm'n'Ly Mn'an'Ly, brm‘esn’C,,
S 4 4ab 4a® 4b° 4a®
n'mn® (e +u,) An‘ejan’Cy, ebm’n® rfan’u, n*bm’u,
4ab 4b° 4aR 4b 4a ’
9bak,
o ===

Cac hé s6 b, (i=1—8) trong cac bicu thic (3.40) va (3.41) xac dinh duge nhu sau

((—3H66K +H,, )b + pn’n’ )a3 +n’a’e;mn®p, + n°ab®m®p, + n°b’e;m°’p,

b=- 4ba? ’
b, = _(eg (aznzpz +b2m2p12)n+ba2np7 )thm e M,
4ba 6bA;,

; nm((n2 (esp, + py)a® +b°m® (e;p, + Py ))nz — a2b2p8)

4_ 4ba? ’
. n(el(azgzn2 +b’g;m® )n+b2agsm)n2

- 4b*a ’
b= ((—3H777» +Hg )a® +m*n’gg )b3 +°be,g;m’n + n°a’bg,n® + i’a’e,g,n’ |

4b*a

b - mng:S b nn((n2 (€39, +9,)a® +b*m?(eg, + g3))n2 —b298a2)

6aA,, 4b%a ’
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Phu luc B3
Cac hé s6 t;(i=1->8) trong biéu thic (3.48) xac dinh dugc nhu sau

5(—((%(1{1 - B ) A}, - A5 (A3 - By ) JbPm+ anzelm*)

t = . , A =(AL A, — AL,
1 nabzmnA ( 114722 12 )
t 6(((31*2 ~ACly ) Ajy — Ay (B, ~1Chy )b+ nnezA*)
2 h’mA” ’

(bzmzAf1 —a*n®A, )nz
t, = ; :
: 8a’b’A

mdA,MC,, ndA,LC,, ndALNC, mSC, A\ Sne, SA,.

anA b‘mA b‘mA anA b‘m =°RmnA

t 8(((Bf1—kcfl)Af2 —AZZ(le—xczl))a—nmelA*)
° na’nA’ ’

(azn((xc* ~ B, ) Al — A} (MC3, — B, )+ bme nA*)a
;o= 12 12 12 12 22 22 2
6 — )

nba’mnA”

. (aznZAZZ—bzmzAf )nz
S =

8a’b’A” ’
. dAnA,Cyp, SAnALCy, SAA,mC; dme; .\ dAmA,, C,, .\ 3A,,
8 b’>mA” b’>mA” a’nA’ a’n a’nA’ m’mnA’ R

Cac hé s6 g;(i=1->5) trong biéu thic (3.49) x4c dinh dwoc nhu sau

(@ (ety + ety +t5 )y +ag (et +Ctg +1; )y +¢4 )R

G == a, )
h%c, w,(cts +cyts +t; )h?
q; =- - R )
a;
¢ = _(al(cztl +Cyty +1 )Wy + 5 (Cts +Cyltg +15 )1, +Cs )R
3 a, :
hay, hey  hu,(cts+e,ts+tg)
q,=— » s =— - .
a, a, R

Cac hé sb z;(i=1—8) trong cac biéu thuc (3.50) va (3.51) x4c dinh dugc nhu sau

5 = Aoh n(ce +cze, )34, | GdBy 3By m(c,e, +cqe,)d
1~ * 9 42 T 2 * * Py 2
A b mA,;, annd,; bmmA, an

B A, 8C, B cASC,, N n°n’

atnd,;, bmmA; 8b*A;
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7»8<ch2m2 + abzczm)C;} _ W8Co (nn +bc, ) .\ md(c,e, +c,e, +e;)

Zy=— - _
: na’b’mnA,; nb’mA,, a’n
nd(c,e, +c4e, +e) Ay N 8¢,B,, N 8(nRa2b04nB;2 —a2b2)
b’mA,, annA, a’b>mRr’nd;,
A a,h
2y =-"2, z;=h*(aghy2, +C5 ), 2 = (c7h * %ZZZJ,
11

Phu luc C1

Céc hé sb €ite.p.s) (1=1—5)trong biéu thirc (4.5) x4c dinh duge nhu sau

ma*b’d,;n® m’ab’d,
- ’

_ 0@ =t AT 2h2d 22 o BAd AT L,
e.=0,e,,=0,0=a"n"A,, +abdmn”+b"'m"A;,e;, =—

e e
3 4 2137 2
n‘a"bd; na“b’d;m m n m+n
€1 = - ,0=—(-1) —(-1) +(-1 +1,
4c o) O] ( ) ( ) ( )
n‘ACLa* +b*Aam*C,, —a’b*d,m’n* a*b*m?
e = T3 ’
C) n°RO
3231 3281
3Ha2b3[—n3m2n813 - amintt (1" -1)1,, - 5 1pj
@p =~ 2.2 4 ’
32n3A1*1m3 _m_,_g
64
Hb'm(-18w°m?ndL,,, +19281,, - 27xmn? ((-1)" ~1)1,,, + 6481, |
e,, = . ,
P 3n*(9n*m’n? +645) a4,

e3p = e3c’e4p =€y
128Ha*b'm*n3l,, —384Ha’b'm*nsl,,, +144b’w’n’a’Hm*I,,
i n(9m®n’n* +645)0

€

on’a*An®C,m? + 64n8k(a4n4sz + b4m4C§1) +9m°n®m°b*ACy

Tc(9m2n2n4 + 648)@

—+

_ 9a’b’d,m*n*n® + 64a*b*d,m*n*sn

n(9m2n2n4 + 645)@
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azH(—64116 +onmn?((-1)" 1)1, ~19251, ~18x°'m*ndlL, )

>

e. = —
e 24m’n(9n'm®n? +5) Ay,
Hb4m(—27n4n2m2123 ((—1)’" —1) —187°*m2ndl, + 641,.5+1925] )

e,. = " ,
# 24a’n* Ay, (9n*m*n? + 645 )

16b4nH((Ils ~31,,)5- a’m®n

s~ 422
40| M g
64

(a4Xszn4 +ACyb*m* —m°b*n’a’d, )(9754m2n2 + 646)

4.2 2 ’
4@(97T mn +6J

9I35n3m2n} 2 2
8

€s

64
/ 3/2
MS1=(b* +16H,? (b-2y)’ )3 ", M2 =(H,127c2(005(y75/b))2 +b2) :
TS1=sin(nny/b), TS2 =cos(nny/b), TS3=sin(yn/b),

(b TSl (b TSI 2 _ [TSYdy
L, _L Dy, _j M—Sl(z:rsz ~1)dy. Iy, _j ,

0 o MS1
PTSLTS3 b(2TS2* ~1)TSL.TS3 VISIETS3
5=y aisg Wl = MS2 T[Sz
Phu luc C2
Céc hé O x; . (i=1—>12) trong biéu thic (4.6) xac dinh duoc nhu sau
. - bm?n’ . arn’n® . 2mn’nde,, . 2mn’nde,,
. 4a TP ap T 3ab % 3ab
n‘ae, an*Cp, n'be, Am’C,, nle,m'm*u;, mPmnu, n’bmiu,
Xz = — . -~ - + + + :
4b 4a 4ba 4b 4a

n’bey,m” _ mbmuy,
4R,a 4

>
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4 4 4_4n~* 3_3 23 2.2 4
n"be, Am C21_e4ca7mnC12+annu6+nmnu5+e4cmn Ty

X, =—
4
¢ 4a® 4b* 4b? 4a 4ab
A 4 4 4% 144 4%
augnmn 11:2be4cm2 9K,ba T (a n"A,+b'm An)
- - 1 Xge == o Xge T 34 34" ’
4 4aR 64 64b%A, a° A,
2 * * * *
2mn2n6e5c mnin <A11C12 +AzzC'21>8 and abd
X10c =~ »Xge =~ * . ® - ¥ »X11c =5
3ab 6baA;; Ay, 24bA;;mR n‘nmR
bm’r’u, m?n’n*u, m’n’e,,n'y, ar’n*n’L,, bA’m*rn’L, abK
4a 4ba 4ba 4b 4a 4
(n2a2+b2m2)n2K b 4 4C* 2z 4 4C* 2 2 b 2 2
~ 2 bum'e; n'Cy akn'e;,n'Ci, an‘ugn® bre;m
b
4ba 4a® 4b* 4b 4aR
_ abs
X13¢ =~ 2
nn°m
4 2.2
X e e = 2mn°nd X n’m®nu N mlan’u, LT e,mniuy
1p = XierXop = XoesXgp == 7 »Xy4p =
b TRerTep TeeTop 3ab TP 4a 4b? 4ba
*be, xm*C,, n'ae, An*C,, 4I, n°b*m?He 2
T 0y 21 T A€y, 12 3pT 4p TANUg - - 2nmn“de,
_ _ _ _ o =— 3
4a® 4b° a 4 TP 3ab
2.2 4
2nmn’de 2nmn®de,, n°mn (e1 +e, )
Xop = P X=X, Xy, = XgerXiop = — P _ PP
6p — 7p = X7¢5Xgp = XgesXigp =
P 3ab P ¢>ep ¢ op 3ab 2ab ’

m 272 * x
L, ((-)" ~1)ran’b’H | mASTECS, | mmACyn

X = * * * b
°P 3mA,, 6abA,, 6abA,,
8L, ((-1)" ~1)ab*H
Yup =7 m ’
e - n*A’n‘aL,, B m*br®m*L;, _abK, n’ (a2n2 +b°m” )Kz B a\Cp,n"n'e;
e ap? 4a® 4 4ba ap*
rfan’uyy,  n'bm’Che;  16aACpn’e,dn’  16bm’n’e\dC, nbm’y,
4b 4a’ 3b°m 3a’n 4a
'n®m?u, n'n’e;my
+ + » X13p = Xi3cs
4ba 4ba P

2_3 2.2 4 4_4n~*
mn nu4_bmnu7+e3sm n‘ny e bam'n'Cy

xls = xlc’x23 = x2c7x33 =

4b 4 4ba 4a°
~ e, an’*n’C, I ,mbme, H N bm’u,r® Y. __man mlan’u,
4b° 2a 4a> ¥ 4 ab?

4 2.2 4_4~* 4_4~* 4 2 3.2
L Temnu e, bhm'n’Cy, e adn’n’C, In'bme, H L eminus
4ab 4a° 4b* 2a 4a

K
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nmn’des, 2nmmn’de,,
x5s = ba ’XGS = 3b(1 7x7p = x7c’x8p = x807
L _nmuAsC, Lmn a((—l) —1)H | nma?i.Cyd
* " 6baa,, 4bmA,, 6bad;,
m
2nmn’de;, n°m’n’(ey +ey) Ilsba((_l) _l) Hr
X10s =~ B Xigs =~ ’
3ab 2ab m
. n*an’ug _ brn*m*y, N n’n'e;m’y _abk; n‘an*\’L,,
12s 4b 4a 4ba 4 4b°
_n'b’m'Ly, . n’r‘u,m’ n’ (n2a2 +b°m’ )Kz . —x
4a° 4ba 4ba s e
Céc hé s by, (j=1—8) trong biéu thic (4.6) xéc dinh dugc nhu sau
, B ((H44 —3H )b* + pgn’n’® )a3 + (azmnzp2 +b2m3pl)e3(c’p’s) +nfab’m®p,
teps) = 4ba* ’
22 2 2 2 2
X :_(e4(c’p,s)(a n‘p, +bm pl)rc+a bnp7)rc m _napd
2e:p) 4a?h TS 6bay,
16bnm*pidey, , nm((—n2m2p3 +a’pg )b2 - n2a2n2p4)
Bie,ps) = i 4a%b
B Tc?’(aznzp2 +b2m2p1)m95(c,p,s)
4a’b ’
(eg(c’p’s)(azgzn2 +b2g1m2)7c+b2ag5m)mr2
b5(c,p,s) = 4ba )
. brlgym® an’g,n’ (Tc3a2g2 n® +n3b2g1m2n)e4(c,p’s)  (Hgs~3Hy;2.)ab
6(c.p.s) 4a 4b 4b%a 4
, mg, s, 7t3(gzn2a2 +b2m2g1)ne5(c,p’s) 16ag, n26nez(cyp,s)
7(c,p,s) =T 2% T 2 + 2 +
6aA,, 4b“a 3b°m

n((—n2g3m2 + azgg)b2 —nfa’g,n’ )n

+
4b’a

Céc hé sb Zitep.s)(J =1—4) trong biéu thirc (4.9) xac dinh dugc nhur sau

Zy(c,p,s) = Alzh/An’
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c3(c,p,s)}h6c22 _ cl(c,p,s)7"6c21 " c3(c,p,s)3226 sznz

V4 =8B,,arnA,, — - - - -
Aeps) TR Ay, annA; bmnd;,  8b%A;
* 2.2 2.2 4%
n (A12a n‘n+nb m All)s(cl(c,p,s)e(:’(c,p,s) +C3(c,p,s)e4(c,p,s) )
a’mnb*nA,, ’
7y = 8¢y By, SM(nn+bey )Cy  Sh(nm+ac,, )Cyy , 3¢2Byy
¢ nmbA; mnb® A, a’nnA;, nanA;
2 A% 2 72 4% 2
N S(n Ana® +b°A;m )(cZCelc +Cye€pe T3, ) 5
mb*a’nA;, thmnAl*lRy ’
3 m % % *
o 8b°H ((—l) —1)Ilp OBy C,Byd N x(nn +bc4p)8C22
°p mnA,, mnbA,, amnA mnb?A;
7»(mrc+aczp)8CZ1 (Afznza2 +A1*1b2m2)8

2__A* 212 4F
a‘nmnA;, a‘mbnA,,

m *
4 = TEH((_]') _1)Ils B c4SSB;2 B 0233216 N 7\,(757’1 + bC4S )8C22
» mA,, mnbA,, annA; mnb?A;;

A(mn+acy, )8Cy, (Al*znza2 + Apb*m? )5
a’nnA;, a’mb’nA;

Zye,ps) = A1 /All’

Céc hé sb ti(c,p’s)(i =1-8) trong biéu thirc (4.14) x4c dinh nhu sau

+

(CZSe3s + c4se4s + e5s )’

(—bzm((kal ~B,) A, - Ap(hC, —B;))+ae15*n2n)6
e = rab’mnd’ ’

) 5(((—ka2 +B,) Any— Ay (-C, +B§2))b+nne26*)
foc = nb’ms’ ’

(aznzAl*2 —b*m?A; )n2

fe = 8a%b%5 ’
_ 8wnA,C,, dne; SAmA,C, SnrA;C, S\ mA;,Cy SA,
t4c - 2 * + 2 + 2 * - 2 * - 2 * + 2 * K
b“mé b‘m and b“md and “mnd R,
t (((—xcl*l +By) Ay — A (-1C3, + By, ))a—mre s )5
5¢ — ’

na’nd

S(n((xcfz - B ) Aj, - A3, (1.C3, — B, )| a? + bme, S*n)
foc = nba’mnd’ ’
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(aznzA;2 ~-b*m?A, )n2
fre = 8a’h’3"
_dme; 3A,AmCy  3hnA;,Cy . dinA;,Cr, . dhA,mC;, 84,

8c — * * * * ¥ )
na’ a’ns b’>ms b’>md a’ns m°mnd Ry

’8* = (AflASZ _A1*22 )’

tlp = tlc’th = tZC’t3p = t3c’
_ nLALSC,, N mAAR3Cy,  nAMSC, mAA;SC) , Esp nd
P pms a’nd’ b*ms’ a’nd’ b’m

81, b3Af2((—1)m —1)H

* b

mo

mdes, n\A,,sC,
_ _ _ _ p 220V 22
t5p =1Is,, tGp =g, t7p =17, t8p - a‘n - b’ms’

* * % % * * 3 * _ m _
_mLALSCy | mAALSCr  maAysCr BH T Azz(( 1) 1)
a’nd b’ms’ ans ms

>

nde- niA.L,S8C,, miA..SC,
by =ty tyg =ty tag =tay, By = . 5 b212 = 22 2125* 21
m m an

* m
naaac, miagec; Hhordn((-0)" 1)
b’ms’ a’nd’ mdsao
mde;, nhA,8C,, mA,,LSC,
te. =tc , tes =tg, , oo =t , tg. = Bs _ 22072 M50 70% 2
5s 5p? "6s 6p> “7s 7p’> “8s azn b2m6 a2n5

)

* m
MALSC, Ay, s AnmH((-1)" 1)
+ s + s + v .
b’>ms a’nd md

Cac hé sb Qi(e,ps) (i=1-4) trong biéu thtic (4.15) xac dinh dugc 12

Qye,p.s) = X21(c,p.s) (cll(c,p,s) Ls(e.p.s) T Cax(e.p.s)Tore.ps) T Tra(e,pus) )Hz
X3¢ p.s) (cll(c,p,s)tll(c,p,s) +Ca1(e.p.s)L21(e,p.5) TL31(e,ps) )Hp

De.p.s) = xz(c,p,s)(Cz(c,p,s)ts(c,p,s) +Cye.p.s)to(cps) T ls(c.pis) )hHZ
+x1(c,p,s)("2<c,p,s>t1(c,p,s) T Cue.ps)Lae.ps) Tlae.ps) )h“l + Co(e,ps)f
D3(c,p,s) = Hzxn(c,p,s)(cl(c,p,s)ts(c,p,s) +C3c.p.5)6(c.pis) T L7(e.pis) )h’

q4(c,p,s) = xl](c,p,s) (CZ(c,p,s) t5(c,p,s) + C4(c,p,s) t6(c,p,s) + t8(c,p,s) )MZ .



