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MO PAU

1. Tinh cép thiét ciia ludn an

Mot trong nhirng phat trién moi nhat gan day cua vat lieu FGM la vat
liéu xop hay vat liéu rdng (porous materials) c¢6 céac 16 rong (hay bot x5p)
trong cau trdc vat lidu. Cac 15 rdng trong loai vat liéu ndy phan b lién tuc
Vvé6i qui luat xac dinh theo mong mudn cua nguoi thiét ké. Nho uu diém 1a
nhe va kha nang héip thy nang lugng t6t nén vat liéu FGP duoc st dung rong
rai trong nhiéu linh vuc khoa hoc ky thuat khac nhau.

Két cAu dang vo dong vai tro quan trong va ngay cang duoc sir dung rong
rdi trong cac nganh k¥ thuat hién dai. Cac nghién ctru vé 6n dinh va sau mat 6n
dinh cua cac két cu dang vé 1am b:lfmg vat liéu FGP da nhan dugc su quan tim
rét 16n ciia cac nha khoa hoc trong va ngoai nudc.

Tir nhitng phan tich trén, luan 4n nghién ctru lya chon dé tai: “Phan
tich 6n dinh phi tuyén panel tru va vo tru 1am bang vat liéu FGP chiu tai co
trong moi truong nhiét”.

2. Muc tiéu ciia ludn an

Phan tich on dinh phi tuyén ctia két cau panel try va vo tru 1am bang vat
liéu FGP chiu nén doc truc, ap luc ngoai, tai x08n trong moi truong nhiét, cd
ké dén d6 khong hoan hao hinh hoc ban dau, gin FGM gia cudng, nén dan hoi.

3. Pdi twong va pham vi nghién ctu ciia luin an

Déi twong nghién ctru cua luan &n 1a cac panel tru va vo tru duoc 1am
tr vat liéu xép c6 co tinh bién doi (FGP). Pham vi nghién ctru cua luan an la
két cau vo lam béng vat liéu FGP chiu tac dung cua tai trong co nhiét.

4. Phuong phap nghién ciru

Phwong phép giai tich: Luén an st dung 1y thuyét vé Donnell, Iy thuyét
bién dang cit bac nhat va k¥ thuat san déu tac dung gn cta Lekhnitskii, két
hop véi phuong phap Galerkin duoc ap dung dé giai bai toan phi tuyén.

5. Y nghia khoa hoc va thye tién ciia luin 4n

Bai toan phan tich 6n dinh va sau mét én dinh cua két cau dang vo co
¥ nghia quan trong trong linh vuc co hoc két cdu. Cac két qua nghién ciru
ctia luan 4n c6 dong gop mai trong linh vue phan tich két ciu panel va vo tru
FGP, la tham khao gia tri cho cac nha thiét ké va ché tao két cau FGP.



6. Bo cuc ctia ludn an
Luan an gom m¢ dau, bon chuong ndi dung, két luan, cac cong trinh
khoa hoc cuia tac gia, tai liéu tham khao va phu lyc.

Chuong 1. TONG QUAN VAN PE NGHIEN CUU

Chuong 1 (16 trang), trinh bay cac khai niém, tinh chit, cac loai FGM,
c4c quy luat phan bd x6p FG, tiéu chuan 6n dinh tinh, tinh hinh nghién ciru
vé bai toan on dinh két ciu vo 1am bang vat liéu FGM, vat liéu FGP khong
c6 gan gia cuong va c6 gan gia cudng. Tur do, phén tich cac van dé di duoc
nghién ctru, C4c van dé can tiép tuc nghién ctru trong luan an.

Chuong 2. PHAN TICH ON PINH PHI TUYEN TUYEN CUA PANEL
TRU FGP CHIU NEN DQC TRUC

2.1. Pit van dé

Chuong 2 (31 trang) st dung Iy thuyét vo Donnell va ap dung phuong
phap Galerkin giai quyét ba bai toan 6n dinh phi tuyén tinh cua két cau.

Bai toan 1: Phan tich anh hudng ciia cic md hinh phan b d6 xop dén
on dinh phi tuyén cta panel tru FGP.

Bai toan 2: Phan tich 6n dinh phi tuyén cua panel try sandwich FGP
véi céc diéu kién bién khac nhau.

Bai toan 3: Phan tich 6n dinh phi tuyén cta panel tru sandwich FGP
dat trén nén dan hoi.

2.2. Phan tich dnh hwéng ciia cic mé hinh phan bé do xop dén on
dinh phi tuyén ciia panel tru FGP

Xét panel tru FGP va hé toa d6 Xyz nhu dwgc mo ta trén Hinh 2.1.

Loaic

Loai d
Hinh 2.1: Panel tru FGP v&i bon loai phan bb do xbp khac nhau



Logi a: Phan bo x0p doi xing

E,.(2)=E, {1—% cos(ﬁ—zj }
h (2.1a)

Loai b,c: Phin bd x6p khong ddi xing

E(z)=E {1 2 cos[—z+ j }
T\an 4 (2.1b)
E.(2)=E, {1—e sin[”—z+zj }
h "an g (2.1c)
Logi d: phan bb x6p dong déu

Eqn(2)=Ep (1-&4) (2.1d)

Céc phuong trinh can bang phi tuyén cua panel tru FGP khong hoan
hao la

AV*f +% fot AVWHT (W)XX +W;X)— 2f (W)Xy +w*xy)+ f o (Wyy +nyy) =0 (2.18)

V4f+A1V4W—A2(w2Xy—wXXW W [ R+2W, W — W W, —W w;x):O

WX R (2.19)
Xét panel try bon canh tya don, chon w, f ¢ dang
w=Wsin%sinw; W*=§hsin%sinw, 0<é<l
f= F{sm mz Xsmw LX) - /l(y)}
a (2.21)

Thay biéu thirc (2.21) vao (2.18; 2.19), st dung phuong phép
Galerkin, dugc
SW +S,W? +SWEh+S,W (W +Eh) (W +2£h) +
16b* [mzbz

m?b? )
+Sch(W +£&h)| ry——+ pn° |-
MW +& )(0 a’ Po J mnz? | a2

2
n nzj %halaz -0
(2.24)
Xet panel chi chiu nén doc truc (N,, =-rh, Nyg=—ph=0). Biéu
thic (2.24) tro thanh

a’ )
Sl (W < 20} [slw +SW2+SWER+SW (W +Eh)W + 2§h)J 025

fh=
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Biéu thuc 2.25 dugc sir dung dé phan tich anh huéng cac mo hinh phan
bd x6p dén 6n dinh phi tuyén cta panel tru FGP khong hoan hao.
Khio sat so
Bang 2.3. Anh huéng ctia md hinh phéan bb do xSp va e dén tai trong t6i han.
E=2.0779x1011Pa, h=0.01m, b/h=80, a/b = 2, a/R=0.5, &=0
r«(MPa) e=0 e=0.3 e=0.5 e=0.7
Loaia 3939363(1,1)  3338215(1,1) 2937449(1,1) 2536684 (11)
Loaib 3939363(1,1)  3199092(1,1) 2675390(1,1) 210.8125(1,1)
Loaic 3939363(1,1)  3199092(1,1) 2675390(1,1) 210.8125(11)
Loaid 3939363 (1,1) 316.2687(1,1) 260.7247(1,1) 199.7436(11)

Bang 2.3 cho thay, tai trong nén t6i han cua panel tru phan b xp ddi
xtng (Loai a) 12 16n nhat, th{r hai 13 tai trong nén t6i han cia panel try phan
bd xép khong ddi xtrng (Loai b va Loai c), va tai trong t6i han cua panel tru
phan b xbp déu (Loai d) 1a nho nhét.

2.3. Phan tich on dinh phi tuyén ciia panel tru sandwich FGP véi
cac diéu kién bién khac nhau

Xét panel tru sandwich FGP déi ximg va hé toa do xyz nhu mé ta Hinh 2.6.

Hinh 2.6. M6 hinh panel try sandwich FGP

M6 dun Young va hé s6 Poisson la



(Ec’vc)+(Emc'Vmc)(22+h;G +hcoreJ ,khl hFG J;hcore <7<— hcore
FG

khl core <z < _‘core hcore
2 2

(2.29)

(Eshrvsh):

confinel

core

—2z+ hFG + hcore j khl core <7<
2

core

heg +h
heg 2

CRarCE

Truong hop 1: Bén canh tira don (SSSS). Biéu thire (2.25) duoc thiét 1ap dé phan
tich dn dinh ctia panel tru sandwich FGP khong hoan hao chiu nén doc tryc.

Truwong hop 2: hai canh thing ngam, hai canh con lai tya don. Chon w, f 14
2n7ryj
b

. mxX
w=W sm[l—cos
a

2
PO
dy

w rthInm;rX(l coszngryj, m,n=1, 2, 3.

mz
f=F [smasmb—l( )}

(2.31)
Thé (2.31) vao (2.18-2.19), va st dung phuong phap Galerkin, dugc

_ -4a W W (W +2&h)
r0_3bhm27r2 {Cl (Wen) C, (W +h) +C,W +C,W(W +2£h)

(2.34)
Biéu thirc (2.34) dugc st dung dé phan tich 6n dinh phi tuyén cua
panel try sandwich FGP véi cac diéu kién bién khéc nhau.
Khio sat sb

Bang 2.6. Anh hudng ciia € Va heore/Nre dén tai trong t6i han. k=1,
h=0.006m, a/b=1.5, b/h=50, a/R=0.5, &=0.

ro(MPa) Diéu kién bién e=0 e=05 e=0.8
N SSSS 587.0261(1,1) 587.0261(1,1) 587.0261(1,1)
sscc 677.8399(3,1) 677.8399(3,1) 677.8399(3,1)
N SSSS 468.9710(1,1) 382.9550(1,1) 331.3454(1,1)
sscc 537.8872(3,1) 457.3689(3,1) 409.0579(3,1)
T SSSS 452.4019(3,1) 355.5114(1,1) 296.8736(1,1)
Sscc 516.6474(3,1) 422.1734(3,1) 365.4889(3,1)
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Bang 2.6 cho théy tai trong doc truc téi han giam khi hé s6 do rong €o
hoic ti 18 heore/hrg ting. Bang 2.6 ciing cho thiy anh hudng cua hai loai diéu
kién bién dén tai nén doc truc t&i han cua panel tru sandwich FGP, ta théy
rang tai trong doc truc toi han truong hop panel tru bén canh tya don nho
hon truong hop panel tru ¢ hai canh cong tya don va hai canh thang ngam.

Hinh 2.10 mé ta anh hudng cta chi sé phan thé tich dén dudng cong
quan hé tai - d6 vong, ta thay khi gia tri chi sé phan thé tich k tang thi tai
trong td1 han ciing tang.

T
€0=0.5, heorelhes=5

500

€0=0.5, Nore/hrc=5

h= 0.006m, b/h=50 h= 0.006m, b/h=50
400 a/b=1.5, a/R=0.5 a0 \ a/b=15, a/R=0.5
(m,n)=(1,1) (m,n)=(3,1)
LURNG
g a0 3 Y
¥ [y =
s s 30 =
200 o | e I
..... 20r
. k=0 : —1: k=0
R . Hodn hdo — ::é 100 —— : Hodn hio _ tfé
0.. | - -1 (803) e | 0: ----1(&03) kK=o
0 05 1 15 2 25 3 35 4 45 5 0 1 2 3 4 5 6 7
Wi Wi
(a) Panel tru FGP SSSS (b) Panel tru FGP SSCC

Hinh 2.10. Anh huong ciia k d6i véi ro— W/h
2.4. Phan tich 6n dinh phi tuyén ciia panel tru sandwich FGP trén
nén dan hoi
Xét panel tru sandwich FGP déi xtng va hé toa do xyz nhu mé ta Hinh
2.6. M6 dun Young va hé s Poisson dugc xac dinh 1a (2.29).
Céc phuong trinh can bang phi tuyén cta panel tru sandwich FGP
khong hoan hao trén nén dan hoi 1a (2.19) va (2.38)

1 * *
A3V4 f+ E f,xx + A4V4W+ f’yy (W,xx + W,y ) -2 f,xy (W,xy T Wy ) +
+f,xx (Wyy +W,yy)+ KZ(WXX +W'W)_ Kyw=0 (2.38)

Gia sir bdn canh dugc d& don gian. Chon w dang



W:Wsinmxsinn—ﬁy; W*=§hsinmxsinn—”y, m, n=1 2, 3...
a b a b (2.39)
Thay (2.39) vao (2.19; 2.38), r6i dung phuong phap Galerkin, dugc
S;W + S, (W2 +22hW) + S;W (Eh +W) = S (Eh+ W)W 2 + 2EhW)
2_2 2_2 2_2 2_2 (241)
—l[KZ(mf +¥]+K1}W—(§h+W)i[Nxm TN T j—NV 450,
a

4 a2 y b2

Xét panel try FGP chiu tai trong doc truc véi, (2.41) tré thanh
, SW +S,W(W +2&h) + SW (Eh+W)
— —4a 2 2 2 2 2.42
0 22 (2h W) | -S W (Eh s W)W +2§h)—i[K2[m L Lz ]+ Kl}w (242)

a’ b?

Biéu thirc (2.45) duoc ding dé phan tich on dinh phi tuyén cua panel
tru sandwich FGP trén nén dan hoi.

Khao sat so

1200- 500
£=0,k=1,h=0.006m €,=0.5, h=0.006m,
alR=05, alb=L5 bih=50, aR=05
000" 1/h=50, £=0.5, heor/hec=5 400, 382955 MPa /=15, Ky=K;=0
(mn)=(3,1) heore/hec =5

k=1, (mn)=(1,1)

800 =300

s s

= s @
20 200/

—1: K=9x107, K,=8x10° Lo ® 1 =0
40 2 Ki=9x107, Kp=4x10° 00: /D -=-2:2=01
—3: K=9x107, K,=2x10° “/'/,’ ——=3 %203
——4: Ky=9x107, K,=0 W ——~4: £=05
200- 0 -
0 03 I 1S 2 23 3 005 1152153 35 4
Wih Wih
Hinh 2.17. Anh hudng ctia K1 va Hinh 2.20. Anh huéng cua &
K, doi véi I’o—W/h doi véi Io— W/h

Hinh 2.17 mo ta anh hudng cia Ki va K, ddi véi ro-W/h. Hinh 2.17
cho thiy, tai trong truc trén ting khi hé sd nén tang. Hinh 2.20 mé ta anh
hudng cua & d6i v6i ro— W/h. Hinh 2.20 cho théy, cic dudng cong cua panel
tru FGP khong hoan hao bat dau tir gbc toa do va dudng cong ciia panel try
FGP hoan hao bét dau tai mot diém trén truc toa do thrflng dtng, tic 1a do
vong cta panel tru FGP hoan héo chi xuit hién khi tai dat t6i han.



Két luén chwong 2

Chuong 2 da giai quyét nhimg noi dung chi yéu sau

1. Nghién ctru anh huong ctia bén mé hinh phan bé d6 xdp dén on
dinh phi tuyén cua panel try x6p FG chiu nén déu doc truc.

2. Phén tich on dinh phi tuyén ctia panel try sandwich FGP khong hoan
hao véi hai diéu kién bién khac nhau chiu tai trong nén déu doc tryc.

3. Phén tich 6n dinh ctia panel tru sandwich FGP khong hoan hao chiu
tai trong nén déu doc truc trén nén dan hdi (m6 hinh nén Pasternak).

Tir cac két qua sd, rit ra mdt sé nhan xét dang chi y sau

1. Trong bén md hinh phan bd do xép dugc xem xét, panel tryu FGP co
md hinh phan bb xp d6i xtmg chiu nén doc truc tot nhat.

2. Hé s6 d6 xbp, nén dan hdi anh hudng dang ké dén kha ning chiu nén
doc truc cua panel tru FGP.

3. Panel tru sandwich FGP hai canh cong tua don, hai canh théng ngam
chiu nén doc truc tdt hon panel tru sandwich FGP bdn bién tua don.

4. Panel tru FGP cang manh kha nang chiu nén doc truc cang kém.

5. Panel tru FGP giau gém chiu nén doc truc tét hon giau kim loai.

Chwong 3. PHAN TiCH ON PINH PHI TUYEN CUA VO TRU FGP
CO GAN GIA CUONG CHIU NEN TRUC HOAC AP LU'C NGOAI

3.1. Pit vin dé

Chuong 3 (37 trang) str dung Iy thuyét vé Donnell, ky thuat san gan,
phuong phap Galerkin gidi quyét c4c bai toan 6n dinh phi tuyén sau

Bai toan 1: Phan tich 4nh hudng cta cac mé hinh phan bd d6 xdp dén
on dinh phi tuyén cta vo tru FGP.

Bai toan 2: Phan tich 6n dinh phi tuyén cta vo tru sandwich FGP ¢6
gan gia cuong chiu nén doc truc.

Bai toan 3: Phan tich 6n dinh phi tuyén ciia vo tru sandwich FGP ¢6
gan gia cuong chiu ap luc ngoai.

3.2. Phin tich anh hwéng ciia cic md hinh phan bo d¢ xop dén 6n
dinh ciaa vé tru FGP

Xét vo tru FGP va hé truc toa d6 xyz nhu Hinh 3.1. V6 tru FGP duoc
nghién ciru v6i bon kiéu phan bd d6 xdp nhu mé ta trén Hinh 3.2.



Loai 1 Loai 2a Loai 2b
Hinh 3.2. Cac mé hinh phan b xdp cua vo tru FGP

Mo dun Young va hé s gian no nhiét cua vo la
Loai 1: Phan bo x6p doi xung

Ea(2)=Ep, [1_90 COS(%ZJ }; ag(2) = ap, {1—% cos(%zJ ]

(3.1)
Loai 2a,b: Phan b6 xp khong ddi xtmg
E, (2) =E, [l— € cos(”—Z + E] }; oy, (2) =ap, [1— [N cos(”—Z + ﬁj
2h 4 2h 4) | (323)

7wz 7w | _ e cinl 2.7 |
Esh(z):Em[l_eOS'”(ﬁJrZ) } ash(Z)fam[l eosnn(2h+4j_ (3.2b)

Loai 3: phan bd xbp dong déu

En(D)=E,(1-6);  ag(2)=ap(1-g4) (3.3)

Céc phuong trinh can bang phi tuyén cua vé tru FGP trong méi truong
nhiét trén nén dan hoi la

1
AVip+ =P +AViw+ P Wy —20, W, +K, (W,xx +W,, ) ~-K,w=0 (3.0

4 4 _
Vip+ AV W—Az(\A(ZXy—wXXwW—wXX/R)—O 35)
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Gia su vo try dugc do don gian & cac canhx =0, x =L . P vOng cia vo la
w=w(x,y) = f, + f sinax.sin By + f, sin? ax (3.6)

Thé (3.6) vao (3.4; 3.5), ap dung phuong phap Galerkin, thu dugc

_2o0M (1, +2f,)=0
R (3.9
o pha® + 60,17 = Hoy + Hoy 17+ Hos 4 Ky (2 + 52) +K, |
' Hos (3.10)
Ho f, +8a2f, pha Ho £2 4+ Hog£21, ~8°0™ gk o2f, —6K, 1, 8K, f, =0
06 '2 2 07 'y 08, "2 R 2 2 172 170 (311)
Diéu kién chu vi kin cua vo try, suy ra
N 1 4 N
8C ph—8go—oyh+§(2f0 +f,)— B2 +8Co¢ =0 012)
Str dung cac phuong trinh (3.9-3.12), ta dugc
1 2
p=- [HorLiy +(Hos + Horlus + Hogly, —8K,a” — 4K, ) f,
[H07L11+(8‘12+H08L11)f2}h ( )
Hy  H .
+(H07|-14+Hoa|-13)f22+H08L14f23_8RK1ﬂ2|—0[07+ngzjczefiﬁl}
Has - Hos (3.17)
Cho f, —» 0, ta thu dugc tai trong tdi han trén
1 -
Pupper :_7[Ho3|—12 _8RK1/772L0C26¢1J (3.18)
H03L11h
Do vong 16n nhat cua vo
Winax = Lo P+ Loy + (Lo +1) 5 + Ly fzz +8LoCosth
12
8RK, Ly
+| Lyph+ Ly, + Lsf, + L14f22 _%Czeﬁ
03 (3.20)

Biéu thic (3.17), (3.18) va (3.20) dung dé phan tich anh huong cua
cac mo hinh phan bb d¢ x6p dén 6n dinh phi tuyén cua vo tru FGP

Khio sat sb

Bang 3.3 cho théy, tai trong nén doc truc toi han cua voé tru FGP phan
b6 x0p khong ddi xtg Loai 2a 1a 16n nhét, thir hai 1 v6 try phan b6 xp dbi
xtng Loai 1 va thr ba 13 vo tru phan bd x6p khong dbi xtng Loai 2b, va nhé
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nhit 13 vo tru phan bb xp déu Loai 3. Bang 3 ciing cho thiy, tai trong t6i
han cta vé try giam khi A7 tang.

Bang 3.3. Anh huong ciia kiéu phan bd d6 xdp va AT dén tai trong téi han
cta vo tru FGP. h=0.01m, R/h=100, L/R=1.5, e0=0.4 , K1=2x107N/m3,
K>=1.5%x105N/m

Per (MPa) AT=0K AT=200K AT=400K

Loai 1 1026.9885(8,4)  984.9455(8,4)  892.0460(8,4)
Loai2a  1884.2215(12,2) 1806.6467(12,2) 1634.6992(12,2)
Loai 2b 962.2595(8,5)  922.7552(8,5)  835.6489(8,5)
Loai 3 945.7243(85)  906.9270(8,5)  821.3684(8,5)

3.3. Phan tich 6n dinh phi tuyén ciia vé tru sandwich FGP ¢6 gin
gia cwong chiu nén doc truc
Xét vo tru sandwich FGP c6 gan truc giao gia cuong nhu mo ta Hinh 3.7.

Hinh 3.7. M6 hinh vé tru sandwich FGP c6 gan truc giao gia cuong
Mo dun Young va hé sb gidn nd nhiét ciia vo

k
EC + EmC 22+ hFG + hcore , _ hFG + hcore <z< _%
a a, hes 2 2

C mc

E E
1=4] ™ ||1-e,cos 7z —ﬁgzs@
aSh am hCOI’e 2 2

k
EC + EmC —2z+ hFG + hcore , % <7< hFG + hcore
a a, heg 2 2

c mc

(3.21)




Trwong hop 1: Gén trong

he,h
2 2
E.) (E —h)°
b C R S8
a, a, Ay T (322)
Truwong hop 2: Gan ngoai
E, E.) (E.) 2z+h)" h h
+ - ———h<z<-—
a, a, e 2h, 2 2
E\ (E) (E.) 2z+h)" h h
+ - oh _E_hr <z< _E
ar ac amc r (323)

Céc phuong trinh can bang phi tuyén ctia v6 tru FGP trong mi truong
nhiét bao quanh boi nén dan hoi la

allw, XXXX + alzvv,xxyy + alB\N, yyyy + al4(p, XXXX + als(p, XXYY + als(p, yyyy

1
+E¢'XX + (p,yyw,xx + Qxxw,yy - 2(P,xywvxy + KZ (W'XX * W'yy)_ KIW: 0 (335)

1
ﬂll(/),xxxx + ﬁlZ(p,xxyy + ﬂlS(D,yyyy + ﬁlAW,xxxx + ﬁlSW,xxyy + ﬂlGW,yyyy - szy + W,xxW,yy + 7W,xx = O
| R (3.36)

Véi vo chiu nén doc tryc va hai canh tya don. D6 vong vo 1a (3.6)
Thé (3.6) vao (3.35-3.36), va ap dung phuong phap Galerkin, thu dugc

RK, (f, +2f,)
Opy === —=
2h (3.38)
o pha2+aoyh.ﬁ2—[Hm+ Hoo 7+ Ho f, + K, (@ + 57) + Kl]
1 Hos (3.39)
Hof, +8a2fph+ Ho 124 H £26 —8701 8K 42f 6K f 8K f =0
06 "2 2 07 ° 08", "2 R 2 2 172 1'0 (340)
Diéu kién chu vi kin, suy ra
. . 4 \ . \
8C,, ph—8C] 0,1+ — (21, + T;) = °1 +8(Coeh —C. g +C 4, ) =0 341

Str dung phuong trinh (3.38-3.41), ta dugc
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1
P :_|:H07L11+(80‘2 + Hos'—n) fth[HWLH

+(H06 + Ho7|-13 + H03L12 _8K20‘2 _4K1) fz +(H07L14 + H08L13) fz2

H, H . . .
+Hgely, 2 —8RK1ﬂ2L{H—07+ﬁ fzj(Czeq;ﬁl -C. 4, +cu¢fy)]

6 Ho (3.46)
Cho f, — 0 ta dugc tai toi han trén
1 N N N
pupper = _—[H03L12 - 8RK1ﬁ2LO (C26¢1 - C12¢11;< + C11¢1Ty ):|
HosLuih (3.47)
Do vong 16n nhat cua vo
Wi = Loy PN+ Ly + (Log +1) f, + Lo, f 2 +8L, (Cooh —CL i + 1 )
1/2
, BRKAL,, . et
'{anh +L,+ L13 fz +Ly, fz _%(Cze@ - C12¢1x + Cu¢1y ):|
03 (3.48)

Khi f =0 va f,=0,dd co Axcua vo l1a

~ | CURK CoRK (v ot oo\ (n e T e
Ac=|Cl - ph— 2= (Coh ~Co A+ C o, )~ (Crdh + CL e ~Ci el )
C KR*+1 C KR*+1 (3.53)
Biéu thirc (3.46), (3.48) va (3.53) dung dé phan tich anh hudng cia
cac tham cuia cac cac thong s6 vat liéu va hinh hoc dbi véi quan hé tai — do

vong va quan hé tai — do co

Khio sat so

Hinh 3.11 cho thdy, diém bét diu cta cic duong thing véi AT = 0K
khong xuét phat tir gdc toa do. Pidu nay cho thiy, truong nhiét do 1am cho vo
1&€ch ra ngoai (1€ch tam) trudc khi chiu nén. Khi vé chiu nén doc truc thi do 1éch
tam cta nd giam di. Khi vuot qua diém phéan nhéanh cia tai trong (diém mat 6n
dinh) d6 l1é€ch hudng vao trong. Khi A7 tang, tai téi han cia vo giam.

Hinh 3.12 cho ta thy, khi e ting cac dudng quan hé p-Wadh s& thip
hon, tirc kha nang chiu nén ciia vo tru giam di. Hinh 3.16 cho thiy, tai nén
t61 han ctia vo tru giam khi chi sd ti phan thé tich k giam. Hinh 3.17cho thiy,
khi cac tham s6 nén K va K, tang thi tai nén toi han cia vo ciing ting.

Béng 3.12 cho thiy, v6i cac truong hop bd tri gan gia cudng dugc xem
xét thi tai trong nén doc truc to1 han trong truong hop vo ¢6 gan ngoai la 16n
nhét, thir hai 14 vo c6 gén trong gia cudng va nho nhét khi vo khong co gan gia
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cuong. Ngoai ra, Bang 3.12 ciing cho thay khi vo tru sandwich FGP ¢6 gén gia
cuong bén trong thi tai nén doc truc tdi han cua vo €O cac gan doc la 16n nhét,
thir hai 13 vo ¢0 cac gan truc giao va nhé nhét khi vo gia cudng gan vong.

5007 650 T T T T 1

Nén dan hdi Tai t6i han trén
60 I

B Paupper=459.5029 MPa (10,10)
S0~ h=0.006m, R/h=100, LIR=2,

400 Ki=2.5%10'N/m?

Paupper=438.4654 MPa (10,10)
= 8

g B Tiil t6i han dusi g e
= Poiorr=298.3926 MPa (6,9) a
0 Puow=289.4233 MPa(69) oy
)  Puor=2709525 MPa (6,9) W {1 Ki=0, Ko |
" h=0.006m, R/h=200, L/R=2, Gantrong —zkelen ke |
AT=0K, 65=0.5, heorelhec=1 e PoDhen0.006m 4 Kimse?, Keezes.
Gan trong T 3k=1 20 o /@;w
o ) B=bi=hih=0.008m, n=n=20 ¢ m b 50E . ‘ ‘ ‘ J
. (mm) 10? 10* 10! 10! 10! 10 10’
k
Hinh 3.16. Anh huong cua k Hinh 3.17. Anh huéng cua nén dbi
d6| V(S" p 'Ax Vd| plower' k
Bang 3.12. Anh hudng cua gan dén tai trong t6i han. €=0.5, heore/hre=1,
k=1, 47=300°C, h=0.006m, L/R=2, bs=b,=0.006m, hs= h,=0.006m,
K1=2.5x10"N/m?, K,=2.5x10°N/m.
Por (MPa) RMh=100 RMh=200 RMh=300
Khéng gan (ns=n=0) 630.2644 (11,1)°  343.7590 (16,1) 250.9132 (19,5)
=40, =0 Géntrong  708.2389 (5,8) 378.9682 (10,12)  263.3646 (13,15)
T Génngoai 7454105 (6,8) 381.2173(138)  266.0357 (14,14)
=20, =20 Gantrong  698.5920 (7,8) 367.6248 (12,10)  258.7624 (14,14)
e Génngodi  749.6283(10,2) 373.9650 (15,1) 264.8245 (19,3)
Ne=0, =40 Gantrong  644.5673(9,7) 350.7274 (139)  251.3729(16,13)
T Génngoai  703.1807 (12,1) 361.1648 (16,1) 2585777 (20,1)

3.4. Phén tich 6n dinh phi tuyén ciia vé tru sandwich FGP ¢6 gin
gia cwong chiu ap lue ngoai

Xét vo tru sandwich FGP c6 gan truc giao gia cuong nhu mo ta trong
Hinh 3.7. M6 dun Young cta vo va gan FGM xac dinh theo (3.21) va (3.22).

Hé phuong trinh can bang phi tuyén cua vé try sandwich FGP chiu ap
lic ngoai duge bao quanh bai nén dan hdi 1a (3.56) va (3.36)
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allW,xxxx + alzw,xxyy + a13vv,yyyy + a14¢, XXXX + alsw, XXyY + alﬁw,yyyy

+(p,xx IR+ (D,xxW,yy + ‘P,yy"",xx - 2(vawa¥ + K2 (W'XX + WW>— K1W+ 4= 0 (356)

Vi vo ¢o6 hai canh tya don chiu ap lyc ngoai. P vong cua voé 1a (3.6)
Ap luc bén ngoai vo dugc xac dinh
1 y Dy Lz +(D06 + Dy7Lggs + Lz Dog —8K,2° _ZKl) f,
(DorLas + Doslpes ) +(DorLage * LaasPos) 7 + LaaaDos 2
(3.64)
Cho f, -0 duogc tai t6i han trén

q=-—

qupper -

Lo ﬂzRKlLA02+2D01+K2(a2+,82)+ K, (3.65)
I-All Rﬂz (1_ Kl"AOl)
Do vong 16n nhat cta vo la

12

Wiax = Laott+ Lagz +(Lags +1) 5 + Lags f22 +(LA11q +Lago + L o + Lag fzz) (3.66)

Biéu thirc (3.64-3.66) dung dé phan tich 6n dinh phi tuyén cia vo tru
sandwich FGP c6 gan gia cuong chiu ap luc ngoai.
Khio sat s6
Béng 3.16. Anh hudng ctia gan gia cuong va chi s6 ti phan thé tich dbi voi tai
té1 hal’l h_4mm R/h_80 L/R_2 hcore/hFG:3 h5:5mm hr=5mm bs=5mm
b=5mm, ns=30, =30, AT=0K, K,=2x10" N/m?, K=6x10*N/m, eo=0.4

Gan doc Gén vong Gan truc giao
(ns=60) (n=60) (ns=n,=30)

k=0  1237.277 (1,6) 1244.460 (1,6) 4687.754 (1,4) 3761575 (1,5)
k=1  1393.725(1,6) 1400.241(1,6) 4516.512 (1,4) 3468.308 (1,5)
k=5  1485.786 (1,6) 1491.131(1,6) 4534.340 (1,4) 3407.016 (1,5)
k=oo  1524.934(1,6) 1529.547 (1,6) 4552.000 (1,4) 3385.620 (1,5)

Jer (kPQ) Khéng gan

Bang 3.16 cho thiy, khi chiu 4p luc ngoai, vo c6 gan vong gia cudng
1a t6t nhat, thir hai 1a vo c6 gan truc giao gia cuong, thir ba 13 vo c¢6 gan doc
gia cuong, va nho nhét 14 khi vo khong c6 gan gia cudng. Bang 3.16 ciing
cho thdy, ap luc t&i han cta vo tru ting khi chi s6 ti phin thé tich k ting.
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50001

T T 5000

T T T T
—Tig 0 he=h;=0.005m  R=0.32m, R/h=80 :; Etgv g?m " R=0.32m, R/h=80
—2e 04 p=h=0.005m L/R=2, hooelhrc=3 4500 : e : 3 ‘ L/R=2, heore/hrc=3
4500 —3 K1t K0 o 04 =1
—3e08 n=n=30 k=1, (m,n)= (1,5) 0=0.4, k=
40001 3843.365 (m,n)= (1,5) 3
40007 . 7 35000.3468.308 @
L [3676.982 ¢
< < . 2993.012
U 3500434683 1 o 3000 (€}
2500~ h=h,=0.005m
3000 Ki=2x10" N/m® bs=b,=0.005m
K,=6x10° N/m 2000 n=n,=30
2500 L L L L L 1500 L L L L
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Wmaxth Wmax/h
Hinh 3.20. Anh hudng eo doi véi g — Hinh 3.21. Anh huéng ciia nén di véi
Whax/h q- Whmax/h

Hinh 3.20 cho thdy, kha ning chiu 4p luc cia vo giam khi e ting.
Hinh 3.21 cho thay, ap luc ngoai toi han ting khi K va Ko ting riéng 1é hodc
cung nhau.

3.5. Két luan chwong 3

Chuong 3 di giai quyét nhitng ndi dung chu yéu sau

1. D3 nghién ctru anh hudng cua bdn md hinh phan bd d6 xbp dén
6n dinh phi tuyén ctia két ciu vo tru xép FG chiu nén déu doc truc, trong moi
truong nhiét bao quanh béi nén dan hoi Pasternak.

2. b3 phan tich 6n dinh cua vé tru sandwich FGP c6 gan truc giao gia
cuong chiu nén doc tryc, trong mdi truong nhiét bao quanh bdi nén dan hdi
Pasternak.

3. P phan tich 6n dinh ciia vo tru sandwich FGP c6 gn tryuc giao gia
cuong chiu 4p luc ngoai bao quanh boi nén dan hoi Pasternak.

Tu cac két qua $6, luan an dua ra mot s6 nhan xét dang cha y sau

1. Trong bdn mé hinh phan bd d6 xbp duoc xem xét, vo tru xép FGP
md hinh phan b6 xdp khong ddi xtng Loai 2a 1a c6 kha niang chiu nén doc
truc tot nhat.

2. Hé sb d6 xbp eo va truong nhiét d6 anh hudng dang ké dén kha
nang chiu luc cta vo tru.
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3. Gén gia cuong, nén dan hdi lam ting dang ké kha ning chiu nén
doc truc (hodc ap luc ngoai) cua vo try sandwich FGP.
4. Vo tru sandwich FGP c6 gan gia cuong bén ngoai chiu nén doc
truc t6t hon vo tru c6 gan gia cuong bén trong.
5. Khi chiu ap lyc ngoai, vo try sandwich FGP c6 gan vong gia cuong
chiu ap luc ngoai tot nhat.
6. Vo tru FGP cang manh kha nang chiu luc cang kém.
7. V6 tru FGP giau gdm chiu lyc tot hon vé giau kim loai.
Chuwong 4. PHAN TiCH ON PINH PHI TUYEN CUA VO TRU
FGP CO GAN GIA CUONG CHIU TAI XOAN
4.1. Dit vain dé
Chuong 4 (30 trang) str dung Iy thuyét vo Donnell, 1y thuyét bién dang
cit bac nhét, k¥ thuat san gan ctia Lekhnitskii, phwong phap Galerkin giai
quyét hai bai toan phi tuyén ctia vo c6 gan gia cuong chiu tai xodn
Bai toan 1: Phan tich 6n dinh phi tuyén ciia vo tru sandwich FGP ¢6
gan xién gia cuong chiu tai xodn.
Bai toan 2: Phan tich 6n dinh phi tuyén cta vo tru sandwich FGP ¢6
gan truc giao gia cudng chiu tai xoan.
4.2. phan tich 6n dinh phi tuyén cia vé tru sandwich FGP c6 gin
xién gia cudng chiu tii xodn
Xét vo try sandwich FGP c6 gan xién FGM gia cuong va hé toa do
Xyz nhu dugc mo ta trong Hinh 4.1.

Hinh 4.1. V6 try sandwich FGP c6 gén xién gia cuong chiu tai xoan
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Moédun dan hdi Young va hé sé gidn né nhiét cia vo tru sandwich FGP va
gan FGM gia cudng lan luot duge xac dinh boi biéu thirc (3.21) va (4.1).
Hé phuong trinh can bang phi tuyén ctia vo bao quanh bdi nén dan hoi 1a

allw,xxxx + alZW,xxyy + al3W,yyyy + al4A,xxxx + alSA,xxyy + alSA,yyyy
. (4.10)
o At AW AWy =2 Wiy = K+ K, (W +w,,)=0
2
ﬂllA,xxxx +ﬂ12A,xxyy + ﬁl?,A,YYY)’ +:B14W,xxxx +ﬂ15W,xxyy +ﬁ16W,WW _(WXY) + (4 11)

W,xx_O
+W,xx'W,yy+ R =

Biéu thirc (4.10-4.11) dugc sir dung dé phan tich 6n dinh phi tuyén cua
vo tru sandwich FGP ¢6 gan xién gia cudng chiu xodn.
Xét v tru sandwich FGP co diéu kién bién twa don & hai dau
X =0; X=L chiju tai xodn. D6 vdng cua vo 1a
w=w(x, y) = fy+ fsinaxsin g(y—x)+ f,sin® ax (4.12)
St dung phuong phap Galerkin, ta dugc
[2rhﬁ2/1 +D,+D, fy, + Dy 2 +D, 2= K, K, (o + 5227 + ﬁZ)J f,=0 (4.15)

D, f, — D f,” + D, f 2, — 4K, f, - 3K, f, ~4K,a*f, =0 (4.16)
12,0 * * T * T ) _
26 + T, =3 RIS +2R(C, 4 —C_ g, +C.4],)=0 (4.17)

Tir céc biéu thirc (4.15)-(4.17), suy ra
R 7+ KRIZA-8KR(C, 4-C. g1, +C.d],) o
hgia| 2(Dy+D, 17~ K, ~4K,0”) i

2 292 * * T iy
2D f; +K1Rf1ﬂ _8K1R(C26¢1_C12 1X+Cn¢1y) K -K (0{2+ﬂ2/12+,32)
> ; 1~ K,
2(Ds+D; 12 -K, -4K,a’

+U,

(4.18)
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Khi b6 qua thanh phan nhiét, phuong trinh (4.18) dugc viét lai 3

2D, f.2 + K.Rf 23°
1 {1 611 1 lﬁ +D3f12

=——=_ID+D
2hB% 2 “2(Ds+ D, f2- K, -4K,a?) @19)

5 2D f” + K Rf 2 g2
+
*12(Dy+ D, 2K, - 4K,0?)

2
} —K, =K, (o + 227 + )

Do vong lon nhat cta cac vo tru duge xac dinh

12,2 * * T vy
Winax =§Rf1 B - R(Cze¢l_C12¢1X +C11¢1y)+ fy
N 2Dy f* + KlRflzﬂz _8K1R(C:6¢1 _C;¢1Tx +C:1¢1Ty)
4(Ds+D, 17— K, —4K,a” )

(4.24)

Hé hai phuong trinh (4.18) va (4.24) duoc sir dung dé vé dudng cong
quan h¢ tai trong xoén - do vong l6n nhét cua vo tru sandwich FGP chiu tai
trong xoan.

Goc xoan Y clia vo tru

. n’A .,
W= C33Th + W fl (427)
Biéu thirc (4.27) md ta quan hé giira tai xodn 7 va goc xodn
dugce dung dé vé duong cong quan hé 7 —y ctia vo try sandwich FGP.
Biéu thirc (4.27) cho thiy: khi f, =0thi quan hé gitta 7 -y 1a tuyén tinh; khi
w=0th f,=0va r =0, dudng cong 7 — sé& di qua toa d6 ban dau.

Khao sit s0

Hinh 4.2a,b cho thay, ton tai cic gia tri Ny (s6 gan) t6i wu ma tai do tai
x0dn t6i han 14 16n nhat. Ngoai ra, Hinh 4.2a,b ciing cho thay khi eo (hoiic A7)
tang dan dén giam tai xoan tdi han ciia vo.
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S0 S o ; 500 ——
) 446.77 e
L | . —2:60=0.2
450 — 450 . 0 36005
- —4:60:08
=9, = w0 ——<2>/M ——
a a 3)/_’—.\\ N
S s )//
< 0 .
S —:/( _ g T Thong sb gan
& 30 h=0.008m, R/h=80 g
g 2 = 2 hy=0.01m, b,=0.008m
& | LIR=3, heorelhee=3 & 30 d,=0.08
_ — = . . p=U.Um
H0 @05, k==L Thong 56 gan h=0.008m, R/h=80 60 56 nd
— 1 AT= 0K hy=0.01m Thong sé nén B0F 1 o hm. ho Théng so nen
20(_y ‘A b= —ax105N/m? L/IR=3, Neore/Nrc=3 K;=8x10°N/m?
2 AT = 300K ,=0.008m K;=8x10°N/m! k=k.=1. AT = 300K 5
1 TEATZOOK  4,008m | Ki=2x10°N/m TR | KRNI
(TR VA A SN S - | TSN %o s N % 4 & 8
Np Np
Hinh 4.2a. Anh huong cta AT doi Hinh 4.2b. Anh huéng cia eo doi
véi duong cong 7 - np véi duong cong 7 - Np

Hinh 4.3ata théy, truong nhiét d6 1am vo 1éch ra ngoai trudc khi n6 chiu
tai xoan. Hinh 4.3a ta thay, khi vo chiu xoén, giai doan ddu quan hé 7 — 14 tuyén
tinh, va khi tai vuot tai t6i han quan hé 7 — y 1a phi tuyén

700 ———
600 1 T 3l i AT= 0K
i 600/ —2 AT=300K
500~ (0 479.34)° 1 / —3 AT=600K L
‘ 467.56 @ E—
(-0.30; 400.79) ®) 479.34 @
40~ e 39150 1 = 0TS ¢
E -1107; 340.38) p—gt] & wob 340' 391.50
S W Thong s6 gin -2 : h= 0.008m, R/h=80
- ! h=0.008m, R/=80 h,=0.01m, b,=0.008m e 333.11 L/R=3, heore/Nee=3
| LR=3 haolhee=3 d,20.08m 1 0 €5=0.5, k=k=1
i & :HO'S’ lfzkle Thong s6 nén Théng s6 gan
0o | Thong sonen —1: AT= 0K, np=21 K;=8x10°N/m? h,=0.01m, b,=0.008m
i Ki=8x10 N/m —2: AT=300K, n,=21 Kz=2x10°N/m d,=0.08m
ot K2:2><10‘N/m ‘ —3 AT =600K, n,=22 0 )
20 5 10 15 2 2% 0 1 2 3 4 5 6
Winax/h y (d0)
Hinh 4.3a. Anh huong cia A7 d6i véi duong  Hinh 4.3b. Anh hudng cua AT di voi
cong 7 — Wmax/h. " Toa do (Wmax/h; 1) duong cong -y

4.3. Phan tich 6n dinh phi tuyén ciia v6 tru sandwich FGP ¢6 gin
truc giao gia cwdng chiu tai xoin

Xét vé tru sandwich FGP va h¢ truc toa d§ xyz nhu hinh 3.7.

Theo Iy thuyét bién dang cit bac nhét, cac phuong trinh cin bang phi
tuyén ctia vo tru duoc bao quanh bdi nén dan hoi 1a (4.37-4.41)

Xét vo tru sandwich FGP chiu tai xodn, diéu kién bién tua don tai
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x=0; x=L. Do vong ctia vd

u=Usin mzx ﬂ ;v=Vsin w+ﬂ w =W cos mﬂx+ﬂ
L R L R

(4.42)
@ ain[ X yY mzx  ny
¢x_®Xsm(—L + Rj’ Py sm( L + Rj
Str dung phuong phap Galerkin (4.37)-(4.42), thu duogc
D, D,
Ay — +8y, —2+a +
ik |mD D +(4 ¢1X) (¢1 @y)Rz 049

2mnzh m?z? n? D D
—Kl—Kz[T+? +a13433+a353“+a3ew2

Phuong trinh (4.49) thiét 1ap quan hé 7 va W, st dung dé phan tich 6n
dinh phi tuyén cua vo try FGP chiu tai xodn c6 gan gia cuong.

Khao sat so

900 | 800 —
—1: Gan doc —1 AT=0 K

800 | —2: Gén vong 700 —2 AT=50 K
—3: Gan tryc giao —3 AT=100K

~
o
=]

h= 0.006m, R/=70, LIR=15 807 h=0.006m, Rih=70, LIR=15

Thong s gan

—~ = = =
T 00 0706, Neore/Nec = 3, AT=0K. hsfhrfOAOOGm % ol €=0.6, heore/Nrc = 3
=3 gib;(z'ggem = ) Théng s6 gan
g,_ 500 st g 400 he=h,=0.006m
g @ 5 b,=b,=0.006m
© 400 // 300 ns=n,=18
’/(3) Théng sé nén Théng sé nén
300 @ K;=4x10'N/m? 200 Ki=4x10"N/m?
. K,=3x10°N/m K,=3x10°N/m
200 L L L 100 :
102 101 10° 10t 102 102 10! 10° 10" 10°
k k
Hinh 4.20. Anh hudng cta gan va Hinh 4.21. Anh hudng cua AT va k
k d61 VO"I tél té’l han trén Tupper dﬁl V(,)’l tél tél han trén Tupper

Hinh 4.20 mo ta anh huong ctia gan va k d6i véi tai toi han trén zypper.
Hinh 4.20 cho ta thiy, tai xodn t6i han ciia v6 tru sandwich FGP ting khi chi
s ti phan thé tlch k tang. Hinh 4.20 ciing cho ta thay anh hudng cia gan gia
cuong dén tai xodn t6i han. Cu thé, cing véi 36 gan gia cuong, tai xodn t6i
han ctia vo tru dugc thiét ké 36 gan doc gia cudng 1a nho nhat, thi hai 13 vo
tru dugc thiét ké gia cudng gan tryc giao (Ns=n=18) va 16n nhat khi vo dugc
thiét ké gia cuong bang 36 gan vong.
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Hinh 4.21 m6 ta anh hudng ctia AT va k d6i véi tai téi han trén zypper.
Quan sat théy, tai trong x04n t6i han cua vo tru giam khi nhiét 40 47 tang.

4.5. Két luan chwong 4
Két qua chuong 4 da giai quyét nhitng ndi dung chu yéu sau

1. Phan tich on dinh phi tuyén ciia vé tru sandwich FGP c¢6 gan xién
gia cuong chiu tai xoan,.

2. Phén tich 6n dinh cua vé tru sandwich FGP ¢6 gan truc giao gia
cuong chiu tai xodn.

T cac két qua so, rut ra mét so nhan xét dang chi y sau

1. Kha ning chiu tii trong xoan ciia vo giam khi ey va AT ting riéng
biét hodc ting dong thoi.

2. Gan gia cuong, nén dan hdi 1am ting dang ké kha ning chiu tai xoan
cua vo tru sandwich FGP.

3. Vi vo chiu xodn, viéc thay doi s lugng gan xién s€ lam thay doi
kha nang chiu lyc cta vo. Do do, dé toi uu hoa két cau can tinh toan chon dugc
gid tri sO gan N, toi uu sao cho tai trong tdi han cta két cau la lon nhat.

4. V6i ba dang gin gia cuong, kha ning chiu tai xodn cua vo tru
sandwich FGP dugc gia cuong bang gan doc 1a nhé nhit, thi hai 13 gia cuong
gan truc giao, va 10n nhat khi dugc gia cuong bang gan vong.

5. Mic du sir dung 15i x0p s& lam nhe két cdu va ting kha ning hép
thu ning luong, nhung nd 1am giam d6 ctng ciia két cAu nén trong tinh toan,
thiét ké can duoc quan tam.

Két qua chinh ctia chuong 4 da dugc cong bd trong 2 bai bao [8], [9] trong
danh muc cong trinh cong bd lién quan dén luan an. Trong d6 co 1 bai dang trén
céc tap chi qudc té danh muc IS, 1 bai bao ding trén tap chi uy tin trong nudc.



23

KET LUAN
Lu4n 4n c¢6 nhitng dong gép mai ndi bat sau

1. Bang cach tiép can giai tich luan an da xay dung duoc cac biéu thirc
dé phan tich anh hudng ctia bén mé hinh phan bd do xdp dén 6n dinh phi
tuyén cua két cdu panel try va vo try FGP chiu nén doc tryc.

2. Sir dung 1y thuyét vo Donnell, luan 4n da thiét lap cac biéu thuc dé
phan tich 6n dinh phi tuyén ctia panel tru sandwich FGP chiu nén doc truc
¢6 va khong xét dén tuong tac panel - nén Pasternak. Sau do, sir dung phuong
phap Galerkin thu duoc biéu thirc dé xac dinh tai téi han va v& dudong cong
tai - 6 vong mo ta dap tng sau téi han cua két cau.

3. Sir dung 1y thuyét vo Donnell, 1y thuyét bién dang cit bac nhat, k§
thudt san gan Lekhnitskii va phuong phap Galerkin véi nghiém d¢ vong ba
s6 hang, luan 4n da xdy dung duoc biéu thirc dé xac dinh tai t6i han va vé
duong cong tai - d vong sau tdi han ctia vé tru sandwich FGP ¢6 gan FGM
gia cudng chiu tai co trong mdi trudng nhiét bao quanh bdi nén dan hoi.

4. Khao sat s6 anh huong ciia cac tham sb dau vao nhu: cac md hinh phan
bé xp, hé s6 do xbp, chi sé ti phan thé tich, d6 khdng hoan hao, diéu kién bién,
kich thuéc hinh hoc, ti 1¢ d6 day I6p 16i xop/lop phu, gan gia cudng, hé sé nén,
nhiét d6 dén 6n dinh phi tuyén caa panel tru va vo tru FGP.

5. Thong qua céc két qua s6 da khao sét, tai mdi chwong cua luan &n
da rat ra mot s6 nhan xét ¢6 ¥ nghia khoa hoc va thuc tién cho cac tinh toan
trong twong lai va giap ich cho cac nha thiét ké, ché tao cd thé lya chon cac
thong sé két ciu pha hop véi didu kién 1am viéc thuc té cua két cu.
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