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LOI CAM DOAN

T6i xin cam doan luan 4n: “Phan tich 6n dinh phi tuyén panel tru va vo try
1am bang vat liéu FGP chiju tai co trong méi trudng nhiét” 1a cong trinh nghién ctru
cua chinh minh du¢i sy hudng dan khoa hoc cua tap thé huong dan. Luan an su
dung thong tin trich dan tir nhiéu ngudn tham khao khac nhau va cac thong tin trich
dan duoc ghi rd ngudn gde. Cac két qua nghién ctru ctia to6i duge cong bd chung véi
cac tac gia khac dd duoc su nhit tri cua dong tac gia khi dwa vao luan an. Céc sb
lidu, két qua duoc trinh bay trong ludn 4n 13 hoan toan trung thuc va chua timg duoc
cong b trong bat ky mot cong trinh nao khac ngoai cac cong trinh céng bd cua tac
gid. Luan an dugc hoan thanh trong thoi gian té6i lam nghién ctru sinh tai Hoc vién
Khoa hgc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghé Vi¢t Nam.

Ha Noi, ngay thang nam 2024

Tac gia luan an

Pham van Hoan



LOI CAM ON

Tac gia xin bay t6 long biét on chan thanh téi hai thiy, cd giao huéng dan la
PGS.TS Lé Kha Hoa va PGS.TS Piao Nhu Mai d3 tan tinh hudng dan, gitp dd,
dong vién va tao moi diéu kién thuan lgi dé tac gia hoan thanh luan an.

Trong qua trinh thyc hién luan an, tac gia da nhan dugc rat nhiéu su gitp do,
tao diéu kién thuan loi ctia Ban Lanh dao, phong Pao tao, cac phong chirc ning cia
vién Co hoc, Hoc vién Khoa hoc va Cong ngh¢, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam. Téc gia xin bay to long biét on chan thanh vé nhimg su gitp d do.

Tac gia tran trong cdm on Ban Gidm ddc Hoc vién Hau can, Dang uy khoa
Doanh trai, cic ddng nghiép trong boé mon Coéng nghé va Quan 1y xdy dung, khoa
Doanh trai d3 tao diéu kién, ludn quan tAm va dong vién trong qué trinh tac gia hoc
tap va hoan thién luén an.

Cudi cung, tac gia xin bay to 1ong biét on sdu sic téi gia dinh, ban bé va
nhiing nguodi than da luon dong vién va chia sé nhitng khé khan vai tac gia trong

sudt qua trinh thyc hién luan an.
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Noi dung ky hi¢u

Kich thuéc céc canh cua vo

Chiéu day cua vo

Ban kinh trung binh cta vo

Mb dun dan hdi Young cua vat li¢u

Hé s Poisson cua vt liéu

Chi sb biéu thi tinh chat ctia kim loai, gdm va vo

Chi sb biéu thi théng sé cua gan doc, gin vong, gin Xién
Chiéu cao ciia gan doc, gan vong, gan xién

Chiéu rong cta gan doc, gin vong, gan xién

Khoang cach gitra hai gan doc, gan vong, gan xién

D6 day cua mdi 16p phu FGM, 16p 161 x6p

Hé sb do rong

D0 khong hoan hao hinh hoc ban dau cua vo

Chi s ti phan thé tich cua vo, gn doc, gan vong, gan xodn
H¢ truc topa dd X, Y, z

Chuyén vi theo cac phuong X, Y, z

Bién dang theo phuong X, y va bién dang cit

Céc thanh phan bién dang ¢ mat gifra cia vo

Kys Ky o Ky Céc thanh phan d6 udn, xoan

0,,0,0y Cac thanh phﬁn ung Suit

Nx, Ny, Nyy  Céc thanh phan lyc doc

My, My, My Céac thanh phan momen

Ky, K2 Céac hé sb nén Pasternak

ro, Po Tai trong phan bd tac dung 1én mit bén cua panel theo phuong X, y
p Tai trong phan bd tac dung 1én mit bén ciia vé try theo phurong X

q Tai trong phan bd tac dung 1én mat ngoai cua vo try theo phuong z



vii

T Tai trong xo0dn tac dung 1én mit ngoai ctia vo tru theo phuong y
0 Goc hop boi gan xoan va phuong X

Danh muc cac chir viét tit

Chir viét tit Noi dung viét tat

FGM (FG)  Vatliéu c6 co tinh bién déi

FGP Vit liéu x6p c6 co tinh bién d6i
FEM Phuong phéap phan tir hiru han
HSDT Ly thuyét bién dang trugt bac cao
SSSS Lién két bon bién tya don

SSCC Lién két hai canh cong tua don, hai canh théng ngam
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MO DAU

1. Tinh cép thiét ciia dé tai

Vit lidu co co tinh bién doi (functionally graded material - FGM) thuong duoc
tao nén tir hai loai vat liéu thanh phan 13 gbm (ceramic) va kim loai (metal) véi ti 1¢ thé
tich ctia mdi thanh phén duoc lya chon mot cach hop Iy, ti 16 thé tich cac thanh phén
bién ddi tron va lién tuc theo mdt phuong nhat dinh trong ciu trac két ciu. Pic tinh ndi
bat cua vat liéu FGM la c6 dg cling cao va kha nang chiu nhiét tdt, déo dai, tranh duoc
su bong tach gifra cac 16p khi chiu lyc va duy tri dugc tinh toan ven vé chu tric.

Mot trong nhirng phét trién méi nhat gan day cua vat lieu FGM la vat liu
x6p hay vat lidu rong (porous materials) c6 cac 16 rong (hay bot xp) phan bé lién
tuc theo quy luat nhét dinh trong ciu tric két ciu. Do vat liéu x6p co co tinh bién
dbi (functionally graded porous material - FGP) cd trong lwong nhe va kha ning hap
thu ning luong tét nén thudng dugc wng dung dé ché tao cac két cAu 1am viéc trong
moi truong nhiét d§ cao chiu tai phuc tap. Hién nay, céc két cAu st dung vat li¢u
FGP c6 tiém ning tmg dung ngay cang rdng rii trong nhiéu nganh k¥ thuat hién dai
nhu hang khong vii tru, ning luong nguyén tir, y hoc, quéc phong, dién t, luyén
kim, ché tao may, xay dung,.... Vi vy, nghién ctru vé Gmg xir cta cac két cAu lam
bang vat liéu FGP nham t&i vu hoa cac san pham, cac chi tiét - cAu kién 1am bang
vat lidu nay theo mong mudn cia ngudi thiét ké 13 xu hudng tat yéu cua khoa hoc
hién dai, n6 da va dang nhan dugc su quan tdm dac biét cia cong déng cac nha khoa
hoc trong va ngoai nudc.

Céc két cAu dang vo dong vai trd quan trong va ngdy cang duoc str dung rong
rdi trong cac nganh coéng nghiép hién dai do ting kha ning lam viéc cua két cau trong
khi t6i uu hoa dugc vat liéu va gid thanh san xuat. Cac nghién ctru vé két cau vo bang
vat liéu FGM noi chung, vat licu FGP néi riéng thuong thuc hién b:;ing ba cach tiép
can: giai tich, ban giai tich va phuong phap sb. Hién nay, da c6 nhiéu cong bd vé 6n
dinh cua cac két cau dang vo br?mg vat liéu FGM, tuy nhién cac cong bd vé 6n dinh cua
két cau dang vo bang vat liéu FGP con it va can tiép tuc nghién ctru. Trong luan an nay,
nghién ctru sinh tién hanh nghién ciru bai toan 6n dinh tinh ciia két ciu dang vo bang
phuong phap giai tich. Sy hiéu biét vé tmg xtr co hoc ctia cac két cAu bang vat liéu FGP
|2 bai toan khong chi ¢6 ¥ nghia khoa hoc ma con ¢ y nghia thuc tién to 16n gop phan
gia ting tng dung cua loai vat lidu nay trong cac linh vuc k¥ thuat va doi sng.

Xuat phat tir nhitng yéu cau cap thiét da néu ¢ trén, luan an da chon dé tai 1a
“Phén tich on dinh phi tuyén panel tru va vé tru lam bang vit liéu FGP chiu

ti co trong moi truwdong nhi€t” [am ndi dung nghién cuu.



2. Muc tiéu cta luan an

Phén tich 6n dinh phi tuyén ctia két cau dang vo (gdm panel tru va vo tru) 1am
bang vat liéu FGP ¢ ké dén do khong hoan hao hinh hoc ban dau cia vo, gin FGM
gia cuong, nén dan hdi (md hinh nén Pasternak), chiu nén doc truc, ap luc ngoai, tai
x04n, tai nhiét. Dé giai quyét muc ti€u, cac nghién ctru sau s€ dugc thyuc hién:

i) Thiét 1ap 10i giai giai tich cho bai toan phan tich 6n dinh phi tuyén cua két
ciu panel tru FGP khong hoan hao chiu nén doc truc; vé tru FGP c6 gan gia cuong
chiu nén doc truc, ap luc ngoai, tai x04n, tai nhiét.

ii) Viét chuong trinh tinh trén nén Matlab cho cac 10i giai giai tich & trén.

iii) Khao sat sb anh hudng cua cac tham sé dau vao nhu tinh chit vat liéu, kich
thudc hinh hoc, do khong hoan hao hinh hoc ban dau, nén dan hoi, gan gia cuong,
diéu kién bién va céc loai tai trong tic dung dén 6n dinh phi tuyén tinh cua két cau.

3. Poi twong va pham vi nghién ctru cia luin an

Déi twong nghién ctu:

- Két ciu panel tru va v6 tru lam bang vat lidu xdp FG véi cac mo hinh phan bd
x6p: phan b xdp dbi xtng, phan b xdp khéng dbi xang va phan b xp dong déu.

- Két cau panel tru va vo try sandwich FGP ba 1ép, gom 16p 16i x6p FG dbi
xung ¢ gitra hai 16p phu mat FGM.

- Panel tru FGP khong hoan hao, khong c6 gan gia cuong.

- Vo tru FGP ¢6 gan FGM gia cuong (dang gan doc, gan vong, gan truc giao,
gan xién).

- Két cu chiu cac loai tai trong tac dung nhu nén doc truc, ap luc ngoai, tai
xo4n va tai nhiét, co ké dén tuong tac véi nén.

Pham vi nghién ctru cta luan 4n 13 phan tich 6n dinh tinh cua vo lam béng
vat liéu x6p co6 co tinh bién d6i bang tiép can giai tich.

4. Phuwong phap nghién ciru

Phuong phap giai tich: Luan 4n st dung hai 1y thuyét 1a 1y thuyét bién dang
cat bac nhét va 1y thuyét vo Donnell c6 ké dén thanh phan bién dang phi tuyén hinh
hoc von-Karman, ap dung k¥ thuat san déu tac dung gan Leckhnitsky dé thiét lap
cac phuong trinh cha dao theo ham ung suat va do6 vong. St dung phuong phép
Galerkin xay dung biéu thuc hién dé xac dinh tai trong téi han va vé cac duong
cong tai - d§ vong mo ta dap ung sau toi han.

Chuong trinh tinh trén nén Matlab d3 dugc xdy dung dé khao sat anh huong
clia cac thong sd dau vao dén on dinh va sau mat 6n dinh cta panel try va vo tru
FGP khong c6 gan gia cudng va c6 gan gia cudngs voi cac didu kién bién va cac

loai tai trong tdc dung khac nhau.



5. Y nghia khoa hoc va thue tién ciia lun an

Ynghfa khoa hoc cua ludn dan

Vat liéu FGP la loai composite thé hé méi, co trong lugng nhe va kha nang hép
thy ning lugng t6t 14 lya chon thich hop cho cac két cau co trong lugng nhe chiu cac
loai tai trong phiic tap. Lun an cung cap cac két qua phan tich 6n dinh phi tuyén cho
két cAu panel tru FGP khdng hoan hao, khong gia cudng va vo tru FGP ¢d gan FGM
gia cuong. Cac két qua nghién ciru ctia luan an s& gop phan 1am phong pha thém su
hiéu biét vé tng x1r ciia cac két cau dang vo 1am bang vat lidu xbp co co tinh bién dbi.

Y nghia thuc tien cia ludn dn

Luan an tap trung giai quyét bai toan vé két cau panel tru va vo tru véi cac
diéu kién lam viéc thyc té thuong gip trong thiét ké, tmg dung hién nay. Vi vdy, cac
két qua nghién ctru ciia luan an 1a ngudn tham khao c6 gia tri cho céc tinh toan
trong tuong lai, va la nhitng khuyén nghi déng tin cdy cho cho cac ky su thiét ké két
ciu trong linh vuc nay. Cu thé la:

- Trong md hinh két cdu: Luan an da xét dén két cdu panel tru va vo tru 1am
bang vat liéu x6p FG véi bodn md hinh phan bd xp khac nhau; md hinh két cdu kiéu
sandwich ba 1ép, gdbm 16p 16i x6p FG dbi xtmg ¢ giita hai 16p pha mit FGM. Dong
thoi tinh phi tuyén hinh hoc, d6 khong hoan hao, diéu kién bién, tuong tac nén,
thong s6 hinh hoc ciing duoc nghién ctru dén.

- Trong mé hinh tai trong: Ludn 4n d3 xét dén nhiéu loai tai trong ma két cAu
panel tru va vé tru thuong chiu trong cac ing dung thuc té, cu thé 1a: tai trong nén
doc truc, ap luc ngoai, tai trong x0an, moi truong nhiét do.

- Trong cac két qua phan tich sb: Lu4n 4n d3 st dung chuong trinh tinh trén
nén Matlab dé phan tich mot cach chi tiét cac anh huong khac nhau nhu cac md
hinh phan b d6 xdp, hé sé do xbp, d6 khong hoan hao hinh hoc ban dau, loai lién
két, chi s6 ti phan thé tich, kich thudc hinh hoc, nén dan hoi, gan gia cuong, nhiét
d6 dén su on dinh cua két cau. Tur d6 danh gia cac yéu t o loi va bat loi dbi véi su
6n dinh cuia cac két cau panel try va vo tru. Cac két qua nay co gia tri tham khao ddi
vGi cac can bo nghién ctru vé on dinh cua két cdu dang vo ciing nhu dinh hudng vé
thiét ké, ché tao va tmg dung cac két cau dang nay trong thyc tién.

6. Bo cuc ciia ludn an

Luan an gém: m& dau, bon chuong ndi dung, két luan, danh muc céc cong trinh
khoa hoc cuia tac gia lién quan dén noi dung luan an, tai li¢u tham khao va phu luc.

Mé dau, trinh bay tinh cap thiét cia van dé nghién ctru, muc tiéu, déi tuong
va pham vi nghién ciru, phuong phap nghién ciru, y nghia khoa hoc va thyc tién, bd

cuc cua luan an.



Chuwong 1, trinh bay téng quan vé cac vin dé nghién ctru

Chuwong 2, trinh bay nghién ctu vé 6n dinh phi tuyén cua panel tru FGP
khong hoan hao chiu nén doc truc trén nén dan hoi Pasternak.

Chuwong 3, trinh bay nghién ciru vé 6n dinh phi tuyén cta vo tru FGP ¢ gan
truc giao FGM gia cuong chiu nén doc truc (hoac ap luc ngoai), co xét dén tuong
tac vo voi nén theo mo hinh nén Pasternak va do ting nhiét do dong déu.

Chuwong 4, trinh bay nghién ctru vé 6n dinh phi tuyén cta vo tru FGP ¢ gan
xién (hodc gan truc giao) FGM gia cudng chiu tai xodn, c6 xét dén tuong tac vo voi
nén theo mo hinh nén Pasternak va do tang nhiét do dong déu.

Két luan, trinh bay nhitng dong gdp chinh dugc nghién ctru trong luan an va
mot s6 nhén xét.

Danh muc cac bai bao, 1a danh muc cac bai béo lién quan dén noi dung luan
&n da duoc tac gia cong bd trén cac tap tri uy tin.

Tai liéu tham Khao, la danh sach céc tai liéu, luan an, bai bao cia tac gia
khac duoc st dung dé tham khdo trong qua trinh nghién ctru, hoan thién luan 4n.

Phu luc, 13 nhimng biéu thirc dugc str dung trong cac chuong cta luan an.



Chuong 1. TONG QUAN VAN BPE NGHIEN CUU
1.1. Tong quan vé vat li¢gu FGP
1.1.1. Vat li¢u c6 co tinh bién doi

Vit liéu ¢6 co tinh bién doi (Functionally Graded Material - FGM) 1a mot loai
vat liéu composite thé hé méi duoc nghién ciru va phét trién lan dau tién boi cac nha
khoa hoc Nhat Ban vao nam 1984 [1]. Su ra doi cua vat lisu FGM dap tng t6t yéu
cau thue & cua cac linh vuc ky thuat hién dai vé kha nang chiu dugc cac diéu kién
lam viéc khat khe cua két cdu dudi su tic dung cia cac loai tai trong co va moi
truong nhiét d§. Vat liu FGM thuong dugce tao nén tir hai loai vat liéu thanh phén la
gdm (ceramic) va kim loai (metal), trong d6 ti 18 thé tich ctia mdi thanh phan duoc
lwa chon mot cach hop 1y, cac thanh phan bién doi tron va lién tuc theo bé day cia két
cu. Thanh phan ceramic c6 mé dun dan hdi cao cing v6i hé sb truyén nhiét va dan
nd nhiét thép lam cho vat ligu FGM c¢6 d6 cting cao va chiu nhiét tdt. Trong khi do,
thanh phan kim loai gilip vét liéu FGM c6 tinh déo dai, khic phuc van dé ran nit két
c4u do tinh gion ctia ceramic khi chiu tac dung cua nhiét do.

Céc tinh chit co hoc nhu mé dun dan hoi Young, hé s6 Poisson, mé dun dan
héi cit va khéi lwong riéng cta vat liéu duoc bién doi (graded) tron va lién tuc theo
cac hudng duoc uu tién trong vat li¢u. Pac tinh ndi bat cta vat lieu FGM 1a ¢6 do
cung cao, chiu nhi¢t tt, déo dai, tranh duge su bong tach gitra cac 16p khi chiu luc
va duy tri dugc tinh toadn ven vé céu tric.

Két cau FGM st dung thuong 14 t6 hop ciia mot sb vat liéu sau [2]

- Silicon nitride/ Stainless steel (SisN4/SUS 304);

- Zirconia/ Titanium alloy (ZrO2/Ti-6Al-4V);

- Zirconia/ Stainless steel (ZrO2/ SUS 304);

- Alumina/ Aluminum (Al.O3/Al).

Vit lidu co co tinh bién d6i duoc chia 1am ba loai [2-5], gom: vat liéu FGM
bién d6i theo d6 day véi quy luat ham iy thira (P-FGM); vat liéu FGM ddi xung
phan bd theo quy luat ham Sigmoid (S-FGM) va vat lieu FGM phan b theo quy
luat ham siéu viét (E-FGM).

Vit liéu P-FGM. M0 hinh vat liéu P-FGM duoc chi ra trong Hinh 1.1 (két
cAu c6 mot mit giau gém, mat con lai giau kim loai). Su bién ddi cua ti 18 thé tich
thanh phan gbm qua chiéu day két cdu cuia vat liéu P-FGM 1a ham Iiiy thira (Power
Function), dugc thé hién théng qua Hinh 1.2.
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Hinh 1.2. Su bién dbi ti 1¢ ceramic qua chiu day thanh két ciu cua vat liéu P-FGM

Trong mot don vi thé tich két cAu co ti 16 thé tich: gbm 14 Ve, kim loai 12 Vim,
ta cO V¢ + Vi =1. Ti 1¢ thé tich thanh phan gém va kim loai duoc gia thiét thay doi

theo chiéu day cuia két cdu voi quy luat 13 ham lily thira nhu sau [2-5]

k
Vc(2)=(22+hj _h_,.h
2h

2772 (1.1)
Vin(2) =1-V,(2)

trong do

h 1a d6 day cua két cau;

k 1a chi sb ti phan thé tich (volume fraction index), k >0 va c6 thé Iya chon
theo yéu cau cia thiét ké;

C Va m tuong tmg v&i thanh phan 1a gom va kim loai.

Biéu thtrc (1.1) cho thay: k =0, két cdu duoc ché tao tir vat lidu gbm thuan



nhat; khi k =1, cac thanh phan gém va kim loai phan b tuyén tinh theo chiéu day
ctia két cau; khi k tang, ti 1¢ thé tich thanh phan gém trong két cdu giam con thanh
phan kim loai ting 1én; khi k giam, ti 1¢ thé tich thanh phan gbm trong két cu ting
con thanh phan kim loai giam.

Vit liéu S-FGM. Theo do day, két ciu S-FGM c6 mit ngoai giau gém
cOn & giita giau kim loai (hodc nguoc lai) nhu Hinh 1.3. Sy bién d6i cua ti 1¢
thanh phan gém qua chiéu day cua két cdu S-FGM, dugc thé hién théng qua
Hinh 1.4
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Hinh 1.4. Su bién doi ti 1¢ ceramic qua chiéu day thanh két ciu cta vat liéu S-FGM

Ti 1¢ thé tich cua thanh phan kim loai va gbm trong két cau bién d6i theo quy

luat ham Sigmoid (ham lity thira cho 2 mién) 12 [6-7]



Vm(z) = ’Vc(z) :1_Vm(z) (12)

=

k
—22+hj 0<z<h
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Biéu thtic (1.2) cho thiy: k =0, két cu dugc 1am tir kim loai thuan nhat; k =1,
thanh phan gém va kim loai phan b tuyén tinh qua chiéu day két cau; khi k ting, ti 1¢
gdm trong két cau tiang lén; khi k giam, ti 1& gdm trong két cAu giam di.

Vit liéu E-FGM. Két cau lam tir vat liéu E-FGM, md dun Young trong két

ciu thay doi theo quy luat 1a ham siéu viét [8]

z+h/2In E,
Et

E(z)=Ee " R

(1.3)

N | o
IA
N
IA

N | o

trong do

h
E: 1a mo6 dun Young tai Z= ) ;

h
Eb 1a mo6 dun Young tai Z= >

Vat liéu FGM duogc tng dung rdng rai trong cac linh vuc khac nhau nhu:
hang khong vii tru; y hoc; hat nhan; truyén thong; qudc phong; ning luong;
quang dién tir;.... V& cong nghé ché tao, cd thé ké dén nhu [1, 9]: cong nghé
phun phi nhiét; tong hop nhiét d6 cao; cong nghé luyén kim bot; ling dong;
thiéu két; in 3D...

1.1.2. Vit ligu FGP

Mot trong nhiing phét trién méi nhat gan day cua vat lieu FGM la vat liu
xbp hay vat liéu rdng (porous materials) c6 cac 16 rong (hay bot xdp) trong cau trdc
vat liéu. Céc 15 rdng trong loai vat liéu nay phan bé lién tuc véi qui luat xac dinh
theo mong mudn cia nguoi thiét ké.

Quy luat phan bé 15 rdng trong vat liéu xp c6 co tinh bién d6i - FGP 1a ham
cua toa do theo chiéu day két ciu va thuong duoc mo ta theo cac quy luat phan bd
x6p sau: phan bd xbp ddi xung; phan bd x6p khong d6i xang va phan bd x6p dong
déu. M6 dun dan hoi Young, mo dun dan hoi trugt va khéi lugng riéng cua vat lidu
x6p ¢6 co tinh bién ddi phy thudc vao hé sé mat do 16 rdng, bién ddi lién tuc theo

quy luat nhat dinh trong ciu trac két cau [10-13]



Phan b xbp dbi xing

E(z)=E,|1-¢,cos ﬂﬁ
G(z)=G,|1-¢,cos 7[% —23232 (1.4)
p(Z):pl{l—emCOS 7[% }
Phan b xbp khong d6i xting loai 1
E(z)=E,|1-¢,cos ;—ﬁ + 2
i wZ 7Z_ h h (1 5a)
G(Z):Gl 1—eOCOS E + — —ESZSE )
77\ 7
Z)=p,|1—e_cos| — |+—
p(2) p{ "% on )7 |
Phan b xbp khong d6i xting loai 2
E(z):E{l—eosin Z—; Lz
G(z)=G{1—eosin 72T_rz1 +% —ggzgg (1.5b)
(7z\ 7]
Z2)=p,|1-e_sin| — |+—
p(2) p{ S Ty

Phan b x6p dong déu

E(z)=E,(1-¢&%)
G(z)=G,(1-¢e,x) (1.6)

p(2) = piyl—eyx

trong do

2
z:l_l(g ll_eo _24_1) ’

& € \7 V3

€o, em la c4c hé sb mat d6 16 rdng duoc tinh theo cong thirc (1.7):
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E2 GZ

&, :1—E:1—— (0<e,<1)

1 1
e, =1-£2-1-fi—e, (0<e,<1)
P

(1.7)

Vo1

E1, G1, p1 biéu thi gia tri 16n nhét cia mo dun Young, mé dun dan hoi truot
va khéi lugng riéng;

Ez, Gy, o2 biéu thi gia tri nho nhat ciia mé dun Young, mé dun dan hoi truot
va khéi lugng riéng.

G =E/2(1+v) v6ii=1;2.

Dbi v6i vat lieu FGP dbi xtmg (Hinh 1.5), gia tri 10n nhit cia E, G, p dat tai
vi tri mat trén va mat dudi theo do day két cAu, con gia tri nho nhat dat tai mat trung
binh cta két cau (tc vi tri ¢ do rdng 16n nhat). Truong hop vat liéu FGP khong
dbi xung loai 1 (Hinh 1.6a), gié tri 16n nhat va nho nhat cua E, G, p lan luot dat tai
mat trén va mat dudi theo do day két cau, cu thé 1a vi tri c6 do xop nho nhét va lén
nhat. Truong hop vat liéu FGP khdng déi xtng loai 2 (Hinh 1.6b), gia tri 16n nhat
va nho nhét caa E, G, p lan luot dat tai mat dudi va mat trén theo d6 day két céu, cu
thé 12 vi tri két ciu c6 do xop nho nhat va 16n nhat.

Vit liéu xdp trong tu nhién c6 thé tim thay trong céc ciu truc xuong, gd, san
hé, ... Vat liéu x6p nhan tao c6 bot kim loai rdng, bot gém rdng va bot polymer.
Nho wu diém 14 trong luong nhe va kha ning hap thu ning luong tét, vat liéu xop co
co tinh bién doi - FGP di duoc tmg dung rong rii trong nhiéu nganh k¥ thuat hién
dai. Dién hinh nhu bot kim loai (metal foam) véi ti 1& 6 cing trén trong luong 16n,
kha ning chiu tai trong dong, tai trong va cham va hap thu ning luong tét, nén duoc
tng dung trong nhiéu linh vuc khac nhau nhu: hang khong vil try; ning luong
nguyén tir; y hoc; quéc phong; dién tir; luyén kim; ché tao may; xay dung,. ...

YA
h/2 Ei, G, ;1
) E2, G2, o2
X
-h/2 E1, G, ;1

Hinh 1.5. Phan b6 x6p d6i xting
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z
h/2 Ei, G, ;
B 55 ¥ -
= i 9
1-h/2
|

Hinh 1.6a. Phan b x6p khong ddi xing loai 1

zA
h/2
N T— E2, G2, o2
- = e e L
X
' h/2 E1, Gi, ;1

Hinh 1.6b. Phan b xp khéng déi xting loai 2

E G, p

T et o Yool T et ot Yoo Tl ot it Yot ot ot Yot Yot o et Yt Yoot Yo it Yook Yool Yool i

<y

e ¢E G
| ] ]

Hinh 1.7. Phan b6 x6p dong déu

Vé mit cong nghé ché tao bot kim loai rdng (metal foam), c6 mot s phuong
phap nhu: luyén bot kim loai (Powder Metallurgy); nung két soi (Fiber Sintering);
nung chay kim loai; phun khi vao kim loai; duc tham thau; cong nghé in 3D,...
Chang dugc trinh bay trong cac cong trinh [14-17].
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Véi tinh ning ndi bat 1a nhe va kha nang hap thu ning luong tdt, cac két cau
duoc ché tao tir vat liéu FGP da duoc ung dung trong nhiéu linh vuc k¥ thuat hién dai
nhu y hoc, xdy dung dan dung, qudc phong, ... Ung dung vat liéu FGP trong linh vuc
tiéu am, cach nhiét cho cac céng trinh (Hinh 1.8) [18].

(a) Tam FGP tiéu am canh duong (b) Tam FGP cach nhiét cho cé4c tda nha
Hinh 1.8. Ung dung vat liéu FGP (bot nhom) trong linh vuc tiéu &m, cach nhiét cho
cac cong trinh & Nhat Ban

1.2. Phén loai mét on dinh va tiéu chuin 6n dinh tinh
1.2.1. Phin loai mit 6n dinh

Su 6n dinh cua két ciu 1a mot tiéu chuan quan trong trong dam bao sy lam viéc
an toan ctia két cAu. Muc tiéu co ban ctia bai toan 6n dinh 1a phan tich cac kha ning ma
két cAu c6 thé mat on dinh va tim ra cac giai phap vé vt liéu, hinh dang két ciu, cac
bién phap gia cuong,... dé ngin chin kha ning gy ra mat 6n dinh cho két cAu. Bai
toan 6n dinh tinh cta két ciu duoc gia thiét tai tac dung 1én két cAu (duoc bo qua toc do
gia tai) tao ra trong két cdu cac mién tng sudt. Cac g suét co thé duoc tao ra boi tai
chu dong hoac tai bi dong. Mt 6n dinh cta két ciu 13 mot hién tuong phirc tap, dién
tién qua cac giai doan khac nhau, n6 phu thudc vao loai két cau va loai tai trong tac
dung Ién két cAu. Luan an nay su dung ti€u chuan 6n dinh tinh cho két cau panel tru va
v tru FGP chiu tai trong tinh.

On dinh tinh cua két cdu 1a kha niang duy tri dugc trang thai can bang ban dau
ctia két cdu khi n6 chiu tic dong ngoai, khi kha ning d6 mat di thi két cau mat on dinh.
Trang thai to1 han 1a ranh gidi gitra trang thai 6n dinh va trang thai mat 6n dinh [19,
20]. Theo Poincarre va Euler, mat 6n dinh chia lam hai kiéu, gom kiéu r& nhanh va
kiéu cyc tri [20, 21].

1.2.1.1. Mét én dinh theo kiéu ré nhanh

Mit 6n dinh theo kiéu r& nhanh (Hinh 1.8) 1a trudng hop tai t6i han dat duoc
tai diém ré nhanh [3, 22]. M4t 6n dinh theo kiéu r& nhanh thuong xay ra trong mot



13

) dang két cu hoan hao vé mat hinh dang chiu tac dung tai co nhiét.

Taiq

O Diém r& nhanh

® Diém cyu tri

M)

Qupper

)

Quower p----n---== (1) Véi tAm hoan hao

(2) V6i vé hoan hao

Wiower Do vong w

Hinh 1.9. M4t 6n dinh theo kiéu r& nhanh

Dic trung co ban cua dang mat 6n dinh ndy Ia

- Giai doan trudc t6i han (pre-buckling) 1a giai doan ma két ciu can bang 6n
dinh ¢ trang thai mang (nghia 13, du chiu tai trong nhung d6 vdng va mé men udn
trong két ciu van bang khong). Puong cn bing & giai doan nay 1a dudng can bang
6n dinh va la dudng thing.

- Trang thai t6i han (buckling) xay ra tai mot diém khi tai dat toi gia trj toi
han (con goi 13 tai t6i han hay tai tai diém r& nhanh), nghia 13 gia tri tai t6i han lam
cho két cAu mét di su can bang 6n dinh.

- Giai doan sau t6i han (post-buckling) l1a giai doan tai tac dung da vuot qua
gid tri tai t6i han va do vong két cAu khac khong. Giai doan nay két cAu mét can
bang 6n dinh (tirc 1a khi tai thay d6i thi do vong ciing thay d6i), khi d6 dudng quan
hé tai - d§ vong la duong cong.

1.2.1.2. Mt én dinh theo kiéu cwc tri

Taiq 4

® Diém cuc tri

Qupper |--

QIower i

P

Wupper Wiower b6 vong w

Hinh 1.10. Mét 6n dinh theo kiéu cuc tri
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Mit 6n dinh theo kiéu cuc tri (Hinh 1.9) 1a truong hop tai téi han dat dugc o
diém cuc tri ciia dudng cong tai - d6 vong [3, 22]. Pudng cong ndy c6 hai diém cuc
trj 14 U va L. Do vong s& xuat hién ngay khi tai tic dung, voi kiéu mat on dinh nay
tOn tai tai toi han trén (Qupper) VA tai t&i han dudi (Grower).

Pic trung co ban cua dang mat 6n dinh nay la

- Khong ton tai trang thai mang trong giai doan trudc t6i han, va khi chiu tai
thi két cau bj vong ciing nhu xuét hién mé men udn ngay.

- Trang thai t61 han (hién tugng mét on dinh) xay ra tai mot lan can diém khi
tai dat dén gia tri nhat dinh goi 12 tai toi han hay tai diém t6i han. V& ban chat day 1a
diém cuec tri cua duong cong tai - do vong.

- Giai doan sau t61 han (sau mét 6n dinh) 1a giai doan tai tdc dung vuot tai téi
han, khi d6 dudong quan h¢ tai - d§ vong la duong cong.

Nhin chung, mét on dinh cua két cAu 1a mot hién tuong phtc tap, dién tién
theo mot qua trinh (thuong biét dén 14 qua trinh mat 6n dinh) nd phu thudc dang két
ciu va ban chét cua tai.

Khi nghién ctru vé 6n dinh cta két cdu thuong quan tim giai quyét hai van
dé chu yéu 1a xac dinh tai trong t&i han va phén tich tng xir sau mat 6n dinh cta két

ciu dua trén co s xdy dung duong cong tai - d6 vong sau téi han [20].
1.2.2. Tiéu chuin 6n dinh tinh

Trang thai cAn bang ban dau cua két cau dugc goi la trang thai can bang co
ban. V&i mot gia tri ndo do cia tai trong, két ciu co thé ton tai trang thai can bang 1an
can khi 1éch khoi dang cén bang co ban. Déy 13 trang thai chuyén tiép tir dang can
br?mg 6n dinh sang dang mat 6n dinh. Tai trong nhoé nhat dé két cau ton tai trang thai

can bang lan can duoc goi 1a lyc t&i han [19].

1.3. Tinh hinh nghién ctru vé 6n dinh phi tuyén ciia két ciu panel tru va
v6 tru 1am bang vat liéu FGM, vit liéu FGP

Céc két cau dang vo dong vai tro quan trong 1a mot trong nhig két cau chiu
luc duoc sir dung phd bién trong nhiéu nganh ky thuat hién dai do ting kha ning
lam viéc cua két ciu, trong khi tdi uu hoa duge vat lidu va gia thanh san Xuat.
Chung ta c6 thé thiy cac két cdu ndy trong cac linh vuc y hoc, quc phong, xay
dung,.... Cac két cau dang vo thudng chiu luc nén doc truc, ap luc ngoai, tai xoan,
tai nhiét, ching 1a nguyén nhan gy ra sy mat 6n dinh cua két cau. Vi vay, cac

nghién ctru vé 6n dinh cia cac két cau dang vo ludn 1a chii dé hap dan, n6 thu hut sy
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quan tdm nghién ctru ctia nhiéu nha khoa hoc.
Trong ludn an, tac gid di siu tim hiéu cac cong trinh nghién ctru vé két cau

panel tru va vé tru dugc ché tao tir vat liéu FGM va FGP.
1.3.1. Nghién ctru vé 6n dinh phi tuyén ciia cac két cAu panel tru va vé tru FGM
1.3.1.1. On dinh phi tuyén ciia két céu panel tru FGM

Bang cach tiép can theo 1y thuyét bién dang cit bac cao va phuong phap
nhidu dé xay dung biéu thuc xac dinh tai trong toi han va vé dudng cong sau mét 6n
dinh cua két ciu, Shen cung véi Liew [23, 24] da phan tich 6n dinh cac panel tru
FGM nhiéu 16p hoan hao va khong hoan hao chiu tac dong két hop cua cac tai trong
co, di¢n va nhiét do. Cac tac dong do tang nhi¢t do, dién ap dat vao, chi s ti phén
thé tich, céc thong s6 hinh hoc, do khong hoan hao hinh hoc ban dAu, diéu kién bién
da dugc Shen cung vai Liew nghién ctru. Cling voi phuong phéap trén, Shen cung
ddng nghiép d phan tich trang thai mat 6n dinh cua cac panel tru FGM chiu tai doc
tryc trong mdi trudong nhiét [25], phan tich trang thai mat 6n dinh cua cac panel tru
FGM dugc gia cudng bing éng nano carbon dit trén nén dan hoi trong méi trudng
nhiét chiu nén doc truc [26], chiu ap luc ngang [27] va chiu tac dong két hop cua ap
luc ngang va tai trong nén doc truc [28]. Anh hudng cua d6 ting nhiét do, nén dan
hdi va cac thong sé hinh hoc ctia panel dén tai trong ti han va trang thai sau mat 6n
dinh cua panel tru d3 dugc nghién ctru. St dung phuong phép Ritz, Liew cing dong
nghiép [29] dd nghién ctru trang thai mit 6n dinh cua panel tru FGM duoc gia
cuong bang dng nano carbon chiu tac dung nén doc truc. St dung hai 1y thuyét vo 1a
1y thuyét vo Donnell va 1y thuyét vo bién dang cit bac nhat, Civalek [30] di nghién
cuu trang thai mét 6n dinh tinh cta cac panel tru va vo try, vo non FGM chiu tai
trong nén doc tryc. Stir dung phuong phap phan tir hitu han, Zghal cuing dong nghiép
[31] d& nghién ctru tng xir cta cac panel tru FGM dugc gia cuong bang dng nano
carbon, anh hudng cua cac thong s6 hinh hoc, diéu kién bién, ng nano cacbon gia
cuong dén tai trong téi han da dugc nghién ctru. Bang phuong phap Eshelby-Mori-
Tanaka, Garcia-Macias va cong su da phan tich mat 6n dinh tuyén tinh cua cac
panel tru FGM dugc gia cudng bang dng nano carbon chiu tai trong nén doc truc
[32], chiu tai trong nén doc tryc Va chiu cat [33]. Anh hudng cia cac thong s6 hinh
hoc, méi trudng nhiét dén tai trong téi han di dugc nghién ctru. Bang cach tiép can
theo 1y thuyét bién dang cat bac nhat, phwong phap Galerkin, tic gia Hoang Vin
Tung cing dong nghiép da nghién ctru 6n dinh phi tuyén cia cac panel try FGM
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dugc gia cudng bang 6ng nano carbon trong moi trudng nhiét chiu nén déu doc truc
[34], chiu &p luc ngoai ddng déu [35, 36], chiu tai co nhiét két hop [37]. Anh hudng
ctia chi s6 phan thé tich, sy ting nhiét do, do khong hoan hao ban dau, ty 1& hinh
hoc va nén dan hoi ddi véi on dinh phi tuyén cua panel da duoc nghién ctru. Turvey
[38] di nghién ciru bai todn 6n dinh cua panel tru FGM véi diéu kién bién 1a tua
don dat trén nén dan hodi. Bang cach tiép can theo 1y thuyét bién dang cit bac nhét
két hop véi phuong phép Rayleigh—Ritz, Jaunky cing véi Knight [39] da nghién
ctru bai toan 6n dinh cta panel tru FGM nhiéu 16p voi cac diéu kién bién khac nhau,
chiu tai nén doc truc. Ciing véi 1y thuyét nay, két hop véi ap dung phuwong phap
Newton-Raphson, 6n dinh tinh va dong cua cac panel FGM chiju tac dung két hop
cua tai trong nhiét va khi dong hoc dugc nghién ciru bdi Sohn cung véi Kim [40].
Ap dung phuong phap phan tir hiru han, Kweon cung véi Hong [41] tién hanh phan
tich trang thai mat 6n dinh cta cac panel tru FGM nhiéu 16p chiu tac dung nén doc
truc. Trong [41], Kweon cuing voi Hong di sir dung cong thirc Lagrange va phan tir
v suy bién 8 nat. Phan tich trang thai ti han cta panel tru ¢ ba canh duoc tua don
va mot canh tu do chiu nén doc truc duge Wilde cing dong nghiép [42] thuc hién.
Str dung phuong phap ban giai tich, phuong phap vi phin cau phuong két hop véi
quy trinh l3p, Yang cung dong nghiép [43] dd nghién ctru trang thai mét 6n dinh cta
panel tru FGM chiu tai trong doc truc c¢6 va khong c6 tic dung cta nhiét do. Ap
dung phuong phap Kantorovich mé rong va phuong phap ban giai tich, Alijani cung
v6i Aghdam [44] d3 phan tich tng sut cua cac panel tru nhiéu 16p voi ba trudong
hop bién lién két dugc xem xét. Béng cach tiép can theo k¥ thuat roi rac hoa sai
phan hitu han, Golmakani cung déng nghiép [45] di phan tich trang thai mét 6n
dinh ciia panel try FGM c6 d6 day vira phai vi cac truong hop bién lién két khac
nhau. Bang céach tiép can theo 1y thuyét vo Donnell, phuong phap Galerkin, Huang
cung v&i Han [46] di nghién ciru trang thai mat on dinh cua panel tru FGM chiu
nén doc truc c6 ké dén do khong hoan hao cua két cau va tac dung cua truong nhiét
d6. Ciing v6i phuong phap trén, tic gia Nguyén Dinh Pac cing dong nghiép [47]
da phan tich bai toan 6n dinh phi tuyén ciia panel tru FGM khong hoan hao c6 gan
gia cudng chiu tai trong co - nhiét. Bang cach tiép can giai tich, tac gia Nguyén
Pinh Ptic, Hoang Vin Tung [48] d3 phan tich trang thai 6n dinh phi tuyén cia
panel try FGM khong hoan hao chiu nén doc truc, két qua nghién ctru da xay dung
biéu thirc hién dé tim tai t6i han va vé dudng cong tai - ¢ vong mo ta dap tmg sau

t51 han trong trudng hop hé sb Poisson 12 khong d6i va diéu kién bién tuwa khép. Tac
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gia Pao Vin Diing, Nguyén Thi Nga [49] d3 nghién ctru 6n dinh cta panel tru FGM
khong hoan hao véi hé s Poisson thay doi theo do day panel. Bang cach tiép can
theo 1y thuyét vo Donnell, phuong phap Galerkin, tic gia Pao Vin Diing, Lé Kha
Hoa [50] da phan tich 6n dinh phi tuyén cta panel tru FGM voéi hai truong hop bién

lién két khac nhau, chiu tai nén doc truc, va hé s Poisson 12 thay doi theo do day.
1.3.1.2. On dinh phi tuyén ciia két ciu vé tru FGM

Biang phuong phap ham chuyén vi, Najafizadeh cing déng nghiép [51] da
phan tich trang thai méat 6n dinh cta vo tru FGM c6 thiét ké cac gan doc, gan
vong FGM gia cudng chiu nén doc truc. V6i cach tiép can theo 1y thuyét vo
nhiéu 16p va dang nghiém Navier, Reddy cung v&i Starnes [52] di nghién ctu
trang thai mat on dinh cta vo tru FGM c6 thiét ké cac gan doc, gan vong FGM
gia cuong. Bang cach tiép can theo phuong phap nhidu, Shen [53] di thuc hién
phan tich tng xir sau 6n dinh cta vo tru FGM chiu tai trong tong hop cua ap luc
bén ngoai va do ting nhiét d6 dong déu. Bang cach tiép can giai tich, tac gia Dao
Vin Diing cung dong nghiép [54] d3 thuc hién phan tich trang thai 6n dinh va
sau mat 6n dinh cua vo tru FGM c6 gan FGM gia cudng, chiu tai trong tong hop
cta ap luc bén ngoai va do ting nhiét do déng déu, cd xét dén tuong tac nén véi
vo tru. Bang cach tiép cén theo phuong phap Galerkin, tac gia Nguyén Dinh Dirc
cung v6i Tran Qubc Quan [55-61] tién hanh phan tich trang thai 6n dinh va sau
mat 6n dinh ciia vo FGM c6 thiét ké gan gia cudng chiu tai co va do ting nhiét
dd, co xét dén twong tac nén voi vo tru. Cling véi cach tiép can trén trén, tac gia
DPao Vin Diing cung v6i Lé Kha Hoa di tién hanh phén tich bai toan phi tuyén
tinh cua vo tru FGM c6 bd tri cac gan gia cuong FGM chiu 4p luc bén ngoai vo
[62], chiu tai trong xo4n [63, 64], chiu tai trong tong hop cla tai xoan va do ting
nhiét 46 dong déu [65], trong d6 c4c tac gia da gia thiét tinh lién tuc ciia gan va
vo FGM dugc dam bao; tac gia Pao Van Diing cung véi Hoang Thi Thiém [66]
da tién hanh phan tich 6n dinh tinh cia vo try FGM c6 thiét ké cac gan gia cudng
chiu d@)ng tho1i tai co va do tang nhiét do d@)ng déu dang Fourier. Ciing véi cach
tiép can nay, tac gia Vii Hoai Nam cung dong nghiép [67] da tién hanh phén tich
trang thai 6n dinh va sau mat 6n dinh cta vo tru FGM c6 thiét ké cac gan gia
cudng chiu dong thoi tai trong xoan va do ting nhiét do, nghién ciru da phan tich
anh hudng ctua d¢ tang nhiét d9, gan FGM gia cuong, cac thong sb vé vat liéu va

kich thudc vo ddi véi bai toan dn dinh cua két ciu.
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1.3.2. Nghién ciru vé 6n dinh phi tuyén ciia cic két cau panel tru va vé tru FGP

Téng quan vé phan tich cac dang cdu tric xop FG va ung dung, dé xuét cac
huéng nghién ctru vé vat liéu xdp FG duoc Chen cung véi Gao, Yang va Zhang
thuc hién [68]. Str dung phuong phap phan tir hitu han, Chen cing véi Kitipornchai
va Yang [69] d3 nghién ciru dap ing dong va hap thu ning luong cta két cau xép 2D
FG (bot kim loai), anh hudng cta cac md hinh phan bb do xbp va toc do gia tai da
dugc phan tich cu thé.

Ap dung nguyén Iy Hamilton va phuong phap cin bang diéu hoa cung véi
phuong phap lap, Keleshteri va Jelovica da thuc hién cac phén tich dao dong phi
tuyén ctia C4c panel tru FGP vé6i ba trudng hop bién lién két khac nhau [70]. Bang
cach tiép can theo 1y thuyét dan hdi xSp tuyén tinh cia Biot, Akbari cung véi Azadi
va Fahham [71] da phan tich dao dong tu do cta cac panel tru sandwich day FGP véi
cac truong hop bién lién két khac nhau. Bang cach sir dung phuong phap Runge-
Kutta bac bén va phuong phap Galerkin, tic gia Nguyén Dinh Puc cung voi Vi
Minh Anh [72] thuc hién phan tich Gmg x{r dong cta cta panel tru FGP chiu tai trong
co va do tang nhiét dg, co xét dén tuong tac voi nén.

Bang cach 4p dung phuong phap Runge—Kutta bac bdn, phuong phap
Galerkin, Foroutan cung Shaterzadeh va Ahmadi [73] thuc hién cac phan tich tinh
va dong phi tuyén ctua vo tru FGP chiu tac dong cta nhiét do thay d6i. Bang cach
tiép can theo 1y thuyét bién dang cit bac nhat cung v6i phuong phap Rayleigh -
Ritz, Shahgholian-Ghahfarokhi cung Safarpour va Rahimi [74] thuc hién phan tich
vé 6n dinh cua vé tru nanocompozit FGP dugc thiét ké cac graphene gia cuong.

Biang phuong phap Galerkin, Duc-Kien Thai cing cac dong nghiép [75] da
tién hanh phén tich 6n dinh phi tuyén ctia vo nén cut sandwich FGP c6 thiét ké cac
gan FGM gia cudng, chiu tai nén doc truc ¢ xét dén tuong tac vo voi nén theo mo
hinh nén Pasternak, trong dé gia thiét vo sandwich ¢ ba 16p, v6i 16p 161 FGP (bot
kim loai) ¢ giita hai 16p pha mat FGM. Anh hudng cia cac tinh chét vat lidu, ti 1¢
d6 day 16p 16i/16p pha mat, hé sb do xdp, kich thude hinh hoc va nén dan hoi dén 6n
dinh va sau mat 6n dinh cua vo duogc chi ra. Bang cach tiép can theo 1y thuyét vo
Donnell, ly thuyét bién dang cét bac cao va phuong phap Galerkin, Zhenhuan cling
cac dong nghiép [76] da phan tich 6n dinh phi tuyén cua vo tru composite gia cudng
cac graphene x0p FG chiu tai nén doc truc véi hai truong hop bién lién két khac
nhau. Nghién ciru da thiét 1ap dugc biéu thirc xac dinh tai trong t6i han, va danh gia

anh hudng cua dic tinh vat liéu, so sanh cac kiéu dang phan b d6 x6p dén trang
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thai 6n dinh va sau mét 6n dinh cua két cu. Bang cach tiép can giai tich, tac gia L&
Kha Hoa ciung cac ddng nghiép [77] da tién hanh phan tich bai todn on dinh tuyén
tinh cuia vé non cut FGP chiu tai trong nén doc truc c6 xét dén tuong tac vo voi nén
theo mo6 hinh nén Pasternak, anh huong cua cac dic tinh vo, cac loai phan bd d6
x6p, hé s6 d6 xbp va nén dan hoéi da duoc chi ra. Ciing v6i cach tiép can trén, tac gia
Vii Hoai Nam cung cic dong nghiép [78] da nghién ctru img xtr sau mét on dinh phi
tuyén ctia vo tru x6p FG c6 gan xién dang xodn oc gia cudng dudi tic dung cua tai
nén doc truc.

Bang cach tiép can theo Iy thuyét bién dang cit bac nhit va phuong phap
Galerkin, Dong cung cac dong nghiép [79] da tién hanh nghién ctru Gmg xir udn cia vo
tru nanocompozit xdp FG duoc gia cuong bang graphene FGM véi chuyén dong quay,
chiu tac dung két hop cta luc nén doc truc va ap luc ngoai. Nghién ctru da xac dinh gia
tri tai trong to1 han cho cac truong hop cu thé ctia vo tru nanocompozit Xép FG va chi
ra anh hudng cua hé sb d6 xbp, kich thudc hinh hoc cua graphene gia cuong, toe do
quay dén on dinh cta vo tru. Str dung nguyén 1y 6n dinh thé ning toan phan, Belica va
Magnucki [80] da nghién ctru 6n dinh cta vo tru x6p FG (bot kim loai) voi bién lién
két twa don, chiu tac dung két hop cuta lyc nén doc truc va &p luc ngoai.

Bang cach tiép can theo 1y thuyét vo Donnell c6 ké dén thanh phan bién dang
phi tuyén hinh hoc von-Karman va sir dung phuong phap Galerkin, nhém tac gia
Vii Hoai Nam, Nguyén Thoi Trung va Lé Kha Hoa [81] da phan tich bai toan 6n
dinh phi tuyén cua vo tru FGP c6 thiét ké cac gan FGM gia cuong chiu tac dung két
hop cua tai trong xodn va do ting nhiét do dong déu, c6 xét dén tuong tac vo véi
nén theo mo hinh nén Pasternak. Trong nghién ctru [81] gia thiét ring, vo duoc thiét
ké cac gan doc va gin vong gia cuong cach déu nhau, tinh chat vat lidu cua vo va
cac gan 1a thay d6i lién tuc theo chiéu day, nghiém d6 vong ba sé hang cung véi
ham ung suat duoc sir dung, nghién ctru da xdy dung biéu thirc xac dinh tai trong
tGi han va phan tich dap ung sau ti han cta vo tru FGP. Anh hudng cta hé sb xop,
thong s6 vat liéu, moi trudong nhiét d9, kich thude hinh hoc, gin gia cudng va md

hinh nén Pasternak di dugc phan tich cu thé.

1.4. Cac két qua dat dwoc tir cac cong trinh dd cong bod trong nwéc va
quécté

Tur tong quan nhitng van dé ma luan an da trinh bay bén trén, cé thé nhan

thdy nhitng két qua nghién ctru da thyc hién la:
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1- D3 c6 nhiéu két qua nghién ciru cong bd vé bai todn 6n dinh phi tuyén cia
cac két cAu panel tru va vo tru FGM chiu tai co nhiét.

2- Céc nghién ctru vé 6n dinh ctia két cdu panel tru va vo tru FGP con it, nhat
1a nghién ctru vé 6n dinh tinh cua két cdu panel try va vo tru sandwich FGP chiu tai

co nhiét trén nén dan hoi.
1.5. Nhirng van dé can tiép tuc nghién ciru cia luan an

Tir tong quan nhitng van dé da trinh bay bén trén, luan 4n nhan thiy mot sd
van dé can duoc tiép tuc nghién ctu Ia:

1- Nghién ctru anh hudng cac mo hinh phan bd d6 xdp dén on dinh phi tuyén
cua panel try va vo try lam béng vat liéu FGP chiu tac dung tai nén doc truc.

2- Nghién ctru 6n dinh phi tuyén cta panel tru sandwich FGP ba 16p, gdm 16p
16i FGP ¢ giita va hai 16p pht mit FGM bén ngoai, c6 xét dén twong tac vo v6i nén
theo mo hinh nén Pasternak, v6i hai trudng hop bién lién két khac nhau chiu tac
dung tai nén doc tryc.

3- Nghién ctru 6n dinh phi tuyén cua vo tru sandwich FGP ¢ gan FGM gia
cuong (gan doc, gan vong, gan truc giao, gan xién) chiu tac dung nén doc truc, chiu
&4p luc ngodi, chiu tai xodn co xét dén twong tic vo voi nén theo md hinh nén
Pasternak va d¢ ting nhiét d6 ddng déu. Vo tru sandwich ba 16p, trong d6 16p 15i
FGP ¢ gitra hai 16p phu mat FGM.

4- Nghién ctru cac két cau da néu ¢ trén khi tinh dén tuong tac nén dan hoi.
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Chuong 2: PHAN TiCH ON PINH PHI TUYEN CUA PANEL TRU LAM
BANG VAT LIEU FGP CHIU NEN DQC TRUC

2.1. Pit van dé

Panel tru 13 két cAu chiu luc st dung phé bién trong nhiéu linh vuc khoa hoc
k¥ thuat hién dai. On dinh tinh va dong 1a dic tinh co hoc quan trong cua két cau
panel tru, Nd nhan duoc su quan tAm ctia nhidu nha nghién ciru trong va ngoai nudc.
Nghién ctru tong quan cho thay, nghién ctru vé 6n dinh tinh cta két cau panel tru
FGP con it, nhat 13 nghién ctru vé On dinh tinh két cau panel tru FGP chiu tai trong
co ¢6 xét dén tuong tac panel voi nén dan hoi.

Chuong 2 ctia ludn an sir dung 1y thuyét vo Donnell, phuong phap Galerkin
nghién ciru 101 giai giai tich cho ba bai toan co ban sau day:

Bai toan 1: Phan tich anh huéng ciia cic mo hinh phan bd d6 x6p dén on
dinh phi tuyén cua panel try FGP.

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

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

Mot s6 gia thiét trong chuong 2:

1. V& vat liéu: Panel tru FGP duoc gia thiét 1a mong va c0 xét dén do khong
hoan hao hinh hoc ban dau. Panel tru sandwich FGP ba 16p, gdm hai 16p pha mit
FGM mong va mét 16p 161 FGP déi xtmg ¢ giira day hon. Dic tinh vat liéu 16p pha
FGM duoc gia dinh bién d6i theo do day véi quy luat ham liy thira. Lop 18i xop FG
dugce dic trung bai hé s6 do xOp anh hudng dén cac dic tinh vat 1y theo hudng
chiéu day cua panel. Tinh lién tuc vat liéu gilta 16p phu va 16p 16 dugc dam bao
khong bi tap trung tng suit va phan tach céc 16p.

2. Tuong tac panel tru voi nén dan hoi gia thiét theo mod hinh Pasternak vai
hai hé s6 nén Ki va Ko. Trong d6, hé s6 nén Winkler (K1) ¢6 thtr nguyén [luc/(chiéu
dai)3]; hé s6 nén Pasternak (Kz) c6 thir nguyén [luc/(chiéu dai)].

3. Tai trong tac dung 1€n panel tru 1a tai nén déu doc truc dat tai vi tri cac
canh cua panel.

4. Mit gitra va mat trung hoa duoc gia thiét 1a tring nhau
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2.2. Phan tich dnh hwéng ciia cic md hinh phan bé d9 xop dén on dinh
phi tuyén ciia panel tru FGP

2.2.1. M0 hinh panel tru FGP

il elee
XESeT
SE)
e
‘ . h .
e Loai a = Loai b
. 3,2; e e
ABIE
foze:
LS -2
00 e
L Loaic b Loaid

Hinh 2.1b. C4c mé hinh phan b6 d6 x&p cua panel tru FGP
Xét panel tru khong hoan hao lam bang vat liéu xp FG c6 do day h, ban
kinh mat gitra 1a R, do dai canh théng la a, d6 dai canh cong la b, d6 khong hoan
hao hinh hoc ban dau 1a w”". Panel tru duogc xac dinh trong mgt h¢ toa do xyz voi
mat phang (X,y) trung véi mat gilta clia panel, toa do chiéu day cia panel z

(—gs z< g) nhu duoc chi ra trong Hinh 2.1a. Panel tru FGP dugc xem xét gom bdn

loai md hinh phan bé do x6p (Hinh 2.1b), chiu nén déu doc truc véi cuong do ro
trén canh x=0, X=a; po trén canh y=0, y=b.
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M6 dun dan hoi Young cua panel tru FGP thay doi theo d6 day, dwoc xac
dinh nhu sau [10-13]

Loai a: Phan bo xop doi xung

E.(2)=E, {1—% cos(%ZJ } —25252 (2.1a)

Logi b,c: Phdn bé xop khéng doi ximg
Esh(z)zEm{l—eocos(Z—;+%j }; —ggzsg (2.1b)
Esh(z)zEm{l—eosin(Z—;Jr%j } —ESZSE (2.1c)

Loaqi d: Phdn bé xop dong déu
Eq(2)=E,(1-eyx) (2.1d)
trong do
Esh 12 m6 dun dan hoi Young cia panel tru;
E,, 1a gié tri 16n nhat cia mé dun dan hdi Young;
v 12 hé s6 Poisson (v = 0,3);
eo 14 hé s6 do rong (0<e, <1);
hé sé y trong phan bd xdp ddng déu, duoc xac dinh
2
Z:é—é(%\/l—_eo—§+lj . (2.2)
Tir cac biéu thirc (2.1a)-(2.1d) ta thay: khi eo=0, panel tru hoan toan bang
kim loai khong c6 16 rong.
2.2.2. Cac phuwong trinh co ban
Theo 1y thuyét vo Donnell véi tinh phi tuyén hinh hoc von-Karman, cac
thanh phan bién dang & mot diém cach mat giira mot khoang z cuia panel try duoc
xac dinh la [46, 82]
g, g+ 17k,
g, 1= 83
0

y +2k, (2.3)

7xy ]/Xy + 22kxy
trong do
&x»€y la cac thanh phan bién dang theo phuong X, y;

Vyy 12 bién dang cit;

£ Va 83 |2 cac thanh phan bién dang phép tuyén;
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y)?y 13 bién dang trugt trong mit phang ¢ mit giira (z=0) cua panel;

Kx, Ky, Ky, 12 cac thanh phan d6 cong udn, xoan.

Ky = —Wo; ky =Wy, kXy =Wy

Céc thanh phan 8)? , 53 , ;/Sy duogc xac dinh qua cac thanh phan chuyén vi u,v,w

nhu sau [46, 82]

1, .
, U5 W+ W W
gX
0 w 1l , x
gy (= V‘y_ﬁ+§wy+w‘yw‘y (2.4)
0
Py ) Uy VW W W W W W

trong do

u,v,w 1a cac thanh phan chyén vi theo phuong X, Y, z;

wola do khong hoan hdo hinh hoc ban dau cua panel, w dugc gia thiét 1a
nho so voi do day ciia panel va ¢ thé bé qua cac dai lugng bac hai ciia nd trong
biéu thirc (2.4).

Theo dinh luat Hooke, quan hé ting suét - bién dang duogc xac dinh la

)} e

Tich phan céc thanh phan tng suit theo chidu day cta panel ta nhan duoc
céc thanh phan lyc dan va mémen

{(NX’NWNW) }: I {JX"’V"’*v}(lszz (2.6)

(MX’MV’MXV) -n/2

Thay cac biéu thie (2.3), (2.4), (2.5) vao (2.6), ta duoc

N, Dy Dy 0 D, Dy 0 ¢ S
N, D, Dy 0 Dy D, O 3 3
N,, _ 0 0 Dy 0 0 Dy yfy 2.7)
M, D, Dy 0 Dy Dy O K,
M, D, D, 0 Dy D3y O K,
Myl 10O 0 Dy 0 0 D33__2kxy_

trong do



hr2 hi2 hi2
D, = j E(Z)z dz =5 = D= .[ E(Z)z 20z =—EZ2 ,  Dy= j E(z)2 2°dz = E32 ;
pl-v 1-v pl-v 1-v pl-v 1-v
hi2 hi2 hi2
E(z)v vE vE(z vE vE(z vE
D21=I ()2 dz =—=L; Dzz=I (2)de= ; 23=I (2)22d2= s
S l-v 1-v ne 1=V 1-v 1=V 1-v
h/2 h/2 h/2
E E E
Dy, = j E@) 4-_& ; Dy, = .[ E@) 44— _E ; Dy = J' E@) p2q- &
Gn2(14v) 2(1+v) ,2(1+v) 2(1+v) 1 2(14v) 2(1+v)
V61
hi2 hi2 hi2
E = J‘ Esh(z)dZ; E,= I ZEsh(z)dZ; E,= I ZZEsh(Z)dZ' (28)
—h/2 —h/2 ~h/2

Lan luot thay thé E_, tir cac biéu thire (2.1a)-(2.1d) vao (2.8), ta thu dugc

Loai a: Phan bo xop doi xing

E, = Emh( —Zﬁj; E,=0:
T

E h3 9 3 (29)
By = (48e, —6eo7” + 7°).

Logi b: Phén bé xop khéng doi ximg

_Eyh _ Engh?

E, - (7-2¢y); E,= 2 (4-7);
£ pd o (2.10)
B =T (192e, - 48e,7 — 6ey7° +7°).
Loai ¢: Phédn bé xép khéng doi xirng
£, = Bl (7 2,); B, = B8 (g
E”h3 d o (2.12)
By = (1926, — 48e,7 — 68,7 +7°).
Logi d: Phén bé xop dong déu
E, =E,h(1-eyx); E, =0;
E; = E:rl_n:3 (1-ex). (212

Dua trén 1y thuyét vo Donnell, hé phuong trinh can bang cua panel tru xp
FG khong hoan hao la [46]

Nyx +Nyy =0 Ny ,+N, =0 (2.13)
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M,y +2My o + M +%+ NX(W,XX +w*xx)+ 2ny(wa +V\(*Xy)+ Ny(wyyy +nyy): 0 (2.14)

Gia thiét do khong hoan hio hinh hoc ban dau 1a nhé nén ta bo qua cac s6
hang bac hai. Tir cac biéu thirc (2.3), (2.4), suy ra

0 0 0 _ 1 2
gx,yy +€y,xx _7xy,xy - _Ew,xx + W,xy _W,xx 'W,yy + (2.15)
+2W,xyW,xy - W,xx 'W,yy - W,yyW,xx
Chon ham tmg suat f = f(X,y) co dang
Ny=f,,  Ny=fg, Ny =—F (2.16)
khi d6 biéu thire (2.13) ty thoa man.
Thay biéu thirc (2.16) vao (2.7), thu duoc
)? = ‘]O<D11 f,yy - DZl f,xx + ‘]1W,xx + JZWyy)
£0 =35 (Do =Dy f oy + JW  + oW, ) (2.17)
1
7/)?y = D_(2D32W,xy - f,xy)a
31
trong do, Jo :%; J;1 =001, =Dy Dy s I, =Dy Dy — Dy Dy,
D —D3

Thay M,,M M, tir bicu thuc (2.7) va thay N,,N_, N, tir biéu thirc (2.16)
vao (2.14), ta thu duoc

AT 2 AT W By (4 )= 28 (W )+ (2.18)

+f (w,yy + W’*yy) =0
trong do

o ot o
=Tt S ot

ot adoy? oy
A=Jgds; A =Jg(DyJy +DyJ,) - D

Thay &), &y, 75, tir bidu thic (2.17) vao (2.15), thu dugc

V4

Vi + AViW+
) . . . (2.19)
A <W,xy W W gy =W T RA2ZW 0 Wy — WG Wy — W W ) =0
trong d6, A =J,/Dy; A, =1/(JyDy).
Biéu thirc (2.18) va (2.19) v6i hai bién 1a do vong W va ham ung suét f,
ching duoc sir dung dé phén tich 6n dinh phi tuyén caa panel tru FGP khong hoan
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hao. Ta thiy: trudng hop R — oo, ta thu duoc hai biéu thirc co ban dé khao sat 6n
dinh cta tim FGP khong hoan hao; truong hop w*=0, ta thu dugc hai biéu thirc co
ban dé khao sat panel tru FGP hoan hao.

2.2.3. Piéu ki¢n bién va phwong phap giai

Xét panel tru cé bdn canh twa don, khi d6 ¢ diéu kién bién 1a

w=0,M,=0,N,, =0, N, =—r;h tai x=0,x=a
w=0,M,=0,N,=0N, =—psh tai y=0,y=b (2.20)

Duya vao diéu kién (2.20), thanh phan d6 vong (W, w") va tng suét (f) duoc
chon dudi dang [83]

W= Wsm%sm Ny
w*:e:hsin%sinnﬂTy, 0<é<l (2.21)

mzx . nry

f=F {sstm - p(x)- /I(y)}

d?A(y)
dy?
Thay w,w’, f tir biéu thuc (2.21) vao (2.18-2.19), va sir dung phuong phap

trong do, F———=p,h; F

ﬁ(x) =rh; m,n=1 2 3..

dx?

Galerkin, ta duoc hai phuong trinh phi tuyén ciia F va W nhu sau
Fo—pw+— AW

(GESH (

K@T {%ﬂjﬂ (AF+AW)+F {332 (W +¢&h) m”g 55, _%(ﬂﬂ+

mnjz ~ 16Rmnz?

3a2b? (\N+2§h)5152:| (2.22)

a

mz ) nz )\’ 16 poh
W +&h)| rh| — h) — | |- 50,2 =0.
+( +§){"o(a]+po[bj}m 2%% ¢

nz

(2.23)

trong d6, 5, =%[1—(—1)m]; 5, =%[1—(—1)”}.

Thay F vao biéu thirc (2.23), ta c6
SW +S,W? +SW &+ S,W (W +Eh) (W +2&h) +
. 4 (212 (2.24)
+Sh(W +§h)[roﬁ+ ponzj— 16b [m b +n2J pghwz =0

a’ mnz? | a?

trong do
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S,=(A _Aﬁ)ﬂ{m;oz +n2] +

+(A_1+A2A3)[m7rb2J2[m2b2 2

R a a’

16m>nb® 16mnz2b? ( m?b?
Sy= 4 Ay — 2
Ra 3a

32mnz2b? [ m?b?
% B (

332

S - 64m>nb®
| 3Ra

- 512m?n%b*

3= 9a*

AS628%;  Ss = n’b?

JZAZ(mbzla)A;

R2

22 +n2j (AA +2A1):|5152;

" +n2j (A2A3+Ai)}5152;

2
m’b®>
—+n” | .
a

Biéu thtrc (2.24) thiét 1ap quan hé tai - d6 vong, duogc sir dung dé x4c dinh tai

trong nén doc truc to1 han va vé dudng cong quan hé tai - do vong sau toi han ctia

panel tru FGP khong hoan hao chiu tai trong r,va p, .

Truong hop panel tru FGP chi chiu tai trong nén déu doc truc Iy trén hai

canh x=0 va x=a (nghia la N,=-rh, N=-ph=0), khi d6 tir biéu thirc

(2.24) suy ra

aZ

" Zs,m?hb?(W + Zh)

o

Vi panel tru FGP hoan hao, thay & =0vao biéu thirc (2.25), ta c6

2

a 2
rh=——>—S+SW+SW
° —SSmZth[ 1S+ S
Cho w -0, tai trong ti han trén dugc xac dinh la
C s,a’
A N Lol
PP s m?hb?
_ o M0, i
(A4—A3A1)7z ( " +nJ
22

A, (mb? /a)’

R a

g +(A+A2As>(mﬂszz_

2.2 2
Rz{m? +n2]
a

[SW + S W2+ S\ eh+ SW (W + Eh)W +2¢h) | (2.25)

(2.26)

(2.27)
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Dé tim tai toi han duéi, tir biéu thirc (2.26) ta coi I, =1r,(W), giai phuong

2

- dr . der, A o
trinh —% =0, ta thu dugc W, =S, /(2S,). Vi —2 >0, nén ta dugc tai t6i
dw 2

W =Wth

han dudi la
a’(4s,S,-3)
r0|ower = 2 2 (228)
—-45,S;m“hb

Céc dai luong Foupper VA Folower trong cac biéu thirc (2.27-2.28) phu thudc vao

m va n. Vi vay, dé xac dinh tai t6i han Foupper » Tolower can phai thuc hién cuc tiéu hda
c4c biéu thirc nay theo m va n.

2.2.4. Két qua tinh toan sb

2.2.4.1. Nghién cwu so sanh

Phan nay, hai nghién ciru so sanh duoc thyc hién, két qua mo ta trong Bang
2.1 va Bang 2.2.
Béng 2.1. So s&nh téi trong téi han trén N, panel tru dang hudéng. E=107 psi,
v =0.3va h=0.24in

Jaunky [39] Shen [25] Luén an

alb alR b/h Ly thuyét Ly thuyét
FEM Y HSDT Yy Y

Donnell Donnell

31831 10 785398 419454 53080.6 51419.68 53572.20 (8,4)"
31831 10 157.0796  12360.0 13834.1 13119.99 13384.37 (1,2)
31831 10 314.1593  3358.8 3549.9 3228.12 3345.99 (3,4)
* Mode tdi han (m,n)

Bang 2.2. So sanh tai t6i han % panel tru dang huéng

Thong s hinh hoc
Shen [25] Turvey [38] Luén an
a/b a/R b/h
0.4 1.0 25 7.1410e-5 7.3675e-5  7.3675e-05 (4,1)"
1.333 1.0 75 5.8737e-5 6.0523e-5  6.0553e-05 (4,2)

“ Mode t6i han (m, n)

Nghién ctru so sanh thir nhat dugc thyc hién ddi voi tai trong téi han N, , trong

d6 Ny = Toypper / (BN), VO Ty dugce xac dinh theo biéu thirc (2.27) ciia luan 4n. Bang
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2.1 chi ra sy so sanh giita két qua tinh toan theo biéu thirc (2.27) cta ludn 4n véi cac két
qua dugc bao cao trong cong trinh ctia Shen [25] va Jaunky [39].

A, , po Y N ,
Nghién cttu so sanh thtr hai dugc thuc hién doi voi tai toi hanE—é cua panel

try, trong d6 N, h, duoc xac dinh bang biéu thirc (2.27) cta luan an.

= Toupper ™+ Toupper
Bang 2.2 chi ra su so sanh giita cic két qua tinh toan theo biéu thtrc (2.27) cta luan
an véi cac két qua duoc bao cdo trong cong trinh ctia Shen [25] va Turvey [38].

Bang 2.1 va Bang 2.2 cho ta thay, két qua tinh toan thu dugc theo cong thirc
(2.27) cua luan an 13 twong dong vai cac két qua duoc bao céo trong cong trinh cua
Shen [25], Turvey [38] va Jaunky [39]. Piéu nay khang dinh d6 tin cy ctia phuong
phép nghién ctru dugc thyuc hién trong ludn an.

Noi dung tiép theo, luan an nghién ctru anh hudng cia cic md hinh phan b
do xép, hé sb do xép, do khong hoan hao va cac thong s6 hinh hoc dén kha nang
chiu luc cua panel try lam bﬁng vat liéu FGP chiu tai nén déu doc truc. Panel tru
1am bang thép xdp ¢6: h=0.01m, b/h=80, a/b = 2, a/R=0.5.

2.2.4.2. Anh hwéng ciia mé hinh phén bo xop va hé sé dg xop

Str dung hai biéu thtc (2.27) va (2.28), Bang 2.3 md ta anh hudng cua Cac
mo hinh phan bd do xép va hé sb do xép dén gia tri tai trong t&i han trén va dudi
cua panel tru FGP hoan hao.

Str dung hai biéu thirc (2.25) va (2.26), Hinh 2.2 va Hinh 2.3 mé ta anh
huong ctia cAc md hinh phan bd do x6p va hé sé do xop d6i véi dudng cong quan
h¢ tai trong - d6 vong (W/h).

Bang 2.3. Anh huéng ctia mé hinh phan b6 x6p va hé sé do x6p dén tai trong toi
han. E=2.0779x10"! Pa, h=0.01m, a/b = 2, b/h=80, a/R=0.5, &=0

ler

eo=0 €0=0.3 e0=0.5 e0=0.7 e0=0.9
(MPa) 0 0 0 0 0

L 393.9363V (1,1)" 333.8215 (1,1) 2937449 (11) 253.6684 (1,1) 212.6000 (3,1)
odl a
T 10271735 (31) 944576(31) 88.9512(3,1) 83.4447(3,1) 77.9383(31)

393.9363(1,1) 319.9092 (1,1) 2675390 (1,1) 210.8125(1,1) 142.0695 (5,1)

Loai b
’ 102.7173(3,1) 84.0079(3,1) 69.2676(3,1) 51.2552(3,1) 27.0440(3,1)

393.9363(1,1) 319.9092(11) 267.5390 (1,1) 210.8125(1,1) 142.0695 (5,1)

.
“MC 1027173(31) 840079(31) 69.2676(31) 51.2552(31) 27.0440 (31)

393.9363(1,1) 316.2687 (1,1) 260.7247 (1,1) 199.7436 (1,1) 125.6195 (1,1)

Loaid
) 102.7173 (3,1) 824657 (3,1) 67.9829(3,1) 52.0823(3,1) 32.7548(3,1)

YTai trong ti han trén; L Tai trong téi han dudi; ~ Mode téi han (m,n)
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0 ‘ ‘ oy 30 ‘ ‘ ,
h =0.01m, b/h = 80 v ro = 333.8215 MPa h=00im bh=80 .
- - 0 a/R=05,ab=2
300&r, = 293.7449 MPa a/Ri 0.5, afb _2 S 300 r\= 293.7449 MPa (mn) = (L,1), Loai a A
= 2675390 MPa €=05 (mn)=(L1) - ,» ’ A), Loaia /=
2500\ 260.7247 MPa 5 250/ 10X 253.6684 MPa oy
G
~ 1) ~ ,,
o] @ (1
Fm- \y g 200\(2 7
2 @ S @ Py
o 180 o150+ ’

. — e T b e heor-L

100 ,/oer ="t anaranannee® 100- jeen 77T

uy
, — | —1:Loaia :’ | —1:e=03
% — glogz hdo| —2: Logibc | 0 —— Hoan hdo| —9:¢,=05 |
----1¢=0. —3: Loai ----1£=04 —3:g =
" ‘ ‘ ‘ ‘ 3. ‘Loal d 0'1 ‘ ‘ 3:e=0.7
0 1 2 3 4 5 0 1 2 3 4 5
Wih Wi

Hinh 2.2. Anh hudng cia quy luat
phan bb d6 xbp d6i voi tai trong ro

Hinh 2.3. Anh hudng cia e doi
V01 tai trong o

Béng 2.3 cho thiy, v6i bén mé hinh phan bb do xdp duoc nghién ctru thi panel tru
FGP m6 hinh phan b x6p di xtmg (Loai a) c¢6 kha ning chiu Iyc t6t nhat, panel try
FGP c6 md hinh phan b xp khong déi xtimg Loai b va Loai ¢ 1a c6 kha ning chiu luc
nhu nhau, va chiu luc kém nhat 1a panel tru FGP mo hinh phan bd x6p dong déu (Loai
d). Vi dy, trong trudng hop panel tru x6p FG véi hé s6 do xdp €0=0.5 thi tai téi han trén
cia md hinh phan bd x6p Loai a ¢6 Foupper=293.7449 MN, 16n hon mé hinh phan bd
x6p Loai b va Loai € €0 roupper=267.5390 MN 1 26.2059 MN, va 16n hon mé hinh
phan bd x0p Loai d ¢ Foupper=260.7247 MN 1a 33.0202 MN. Tuong ty, quan sat
Hinh 2.2 ciing cho thdy dudng cong quan hé tii - d6 vong cia mo hinh phan b xdp
Loai a nam trén cing, mo hinh phan bd xdp Loai b va Loai ¢ ¢ giita, md hinh phan
bb xbp Loai d nam & vi tri thap nhat.

Bang 2.3 ciing cho thdy v6i cting mot md hinh vat liéu, hé s6 do xdp eo cang 1on
thi tai trong té1 han cang nhé. Vi dy, voi panel tru Xép FG ¢6 mo hinh phan bd Xép dbi
xung (Loai a) thi tdi té1 han trén giam khoang 46%, tir roypper=393.9360 MN vé1 e0=0
xudng Foupper=212.6000 MN véi €0=0.9. Sy thay doi ndy ciing dwoc mé phong trén Hinh
2.3 khi v& dudng cong quan hé tai - d6 vong véi e=0.3, 0.5 va 0.7. Diéu nay chimg t6
khi d6 x6p ctia panel tru cang ting thi kha ning chju luc cua panel cang yéu di.

2.2.4.3. Anh huéng ciia cdc thong sé hinh hoc (alb, a/R)

Str dung biéu thirc (2.27), Bang 2.4 md ta anh huéng cua a/b, a/R dén tai
trong nén doc truc té1 han trén ctia panel tru FGP hoan hdo.

Str dung biéu thire (2.25) va (2.26), Hinh 2.4 va Hinh 2.5 mé ta anh hudng
ctia a/b va a/R ddi véi duong cong quan hé tai - 4o vong (W/h).
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Bang 2.4. Anh hudng cua a/b va a/R ddi véi tai trong nén doc truc t6i han trén

Fer h=0.01m, b/h=80, e5=0.5, &=0

(MPa) a/R=0.2 a/R=0.3 a/lR=0.5 a/R=0.7 a/R=0.9

alb=05 517.6359 (L1) 7074959 (L2) 11749797 (2.2) 1653.7557 (3.1) 2114.5269 (3.2)
ab=1 2306639 (1,1) 356.8937(2,1) 589.9865(3.1) 8234915 (4.1) 1065.9047 (4.2)
ab=15 1631087 (2,1) 235.1248(L1) 3947387 (4,1) 5540657 (51) 707.4959 (32)
alb=2 1320240 (21) 1768740 (21) 293.7449 (41) 411.1938(5,1) 5286317 (6,1)
alb=25 1215920(3,1) 149.3626 (3,1) 2349543 (4.1) 3302564 (51) 4233102 (7,1)
ab=3 1120007 (31) 1320240 (31) 1958106 (3.1) 275.2468(6,1) 352.6808 (7,1)
ab=4 1051141 (41) 1163265 (4.1) 1522065 (41) 2055906 (3,1) 264.3545 (7,1)
ab=5 1018849 (51) 109.0609(5,1) 1320240 (5.1) 166.4688 (51) 211.4689 (7.1)

“Mode t6i han (m,n)

Bang 2.4 cho thay tai trong nén doc truc t6i han trén cua panel try giam khi ti

sO a/b taing va tai trong nén doc truc tdi han trén tang khi ti s6 a/R tang. Vi du, cing ti
s6 a/b=2 thi tai trong toi han trén ting khoang 300%, tir Foupper=132.0240 MN véi
a/R=0.2 1N roupper=528.6317 MN véi a/R=0.9, diéu nay phu hop véi thyuc té 1a panel
tru cang dai thi kha nang chiu nén doc truc cang giam. Bang 2.4 cling chirng to théng
s6 hinh hoc ciia panel tru FGP ¢6 anh huong rat dang ké d6i v6i kha nang chiu nén
ctia panel. Hinh 2.4 va Hinh 2.5 mot 1an nita cho thay anh huong cia cic thong sd
nay d6i voi duong cong quan hé tai - 46 vong. Quan sat cac Hinh 2.2 - Hinh 2.5 ta
thdy, cac dudng cong mé ta quan hé tai - d6 vong panel khong hoan hao c6 diém xut
phat tai gbc toa do, diéu nay cho thay panel khong hoan hao vong ngay khi dit tai con
panel hoan hao thi chi xuét hién do vong khi tai trong dat dén gia tri to1 han.

T 250
h=00im aR=03
b/h=80,e,=05

Loai a

T I I
h=0.01lm,a/b=3
b/h =80,e,=0.5
(m,n) =(3,1), Loai a

201 = 195.8106 MPa

’/f”d -
50 /,//

— " ———L:aR=02|
/"// “Hoan hdo| —__9:- g/h=25 0 : I:Ioan hao| —2-3/R=03
' | ----1{=04 —3:ah=3 0' | | | ---‘-=€=0-“1 —3:aR=05

1 2 3 4 9 b 1 0 1 2 3 4 5 b 1 8
Wi wh

Hinh 2.4. Anh hudng cta a/b dbi Hinh 2.5. Anh hudng cta a/R dbi

véi tai trong ro véi tai trong ro
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2.3. Phan tich 6n dinh phi tuyén ciia panel tru sandwich FGP véi cic
diéu kién bién khac nhau

2.3.1. Panel tru sandwich FGP

Hinh 2.6. M6 hinh panel tru sandwich FGP chiu nén doc truc

Xét panel tru sandwich FGP ¢6 chiéu day h, ban kinh mat gitra 1a R, d¢ dai canh
théng la a, d6 dai canh cong la b, chiu nén déu doc truc véi cuong do ro trén canh x=0,
X=a; po trén canh y=0, y=b. Panel tru dugc xac dinh trong mdt hé toa do xyz véi

miat phang (x,y) tring voi mat gilta ciia panel, toa do chiéu day cia panel z
(—gg z sg) nhu duoc chi ra trong Hinh 2.6. Panel tru sandwich ba 16p, gdm c6 hai
16p phu mat FGM va 16p 16i xop FG & giita c6 md hinh phan b6 do xép dbi xtmg.
Do day 16p 18i x5p 13 heore, d6 day ctia mdi 16p phi mit FGM la , (h=hcoret+hFa).

Gia thiét rang cac 16p duogc lién két 13 hoan hao (tirc bo qua sur bong tach gitra cac 1op).
Bai todn dat ra la xay dung biéu thirc xac dinh gia tri tai trong nén doc tryc td1 han va
v& duong cong quan hé tai - d6 vong dap tng sau t6i han cho hai truong hop diéu kién
bién sau: truong hop 1, panel tru sandwich FGP ¢ bén canh tia don; trudng hop 2,
panel tru sandwich FGP c6 hai canh cong tya don, va ngam tai hai canh thing.

M6 dun dan hoi Young va hé s6 Poisson cia panel try sandwich FGP dugc

xac dinh nhu sau

k
(Ec’vc)+(Emchmc)(22+hFG +hcorej ,khi hFG _;hcore <7z S_hcgre

heg

(ESh!VSh) = (Em:Vm)|:1 eo Cos(h j:| khl hc;re < z < hcgre (2-29)

k
(EC,VC)+(Emc,vmc)(_22+?‘FG +hcorej Khi hCgre . zgw
FG
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trong do
m, ¢, sh 1an luot 12 chi sé biéu thi tinh chét cua kim loai, gdm, vo;
Enc =Em —E¢i Vine =V — Ve

E.. E., Eg, 1an lugt 1a mo6 dun dan hoi Young cua kim loai, gom, vo;

Vi Ver Vg 1an lugt 1a hé s6 Poisson cua kim loai, gom va vo;

eo 1a hé s6 mat do x6p (0<e, <1);

k 12 chi s6 ti phan thé tich cta panel tru (k >0).
Thay thé E,, tir biéu thic (2.29) vao (2.8), thu dugc
2h

h/2
—o } ; E, = J. ZE4dz =0;
g -h/2

h/2 E h
El = I EshdZ = EchFG +%§_G+ Em [hcore —€

—h/2
h/2

E
E3 = _F!‘/z 22Eshdz = 1_20|:(hFG + hcore )3 o hcore3:|
3 2
n Enmc th _ ZhéG (hFG + hcore) 4 hFG (hFG + hcore )2 TE hcore3 _ eohcore (ﬂ _8) _
4 | k+3 k+2 k+1 "

2.3.2. Piéu kién bién va phwong phap giai

Duya trén 1y thuyét vo Donnell c¢6 ké dén thanh phan bién dang phi tuyén hinh
hoc von-Karman, theo muc (2.2.2) hé phuong trinh vi phan phi tuyén ciia panel tru
sandwich FGP khong hoan hao la (2.18) va (2.19)

2.3.2.1. Cdc diéu kién bién

Hai truong hop diéu kién bién dugc nghién ctru gdm

Truong hop 1: Panel try sandwich FGP ¢6 bdn canh tira don (SSSS), khi d6
céc diéu kién bién twong ing xac dinh theo biéu thuc (2.20).

Trwong hep 2: Panel tru sandwich FGP c6 hai canh cong (x=0,x=a) tua
don, hai canh thang (y =0, y =b) ngam (SSCC), ta cd

M, =0, N, =—r,h,N,, =0,w=0 tai x=0,x=a

ow .
Ny:O,NXy:O,W=E:0taly:O,y=b (2.30)
2.3.2.2. Gidi bai todn panel tru sandwich FGP c0 diéu kién bién bon canh
twa don
Theo muc (2.2) biéu thirc (2.25)-(2.28) duogc thiét 1ap. Cac biéu thuc nay
dugc su dung dé xac dinh tai trong nén doc truc t¢i han va vé dudong cong quan hé

tai - do vong dap ing sau tdi han cua panel tryu sandwich FGP.
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2.3.2.3. Gidi bai todn panel tru sandwich FGP c0 diéu ki¢n bién hai canh
cong twa don, hai canh thang ngam
Xét panel tru FGP chi chiu tai trong nén déu doc truc I trén hai canh

(x=0,x = a). Thanh phan d6 vong w, w* va mg suat f duoc chon nhu sau [83]

w =W sin %(1—005 Zntjryj

a

2
f=F {sm MZX gin 7Y - Ay )} F dﬁ_(zy) =r,h (2.31)
a b dy

W*=§hsinm(l—cos 2nt;zy}, m,n=1 2, 3...
a

Thay w, f,w tir biéu thirc (2.31) vao (2.18)-(2.19), va sir dung phuong phap
Galerkin, ta co

4
W ;Al 5 Hm”] +a2}r
o) a (2.32)
o +A2{VF\{/ 1§m T WW 2§h)1024mn7z N 2}
{Asal ——(—j }Laba F+ AW ab{z(—j +a2:|+
a 3nz 4 a
(2.33)

mnz2 )" 512ab mz \* 3ab
+F (W +§h)[ "~ ] pr— 6,6, + Lh(W +§h)(?j = -0

trong do

Thay F vao biéu thirc (2.33), ta c6

- Y W +2ch) 2.34
o 3bhm272'2 |:C1 (W +§h) +CZ (W +§h) +C3W +C4 W(VV +2§h):| ( )

{AB—R—%(¥TH 196nabA15{3( - j +a2:l % 2}+
+abTA{2(%J4+a2}

trong do
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CZ_{%_ 1 (mzj }4096m7rA2 552

R\ a 135ab
4 3.3
C,— _ 2048mzA 3[mnj ra, +8192r27r A, 55°
135abe; a 135a°bRey
_524288m°n*zA, (65,)
‘ 2025a%0%, -

Véi panel try sandwich FGP hoan hao, thay & =0vao biéu thirc (2.34), ta c6

_ 4a
3bhm? 72

Tir biéu thirc (2.35), cho w — 0, tai trong nén doc truc tdi han trén dugc xac dinh

2 2 4
-4a 1 (m bda m 256
Foupper = 5 C1= As‘—(lj TAU@Z 3(—ﬂj ta _2—/22522 t
3om°zh Rey \ a 2Tm“n“z"h a 27n“z“Rh
(2.36)

aZA4 mz )’

- 2l — | +o
3m?z?h ( a j ?

, . dr,
Tir biéu thie (2.35) khi coi r, =r,(W), gidi phuong trinh d—\/f/:o ta thu

r [C,+(C, +Cy)W +C, W7 ] (2.35)

- d’r
dugc W, = M . Do % >0, tai trong toi1 han dudi dugc xac dinh
2C, dw W
—
2
-4a |C, (C,+C
Tolower = 3bmZr2 [Fl - ( —24C h3) :l (237)
4

Ta thiy, cic dai lwong roupper VA Foiower trong hai biéu thirc (2.36-2.37) phu
thudc vao m va n. Vi vay, dé xac dinh tai trong nén doc truc toi han trén va dudi cia

panel tru phai cuc tiéu héa cac bicu thirc trén theo m va n.
2.3.3. Két qua tinh toan sb

Biéu thirc (2.27) sir dung dé kiém chimg két qua tinh toan cuia luan 4n voi
cac két qua dugc bao cdo trude day, dugc trinh bay trong muc (2.2.4.1) cia luin
an. Noi dung tiép theo, luan 4n tién hanh phan tich anh huéng ciia hé sé do xdp eo,
ti 1& chiéu day heore/NFs, chi s6 ti phan thé tich k, d6 khong hoan hao & hai diéu
kién bi€n va cac thong s6 hinh hoc dén kha nang chiu nén doc truc cua panel tru
sandwich FGP. Panel tru sandwich ba 16p, gdm mét 16p 16i x6p FG & giira va hai
16p pha mit FGM. Lép phu mit FGM 1a hdn hop Zirconia (gbm) va Ti-6Al-4V
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(kim loai). Lép 161 lam bang Ti-6Al-4V xdp va hé sb Poisson 1a v = 0,3. Céc thong
s6 vé chi sb ti phan thé tich, hé sb do xdp, thong sb hinh hoc dugc liy nhu sau:
k=1, 0=0.5, h=0.006m, hcore/nFc=5, a/b=1.5, a/R=0.5, b/h=50.

2.3.3.1. Anh hwéng ciia ti 1é chiéu day heorelNF va hé so dp xop eo

Béng 2.5 anh hudng cua ti 1& chicu day heore/Nrs va hé s6 d6 xdp eo d6i véi tai
trong t6i han trén va dudi cta panel tru sandwich FGP hoan hao (trudng hop diéu
kién bién bén canh tira don, Foupper VA Folower dugc xac dinh tir biéu thic (2.27) va
(2.28); trudng hop panel tru c6 diéu kién bién hai canh cong twa don, hai canh thang
NGaM, Foupper VA Folower durgc xac dinh tir biéu thirc (2.36) va (2.37)).

St dung biéu thirc (2.25) va (2.26), Hinh 2.7a va Hinh 2.8a 1an luot mo ta
anh huong ctia €0 VA heore/NFe d6i v6i dudng cong quan hé tai - 4o vong cua panel
try sandwich FGP ¢ bon canh tua don. Str dung biéu thirc (2.34) va (2.35), Hinh
2.7b va Hinh 2.8b 1an lugt mo ta anh huong cia o Va heore/Nre di voi dudng cong
quan hé tai - d6 vong cua panel tru sandwich FGP c6 hai canh cong tua don, hai
canh thang ngam.

Bang 2.5 cho thiy, vdi ca hai truong hop diéu kién bién dugc nghién ciru &
trén, tai to1 han trén va dudi cia panel tru sandwich FGP hoan hao giam khi ti )
heore/NFe va hé sb d6 xdp eo ting dong thoi hodc riéng biét. Vi du, truong hop panel
try bon canh tua don €0=0.5: tai t&i han trén giam khoang 84% tir roupper=587.0261
MPa (v&i heore/hre=0) xudng Foupper=319.7303 MPa (v6i heore=h, hrs=0); tai t6i han
duéi giam khoang 74% tUr foower=217.7359 MPa (v6i heore/hre=0) dén
Folower=125.3372 MPa (v6i heore=h, hrc=0). Hay truong hop panel try bon canh tua
don €6 heore/hFe=5: tai trong tdi han trén giam khoang 42% tlr roupper=468.9710 MPa
(v6i e0=0) xudng roupper=331.3454 MPa (véi €0=0.8); tai trong téi han dudi giam
khoang 11% tir Foiower=169.7856 MPa (vi €0=0) xudng roower=153.1880 MPa (véi
0=0.8). Nhan xét nay ciing dugc quan sat thiy trong Hinh 2.7 va Hinh 2.8: khi hé
s6 46 x6p eo tang (Hinh 2.7) hay ti 18 chiéu day heore/Nrc ting (Hinh 2.8) ta thdy cac
duong cong md ta quan hé tai - do vong sé thap hon, nghia 1 tai téi han giam di.
Nhu vy, c6 thé két luan rang ti s6 46 day heore/hre va hé s6 d6 x6p eo c6 anh hudng
manh dén tai trong nén doc truc t6i han cua panel tru sandwich FGP, cu thé 1a kha
nang chiu tai trong nén doc truc cta panel tru sandwich FGP hoan hao voi diéu kién
bién SSSS hoic diéu kién bién SSCC giam khi ti s6 d6 day heore/NFs Va hé s6 do xop

€o ting dong thoi hodc ting riéng biét.
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Bang 2.5. Anh hudng ctia heore/hre va hé s6 d6 x6p eo ddi véi tai trong nén doc truc

to1 han. ¢=0, k=1, h=0.006m, a/b=1.5, a/R=0.5, b/h=50

Diéu
rr (MPa) kién e0=0 e0=0.2 e0=0.5 e0=0.8
bién
cogg  DB70261V(L1) 5870261(L1) S587.0261(L1) 567.0261(L1)
217.7359- (L) 217.7359(1,1) 217.7359(L,1) 217.7359(1,1)
Noore e =0
o B7783%(1)  6778399(31) 6778399(31) 6778399 (31)
4113698 (3,1) 411.3698(3,1) 411.3698(3,1) 411.3698(31)
cogg  D204833(L1) 5087239(L1) 4820847(L1) 4554456 (L1)
2008350 (1,1) 2002431 (L1) 199.6511(1,1) 199.2565 (1,1)
hore/hre= 1
coe  BLLA043(B1)  596.9954(31) 5753820(31) 5537686 (31)
3752861 (31) 3739767(31) 3720125(31) 370.0483(3,1)
cogg  WB0BB(LY)  4553675(L1) 4108455(L1) 3663236(L1)
1788537(L1) 176.4035(L1) 172.7282(11) 169.0529 (1,1)
Noore e =3
o B91630(31)  5323654(31) 4921680(31) 4519724 (31)
3382208 (31) 331.0723(31) 320.3497(31) 309.6271(3,1)
cogg  ABBOTIO(LY)  4345646(L1) 3829550 (L1) 3313454(L1)
169.7865(L1) 1656369 (L1) 159.4124(11) 153.1880 (1,1)
Noore e =5
o 578872(31) 5056799 (31) 4573689(31) 409.0579(31)
3220036 (31) 311.6287(31) 296.0665(3,1) 280.5043(3,1)
cogg  MRA0I9(E1)  4141491(L1) 3555114(L1) 2968736(L1)
heoe e = 1604298 (1)  154.3453(11) 1452186(11) 136.0919 (1,1)
10 coe  Dl6BATABD)  4788578(31) 4221734(31) 3654889 (31)
3053626 (3,1) 291.3002(31) 2704317 (31) 249.4731(3,1)
cogg  A202182(31) 3876100(L1) 3197303(L1) 2518496 (L1)
heo = h 147.7013(11) 138.7557(L1) 1253372(11) 111.9188(1,1)
hee =0 o 4BB602B(31)  4431953(31) 3750840(31) 306.9728(31)
282.8365(31) 2636280 (31) 234.8152(31) 206.0024 (3,1)

U Tai téi han trén;

LTai téi han dudi;

“ Mode t6i han (m, n)
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800

k=1, h=0.006m K k=1, h= 0.006m
500- a/h=15, a/R=0.5 . a/b=15, a/R=0.5
b/h=50, heore/Ne=5 o 6. DM=50, heor/hes=5
(mn)=(1,1) (mn)=(3,1)
400 1
T
0
S 30 1
o -
200+ —te —te
/ _ 90:02 —2 e0=0,2 I
1002 ——— - how hdo — 0,205 — 508
:, ________ D03 begts —4e08
0 | | | 0 |
0 1 2 3 4 5 6 0 1 2 3 4 5 6 7 8
Wih Wih
(a) Panel tru FGP SSSS (b) Panel tru FGP SSCC

Hinh 2.7. Anh hudng cua eo d6i véi ro— W/h

800 800 \ \
: Hoan hdo k=1, h=0.006m
________ 103 a/b=1.5, a/R=0.5
b/h=50, e,=0.5
L 600 ' 1
600 k=1, h= 0.006m , W mn)=E)
a/b=1.5, a/R=0.5 ! ~ @
b/h=50, £,=0.5 ' g
0L @ (mn)=(L,2) ‘ S 400 53 ___________ 1
@ o S
(4 '," ”/ III -----------------
200F NN T —1: Neore/NFe=0 2007,7:,' ----------------- 1 Neore/Nre=0 ||
,:" == s —2 heore/NFe=1 ,",7/ — - hoan héo —2 heore/hpe=1
o —3: heore/hre=5 N R S E03 —3 Neore/NFe=5
v —4: Neore/NFg=00 0' ) ] —4 Neore/NEe=00
0 T
0 1 2 3 4 5 6 0 1 2 3 4 5 6 7 8
Wih Wih
(a) Panel try FGP SSSS (b)Panel tru FGP SSCC

Hinh 2.8. Anh hudng ctia heore /NG d6i v6i ro — Wih

2.3.3.2. Anh hwéng ciia dp khéng hodn héio hinh hoc ban dau & Va chi sé ti phin
thé tich k

Anh huéng cua ¢ doi voi quan hé tai - do vong duoc mo ta qua do thi Hinh
2.9. Quan sat Hinh 2.9 ta thiy, d6 khong hoan hao & ¢6 anh hudéng dén cac duong
cong quan h¢ tai - d§ vong dép ing sau t&i han cua panel tru sandwich FGP voi ca
hai truong hop diéu kién bién 1a SSSS va SSCC. Cu thé, khi & tang lén trong giai
doan do vdng con nhé cac dudng cong sau on dinh s& thap hon. Ngoai ra, Hinh 2.7 -
Hinh 2.10 ciing cho ta thay, duong cong quan hé tii - d6 vong dap tmg sau téi han clia
panel tru xép FG khong hoan hao ¢6 diém xuét phat tai géc toa do (tirc 1a panel c6 do
vong ngay khi dat tai), con véi panel try hoan hao d6 vong chi xuét hién khi tai trong

dat dén gia tri to1 han.
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Anh huéng cua chi sb ti phan thé tich k d6i véi tai trong t6i han va dudng
cong sau 6n dinh cua panel tru sandwich FGP duoc moé ta thong qua Bang 2.6 va dd
thi Hinh 2.10. Bang 2.6 va Hinh 2.10 cho théy, khi k tang thi tai trong nén doc truc
t6i han ting. Nghia 13 véi 16p phit mat cang giau gom (K cang 16n) s& lam ting do
clmg ciing nhu ting kha ning chiu tai cta panel try xp FG hoan hao. Tuy nhién, do
16p phit FGM mong nén anh huéng cia k dbi véi tai trong nén téi han va Gng xu
sau mat 6n dinh cta panel tru 13 khong nhiéu. Vi dy, panel tru sandwich FGP hoan
hao SSSS, truong hop k=10 va b/h=50, c0 tai trong t&i han trén rypper= 410.6461
MPa va tai trong t&i han dudi Fower=175.6317 MPa, 16n hon truong hop k=0 va
b/h=50 lan luot 12 1.18 va 1.28 1an, twong Gng v&i tai téi han trén rupper=346.8486

MPa va tai tdi han dudi rower=137.3272 MPa.

Bang 2.6. Anh hudng cua k va b/h ddi vai tai trong nén doc truc t6i han. ¢=0, e0=0.5,
h=0.006m, heore /hrc = 5, a/b=1.5, a/R=0.5, b/h=50

ler

(MPa)

Diéu kién bién SSSS

Diéu kién bién SSCC

b/h=30

b/h=50

b/h=70 b/h=30 b/h=50

b/h=70

k=0

613.91232,1)"

422.85154(1,1)

346.8486 (1,1)
137.3272 (1,1)

248.9830 (3,1) 894.6584 (3,1) 408.0846 (3,1)
586624 (1,1) 7434733 (3.1) 256.8995 (3,1)

274.0285 (3,1)
122.8434 (3,1)

k=05

663.8529 (2,1)
466.1084 (1,1)

3711039 (1,1)
152.2350 (1,1)

2660557 (3,1) 976.1398 (3.1) 441.2549 (3.1)
65.7597 (1,1) 8182098 (3,1) 283.3250 (3,1)

2938887 (3,1)
1359587 (3,1)

683.1130 (2,1)
486.9688 (1,1)

382.9550 (1,1)
159.4124 (1,1)

2744042 (3,1) 10155715 (3,1) 457.3689 (3,1)
60.1673 (1,1) 854.2691 (3,1) 296.0665 (3,1)

3035784 (3,1)
142.2760 (3,1)

k=3

723.1055 (2,1)
516.7476 (1,1)

4001874 (1,1)
169.6342 (1)

2865573 (3,1) 1072.1428(3,1) 480.6124 (31)
740010 (1,1) 905.7817 (3,1) 314.2513 (3,1)

317.6397 (3,1)
151.2786 (3,1)

k=5

734.2468 (2,1)
526.1083 (L,1)

4057279 (1,1)
172.8379 (1,1)

2904700 (3,1) 1090.0361 (3,1) 488.0132 (3,1)
755083 (1,1) 921.9889 (3,1) 319.9660 (3,1)

3221498 (3,1)
154.1025 (3,1)

k=10

744.0705 (2,1)
534.2885 (1,1)

4106461 (1,1)
1756317 (1)

203.9465 (3,1) 1105.7412 (3,1) 494.5391 (3,1)
768181 (1,1) 936.1610 (3,1) 324.9589 (3,1)

326.1467 (3,1)
156.5665 (3,1)

k=00

7553922 (2,1)
5435999 (1,1)

4163663 (1,1)
178.8025 (1,1)

297.9948 (3,1) 1123.3159 (2,1) 502.0605 (3,1)
782971 (11) 952.3072 (3,1) 330.6408 (3,1)

330.7850 (3,1)
159.3653 (3,1)

Y Tai t61 han trén;

LTai t61 han dudi;

“ Mode t6i han (m, n)
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k=1, h=0.006m

heore/re=5, a/b=1.5, b/h=50

507 a/R=0.5, e,=0.5, (m,n)= (1,1)

40%%@5,:332,955 MPa

g
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[=23
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woper=457.3689 MPa

S
I=
=

5 (MPa)

A k=1, h= 0.006m

[
[=1
>

heore/hre=5, a/b=1.5, b/h=50
a/R=0.5, e,=0.5, (m,n)= (3,1)

(a) Panel try FGP SSSS

2 3 4 5 6 7 8
Wh

(b) Panel tru FGP SSCC

Hinh 2.9. Anh huong cua & ddi véi ro - W/h

500 T T

90:0-51 hccre/hFG:S
h=0.006m, b/h=50
a/b=1.5, a/R=0.5

b \(4) (m,n)=(1,1)

, — : Hoan hao
----1E=03

U 1
8 01— O

~ X X X

T T
60:0.5, hcorg/hFGZS
h=0.006m, b/h=50
a/b=1.5, a/R=0.5
(m,n)=(3,1)

05 1 15 2

(a) Panel try FGP SSSS

~
o

—1. k=0
— : Hoadn hdo —2 k=1
ceE03 k=5
\ —4 k=0
1 2 3 4 5 6 7
Wi

(b) Panel tru FGP SSCC

Hinh 2.10. Anh hudng cta k d6i véi ro - W/h

2.3.3.3. Anh hwéng ciia hai trwong hop diéu kign bién

Anh huong cia hai truong hop diéu kién bién d6i véi tai trong nén doc

truc téi1 han va duong cong mod ta dap Uung sau td1 han cua panel try sandwich
FGP duoc thé hién théng qua Bang 2.5-2.8 va Hinh 2.11-2.14. Quan st thiy, tai
trong nén doc truc téi han tuong rng vdi tredng hop panel tru sandwich FGP co
diéu kién bién bdn canh tra don 13 nho hon so véi treong hop panel tru sandwich
FGP c6 hai canh cong tya don va hai canh théng ngam. Vi du: Bang 2.6, vdi
cung k=1 va b/h=50, tai trong nén doc truc t&i han trén va dudi cia panel tru
SSCC lan luot 13 rupper=457.3689 MPa VA liower=296.0665 MPa, 16n hon truong
hop panel try SSSS 13 1.19 va 1.86 lan, twong tng véi tai trong ti han trén

Fupper= 382.9550 MPa va tai trong toi han dudi riower=159.4124 MPa.
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‘ 500,

IS 05 s el
500 | —g:phest, s 1o, 0:006mM: &/b=15 40013 blh=50, 8888
—4:bh=50, 55CC —4:blh=50, SSCC

300 / “ ]
20 _/(1/ w1 1

250 - s L s | - | - P 0\ 1
10?2 10! 10° 10" 102 10? 10! 10° 10 10?

€0=0.5, heore/hre=5
h=0.006m, a/b=1.5
a/R=0.5

a/R=0.5

rupper (M Pa.)
FNower (M Pa)

k k
Hinh 2.11. Anh huéng cta b/h Hinh 2.12. Anh hudng cta b/h
d6i voi Fupper — K ddi véi Flower — K

550

T T
—fssss.ab=2 | _
—25555.abe15 €0=0-5, Meore/Nee=5

500|—3. 550c, abe2 | &@/R=0.5, b/h=50
—4:55¢C, ab=15 h=0.006m

—1:858S, aR=04| o —, —
' €0=0.5, hcore/hFG—5
—2: 8888, alR=0.5 b/h=50, a/b=1.5

—3:85CC, aR=04|
— 18500, aReg5 1= 0-006m

@ 500

Fupper (MPa)
110
Iupper (MPa)

250 ‘ 250! ‘ ‘ ‘
102 10! 10° 10! 102 102 10! 10° 10! 102
k k

. . o Hinh 2.14. Anh huong cua a/R
Hinh 2.13. Anh huong cua a/b . &
d61 Vé'l rupper — k dOI Vo1 rupper - k

2.3.3.4. Anh hwéng ciia cdc théng sé hinh hoc (blh, a/b, a/R)

Anh hudng cua ti 18 b/h, a/b va a/R ddi véi tai trong téi han cua panel try
sandwich FGP dugc mé ta trong Bang 2.6-2.7. Anh hudng cua b/h va a/R dbi voi
duong cong quan hé tai - d§ vong cua panel try dugc mo td qua Hinh 2.15-2.16.
Anh hudng cua b/h, a/b va a/R dén dudng cong quan hé Fupper — K VA Fower — K duroc
mo ta trong Hinh 2.11-2.14. Két qua cho théy, tai trong nén doc truc téi han cua
panel try sandwich FGP giam di dang ké khi ti 1& b/h va a/b ting, tai t6i han ting
1én dang ké khi a/R ting. Két luan nay hoan toan phu hop voi thuc té 1a panel tru
sandwich FGP cang dai thi kha ning chiu tai nén doc truc cang giam, va khi chiéu
dai cac canh panel tru khong ddi thi panel tru cang cong (R cang nho) thi chiu nén
doc truc cang tét. Vi du: véi panel try sandwich FGP SSCC ¢6 a/b = 1.5, tai nén doc

truc t6i han trén la . =661.1627 MPa (v6i a/R = 0.8) 16n hon tai trong trén

Foper =457.3689 MPa (voi a/R = 0.5) var,,,, = 325.2189 MPa (véi a/R = 0.2) lan
luot 1a 1.45 va 2.03 lan.



43

1200 1200 \ \ \

77 I I
[ / . Hoan hao
Py —2:bih=50

1000\/ ----1E=03 —3: blh=70

800~ %
,(E _,«"‘ k=l, hcore/hFG=5 ’/’
o a/b=1.5, a/R=0.5
S 600 : 1
° !

\ \ \
;
: Hoan hao |,

k:]_, hcore/hFG;’S
a/b=15, a/R=

1000

S (MPa)

€:=0.5, h=0.006m.-~

0 1 2 3 4 5 6 7 8 00 1‘ 2‘ 3‘ 4‘1 g E; 7 fli
Wih Wih
(a) Panel tru FGP SSSS (b) Panel tru FGP SSCC

Hinh 2.15. Anh hudng ciia b /h d6i vai ro - W/h

1000 T T T 1000 T A ]
—1:aR=02] k=1, hoyro/Nee=5 )  hoan hio g
—2aR05 ;=05 h=0006m ----:£=03 g

800|—3:aR=08 p/h=50, a/b=1.5 . 800 Py

mn)= (L,1) k=1, heore/Ne6=5 P g
- | ~ | €,=0.5, h=0.006m o J
g g o bh=50, ab=15 ..
2 2 =) s P
© 400 © 400+ g 1

200 T * Hoan hdo 200 7’:',::"’ _1 H/Ri0-2

L _ _. : Khéng hodn héo W —ZaRe0s
) b ‘ ‘ ‘ ‘ 0 " ‘ ‘ ‘ —3:aR=0.8
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Whh Wih
(a) Panel try FGP SSSS (b) Panel try FGP SSCC

Hinh 2.16. Anh huong cta a/R ddi véi ro - W/h

Bang 2.7. Anh huéng ctia a/b va a/R ddi véi tai trong nén doc truc t6i han. €0=0.5,
hcore /hFG = 5, k:]., 520, h:OOOGm, b/h:50

Fer Diéu kién bién SSSS Diéu kién bién SSCC
(MPa) a/R=0.2 a/R=0.5 a/R=0.8 a/R=0.2 a/R=0.5 a/R=0.8

a/b=0.5 460.2227 1152.6820 1840.8907 520.4561 1192.2357 1255.9559

(1,1)° (1,2) (2,2) (1,1) (2,1) (2,2)
a/b=1 240.9471 581.1145 919.6631 365.6058 636.5938 945.7100
(1,1) (2,1) (3,1) (2,1) (2,1) (3,1)
a/b=2 177.9827 288.1705 460.2227 303.1863 393.3820 520.4561
(2,1) (2,1) (4,1) (3,1) (3,1) 4,1)
a/b=4 162.2415 189.7885 240.9471 290.3012 312.8501 353.0765
4,1) 4,1) (4,1) (6,1) (6,1) (7,1)
a/b=5 160.3526 177.9827 210.7242 289.5140 303.1985 328.6127
(5,1) (5,1) (5,1) (8,1) (8,1) (8,1)

* Mode t6i han (m,n)
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2.4. Phan tich 6n dinh phi tuyén ciia panel tru sandwich FGP trén nén
dan hoi

Xét panel tru sandwich xdp FG c6 chiéu day h, ban kinh mit giita 1a R, do
dai canh thing 1 a, 6 dai canh cong 1a b dwgc dit trén nén dan hoi Pasternak.
Panel tru dugc xac dinh trong mot hé toa d0 Xyz véi mat phéng (X, y) trung véi

. h h

mat gitta cua panel, toa do chiéu day cua panel z (—ES z SE) nhu dugc chi ra
trong Hinh 2.6. Panel try sandwich ba 16p, gdm cé hai 16p phtu mat FGM va 16p 16i
FGP & gitra c6 m6 hinh phéan bd d x6p ddi xtmg. Do day 16p 18i x5p 12 heore, d0 day
ctia mdi 16p phu mat FGM I %G (h=nhcore+hrg). Gia thiét rang cac 16p duoc lién
két 12 hoan hao (trc bd qua su bong tach giira cac 1p). Panel tru sandwich FGP
chiu tai trong nén doc truc véoi cudng do ro trén canh x=0, X=a; po trén canh y=0,
y=Db. Bai toan dat ra la tim tai tdi han va xay dung duong cong tai — do vong dap
mg sau téi han cua panel tru sandwich FGP c6 ké dén twong tac nén — panel tru
theo mo hinh Pasternak.

M6 dun dan hdi Young va hé sb Poisson cua panel tru sandwich duoc xéac
dinh theo biéu thirc (2.29).

2.4.1. Giai bai toan panel tru FGP dit trén nén dan hoi

Duya trén 1y thuyét vo Donnell véi tinh phi tuyén hinh hoc von-Karman, hé
phuong trinh vi phan phi tuyén cua panel tru sandwich FGP dit trén nén dan hdi
dugc xac dinh theo [88] la (2.19) va (2.38)

1 * *
AV + = fo+ AV WHT (W,XX + wxx)— 21, (W’Xy + W,Xy)—l—

x (2.38)
+f (W,yy + WW)+ Ky(Wy + W, ) —Kw=0

Véi panel try sandwich FGP ¢6 bén canh twa don, diéu kién bién twong tng
xé4c dinh theo biéu thirc (2.20)
w=0,M,=0,N,, =0,N, =-r,h tai x=0,x=a
w=0,M,=0,N,, =0, N, =—p,h tai y=0,y=b
Dua vao diéu kién bién (2.20), ta chon thanh phan d6 vong w, w* dudi dang
[83]
w=W sinmxsin% y

) 2.39
w =§hsin%xsinn§y, m, n=1 2, 3.... ( )
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Thay biéu thirc (2.39) vao (2.19), ta c6 [34, 47]

f= Blcosz%x+ Bzcosznfy+ Bg’sin%xsin%y+%ny2 +%Nyx2 (2.40)

trong do
B, = Aa’n*(W? +2W¢h)
32b?m? ’
g _ ADTM W +2Wsh),
? 32a’n’ '
A2Wm27r2
B, = - AW.
3 m 7Z' n 72'2 2 Ai
Ra’* ( T2 —5)

Thay cac biéu thuc (2.39)-(2.40) vao (2.38), va st dung phuong phap
Galerkin, ta co

2 2
w m?z®  n’x? _m27r2 A,m*z? B m’z?  n’x?
Ay 2 T2 2 7~ AT A 2 T2
4 a b a‘R 2.2 2.2 a b
ZR m-z n"z
a a2 + b2

m2n?z* n’z?| 80
o +2§hw){_4A2A3 a’h’ +A§b2R 3’

2 _2 2
mez 8mnrx
W (Eh+W) M A o 00,
m°z® n°r a’b
aR( >+ Zj
a b

o
4 4
(heW)W2 e 2chw) &P —E[KZ (mz”z ; ”Z”Z} Kl}vv

64 4 a’ b?

1 m2 72 n’z? N 4
=(Eh+W)>| N, ——+N, —— |[-—L——656
(c )4[ X a? Y p? R mnz? ' 2

Hay duoc viét lai dudi dang

S,W + S, (W2 +2EhW) + SJW (Eh +W) — S, (Eh + W)W 2 + 2EhW)

1 m?z®  n’r? 1 m?rz? n’z? N (2.41)
—~ | K,)| ——+—— |+ K, W =(h+W)=| N +N - 5 010,
4[ 2{ a’ h? ! © )4 ¥ a2 Y p2 R mnz

trong do



.| m?z? n
5= AT 5 [

2 2 2
. me°z 8mnsx
Sy = % - A 0,0,; S4=

2 2142
Ra2 (mzﬂfz + r127r2 J 3a’h
2 2
a b

Khi panel try chi chiu tai trong doc truc (N, =—-1,h,N,o =—p;h=0), biéu thuc

(2.41) c6 dang

SW +S;WW +2&h) + SW (Eh+W)

—4a
o = hm?7z% (Eh +W) | =S,W (Eh + W)W + 2£h) —%[Kz [ﬁ+ nz”2)+ Kl}W (2.42)

a® b2

Véi panel try FGP hoan hao, thay & =0 vao biéu thirc (2.42), ta dugc

_4a2 1 m272'2 n27T2
ro:W£81+SZW+83W—S4W2—Z{Kz(?+b—2 +K (2.43)

Tir biéu thic (2.43), cho w —»0 ti trong téi han trén 1a

—4a® 1 m?z®  nz?
Foupper = W{Sl —Z{Kz (TJF? +Ky (2.44)

Truong hop khong ké dén tuong tac nén - panel try, tirc Ki=K>=0. Biéu thirc
(2.44) dugc viét lai 1a

—4s, -1 2 2
roupper=V;=h7ﬁma2+ﬁ2)2—%j[m’i2—fﬂz)z—ﬂ+/«4(az+ﬂ2)z} (2.45)

Biéu thirc (2.45) duoc st dung dé xac dinh tai nén doc truc t6i han trén cua

panel tru sandwich FGP hoan hao chiu nén déu doc truc.
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2.4.2. Két qua tinh toan sb

2.4.2.1. Nghién ciru so sanh

Nghién ctru so sanh dugc thyc hién ddi véi tai t6i han N, cua panel tru déng
huéng, N = e / (00), trong d6 1y, xéc dinh theo biéu thirc (2.45) cua luan 4n.

Bang 2.8 thé hién két qua so sanh gitta két qua xac dinh theo biéu thuc (2.45) cia
ludn an véi cac két qua duoc bao cdo trong cong trinh cta Shen [25] va Jaunky [39].

Béng 2.8. So sanh tai t6i han trén N_, panel tru dang huéng. E=107 psi, v=0.3va

h=0.24in
Jaunky [39] Shen [25] Luén an
ab aR b/h Ly thuyét Ly thuyét
FEM y Tiye HSDT y e
Donnell Donnell

31831 10 785398 419454 53080.6 51419.68 53572.20 (8,4)"
31831 10 157.0796  12360.0 13834.1 13119.99 13384.37 (1,2)
31831 10 3141593 335838 3549.9 3228.12 3345.99 (3,4)

“ Mode t&i han (m,n)

Ta thiy, két qua tinh duoc xac dinh theo biéu thuc (2.45) cua ludn an 1a
tuong dong voi két qua da cong bd cua Shen [25], Jaunky [39]. Piéu nay khing
dinh do tin cay ctia phuong phap nghién ctru dugc thuc hién trong ludn an.

Trong phan tiép theo, luan 4n nghién ctru anh hudng cia nén, hé sé d6 xbp,
ti 18 heore/NFe Va kich thude hinh hoc dén 6n dinh phi tuyén cua panel try sandwich
FGP chju nén déu doc truc. Lép phu mat FGM la hdn hop Zirconia (ceramic) va
Ti-6Al-4V (metal). L6p 16i 1am bang Ti-6Al-4V xdp va hé sé Poisson v = 0,3. Cac
thong s vé chi sb ti phén thé tich, hé s6 do Xép, cac thong s6 hinh hoc, thong $6
nén duoc 1y nhu sau: k=1, 8=0.5, h=0.006m, a/b=1.5, b/h=50, a/R=0.5, heore/nFc=5,
K1=6x10'N/m?3, Ko=5x10°N/m.

2.4.2.2. Anh hwéng ciia thdng sé nén va hé sé dé xap eo

Str dung biéu thtrc (2.44), Bang 2.9 cho thdy anh hudng cua hé sb nén K, Ko
ddi vai tai trong nén doc tryc t&1 han trén cua panel try sandwich FGP. Ta théy, tai
nén doc truc t&i han trén cia panel tang khi h¢ sb6 nén tang. Vi duy, cung hé s6 do
x6p €0=0.5, tai nén téi han trén tang khoang 55%, tir ruper=382.9550MPa (véi
K1=K2=0) dén rupper=595.4156MPa (voi Ki=9x107N/md, K;=8x105N/m). Piéu nay
cling dugce quan sat thdy trong Hinh 2.17. Ngoai ra, Bang 2.9-2.11, va Hinh 2.18
cling thé hién anh hudng cua hé sb do xSp d6i voi tai nén téi han cta panel, ta thiy
tai nén t6i han giam khi hé sé d6 x6p tang. Vi du, Bang 2.10 v6i heore/NFe=5, tai
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trong t6i han trén giam khoang 25%, tir Fupper=597.0209MPa (v6i eo=0) dén
Fupper=476.2146 MPa (v6i €0=0.8). Diéu nay mot lan nita ching t6 hé sb do xop;

nén dan hoi anh huong kha 16n dén kha nang chiu nén doc truc cua panel tru
sandwich FGP.

Bang 2.9. Anh hudng ctia cac hé s6 nén doi véi tai nén doc truc to1 han trén. £=0,

heore /NFe = 5, h=0.006m, k=1, a/b=1.5, a/R=0.5, b/h=50.

Kl K2 rupper (MPa)

(N/md) (N/m) e=0 e=0.2 e=05 e=0.8
0 0 4689710(1,1)° 4345646(11) 382.9550(1,1) 3312172(2,1)
3x107 0 481.4556(3,1) 451.2540(31) 405.9517(3,1) 356.8641(2,1)
6x107 0 492.8542(3,1) 462.6527(3,1) 417.3503(3,1) 372.0480(3,1)
9x107 0 504.2529(3,1) 4740513(31) 428.7489(3,1) 383.4466(3,1)
3x107 2x10°  5231223(3,1) 492.9207(3,1) 447.6183(31) 402.3160(31)
6x107 2x10°  5345209(3,1) 504.3193(31) 459.0170(3,1) 413.7146(31)
9x107 2x10°  5459195(31) 515.7180(3,1) 470.4156(31) 425.1133(3,1)
3x107 4x10°  564.7889(3,1) 534.5874(3,1) 489.2850(3,1) 443.9827(3,1)
6x107 4x10°  576.1876(3,1) 545.9860(3,1) 500.6836(3,1) 455.3813(3,1)
9x10’ 4x10° 587.5862(3,1) 557.3846(3,1) 512.0823(3,1) 466.7799(3,1)
3x107 8x10°  648.1223(31) 617.9207(31) 572.6183(3,1) 527.3160(3,1)
6x10’ 8x10° 659.5209(3,1) 629.3193(3,1) 584.0170(3,1) 538.7146(3,1)
9x107 8x10°  6709195(3,1) 640.7180(31) 595.4156(3,1) 550.1133(3,1)

* Mode tGi han (m,n)

1200~

£=0, k=1, h=0.006m

1000

a/R=0.5, a/b=1.5
b/h=50, €0=0.5, hcgre/hFG:s
(mn)=(31)

900

—1: K;=9%107, K,=8x10°
—2: Ki=9x107, Ky=4x10°
——3: K;=9x107, K,=2x10°
—4: Ky=9%x107, K,=0

0.5

|

Wih
Hinh 2.17. Anh huéng cua Ki va Kz

2 25

ddi véi ro — Wih

597.0209 M

£=0, k=1, h=0.006m

b/h=50, a/R=0.5, a/b=1.5
800 K,=6x10"N/m3, K,=5x105N/m
hcore/hFG:S, (m,n)=(3,1)

, 476.2146 MPa

— 1:g=0
— 2: 6= 1]
— 316 =3
—4:8():5

1 1.5

Wrh

2 25

Hinh 2.18. Anh huéng cia eo
doi voi ro— W/h
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900

500

k=1, £=0, h=0.006m €0=0.5, h=0.006m,
b/h=50, a/R=0.5, a/b=1.5 b/h=50, a/R=0.5
—_ 3 —_ y .
800 - K1_—(§3;107N/n1 ,3K12—5><105 400 382.955 MPa a/b=1.5, K;=K,=0
€0=0.5, (m,n)=(3,1) Neore/NFG =5

k=1, (m,n)=(1,1)

700~ 718.0359 MPa 33300
623.4251 MPa =3
<000 0

6007 561 1301 MPa @_____________-_-_-:_-_-:_._.;,.-
—— 1: hrehes =0 gy 1. £=0

500 5215170 MPa D hedhee=1 1007 .- _TCzgol
— 3 hcore/hFG=3 ‘,'II/ ::: i ;:8:53
— 4 hcore/hFG =5 W o T

400 0%

0 02 04 06 08 12 14 16 18 2 005 1 N 153 35 4

7\/\;/h
Hinh 2.20. Anh hudng cua &
do6i vai ro— W/h

b
Hinh 2.19. Anh hudng cua hcore /hre
do6i vai ro— Wih

2.4.2.3. Anh hwéng ciia c4c théng sé hinh hoc (hcore/hr, a/b, a/R)

Str dung biéu thirc (2.44), Bang 2.10 mé ta anh huéng cua o Va heore/Nrs
ddi vé6i tai nén doc truc t&i han trén cia panel try sandwich FGP. St dung biéu
thirc (2.44), Bang 2.11 md ta anh huéng cua a/b va a/R déi véi tai nén doc truc
to1 han trén.
Bang 2.10. Anh hudng cta eo Va heore/Nre ddi v6i tai nén téi han trén.
k=1, &=0, h=0.006m, a/b=1.5, a/R=0.5, b/h=50, K1=6x10"N/m?3, K,=5x10°N/m

Fupper
(MPa) e0=0 £0=0.2 €0=0.5 €0=0.8
horeFe=0  718.0359(3,1)°  718.0359(31)  718.0359(31)  718.0359(3,1)
hoeMFe=1  659.1270(3,1)  644.8462(31)  6234251(31)  602.0040(3,1)
horehFe=3  614.8104(3,1)  589.3391(31)  551.1321(31)  512.9251(3,1)
horeMFe=5  597.0209(3,1)  566.8193(3,1)  5215170(31)  476.2146(3,1)
hore/MF6=10  579.3658(3,1)  544.3449(31)  491.8136(31)  439.2822(3,1)
hoe=h, hee=0  556.1821(3,1)  514.6600(3,)  452.3767(31)  390.0935(3,1)

* Mode tGi han (m,n)

Bang 2.10 cho théy, tai nén doc truc tdi han trén cia panel giam khi ti 1€
heore/NF tang. Vi duy, tai nén tdi han trén giam khoang 59% tir rypper =718.0359
MPa (v6i heore/hr=0, €0=0.5) dén rupper=452.3767 MPa (v6i heore=h, hrc=0,
€0=0.5). Nhan xét nay ciing duoc quan sat thdy trong Hinh 2.19: tai nén téi han
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trén ctia panel giam khi ti 18 heore/NFe ting, nghia 14 ti 16 chiéu day heore/hrs c6 anh

hudéng dang ké dén tai trong nén doc truc téi han cua panel tru sandwich FGP.

Bang 2.11. Anh huéng cta a/b va a/R dbi véi tai nén toi han trén. & =0, e0=0.5, k=1,
heore /hrc =5, h=0.006m, b/h=50, K1=6x107N/m3, K,=5x10°N/m

Fupper

P alR=0.2 alR=0.4 alR=05 alR=0.6 alR=0.8

alb=05 587.1866(1,1)° 1100.6347(21) 1267.9590(21) 1472.4665(2,1) 1950.7567(2,2)
ab=1 4259975(21) 587.1866(2,1) 708.0784(2,1) 810.8271(31) 1022.3878(31)
ab=15 386.2391(21) 467.7873(31) 5215170(31) 587.1866(31) 729.1057(4.1)
ab=2 3630327(31) 416682931) 4562205(4,1) 493.1596(4.1) 587.1866(4,1)
ab=3 3550744(51) 376.8615(51) 3932017(51) 413.1732(5.1) 464.0095(5,1)
alb=4 3496202(6,1) 3630327(61) 3730921(6,1) 385.3870(6.1) 414.1460(7,1)
alb=5 3485246(81) 3566645(8) 362.7693(8,) 370.2309(81) 389.2238(8,1)

* Mode tGi han (m,n)

Bang 2.11 cho théy, voi panel tru sandwich FGP chiu nén déu doc truc thi tai
trong t6i han trén giam khi ti sé a/b ting va tai trong toi han trén ting khi ti 1& a/R
tang 1én. Vi du, cung vai ti 1¢ a/b=2, tai trong t&i han trén cua panel tru ting khoang
62%, tir rupper=363.0327MPa (voi a/R=0.2) dén rupper=587.1866 MPa (voi a/R=0.8).
Diéu nay chi ra, panel try sandwich FGP cang dai thi kha nang chiu Iyc cang kém.,

2.5. Két luan chuong 2

Chuong 2 sir dung ly thuyét vé Donnell, phuong phap Galerkin da giai quyét
nhimng nodi dung chu yéu sau

1. Pa nghién ctru anh huéng cta bén mo hinh phan bd do xdp dén 6n dinh
phi tuyén cua panel tru xép FG chiju nén déu doc tryc.

2. Da phan tich 6n dinh phi tuyén tinh cta panel tru sandwich FGP khéng
hoan héo véi hai diéu kién bién khac nhau chiu nén déu doc truc.

3. b phan tich 6n dinh cta panel tru sandwich FGP khong hoan hao chiu

nén déu doc truc trén nén dan hdi Pasternak.
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Tir cac két qua so, luan 4n dwa ra mét s6 nhan xét dang chi y sau

1. Véi bdn mé hinh phan bd d6 xp duge nghién ctru, panel tru FGP md hinh
phan bd xdp d6i xtmg c6 kha ning chiu lrc t6t nhét, panel tru mé hinh phan bd xdp
khong dbi xung Loai b va Loai ¢ c6 kha nang chiu Iyc nhu nhau, va chiu nén doc truc
kém nhit 13 panel tru mé hinh phéan b xp dong déu.

2. Kha nang chiu nén doc truc cta panel try FGP giam khi hé s6 do Xép tang.

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

4. Nén dan hdi lam tang dang ké kha nang chiu nén doc truc cua panel tru
sandwich FGP.

5. Panel try FGP cang manh kha nang chiu nén doc truc cang kém.

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

Két qua chinh ctia chwong 2 da duoc cong bd trong 3 bai béo [1], [2], [3] trong
danh muc cong trinh cong bd lién quan dén luan an. Trong d6 c6 1 bai trén tap chi
qudc t& danh muc ISI va 2 bai trén tap chi, hoi nghi uy tin trong nudc.
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Chuong 3: PHAN TICH ON PINH PHI TUYEN CUA VO TRU FGP CO GAN
GIA CUONG CHIU NEN DQC TRUC HOAC AP LUC NGOAI

3.1. Pit van dé

Nghién ciru vé 6n dinh cia két ciu dang vo tru c6 va khong c6 gan gia cuong
chiu céc tai trong co trong méi trudng nhiét nhan dugc su quan tm cua nhiéu nha khoa
hoc. Téng quan cho thay, vai két ciu dang vé tru FGP cac nghién ciru vé bai toan
6n dinh con it, nhat 1a bai todn 6n dinh tinh cua két cau dang vo tru FGP c6 va
khéng c6 gan gia cudng chiu tai trong co trong moi truong nhiét cd xét dén tuong
tac vo véi nén dan hoi.

Chuong 3 ciia luan 4n st dung 1y thuyét vé Donnell, k§ thuat san déu tac dung
gén cua Lekhnitskii va phuong phap Galerkin nghién ciu loi giai giai tich cho ba bai
todn co ban sau day:

Bai toan 1: Phan tich anh huong cua cac md hinh phan bd do xdp dén on
dinh phi tuyén caa vo tru FGP.

Bai toan 2: Phan tich 6n dinh phi tuyén cua vé try sandwich FGP c6 gan gia
cuong chiu nén doc truc.

Bai toan 3: Phan tich 6n dinh phi tuyén cua vo tru sandwich FGP cd gan gia
cuong chiu &p luc ngoai.

Mot so gia thiét trong chuong 3

1. Vé vat liéu: Vo tru FGP duoc gia thiét 1a hoan hao vé mit hinh dang. Vo
tru sandwich FGP ba lép, gdm hai 16p phu mat FGM méng va mot 16p 18i FGP d6i
xung ¢ gitra day hon. Vo tru cé gia cuong gan truc giao FGM. Bic tinh vat liéu 16p
pht va gin gia cudng duoc gia thiét 1a bién doi theo do day véi quy luat ham liy
thira. L6p 16i xop FG duoc dic trung boi hé s6 x6p anh hudng dén cac dic tinh vat
Iy theo hudng chiéu day vo. Tinh lién tuc vat lidu giira 16p phu véi 16p 16i va gan
gia cudng duoc dam bao khong bi tap trung ang suat va phan tach céc lop.

2. Twong tac nén - vo tru duge xac dinh theo md hinh Pasternak véi hai hé s6
nén K1 va Ka. Trong d6, hé s6 nén Winkler (K1) c6 thir nguyén [luc/(chiéu dai)®]; hé
s6 nén Pasternak (K) cd thir nguyén [luc/(chiéu dai)].

3. Tai trong tac dung 1én vo tru la tai trong co - nhiét, cu thé 1a tai trong nen
doc truc, ap luc ngoai va tai nhiét.

4. Mit gitra va mat trung hoa duoc gia thiét Ia tring nhau

5. Trudng nhiét do trong vo duoc gia thiét 1a phan b déu
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4 r

3.2. Phan tich anh hwéng cia cac md hinh phan bé @ xop dén on dinh
phi tuyén cia vé tru FGP

3.2.1. M6 hinh vé tru FGP

(c) Loai 2b: Phan bé do xdp khong ddi ximg (d) Loai 3: Phan b do xop dong déu
Hinh 3.2. Cac md hinh phan bé d6 xép cua vo tru FGP

Xét vo tru FGP c6 béan kinh mit gitta 1a R, chiéu day h, chiéu dai L chiu nén déu
doc truc trong méi truong nhiét, bao quanh bai nén dan héi (md hinh Pasternak). Vo
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tru duoc xéac dinh trong mot hé toa do xyz ¢6 mit phang (x,y) tring voi mat gitta cua
Vo, toa do chiéu day cua vo z (—gs z sg) nhu duoc md ta trong Hinh 3.1. Vo tru x4p
duoc xem xét gom bdn loai mé hinh phan b do xop (Hinh 3.2).

M6 dun dan hdi Young, hé sb ddn né nhiét cia vo tru FGP duoc xac dinh
nhu sau

Logi 1: Phan bé dé xop déi xing

(Esh’ash):(Em’am){l_eo COS(%ZJ :|’ B (31)

N | o
IN
N
INA

N | =

Logi 2a,b: Phan bé dé xép khéng déi ximng

nZ T h h
(ESh7 ash):(Em,am){l—eo COS(E'FZ) :|, —ESZSE (32a)

. (nz & h h
(Esh,ash)=(Em,am){1—eosm[ﬁ+zj }: —551%3 (3.2b)

Logi 3: phan bé dé xop dong déu
(Esh’ash) :(Em1am)(1_eoﬂ’) (33)
trong do
Esh 1 m6 dun dan hdi Young caa vo tru;
E.. la gi tri 16n nhat cuia md dun dan hoi Young;
ash 12 hé s6 gidin né nhiét caa vo try;
v 12 hé s6 Poisson (v = 0,3);
eo 1a hé s6 mat do rong (0<e, <1).
hé s6 A trong phan bd do xdp ddéng déu duogc xac dinh
2
1 1(2 2
A== =L fice, - 241
e & (72' oz j
Cac biéu thirc (3.1), (3.2a,b) va (3.3) cho thay: khi e0=0, vé tru l1am bang kim
loai khong c6 16 rdng.
3.2.2. Cac phwong trinh co ban
Dua trén ly thuyét vo Donnell c6 ké dén thanh phan bién dang phi tuyén hinh
hoc von-Karman, biéu thirc can bang phi tuyén cua vo try FGP trong mdi truong
nhiét c6 ké dén tuong tac nén - vo try nhu sau [78, 81]

1
AVip+ E(/),xx +AViw+ P yWox =20 W,y + K, (Wxx TWyy ) - Kw=0 (3.4)
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Vip+ AViW— A, (W — W, W, — W, /R) =0 (3.5)
trong do
K1, K2 1a cac hé s nén;
A=J,/Dy; A :1/(‘JOD11); Ag=Jgdos AL = ‘JO(D12‘]1+ D22‘J2)_D13;
1

Jg=———-;
’ D121_D221

‘]1 = D11D12 - D21D22; Jz = D11D22 - D21D12-

voi Dy (1=1,2,3; j=12,3) duoc xac dinh nhu sau

h/2 h/2 h/2
= —E(Zz 27z, O, = | VE(ZZ) 2)7dz; Dy = | BB Zj_le:E(Dlj_DZi)'
h/21—V _hi2 2TV —h/22(1+v) 2

Str dung biéu thirc (3.4) va (3.5) 6 thé phan tich 6n dinh phi tuyén cia vo tru
x6p FG chiu tai trong nén doc truc trong méi trudng nhiét duoc bao quanh bai nén
dan hoi.

3.2.3. Piéu ki¢n bién va phwong phap giai

Xét vo tru FGP chju nén doc truc c6 diéu kién bién tuya don & hai dau
(x=0,x=L). B¢ vdng cua vo tru cd dang [46, 83, 84]

w=w(X,Yy) = f,+ f sinax.sin gy + f, sin? ax (3.6)
trong do
fo biéu thi do vong dong déu trude mat on dinh;
f, biéu thi do vdng tuyén tinh sau mat on dinh;

f, biéu thi d6 vong phi tuyén sau mat 6n dinh;

a=mz/L; B=n/R
véi m 14 sb ntra séng doc theo truc x va n 1a sb séng doc theo truc y.

Thé w tir biéu thic (3.6) vao (3.5), ta co

V% = A, (By, cos 2ax + By, cos 28y + By, sin axsin By + By, sin 3axsin By) (3.7)

trong do
2 1 1
Bo1 :HS%M‘ —EaZJ f, +Ea2,82 ff}; By» :E(Zzﬁz flz;
2
Bys = _H%(O‘z "',32)2 —%J f,+a’p’ flfz} By, = &’ p% 1, f,.

Biéu thirc (3.7) duoc viét lai dang

@ = B, c0s2ax+ B, cos 28y + B, sin axsin By + B, sin 3arxsin ﬁy—% phy? —%aoyhx2 (3.8)
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trong do
B =af,+a,f* B,=a,f’ By=a,fif,+af; B, =aff,.

Voi
a1:[4ﬁ —a /Rji az_aﬂ /[320{ )’ a3:A2a—a€2; a4:_Lﬁ22;
A, 8a* A, 32p (a2+,b’2)
_ ﬁ 2 A ca Azazﬂz
a'5_ |:A2(a +ﬂ ) a /R:|(a2+ﬁ2)2'a68la4+18a2ﬂ2+ﬂ4'

Thé w va ¢ tir cac biéu thuc (3.6), (3.8) vao (3.4), va ap dung phuong phap
Galerkin, ta duoc

200yh

2Ky (f,+21) =0 (3.9)

, Pha® +oyh.p? —[HOl +Hg, f2+Hos f, + K, (az +,82)+ Kl]
f= o (3.10)
03

Hoe f, +8a” fph+Hy, 2+ Hog f2F, — ?f, 6K, f, 8K f, =0 (3.11)

trong do
Ho = _|:A4 (052 +ﬁ2)2 +a5£%(a2 +ﬂ2)2 —a—RZ]:l;
Hos = 20°p° (a,+a3), Ho =—a’p (a,—a);

H05 =—|:a4(A3(OC +ﬂ ) RZJ_FO( ﬂ ag — 2a2ﬂ2a1:|;

Hye = 802 [4A4a2 _8a’Aa, + %);

Hor :4(a5[32 _16a2Aa, +%ja2;
Hos = 4(a, —a5)a’ B

Piéu kién chu vi kin caa vo try 12 [46, 87]

2zR L 2zR L w 1
_ 0, 42 _
'!!)‘vyydxdy_ ££(8V+R 2Wyy]dxdy—o
« 1 4 2¢2 .
=8C, ph—8gaoyh+ﬁ(2fo+ f)—B°f7 +8Cyh =0 (3.12)

trong do
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- - "2 B, (2)ay (2)AT
C, =Dl Cp =(Di—Dy)/do; ¢ = 'f on ( )1_5:/( )

—-h/2

dz.

Trong trudng hop nhiét d6 méi trudng ting déu (4T = const) tir gia tri ban
dau Ti (tai d6 vo khong chiu (ng suat nhiét) dén gia tri cudi cing 1a T va su thay doi
nhiét do la AT =T, —T; khong phu thudc vao do day cua vo tru.

T biéu thic (3.9), ta co
R
Oy :_EKl(fz"‘zfo) (3.13)

Thay fi va 0y, tir cac biéu thirc (3.10), (3.13) vao (3.12), thu duoc

fo = LoaPh+ Loy + Log F + Loy fzz +8LoCosth (3.14)
Thay f, tir biéu thirc (3.14) vao (3.10), ta duoc
8RK, L,
£ =Luph+ L+ Ligfy + Ly, f] —%Cm (3.15)
03
Thay f, tir biéu thirc (3.14) vao (3.10), ta c6
R *
Toy =~ Kl[f2 12+ Ly ph+ Ly, + Lg f) + Ly, f22 +8|—0C26¢1] (3.16)
trong do
1 «  prat
L0:_ 4 !L01:L0(8C - )’
|:8RKl +§+ Yij RKl} 2 Hg,
AZ R H03

Lo, = LoHﬂ_z[Hm"' K, (0‘2 "‘ﬂz)"' K1:|;

03

4 2 2
L03=L0(4RK1 +£+ﬂ RK1+ﬂ HOS ;LO4:LOﬂ H04;
AZ R 2H03 H03 HO3
1 1r
Ly :H—(a2 _RKlﬂsz); L “THL RK Ly, +Hoy +K, (0‘2 "‘ﬂz)"' Kl}
03 03 -
1 1
Ly, = ——[RKlﬁz (1/2+Lgg)+ HOS] Ly = ——(RKl,BZLM + H04)_
Hos Hog

Thay thé cac giatri fy, f, va ooy tir cac biéu thuc (3.14)-(3.16) vao (3.11),

ta thu duoc
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° [Ho7|-11+(8a2+Hosl-n)fz}h[HO7L12+(H06+HO7L13+HOSLQ Shaa” - 413,

(3.17)

+(HorLyg + Hos'—m) f,7 + Hoglo f23 -8RK AL, [:_Z;"':_ZZ fzj@a(/ﬂ
Biéu thirc (3.17) thé hién mdi quan hé tai - d6 vong, dugc sir dung dé xéc
dinh tai trong tai han va phan tich quan hé tai - @6 vong dap ung sau tgi han ciaa vo
try FGP chiu nén déu doc truc trong méi trudng nhiét bao quanh bai nén dan hoi.
T biéu thirc (3.17), khi cho f, — 0, ta thu duoc tai trong t6i han trén

1

pupper = _ﬁ[HOS L12 o 8RKlﬂ2 LOC;6¢1:| (318)
03L11
Ttr biéu thire (3.6), d6 vong 16n nhat caa vo tru duoc xac dinh
Wi = fo+ fL+ 1, (3.19)

Thay thé cac giatri fova f, tir cac biéu thuc (3.14), (3.15) vao (3.19), ta

duoc
Winax = Log P+ Loy +(Log +1) T, + Ly, fzz +8LoCosh

) i)
+|:L11ph+L12+|_13f2+|_14f22_8R||<_|1$C;6¢1} (3.20)
03

Str dyng biéu thtc (3.17) va (3.20) c6 thé phan tich anh huong cia mé hinh
phan b d6 xbp, cac hé sb nén va méi truong nhiét o dén duong cong quan hé tai -
d6 vdng 16n nhat caa vo tru xp FG.

3.2.3. Két qua tinh toan sb

3.2.3.1. Nghién czru so sanh

Pé kiém chung do tin cay caa loi giai, luan an tién hanh so sanh véi két qua
tinh toan theo tai liéu chuyén khao cua Brush va Almroth [82]. Nghién ctru so sanh
dugc thyc hién vai vo tru dang hudng chiu nén doc truc twa don & hai dau.

Str dung cdng thuc (3.18), Bang 3.1a chi ra sy so sanh két qua tinh toan cua
luan an véi cac két qua tinh toan theo biéu thic (5.50) trong tai liéu chuyén khao
cua Brush va Almroth [82].

Bang 3.1a cho thiy, két qua tinh toan tai trong tGi han cua vo tru ding hudng
chiu nén doc truc theo cong thic (3.18) cua luan an 1a twong dong véi két qua tinh toan
theo biéu thic (5.50) trong tai liéu chuyén khao cua Brush va Almroth [82]. Diéu nay
khang dinh do tin cdy caa phuong phap nghién ctru dwoc thyuc hién trong luan an.
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Bang 3.1a. So sanh tai trong tGi han P~ cua voé tru dang hudng khéng cé gan gia
cuong chiu nén doc truc. E=70 GPa, v=0,3

L/R=1, L=1m, R=1m L/R=2, L=1m, R=0.5m
P* Brush and Almroth Luan an Brush and Luan an
(kN/m) [82] P" = Pypper Almroth [82] P” = Pupperh
P"=P/(22R) P"=P/(27R)

RI=100 4237.2488 (39)" 4237.25(3,9) 21182980 (5,9) 2118.30 (5,9)
Rh=150 1882.9301(311) 1882.93(3,11) 941.4651(6,11)  941.47 (6,11)
R=200  1059.1518(7,9)  1059.15(7,9) 5295759 (14,9)  529.58 (14,9)
R=300  470.7339(10,1)  470.73(10,1)  235.3663(19,7)  235.37 (19,7)
RIh=400  264.7872(518)  264.79(518) 132.3936(23,3) 132.39 (23.3)
R=500 169.4639 (10,17) 169.46 (10,17) 847320 (20,17)  84.73 (20,17)

2 Mode t61 han (m, n)

Trong phan tiép theo, phan tich anh huang ciia cac mé hinh phan b do xbp,
cac hé sb nén va thong sb nhiét do d6i vai 6n dinh va sau mat on dinh phi tuyén cua
vo tru xop FG chiu nén déu doc truc s& duogc thuc hién. Vo tru xop FG dugc lam
bang thép xop, cac thdng sb hinh hoc cia vo, hé sb xdp va hé sé nén dan hoi duoc
ldy nhu sau: AT=200K, e0=0.4, Ki=2x10'N/m3, K»=1.5x10°N/m, h=0.01m,
R/h=100, L/R=1.5.

Gia thiét mo dun dan hoi Young va hé sb gidn né nhiét phu thuoc vao nhiét
dd nhu sau [5]

R(T)=Ry(P.T ' +1+RT +P,T?+PT?)

trong do
Po, P.1, P1, P2 va P3 & hé s6 nhiét do;
T=To+4T (K) véi To=300K.

Bang 3.1b. Tinh chét vat liéu cua cé4c vat liéu cau thanh vo

Vatlieu  Tinh chét Po P.1 P, P, P3
Ec (Pa) 244.27e+9 0 -1.371e-3 1.214e-6 -3.681e-10
Zirconia
oc (K1) 12.766e-6 0 -1.491e-3 1.006e-5 -6.778e-11
Em(Pa) 122.56e+9 0 -4.586e-4 0 0
Ti-6Al-4V
0

am (K 7.5788¢-6 6.638e-4 -3.147e-6 0
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3.2.3.2. Anh hwéng ciia mode (m, n) va nhiét dg AT

Str dung biéu thirc (3.17) va (3.18), Bang 3.2a va Bang 3.2b thé hién anh
huong caa mode (m, n) dén tai trong t6i han trén va duéi cua vo tru FGP. Bang 3.2a
cho thay, tai nén doc truc téi han trén cua vo tru X6p FG 12 pupper = 984,9455 MPa
turong (ng véi mode tGi han (m, n) = (8,4). Bang 3.2b cho thiy, tai nén doc truc toi
han dudi 1a piower = 401,8935 MPa tuong (tng v&i mode téi han (m, n) = (2, 6).

Bang 3.2a. Anh huong ciia mode (m, n) ddi véi tai nén doc truc téi han trén cia vo tru FGP
(Loai 1). K1=2x10"N/md, Kz=1.5x10°N/m, 47=200K, h=0.01m, R/h=100, L/R=1.5, e;=0.4

Pupper 9

(MPa) = n=3 n=4 n=>5 n=6
m=6 1180.8620 1144.5051 1101.9531 1059.6192 1023.7510
m=7 1037.8647 1024.6768 1009.9894  996.9533 988.9187
m=8 986.6583 085.1346 984.9455 987.8055 995.6461
m=9 995.9720  1000.7997 1008.6754 1020.6223 1037.8397

m=10 1048.6589 1057.1691 1069.7870 1087.1742 1110.1284

Bang 3.2b. Anh huong ciia mode (m, n) d6i vai tai nén doc truc téi han dudi coa vo try FGP
(Loai 1). Ki=2x107N/m3, K;=1.5x10°N/m, AT=200K, h=0.01m, R/h=100, L/R=1.5, e=0.4

(I;I/T;)VZ) n=4 n=5 n=6 n=7 n=8

m=1 661.9123 744.6211 911.3473 1145.0628  1411.5026
m=2 604.5420 425.4703 401.8935 459.3656 567.3302
m=3 745.0924 563.1998 467.4408 444.8528 475.7474
m=4 813.7184 697.7425 608.5792 561.3578 555.7758
m=5 939.8578 855.9685 778.7691 725.5126 702.7594

Str dung biéu thue (3.17) va (3.20), Hinh 3.3 va Hinh 3.4 lan luot m6 ta anh
huong cua mode (m, n) va nhiét do AT d6i véi duong cong quan hé tai - do vang (p
- Wmax/h). Ta thay, khi 4T ting cac dudng cong tro nén thap hon. Didu ndy ching to
khi nhiét do tang 1én s& 1am giam kha ning chiu nén cua vé tru. Két luan nay ciing
duogc thé hién trong Bang 3.3, ta thay tai trong toi han trén va duéi cua vo tru FGP
giam khi AT tang 1én.
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1,800

h=0.01m, RI=100, --1:m=1;n=5§ 1900 h=0.01m, R/=100,
. LIR=L5, AT=200K, | —p ey 567 L/R=1.5, 9=0.4 (Loai 2a) [
1,500 \@)\ €0=0.4 (Loai 1) -3 m=3ns567 - m=_2, n=Z o 5 //
AN Ky=2x107 N/m®, K,=1.5x10°N/m? KON KELSAOTNIm
X S 805, ), ‘
1,000 - 3
Q nl N NS 29601 MPa gz
W N R e --1:AT=0
S, 49645'MPa —2 AT=200
- w0 assoomea e 3 AT=400]
401.89 MPa 0 | T . T 0
3000 ) i 6 00 2 25 3 35 4 45 5 55 6
Wmax /h Winax/h
Hinh 3.3. Anh huong cia mode (m,n) Hinh 3.4. Anh huong cua AT doi vai
d6i véi duong cong p — Wmax /h duong cong p — Wmax /h
3.2.3.3. Anh hwong cia ciia md hinh phan bé dg xép, hé sé dg xop va nén
dan hoi

Anh huéng caa bén md hinh phan bb do x6p ddi véi tai toi han cua vo tru xop
FG dugc thé hién trong cac Bang 3.3-Bang3.5. Két qua cho thay, véi bén mé hinh
phan bd x4p, tai nén doc truc toi han cua vo tru xép FG c6 md hinh phan bb xbp
khong dbi xtng Loai 2a 1a 16n nhat, thir hai 1a vo tru xop FG ¢6 md hinh phan b xbp
d6i xting (Loai 1), thi ba 1a v6 tru c6 md hinh phan bé xép khong dbi xing Loai 2b,
va tai téi han cua vo tru ¢ md hinh phan bé xdp dong déu (Loai 3) 1a nho nhét.

Anh huéng cua e ddi véi tai trong t6i han trén va dudi cta vo tru FGP duoc
mo ta trong Bang 3.4 va Hinh 3.5. Ta thay rang, tai nén doc truc téi han caa vo tru
FGP giam khi do x4p eo tang.

Bang 3.3. Anh huong caa cac md hinh phan b xdp va AT ddi vai tai téi han. e0=0.4
K1=2x10’N/m?, K>=1.5x10°N/m, h=0.01m, R/h=100, L/R=1.5

Per (MPa) AT=0K ~ AT=200K  AT=400K  AT=600K  AT=800K
© puer  1026.9885 (8,4) 984.9455 (8,4) 892.0460 (8,4) 748.2919 (8,4) 553.3334 (6,8)
Loalt Pover  420.2088 (2,6) 401.8935 (2,6) 367.8251 (2,6) 318.0161 (2,6) 252.4863 (2,6)
T Pur 18342215(122) 18066467 (122) 16346992 (122) 13633791 (122) 10076865(122)
Hoal 22 Povr  556.0087 (2,7) 536.7491 (2,7) 496.4476 (2,7) 435.0892 (2,7) 352.6234 (2,7)
P 962.2505(85) 9227552 (8,5) 835.6489 (8,5) 700.9435 (8,5) 518.5824 (7,7)
LoD Dower 3942554 (2,6) 377.0162 (2,6) 345.3452 (2,6) 299.2551 (2,6) 238.7683 (2,6)
Loig P 945.7243 (8,5) 906.9270 (8,5) 821.3684 (8,5) 689.0515 (8,5) 509.9844 (8,5)
A

Prower

389.5675 (2,6) 372.8021 (2,6) 341.9033 (2,6) 296.8834 (2,6) 236.7984 (3,7)
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Bang 3.4. Anh huong caa cac mo hinh phan bd xp va eo ddi vai tai toi han.
K1=2x10"N/m3, K2=1.5x10°N/m, 47=0K, h=0.01m, R/h=100, L/R=1.5

Pe (MPa) e0=0 e=02 e=04 e=06 =08
Puper 12807581 (85) 1154.5314 (8,4) 1026.9885 (8,4) 897.1881 (8,2) 765.0733 (8,1)
Pover 4804851 (2,6) 450.3985(2,6) 420.2088 (2,6) 389.8540 (2,6) 359.2093 (2,6)
Loai pupr 22484416(115) 20708002(121) 18342215(122) 16894485 (125)1479.3408 (13,1)
22 powr 6519433(27) 604.4449(27) 556.0087 (2,7) 506.5046 (2,7) 455.7658 (2,7)
Loai pupr 1280.7581 (85) 1125.0446 (855) 962.2595 (8,5) 787.0060 (9,1) 589.4174 (9,1)
20 pow 480.4851(26) 438.7521(26) 394.2554(2,6) 3453101 (2,6) 279.6293 (3,7)
Puper 12807581 (85) 1117.3893 (855) 945.7243 (8,5) 760.8387 (9,1) 550.4792 (9,1)
Pover 4804851 (2,6) 436.1819(2,6) 389.5675(2,6) 339.3120 (2,6) 271.1053 (3,7)

Loai 1

Loai 3

Bang 3.5. Anh huong cua cac mé hinh phan bd do xop va nén doi véi tai tdi han.
e0=0.4, AT=400K, h=0.01m, R/h=100, L/R=1.5

per (MPa) Loai 1 Loai 2a Loai 2b Loai 3
Ki=Ox10'N/IN®  pupsr  869.8867 (6,8) 1616.4482 (8,12) 8135287 (5,9) 799.2111 (5.)
K=Ox10°N/M  power 1664448 (14) 332.7015(15) 154.4963 (1,4) 151.7561 (L4)
Ki=3x<10N/m®*  pupe  879.3236 (8,4) 1621.1720 (12,2) 822.2151 (855) 807.9566 (8,5)
Ke=0x10°N/M  piwer 378.9283(2,6) 506.7499 (2,7) 356.4994 (2,6) 353.3507 (2,6)
Ki=3x10'N/m®  pupe 900.4555 (8,4) 1641.2085 (12,2) 843.9834 (855) 829.7247 (8)5)
Ke=2x10PN/M  piwer  423.9103(2,6) 562.1758 (2,7) 398.1096 (3,7) 392.9304 (3,7)
Ki=6x10'N/m®  pupe 909.8659 (8,4) 1646.0016 (12,2) 852.7084 (855) 838.4686 (9,1)
Ke=2x10PN/m  piwer 4827851 (3,7) 640.4236(38) 4510212 (3,7) 446.3217 (3,7)
Ki=6x10N/m®*  pupe  930.9903 (8,4) 1666.1278 (12,2) 872.9946 (9,1) 858.5242 (9,1)
Ko=4x10°N/m  piwer 5168979 (3,7) 680.1999 (3,6) 485.1601 (3,7) 480.4448 (3,7)

1500 T T T 3000 \

T T o T
h/:0.0lm, R/h=100, y h=0.01m, R/h=100, - 1 K1=0 K2=0
L/R=1.5, AT=0K L/R=15, AT=400K ’
m=2, n=7 (Loai 2a 200 —2: K1=2e+7; K2=1.5+5 |
(Loai 2a) ' €0 =0.4 (Loai 2a) e 3 K1=364T: K2=0645
1000+ 2000 > —--4: K1=6e+7; K2=4e+5 |
< g
Py R = 1500, K
\\ -------- 0 =1 o 4
R} T 0 ) ‘
500+ “556.01 MPa _2e 02 1000 ) P ,
ey 04 500 596,45 MP3 ~ « - _ 33270 MpE ’
Ki=2x10"N/m?, K;=15x10°N/m | ---4:¢ =06
0 | I | | | 0 1 | | |
2 25 3 3.5 4 45 5 5.5 6 2 4 6 8 10 12
Wmax/h Wmax/h
Hinh 3.5. Anh huéng cta e ddi Hinh 3.6. Anh hudéng cua nén doi

véi dudng cong p — Wmax /h v&i duong cong p — Wax /h
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Anh huong cua cac hé s6 nén dan hoi Ki va Ko dén tai trong téi han trén va
duéi cua vo tru FGP duoc mé ta trong Bang 3.5 va Hinh 3.6. Quan sét thay, tai nén
doc truc téi han trén va dudi cua vo ting khi cac tham sé Ki va Ka riéng biét ting
hoac Ky va Kz cung tang.

3.3. Phan tich 6n dinh phi tuyén caa vé tru sandwich FGP c6 gan gia
cwong chiu nén doc truc

3.3.1. Vo tru sandwich FGP c6 gan gia cwong chiu nén doc truc

Xét vo tru sandwich FGP béan kinh mit gitta 1a R, chiéu day 1a h va chiéu dai
la L, vo tru c6 gan truc giao gia cuong chiu nén doc truc, trong moi truong nhiét bao
quanh béi nén dan hoi. V6 tru duoc xac dinh trong mot hé toa do xyz c6 mat phang

(x,y) tring véi mit gitra cua vo, toa do chiéu day cua vo z (—g <z sg) nhu dugc Mo

ta trong Hinh 3.7. Vo tru sandwich FGP ba I6p, gom mat 16p 16i x6p FG c6 mé hinh
phan bd xdp ddi xing (bot kim loai) & gitra, va hai I6p phu FGM. Cac 16p phi mat
FGM la mong, trong khi 16p 16i x6p twong d6i day. Do day 16p 16i xop 12 heore, d0

day cua mdi I6p phu mat FGM la h% (h=nhcoret+hrg). Géan truc giao FGM gia cuong

hinh chix nhat ¢ chiéu rong, chiéu cao va khoang cach cac gan nhu mé ta trong
Hinh 3.7. Gia thiét cac 16p duoc lién két 12 hoan hao (tirc bo qua sy bong tach gitra
cac lop).

Hinh 3.7. M6 hinh v¢ tru sandwich FGP c0 gan truc giao gia cuong
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Mo dun dan hoi Young va hé s gidn né nhiét cia vo tru sandwich FGP duoc

xac dinh nhu sau

k
E. .\ Evc [ 22+h +h. | Neg e << N
ac amc hFG 2 2
Esh Em /A h h
= 1-e,cos| — ||, — 2R <7< 28
(amj amj{ 0 [hmmj} 9 5 (3.21)
k

E. .\ Eve | 22 +hes +h,,, | hee << Neg + Negre
ac amc hFG 2 2

Hai truong hop gan gia cuong duoc nghién ciu, moé dun dan hoi Young va
hé sb gidn né nhiét duge xac dinh nhu sau

Trwong hop 1: Gan duoc thiét ké bén trong vo (gan trong)

E.\ (E) (E.)2z-h)° h h
= + : —<z<—+h,
o, a, Ae )\ 2, 2 2
3.22
E.\ (E) (E.) 2z-h)° h___h (3.22)
= + : —<z<—+h
a, a, o )\ 2h 2 2
Truong hep 2: Gan duoc thiét ké bén ngoai vé (gan ngoai)
k
E E E ?
N I _22+h —E—hSSZS—D
o, a, e 2h, 2 2
(3.23)

E.\ (E) (E.\ 2z+h)° h h
- + — - hr <zL<——
a, a, A, 2h, 2 2
trong do

m, ¢, sh va's, r lan luot 1a chi s biéu thi tinh chat caa kim loai, gbm, vo, gan
doc, gan vong;

E,., E. 12 mo6 dun dan hoi Young caa kim loai, gém: E, =E -E, E, =E -E,;

a,, a, 1ahé sb gidn ng nhiét cua kim loai, gom: «,, =a, ~«,, a,, =a, —a,,;

E, , Es, Er lan luot 1 mo dun dan hoéi Young cia vo, gan doc, gan vong;

ay,, 0s, ar 1an luot 1a hé s6 gidn né nhiét cua vo, gan doc, gan vong;

k, ko, ks lan luot 12 chi s6 ti phan thé tich cua vo try, gan doc va gan vong
(k>0;k, >0;k; > 0);



65

eola hé s6 mat do 16 rdng (0 <e, <1);

%G la do day cia mdi 16p phit mat FGM:

Neore 12 dély cua l6p 10i Xép FG;

h,, h lan luot 1a d6 day ciia gan doc va gan vong;

bs, br lan luot 14 chiéu rong cua gan doc, gan vong;

ds, dr lan luot Ia chiéu rong caa gan doc, gan vong;

Hé s Poisson dugc coi la khong thay d6i [88],v,, =v, =v, =v =const .

3.3.2. Cac phuong trinh co ban

Dua trén Iy thuyét vo Donnell véi tinh phi tuyén hinh hoc von-Karman, cac
thanh phan bién dang & mot diém cach mit gitta mot khoang z caa vo tru FGP dugc
xéc dinh theo biéu thic (2.3).

Céc thanh phan &), &), 7y, duoc xdc dinh qua cac thanh phan chuyén vi

u,v,w nhu sau [46, 82]

w
u, +—=
83 2 XX
2 X
O |y W Wy : k, |[= — |w 3.24
vy 17T R 2 ’ y |~ Yy (3.24)
0 k w
Y U, +Vv, + W,w, xy Xy
trong do

g, Va &, lacac thanh phan bién dang phap tuyén;

7 1a bién dang truot trong mat phang ¢ mit giira (z=0) cua vo;
u,v,w lan luot 1a cac thanh phan chyén vi theo phuong X, Y, z;
Kx, Ky, kxy, 1a cac thanh phan do cong uén, xoén.

Phuong trinh twong thich bién dang - chuyén vi la

0 0 o _ 1 2
Sy T Sy ™ Vyy = T wax-i_w,xy —W Wy (3.25)

Theo dinh luat Hooke c6 xét dén anh huong cua nhiét d6 (AT =T -T,), cac

thanh phan ng suat vo va gan gia cuong dugc xac dinh nhu sau

E Eo E Ego
o =—1_S‘i2 (gx +v5y)——lsh_vs" AT; o' = 1—532 (gy +vgx)——15h_;h AT;

(3.26)




66

. =E., —E,a AT
r (3.27)
" =E.&, —E,aAT
Str dung k§ thuat san gan Lekhnitskii, cac thanh phan noi luc cua vo tru FGP

la [81]

N, = Cllgf +C12‘93 +Cok, +C15ky -& _¢1Tx

N, = ClzgiJ + szgf +Cok, +Coky — ¢ — 4, (3.28)

ny = 03372, +C36kxy

M, = C14gi) +C,e +C44kx +C45ky -9, _¢2Tx

0
M, = Clsgf + Czsg‘y’ +C sk, +Cysk, — ¢, — ¢, (3.29)
M 5 = C637/fy + CﬁekXy
trong do, hé s do cing Cij, va cac thong sb nhiét cia vo va gan (4, ¢] ) xac dinh
theo phu luc A
Tur biéu thirc (3.28), ta co
g)=C N,-C N, +C Kk, +C Kk, +Ci¢+C ¢ —C_d\
=—C N, +C N, +C k +C’ k, +Cyy —C 4 +C_ ¢ (3.30)

o < o x

7, =C,Ny-C_k

Xy 36 XY

Thé &)y}t biéu thuc (3.30) vao (3.29), ta co

M, = D1*4Nx + D;4Ny + D:4kx + DZsky + D26¢1 + DI4¢11;( + D;4¢1Ty —¢ - ¢2Tx
M, = D1*5Nx + D;5Ny + D;4kx + D;5ky + D;6¢l + D1*5¢1Tx + D;5¢1Ty ¢ - ¢2Ty (3.31)
M,, =D_ N, + Dgeky,
Dua trén Iy thuyét vo Donnell, cac biéu thirc can bang phi tuyén caa vo tru
sandwich FGP bao quanh bai nén dan hoi theo mé hinh Pasternak véi cac hé s nén
K1, K2 dugc xac dinh la [82, 83]
N, +N,,=0

ny,x + Ny'y =0

trong do, cac thanh phan C D;; duoc xac dinh theo phu luc B.

(3.32)

N
M, o T 2Mxy,xy + My,yy +Fy+ N, W + 2nyW,xy + NyWyy + (3.33)

+K, (W’XX+W’W)—K1W=O

Str dung ham tng suat c6 dang
N, =Py Ny = P ny =Py (3.34)
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Thay k,,k,,k,, tir biéu thic (3.24) vao (3.31), va thay M,,M,, M, N,,N N,
tir biéu thirc (3.31), (3.34) vao (3.33), tacd

all\N, XXXX + alZ\N,xxyy + al3vv,yyyy + al4¢, XXXX + alS(D, XXYY + alGnyyy

1 (3.35)
F Pt Py W + P~ 20 W, + K,y (W, +W, ) - Kw=0

Thé &, 0, 5 tir biéu thirc (3.30) vao 3.24), ta thu duogc

X

1
ﬂllq),xxxx + ﬂqu),xxyy +ﬂ13¢’,yyyy +ﬁ14vv,xxxx +ﬂlS\N,xxyy +ﬂ16vv,yyyy _Wiy + \N,xxvv,yy +E\N,xx =0 (336)
trong do, cac thanh phan a;, f; duoc xac dinh theo phu luc C.

Sir dung biéu thire (3.35) va (3.36) c6 thé phan tich ang xir phi tuyén cua vé
try sandwich FGP c6 gan gia cuong, duoc bao quanh boi nén dan hoi trong moi
trudng nhiét, chiu nén déu doc tryc.

3.3.3. Piéu kién bién va phwong phap giai

Xét vo tru sandwich FGP c6 diéu kién bién tya don tai x=0; x=L chiju nén
déu doc truc. Bo vong w cua vo tru duge xac dinh theo biéu thuc (3.6)

Thay biéu thirc (3.6) vao (3.36), ta co

¢ = B, c0s 2ax + B, cos 28y + B, sin axsin By + B, sin 3axsin ﬁy—% phy? —%aoyhx2 (3.37)

trongdd B =af,+a,f’ B,=af? B,=aff,+af; B,=a/ff,
VoI

a =(4p.a" -’ IR)I(8B,a");  a,=a’B’1(32B,a");

a,=a’f’1(3285");  a,=—a’B* (e’ + B B+ BuBt):

8 =—(Buct’ + B’ B + BB’ —a’ IR)I(Bua’ + Boa’ B2+ BsfB* )

3, =a’f’ (8180 +9B,0° B + BB ).

Thay w va ¢ tir biéu thicc (3.6) va (3.37) vao (3.35), va ap dung phuong
phap Galerkin, ta duoc

RK, (f,+2f,)
oo, :_$ (3.38)
o pha® + o, h. 52 _[Hm +Hou £+ Hgf, + KZ(az +'BZ)+ Kl] (3.39)
1 H03 |

o,,h

Hasf, +8a ;0 + Hop 74 Hog 1, ~8=0= — 8,0 f, — 6K, F, 8K, £, =0 (3.40)

trong dé
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2

a
4 2 n2 4 4 2 n2 4 .
HOlz—{alla +a,a f+a,f +a5[al4a +aaf+af ——R H,

Hos = 2a2ﬂ2(a2 + ae)’ Ho, = _azﬁZ(aA _ae);
2
Hy = _{34 (0{14054 + alsazﬂz + a16ﬁ4 —%}jt 0{2/5’2a5 — 2052[32611};
H,, =8a° [40511052 -8a’a,,a +2%), H,, = 4(&5,82 ~-16c’a,,a, +4—|22ja2;

He =4(a, —a5)a’B°.

Diéu kién chu vi kin caa vo try 1a [46, 87]

27R L 27R L

j J'v’ydxdy = j J(go T szyjdxdy =0 (3.41)
00 00 ’ R 2
Tir c&c biéu thuc (3.30), (3.34), (3.6) va (3.41), suy ra
8C” ph—8C" oy h + %(2 fo+ f,) = B2 48(Ciy ~C L +C g ) =0 (3.42)
Thay o,,va f?2 tir biéu thic (3.38), (3.39) vao (3.42), ta duoc

fo = Lo Ph+ Lo, + Loy T, + Ly, fzz +8L, (C;6¢1 _C;¢1Tx + C;¢1Ty) (3.43)
Thay f, tir bicu thuc (3.43) va o, tir bicu thuc (3.38) vao (3.22), ta dugc

BRK,L,

ST (Ch ~C LA+ Cld)  (3.44)
03

flz = L11ph+|-12+|-13f2+|-14f22_

Thay f, tir biéu thirc (3.43) vao (3.38), ta thu duoc

R N . .
y = K /20 P Ly + Ly 4 Loy 748 (Coah ~ C L, +C 1 ) | (3.45)

Oy

trong do

1 | . pR).
{8CZ.RK1+R+RK1} 03

03

L, = Lo%["%ﬁ' Kz(az +ﬂ2)+ KJ;

. 4 B'RK, p°H S°H
=L,| 4C RK, +—+ Ly 05 || =L £ %
L03 LO( 1 1 R 2H03 H03 L04 LO H03

L, = Hi(az - RKlﬂsz); L, = _L[RKlﬂzLoz +Hg + Kz(az +:82)+ Klj| ;

03 H 03
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1 2 . 1 2
Lys =_H_|:RKlﬂ (1/ 2+ I—os)+ Hos} L= _H_(RKlﬂ Los + Ho4)'

03 03

Thay thé fy. 00, f; tir cac biéu thic (3.43)-(3.45) vao (3.40), ta dugc

1
[HoLy +(8a% + Hly ) 1, }h[H“L“

+(Hog + Hor Ly + Hogly, —8K,a” = 4K, ) £, + (Hop Ly, + Hoglp) 1,7 (3.46)
+Hgly, £ —8RKlﬁ2L{ﬁ ] fz](cgsgsl ~C 4 +cjl¢fy)]
Hye  Hos
Biéu thirc (3.46) duoc sir dung dé xac dinh tai trong nén doc truc téi han va
phén tich quan hé¢ tai - d6 vdng dap ung sau tdi han cua vo tru sandwich FGP ¢6 géan
gia cudng bao quanh boi nén dan hoi trong moi truong nhiét, chiu nén déu doc truc.
Tir biéu thuc (3.46), cho f, — 0 ta duoc tai téi han trén
. OSLM = (Mol ~8RKALy (Coh ~CLl + C ) )| (3.47)
Néu nhiét d6 méi trudng xung quanh ting déu (AT=Tt - Ti =const), cac théng
s nhiét ¢, ¢,, 4, duoc tinh toan trong Phy luc A.
T biéu thire (3.6), do vdng 16n nhit cua vo try 12 (3.19).
Thay thé f,, f, tir cac biéu thuc (3.43)-(3.44) vao (3.19), ta c6
= Lyyph+ Ly, +(Log +1) f, + Lo, 2 +8L, (Coeth —C. 1 +C.. ) )
8RK 2L,
|
Str dung biéu thic (3.46), (3.47) va (3.48) c6 thé xac dinh gi4 tri tai trong toi

han trén va phan tich quan hé tai - 6 vdng 16n nhat cua vo tru sandwich FGP ¢6

+ L11ph+L12+L13f2+L14f22_

LT (349
C26¢1 - Cu ¢1x + Cu¢ly )}

gan FGM gia cuong chiu nén doc truc, trong méi trudng nhiét bao quanh bai nén
dan hoi.

Do co ngot trung binh cua vo theo phuong x dugce xac dinh la

_ 1 ZRL 2zR L 1
Ax=— u . dxdy = ——w’ |dxd 3.49
s | Juo =g [ [ -gwi ooy cao
Tur c4c biéu thie (3.30), (3.34), (3.6) va (3.49), suy ra

Ax=C ph=C’ayh +% fla’ +% f,’a’ —(Ciuh +C. 4 ~C_ 4, (3.50)

Thay thé 2 va o, tir biéu thirc (3.44) va (3.45) vao (3.50), ta co
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*

— P 1, C_RK, . 1,
Ax = ph C22+C12RK1L01+§0‘ Ly |+ 1, 5 +C12RK1L03+§05 L |+

+12 {C;RKlL04 +%a2|_14 +%a2}+[c; RK,L,, +%0[2L12:|+ (3.51)

RK,0 L,

03

+(c;6¢1—c;¢;+c;¢;y){8Loc;RKl— }—(c;6¢1+c;¢;—c;¢;y)

Str dung biéu thire (3.46) va (3.51) c6 thé phan tich anh huong cua cac tham
sb dau vao dén quan hé tai - d6 co cua vo tru FGP ¢6 gan FGM gia cudng chiu nén
déu doc truc trong méi trudng nhiét, duoc bao quanh bai nén dan hoi.

Xét truong hop f, = f, =0, thay vao biéu thic (3.50) ta dugc

Ax=C_ ph—C oy h—(Ciy +C. 4, -C. ) (3.52)

Biéu thuc (3.52) cho thay khi f, =0 va f, =0, ton tai méi quan hé tuyén tinh
gitta Ax va p.

Thay thé o, tir biéu thic (3.45) vao (3.52), ta c6

_ N *2 2K1
Ax = C —*12—2 ph
» C KR +1
C RZKl * * T * T * * T * T
- m(cze¢1 - Clz ¢1x + C11¢1y ) - (C16¢1 + sz ¢1x - Clz ¢1y)
Str dung cac biéu thuc (3.46), (3.51) va (3.53), ta c6 thé phan tich quan hé tai
- d6 co ngdt trung binh sau tgi han cua vo try FGP ¢6 gan gia cuong chiu nén déu

(3.53)

doc truc trong méi truong nhiét bao quanh béi nén dan hoi.
Khi v chi chiu tai trong co (AT =0), biéu thic (3.46) dan dén
1 ,
p= [H07L12+(H06+HO7L13+H08L12_8K2a _4K1) fz
[H07L11+(8052+H03L11) fz}h (3.54)

+(HO7L14 + H08L13) 1:22 + H08L14 f23j|
Str dung biéu thuc (3.54) ¢6 thé xac dinh tai trong ti han va vé cac duong
cong mo ta quan hé tai trong - d6 vong sau téi han cua vo tru sandwich FGP cé gan
gia cudng chiu nén doc truc, bao quanh bai nén dan hoi.

Tur biéu thae (3.54), cho f, >0, ta duoc tai trong nén doc truc tdi han trén

cua vo tru sandwich FGP khdng ké dén thanh phan tai nhiét Ia
L, [Ho+ K, (o + 8°)+ K, |(CIRK, +1/R)

Poeer =L, h(C RK,&” +C.RK,* +a’ I R)

(3.55)
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3.3.4. Két qua tinh toan sb

3.3.4.1. Nghién crru so sanh

Dé kiém chtrng do tin cdy cua nghién ciru, hai so sanh duoc thuc hién. Két
qua so sanh dugc thé hién trong hai Bang 3.6 va 3.7.
Bang 3.6. So sanh tai trong ti han P« vo tru dang huéng khdng gan gia

cuong. E=70 Gpa, v=0.3, L=1m, R=0.5m

Brush va Almroth Diing va cong su Luan an
P« (N/m) [82] [54] (3.55)
P.=P/(27R) Pe = Pyppern P- = Pypperh
h=102m 84731.96674 (20,17) 84731.96675 (20,17) 84 732 (20,17)
h=2.5x103m  529575.91256 (14,9) 529575.91258 (14,9) 529576 (14,9)
h=5x10°m 2118297.96728 (5,9)" 2118297.96733 (5,9) 2118298 (5,9)

“Mode tgi han (m, n).

Bang 3.7. So sanh tai trong téi han vé try dong nhat dang hudng ¢ gan gia cudng.
E=70 GPa, v =0.3, L=1m, R=0.5m, hs =h, =0.01m, bs =b, =0.0025m, 50 gan doc, 50

gén vong

Brush va Almroth [82] Luan an

P+ (MN/m) P.=P/(21R) R = pyperh
h=103m 0.7057 (5,6) 0.692351 (5,6)
h=2.5%x103m 1.4328 (6,7) 1.414724 (6,7)
h=5x10° m 3.0906 (6,7) 3.072470 (6,7)
h=103m 1.2897 (6,6) 1.276432 (6,6)
h=2.5%x103m 2.1469 (9,4) 2.141014 (9,4)
h=5x10° m 3.9551 (9,2) 3.952916 (9,3)

Nghién ctru so sanh dugc thuc hién dbi véi tai trong t61 han p. (RP.=

h).

pupper

Sir dung biéu thirc (3.55), nghién ctru so sanh thi nhat duge mo ta trong Bang 3.6

(so sanh két qua tinh toan cta luan an vai cac két qua dugc tinh todn dya trén biéu

thirc (5.50) trong tai

lidu ciia Brush va Almroth [82] va két qua trong tai liéu [54] da

cong bo ciia nhom nghién ctru Pao Van Diing va cong su). Nghién ctru so sanh thir

hai duoc mo ta trong Bang 3.7 (S0 sanh két qua tinh toan ctia luan 4n véi cac két qua

dugc tinh toan dua trén biéu thirc (5.78) trong tai liéu cta Brush va Almroth [82],

va cac két qua da cong bd ctia nhom nghién ciru Pao Huy Bich va cong su [89]).

Bang 3.6 va Bang 3.7 cho ta thay, két qua tinh toan theo céng thirc (3.55) caa

luan &n 1a twong d6

ng véi cac két qua duoc tinh toan theo tai liéu cua Brush va
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Almroth [82], va cac két qua trong tai liéu di cong bd [54], [89]. Piéu nay khing
dinh do tin cay cua phuong phap nghién ctru duoc thuc hién trong luan an.

Trong phan tiép theo, luan &n nghién ctu anh huéng cua hé sé do xp, ti 16
d6 day 16p 16i xop/lop vo, cac théng sé hinh hoc, nén dan hdi, gin gia cuong va
nhiét d6 dén kha ning chiu nén doc truc cua vo tru sandwich FGP. Lép phu mit va
gan FGM 1a hdn hop Zirconia (ceramic) va Ti-6Al-4V (metal). Lép 16i xdp 1a Ti-
6AI-4V vai hé sb Poisson lav =0,3.

Cac s6 lieu vé& vo va gan duoc ldy 1a: k=1, K1=2.5x10"N/m?; K,=2.5x10°N/m,
h=0.006m, R=0.6m, L=1.2m, bs=b,=0.006m, hs= h,=0.006m, ns=n=20 (gan trong);
€0=0.5; hcore/NFc=1.

3.3.3.2. Anh hwéng ciia mode (m,n) va nhiét dg AT

Xét vo tru sandwich FGP chi chiu tai co (AT =0), sir dung biéu thirc (3.55),
Bang 3.8 md ta anh huong caa cac mode (m, n) ddi vai tai nén doc truc téi han dudi
cia vo tru. Két qua cho thay, tai nén téi han dudi cua vo 1a powe=444.8195 MPa
tuong @ng véi mode mat 6n dinh 1a (m, n) = (3, 6).

Bang 3.8. Anh huong cua mode (m,n) déi véi tai toi han dudi cua vo tru
sandwich FGP c6 gia cuong gan trong. k = 1, €0=0.5; 47=0K, K1=2.5x10"N/m?,
K2=2.5%x10°N/m, h=0.006m, hcoe/hrc=1, R=0.6m, L=1.2m, bs=b,=0.006m,
hs=h,=0.006m, ns= n,=20 (gan trong)

Plower

(MPa)
m=1 1056.0959 1341.2639  1697.0810  2028.4931 2281.7586
m=2 488.3246  485.7881 604.0785 791.4213  1013.8594
m=3 583.1489  449.4815 444.8195 519.7857 646.7570
m=4 674.5839  534.6185 477.9293 491.3306 557.5451
m=5 751.5344  637.7225 567.7078 549.7132 578.8486

n=4 n=5 n=6 n=7 n=8

Str dyng cac biéu thirc (3.54), (3.51) va (3.53), Hinh 3.8 thé hién anh huong
cua cac mode (m, n) d6i voi quan hé tai — do co A«. St dung cac biéu thire (3.46) va
(3.48), Hinh 3.9 thé hién anh huong cia cac mode (m, n) khac nhau d6i voi cac
duong cong quan hé tai — do vong Wmax/h.

Hinh 3.8 cho thiy, cac duong quan hé p -Ax déu bat dau tir goc toa do (tai
bang 0 va chwa c6 bién dang doc truc), sau d6 vo tru bi co ngay khi bit dau dat tai
va ban dau quan hé tai va do co thé hién sy gia tang tuyén tinh (quan hé tai - 6 co
la tuyén tinh), xu huéng nay tiép tuc ton tai cho dén khi dat dén diém phan nhanh
tuyén tinh (tai t6i han trén) thi quan hé nay la phi tuyén. Buong can bang sau mat
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6n dinh dugc dic trung boi cac budce nhay lién tuc ¢ cac mode sau mét 6n dinh. Ta
thy, trong giai doan nay kha ning chiju tai cua vo giam di dang ké cho dén khi dat
dén diém thip nhat, sau d6 né ting dan. Cac dic diém lién quan dén budc nhay &
cac mode sau mat 6n dinh trong vo tru khong c6 gin gia cudng cling duoc quan sat
thiy trong nghién ctru cua Huang va Han [46].

Hinh 3.9 cho thay, néu vo tru chi chiu tai co (AT =0), tai trong nén doc truc
t6i han dudi 12 piower = 444.8195MPa tuong tng voi mode mét 6n dinh (m,n)=(3,6).
Két qua nay ciing dugc quan sat thdy trong Bang 3.8. Ngoai ra, quan sat Hinh 3.9
cling cho thay, khi AT ting cac dudng cong trd nén thap hon, tic 1a khi tai nhiét
tang 1én kha nang chiu tai trong nén doc truc cua vo tru giam di.

700, , 800¢ 1

Nén dan hoi / k=1, £0=0.5, h=0.006m
K1=2.5x10"N/m?
600- K =2 5:105N/m

........ 0 Gan trong K1=2.5% 10'N/m®
A hs=hr=bs=b=0.006m K,=2.5%10°N/m
500~ L T e 1 =n=20
& A 60 e {
P N \ Puioer=444.8195 MPa (3,6) m=(34)

4 750~ R/=100, L/R=2, heore/hre=1 Nén dan hdi

W N T T % 600 Paiower=419.9138 MPa (3,6)
LAY = lmn=@E7) Puow=397.9970 MPa (3,6)
30 o TR 550 Paiower=378.2387 MPa (3,6)
Pr=298.3926 MPa, (m,n)=(6,9)
500~
M- AT =0K, k=1, h=0.006m T b 7
RIh=200, L/R=2, &5=0.5 5 mee s 450 (MN)=(36) "~ AMN)=(35) — K
0 gc?re/hFGzl N m:6: =9 | e — 2 AT-100K |
an trong D 400 — 3:AT=200K
h=h=b=b=0.006m | 4: m=6, n=10 4 AT=300K
) T -===-5:m=6, n=11 3500
0 2 4 6 8 10 12
2
! : " amm)’ ? b Wrax/h
Hinh 3.8. Anh huong ctia mode Hinh 3.9. Anh huong ciia mode (m,n)
(m,n) doi vai p - Ax doi vai p - Wiaxdh

Bang 3.9 thé hién anh hudng cua AT dén tai nén doc truc t6i han trén va dudi
cua vo tru sandwich FGP. Bang 3.9 cho thay, khi AT ting thi tai trong tGi han trén
va dudi cua vo tru déu giam. Vi du, v6i 0=0.5 va heore/hFe=1, tai AT=0K tai nén toi
han dudi piower=444.8195 MPa, I6n hon tai nén téi han dudi tuwong tng khi
AT=100K la 24.9057 Mpa, 47=200K la 46.8225MPa va A7=300K la 66.5808 MPa.
Diém nay ciing duoc quan sat thay trong Hinh 3.10 khi mé ta anh huong cua nhiét
d6 AT dbi vai quan hé K-piower.

Hinh 3.11 cho thdy anh huong cua AT d6i vai quan hé tai - d6 co Ax. Quan
sat thay, diém bat dau caa cac dudng thang véi AT 0K khong xuat phat tir goc toa
d6. Diéu nay cho thay, trudong nhiét d6 1am cho voé léch ra ngoai (Iéch tam) trudc
khi chiu tac dung cua tai co. Khi vo chiu tai co (nén doc truc) thi @6 Iéch tam cua né
giam di. Khi vuot qua diém phan nhanh cua tai trong (diém mat 6n dinh) ta thiy do
Iéch hudng vao trong.



74

Bang 3.9. Anh hudng cua eo, A7 va heore/hre dbi V6i tai toi han. k=1;
K1=2.5x10"N/m?3; K2=2.5x10°N/m, h=0.006m; R/h=100, L/R=2, bs=b,=0.006m, hs=
hr=0.006m, ns= n,=20 (gan trong)

e heore/NFs AT=0°C AT=100°C AT=200°C AT=300°C
1008.8830Y (7,8)" 930.5002 (7,8) 865.9673 (7,8) 812.9389 (7,8)

485.4966" (3,6) 454.8715 (3,6) 428.3020 (3,6) 404.5274 (3,6)

. 918.2770 (7,8)  855.3936 (7,8) 801.2631 (7,8) 754.4736(7,8)
459.0974 (3,6)  433.5096 (3,6) 411.1039 (3,6) 391.1266(3,6)

. : 831.7304 (7,8)  783.6012 (7,8) 738.8568 (8,8) 697.4964 (8,8)
429.6252 (3,6)  409.4680 (3,6) 391.2569 (3,6) 374.7202 (3,6)

0 808.0092 (7,8)  763.3362 (8,8) 721.2079 (8,8) 681.3817 (8,8)
421.0876 (3,6)  402.4863 (3,6) 385.4445 (3,6) 369.8247 (3,6)

here=h  776.1441(8,8)  736.7857 (8,8) 698.2057 (8,8) 660.3671 (8,8)
hre=0  409.8039 (3,6) 393.2525 (3,6) 377.7353 (3,6) 363.2907 (3,6)
1008.8830 (7,8)  930.5002 (7,8) 865.9673 (7,8) 812.9389 (7,8)

485.4966 (3,6)  454.8715 (3,6) 428.3020 (3,6) 404.5274 (3,6)

. 891.9098(7,8)  830.4216 (7,8) 777.6446 (7,8) 732.1492(7,8)
453.4157(3,6)  428.1137 (3,6) 405.9160 (3,6) 386.0365(3,6)

0 : 780.4346 (7,8)  735.0503 (7,8) 693.4261 (7,8) 655.0004 (7,8)
' 416.7413 (3,6)  397.2977 (3,6) 379.7052 (3,6) 363.6545 (3,6)
0 749.6705 (7,8)  708.7089 (7,8) 670.1449 (7,8) 633.6544 (7,8)
405.9320 (3,6)  388.1853 (3,6) 371.9047 (3,6) 356.9172 (3,6)

hee=h  709.6449 (7,8)  674.4234 (7,8) 639.8309 (7,8) 605.4854 (8,8)
hee=0  391.5429 (3,6)  376.0419 (3,6) 361.4875 (3,6) 347.8864 (3,6)

. 1008.8830(7,8)  930.5002 (7,8) 865.9673 (7,8) 812.9389(7,8)
485.4966(3,6)  454.8715 (3,6) 428.3020 (3,6) 404.5274(3,6)

05 . 852.3378(7,8)  792.9259 (7,8) 742.1625 (7,8) 698.5920(7,8)
' 444.8195(3,6)  419.9138 (3,6) 397.9970 (3,6) 378.2387(3,6)
: 703.0580(7,7)  662.0043 (7,7) 624.4954 (7,7) 589.9739(7,7)
394.6170(3,5)  376.2685 (3,5) 359.5426 (3,5) 344.1224(3,5)
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0 662.0571(7,8)  625.7740 (7,8) 591.8139 (7,8) 559.8229(7,8)
379.5683(3,5)  363.1150 (3,5) 347.8607 (3,5) 333.6093(3,5)

here=h  608.0851(7,8)  578.3139 (7,8) 549.1048 (7,8) 520.4165(7,8)
hre=0  360.0121(3,5)  346.0206 (3,5) 332.6853 (3,5) 319.9671(3,5)
1008.8830 (7,8)  930.5002 (7,8) 865.9673 (7,8) 812.9389 (7,8)

485.4966 (3,6)  454.8715 (3,6) 428.3020 (3,6) 404.5274 (3,6)

. 809.2948(7,7)  752.5210(7,7) 704.2195 (7,7) 662.9849(7,7)
434.0196(3,5)  409.5184 (3,5) 388.1156 (3,5) 369.0488(3,5)

08 : 617.5391 (7,7)  581.0059 (7,7) 547.9498 (7,7) 517.7885 (7,7)
' 364.7869 (3,5)  347.9716 (3,5) 332.6636 (3,5) 318.5121 (3,5)
0 565.8133 (7,7)  534.7376 (7,7) 505.8116 (7,7) 478.6798 (7,7)
345.6874 (3,5)  331.0054 (3,5) 317.4149 (3,5) 304.6809 (3,5)

here=h  498.9704 (7,7)  474.9458 (7,7) 451.3721(7,7) 428.1906 (7,7)
hee=0  320.7715(3,5)  308.8916 (3,5) 297.5704 (3,5) 286.7387 (3,5)

U Tai toi han trén;

340 i T

€0=0.5, hcore/hr=1, L/IR=2

W h=0.006m, R/h=200

“" Gantrong
hs=hr=bs=h;=0.006m

300~ Ns=n=20

Nén dan hoi

K1=2.5%10"N/m?3
280~

L Tai toi han dudi;

1 500

k=1, heore/hre=1, h=0.006m,
R/h=200, L/R=2, e0=0.5
0- Nén dan hdi
K1=2.5x10’N/m?
K2=2.5x105N/m

300~

p (MPa)

“ Mode tgi han (m,n)

ml

M — 2: AT=100

— 3: AT=200

' ‘ ‘ — 4: AT=300
10 102 1" 1o°k 10! 10 10

Hinh 3.10. Anh huéng cua AT
d6| Vé’l plower' k

K2=2.5%10°N/m l
200 -
260 1

Palower=264.4067 MPa (6,9)
Gan trong

100 hs=hr=bs=b,=0.006m — 1. AT=0K
ns=n=20 TT2: AT =100K
~ 3: AT =200K
OL |
-4 - 0 2 4 0 8 10 12
& (mm)

Hinh 3.11. Anh huéng cta AT
dbi vai p - Ax

3.3.3.3. Anh hwong cia ti 1¢ heore/NrG VA hé $6 dé Xop eo

Bang 3.9 cho thay anh hudng cia heore/hrs Va hé s6 do xop eo ddi voi tai
trong tGi han trén va dudi. Ta thay rang, tai ti han trén va dudi cua vo tru sanwich
FGP giam khi heore/NFG tang. Vi du, véi €0=0.5 va 47=300K, tai trong tai han trén
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giam khoang 56% tir pupper=812.9389MPa (VGi heore/hre=0) dén pupper=520.4165
MPa (v&i hee=0, hcore=h), va tai trong téi han dudi giam khoang 26% tur
plower:404.5274 MPa (V(’)’l hcore/hFGZO) dén plower:319.9671 MPa (Vél hFGZO,
hcore:h)-

h=0.006m, L/R=2, R/h=100, Nén dan hdi gy Piower=459.0974 MPa (3.6)
W Pyiower=444.8195 MPa (3,6)

Paioner=421.9551 MPa (3,6)
1000 Patower=408.6326 MPa (3,6)
Psioner=391.1266 MPa (3,6)
Psioner=378.2387 MPa (3,6)

800, ‘ 1300,
BN heelhee=1, AT =300K, k=1 K1=2.5x107N/m?
K2=2.5%10°N/m

Piiower=378.2387 MPa (3,6)
Paiower=293.5376 MPa (4,7)

3.7

_ Paiower=247.9087 MPa (6,9) = :
S .\ < 800~ k=1, h=0.006m, LIR=2, " Nén dan hdi
s / < R/=100, heore/ec=1 ) K1=2.5%10'N/m*
= 600 - Gan trong
500 he=h=bs=b=0.006m
n=n=20
----2: AT =0K, €0=0.5
40+ Gan trong 200 — 3: AT=150K, eo=0
bs=br=hs=h=0.006m — 2:ey=05 ----4: AT=150K, €o=0.5
ns=nr=20 — 3:0,20.8 L : 5 AT=300K, €,=0
300! |- L 6: AT=300K, e,=0.5
0 | 1 3 4 3 6 1 § 9 10 -6 4 2 0 2 6 8 10
Wmax/h Ay (mm)
Hinh 3.12. Anh hudng cua eo Hinh 3.13. Anh hudng cua eo
doi voi p - Wiax/h doi véi p - A
800 ‘ - 1400, — -
h=0.006m, L/R=2, e0=0.5, Nén dan hoi P1iower=485.4966 MPa (3,6) — 11 AT=0, hoo/Ne6=0
R/h=100, AT=300K, k=1 K1=2.5x10'N/m? Paioner=394.6170 MPa (3,5) T 24720, halhiee=5
70 Ke=2.5x10N/m /- 120" pyover=441.1580 MPa (3,6) " 3fAT=150, heo/he=0
Puiower=404.5274 MPa (3,6) Paiower=367.7219 MPa (3,5) oo, o=
. Paower=344.1224 MPa (3,5) (35) 1000+ Psiower=404.5274 MPa (3(6) 6 AT=300heore/Nec=5
600~ . Paiower=319.9671 MPa (3,5) 1 | Penwer=344.1224 MP 5) 7
oW @8 € g k=L h=0.006m, LR
S0 Mo | £ RIh=100, ;=05
RN : S o A
NN A N R Gan trong
: ST R : 600 po=b=he=h=0,06
400+ ns=n=20
400+
300~ Gantrong Slower | 1: heorelhee=0 | 0 Nén dan hoi
hs=hr=bs=b,=0.006m — 2! Neore/hre=5 “ K1=2.5%10"N/m*
l ns=n=20 — 3! heore/Nes=c0 K,=2.5%10°N/m
PA . (]\ ld ’ |
0 1 2 3 4 5 6 1 8 9 10
- - 42 1 4 | 2 W1
Winax/n § 6 0 A o) 6 0 5
Hinh 3.14. Anh hudng caa heore/hrc Hinh 3.15. Anh huong caa heore/hre
doi voi p - Wmax/h doi voi p - A

I4

Bang 3.9 ciing chi ra rang, tai trong nén doc truc ti han cua vo giam khi hé sb
d6 x6p eo tang. Vi du, voi cling muc ting tai nhiét A7=300K va ti 1¢ do day
heore/NF6=10, tai nén tGi han trén giam khoang 42% tir pupper=681.3817MPa (voi
e0=0) dén pupper=478.6798 MPa (véi €0=0.8). Nhan xét nay con dugc thé hién trong
c4c Hinh 3.12-3.15 khi m6 ta anh huong cua eo dén mdi quan hé tai - do véng
Wmax/h (Hinh 3.12), quan hé tai - d6 co Ax (Hinh 3.13), va anh huéng cua ti 16 do
day heore/NFs dén mdi quan hé tai - do ving Wmax/h (Hinh 3.14), quan hé tai - d6 co

(=)
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Ax (Hinh 3.15). Quan st Hinh 3.12 va Hinh 3.14 ta thiy, khi heore/hrc va hé s do
XOp eo ting 1én cac duong cong thé hién twong tng s& thip hon, nghia 1a kha ning
chiu tai nén doc truc cua vo tru sandwich FGP giam di.

3.3.3.4. Anh hwéng ciia chi sé ti phdn thé tich va nén dan hoi

Bang 3.10 cho thdy anh hudéng cua k va cac tham sé nén dén tai trong nén
doc truc t6i han. Ta thay, tai t&i han cua vé tru sandwich FGP 1a nhé nhat vai k=0
va no tang khi k tang. Bang 3.10 ciing chi ra rang khi cac tham sé nén Ki va K ting
thi tai nén toi han cua vo ciing tang va la nho nhat khi Ki=K,=0 (khéng nén).
Bang 3.10. Anh huong cua k va nén dbi vaéi tai trong toi han. e6=0.5, heore/Nre=1, AT=0°C:;

h=0.006m, R=0.6m, L=1.2m, bs=b=0.006m, hs= hy=0.006m, ns=n,=20 (gan trong).

Per

Hé s6 nén k=0 k=0.5 k=1 k=5
(MPa)
Ki=0 N/m?3 Pupper  654.3322(6,8) 735.9745(6,8) 776.5078(6,8) 850.0079(6,8)
K2=0 N/m Power  170.1913(1,3) 180.5337(1,3) 186.2562(1,3) 197.1048(1,3)
Ki=2.5x10’N/m®  puper 665.9403(7,8) 748.1393(7,8) 788.7364(7,8) 861.6630(7,8)
K2=0 N/m Power  333.5836(3,6) 351.8499(3,6) 361.9010(3,6) 379.3054(3,6)
Ki=0 N/m?3 Pupper  718.6538(7,8) 800.9298(7,8) 841.5607(7,8) 914.5336(7,8)

Ko=25x10°N/m  piower  310.6699(1,3) 320.9929(1,3) 326.7063 (1,3) 337.5445 (1,3)

Ki=25x10'N/IM®  puper  729.5299(7,8) 811.7369(7,8) 852.3378(7,8) 925.2712(7,8)
Ko=25x105N/M  piower 414.5134(3,5) 434.8188(3,6) 444.8195(3,6) 462.1542(3,6)

500 - l 6507 T T T T T ]

Nén dan hdi Tai t6i han trén
6OOI

B Pauper=459.5029 MPa (10,10)
00F h=0.006m, R/h=100, L/IR=2,

K1=2.5x10"N/m?3
400+ K2=2.5x10°N/m Poupper=438.4654 MPa (10,10)

Pruoper=394.6988 MPa (10,10) _(3)

dgoonit

300+ Gl AT=0K, &0=0.5, heore/hre=1
=
: < -
0 Patower=298.3926 MPa (6,9) =S
- Pawer=289.4233 MPa(69) Gy
Piiower=270.9525 MPa (6,9) - i— 1 Ki=0, Kz=0
h=0.006m, R/h=200, L/R=2, Gan trong | —2: Ki=le+7, K=1e+5 |
100 AT=0K, 0=0.5, heore/hes=1 — 1:k=0 b.eby=hehi=0.006m | —3: Ki=2.5e+7, K;=2.5¢+5 |
Gan trong —2:k=05 ne=n=20 E-— 4: Ki=5e+7, Ko=2e+5
. bs=b,=hs=h=0.006m, ne=n=20 3= E L ) T
0 2 4 6 8 10 12 150 . N 5 . - i
% (mm) 10° 10 10 10 10 10 10°
k
Hinh 3.16. Anh hudong cua k Hinh 3.17. Anh huéng cua nén déi

d6| Vé’l p 'Zx V(’)'l plower' k
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Anh huéng cua k va nén ddi voi kha ning chiu nén doc truc cua vo tru
sandwich FGP ciing dugc md ta trén cac Hinh 3.16-3.17. Quan sét thay, tai nén toi
han caa vé tru giam khi k giam. Bac tinh nay 1a phi hop véi tinh chat cua vt liéu,
Vi gié tri k = 0 biéu thi 16p phu cua vé tru giau kim loai hon s& ¢6 xu huéng mém

hon so véi Vo tru ¢6 16p phu giau goém.
3.3.3.5. Anh hwéng ciia cac thong sé hinh hec (R/h, L/IR)

Bang 3.11 md ta anh huong cua R/h va L/R ddi vai tai trong nén doc tru téi
han trén va dudi cua vo tru sandwich FGP. Bang 3.11 cho thay, khi ti 1& R/h hoac
L/R tang tai trong nén doc truc tGi han trén va dudi cua vo tru déu giam. Vi du: véi
cung R/h=200, tai nén téi han dudi cua vo tru véi L/IR=0,5 1a piower=346.0287 MPa
l6n hon truong hop L/R=2 khoang 1.16 1an (V6i piower=298.3926 MPa).

Bang 3.11. Anh huong caa R/h, L/R ddi véi tai toi han. k=1, 47=0°C,
K1=2.5x10"N/m?, K2=2.5x10°N/m, h=0.006m, bs=br=0.006m, hs= h,=0.006m, ns=
nr=20 (gan bén trong), eo =0.5, heore/NFe=1

Rh pe(MPa)  L/IR=05 L/R=1 L/R=15 L/R=2
Duwper  860.9419(27) 857.2133(47) 855.9467(6,7)  852.3378(7,8)
e Power  540.7506(1,6) 501.8815(2,6) 4452049(25)  444.8195(3,6)
Puper  323.3993(4,11) 321.6622(9,8) 320.0854(139) 319.2408(18,7)
7 Power  261.5888(2,11) 255.6698(4,11) 253.5655(6,11) 251.5800(9,12)
Puper  224.3246(6,9) 220.3002(131) 219.3478(19,1)  218.6699(26,1)
500

Power  219.3676(4,16) 212.6860(7,15) 212.2615(10,15) 211.7625(14,16)

Hinh 3.18 mé ta anh huéng cua R/h dbi véi mdi quan hé tai nén téi han dudi
- chi s6 ti phan thé tich. Hinh 3.19 md ta anh huong cua R/h ddi véi méi quan hé p-
P - Wmax/h. Hinh 3.18 va Hinh 3.19 cho thay khi ty sé R/h tang thi cac dudng cong
c6 xu huéng thap hon, nghia 1a khi R/h ting kha ning chiu nén doc truc cta vé tru

sandwich FGP giam.
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3001 ‘ ‘ T ‘ \ 6007
P1iower=378.2387 MPa (3,6)

Prower (MPa)

\Q  Paowr=293.5376 MPa (4,7)
Nén dan hoi 500 (3,%)\ \‘~F3|°Wef=247-9087 MPa (6,9) ,/‘ /

40 h=0.006m, LIR=2, AT=0K, Ku=2.5x10"N/m? N
€0=0.5, hcore/hre=1 K2=2.5x10°N/m N \"‘----":‘:;
Gan trong GERE . )
. bs=h=hs=h=0.006m =3 8, er
300 ns=n=20 o . - el .
W@ P Nén dan hdi
—/@)/’— (CE DAY S e K1=2.5x10'N/m?
L 3lower K2=2.5x10°N/m
 — e I ,
— LR/M=100 W h=0.006m, LIR=2,  Gantrong IR0
—_ 2 R/h=200 €0=05, heor/hee=1,  be=bi=h,=hi=0.006m |_ 2" Rih=150
—_ 3:R/h=400 AT=300K, k=1 Ns=n=20 — 3: R/h=200
10[)‘ | | 42 R/h=600 ]00\
3 2 | 0 | ) ; 0 I 2 3 4 5 6 7
10 10 10 10 10 10 10°
k Wmax/h
Hinh 3.18. Anh huong cua R/h Hinh 3.19. Anh huong cua R/h
doi Vi Prower - K doi vai p - Wiax/h

3.3.3.6. Anh hwéng ciia gan gia cuwong

Bang 3.12 md ta anh hudng cua cac gan gia cuong déi voi tai nén doc truc toi
han cua vo tru sandwich FGP. Bang 3.12 cho thay, véi cac trudng hop bd tri gan gia
cuong dugc xem xét thi tai trong nén doc truc téi han trong truong hop vo tru cé gan
gia cudng bén ngoai 1a 16n nhét, thi hai 13 treong hop vo tru 6 gan gia cuong bén
trong va nho nhat khi vo tru khong cé gan gia cuong. Ngoai ra, Bang 3.12 ciing cho
thay khi thiét ké gan gia cuong bén trong vé véi s6 gan bang nhau (40 gan) thi tai nén
doc truc téi han cua vo tru thiét ké 40 gan doc gia cuong (ns=40, n=0) la 16n nhat, tha
hai 12 vo try duoc thiét ké cac gan truc giao gia cuong (ns=20, nr=20) va trudng hop vo
tru duoc thiét ké 40 gan vong gia cuong (ns=0, nr=40) ¢4 tai nén ti han 1a nho nhat.
Bang 3.12. Anh huéng cua gan gia cudng ddi véi tai téi han trén. 0=0.5, heore/NFc=1,

k=1, 47=300°C, h=0.006m, L/R=2, bs=b,=0.006m, hs= h,=0.006m, K;=2.5x10’N/m?,
K2=2.5%10°N/m.

Per (MPa) R/h=100 R/h=200 R/h=300

Khong gan (ns= n=0) 630.2644 (11,1)° 343.7500 (16,1) 2509132 (19,5)

Gantrong 7082380 (58) 378.9682(10,12) 263.3646 (13,15)

ns:40, nr:O . ..
Ganngodi  7454105(68) 3812173(138) 266.0357 (14,14)
onop CONUONG  6985920(78) 3676248 (1210) 2587624 (1414)
ns=20, Nr=
T Ganngodi  749.6283(10,2) 3739650 (151)  264.8245(19,3)
Gantrong  6445673(9,7) 350.7274(139) 2513729 (16,13)
ns:o, nr:40

Ganngodi 7031807 (12,1) 361.1648(16,1) 2585777 (20,1)

“ Mode t&i han (m,n)

8
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3.4. Phan tich 6n dinh phi tuyén caa vé tru sandwich FGP c6 gan gia
cwong chiu &p lwc ngoai
3.4.1. Vé tru sandwich FGP c¢6 gan gia cwong chiu ap luc ngoai
Xét vo tru sandwich FGP c6 ban kinh mit gitta 1 R, chiéu day 1a h va chiéu
dai 1a L, duoc gia cuong bang cudng gan truc giao (gan trong) chiu &p hrc ngoai.
Vo tru dat trong hé toa d6 nhu Hinh 3.7.
Mbdun dan hoi Young cua vo tru va gan FGM gia cuong duoc xac dinh boi
c4c biéu thuc (3.21), (3.22).
3.4.2. Cac phwong trinh co ban
Dua trén 1y thuyét vo Donnell c6 ké dén thanh phan bién dang phi tuyén hinh
hoc von-Karman, k¥ thuat san gan Lekhnitskii, hé phuong trinh can bang phi tuyén
cua vo try sandwich FGP chiu 4p luc ngoai c6 ké dén tuong tic nén - vo tru (md
hinh nén Pasternak) duoc xac dinh boi (3.36) va (3.56)
allw,xxxx + alZW,xxyy + alSW,yyyy + a14(p,xxxx + als(p,xxyy + a16¢,yyyy
3.56
+(D,xx / R'i_go,xxw,yy +¢,yyw,xx _2(0,xyw,xy +K2 (W,xx +W,yy)_K1W+q:0 ( )

trong do

q 1a &p lyc phan bé tac dung 1én mat ngoai vo;

cac thanh phan a;, A, duoc xé4c dinh theo phu lyc C.

Str dung biéu thic (3.56) va (3.36) co thé phan tich on dinh phi tuyén cia vo
tru FGP chiu &p luc ngoai duoc bao quanh boi nén dan hoi theo mé hinh Pasternak.

3.4.3. Piéu kién bién va phwong phap giai

Xét vo try sandwich FGP véi diéu kién bién tua don tai x=0; x=L chiju ap
luc ngoai. Bo vong wcaa vo ¢ dang (3.6), ham &ng suét ¢ co dang (3.37)

Théw va ¢ tir biéu thuc (3.6) va (3.37) vao (3.56), va 4p dung phuong phap
Galerkin, ta duoc

R
Toy =%[2q—|<1( f,+2f,)] (3.57)
) Goyhﬂz _[ZD01 + 2Dy, f22 +2Dgs f, + K, (a2 +ﬂ2)+ K1j|
L 20 (3.58)
03

2 2¢Oy 2¢ B _
Dysf, + Doy 2+ Dyg 121, =872 ~8K,a” f, ~6K, T, ~8K, 1, +89 =0 (3.50)

trong do
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1 4 2 52 4 4 2 52 4 a’
D01:_E ana” + oo ot +as| aat togsat BT+ oS "R

2 52
a
Dos :052,52(32 +ag); Doy =— Zﬂ (@, —ag);

1 2
Dys = _E{aﬂ' (ama“' +a15a2,82 +a16ﬁ4 —%J+a2ﬁ2a5 — Zazﬂzal};

Dgs = 8ca’® (40{11052 —80:20514a1 + %j

Dy; = 4[%52 ~160°0y,a, +4%ja2; Dog =4(a, a5 )a’”.

Biéu kién chu vi kin caa vo try 12 [85]
2zR L

* 4
j J‘vyydxdy =0=-8C_oy,h+ E(Z fo+f,)-B°f2=0 (3.60)
00
Thé f2 tur biéu thuc (3.58) vao (3.60), suy ra
2
fo =Lao1d + Laoz + Laos f2 + Laga f, (3.61)
Thé (3.61) vao (3.60) va (3.58), ta duoc
R R 1
GOy = F(l— KlLAo1)q _H Kl{LAOZ +(LAO3 +E) f2 + I‘A04 fgz} (362)
2 2
fo=Lai0+Lap +Lasfr+Las f; (3.63)
Trong do:
1 | (16C; RDy, + RB*)
Lo == 8 RA' : Lo =—Lao 2D :
8C" RK, +— + K, 03
11 2D03
2 Bl Dy 1
Laoz = Lao ZﬂDos |:2D01 +K, <a2 +,32)+ K1:|; Laos = _[;-\003 05 _E;
Ji Rp?
Laos =L N I 1—K,Lag );
A04 AO D03 All 2D03( 1 AOl)

B*RK Loy +2Dg, + K, (a? + ) + K,
2Dy, ’

LA12 =

1

1 1
2 )
Lass :_2D03 {ﬁ RKl(LAO3 +§)+2D05} Lpgs =—

2Dy,

(A*RKyLygq +2D, ).
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Thé f,,05,, f, tir bicu thiec (3.61)-(3.63) vao (3.59), ta dugc

1 y DO7LA12+(D06+DOYLA13+LA12D08_8K2a2_2K1)f

4= “ | (3.64)

DorLaas + Doglas f2) +(DorLaga + LazsDog) f7 + LasaDos f;’
Biéu thuc (3.64) duoc sir dung dé xac dinh tai trong téi han va phan tich
quan hé tai - @ vong dap ung sau téi han cua vo tru sandwich FGP c6 gan gia
cudng chiu ap lec ngoai phan bé déu.

Tu (3.64), cho f, &0 duoc tai toi han trén
L, BRKiLg+2Dy+Ky (o + 2 )+K,
LAll ) Rﬂz (l_ Kl"AOl)

Thay thé f,,f, tir cac biéu thuc f,,f, (3.61), (3.63) vao (3.19), do vong lén
nhat W

(3.65)

Qupper =

ax CUA VO tru dugc xac dinh

Winax = Laot0+ Lagy + ( Lpos "‘1) f,+ Laoa f22 +(LA11q Lo + Lags fo + Lag f; )UZ (3.66)
Sir dung biéu thuc (3.64) va (3.66) c6 thé xac dinh tai trong ti han va phan
tich anh huong cua céc thong sé dau vao ddi véi duong cong mo ta quan hé tai - o
vOng I6n nhat cua vo tru sandwich FGP c6 gan FGM gia cuong chiu ap luc ngoai.
3.4.4. Két qua tinh toan sé
3.4.4.1. Nghién ceru so sdnh
Nghién ciru so sanh dugc thuc hién d6i vai vo try dang hudng khong gan va
c6 gan gia cudng chiu ap luc ngoai. Bang 3.13 thé hién so sanh két qua tinh theo
cong thic (3.65) cua luan an véi cac két qua duoc bdo céo trong cong trinh cua

Reddy va Starnes [52], Shen [53], Baruch va Singer [90].

Bang 3.13. So sanh tai trong t6i han g (Psi) cua vo try dang hudng

Reddy va Baruch va ,
Shell Shen [53] _ Luan an
Starnes [52] Singer [90]
Khéng géan 93.5 100.7 (1,4)" 102 103.327 (1,4)
Gan doc 94.7 102.2 (1,4) 103 104.494 (1,4)
Gan vong 357.5 368.3 (1,3) 370 379.694 (1,3)
Gan truc giao 365 374.1 (1,3) 377 387.192 (1,3)

“Mode t6i han (m, n)
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Bang 3.13 cho thiy, két qua tinh toan thu dugc theo cong thic (3.65) cua
luan &n teong dong véi cac bao cao dugc cong bd cua Reddy va Starnes [52], Shen
[53], Baruch va Singer [90]. Piéu nay khang dinh d¢ tin cdy cta phuong phap
nghién ciu duoc thuc hién trong luan an.

Trong phan tiép theo, luan an tién hanh phan tich anh huong cua cac thong sb
hinh hoc, théng s do xbp, do day cua 18i xdp, nén dan hoi, gan gia cuong, cac thdng sb
vat liéu ddi véi tai trong téi han va duong cong mo ta quan hé tai - ¢ vong 16n nhit
dap g sau mat 6n dinh cta vo tru sandwich FGP ¢6 gan gia cuong chiu 4p hrc ngoai.
Lop pha mat va gan gia cudng duoc lam tir vat liégu FGM 1a hon hop Zirconia va Ti-
6Al-4V. Lép 16i dugc 1am bang bot kim loai. Céac théng sb liéu cua vo duoc lay la:
AT=0K, Ki=2x10" N/m3, K2=6x10* N/m, €0=0.4, p=1, hcore/nrc=3, h=0.004m, L/R=2,
R/h=80, hy=0.005m, b,=0.005m, n,=30, hs=0.005m, bs=0.005m, ns=30.

3.4.4.2. Anh hwéng ciia hé sé dé xép va nén dan hoi

Bang 3.14. Anh hudng cua eo va nén ddi véi tai téi han ger (kPa). 47=0K, p=1,
h=4mm, hcore/hrc=3, R/h=80, L/R=2, hs=5mm, bs=5mm, h,=5mm, b;=5mm, ns=

nr:30
KW KS
(N/m3) (N/m) eo=0 e0=0.4 €0=0.8
0 3202.736Y (1,5)* 2993.012 (1,5) 2715.348 (1,4)
2710.793t (1,4) 2468.121 (1,4) 2203.120 (1,4)
0 3470.288 (1,5) 3261.511 (1,5) 3018.885 (1,5)
3152.288 (1,5) 2920.901 (1,4) 2656.911 (1,4)
3676.982 (1,5) 3468.308 (1,5) 3225.825 (1,5)
2x10’ 6x10*
3363.202 (1,5) 3142.228 (1,4) 2878.410 (1,4)
9x10° 3780.328 (1,5) 3571.707 (1,5) 3329.295 (1,5)
3468.660 (1,5) 3252.892 (1,4) 2989.160 (1,4)
0 3739.550 (1,5) 3531.979 (1,5) 3290.839 (1,5)
3464.155 (1,5) 3312.903 (1,5) 3114.708 (1,4)
3946.931 (1,5) 3739.569 (1,5) 3498.714 (1,5)
4x107 6x10*
3675.800 (1,5) 3524.770 (1,5) 3337.243 (1,4)
9x10° 4050.622 (1,5) 3843.365 (1,5) 3602.651 (1,5)
3781.622 (1,5) 3630.704 (1,5) 3448.128 (1,5)

U Tai téi han trén;

L Tai téi han dudi;

“ Mode t&i han (m,n)
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Str dung biéu thire (3.64) va (3.65), Bang 3.14 md ta anh hudng cua eova nén
d6i véi tai toi han trén va dudi cua vé tru sandwich FGP chiu &p luc ngoai. Bang
3.14 cho thdy, ap luc ngoai téi han cua vo tru sandwich FGP giam khi hé sb do xdp
eo ting. Nhan xét nay ciing duoc quan sat thiy trong Hinh 3.20 md ta anh huong
cua eo ddi v6i quan hé g — Wiax/h ctia vo tru sandwich FGP.

Anh huéng nén dén tai trong t6i han cua vé tru sandwich FGP dugc md ta
trong Bang 3.14 va Hinh 3.21. C6 thé nhan thiy rang, &p luc ngoai ti han caa vo
try tang khi cac hé s6 nén Ki va Ko tang riéng biét hodc cing nhau tang. Tai téi han
cua vo tru sandwich FGP truong hop khéng c6 twong tac nén - vo try (tic 12 K1 = Kz
= 0) la nho nhat. Vi du: véi ciing mot gié tri cia hé sé xp eo = 0.4, &p luc ti han
trén 12 Qupper = 2993.012 kPa véi K1 = K2 = 0 (khéng ¢ nén), Va Qupper = 3843.365
kPa vé6i K1 = 4x107 N/m?, Ko= 9x104 N/m, nhu vay ap luc ngoai téi han da ting 1én
khoang 28,4%.

5000 —— ‘ ‘ ‘ 5000 ——— ‘
—"%% | h=h=0.00sm R=0.32m, RIh=80 TGRS R=0.32m, R/=80
—2Ze704 h=p=0.005m  L/R=2, heorerc=3 4500 "2 KIZZeHTKEeHE | R=) hogro/ec=3
4500 —3: K1=4e+7; K2=9e+4; 04 k=1
—3.6208 ne=n=30 k=1, (m,n)= (1,5) Go=0.4, K=
{ 4000 - 3843.365 (Mmn)= (1,5) @
~ L 2 4 ~ ‘\o—/
4000 \ 2 35009.3468.308 @
L 3676982 g \_/
S <, 12993012
= 3500L L 3300 a
‘ 2500 - hs=h,=0.005m
3000+ Ki=2x10" N/m® - bs=b,=0.005m
K,=6x10* N/m 2000~ ns=n,=30
2500 | 1 | | 1500L | | | 1 |
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Wmax/h Wmax/h
Hinh 3.20. Anh hudng eo doi voi Hinh 3.21. Anh huéng cua nén ddi voi
q_WmaX/h q — Wmax/h

3.4.4.3. Anh hwéng ciia cac thong sé hinh heoc (heore/hrs, R/N, L/R)

Bang 3.15 cho thay anh huang cua heore/hrs, R/N, LIR t6i tai trong toi han cua
vo try sandwich FGP. Hinh 3.22 ciing thé hién anh huong cua ti 1& heore/hrs di VO
cac duong cong quan hé tai - 6 vong cua vo tru sandwich FGP. Két qua chi ra
rang, khi ti 1& heore/NFs tang thi gia tri tai trong toi han giam. Vi du: truong hop
L/R=2, R/h=80 tai tGi han trén giam tir Qupper=3997.851 kPa (Voi heore/NFe=0) dén
Qupper=3168.536 MPa (v&i heore=h, hre=0).

Bang 3.15 va Hinh 3.23-3.26 md ta anh huong cia R/h, L/R ddi véi &p lyc ngoai toi
han trén va dudi caa vo tru sandwich FGP chiu 4p luc ngoai. Ta thay rang, tai trong téi han
Qer giam 10 rét khi ty s6 R/h ting 1én, diéu nay ciing phu hop véi thuc té 1 vé cang mong
thi gia tri cua tai trong téi han cang nho. Bang 3.15 ciing cho ta thay, kha niang chiu &p hrc
ngoai cia vo tru sandwich FGP giam di dang ké khi ti 16 L/R ting 1én.
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Bang 3.15. Anh huéng cua cac thong s hinh hoc d6i véi tai ti han. k=1, 4T=0K,
K1=2x10" N/m3, K2=6x10* N/m, e0=0.4, R=320mm, hs=5mm, bs=5mm, h;=5mm,

br=5mm, ns=30, n,=30

qer (kPa) R/h=70 R/h=80 R/h=100 R/h=150
LIR=1 5 6713.093" (1,5)° 5632.807 (1,5) 4348.823 (1,5) 2973.191 (1,5)
5600.7721 (15) 4662.108 (1,5) 3568.630 (15) 2455.576 (1,5)
hee=0 o 4780.178(L5) 3997.851(L5) 3084262 (L5) 214999 (L5)
hes=h 4350533 (1,5) 3621131 (15) 2783.505 (1,5) 1954.249 (15)
L/R=3 3010.036 (1,4) 2566.530 (1,4) 2058.137 (1,4) 1530.278 (1,5)
2786149 (14) 2372.898 (14) 1907.329 (14) 1450.903 (14)
LIR=1 5 6028.873 (1,5) 5052.500 (1,5) 3895.664 (1,5) 2665.383 (1,5)
5163.989 (1,5) 4292.150(1,5) 3286.087 (1,5) 2264.646 (1,5)
4421291 (15) 3693.065 (1,5) 2851.277 (1,5) 1990.090 (1,5)
heore/NFc=1  L/R=2
3942.605 (14) 3369.234 (14) 2615.151 (15) 1839.458 (1,5)
Umes  2791288(L4) 2387142 (L4) 1023556 (L4) 1453967 (L4)
2617.208 (14) 2237.457 (14) 1808.361 (1,4) 1385.852 (14)
Umers Do05780(LE) 4675133(L5) 3616725(L5) 248802 (L)
4819.682 (15) 4020.073 (1,5) 3093.064 (1,5) 2146.553 (1,5)
4136.379 (15) 3468.308 (15) 2691578 (1,5) 1890.458 (1,5)
heore/NF=3 L/R=2
3662.870 (14) 3142.228 (14) 2488.403 (15) 1763.062 (15)
Umes  205273(L4) 2257576 (L4) 1833209 (L4) 1399.082 (L4)
2476.403 (14) 2130.079 (14) 1736.077 (14) 1343.504 (14)
mers 5985410(L5) 4530736 (L5) 3612767 (L5) 2424223 (L)
4678.786 (15) 3910.770 (15) 3017.846 (1,5) 2102.647 (1,5)
4019.537 (15) 3377.796 (15) 2629.156 (1,5) 1853.229 (1,5)
heore/NF=5 L/R=2
3554253 (14) 3055.645 (14) 2437.088 (15) 1733.707 (15)
Umey  2557580(L4) 2205710(L4) 1798.109 (14) 1378661 (L4)
2417120 (14) 2085.654 (14) 1707.052 (14) 1327.321 (14)
Umers AOTIT5T(LE) 4208402(L5) 5285131 (L5) 2288321 (L)
4349.876 (15) 3658.623 (15) 2847.875(1,5) 2006.797 (1,5)
hee=h o §746.285(L5) 3168536 (L5) 2467.681(L5) 1771566 (L5)
hes=0 3300.234 (1,4) 2862.741 (14) 2318.058 (1,5) 1668.027 (15)
Umes 2399846 (14) 2086247 (14) 1718843 (L4) 1333950 (1)
2276277 (14) 1981.162 (14) 1640.039 (1,4) 1291.190 (14)

U Tai téi han trén;

L Tai téi han dudi;

“ Mode t6i han (m,n)
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Hinh 3.22. Anh huéng cta heore/hrs

dbi vai g — Wimax/h

4675.133

1)
\/ , ]
éUrzooosm

bs=b,=0.005m _

ns=n,=30
2257.576
&7
—1:LR=15| K;=2x107 N/m? R=0.32m, R/h=80
—2LR=2 K,=6x10* N/m Neore/NFe=3, €0=0.4

—3 LR=3 k=1 m=1

I L I
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Wmax/h

Hinh 3.24. Anh huéng L/R ddi véi

0—Wmax/h
duong (1,2): n=5; duong(3): n=4.

5000

—1:Rh=70 hs=h,=0.005m
—2:R/h=80 —h —
bs=b,=0.005m
4500| —3 rveto0l "
SRIS00 o
L
4ooom\
< @
Cﬁ 15004_3468.308 i
5 " =0.32m, L/IR=2,
3000 - Neore/NEc=3, €0=0.4
2691.578 5)
2500 - 3 ]
50 Ki=2x107 N/m?
00 ‘ ‘ K,=6x10* N/m
0 2 4 6 8 10 12
Wmax/h
Hinh 3.23. Anh huong cta R/h doi
Vi q — Wiax/h
10000 ——— ; ; ‘
hs=h,=0.005m —;Bﬁ;f
8000} b=b=0.005m | _; g
ns=n,=30
< @
< 6000- R=0.32m, R/h=80 -
\_: (2 hcore/hFG:3v 90:0.4
[<5)
= 40 »\( k=1, m=1
o
007 =2x107 N/m?
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50
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Hinh 3.25. Anh huong L/R d6i véi

Qupper — R/h

duong (1,2): n=5; duong (3): n=4.

3.4.4.4. Anh hwéng ciia gan gia cwong va chi sé ti phan thé tich

Anh huong cua gan gia cuong ddi véi tai trong téi han trén va dudi cia vo
try sandwich FGP chiju ap luc ngoai dugc thé hién trong Bang 3.16. Bang 3.16 cho
thay, kha nang chiu ap lyc ngoai cua vo tru sandwich FGP cé gan vong gia cuong la

t6t nhat, thi hai & vo try c6 gan truc giao gia cudng, thi ba 1a vo tru ¢ gan doc gia

cuong, va nhé nhat 1a khi vo try khong cé gan gia cuong. Vi du véi k=1, vo try

sandwich FGP duoc thiét ké 60 gin gia cuong, ap luc téi han caa vo tru sandwich
FGP duoc thiét ké 60 gan vong gia cuong 1a q=4516.512 kPa I6n hon truong hop
vé tru duoc thiét ké gan truc giao gia cuong (ns=n,=30) c6 q=3468.308 kPa khoang
30%, va 16n hon vo tru sandwich FGP duogc thiét ké 60 gan doc gia cuong co
q=1400.241 kPa khoang 222%.
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Anh huong cua chi sé ti phan thé tich k dbi vaéi tai trong téi han caa vo tru
sandwich FGP duoc thé hién théng qua Bang 3.16 va Hinh 3.26-3.27. Ta thay ring,
&p luc toi han cua vo tru ting khi k ting. Diéu nay 1a hoan toan phu hop véi tinh

chat vat liéu, vi gia tri k cao hon twong tng véi vo giau gém s& c6 do cing cao hon

vo giau kim loai.

Bang 3.16. Anh huéng cua gan gia cudng va k ddi véi tai téi han. h=4mm, R/h=80,
L/R=2, heore/hrc=3, hs=5mm, h;=5mm, bs=5mm, b,=5mm, ns=30, n.=30, A7=0K,
Kw=2%10" N/m3, Ks=6x10* N/m, e0=0.4

ger (kPa) Khdng gan Gan doc (ns=60) Gan vong Gan truc giao
(nr=60) (ns=nr=30)

=0 1237.277Y (1,6)  1244.460 (1,6) 4687.754 (1,4) 3761.575 (1,5)

1182.008- (1,5) 1204537 (1,5) 4114.811(1,4) 3283.865(1,4)

(05 1343.330 (1,6) 1350.237 (1,6)  4529.226 (1,4) 3521.886 (1,5)

1262.522 (1,5) 1282.081 (1,5) 3930.532 (1,4) 3161.382(1,4)

=1 1393.725 (1,6) 1400.241 (1,6) 4516.512 (1,4) 3468.308 (1,5)

1300.836 (1,5) 1319.282 (1,5) 3904.212 (1,4) 3142.228 (1,4)

- 1485.786 (1,6) 1491.131 (1,6) 4534.340 (1,4) 3407.016 (1,5)

1371.014 (1,5) 1387.360 (1,5) 3894.305 (1,4) 3132.362(1,4)

_— 1524.934 (1,6) 1529.547 (1,6)  4552.000 (1,4) 3385.620 (1,5)

1401.016 (1,5)

1416.316 (1,5)

3898.026 (1,4)

3117.052 (1,5)

Y Tai téi han trén;

L Tai t6i han dudi;
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4000
@
3500+ 2
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Hinh 3.26. Anh huéng cua k ddi véi
duong cong Qupper — R/h

“ Mode t6i han (m,n)

4000
3800,
300

L
3400

3200

; 3761.575

@

3000

2800
0

T T T T
R=0.32m, R/h=80  h=h;=0.005m
L/R=2, hcore/hFG:3

“\(30:0.4, (m,n)=(1,5) Ns=n=30

bs=b,=0.005m

K;=2x107 N/m*
K,=6x10* N/m

Wmax/h
Hinh 3.27. Anh huéng k di voi
duong cong g — Wmax/h
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3.5. Két luan chwong 3
Chuong 3 st dung 1y thuyét vo Donnell, k§ thuat san gan Lekhnitskii va
phwong phap Galerkin d3 giai quyét nhitng noi dung chu yéu sau

1. Pa nghién cu anh hudng caa bén md hinh phan b d6 xop dén 6n dinh
phi tuyén cua két cau vo tru xép FG chiu nén déu doc truc, trong moi trueong nhiét
bao quanh bai nén dan hdi Pasternak.

2. Pa phan tich n dinh cia v try sandwich FGP ¢d gan truc giao gia cuong chiu
nén doc truc, trong méi tredng nhiét bao quanh bai nén dan hoi Pasternak.

3. B3 phan tich 6n dinh caa vo try sandwich FGP ¢6 gan truc giao gia cudng
chiu &p luc ngoai bao quanh bai nén dan hoi Pasternak.

Tir cac két qua so, luan 4an dwa ra mét s6 nhan xét dang chu y sau

1. Véi bén mé hinh phan bb d6 xép duoc nghién ctu, vo tru xp FGP mé
hinh phan b xp khong ddi xtng Loai 2a 1a c6 kha ning chiu nén doc truc tét nhat,
tha hai 12 vo tru x6p FGP mé hinh phan bd xbp ddi xang, thi ba 1a vo tru c6 md
hinh phan bé xbp khéng dbi xang Loai 2b, va chiu nén doc truc kém nhat 13 vo tru
c6 mo hinh phan b xbp dong déu.

2. Hé s6 @6 xbp eo va truong nhiét do anh huong dang ké dén kha niang chiu
luc caa vo tru.

3. Gan gia cudng, nén dan hoi lam ting dang ké kha ning chiu nén doc truc
(hoac &p luc ngoai) cua vo tru sandwich FGP.

4. Vo tru sandwich FGP c6 gan gia cuong bén ngoai chiu nén doc tryc tot
hon vo try c6 gan gia cuong bén trong.

5. Khi chiu &p luc ngoai, vo tru sandwich FGP cd gan vong gia cuong chiu
ap luc ngoai tot nhat.

6. Vo tru FGP cang manh kha nang chiu lyc cang kém.

7. Vo try FGP giau gbm chiu lyuc tét hon vo giau kim loai.

Két qua chinh cua chuong 3 di duoc cong bé trong 4 bai bao [4], [5], [6],
[7] trong danh muc cbng trinh cong bd lién quan dén luan an. Trong d6 c6 1 bai
dang trén cac tap chi qudc té danh muc IS, 1 bai dang trén hoi nghi qudc té danh
muc Scopus, va 2 bai dang trén tap chi, hoi nghi uy tin trong nudc.
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Chuong 4: PHAN TiCH ON PINH PHI TUYEN CUA VO TRU FGP CO
GAN GIA CUONG CHIU TAI XOAN

4.1. Pit van dé

Chuong 4 cta luan 4an str dung 1y thuyét vé Donnell, Iy thuyét bién dang cit
bac nhit, ki thuat san déu tac dung gan cua Lekhnitskii va phuong phap Galerkin
nghién ctu loi giai giai tich cho hai bai toan co ban sau day:

Bai toan 1: Phan tich 6n dinh phi tuyén cua vé tru sandwich FGP c6 gan xién
gia cudng chiu tai xoan.

Bai toan 2: Phan tich 6n dinh phi tuyén cua vo tru sandwich FGP ¢6 gan truc
giao gia cudng chiu tai xoan.

Mot s gia thiét trong chuong 4

1. Vo tru sandwich FGP ba I6p, gém hai 16p phu mit FGM mong va mot
I6p 16i FGP dbi xtng ¢ giira day hon. Vo tru ¢ gia cudng gan truc giao FGM. Dic
tinh vat liéu 16p phu va gan gia cudng duoc gia thiét 1a bién ddi theo d6 day véi quy
luat ham liy thira. L6p 16i x6p FG duoc dic trung boi hé sé x6p anh hudng dén céc
dic tinh vat 1y theo huéng chiéu day vo. Tinh lién tyc vat lidu giita 16p phu véi 16p
16i va gan gia cuong duoc dam bao khong bi tap trung tng suat va phan tach céc
16p.

2. Tuong tac nén - vo tru duoc xac dinh theo mé minh Pasternak véi hai hé
s6 nén Ki va Ka. Trong dé, hé s6 nén Winkler (K1) c6 thir nguyén [lec/(chiéu dai)?];
hé s6 nén Pasternak (K2) c6 thir nguyén [luc/(chiéu dai)].

3. Tai trong tac dung 18n vé try 12 tai trong xoan va tai nhiét.

4. Mit gitra va mat trung hoa duoc gia thiét Ia tring nhau

5. Trudng nhiét do trong vo duoc gia thiét 1a phan b déu

4.2. Phan tich 6n dinh phi tuyén cia vé tru sandwich FGP c6 gan xién
gia cwrdng chiu tai xoin

4.2.1. V6 tru sandwich FGP ¢é gan xién gia cwdng chiju tai xoin

Xét vo tru sandwich FGP c6 ban kinh mat gira 1a R, chiéu day 1a h va
chiéu dai 1a L. Vo tru c6 gan xién FGM gia cudng chiu tai trong xoan, trong moi
truong nhiét bao quanh bai nén dan hoi Pasternak. Vo tru dugc xac dinh trong mot

hé toa d6 xyz c6 mit phang (x,y) trung véi mat gitta cia vo, toa do chiéu day cua vé

z (—gs z sg) nhu dugc mo ta trong Hinh 4.1.
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Hinh 4.1. M6 hinh vo tru sandwich FGP cé gan xién gia cuong chiu tai xoan
cosf =(n,d, )/ (27R)

V6 tru sandwich FGP ba 16p, gom maét 16p 18i x6p FG ¢6 md hinh phén bé xdp
ddi xtung (bot kim loai) & gitra, va hai 16p phia FGM. Hai 16p phu mit FGM [a mong,

trong khi 16p 16i x6p tuong ddi day. Do day 16p 16i x6p FG 14 heore, d6 day cua mdi
I6p phu FGM la h%G (h=nhcore+hrs). Gan xién gia cuong hinh chit nhat c6 chiéu

rong 1a by, chiéu cao 1a hy, khoang cach gitra hai gan l1a dp. Gia thiét cac 16p duoc

lien két 12 hoan hao (tc bo qua sy bong téch gitta cac 16p).

Mbdun dan hdi Young va hé sé gidn né nhiét cua vo tru sandwich FGP duoc
xac dinh boi biéu thic (3.21)

M6 dun dan hdi Young va hé sb gidn né nhiét cua gan gia cuong duoc Xac

Ep E Ene |[ 2z—h “
(aPJ:[acj-'-(ach( 2hp J (4.1)

kp 1a chi s6 ti phan thé tich cua gan xién gia cuong (k, >0) ;

dinh nhu sau

trong do

Ep 1a md dun dan hdi Young cua gan xién gia cuong;

ap 12 hé s gidn né nhiét ciia gan xién gia cuong.
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4.2.2. Cac phwong trinh co ban

Theo Iy thuyét vo Donnell véi tinh phi tuyén hinh hoc von-Karman, cac thanh
phan bién dang & mot diém cach mit giira mot khoang z caa vo tru sandwich FGP
duge xac dinh theo biéu thuc (2.3).

Céc thanh phin &0,£0,79, dugc xdc dinh qua céc thanh phan chuyén vi
u,v,w duoc xac dinh theo biéu thuc (3.24).

Phuong trinh twong thich bién dang - chuyén vi c6 dang (3.25)

Theo dinh luat Hooke c6 ké dén moi truong nhiét &6 (AT =T —T,), c4c thanh
phan &ng suat vo duoc xac dinh theo biéu thic (3.26)

Khi xét dén gin gia cuong, dinh luat Hooke duoc viét bang toa do dia
phuong # nhu sau

oy =E &, —E,a,AT 4.2)
trong d6, chi s6 p biéu thi gan gia cudng va su thay doi nhiét d6 1a ham cua toa do
do day.

Str dung k¥ thuat san déu tac dung gan cua Lekhnitskii, cac thanh phan noi
luc cua vo tru FGP la

Ny =Cpe, +Cpae’) +Ciaky +Cisky —h — iy,

N, =Cpe’ + czzgj +Cyuk, +Cosk, — 4 — 1, (4.3)
NWZZC%7%'+C%kW'

M, = C1453 +Cz453 +Cyk +Cysky — ~ By

M, =Cye’ + Czsgj +CyeK, +Cosk, — ¢, — 45, (4.4)
Iley = C637/Sy +C66kxy’

trong d6 Cjj 12 hé s6 do cung, duoc xac dinh nhu sau

E, b E, b
C,= E12+2 PP cos’ g, Cp, = VE12+2 PP sin? 9 cos? 4,
1-v b 1-v p
E, b E, b
Cy = E22+2 20°P cos* 9, Cye = VE22+2 2P P sin? @.cos? 6,
1-v D 1-v P
E, b E, b
C,, = E12+2 P Psintg,  C, = VE22+2 2P P sin? @ cos? 6,
1-v d, 1-v d,
E, b E,,b
Cps = E22+2 22 Psin'g,  Cy= B 250 in2 geos? g,
1—v 0 2(1+V) d,
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E, b E. b
Cop = 2 142 §in2 90520, C,, = E32+2 “2P cos* 6,
1+v dp 1-v p
E. b E. Db
Cus = VE32+2 2P 5in?@cos®d,  Cop = E32+2 PP sin* g,
1-v dp 1-v p
E,.b E. b
Ces = Er 1 2520% in2 gos? 0, C66:i+4ﬂsin29coszt9.
2(1+v) d, 1+v p

Thanh phan ¢, ¢ 1a cac théng so nhiét va Ei, Eip 1a m6 dun dan hoi Young,
xac dinh theo phu luc D

Tur biéu thirc (4.3), ta co
£2=C N,—C_ N, +C Kk +C k, +Ci+C 4 —C_ 4
g)==C_N,+C N +C k +C’ k, +Cy¢—C_ 4 +C_ 4, (4.5)

Css NXY h C36 kXy

o < o x

/4

Xy_

Thé &,),7) t biéu thirc (4.5) vao (4.4), ta dugc

M, = DN, + D3N, + Dk, + Dygk, + Dyghy + Dyl + Daudh, — 5 — 65,
M, = D1*5Nx + DZsNy + D;4kx + D;5ky + D;6¢l + D1*5¢1Tx + D;5¢1Ty — ¢ - ¢2Ty (4.6)
M,, = D_ N, + Dgeky,
trong d6, c4c thanh phan C;, Dj duoc xé4c dinh nhu sau

A=CpuCy—C2, C =CyulA, C, =C,IA, C, =(C,Ch—CyCy)/A

C. =(CiCps—CpCis)/ A, Ci=(Cp—Cp,)/A, C. =CylA,

C., =(Ci,C1y —CyCy )/ A, C. =(CpCi5—C1yCps)/ A, Cpe=(Cyy—Cyp)/ A,

C, =1/Cy,  C. =Cy/Cy

* * * *

Dy, = (:14C:2 —C24C:2, Dy =Cay +CZ4C; +C14C:4’ Dy =CpC, —CC,,,
D5 = C14Cf5 + C24(::5 +Cusr Dy = (C14C1*6 + CZ4C;6)' Djs = ClSC; —C25C:2,
D;, = C:15(:; +C25C:4 +Cy5r Djs = Czscf1 _C15C:2' D = Clscj5 +C25C:5 +Cos,
Dge = (CISCIG + C25C;6 )’ D; = Cssc; ' Dge =Cgs — Ceac; '

Str dung ly thuyét vo Donnell, hé phuong trinh can bang phi tuyén caa vo tru
sandwich FGP bao quanh bgi nén dan hoi Pasternak véi cac hé sé nén Ki, Kz duoc
xac dinh la

! =0 4.7
+N,,=0 (4.7)
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N
M, ,, +2M +My’yy+?y+ N W, +2N, W+

X, XX XY, Xy

(4.8)
+Nw,, —Kw+ Kz(vv'XX +W’W) =0
Cac thanh phan noi luc duoc biéu didn qua ham @ng suit cua Airy A(x,y)
nhu sau

Ny =Ay: Ny ==Aqy, Ny=Ay (4.9)

Khi d6 biéu thuc (4.7) tu thoa man.
Thay k,,k,.k,, tir bicu thic (3.24) va M,,M,,M,,N,,N,, N, tir bicu thic
(4.6) va (4.9) vao (4.8), ta duoc

allw,xxxx + alZW,xxyy + alSW,WW + al4A,xxxx + 5 A,xxyy + alGA,yyyy

1 (4.10)
+E Axx + A,yyW,xx + A,xxW,yy o 2'A‘,XyW,xy —Kw+K, (W,xx +WW) =0
trong do
;= Dy, alzz—(D25+2D26+D;4), 3 =D,
a4 =Dy, 05 =(Dj—2D), +Dy), oy =D,
Thé &2, &), 5, tir bieu thic (4.5) vao (3.25), ta dugc
BriaPooc T BraPsgy + PraR yyyy + BraWoooo + PisW sy + ProW yyyy — (ny )2 + (4.11)

W, W W'XX—O
+ XX ,yy+ R -

trong do

*

Pu=C.. Pp=C,-2C,, ps=C,,

Bu=-C.,. fis= —(C; +C, +C,, ) Bis=—C...

Biéu thuc (4.10) va (4.11) thiét lap quan hé d6 vong w va ham &ng suat A,
duoc st dung dé phan tich 6n dinh phi tuyén vé tru sandwich FGP cé gan xién gia
cudng chiu tai trong xoan, trong mdi tredng nhiét bao quanh béi nén dan hoi.

4.2.3. Piéu kién bién va phwong phap giai

Xét vo tru c6 diéu kién bién tya don & hai ddux=0; x=L chiu xoian. Do
vOng cuaa vo tru la [91]

w=w(x,y) = fy+ f,sinaxsin (y—Ax)+ f,sin® ax (4.12)
trong do

a=mrzl/L, p=n/R
véi m 1 sb ntra séng doc theo truc x; n 1a s séng doc theo truc y.

Thé w tir biéu thirc (4.12) vao (4.11), ta dugc
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:BllA,xxxx + :Ble,xxyy + 1813A,yyyy = GOl cos 2ax+ GOZ cos 2ﬁ ( y - /1)()

+G03cosﬂ{y+(%—/1jx}+604cosﬁ{y—(%+l}x} (4.13)

+Gys {cos B

syl

GOlz2f2a2(4ﬁ14a2—% +% fla’p?, Gy, =% fla?p?,

trong do

Gos = fl{%ﬂ“ [(az +'BZ’12)2+(2“ﬁ’1)2}%(%—ﬂ1&32j(0¢2+ﬂ2/12)+%,6’16ﬂ4
o o) 2 L
14 R /s 5 112 )

Gy, =% f; {—1314 [(0‘2 +ﬂ212)2 +(2aﬂﬂ)2}+(%—ﬂ15ﬁ2j(a2 +,32)~2)

—,Blsﬂ4 + 2aﬂ}{—2ﬂ14 (052 +ﬂ2/12)+%_1315ﬂ2}}_% f; fzazﬂz

1
Gos = 5 f; fzazﬂz
Nghiém cua (4.13) dugc xac dinh la

A=G,cos2ax+G, cosZ,B(y—;tx)+Gscosﬂ{y+[%—ﬂjx}r64 cosﬂ{y—(%w@x}

+G; cosﬂ{y—(3%+ijx}r66 cosﬂ[y+[3%—ﬂjx}—rhxy. (4.14)

trong d6, thanh phan Gi (i=1-6) duoc xac dinh theo phuy luc E
Thé w va A tir biéu thuc (4.12) va (4.14) vao (4.10), sau dé sir dung phuong
phap Galerkin, ta dugc

| 201374+ Dy + D, Ty + Dy f2 4 D, 2 =Ky = Ky (a4 227 + f7) | f, =0 (4.15)
D, f, — D fy,’ + D, f 2 f, 4K, f, —3K, f, —4K,a*f, =0 (4.16)

trong d6, thanh phan Di (i=1-7) duoc xac dinh theo phy luc F
Diéu kién chu vi kin caa vé tru duoc xac dinh theo biéu thic (3.41)
Tt c4c biéu thuc (4.5), (4.9), (4.12) va (4.14), suy ra

1oe2,2 * * T * T
A AN +2R(C 4 —C. 4, +C. 4], )=0 (4.17)

Tur c4c biéu thuc (4.15)-(4.17), suy ra
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2 2 n? * * T * T
1 2D, £ + KR 2B —8K1R(C26¢1—C12¢1X+C11¢1y) )
+D, +D;f;

————_ID+
2hB2A 2(Ds+ D, f7 -K; ~4K,a? |
(4.18)

2
2D, f7 +KRf24* -8KR(C 4 -C ¢’ +C ¢
+D{ 61 1 1 ( 26¢1 1271 1 1y) —Kl—K2(612+,82/12+,82)

2(Ds+D, 7 - K, ~4K,0?)
Biéu thuc (4.18) thiét 1ap quan hé tai - d6 véng, duoc st dung dé xac dinh
tai trong xoan téi han va vé duong cong quan hé tai - do véng mé ta dap tng sau
t4i han cua vo tru FGP ¢6 gan xién gia cudng chiu xoin, trong mdi trudng nhiét
bao quanh bai nén dan hoi.
Khi bo qua thanh phan nhiét, biéu thic (4.18) duoc viét lai la

2D, f,2 + K,Rf 28°
1 {1 ) 611 1 113 +D3f12

————_ID+D
2h 322 2(D5+D, f2 K, —4K,a?)

2 o (4.19)
+By lz(DSZFE)?f;_K;F:EfKZQZJ —Ki =K, (a® + 5727 + %)
Néu K, =K, =0 (khong nén), thay vao (4.19), ta dugc
2
:_ﬁ[Dl+%5}:2+ D3f12+% (4.20)
1 5+ U7 1

Tir biéu thie (4.20) cho f, >0, ta xac dinh duogc tai trong téi han trén cho
truong hop vo tru sandwich FGP ¢6 gan xién gia cuong chiu xoin (b6 qua anh
huong caa nhiét d va nén).

{an [(az + 22 +(2a,8/1)1+a12ﬁ2 (o + f242) + o, p*

-1
Tupper = Zhﬂzﬂ,

4 2
r31ﬂ4[0‘14(%1] +[0‘15_Ri182](%_/1j +0‘16}
+F41,54[0514(%+’1J +(a15—Ri'sz[%+ﬂJ +a16]}. (4.21)

Tir biéu thic (4.18) cho f, — 0, ta x4c dinh duoc tai trong téi han caa vo try
sandwich FGP c¢6 gan xién gia cuong chiu xoan trong mdi trudng nhiét bao quanh
béi nén dan hoi



96

_ 1 D _8K1R(C26¢1 _C12¢1X +C11¢1y)
Tupper — — 2 )+, 2
2h322 2(D5— K, —4K,a?)
(4.22)

" T N
oo/ LG B ot
Sir dung hai biéu thic (4.21) va (4.22), ta c6 thé xac dinh tai trong téi han
cua vo hinh tru FGP ¢6 gin xién gia cudng trong truong hop co xét dén va bo qua
anh huong cua nhiét do va nén.
Ttr biéu thirc (4.12), d6 vong Ién nhat cua vo tru duoc xac dinh
W =Ffo+f+1, (4.23)
Thé f, tir biéu thic (4.17) vao (4.23), ta duoc

1 c2p2 * * T * T
Wire, = SRS ~R(C,A—CLa,+Co 4l )+ T
. 2D, f* + K,Rf 28> ~8K,R(C. ¢ ~C_ 4, +C_ g, ) (4.24)

4(D, +D, f2 - K, —4K,a?)

Str dung hai biéu thuc (4.18) va (4.24), ta c6 thé vé duong cong quan hé tai
trong xoan - do véng l6n nhét caa vo tru sandwich FGP chiu xoén trong méi trudng
nhiét bao quanh bai nén dan hoi.

GAc xodan w cua vé tru duoc xac dinh nhu sau

1 27R L a av 1 27R L
V= i[ !(5u+&jdxdy = o !). ,([(7%—V",x"",y)d)(dy (4.25)

Thay »° va N, tir biéu thirc (4.5) va (4.9) vao (4.25), ta durgc

2zR L
v = 2ﬂlRL ! J)‘(C;:Gwyxy —CiaAyy —W, W, ) dxdy (4.26)

Thay thé w va A tir biéu thirc (4.12) va (4.14) vao (4.26), ta dugc

2
v =Clrh+ 14 ¢2 (4.27)

4R? 1
Biéu thirc (4.27) md ta quan hé giira tai xoan rva goc xoan y, duoc Sir
dung dé vé duong cong quan hé r—y cua vo tru sandwich FGP.
Biéu thuic (4.27) cho thay: khi f, =0thi quan hé giita 7 - y l1a tuyén tinh; khi

w =0 thi f=0va r=0, vivay duong cong r—y sé di qua toa 6 ban dau.
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4.2.4. Két qua tinh toan s6

4.2.4.1. Nghién csru so sanh

Dé kiém chung do tin cay cua 10i giai, luan &n tién hanh so sanh vai két qua

da duoc bao cao trong tai liéu [67].

Str dung cdng thuc (4.21), Bang 4.1 chi ra su so sanh két qua tinh toan cua
luan an véi két qua da cong bd cua tac gia Vi Hoai Nam cung dong nghiép [67] dbi
Vvé6i truong hop vo tru 1am bang vat liéu FGM c6 gan xién gia cudng chiu tai xoan.

Bang 4.1. So sanh tai trong xoan ti han trén zuper (GPa) ciia vo tru FGM cd gan xién gia
cuong. Silicon nitride (Si3N4)/Thép khong gi SUS304), kp=k, h=0.005m, L/R=3.75,
R/h=80, heore/NF=1/4, €0=0, hy=0.01m, b,=0.005m, dy=0.05m (khdng c6 nén dan hoi)

AT AT=0K AT=300K AT=600K
Khong c6 gan gia cuong
Nam va cs o, Nam va cs o, Nam va cs o
Luan an Luan an Luan an
[67] [67] [67]
k=02 0.3827 0.3827 0.3007 0.3007 0.1519 0.1519
(6, 0.29)? (6,0.29) (6,0.29) (6,0.29) (5,0.25) (5,0.25)
3 0.4784 0.4784 0.4136 0.4136 0.3101 0.3101
- (6,0.30) (6,0.30) (6,0.30) (6,0.30) (5,0.26) (5,0.26)
3 0.5459 0.5459 0.4937 0.4937 0.4301 0.4301
- (6,0.29) (6,0,29) (6,0.30) (6,0.30) (5,0.24) (5,0.24)
k=10 0.5559 0.5559 0.5057 0.5057 0,4498 0.4498
(6,0.29) (6,0.29) (6,0.30) (6,0.30) (5,0.24) (5,0.24)
Co gan xién gia cuong
B 1.269 1.2693 0.9636 0.9636 0.4019 0.4019
7 (4,0.34,16)" (4,0.34,16) (4,0.34,16) (4,0.34,16) (4,0.33,16) (4,0.33,16)
3 1.5017 1.5017 1.2382 1.2382 0.8006 0.8006
7 (4,0.3417) (4,0.34,17) (4,0.33,17) (4,0.33,17) (4,0.32,17) (4,0.32,17)
_ 1.7843 1.7843 1.5730 1.5730 1.2859 1.2859
7 (4,0.3417) (4,0.34,17) (4,0.34,17) (4,0.34,17) (4,0.33,18) (4,0.34,17)
_ 1.8645 1.8645 1.6677 1.6677 1.4224 1.4224
77 (4,034,17) (4,0.34,17) (4,0.35,17) (4,0.35,17) (4,0.34,18) (4,0.34,18)
2 Mode t6i han (n, A); b Mode téi han va s6 gan (n, 4, np); m=1.

Bang 4.1 cho thay, két qua tinh toan theo cong thuc (4.21) cua luan &n la
trong ddng vai két qua di duoc béo cdo trong tai liéu [67]. Diéu nay khang dinh d6

tin cay cta phuong phap nghién ctu dugc thuc hién trong luan an.
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Trong phan tiép theo, luan &n nghién ciu vé vé try sandwich FGP cd ba I6p,
trong d6 16p 18i x6p ¢ giita 1am bang bot kim loai va duoc phu hai mit bang vat liéu
FGM. Vo tru FGP c6 gan xién FGM gia cuong, duoc bao quanh boi nén dan hoi
Pasternak. Vat liéu FGM lam 16p phu mit va gan 1a hdn hop cua Zirconia (gém) va
Ti-6Al-4V (kim loai) véi cac dic tinh vat liéu cu thanh vo tru duoc xac dinh trong
Bang 2.5. L6p 18i 1am tir Ti-6Al-4V x6p. Hé s6 Poisson v = 0,3.

Céc thong s6 khao st duoc ldy nhu sau: h=0.008m, L/R=3, R/h=80, heore/hrc=3,
e0=0.5, ky=k=1, hy=0.01m, b,=0.008m, dy=0.08m, Ki;=8x105N/m?, K,=2x105N/m,
AT=300K.

4.2.4.2. Anh hwéng cia sé lirong gén gia cwong va nhiét dg

Sir dung hai biéu thirc (4.18) va (4.22), luan an thuc hién khao sat anh huong
cua sb luong gan gia cudng déi véi tai trong toi han trén va tai trong téi han dudi
cua vo tru sandwich FGP ¢6 gan xién gia cuong chiu tai xoan, bao quanh béi nén
dan hoi. Két qua khao sat dugc md ta trong Bang 4.2 va cac Hinh 4.2a, 4.2b, 4.2c.
S6 luong gan duoc lay 1a np=1+25.

Quan sét két qua thé hién trong Bang 4.2 va cac Hinh 4.2a, 4.2b, 4.2¢ c6 thé
thay rang, khi np ting thi tai trong toi han cua vo tru ting va sau d6 giam dan khi dat
gia tri 1on nhét.

Bang 4.2 cho thay, tai trong téi han dat gia tri 1on nhat véi n,=21 (trong trudng
hop AT=0K va AT=300K) sau d6 giam xudng. Diéu ndy chi ra rang, viéc ting sb luong
gan gia cudong khong phai lac nao ciing 1am ting kha ning chiu luc cua vo tru. Do s6
luong gan xién phy thudc vao goc cia gan, vi vay khi thay déi sé lwong gan s& lam cho
goc cua gan thay doi va diéu nay 1am thay d6i kha nang chiu lyc ciia vé try. Quan sat
Hinh 4.2a, 4.2b va 4.2c ta thay, vi mdi AT, eo VA ti 36 heore/NFs khéc nhau sé& cho cac
gia tri np (s6 gan) tdi wu khac nhau. Do do, dé tdi uu héa két cau, trong cac tinh toan
sau nay, np duoc chon sao cho tai trong toi han cua vo tru 14 16n nhat. Ngoai ra, Hinh
4.2b ciing cho thay sy gia ting hé s6 do x6p eo lam giam d6 cing cua vo tru sandwich
FGP, dan dén giam tai trong xoan t6i han cta vo.

Bang 4.2 ciing chi ra anh huang cua nhiét do déi voi tai trong téi han trén va
tai trong t6i han duéi cua vo tru. Ta thiy, tai xoan téi han trén va tai xoan téi han
duéi cua vo try FGP giam di rat nhiéu khi nhiét 46 4T tang. Vi du, véi vo tru c6
cling s6 gan (np=21) tai trong téi han dudi iower=467.5575 MPa véi AT=0K 16n hon
tai trong t&i han dudi vai AT=300K la 76.0556 MPa va A7=600K la 134.4434 MPa.
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Bang 4.2. Anh hudng cua sé gan np va AT ddi véi tai toi han. Zirconia/Ti-6Al-4V,
ko=k=1, h=0.008m, L/R=3, R/h=80, hcore/nFc=3; £0=0.5; hy=0.01m, by=0.008m,
dp=0.08m, K1=8x10° N/m3, K»=2x10° N/m;

0 (d6) AT=0K AT=300K AT=600K

n n.d
P Q:arccos[ P p]
27R

T (n,A) T (n,A) T (n,A)

473.4846Y (5,0.43) 395.6732 (5,0.44) 335.1431 (5,0.44)

15 7264
4615028 (5,0.43) 386.1711 (5,0.44) 327.6598 (5,0.44)
475.2088 (5,0.42) 397.0660 (5,0.43) 336.4800 (5,0.43)
o e 463.1788 (5,0.43) 387.6025 (5,0.43) 329.0115 (5,0.44)
476.6283 (5,0.42) 398.3157 (5,0.42) 337.6697 (5,0.43)
e 464.6461 (5,0.42) 388.8704 (5,0.43) 330.1946 (5,0.43)
477.8173 (5,0.41) 399.3426 (5,0.42) 338.6588 (5,0.42)
o0 465.8894 (5,0.42) 389.9007 (5,0.42) 331.2412 (5,0.42)
478.7092 (5,0.41) 400.1006 (5,0.41) 339.4726 (5,0.41)
R 466.7637 (5,0.41) 390.7328 (5,0.41) 332.0616 (5,0.42)
479.1963 (5,0.40) 400.6167 (5,0.40) 340.0282 (5,0.41)
0 069 467.3464 (5,0.40) 391.2624 (5,0.41) 332.6651 (5,0.41)
479.3409 (5,0.39) 400.7889 (5,0.40) 340.3263 (5,0.40)
o B 467.5575 (5,0.40) 391.5019 (5,0.40) 333.0515 (5,0.41)
479.0622 (5,0.39) 400.6316 (5,0.39) 340.3795 (5,0.39)
e 467.3284 (5,0.39) 391.4601 (5,0.40) 333.1141 (5,0.40)
478.3013 (5,0.38) 400.1608 (5,0.38) 340.0811 (5,0.39)
R 466.7212 (5,0.38) 391.0037 (5,0.39) 332.9255 (5,0.39)
477.1221 (5,0.37) 399.2441 (5,0.38) 339.4935 (5,0.38)
24 61.48

465.6170 (5,0.38) 390.2299 (5,0.38) 332.4260 (5,0.39)

25  60.17  475.4168 (5,0.37) 397.9739 (5,0.37) 338.5929 (5,0.38)

U Tai trong t6i han trén; & Tai trong téi han dudi; @ Mode téi han (n, 1); ® Mode t6i
han va s6 gan (1, 4, np); m=1.
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479.34 —1:‘90=0 ‘
446.17 —2:e0<02
(1 L u
450 —( 450 . 730 —3:60=05
— —4:¢0=08
— 40 = r—z)/m 1
=", < (3 )/—'\ N\
S m- s /
< 3 = 350; .
5 —_/( _ g T — Thong sé gan
£ 3007h=0.008m, R/h=80 g - -
R b S h,=0.01m, b,=0.008m
(=) s Heore/ lIFG 300 —
| HR=S Meorllleg=3 d,=0.08m
A0 005, k=ke=L  Thong s6 gan h= 0.008m, R/h=80 610 56 né
—iat=ok | h,=00Im  Thongsé nén B s hohesg  ongsonen
Wy AT=300k  b=0.008m  K,=8x10°N/m? RS Neonllee3  Ke=BX10™N/m
o TEATZO0K  di=0.0Bm  K,=2x10°N/m e 27T | Ke=2x10°N/m
\ 5 0 5 ® B B B 4 550 5 10 15 N B N B N 45 5
Np Np
Hinh 4.2a. Anh huéng cua AT doi Hinh 4.2b. Anh hudng cua eo doi
véi dudng cong 7 - np véi duong cong 7 - Np

Y e— o
= 0 /
g —@ h=0.008m, R/=80
S 07 L/R=3, £,=0.5
 k=k,~1,AT=300K
250’—1:hcore/hFG:0 , N\
—2heore/hee=1 | 1HONG SO gan Théng sé né
200§ —3herethee=3 | 1=0.01m, 5,=0.008m  K,=8x10°N/m*\|

— 4 her/hee=w0 | 0p=0.08m K,=2x10°N/m
| | | |

5 10 15 20 25 30 B 40 45 80

150"
0

? np A= -
Hinh 4.2c. Anh hu’é‘ﬂg cua hcore/hFG doi véi
duong cong 7 - np

Anh huong coa su thay doi nhiét do doi véi tai t6i han trén va tai téi han dudi
cua Vo tru ciing duoc thé hién trong Bang 4.5, Hinh 4.8 va Hinh 4.9. C6 thé thay rang,
tai t6i han cua vo giam xudng rat nhiéu khi AT ting. Vi du, véi truong hop vé tru ¢6
gan xién gia cudng, chi sé ti phan thé tich k=1, tai trong téi han dudi 7iower=467.5575
MPa (v6i AT=0K) 16n hon tai trong téi han dudi twong tng véi 47=300K la 76.0556
MPa va AT=600K la 134.4434 MPa.

Str dung cac biéu thuc (4.18), (4.24) va (4.27), tién hanh khao sat anh huong
cua AT dén duong cong quan hé tai xoan - d6 véng Wmax/h, va dudng cong quan hé
tai xodn - goc xoan y, két qua nay duoc mé ta trong Hinh 4.3a va Hinh 4.3b. Quan
sat Hinh 4.3a ta thay, cac duong cong 2 va 3 khdng bét dau tai mot diém trén tryc y.
Diéu nay cho thiy, méi trudong nhiét d6 1am cho vé léch ra ngoai (Iéch am) trudc
khi n6 chiu tai co. Khi vo chiu tai xodn, do vong hudng ra ngoai cua né giam cho
dén khi tai xodn dat dén diém phan doi (tai xoan t&i han) thi d6 véng huéng vao
trong xay ra.
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600 1 T o —1: AT=0K |
| / 600. —2 AT=300K
500~ (0;479.34)" s 56 @ . —3 AT =600K :
| : @
(-OW (3) 479.34 @ .
400 e 391.50 1 467.56
= -1,07; 340.38) ] T
o i : s 340.

U Theng 6 gan 1 = h=0.008m, R/h=80
- | h=0.008m, R/h=80 h,=0.01m, b,=0.008m e 333.11 L/R=3, heore/Nrc=3
200+ } L/R=3, hcore/hFG=3 dp=0.08m B 200k 60=0.5, k=kp=1
e =AO.5, I§=l§p=l Thong sé nén Thang s6 gan
100- | Thongsonen —1: AT= 0K, n,=21 Ki=8x10°N/m®  hy=0.01m, b;=0.008m

| K;=8x10°N/m® AT = - ' 5 g 4
} K1—2><105N/ —2: AT =300K, ny=21 Ky=2x10°N/m d,=0.08m
ol Bl ‘ m ‘ —3: AT =600K, ny=22 0 ‘ ‘
20 5 10 15 2 % 0 ! 2 3 4 5
Wona/h y (d9)

6

Hinh 4.3a. Anh huong cia A7 d6i véi duong  Hinh 4.3b. Anh huong caa AT ddi véi

cong 7 — Wmax/h. * Toa dd (Wmax/h; 7) duong cong 7 — y

4.2.4.3. Anh hwéng ciia hé so dp xop eo va ti 18 heore/hrc

Str dung cac biéu thuc (4.18) va (4.22), Bang 4.3 mo ta anh huong cua hé sd
d6 xop eo va ti 1& d6 day heore/hre dén tai xodn t6i han cua vo tru sandwich FGP c6
gan xién gia cudng chiu tai trong xoan, trong mdi trudng nhiét bao quanh béi nén
dan hoi.

Hinh 4.4a va 4.4b thé hién anh huang cua ti 18 heore/Nrs dén duong cong quan
hé tai - do ving Wmax/h va duong cong quan hé tai - goc xoan w cia vo tru. Quan séat
thy, khi ti 16 d6 day heore/hrs ting 18n thi gid tri tai trong xoan téi han trén va tai
trong xoan toi han dudi cua vo try giam di. Cu thé, Hinh 4.4a va 4.4b cho thay tai
t5i han trén giam khoang 35% tir zupper=484.51 MPa (Vi heore/hre=0) dén
Tupper=360.11 MPa (v6i heore=h, hrc=0), va tai trong téi han dudi giam khoang 33%
{r Tlower=470.24 MPa (Vi heore/hre=0) dén ziower=352.52 MPa (v6i heore=h, hrc=0).
Diéu nay phd hop thuc té vi véi vo tru sandwich FGP khi chiéu day I6p 16i ting 1én,
d6 cang cua vo giam dan dén giam tai trong téi han.

Hinh 4.5a va 4.5b mét lan nira cho thdy anh huong cua hé sé xbp eo dbi
véi duong cong 7 - Wimax/h va duong cong 7 - y cua vo tru sandwich FGP c6 gan
xién gia cudng. Quan sat thay, viéc ting hé s6 x6p eo 1am cho mé dun dan hoi
Young cua vat liéu xép giam, dan dén cac duong cong wng xu phi tuyén 7 -

Wmax/h V& 7 - y thip hon, dong thai giam tai trong xoan téi han zer.
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Bang 4.3. Anh huong cua eo Va heore/hre dbi Vi tai téi han. ky=k=1, h=0.008m,
L/R=3, R/h=80, hy=0.01m, b,=0.008m, d,=0.08m; A7=300K, K1=8x10° N/m?,

K,=2x10°N/m

7er (MN) eo=0 €0=0.2 e0=0.5 €0=0.8
484.5079" 484.5079 484.5079 484.5079
b e (6,0.45,18)" (6,0.4518)  (6,0.4518)  (6,0.45,18)
470.2419" 470.2419 470.2419 470.2419
(6,0.45,19) (6,0.4519)  (6,0.4519)  (6,0.45,19)
470.4880 464.5054 454.6001 442.8058
b hezos (604519 (6,04519)  (50.39,19)  (5,0.39,20)
457.2020 451.7570 442.4818 431.4970
(6,0.45,19) (6,0.46,19)  (50.39,20)  (5,0.39,20)
462.0125 452.5323 434.7647 416.1985
N (6,0.45,19) (6,0.46,19)  (50.39,20)  (5,0.39,21)
449.2386 440.5607 423.8204 406.3750
(6,0.46,19) (6,0.4520)  (50.39,20)  (5,0.40,21)
452.2306 438.1537 412.7643 386.3572
b Jheaz 2 (6,0.45,19) (50.39,20)  (50.39,21)  (5,0.40,22)
439.8884 426.7493 402.9400 378.1198
(6,0.45,20) (50.39,20)  (5,0.40,21)  (5,0.41,22)
446.7687 430.1537 400.7889 369.9882
b Jheas 3 (6,0.45,19) (50.39,20)  (5,0.40,21)  (5,0.41,22)
434.6961 419.1365 391.5019 362.4617
(6,0.45,20) (50.39,20)  (5,0.40,21)  (5,0.41,23)
443.2844 425.1322 393.2250 359.6299
b heazg | (804619) (50.39,20)  (5,0.40,21)  (5,0.40,23)
431.3795 414.3472 384.2959 352.5701
(6,0.45,20) (50.39,20)  (5,0.40,21)  (5,0.41,23)
440.8617 421.6868 388.0297 352.4784
b heos  (804619) (50.39,20)  (5,0.40,21)  (5,0.41,23)
429.0801 411.0566 379.3288 345.7424
(6,0.45,20) (50.39,20)  (5,0.40,22)  (5,0.41,23)
427.7195 403.1782 360.1058 313.4251
(6,0.45,20) (50.40,20)  (50.40,22)  (5,0.41,24)
Neore/NFG =00
416.4297 393.2742 352.5240 308.2232
(6,0.46,20) (50.39,21)  (50.41,22)  (5,0.42,24)

UT4i trong toi han trén; “Tai trong ti han dudi;
bMode t6i han va sb gan xién (n, 4, np); m=1.
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700
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Hinh 4.5b. Anh hudng cua eo d6i Voi
duong cong 7 - i

4.2.4.4. Anh hwéng ciia nén va gan gia cuwong

Str dung biéu thirc (4.27), Bang 4.4 mo ta anh huong ciia nén va gan gia cudng
d6i véi tai trong toi han caa vo tru sandwich FGP ¢ gan xién gia cuong chiu tai
X04n, trong moi truong nhiét bao quanh bai nén dan hoi. Nhiing anh hudng nay ciing
dugc mo ta qua duong cong quan hé tai - dd vong Wmax/h va duong cong quan hé tai -
g6c xodn y trong Hinh 4.6a-b va Hinh 4.7a-b. Quan sat thay, tai xoan t6i han ting khi
céc hé sb nén Ky va Ko ting riéng biét hoic ting dong thoi.

Bang 4.4 ciing cho thiy, gié tri tai trong xoan t&i han caa vo tru sandwich
FGP c6 thiét ké gan xién gia cuong 16n hon nhiéu so véi voé khong thiét ké gan
gia cuong. Nhan xét nay ciing duwoc quan sat thay trong Bang 4.5.
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Bang 4.4. Anh hudng cua gin gia cuong va nén doi véi tai téi han. ky=k=1,
h=0.008m, L/R=3, R/h=80, hcore/nF6=3; €0=0.5; hp=0.01m, bp=0.008m, d,=0.08m;
AT=300K

T (MPa) K1=4x10° N/m?3 K1=6x10° N/m?3 K1=8x10° N/m?3
Khéng c6 gan gia cuong
168.9697Y (6,0.32)2  172.8967 (6,0.32) 176.7365 (6,0.33)
KON/ 161.7076" (6,0.33) 166.5562 (6,0.33) 171.2986 (6,0.34)
K,=2x10° 211.0407 (6,0.36) 214.4954 (6,0.37) 216.7899 (7,0.41)
N/m 203.3444 (6,0.37) 207.6639 (6,0.38) 211.5087 (7,0.43)
K,=4x10° 247.9847 (7,0.44) 249.9836 (7,0.44) 251.9836 (7,0.44)
N/m 240.4477 (7,0.45) 243.4386 (7,0.45) 246.4276 (7,0.45)
Co gan xién gia cuong
352.7848 (5,0.38,19)" 357.6063 (5,0.38,19) 362.4033 (5,0.38,20)
(O N/m 342.2256 (5,0.38,19) 347.6833 (5,0.39,19) 353.1260 (5,0.38,20)
K,=2x10> 391.4515 (5,0.39,21) 396.1587 (5,0.39,21) 400.7889 (5,0.40,21)
N/m 381.0327 (5,0.39,21) 386.3016 (5,0.40,21) 391.5019 (5,0.40,21)
K,=4x10> 429.1654 (5,0.41,22) 433.6470 (5,0.41,22) 437.8470 (5,0.42,21)
N/m

418.7717 (5,41,22)

423.8502 (5,0.41,22)

428.8785 (5,0.42,22)

U Tai trong xoan téi han trén;
2 Mode téi han (n, 1);

600

600

L Tai trong xo0an téi han dudi;
* Mode t6i han va s6 gan xién (n, 4, np); m=1.

T
| Thong so gan LI'hﬁng s6 gan
500- i hy=0.01m, b,=0.008m y 50 hy=0.01m, b,=0.008m
I .
437.85 dp=0.08m 43785  9;=0.08m
428.88 3 428.88
400+ M 4 [ 396. 3
e s .
o ‘ 342.23 386.30
S w0 3352.78 h=0.008m X % 0 9978 h=0.008m
\J 1 R/h=80 ~ 342.23 R/h=80
| L/R=3 ] e L/IR=3
200 ! b s 200+ .
1 Ky=4x10°N/m?, K;=ON/m, n,=19 corelNF=3 Neore/NFc=3
100 Kiz6x 0PN/, Ke=2x10NIm, mp=2] 0705 00 ]| Ke=ax10"N/m?, Ko=0N/m, n=19 | ®0=0
—3 Ky =8x105N/MP, Ko=4x105N/m, mp=21]  K=Kp=1 ——2: K1=6x105N/m?, Ko=2x10°N/m, n,=21 k=kp=1
— ‘ : AT=300K 3 Ka=8x105N/m?, Ko=4x105N/m, np=21 AT=300K
0 0 t 1 t t | J
2 0 5 10 15 2 25 0 05 1 15 2 25 3 35 4 45 5

Wmax/h
Hinh 4.6a. Anh huéng cua nén déi véi
duong cong 7 — Wmax/h

w (d0)
Hinh 4.6b. Anh huéng cua nén di voi
duong cong 7 —



T (MPa)

105

700 —
—L:CoGan | h=0.008m, R/h=80
600 —2: Khdng gén L/R=3, hoore/Nec=3 |
; e5=0.5, k=k,=1, 2
500~ | AT=300K 1 1
(-0130; 400.79)
100 o 391.50
0|
(023 216.79)" 597 59
200
i Thong sé gan Théng sé nén
100+ ! hp=0.01m, by=0.008m K;=8x10°N/m* -
| dy=0.08m, n=21 Kz=2x10°N/m
0 1 1
20 5 10 15 20 25
Wmax/h

Hinh 4.7a. Anh hudng cta 47 ddi Véi

30

duong cong 7 — Wma/h. " Toa d6 (Wmax/h; 7)

T (MPa)

700 i T T
—L1CoGan | h=0,008m, R/=80
600 —2 Khong gan L/R:3, hcore/hFG:3
€0=0.5, k=k,=1,
500F AT=300K @ 1
400.79
400+ 391.50
30y 216.79
211.51
200 - < . s
Thoéng so6 gan Thong s6 nén
100k hy=0.01m, by=0.008m Ki=8x10°N/m® |
dy=0.08m, n,=21 K,=2x10°N/m
0 | 1 1 1 1
0 1 2 3 4 5 6 7

y (d6)

Hinh 4.7b. Anh huéng cua AT ddi Voi

duong cong 7 — v

4.2.4.5. Anh hwéng cia chi sé ti phan thé tich k

Str dung biéu thuc (4.22), Bang 4.5 mo ta anh huong cua chi sé ti phan thé

tich k dén tai trong xoan t&i han trén va dudi cua vo tru sandwich FGP. Bang 4.5

cho thay, khi gia tri k ting thi tai xoan t&i han trén va dudi cua vo ciing déu ting.

Nhan xét nay cling duoc quan sat thay trong Hinh 4.8-4.9. Ta nhan thay, nhan xét

nay la hoan toan hop ly, vi gié tri k cang I6n thi thanh phan gém cua I6p phu cang

phong phu din dén ting do cung ciing nhu ting kha ning chiu xoan cua vo tru
sandwich FGP.

600 il RS I T T
— 1. AT=0K Thong s6 nén
la——
—2 AT=300K | K;=8x10°N/m®
5001 —3: 47T=600K K,=2x105N
<  _Thong sé gan 2a)
Q4 h,=0.0Im, b,=0.008m ]
> = 3a—
g 300
L o by
.................................................... (2b)--.--
900 +-N=.0.008m, R/_h_—.B.O-----': _________________________ (3b)-----
-L/R'_'3-y-hcore/hFG=3‘ """"" (a) Cé gén
€0=0.5, k=kp ‘ ~ (b) Khong gan
10° 10 10" 100 10" 102 10°
k
Hinh 4.8. Anh huong cua k doi vai tai xoan

tai han trén

— 1 AT=0K | Thangsénén  (a) CO gan xién
_: jigggi K,=8x10°N/m?  (b) Khong gan
500 A K,=2x10°N/m lay——
__ | Théngsé gan
& 400-hy=0.01m, b,=0.008 28— |
S  [d,/0.08m 30—
2 300-
S T T S—
|h=0.008m, R=80...---"" .., (2b) ===
200£ LIR=3 - heorefNre=8---- ................... @by
N
100 wl
10’ 10?2 10! 10° 10" 10? 10°
k

Hinh 4.9. Anh huong cta k ddi véi tai xoan

to1 han dudi



Bang 4.5. Anh hudng cua AT va k dbi vai tai téi han. ky=k, h=0.008m, L/R=3,
R/h=80, heore/hre= 3, £0=0.5, h,=0.01m, b,=0.008m, dp=0.08m; K1=8x10° N/m?,
K2=2x10° N/m

7 (MPa) k=0 k=0.5 k=1 k=5
227.0353V 2473741  256.3696  272.6354
7,0.41) 7,0.41 6,0.36 6,0.36
ok T04D (704D (6036)  (60.36)
220.8271-  240.0333  248.3867  263.9595
(7,0.42) (6,0.37) (6,0.37) (6,0.37)
Khong c6 198.0047  210.7564  216.7899  227.6862
an gia 7,0.41 7,0.41 7,0.41 6,0.37
gangia o (104D (7041)  (7041)  (603)
cuong 193.3944 2056937  211.5087  221.2464
(7,0.43) (7,0.43) (7,0.43) (6,0.38)
170.8348 1815111  186.2155  194.0139
7,0.43 7,0.42 7,0.42 6,0.37
ook (104D (704 (7042 (6037)
167.7173 178.0347  182.5464  189.2717
(7,0.44) (7,0.43) (7,0.43) (6,0.38)
424.4563U 4507751  479.3409  526.0678
ok (B04020)°  (503921) (5039.21) (5040.21)
- 414.0914- 4485082  467.5575  513.1859
(5,0.40,21)  (50.40,21) (5,0.40,21) (5,0.40,21)
C6 gan 365.7845  388.3205  400.7889  430.8531
xién gia (5,0.40,21)  (5,0.40,21) (5,0.40,21) (5,0.40,21)
AT=300K
cuong 357.4786  379.3636  391.5019  420.8897
(5,0.40,21)  (5,0.40,21) (5,0.40,21) (5,0.40,21)
307.7310 3293102  340.3795  368.0000
(6,0.47,21)  (50.40,22) (5,0.39,22) (5,0.39,22)
AT=600K
301.6684  322.3820  333.1141  360.0904
(6,0.47,22)  (50.40,22) (5,0.40,22) (5,0.40,22)

U Tai trong xoan t4i han trén;

2 Mode t6i han (n, 1);

L Tai trong xo04n téi han dudi;

b Mode t6i han va s6 gan xién (n, 4, np); m=1.

4.2.4.6. Anh hwéng ciia cac thong sé hinh hec

Anh huéng cua cac thdng sé hinh hoc R/h va L/R ddi vai tai trong xoan toi
han cua vé tru sandwich FGP duoc md ta trong Bang 4.6. Anh huong cua R/h va
L/R dbi véi duong cong 7—W_. /h va duong cong 7—w duoc mo ta trén Hinh

4.10a-b, Hinh 4.11a-b. Két qua cho thay, khi tang ti s6 R/h va L/R thi kha ning chiu
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tai x0dn cua vo tru giam di dang ké. Vi du, voi R/h=50, tai trong xoan t&i han
T =754,6674 MPa khi L/R=2 16n hon tai x04n ti han twong ang véi L/R=3 va
L/R=4 lan luot 12 1.16 va 1.32 lan.

Bang 4.6. Anh hudng cua cac thdng sé hinh hoc déi véi tai xoan ti han.

kp=k=1, h=0.008m, L/R=3, R/h=80, hcore/nFc= 3, €0=0.5, hp=0.01m, b,=0.008m,
dp=0.08m; K;1=8x10° N/m?, K>=2x10% N/m, AT=300K

7 (MPa) R/h=50 R/h=80 R/h=100 R/h=120
805.7635Y 464.7240 368.1736 304.8706
Ures (5,0.46,18)" (6,0.45,26) (7,0.47,31) (7,0.45,37)
754.6674- 443.7726 356.1096 297.6751
(5,0.48,18) (6,0.46,26) (7,0.48,31) (7,0.46,37)

721.2529 426.4960 338.5817 285.2827
ress (5,0.46,16) (6,0.46,23) (6,0.43,28) (7,0.46,33)
684.1230 412.8723 331.0756 281.6992
(5,0.47,16) (6,0.46,23) (6,0.43,28) (7,0.46,33)

676.4564 400.7889 320.0456 274.9965
Ures (5,0.47,14) (5,0.40,21) (6,0.43,25) (7,0.46,30)
648.9152 391.5019 315.5288 273.5684
(5,0.48,14) (5,0.40,21) (6,0.43,26) (7,0.46,31)

621.7701 378.7487 309.2324 265.3579
Umeas (4,0.39,13) (5,0.40,19) (6,0.44,23) (6,0.42,27)
601.4621 372.4197 306.6160 264.6750
(4,0.39,13) (5,0.41,19) (6,0.44,24) (6,0.42,28)

586.7978 364.9207 302.4197 258.7553
Ures (4,0.39,12) (5,0.41,17) (6,0.44,22) (6,0.42,25)
571.3903 360.4654 301.0618 258.7553
(4,0.40,12) (5,0.41,17) (6,0.44,22) (6,0.42,25)

U Tai trong xoan téi han trén;
* Mode t&i han va s6 gan xién (n, A, np); m=1.

L Tai trong xoan téi han duéi;
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800 T T T T
676.46 1(
| 648.92 - = @
ol : h= 0.008m, L/R=3 |

hccre/hFG:Sy e0:0-5

T (MPa)

400+ o
8

al

2735-00 273,57

Thong sé nén  Thong sé gan

K;=8x10°N/m? h,=0.01m, b;=0.008m

Kp=2x10°N/m  d,=0.08m
1 1 1

—1:RI=50; np=14

—2:Rh=80; np=21

—3: Rh=100; np=25

—4: RIh=120; np=30

2 0 5 10 15 20 25 30
Wmax/h

Hinh 4.10a. Anh huong cua R/h di voi
duong cong 7 — Wiax/h

200+

700 ‘ 7 ‘
h= 0.008m, R/h=80 o 3/
600 - I‘i‘ﬁore/hFGzay eO:O-S 1
k=ky=1, AT=300K
500F 146472
—_ - 4y
S 400 00. ( r
s 364.92
= 300F ! 360.47
e |
000 0. . —1: LR=2; np=26
Thongsénén  Thang sé gan e
o0+ Ki=8XLON/m®  h;=0.01m, b=0.008m 2 L2609
o105 d,=0.08m T
: KT 2x10°N/m T | —:LIR=4; np=17
20 5 10 15 2 25 30
WmaX/h

Hinh 4.11a. Anh huéng caa L/R d6i voi
duong cong 7 — Wmax/h

800 T
676.46
W
600y Théng s6 gan /
hy=0.01m, b,=0.008m @
d,=0.08m
5 ol 400.79 291 50 %)C
3
l-' —_—
ook /27500 27357 —1: Rh=50; np=14
Thong s nen  h=0.008m, L/IR=3 |—2: Rih=80; np=21
Ki=8x10°N/m®  hcore/Nrc=3, €=0.5 | —3:RIh=100; np=25
K,=2x10°N/m  k=ky=1, AT=300K |—4:Rh=120; np=30
0 1 1 1 1 | I S E—
0 05 1 15 2 25 3 35 4 45 5

y (d9)

Hinh 4.10b. Anh huong cia R/h d6i véi
duong cong r —

700 ‘ : ‘ ‘
:;f 523?5”?:2_623 h=0008m, Rh=80 /
600 _3 L/RZS: ,ﬂ_p2-1 hcore/hFG:S, €0=0.5 J
LT k=k=1, AT=300K
—4 LIR=4; np=17
n 464.72 (2 1
= 0 426.50 443,77 @)
& 400+ 400.79 ]
2 W
= 30+ ]
20 o '
Théng so nén Théng sb gan
100+ K;=8x10°N/m? h,=0.01m, b,=0.008m
K,=2x105N/m d,=0.08m
0 . ! ! ! !

0 05 1 15 2 25 3 35 4 45
y (d0)

Hinh 4.11b. Anh hudng cua L/R dbi véi
duong cong 7 — v

4.3. Phan tich 6n dinh phi tuyén cia vé tru sandwich FGP c6 gan truc

giao gia cwdng chiju tai xoin

4.3.1. V6 tru sandwich FGP c0 gan truc giao gia cwdng chiu tii xoin

Xét vé try sandwich FGP c6 béan kinh mit giira 1a R, chiéu day 1a h va chiéu
dai 1a L c6 gan truc giao FGM gia cuong, chiu tai trong xoin trong méi trudng nhiét
bao quanh bgi nén dan hdi. Vo tru dugc xac dinh trong mot hé toa do xyz co mit

phang (x,y) tring véi mat giira cua vo va toa do chiéu day caa vo z (—gs z< 2) nhu

duoc mé ta trong Hinh 3.7. V6 tru sandwich FGP ba I6p, gdm mét 16p 16i xp FG ¢
m6 hinh phan b xdp dbi xang (bot kim loai) & giira, va hai I6p phi FGM. Céac 16p
phi mat FGM 1a mong, trong khi 16p 18i xdp tuong ddi day. Do day 16p 18i xop 14
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Neore, @0 day ctia moi 16p pha mat FGM la h% (h=hcore+hrc). Gan truc giao FGM

gia cudng hinh chit nhat c6 chiéu rong, chiéu cao va khoang cach cac gin nhu mé ta
trong Hinh 3.7. Gia thiét cac I6p dugc lién két 1a hoan hao (tic bo qua su bong tach

gitra cac lop).

Modun dan héi Young va hé sb gidn né nhiét cua vo tru FGP va gan gia

cudng FGM lan luot duoc xéac dinh theo biéu thirc (3.21) va (3.22)

4.3.2. Cac phwong trinh co ban

Theo ly thuyét bién dang cit bac nhat c6 ké dén thanh phan bién dang phi

tuyén hinh hoc von-Karman, c4c thanh phan bién dang & mot diém cach mat gita
vo mot khoang z 1a [92]

0
gl +1 2!
OX
0¢
£, e +1—2
c‘,'y a¢
¢,
0 y
Yy (= 7/xy+Z —
oy  OX
Vxa W, +4,
Yy '
Wy+¢y
W
U, +—=
6‘0 2
X 2
o |_ w W,
VGi & TV R T
0
Y Uy, +V, + W,W,
trong do

&y &y lan luot la bién dang theo phuong X va y;

Yxyr Vxzr Yyz labién dang cat;

U, V, W lan lurot 1a céc thanh phan chuyén vi theo phuong X, y va z;
é.. 4, 1an luot 12 goc xoay theo mat phang yz va xz;

&, Va &, la cac thanh phan bién dang phap tuyén;

7y 12 bién dang truot trong mét phang & mit giita (z=0) cua vo.

(4.28)

(4.29)
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Theo dinh luat Hooke c6 ké dén moéi truong nhiét do (AT =T —T,), céac thanh

phan &ng sut cua vé va gan (gan trong) duogc xac dinh nhu sau

E E,a
h
oy = 1_5:/‘2 (gx + vgy)——lSh_ ;h AT
E E
o) = 1_5:/‘2 (gy +ve, ) — —fh_oijh AT
E E
o — s o __ B (4.30)
Y Toev) Y T T o) "
E
USh _ sh .
2(1+v) Ty
va gan gia cuong
o, =E.&, — E,a AT
o, =E,&, —E .o AT (4.31)
O->s(z = G57/xz O-;z = Gryyz

Str dung k¥ thuat san déu tac dung cua gan gia cudng va boé qua bién dang
X04n cua cac gan, cac thanh phan noi luc cia vo tru FGP 1a [64]

N, = Cugf + C12‘9§,) +Cupyx +Cispyy — 0 — ¢‘1Tx

N, = Clzgf + szgs +Coud « +Cos0y y — 0 — ¢'1Ty (4.32)
1

Ny, = C337/Sy +Cg §(¢x,y + ¢y,x)

M, = C1453 +C245(y) +Cpdyx +Cuspyy — 9, _¢sz

M, = Clsg(x) + C25g(y) +Cys0y « +Cosyy = _¢2Ty

1 4.33

Mxy = C6373y +C66 E(¢x,y +¢y,x) ( )
QX:C7(WX+¢X) Qy:CB(Wy+¢y)

trong d6, cac thanh phan do ctiing Cjj va thdng s6 nhiét ¢,, ¢ dugc xéac dinh trong

phu luc A (gén trong).
Thay &7,&°,7) tir biéu thuc (4.29) vao biéu thirc (4.32) va (4.33), ta duoc

1 w 1
N, = Cll(u,x +EW,2xj+C12 (V,y _EJFEW,ZijFClWx,x +Cisdyy — — @,
1 2 ' 1 2 T
Ny = C12 Uy +EW'X +C22 Vy _E+Ew,y +C24¢x,x +C25¢y,y _¢l _¢.Ly (434)

N, =Ca (u’y +V, + w,xw,y)+ Csq %(¢X,y + ¢y,x)
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1 w 1
M, =Cy, (u,x +§W,2xj+cz4 (V,y _E+Ew2)/j+c44¢x,x +Cusfyy — 0 _¢2Tx

M

1 w 1
y =Cis (U,x +EW,2><J+ Cys (V,y _E+EV",2>/]+ Custyx +Cssdyy — 0 _¢2Ty
(4.35)

My =Ces(Uy +V, +wxwyy)+c66%(¢xyy +4,5)
QX=C7(WX+¢X) Qy:CS(W,y+¢y)
Céc phuong trinh can bang phi tuyén caa vo tru c6 ké dén twong tac vo - nén
dan hoi Pasternak duya trén ly thuyét bién dang cit bac nhat duoc xac dinh 1a [92]
Nyy + Ny, =0
Ny + Ny, =0

N
Qux +Q.y +?y+ N, W + 2N, W +Nyw o+ 2N W, — Kaw+ Ky (W, + W ) =0 (4.36)

oM
aMX"'—Xy_QX:O
OX oy
OX oy y

Thay Nj va Mj; qua cac thanh phan u, v, w va g,, ¢, vao biéu thic (4.36), ta

thu duoc

W,
Cll (u,xx + W,xW,xx ) + C12 [V,xy - ? + W,yW,xy j + C14¢x,xx + C15¢y,xy

1 (4.37)
+Cas (u,yy TV FWyWy + WXWW)+ Cae E(¢x,w + ¢y,xy) =0
1
C33 (u,xy + V,xx + W,xxW,y + W,xW,xy ) + C36 E(¢x,xy + ¢y,xx ) + C12 (u,xy + W,xW,xy)
W, (4.38)
+C22 V,yy _?’ +W,yW,yyj+ C24¢x,xy +C25¢y,yy =0
C? (W,xx + ¢x,x ) + C8 (W,yy + ¢y,y)
1 1, w1, .
+E C12 u,x +§W,x +C22 V,y _E"_Ew,y +C24¢x,x +C25¢y,y _¢1 _¢1y
1, w 1, T
+ Cll u,x +EW,>< +Clz V,y _E-"Ew,y +C14¢x,x +C15¢y,y _¢1_¢1x W,xx
(4.39)

+ 2|:C33 (u,y + V,x + W,xW,y ) + C36 %(¢x,y + ¢y,x )j|W,xy

1 w1

+ 2N W, = Kw+ K, (W, +w, =0
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W
C (U +WXWXX)+C24 {V,xy _F’X+W,yV\I,ny+C44¢x,xx +C45¢y,xy
) (4.40)
+C63(u,yy +V,xy +W,xyW,y +\N,X\N, )+C66 (¢x vy +¢y xy) C (Wx +¢X):O

1

C63 (u,xy + V,xx + W,xxW,y + W,xW,xy ) + C66 E<¢x,xy + ¢y,xx ) + C15 (u,xy + W,xW,xy )

W, (4.41)

+ C25 V,yy - ? + W,yW,yy + C45¢x,xy + C55¢y,yy - C8 (Wy + ¢y ) =
Cac biéu thuc (4.37-4.41) duoc sir dung dé phan tich 6n dinh phi tuyén cua
vo tru sandwich FGP chiu tai xoan trong mdi trudng nhiét dugc bao quanh boi nén
dan hoi Pasternak.

4.3.3. Piéu kién bién va phwong phap giai

Xét vo tru sandwich FGP chiu xoén, diéu kién bién tya don tai x=0; x=L.

Do vong cua vo 1a [93]

u= Usm[mﬂx+nyj V= V5|n(mﬂx+nyj
L R L R
W= Wcos(—+ﬂj (4-42)
L R
¢X=®Xsin(—mﬁx+ﬂj ¢ =0 sm(—mﬁerﬂj
L R L R

trong d6 m, n lan luot 14 s6 ntra song doc theo truc x, sé séng doc theo truc y.
Thay biéu thtc (4.42) vao céc biéu thic (4.37-4.41), sau d6 sir dung phuong
phéap Galerkin, ta dugc

aU +a,V +a W +a,d, +a,0, =0 (4.43)
ayU +ay,V +a, W +a,,®, +a,P, =0 (4.44)
n
ass+(¢1+¢1x) (¢1 ¢ly)_2
3
agU +ag,V + , s IRSER W tag,®, +a50, +a;,W° =0 (4.45)
“2NG T K, — Ky | —— +—
LR L R
ayU +a,V +a, W +a,d, +a,0, =0 (4.46)
a5 U +ag,V +agW +ag,®, +a5P, =0 (4.47)

trong d6 cac thanh phan ajj duoc xac dinh trong phu luc G.
Tt céc biéu thuc (4.43-4.44) va (4.46-4.47), suy ra
uzﬂw, vzﬁw, cpngw, O, =—W. (4.48)
D D D

trong do, thanh phén D, Di duogc xac dinh la
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&1 Qp Yy G —a3 & dy G 1 ~%3 gy s
D= Ay 8 8y 8y , D, - —8y3 Qp Ay Ay , D, - Ay 83 8y 8y
Ay A Yy Gy —8y3 Ay gy A Ay 83 844 Yy
851 85 854 Asg 853 A5 Ay Asg 85 853 85 Asg
&1 Qp 3 G & Qp Yy a3
D, = Ay 8y —8y Ay | D, = Gy 8y 8y —ay
Ay 84 83 85 Ay Qg 8y Ay
85 85 85 dg 8 85 dg s

Thay U, V, @,, @, tir biéu thic (4.48) vao (4.45), ta dugc
a,Xia D2ig +(¢l+¢f)ﬁ+(¢l+¢f)n—2
LR 31 D 32 D 33 X |_2 y Rz

2mnrh m2z? n? D D
_Kl_KZLTJr? +a3433+a3534+a36W2

(4.49)

Biéu thirc (4.49) thiét 1ap quan hé r va W, sir dung dé phan tich on dinh phi
tuyén cta vo tru FGP chiu tai trong xoan trong méi trudng nhiét bao quanh bai nén
dan hoi.

T biéu thirc (4.49) cho W — 0, ta xac dinh dwoc tai X04n téi han trén cua vo
tru sandwich ¢ gan truc giao gia cudng chiu tai xodn, trong méi trudng nhiét bao

quanh béi nén dan hoi
2 2

D D m’z n
LR a3131+33232+a33+(¢1+¢1T><)T+(¢1+¢1Ty)¥
T == P o 5 (4.50)
mnz K, - K m_ﬂ-+n_ +a _3+a —4
1 2 L2 R2 34 D 35 D

4.3.4. Két qua tinh toan so
4.3.4.1. Nghién ciru so séanh

Bang 4.7. So sénh tai trong xoan t4i han cua vo tru ¢6 gan gia cuwong. h=0.005m, R/h=50,
L/R=2, hs= h;=0.005m, bs=h;=0.005m, K1=1.5%10’N/mq, K2=1.5x10°N/m, AT=0°C

Gan doc (ns=40, nr=0) Gan vong (ns=0, nr=40) Gan truc giao (ns=nr=20)

t(MPa) Hoavacs Luin 4 Hoavacs | . .~ Hoavacs . .
[04] uan an [04] uan an [04] uan an

Ceramic 929.44766 929.448 2056.14803 2056.148 1602.16579 1602.166
(1,5) (1,5) (1,4) (1,4) (1,4) (1,4)

Kimloai 223.74721 223.747  426.90258 426.903 343.27428 343.274 (1,4)
(1,5) (1,5) (1,4) (1,4) (1,4)

* Mode téi han (m, n)
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Dé kiém ching do tin cay cua loi giai, luan an st dung cdng thic (4.50) dé
tinh toan sb va so sanh véi béo céo cua tac gia L& Kha Hoa va Pao Vin Diing [94].

Bang 4.7 chi ra sy so sanh giira két qua tinh toan cua luan &n voi céc két qua
nghién ctu cua tac gia L& Kha Hoa va Pao Vian Diing [94] d6i véi truong hop vo
try FGM c6 gia cudng gan truc giao chiu tai trong xoan. Két qua cho thay, tinh toan
thu duoc theo cong thic (4.50) cua luan an 1a twong ddng véi két qua da cong bd
cua tac gia L& Kha Hoa va Dao Vian Diing [94]. Diéu nay khing dinh d6 tin ciy cua
phuong phap nghién ctru dugc thuc hién trong luan an.

Trong phan tiép theo, luan an nghién ciu anh huéng cia cac thong s dau
vao dén kha ning chiu xoin cua vo tru sandwich FGP. Lép pha mit va gan FGM la
hdn hop cua Alumina véi E,=380GPa, o =54x10°K™. Lop 16i xép la
Aluminum véi E, =70GPa , a,, =22.2x10° K™ va hé s6 Poisson 1a v = 0.3.

Cac so lieu khao sat cia vo va gan duoc lay 1a: ke=ks=k=1, h=0.006m,
L/R=1.5, R/h=70, hcore/hrc=3, €0=0.6, 4T=0K, hs=h,=0.006m, bs=b,=0.006m, ns=18,
nr=18, Ki=4x10" N/m3, K,=3x10° N/m.

4.3.4.2. Anh hwéng ciia hé sé dp xop eo va ti 18 heore/NFa

Str dung hai biéu thirc (4.49) va (4.50), luan an thuc hién khao sat anh huong
cua eo VA ti 18 heore/hrs d6i v6i 6n dinh phi tuyén cua vo tru sandwich FGP. Két qua sb
duoc thé hién trong Bang 4.8 va Hinh 4.12-4.15.

Bang 4.8. Anh huéng cua eo Va heore/Nre di Vai tai ti han. ke=ks=k=1,
K1=4x10" N/m3, K2=3x10° N/m, £0=0.6, 47=0K, h=0.006m, L/R=1.5, R/h=70,
heore/hFc=3, hs=h;=0.006m, bs=b=0.006m, ns=18, n,=18

7 (MPa) eo=0 e0=0.2 e0=0.4 e0=0.6 e0=0.8

heorehre =0 789.871 (1,5)" 789.871(15) 789.871(15) 789.871(15) 789.871(15)

hee/hre =1 642.683 (1,5) 636.408 (1,5) 630.079 (L5) 623.694(15) 617.247 (1,5)

heoe e =3 539.022 (1,5) 527.710(1,5) 516.144(1,5) 504.282 (1,5) 492.078 (1,5)

heoe/hre =5 497.934 (15) 484.333(15) 470.304(1,5) 455.763(1,5) 440.602 (1,5)

heoe hre =00 402192 (2,6) 373.734(2,6) 344.486 (2,6) 314.188(2,6) 282.448 (2,6)

* Mode toi han (m, n)

Bang 4.8 md ta anh huong cua eo Va heore/Nre dbi Vi tai trong téi han.
Bang 4.8 cho thiy, tai xoin téi han cua vo tru sandwich FGP giam khi eo tang.
Nhan xét nay ciing duoc quan sat thiy trong cac Hinh 4.12 mé ta anh hudng
cua eo ddi v4i duong cong 7 - W/h va Hinh 4.13 mé ta anh huong cua eo ddi véi
tai toi han trén zupper.
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‘ 7007

o "% h=0.006m, RI=70 /
—2¢:02 L/R=15, AT=0K g - —
—3e04 k=L, Nooe/e = 3 3 6007 h=0.006m, Rh=70

1200

—4¢708  Thong sb gan ®) ;‘? " I — L/R=1.5, AT=0K, k=1
~ | —5e=08  he=h,=0.006m 1
o) 0 s—Hr | S
a 1000 bs=b,=0.006m 2 \(3\
é n=n=18 g (4)\
< | S 400

T (MPa)

o —1; Neorefhieg = 1 o Théng sb gan
a0l Thongsonen | 300} —2 heolre=3 | Thongsénén  h=h=0.006m
Ki1=4x10"N/m? —3 herlhre=5 | K;=4x10'N/m?®  b.=h,=0.006m
K2=3><105N/m —4: Neore/NF = 10 K2=3><1O5N/m ns=n,=18
400 200 | | | | | |
0 05 1 15 2 25 0 01 02 03 04 05 06 07 08 09
W/h €o
Hinh 4.12. Anh hudng cta eo doi voi Hinh 4.13. Anh hudng cua e doi vai tai
duong cong t-W/h toi han trén zypper
1500 ; | 800 — ;
—1: heore/hre = 0 . / h=0.006m, Rh=70  —"¢30
—2 heoelhra =1 _ ok ke
2: Neore/NF L/R—15, AT—OK, k=1 —2:¢,70.2
—3 heoelheo = 3 ) 700 i
—4: heore/NF6 = 5 Thong sé gan —3 e0:0'4
1000 t—5: heore/hre = (3 T ’c? ] hszhr:0.00Gm —4 e0=0.67
“ cEL 600 bs=b,=0.006m
o | = nn=18
g 50 1
0 . Thong sb gan I "
h=0.006m, Rh=70  '0Ngsonén  h.=h:=0.006m 400" Thong sé né Qg—
L/R=1.5, AT=0K Ki=4x10'N/m” b.=b=0.006m Ky=4x10"N/m® o
kel et Kz=3x10°N/m  n.=n,=18 1= m “
=1, ,=0.6 Kz=3x10°N/m
0 | | | 300 1 | | | | |
0 05 1 15 2 25 0 5 10 15 2 25 30 35 4 45 50
W/h hcore/hFG
Hinh 4.14. Anh huong cia heore/hre d6i V&I Hinh 4.15. Anh huéng cua heore/hre doi
duong cong t-W/h VGi tai téi han trén zupper
1400 : : 1200 : :
—1:Rh=40 | R=4.2m, LIR=1.5, e,=0.6 IRt | R=4.2m, RI=70, €,=0.6
—2: RIh=50 heore/hre = 3, AT=0K , k=1 —2LR=15 heore/Neg = 3, AT=0K , k=1
1200 —3:Rh=70 R . | —3:LIR=2
—4Rh=100, Thong so gan 1000 - Thang s gan
h=h;=0.006m hi=h,=0.006m
1000 bsibri;)SOOBm 2 Bl /c? bS:br:O.OOGm
N=Ne= ©) % 800+ ns=n=18
@ =
800 =
600 Thongsénén | 600 I Thong sé nén
Ky=4x10'N/m? :// Ki=4x10'N/m?
K,=3x105N/m K,=3x10°N/m
400 | ] | 400 ! | |
0 05 1 15 2 25 0 05 1 15 2 25

Wrh

Hinh 4.16. Anh huong cua R/h d6i véi Hinh 4.17. Anh huéng cua L/R ddi voi
duong cong t-W/h duong cong t-W/h
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Bang 4.8 va cac Hinh 4.14 va Hinh 4.15 ciing cho thiy, khi ti 16 heore/hrs ting
thi tai xon t6i han giam. Didu nay phil hop thuc t 1 khi chiéu day 16p 16i tang 1am
d6 ctring cua vo giam dan dén giam tai trong tai han.

4.3.4.3. Anh hwéng cia chi sé ti phan thé tich k, nhiét dé va gan gia cwong

Bang 4.9. Anh huong cua a/b va a/R dbi vai tai téi han. ko=ks=k, Ki=4x107 N/m?,
K2=3x%10° N/m, €0=0.6, AT=0K, h=0.006m, L/R=1.5, R/h=70, hcore/nFc=3,
hs:hr:0.006m, bs:br:0.006m, ns:18, nr:18

- (MPa) Gan doc Gan vong Gan tryc giao
ns=36, nr=0 ns=0, nr=36 ns=nr=18

k=0 226.626 (2,7)" 333.925 (2,6) 299.116 (1,5)

k=0.5 310.045 (1,5) 498.616 (1,4) 432.902 (1,5)

AT=0K k=1 348.847 (1,5) 573.007 (1,4) 504.282 (1,5)
k=5 421.456 (1,5) 737.735 (1,4) 666.828 (1,5)

k=00 453.887 (1,5) 837.984 (1,4) 756.674 (1,4)

k=0 138.615 (1,6) 239.695 (1,5) 205.528 (1,5)

k=0.5 201.641 (1,6) 352.552 (1,5) 302.385 (1,5)

AT=50K k=1 241.549 (1,5) 436.383 (1,5) 370.801 (1,5)
k=5 322.125 (1,5) 614.662 (1,4) 544.327 (1,5)

k=00 362.628 (1,5) 726.781 (1,4) 658.412 (1,5)

* Mode toi han (m, n)

1500 1500

T T T
—1 G:Em d9c R=4.2m, R/h=70, L/R=1.5
—2: Gan vong £0=0.6, heore/hrc = 3
—3:Gantryc giao]  AT=0K. k=1
@
1000 / j

500

T
—1k05 R= 4.2m, RM=70, L/IR=15

—ii E=1 €0=0.6, Neore/Nes = 3, AT=0K
—3:k=5

1000~

T (MPa)
T (MPa)

500

Thong sé nd ;}I’h?}ng ()S%ggn Thong sé gan
0ng so nén s=h,=0.006m A J hs=h,=0.006m
Ki=4x10"N/m? bs=b:=0.006m Thfng i bs=b,=0.006m
K,=3x 10°N/m n=n.=18 K;=4x10'N/m T
0 2 | T K,=3x10°N/m Ns+n=36
0 L L L L
0 05 1 15 2 25 0 0.5 1 1.5 2 2.5
Wrh Wih
Hinh 4.18. Anh huong caa k doi voi Hinh 4.19. Anh huong cta gan doi voi

duong cong t-W/h duong cong t-W/h



117

900

Tupper (MPa)

T T T T T T T T 800!’ L A S ™
—1: Gan doc —1: AT=0 K
800 | —2: Géan vong 700{—2 AT=50 K
—3: Gan tryc giao —3 AT=100K
7% Th= 0.006m, RI=70, LIR=15 Thongsigan | w0 = 0.006m, RM=70, LIR=15
6001 €0=0.6, heore/Neg = 3, AT=0K he=h,=0.006m | % - €0=0.6, heore/Nrg =3
bs=br=0.006m et Thong sé gan
500} n+n=36 & 40r 1 hs=h,=0.006m -
@ 5 ? bs=b,=0.006m
400 ’//3 1 300 ns=n,=18
’/( ) Thdng sé nén Théng sé nén
300F a K;=4x10"N/m?® 200~ Ki=4x10'N/m?
- K2=3x10°N/m K,=3x105N/m
200 | | | 100 | L | L Lo I
102 10t 1P 10t 102 107 10! 10° 10 10?
k k
Hinh 4.20. Anh huong ctia gdnvak doi  Hinh 4.21. Anh hudng cua A7 va k doi
Vi tai toi han trén Tupper Vi tai toi han trén Tupper

Anh huong cia k, 47 va gan gia cudng dén tai xoan téi han dugc mo ta trong
Bang 4.9 va minh hoa qua d thi Hinh 4.18-4.21.

Bang 4.9 cho ta thay, tai xoan t6i han cua vo try sandwich FGP tang khi chi
s6 ti phan thé tich k tang. Piéu nay ciing duoc quan sat thay trong cac Hinh 4.18,
Hinh 4.20. Anh huong cua AT d6i véi tai xodn téi han caa vo try sandwich FGP
dugc thé hién trong Bang 4.9 va Hinh 4.21. Quan sét thay, tai trong xoan téi han
cua vo tru giam khi nhiét d6 AT tang. Vi dy, Bang 4.9 cho thdy, truong hop
ns=nr=18 tai trong xo0an tgi han trén cua voé giam khoang 36% tir r =504.282 MPa
(V6i AT=0K, ko=ks=k=1) xuéng  =370.801 MPa (véi AT=0K, ko=ks=k=1).

Bang 4.9 va Hinh 4.19, Hinh 4.20 ciing cho ta thay anh huéng cia gan gia
cudng dén tai xoan téi han. Cu thé, ciing véi 36 gin gia cudng, tai xoan téi han cua
Vo try duogc thiét ké 36 gan doc gia cudng la nho nhat, thir hai 13 vo tru duoc thiét ké
gia cudng gan truc giao (ns=nr=18) va lén nhat khi vé duoc thiét ké gia cuong bang
36 gan vong.

4.3.4.4. Anh hweng cia ti 1¢ hinh hec R/h va L/R

Bang 4.10 va Hinh 4.16 va Hinh 4.17 thé hién anh huoéng cua ty sé R/h va L/R
dén 6n dinh phi tuyén caa vo. Két qua cho ta thay, tai xoan téi han cua vo tru giam rd
rét khi ty s R/h va L/R tang riéng biét hoic ting dong thoi. Didu nay ciing ching t6 1a

vo cang mong thi kha nang chiu luc cang giam.
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Bang 4.10. Anh huong cua R/h va L/R ddi véi tai trong téi han. Ki=4x107 N/m?,
K2=3%10° N/m, €0=0.6, AT=0K, ko=ks=k=1, R=0.42m, L/R=1.5, R/h=70,

hcore/hFG:3, hs:hr:0.006m, bs:br:0.006m, ns:18, nr:18

7 (MPa) L/R=1 L/R=1.5 L/R=2 L/R=3

Rh=30  1055.686 (1,4)" 818.678 (1,4) 766.512 (1,4) 608513 (1,3)
R/h=40 787.764 (1,5)  644.903 (1,4) 581.546 (1,4) 525.765 (1,3)
R/h=50 654.884 (1,5)  573.198 (1,4) 507.723 (1,4) 508.425 (1,3)
R/h=70 551.133 (1,5)  504.282 (1,5) 470.548 (1,4) 438.078 (2,5)
R/M=100  521.547 (1,5) 482.359 (2,6) 453.152 (2,6) 418.706 (3,6)

* Mode t61 han (m, n)

4.5. Két luan chwong 4

Chuong 4 sir dung ly thuyét vo Donnell, Iy thuyét bién dang cat bac nhat, ky
thuat san déu tac dung cua gan Lekhnitskii va phuong phap Galerkin di giai quyét
nhitng noi dung chi yéu sau

1. Pa phan tich 6n dinh cua vo tru sandwich FGP ¢ gan xién gia cudng chiu
tai xoan, trong moi trudng nhiét bao quanh boi nén dan hoi Pasternak.

2. i phan tich on dinh cta vo tru sandwich FGP ¢ gan truc giao gia cudng
chiu tai xodn, trong méi trudng nhiét bao quanh bai nén dan hoi Pasternak.

Tir c4c két qua so, luan an dwa ra mot s6 nhan xét dang chi y sau

1. Hé s6 d6 x6p eo va truong nhiét anh huéng dang ké dén kha ning chiu
X04n cua vo tru.

2. Gan gia cuong, nén dan hoi lam ting dang ké kha nang chiu xoan cua vo
tru sandwich FGP.

3. Vi vo tru co gan xién gia cuong chiu xodn, viéc thay d6i sé luong gan
Xién s& lam thay d6i kha nang chiu lyc cua vo. Diéu thi vi 1a khi khoang cach gan
xién khong doi, s6 gan xién ting khong dong nghia voi tai xoan téi han tang (do anh
huong caa goc gan). Vi vay, dé tdi wu hoa s6 gan can phai tinh toan cu thé.

4. V6i ba dang gan gia cuong (gan doc, gan vong, gan truc giao), vo tru
sandwich FGP duoc gia cudng gan vong chiu xoan tét nht.

5. V6 tru FGP cang manh kha niang chiu xoan cang kém

6. Vo try FGP giau gbm chiu xoan tét hon vo giau kim loai.

Két qua chinh cua chuong 4 da dugc cong bd trong 2 bai bao [8], [9] trong
danh muyc c6ng trinh cng b lién quan dén luan an. Trong d6 c6 1 bai dang trén cac
tap chi quéc té danh muc IS, 1 bai bao ding trén tap chi uy tin trong nudc.
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KET LUAN

T nhitng két qua nghién ctu, luan an c6 nhitng déng goép méi ndi bat sau

1. Bang cach tiép can giai tich, phwong phap Galerkin luin an di xay dung
cac biéu thire dé phan tich anh huéng cia bdn md hinh phan bé d6 xp dén 6n dinh
phi tuyén cua két cau panel try va vo tru FGP chiu nén doc truc.

2. St dung ly thuyét vo Donnell véi tinh phi tuyén hinh hoc von-Karman,
luan &n da thiét 1ap cac biéu thac phan tich 6n dinh phi tuyén cua panel tru
sandwich FGP chiu nén doc truc c6 va khong xét dén twong tic panel - nén
Pasternak. Sau d6, st dung phuong phap Galerkin thu dwgc biéu thic dé xac dinh
tai t6i han va vé duong cong tai - do vong md ta dap tng sau téi han cua két cau.

3. Sir dung ly thuyét vo Donnell, Iy thuyét bién dang cit bac nhat, k§ thuat
san gan cua Lekhnitskii va phuong phap Galerkin véi nghiém d6 vong ba sé hang,
luan an da xay dung duoc biéu thie dé xac dinh tai téi han va vé duong cong quan
hé tai - do vong mo ta dap ung sau téi han cua vo tru sandwich FGP c¢6 gan FGM
gia cuong chiu tai co trong mdi trudng nhiét bao quanh bai nén dan hoi Pasternak.

5. Khao sat bang sé6 mot cach chi tiét anh huong cua cac tham sé dau vao nhu:
cac mo hinh phan bd xép, hé sb d6 x4p, chi s ti phan thé tich, d6 khéng hoan hao, diéu
kién bién, kich thudc hinh hoc, ti 1& do day 16p 18i xop/lop phu, gan gia cudng, hé sb
nén, nhiét a6 dén bai toan 6n dinh phi tuyén caa panel tru va vo tru FGP.

6. Thong qua cac két qua s da khao sét, tai mdi chwong cuia luan an da r(t ra
mot s6 nhan xét c6 y nghia khoa hoc va thuc tién cho céc tinh toan trong tuwong lai
va gilp ich cho cac nha thiét ké, ché tao c6 thé lva chon céc thong sb két cau phu
hop voi diéu kién 1am viéc thuc té cua két cu.

MQT SO HUONG PHAT TRIEN TU LUAN AN
Theo quan diém cua tac gia, luan an c6 thé duoc phat trién theo mot sé
hudng nghién ctru sau:

1. Phan tich 6n dinh tinh va dong phi tuyén cua vo try, vo nén FGP chiu tai
trong co trong moi trudng nhiét véi cac diéu kién bién khac nhau.

2. Phan tich 6n dinh tinh va dong cua panel try, vo tru va vo ndn FGP ¢é gan
ap dién chiu tai co nhiét phuc tap.

3. Nghién ciru t6i wu héa kich thudc, sé lwong, ti trong va loai gan gia cudng
cho bai toan két cau panel tru, vo try, vo nén FGP c6 gan gia cuong chiu tai co nhiét
phuc tap.

4. Nghién ctru thyc nghiém kiém ching céc két qua md phong sé.
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PHU LUC
Phu luc A
Céc hé s6 Cij, 4, 4 trong cong thic (3.28) va (3.29) dugc xdc dinh nhu sau
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CAc gid tri es va e biéu thi do léch tam, khoang cach tir mat gitra cua vo dén trong
tAm mit cat ngang cua gan gia cuong (Hinh 3.7).
Phu luc B
Cachésd C

;Jf , Di]f trong cong thic (3.30) va (3.31) dugc xac dinh nhu sau
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Phu luc C
Céc thanh phan a;, fB; trong cong thirc (3.35) va (3.36) duge xac dinh nhu sau
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Phu luc D
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Phu luc E
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Phu luc F

Céc thanh phan Di (i=1-7) trong cong thtc (4.23) va (4.24) duoc xac dinh nhu sau
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