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MO PAU

1. Tinh c4p thiét caa luan an

Graphene la loai vt liéu c¢6 nhiing tinh chat co hoc va vat Iy dic biét
nhu tinh din dién, din nhiét rat tot, d6 cang va do bén cuc ky cao. Khi gia
cuong graphene sheet (dai graphene) vao tirng 16p nén polymer theo ty phan
thé tich nhét dinh ta thu dugc composite ¢d tén goi qudc té 1a Functionally
graded graphene reinforced composites (viét tit 13 FG-GRC). Su ra doi cua
cac loai composite tién tién nhu FG-GRC di thuc day tinh cap thiét can phai
nghién ciru bai toan 6n dinh cua céc két ciu ché tao tir vat liéu nay. Cac van
dé 6n dinh dan hdi phi tuyén cac panel FG-GRC ¢ do cong phirc tap va 6n
dinh dan hoi phi tuyén cua tim, vo FG-GRC c6 gan gia cudng hoic c6 16i
Auxetic 12 nhitng bai toan quan trong nhung van con rat it cac cong bé. Vi
vay luan an nay tap trung nghién ctru “On dinh tinh dan héi phi tuyén cia
mét Sé tdm VA Vé composite gia cwong graphene chiu tdi co trong méi
trwomg nhigt” c6 xét dén gin gia cudng, 161 auxetic va do cong phuc tap cac
panel duogc ché tao tir FG-GRC.
2. Muc tiéu caa luan éan

Phan tich 6n dinh tinh cia mét sé loai tim vo FG-GRC c6 gan gia
cuong hoic 15i auxetic va cac panel c6 do cong phic tap chiu tai xoén, nén
doc truc, &p luc ngoai trong mdi truong nhiét dua trén céc ly thuyét tim, vo
Donnell, va HSDT. Lu4n &n khao sat chi tiét anh huéng cia hé thdng gan gia
cudng, cac dic trung hinh hoc, cac kiéu phan b va ty phan Graphene, nén
dan hoi, nhiét 4o moi truong dén sy 6n dinh tinh cua cac tim, vo FG-GRC.
3. Phuong phap nghién ciru

Phuong phéap nghién ctu ly thuyét duya trén tiép can giai tich.
4. Cac ndi dung nghién ciru chinh cia ludn an

Bao gom mé dau, 4 chuwong, két luan, danh muc céc cdng trinh khoa
hoc cua tac gia va tai liéu tham khao.



CHUONG 1. TONG QUAN

Chuong nay trinh by téng quan cac nghién cau vé cac loai
composite ¢6 co tinh bién thién nhu FGM, FG-CNTRC, FG-GRMMC, FG-
GPLRC va FG-GRC. Céac nghién ctru cho thay graphene lam ting kha ning
chiu tai cua cac két cau composite, nhat 12 khi ty phan thé tich cua graphene
duoc phan bd nhiéu ¢ mat trén va mit dudi cua tim vo. Dua trén két qua
budce dau vé ki thuat san tac dung gan di huéng cho vat liéu FG-GRC cua
tac gia luan an va nhém nghién ciu trong cong trinh [135], ¢d thé thiy rang:

- Can tiép tuc 4p dung va phat trién tiép ky thuat nay cho céc két ciu
tam, panel va vo trong FG-GRC c6 gan FG-GRC gia cudng chiu tai trong
trong moi trudng nhiét theo ly thuyét vo Donnell va HSDT.

- Hién chua nghién ctru 6n dinh dan hoi phi tuyén cia cac két cau vo
trng va vo tru FG-GRC c6 gan gia cuong FG-GRC, ¢6 18i Auxetic c6 nén
dan hoi bao quanh chiu tai trong méi truong nhiét.

- Hién chua c6 nghién ciru vé 6n dinh dan hoi phi tuyén cua céc két
c4u tAm, panel tru FG-GRC c¢6 gan gia cuong FG-GRC va 6n dinh cua panel
Prabol va panel hinh Sin trén nén dan héi phi tuyén chiu tai nén doc truc va
ap lyc ngoai trong moi truong nhiét theo HSDT

Luén &n s& tap trung nghién cau dé giai quyét cac van dé trén

CHUONG 2. ON PINH PAN HOI PHI TUYEN CUA VO TRU VA

VO TRONG FG-GRC CO GAN GIA CUONG, CO LOI AUXETIC
Chuong nay nghién ctru 5 bai toan dua trén ly thuyét vo Donnell. Cu
thé: 1) Vo tréng FG-GRC c6 gan gia cuong va nén dan hdi bao quanh chiu
tai trong xodn trong mdi trudng nhiét. 2) Vo tréng FG-GRC 16i Auxetic c6
nén dan hdi bao quanh chiu tai xoin. 3) Vo trong FG-GRC 16i Auxetic c6
nén dan hdi bao quanh chiu tai doc truc. 4) Vo tru FG-GRC c6 gan gia cudng
va nén dan hoi bao quanh chiu tai xoin trong méi truong nhiét. 5) Vo try FG-
GRC c6 gan gia cudng va nén dan hdi bao quanh chiu nén doc truc trong moi



truong nhiét. Biém méi quan trong cua chuwong nay 1a cac két ciu vo tréng,
vo tru FG-GRC phan Iép duoc gia cudng boi hé théng gan léch tam va vo
tréng FG-GRC phan I6p c6 18i Auxetic. Trong qué trinh tinh cAc bai toan vé
vo tréng chiu tai xodn c6 nén dan hoi bao quanh, lan dau tién tng suét trung
binh theo chu vi dugc xét dén trong ham ¢ng suit.

Cac thanh phan noi luc xac dinh theo biéu thirc
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va céc thanh phan d6 cung cua I6p GRC xac dinh nhu sau
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A A A b 2 o .
(Ay, By, Dy )(k) 0 I Qyiy(12,7°)dz, (i, = 126).  (2.19)
A(k)
2.3.1. Bai toan vé tréng va vé tru chiu tdi xodn
Nghiém d¢ vdng cua vo tréng chiu tai xoan 1a [146]
w==&+ élsin[B(y —Xx)]sin(ocx) +&,sin? (ax). (2.29)
Thay (2.30) vao phuong trinh tuong thich bién dang, dan t6i
P=1I cos(20x)+1, cos[Zﬁ(—kx + y)] +13 cos[By +(a— XB)x]
+1, cos[By —(Br+ a)x} +15 cos[By —(3a+ Mﬂ)x] (2.30)
+1g cos[By+(3a—kB)x]+coyhx2 /2—-thxy,
trong d6 o, 1a tng suit trung binh theo huéng chu vi vo.
Phuong trinh tai X0én va d6 véng 16n nhat tim duoc Ia
1 T&° + T8  + T + Ty

N (2.41)
8T5(K1Lﬂ:a + 2V7 &12 + 2V9)
4 3 2
W, _ TG + T8 + & + 10§ + T (2.44)

8( K, Lma+2V, & +2V, )T,

Két hop cac phuong trinh (2.41) va (2.44) luan &n s& khao sat duoc
mdi quan hé giira tai trong va do vng cua vo tréng chiu tai xoan.
2.3.2. Bai toan vé tréng va vé tru FG-GRC chju tdi doc truc
Nghiém do vdng cua vo tréng chiu nén doc truc duoc chon 1
w(x,y)=E&q +& sinaxsinBy +&, sin® ax. (2.47)
Thay dang nghiém do vong (2.45) vao phuong trinh tuong thich bién

dang, dan téi ham ¢ng suit nhu sau

¢ =1 COS 20X + ¢, cOS 2BY — @3 sinaxsinPy (2.49)
+, sin3oxsin By — csoyhx2 /2-phy? /2, .

Phuong trinh tai nén (kéo) vai thanh phan d6 ving phi tuyén

3 2
_Ju380” +J 8" +JasEp +Jus (2.58)
J4182 +J g




Phuong trinh d6 vong khong tha nguyén W, /h
g, Ja7((Jao—2J34P)Er +J39D)

J38p+—+ +J36
Winax _1 2 2J3p8p +2J33 (2.60)
h - h +\/(J40—2J34P)§2+J39p
2398y +2J33

Két hop cac phuong trinh (2.58) va (2.60) luan an khao sat mbi quan
hé cua cua tai nén (hoic kéo) vai do vong cua vo tréng.
2.5. Khao sat sb va thao luan

Trong phan nay, luan &n lan luot tién hanh khao sat nim bai toan da
dé cap bén trén.

Hinh 2.10 cho thdy anh huéng ciia gan gia cudng dén cac duong
cong t— W, /h cia vé trong FG-GRC chiu tai xoan. Gan truc giao gilp
Vo tréng co tai téi han 16n nhat va 1am duong cong t — W, /h cao nhét trong
mién do vong nho. Hinh 2.12 cho thay duong cong t—W,,,, /h cta vo tréng
FG-X la cao nhét va kha ning chiu tai ciia vo trong nay 1a Ion nhit.
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Hinh 2.10. Anh huéng cua hé Hinh 2.12. budng cong
thong gan gia cuong dén duong T—Whax /R Cua nam loai vo
cong t— Wy /h Cua vo trong trong FG-GRC
FG-GRC

Hinh 2.22 so sanh anh huong cua 16p 18i Auxetic va 16p 16i dac dén
duong cong t- W, /h caa vé tréng 16i va vé tréng 16m FG-GRC. Mac du
c6 su khac biét nho vé tai xodn téi han (tai tai diém ré nhanh) nhung c6 thé



thiy xu hudng cac dudng cong cua vo tréng 18i dac va I8i Auxitc 1a gidng
nhau. Hinh 2.27 trinh bay anh hudéng cta ban kinh doc R dén duong cong
T—W,. /R cta vo tréng 16i va vo trong 16m FG-GRC 16i Auxetic. RS rang
la kha nang chiu tai xoan ciia vo tréng 16i cao hon nhiéu so vai vo tréng 16m.
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UD, L= 152, alh =80 a: Loi dgc PMMA 20 G0 L=15a ah=20 —a: Vo trdng 16i
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Hinh 2.22. Anh huéng cua céc
16p 161 dén cac dudng cong
T—Wyax /R COAVO tréng 16i va  cong t— Wy, /h cua veé tréng
Vo tréng 18m FG-GRC 16i va vo trong 16m FG-GRC
Bdng 2.16. Tai x0an tgi han 1., (GPa) cia vo tru tron FG-GRC trong trudng

hop c6 va khong c6 gan gia cuong (L=1.5a, a/h=80)

Hinh 2.27. Anh huong cuia ban
kinh doc R dén cac duong

T =300K
. Huang Khéng Cé Anh huéng
Vo b6 tri N A r o AL 10
GRC gan gan cua gan (%)
ub (0)107 0.287 (8;0.57)  0.536 (6;0.64) 86.76
FG-X (0)107 0.299 (8;0.57)  0.526 (6;0.64) 75.92
FG-V (0)107 0.257 (9;0.58)  0.548 (6;0.65) 113.23
FG-A (0)101 0.257 (9;0.58)  0.442 (6;0.63) 71.98
FG-O (0)107 0.242 (9;0.58)  0.478 (6;0.64) 97.52

Céc két qua sb trong Bang 2.16 chi ra rang, khi khong c6 gan gia

cuong, tai x04n t&i han cua vo tru FG-X 1a 16n nhat. Tuy nhién khi v6 tru

duogc gia cuong hé théng gan, tai x0&n t6i han cta vo tru FG-V lai 16n nhét,

va tai xoan t61 han cua vo tru FG-X nho hon tai xoan t6i han ctia vo tru UD,

diéu nay cho thiy sy dnh huong manh mé ciia hé thong gan dén kha ning

lam viéc va chiu tai xoan cua vo tru dugc gia cudng gan.
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Bdng 2.21. Anh hudng cua céc thong s6 hinh hoc 16p 181 Auxetic dén tai nén
va kéo toi han caa vo trong FG-GRC (MPa, L=15a, a/h=80, R=4a,
h=4 mm, (0/90)s7)

FG-GRC Tai nén tGi han Tai kéo tGi han
7 =1 uD 429.80 (7;1) 827.40 (1;9)
7, =0.1 FG-X 411.37 (7;1) 813.45 (1;9)
y=15° FG-O 369.36 (7;1) 716.31 (1;10)
7 =2 uD 429.37 (7;1) 827.39 (1,9)
1p =0.1 FG-X 410.94 (7:1) 813.45 (1;9)
y=30° FG-O 368.93 (7;1) 716.26 (1;10)
R e ——— —a: L dic PMMA %% 0D, L=15a an =0, —a: Loi dac PMMA
R e Lo K= Gopson), (L At

865 [VO trong 16i
K; =107 N/m?; K, = 10° N/m
141
g g
s S 850
= : <

b

by

[—/K]: 107 N/m3; K, = 105 N/m
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Wil Wiadh
Hinh 2.42. Anh huong caa cac  Hinh 2.43. Anh huéng ciia cac
16p 18i den cac duong cong 16p 16i den cac duong cong
De —Whax/h ciavo trong FG-  p; =W, /h cta vo trong FG-
GRC chiu nén doc truc GRC chiu kéo doc truc

Anh huéng cia cac thong s6 hinh hoc 16p 161 Auxetic dén tai nén va
tai kéo t6i han ctia v6 trong FG-GRC dugc trinh bay trong Bang 2.21. Do do
cling ctia 16p 16i Auxetic rit nho so v6i do ctng cta hai 16p mit GRC nén
anh huong do cac thong sé hinh hoc 16p 18i dén tai trong nén va kéo tdi han
ctia vo trong 1a khong dang ké. Pay 1a co so dé thiét ké két cau tién tién co
16i nhe nham lam giam khéi lugng két ciu sandwich.

Anh huong cua céc 16p 16i dén duong cong sau mat on dinh
Do —~Winax /R VA D; ~Wipax /h clia Vo trong FG-GRC duoc trinh bay trén
Hinh 2.42 va Hinh 2.43. Tai r& nhanh cua vo tréng 18i Auxetic ludn nho hon



tai t6i han cua vo tréng 16i dic, tuy nhién xu hudng cac duong cong la kha
gidng nhau.

Béng 2.25 cho thdy hi¢u qua cta gan dén tai nén toi han ciia vo try
FG-GRC. Péi v6i vo tru khong gan, tai toi han cua vo FG-X 16n nhét trong
khi tai téi han ciia vo FG-O 1a nho nhat. Khi c6 gan gia cudng, tai téi han
cua vo UD 16n hon tai téi han cua vo FG-X.

Bdang 2.25. Tai nén tai han p,,. (GPa) cua vo tru FG-GRC trong truong hop

c6 va khong c6 gan gia cuong (L=1.5a, a=80h, h=2 mm, m=1)

T =300 K
Vo Khéng gan Co gan H|¢((l;0;4ua

(0)101 0.657(6;7) 1.060 (3;6) 61.34

uD (0/90/0/90/0)s 0.657(6;7) 1.059 (3;6) 61.19
(0/90)st 0.656 (6;7) 1.059 (3;6) 61.43

(0)101 0.681 (6;6) 1.050 (3;6) 54.19

FG-X  (0/90/0/90/0)s 0.682 (6;6) 1.051 (3;6) 54.11
(0/90)st 0.680 (6;6) 1.050 (3;6) 54.41

(0)101 0.566 (6;7) 1.047 (3;6) 84.98

FG-V  (0/90/0/90/0)s 0.566 (6;7) 1.048 (3;6) 85.16
(0/90)s7 0.565 (6;7) 1.047 (3;6) 85.31

(0)107 0.585 (8;1) 0.915 (3;6) 56.41

FG-A  (0/90/0/90/0)s 0.585 (8;1) 0.916 (3;6) 56.58
(0/90)s7 0.584 (8;1) 0.915(3;6) 56.68

(0)107 0.541 (7;6) 0.945(3;6)  74.68

FG-O  (0/90/0/90/0)s 0.540 (7;6) 0.946 (3;6)  75.19
(0/90)s7 0.540 (7;6) 0.945(3;6)  75.00

Két luan chwong 2

Diém moi quan trong trong chuong nay 1a luan an da tiép tuc ap
dung k¥ thuét san tac dung gin cai tién cho gan FG-GRC dua trén y tudng
san tac dung gan cua Lekhnitskii va Iy thuyét dam c6 dién di hudng. Pic biét
1a g sudt trung binh theo huéng chu vi 1an diu tién duge xem xét dén trong

ham tmg suét khi tinh toan vo trong FG-GRC c6 gan gia cudong va nén dan



hdi bao quanh chiu tai xodn. Tir cac két qua s6, luan an dua ra mot sé nhan
xét dang luu y nhu sau:

1. Hé théng gan gia cuong lam ting tai téi han xoan hodc nén kéo
doc truc cua cac vo kin (goi chung cho vo tréng va vo tru).

2. Tai téi han xodn va nén kéo doc truc cua vo tréng 16i cao hon so
v6i vo trong 16m. Hién tuong hop ¢ thé quan sat rat 16 véi vo trdng, vo tru
chiu tai xodn hodc vo tru chiu nén doc truc. Tuy nhién khong quan sat duoc
trong trudng hop vo trong 16i 18i auxetic chiu tai nén doc truc.

3. Lép 1561 Auxetic lam giam dang ké khdi lwong két cdu nhung tai
t61 han giam khong dang ké so voi truong hop 15 dic. Pay 1a co so dé thiét
ké cac két cu tién tién c6 16i nhe nham lam giam khoi lugng cua cac két cdu
sandwich.

Ngi dung chwong nay da dwoc cong bé trong 6 bai bdo ding trén tap
chi quoc te uy tin, do la cdc cong trinh 1 den 6 trong danh muc cdc cong
trinh khoa hoc cua tac gia lién quan dén ludgn an.

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 an nghién citu 6n dinh phi tuyén cua tim
chir nhat va panel tru FG-GRC chiu tai trong nén doc truc va ap luc ngoai
trong moi truedng nhiét. Cac bai toan cy thé dugc nghién ciu va khao sét bao
gom: 1) Panel try 4p dién FG-GRC c6 gin gia cuong trén nén dan hdi tuyén
tinh chiu &p nén doc truc trong méi truong nhiét. 2) Panel tru FG-GRC cd
gan gia cudng trén nén dan hoi phi tuyén chiu nén doc truc trong méi truong
nhiét. 3) Tam chir nhat ap dién FG-GRC c¢6 gan gia cuong 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 &p luc ngoai.
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Lép ap dién

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

Panel FG-A Panel FG-V
vo1 gan FG-A vo1 gan FG-V

Hinh 3.1. Hinh dang va hé toa d6
cua Panel ap dién FG-GRC c6 gan gia cuong
Diém méi quan trong cua luan an so véi cac nghién ctu trude day la
k¥ thuat san tac dung gan cai tién cho gan FG-GRC duoc phat trién dé phu
hop v&i HSDT cua tam, bang cach két hop giita y tuéng san tac dung gan
cua Lekhnitskii va ly thuyét dam bién dang truot bac cao di huéng.
M6 hinh nén dan hdi phi tuyén ba hé sé [154] dugc 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. Cac bai toan trong chuong nay dugc xay dung theo
HSDT c6 xét tinh phi tuyén hinh hoc cua von Karman.

Céc nghiém giai tich duoc lya chon dé c6 thé thoa man cac diéu kién
bién, dong thoi sir dung phuong phap Galerkin dé tim duoc céc lién hé cia
tai va d6 vong, tir 6 cac tai toi han cua tdm va panel néu c6 s& dugc xéac
dinh.

Biéu thirc noi luc theo HSDT ¢6 dang
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Ty Cpp Cpp 0 Epp Eyp
Ty ] |0 0 Cg 0 0

St
A,

S P St
CU =CU +CU +CU ,

S P
AU :AU +AU +

By =B +Bf +B

I S P St
EU =EU +EU +FE

11

Vi cac thanh phan ma tran do cing la

0 CiuCrp 0] & 01
0 CpCxp O £0y o
Bgg AO AO Ces Toxy Oy
0 BB 01 g, o

0 Eyp Eyp O Oyy  (1%2y [
Deg 0 0 Egg|oy,+dy.| | O
0 Li; L, O —M"l Pax
0 Iy Ly O —ALy Pay
Egg 0 0 Lg|l M3 0

(3.9)

3, Dy =D +Df + D' (.10)

ij 5

S P St

lj )

trong d6 d6 cung cua panel, 16p ap dién va gan gia cuong dugc xac dinh la

h/2
(a5.B§.0§.c5 E§.15 )= Qys(12,7%,2%2% 2% )dz,  (3.11)
—h/2+hp
7h/2+hp
(Af ] pf.chfaf)= [ effuastit s @12
~h/2
St oSt St -~ _ _ _
Ay By Cy | [Ay By Cyl [4, 0 B, 0 Gy O
By Dy Ej |=|By Dy En|-|Bp 0 Dy 0 Ep 0)x
cit Bt | [Cu En L] [Co 0 Epp O L, O
- _ _ 1
Ap 0 By 0 Cp O A, B, C (3.13)
i 2 - 12 B Cpp :
0 Ay 0 Bg 0 Cog| [0 0
o B2z 0 Dyp 0 Eyp O B, D, Ep
0 Bgg 0 Dy 0 Eg 0o o o7
Cpn 0 Ej;p 0 G O Cpp Ep Ly
| 0 L 0 Eg 0 Lg| LO O
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b h/2+h5n'
(Aﬁ,gg,ﬁg,ég,]?ﬁ,iij ) = CZSTZ .[ Q{Jgf (Lz,zz,zg,z4,zﬁ)dz, (3.14)
h/2

Phuong trinh twong thich bién dang thu duoc
V= Al fceer + B sy + 452 gy + Woe / R~(1,5y ) + e
W 3 W gy + W o Wo gy = 2W 5 W0y + W 40 W0y + Ay oy (3.34)
~CotMD sy + BoW sy = CLaMO gy, + Ay ey + Aoy yyy =0,

Dang nghiém cho ham d6 véng, ham géc xoay va ham wng suat duoc

lya chon nhu sau [145]

w=WsinoxsinBy, wy=_E&hsinaxsinfy, 335
by =D, cosaxsinBy, ¢, =@, sinoxcosfy, (3.35)

f =ficos2ox + frcos2By + f3 sinocxsin[3y+%Nxoy2 +%Ny0x2,(3.36)

3.3.1. On dinh phi tuyén ciia tdm chi nhat va panel FG-GRC c6 gan gia
cuwong chiu tdi 4p luc ngoai
Biéu thirc giira tai 4p luc ngoadi q véi W =W/h thu duoc nhu sau
q :q1(2ei;+W)W(§+W)+q2(2§+W)W+q3W(§+W)+q4W3
+q5W+p2(P%+[plala%+u2 %](§+W)h, (3.49)
Phuong trinh (3.49) duoc sir dung dé khao sat dudng cong sau mat
6n dinh cua panel tru va tim FG-GRC c6 gan gia cudng chiu tac dung cua
ap luc ngoai trong moi trudng nhiét do.
3.3.2. On dinh phi tuyén cia tém chi# nhgt va panel tru FG-GRC c6 gan
gia cwong chiu nén mét phwong va dp luc ngoai
Luc nén mot phuong P, dat trén canh x=0,x=a nén N,,=-hP,,
phuong trinh lién hé gita tai trong va do vong thu duoc la
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a o W3h? +%+(2<‘,+ W)W (&+W )25 + 76 (26 + W )W + 2, W

+ HzZ4(Z—;+(§+W)asj(Pu —Hp (z—;+(§+w)asj@1y (3.51)

+ zgW (E+W )+ (% +(&+W)(agnpz —hal)ij =0,

3.3.3. On dinh phi tuyén cia tém chi# nhgt va panel tru FG-GRC c6 gan
gia cwong chi chju nén mét phwong
Trong truong hop bai toan chi chiu nén doc truc thi tai ap luc ngoai
g =0, Véi bai todn tim thi R — 0. O diéu kién bién FFFF (11, =0), khi d6 tr
phuong trinh (3.51) ta rtt ra dugc
1 (28+ W)W (g+W )25 + 25 (26 + W)W
) (§+W)ha1[

X

) A . (352)
a10W3h2 +Z7W+ZSW(E_,+W)

O diéu kién bién FIFI (py=1). T4m va panel hoan hdo (£=0),
phuong trinh (3.51) duoc viét lai
(aloh2 +25)W3 +(zg +25) W2+ 2;W

a —
+(,53+W‘13J(ZA<P1X —(Ply)
Y -
—[;Rl+W(agzl —hal)j

Phuong trinh (3.51), (3.52) va (3.54) duoc st dung dé khao sat
duong cong sau mat 6n dinh va dénh gia kha nang chiu tai sau mat 6n dinh
ctia tam va panel tru FG-GRC c6 gan gia cudng chiu tac dung tai nén doc

P. =

X

(3.54)

truc trong méi truong nhiét do.
3.5. Két qua khio sat va thao luan

Anh huong cia hé thong gan gia cuong, huéng bd tri GRC va cac
kiéu gia cuong graphen dén tai téi han ciia tim FG-GRC duoc thé hién trong
Bang 3.3. Cé4c khao sat s6 cho thiy tai toi han cia cia tim c6 gan gia cudng
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theo phuong X bang vai tai toi han cua tim c6 gan gia cudng theo phuong
y, tim FG-X ¢ tai toi han 16n nhét trong cac truong hop khao sét.

Bdng 3.3. Anh huong cua cac !(iéu gia cudng graphene, hudéng bé tri GRC
va h¢ thong gan gia cuong dén tai téi han P, (MPa) cua tam FG-GRC
(FFFF,a/b=1, AT =0K, £=0, ¢=0, (m;n)=(11))

Tam FG-GRC a/h =20 (0)107 (0/90/0/90/0)s  (0/90)st
Khéng gan 758.339 758.340 758.339

uD Géan phuong x 1029.794 1029.995 1029.713
Géan phuong y 1029.794 1029.995 1029.713

Khdng gan 857.851 857.852 857.848

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

Khéng géan 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

Khdng 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
Géan phuong y 797.062 797.469 797.253

Anh huong cua hé thdng gan gia cuong dén cac duong cong
P, -W/h cua tam khi chi chiu tai nén mot phuong duoc trinh bay trong
Hinh 3.5. Khi tdm c6 gan gia cudng, cac duong cong P, —W/h dugc nang
cao hon s0 Véi truong hop tam khong co gan gia cudng.

Anh huong cua cac kiéu phan bd graphene dén duong cong
P, -W/h ciatam FG-GRC(y ) khi chiu tai nén mot phuong va &p luc ngoai
c6 thé lan luot quan sat trong Hinh 3.7. Hién twong ré nhanh khdng xuét hién
khi tim chju ddng thoi tai nén doc truc va tai &p luc ngoai. Twong tw nhu khi
quan sat tai téi han, cac dudng cong tai - d6 vong cua tim FG-X cao nhat
trong khi cac duong cong cua tam FG-O la thap nhat.
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14

---]:szmphlmngy 1 —1FG-X} PR—
SR e
195 084 —4:FG-0 )
3
_ _‘_‘_‘,r‘ 7 06 1
§- 11 T F6-X (0/90/0/90/0); 3 e *
= FFFF, a/h=20,q=0 04 ]
o h=2mm (0)yor. FIFI, £=0,a/h = 20
095 { AT=0K alb=1,h=2mm, AT = 0K
£=0 02 1 K, = 2x107 N/m?, K, = 105 N/m
(Mn) = D7 = 10, hg = 075, by = hi2 Ky = 10N/m® , ng, = 10
hg; = 0.75h, bge = h/2, g= 0.5 MPa
0g L= 2x10'N/m3, K, = 105N/m, K, = 10'5N/m5 0
0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 03 0.4 0.5
Wrh Wih
(a) TAm FG-GRC (a) TAm FG-GRC(y)
Hinh 3.5. Anh huong cua hé Hinh 3.7. Anh huéng cua cac
thong gan gia cuong deén duong kiéu phan bo graphene dén
cong P, —W/h ctatam chiunén duong cong P, —W/h ctatam
mot phuong chiu nén mot phuong va ap luc

ngoai
Khi nhiét do ting, quan sat thiy kha nang chiu tai cua tim bi giam va
cac dudong cong P, —W/h trén Hinh 3.9 bi ha thap dang ké. Quan sat Hinh
3.16 thay rang hé s6 nén phi tuyén K5 anh huéng manh dén xu huéng cua
cac duong cong P, —W/h.

L2 f—raT=0kK 30 o— 1:K3=0N/md
—2:AT=100K — 2:K,=5x10% N/m® /
—3: AT =200 K 1 " — 3:Ky=10% N/m® 3
0 Gén phuong y — = 4:K;= —5x10% N/m 2
= - - 5:K;=-10%N/mS
& 2 T8 1 Fe- X (090)me=0 1
o 3 =3 alh=20,alb=1
08 _/ ©12 A E: 2mm, rLS"f =10 4--
UD (0/90)s; , FFFF, alb=1, alh=20,£=0 pirZ 2}25 Pt
h=2mm, q = 0, hy = 0.1mm, V, = 500V P o P ~ .-~ AT=0KFIFI
(M) = (L), ng = 10, hg = 0.75h, b= /2 6 =018z -~ o Gan phuong y
Khong nén Ky =2x10'N/m®  ~ 5
06 K, =105 N/m ~
0 03 06 09 12 0 - 2 . —
Wih 0 02 04 wWho6 08 1
Hinh 3.9. Anh hudng cua nhiét Hinh 3.16. Anh huéng cua hé
d6 dén duong cong P, —-W/h S0 nén Kz dén dudng cong

cuia tam chiu nén mot phuong q-W/h ciatim FG-GRC(y)
chiu nén va ap luc ngoai
Anh huong cua hé thong gan gia cuong, hudng bd tri GRC va céac
kiéu gia cudng graphene dén kha ning chiu tai cua panel try FG-GRC duoc
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trinh bay trong Bang 3.8. Trong truong hop panel tru khdng c6 gan gia
cuong, tai téi han cua panel tru FG-X 1a cao nhit va tai ti han cua panel tru

FG-O la nho nhat. Tuy nhién trong trudong hop panel try duge gia cuwong hé
thdng gan thi tai toi han cia panel try FG-V 16n nhét. Biéu nay cho thiy sy

phan bé graphen trong hé théng gan gia cuéng anh huong rat 16n dén kha

néang chiu tai cua panel tru.
Bdng 3.8. Anh huong cua hé théng gan gia cuong, cac kiéu bd tri graphen
va huéng GRC dén tai t6i han P,. (MPa) cta panel try FG-GRC (FFFF,
a/b=1, a=20h,R=0.1m, AT=0K)

V¢ panel FG-GRC (0)101 (0/90/0/90/0)s (0/90)st
Khéng gan 1132.730 1132.735 1132.923

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

Khong gan 1225.054 1225.065 1225.394

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

Khong 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

Khong géan 973.794 973.976 974.296

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

Khong 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

@)
(b)

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

Anh huong cua hé thdng gan gia cuong dén duong cong P, —W/h

ctia panel FG-GRC chiu nén doc truc & diéu kién bién FFFF va FIFI c6 thé
quan sat trén Hinh 3.19. C6 thé thay ¢ diéu kién bién FFFFE, cac duong cong
P, —W/h cta panel FG-GRC(x ) cao hon cac duong cong cua panel FG-



GRC(y) va panel FG-GRC khong gan gia cudng trong mién do véng nho.

Hién twong hop cd thé quan sat véi panel FG-GRC khong gan gia cudng va
panel FG-GRC(x) va duong nhu khong xay ra véi panel FG-GRC(y ). O
diéu kién bién FIF1, khdng quan sét thiy hién tugng hép va diém ré nhanh

cua panel trong mién d6 vong am.

3 n 9 X —1: Gan phuong x
—— Hoan hao 2. Ga
N N —2: Gan phuong y
- == Khdng hoanlhao . N —3: Khong gan
M——7 N —— Hoan hao
2 //.—-’ 5 6 \\\ \3\ - - = Khong hoan hao
— 3 — N
g | s K, = 3x107 N/m? g e N
e | K, = 2x105 N/m e 2. 1
P K, = 105 N/mS a* "N
I —1: Gan phuong x, (m,n) = (1,1) 3 | FG-X(090)s g
FG-X (0/90), T2 Ganphuomg . () - 2.1) o Son e 2mm B
- 5T —3: Khéng gan, (m,n) = (1,1 e N
FFFF, alb=1 g gén, (mn)=(.1) AT=0K,£=-01, N
a=20h, h=2mm, AT =0K, £ =0.02 Ng; = 10, bg; = 0.8, hg; =1.5n, R=0.1m R
o | N5i=10.by; = 08h, hy; =150, R=01m o L= 3x107 NI, K, = 2<10° Nim, K, = 10 Nim*

0 05 1 15 2 25 3 -3 -2.5 -2 -1.5 -1 -0.5 0
Wih Wih

a) FFFF , b) FIFI
~Hinh 3.19. Anh huong cua h¢ thong gan gia cuong den
dén duong cong P, - W/h cua panel tru FG-GRC chiu nén doc truc

0 —LFeV 5 —
B 1 -2 FG-X | @uor . FFFF,alb=1,a=20h FG -V (0)s0r — 1:Kg=0N/m®
—_zup |h=2mm he=01mm AT =0K, FFFF —— 21K, = 5x10% Njms
—4FGo |AT=0K Vo=500v 4 Je=0am=20 — 3K, = 2x105 N/m®
—s5:FG-A |370R=02m alb=1,h =2mm - &Ky =~ 5x10% N/
25 | (m.n) = (1,1) K, = 3><10; N/m? - = - 51K,y = — 2x10% N/mS
- 3 {Ka=2:10° NI
a o 2 3
e ) — _/_ 1
o P o ST
20 1 3 Ng; = 10 \\ ‘~~~\\
hg; = 1.5h Gan phuongx >, ~eeL
L 4 s byg= 0.8 1{ng=10 5.,
J Gan phuong x by = 0.8h " -
K, = 2x107 N/m3, K, = 105 N/m hgi = 1.5h N
15 1 2 0
0 05 1 15 2 0 056 12 18 24 3
Wih Wih

a) FFFF
Hinh 3.22. Anh hudng cua cac
ki€u gia cuong graphene dén
den duong cong P, —W/h cua
panel tru ap dién FG-GRC(x)
chiu nén doc truc
Hinh 3.22 cho thay anh hudng cua céc kiéu gia cudng graphene dén

a) FFFF
Iﬂir]h 3.29. Anh hudng cua hé
so nén phi tuyén K; dén duong
cong P, —W/h cua panel tru
FG-GRC(x) chiu nén doc truc

duong cong P, —W/h cua panel ap dién FG-GRC(x ) chiu nén doc truc ¢



18

diéu kién bién FFFF. C6 thé thay ¢ diéu kién bién FFFF, duong cong
P, —W/h va diém r& nhanh cua panel tru FG-V(x) la cao nhét, diéu nay
twong g Vi tai t6i han cua panel FG-V/(x ) & 16n nhat.

Anh huong d6 ciing nén phi tuyén K; dén duong cong P, —W/h
cta panel tru FG-GRC(x) chiu nén doc truc ¢ diéu kién bién FFFF cd thé
quan sat trén Hinh 3.29. RS rang d6 cing nén phi tuyén anh huong dang ké
va lam thay doi xu hudng duong cong sau mat 6n dinh P, —W/h nhung
khdng anh hudng dén diém ré nhanh (tai téi han) cua panel tru.

Két luan chwong 3

Tir céc két qua phan tich bén trén, luan 4n dwa ra mot sé nhan xét
tong hop nhur sau:

Hé thong gan gia cuong gitip ting d6 cing cua tim va panel, tir do
tai toi han cia tim va panel dugc ting dang ké.

Hién tuong phan nhanh quan sat duoc trong trudng hop tam va panel
FG-GRC hoan hao chi chiu nén doc truc ma khong chiu dong thoi ap hrc
ngoai.

Do cing nén phi tuyén K3 khong lam thay doi tai toi han caa tam
va panel try FG-GRC, tuy nhién lai anh huéng 16n dén xu hudng dudng cong
sau mat on dinh P, -W/h.

Ngi dung chirong nay da dwoc cong bé trong 4 bai bdo ding trén tap chi
quéc té, do la cdac cong trinh sé 7 d@én 10 trong danh muc céc cong trinh khoa
hoc cua tac gia lién quan dén lugn an.

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 Ia panel
Parabol va panel hinh Sin (panel ¢c6 phuong trinh duong cong la Parabol va
panel c¢6 phuong trinh dudng cong nira chu ky hinh Sin) chiu &p luc ngoai,
chiu tai nén doc truc trong moi truong nhiét. Cac bai toan dugc xay dung
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theo HSDT c6 xét tinh phi tuyén hinh hoc ciia von Karmén. Cac dang nghiém
d6 vong va goc xoay duoc lra chon dé cé thé thoa mén cac diéu kién bién,
dong thoi sir dung phuong phap Galerkin dé tim duoc céc lién hé cua tai va
d6 vong, tir d6 cac tai t6i han caa panel néu cé s& dugc xac dinh.

Ban kinh cong cua vo panel parabol va panel hinh sin c6 dang

(b4 +16H? (b— 2y)2 )3/2 (H27t2 (cos(yrc/b))2 +b? )3/2

Rl = ,RZ = > (4'2)
8b*H bHn’ sin(yn/b)
trong d6 H 1a do nang caa Panel.
0.8 // \\
7 A\
/ A\
_-0.6 /4 A
E] / A\
04 A\
d 3
wlf s \
- =Panel try (R =b)
0

0 0.2 04 06 0.8 1

Hinh 4.1. M6 hinh panel try, Hinh 4.2. Hé toa do cﬁa‘panel
panel Parabol va panel hinh Sin FG-GRC trén nén dan hoi phi
FG-GRC tuyén chiu nén doc truc

Bén kinh cong cua panel Parabol va panel hinh Sin la mét ham phuc
tap theo y, dan téi viéc xac dinh ham tng sut gap rat nhiéu kho khan vé
mat toan hoc. Vi vay luan 4n dé xuat mot cach xac dinh ham ¢ng suat theo
nghia trung binh. Dang ham ng suat duoc lya chon dang nhu sau

f= fl(c p,s) COS20X + foe b o) COS2BY + f3(c p ) SiNOXSINPY
4.3)

+= N Ox += N xoy ,

Pé tim du’QC céc bién 6 ham wng suét theo nghia trung binh trong
biéu thuc (4.3) cho panel Parabol va panel Sin, ta thay cac dang nghiém cua
d6 vong va goc xoay & phuong trinh (3.35) vao phuong trinh (3.34) va ap
dung phuong phap Galerkin nhu sau
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ab ab ab
ij.cos 200 dydx = O,I'[\y.cos 2By dydx = O,ij.sinaxsinﬁy dydx =0. (4.4)
00 00 00

trong d6 y la biéu thirc xac dinh nhu phuong trinh (3.34)
4.3.1. Panel chju nén dec truc
Phuong trinh lién hé gitra tai nén doc truc va do vong cé dang

Z5(c p.s) (2&; + W)W+ Z6(c,p.5) (2@ + W)W(mW)

- X11(c,p,s)
tH2 (Z4(c,p,s)(P]_x ~ Py )((é + W)x2(c,p,s) R +

x W3h2 1z W+z W(e+Ww
P, - 7(c,p,s) 8(c,p,s) 7(c,p,s) (é ) .(4.10)

H2X11(¢,p,s)%1(c,p,s)
(“2x2(c,p,s)zl(c,p,s) - hxl(c,p,s) )(é’; + Wn )+ ¢ p; ops

4.3.2. Panel chju ap luc ngoai
Biéu thuc lién hé gitra tai 4p luc ngoai véi do vong nhu sau
q2(c,p,s)W(E->+W)+q](c,p,s)(2§+W)W(EJ+W)

~h +W08(c,p,s) + q4(C,p,S)W + (2&_, + W)WCY(C,p,s) +
37,2 N \W
g e ps) ) (25 )W (4.15)
X13(c,p,s) o

4.5. Céc két qua khao sét va thao luan
Bdang 4.3. Anh huong kiéu phan b graphene va nhiét do dén tai toi han P,
(MPa) cua ba loai panel FG-GRC chiu nén doc truc (FFFF, a/b=1,
h=2mm, a=20h, H =1.5h, R=0.068167m, (m;n)=(11))
()so1 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 1365970 1138.359  1168.504 1270.834
Panel tru 1431.146  1347.102  1119.911 1151.111 1251.333

Tai t6i han cua panel Parabol, panel hinh Sin va panel try twong (tng
vé6i nam kiéu phan bd graphene (FG-X, UD, FG-O, FG-V va FG-A) dugc
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trinh bay va so sénh trong Bang 4.3. Quan sat thay tai ti han caa panel hinh
Sin 1a 16n nhét va tai t6i han cua panel try la nho nhét. Tai t6i han cua cac
panel gia cudng graphene theo kiéu FG-X Ia Ién nhat va tai t6i han cua cac
panel gia cudng graphene theo kiéu FG-O 1a nhé nhit.

15 TG X (0/90/07070), , FFFE | - - - 1: Panel finh Sin 31 —1: Panel hinh Sin
ab=1,é=0,AT = 0K ——2: Panel Parabol ——2: Panel Parabol
W a= zbh_ h - 2mm ==-=-3: Panel try ——3: Panel try

FG-X(0/90/0/90/0)s , FFFF,a/b=1,&=0
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, Hinh 4.8. Anh huong cua do nang H
dén duong cong P, —W/h cua céc panel chiu nén doc truc.

Puong cong sau mat 6n dinh P, —W/h cua cac loai panel chiu nén
doc truc duoc so sanh trong Hinh 4.5. C6 thé thdy xu huéng cta cac duong
cong 1a nhu nhau va hién tugng hop quan sat rat rd trong Hinh 4.5a. Khi cac
panel ¢6 d6 nang H nho, cac dudong cong P, —W/h rat sat nhau va cé sy
giao cit trong mién do6 vong lon (Hinh 4.5a). Nguoc lai khi panel c6 d6 nang
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H lon cac duong cong P, —W/h cua cac panel tach biét hoan toan, hién
tuong hop kho quan sat hon trong Hinh 4.5b, kha ning chiu tai sau mat on
dinh cua panel tang khi d6 vong tang va duong cong P, - W /h cua panel
hinh Sin cao nhat va gan nhu song song véi cac duong cong P, —-W/h cua
panel tru va panel Parabol (Hinh 4.5b). Anh huéng cia d6 nang H dén tai
toi han va cac duong cong P, —W/h cua cac loai panel dugc trinh bay trong
Hinh 4.8. b6 ndng H tang 1én lam tang tai toi han va nang cao duong cong
P, -W/h cua céc loai panel.

6 - ,,
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Hinh 4.11. Anh hudng d6 cung nén phi tuyén K dén duong cong
P, —W /h cua panel Parabol va panel hinh Sin chiju nén doc tryc.
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Hinh 4.14. Anh huong cua cac kiéu phan bé graphene
dén dwong cong g—-W/h cua cac panel chju ap luc ngoai
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Anh huéng cua hé s6 nén phi tuyén K, dén dudng 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 giatri K3 khong lam thay doi tai r& nhanh, tuy
nhién lai lam thay d6i dang ké xu hudéng dwong cong sau mat 6n dinh
P, —W/h cua céc loai panel trong mién d¢ véng lon.

Anh huéng cua céc kiéu phan b graphene dén duong cong g-W/h
cua panel Parabol va panel hinh Sin chiu &p luc ngoai duogc trinh bay trong
Hinh 4.14. R& rang la kha nang chiu tai caa panel tot nhat khi graphene phan
bd theo kiéu FG-X.

Két luan chwong 4

Tir c4c két qua khao sét, luan an dua ra mot s6 nhan xét sau:

1. Hién tugng hép xay ra trong mién do vong dwong véi ca ba loai
Vo panels. Xu hudng Pudng cong P, - W /h cia cac vo panel 1a gidng nhau
trong tat ca cac khao sat.

2. Trong truong hop cac panel chiu &p luc ngoai, hién tuong hdp va
diém r& nhanh khong quan sat dugc trong tat ca cac truong hop khao sét.

3. Khi cung d nang H , kha nang chiu tai nén cua panel hinh Sin la
cao nhat va kha nang chiu tai nén cua panel Parabol 14 thap nhat.

Ngi dung chuwong nay dé dwoc cdng bé trong 02 bai bdo, trong dé 01
bai bdo trong mréc va 01 bai bao trén tap chi quéc té dé la cdc cong trinh
11 va 12 trong danh myc cac cdng trinh khoa hoc cua tac gid lién quan dén
lugn an.

KET LUAN

Luan 4n da c6 nhimg déng gop méi ndi bat nhur sau:

1. Luan 4n da phan tich 6n dinh phi tuyén cua cac loai tim vo FG-
GRC c6 gan gia cuong FG-GRC hoac ¢6 18i Auxetic chiu tai trong xoan, nén
doc truc, ap luc ngoai trong méi treong nhiét.
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2. Luan an phét trién k§ thuat san déu tac dung gan di huéng, ap
dung cho gan 1am bang FG-GRC trong khudn khé ly thuyét vo Donell va
HSDT, c6 xét dén cac thanh phan ung sut nhiét trong gan.

3. Trong qua trinh tinh bai toan vé vo tréng FG-GRC chiu tai xoén
c6 nén dan hoi bao quanh, lan dau tién tng suét theo chu vi o, duoc xét
dén trong ham @ng suat dé nham st dung day du cac phwong trinh tinh toan
sau Galerkin, tir d6 lién hé giita tai trong va d6 vong dugc thé hién chinh xac
hon.

4. Luan 4n ciing dé xuét phuong phap dé tim dugc ham tng suit theo
nghia trung binh bao gdom céc thanh phan tuyén tinh va phi tuyén caa ham
{tng suat trong phan tich 6n dinh phi tuyén cua hai loai panel Parabol va panel
hinh Sin chiu &p luec ngoai, chiu nén doc truc trong moi trirong nhiét.

5. Nén dan hdi phi tuyén dugc xem xét trong phan tich céc bai toan
tam, panel tru FG-GRC c6 gan gia cuong chiu tai co két hop, va trong cac
bai toan panel Parabol va panel Sin chiu nén doc truc trong méi truong nhiét.
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