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Abstract: This study focuses on analyzing the dynamic buckling behavior of
axially compressed cylindrical shells and toroidal shell segments made of
functionally graded graphene reinforced composite (FG-GRC) and functionally
graded graphene platelet reinforced composite (FG-GPLRC). These structures
are stiffened by orthogonal and spiral stiffeners, which are also made of the
corresponding FG-GRC and FG-GPLRC. The fundamental expressions and
equations are established based on Donnell shell theory, taking into account
von Karman geometrical nonlinearity. The extended smeared stiffener
technique is utilized to estimate the stiffness contributions of the stiffeners By
using the stress function approach and the energy method, the equation of
motion is derived and subsequently solved using the Runge-Kutta method. The
dynamic critical buckling loads are determined according to the Budiansky-
Roth criterion. Numerical results are presented to investigate the effects of
stiffeners, geometric, and material parameters on the dynamic buckling
behavior of the shells.

Keywords: Toroidal shell segment, Graphene reinforced composite, Dynamic
stability, Energy method, Donnell shell theory.
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On dinh déng lwc cta vé tru va vé trong FG-
GRC va FG-GPLRC cé gan tang cwng chiu

nén doc truc

Nguyén Thi Phwong1,2, Vi Minh Bre1,2,*,

Trdn Quang Minh3, Pham Thanh Hiéu3, Vi Tho Hwng3

Phong nghién ctru Co hoc vat liéu va Két cAu tién tién, Vién Cong nghé tién
tién, Trwdng Pai hoc Téon Birc Thang, Thanh phdé H6 Chi Minh, Viét Nam
2Khoa Ky thuat codng trinh, Trwerng Pai hoc Tén Bire Théng, Thanh phd HO6 Chi
Minh, Viét Nam

3Nhém nghién ctru Co hoc vat liéu va Két ciu tién tién, Trweng Pai hoc Cong
nghé Giao théng van tai, Ha Noi, Viét Nam

Toém tat: Nghién ctru nay tap trung phan tich én dinh dong luc cla két cau vo
tru va vo tréng chiu nén doc truc lam bang composite gia cwdng graphene
sheet (functionally graded graphene reinforced composite - viét tat 1a FG-GRC)
va bang composite gia cuwéng graphene platelet (functionally graded graphene
platelet reinforced composite - viét tat la FG-GPLRC) va dwoc cé gan truc giao
va xoén 6c tang cirng cling dwoc lam tir vat liéu FG-GRC va FG-GPLRC twong
&ng. Cac biéu thirc va phwong trinh co ban dwoc thiét lap dwa trén Iy thuyét
vd Donnell c6 tinh dén tinh phi tuyén hinh hoc clia von Karman. Cac dd cirng
ctia két cAu cé gan tdng cirng dwoc xac dinh dwa trén mé hinh san anh hwéng
gan mé rong. Bang cach &p dung ham tng suét va phuong phap nang lwong
phwong trinh chuyén déng theo thdi gian cé thé nhan dwoc. Tl d6 ap dung
thuat toan Runge-Kutta dé giai nham khao sat dap (rng phi tuyén dong luc,
tiép theo tai t&i han dong dwoc xac dinh bang diéu kién Budiansky-Roth. Cac
khao sat sé dwoc thwe hién dé danh gia anh hwdng cla gan ting clng, cac
thong sbé vat liéu va hinh hoc t&i dap ng én dinh dong lwc cha vé.

Tw khéa: Vo tréng, Composite gia cwdng graphene, On dinh déng luc,
Phwong phap nédng lwong; Ly thuyét vé Donnell.

1. M& dau

Trong nhitng nam gan day, cac két ciu lam
tr vat liéu co tinh bién thién (FGM) da thu hat dwoc
s quan tdm dang ké trong cong ddng nghién ciru
do kha nang phan bb tinh chét vat liéu mét cach
lién tuc theo chiéu day, gilp gia tdng kha nang chiu
tai. Nhiéu cdng bd da dwoc thye hién nham du bao
6n dinh va dao déng vé tru FGM véi nhiéu trudng
hop vé tai trong va diéu kién bién. S& dung ly

thuyét vé Donnell, Wang va nhém nghién ctru [1]
da phan tich tac dong tir dé6 vong khdng hoan hao
t&i bai toan &n dinh nhiét ctia vé tru cé I6p phi mat
FGM theo mdé hinh Koiter va phwong phap
Galerkin. Sofiyev va Hui [2] st dung ly thuyét bién
dang trwot bac nhat (FSDT) dé phan tich én dinh
va dao dodng cuia vé tru FGM chiu ap suét ngoai véi
diéu kién bién hén hop. Gan day, Cao va Hu [3] da
m& réng phan tich t&i trwdng hop co tr trvdng va
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tai kéo doc truc, tap trung vao hién twong cong
hwéng tham sd chinh trong bai toan nhiét-tir-dan
hdi cta vé tru FGM. O mét hwéng nghién ciru
khac, Bich va nhém nghién ctru [4] tap trung vao
bai toan phi tuyén méat én dinh tinh va dong cla vé
tru FGM c6 gan tang ctng trwc giao dang huéng
va do vdng khong hoan hao ban dau, chiju tai nén
doc truc bang cach ap dung md hinh san anh
hwéng gan cla Lekhnitskii. Tiép sau d6, bang cach
cai tién mo hinh san anh hwéng gan truyén théng,
Nam va nhédm nghién ctru [5] da nghién clru rng
x& 6n dinh va sau mét 6n dinh tinh cta vé tru FGM
nhiéu |&p, tang cirng bang cac gan FGM xoan bc
va dat trong moéi trwdng nén dan hoi, chiu tai xoan.
Bén canh cac nghién ctru vé vd tru FGM
truyén théng, gan day xu huwéng sk dung
composite gia cwdng graphene platelet co tinh
bién thién (FG-GPLRC) dang néi lén nhw mot
hwéng nghién cleu day hira hen nhd sw két hop
gitra kha nang phan b tbi wu tinh chat vat liéu va
hiéu suat co hoc vwot trdi clia graphene platelet.
Ansari va Torabi [6] d& phan tich bai toan phi tuyén
4n dinh tinh vé tru FG-GPLRC theo FSDT, béng
cach st dung chudi Fourier va phwong phap sai
phan dao ham bién phan (VDQ). Trong khi d9, Li
va nhom nghién ctu [7] khao sat dap rng dao
dong cta vé tru FG-GPLRC nhiéu 16p duéi tac
dong cua tai trong ngdu nhién di déng bang cach
s dung phwong phap phan tlr hiru han vi tich
phan (DQFEM) két hop véi phwong phap kich
thich gia (PEM). Yang va nhém nghién ctru [8] st
dung FSDT dé khao sat dao dong tw do va 6n dinh
cta vo tru FG-GPLRC quay léch tam. V& mat (rng
x& phi tuyén, Hoa va nhém nghién ciru [9] da
nghién ctru hién twong méat én dinh va sau mét én
dinh tinh cta vé tru FG-GPLRC tang cirng bang
gan xoan 6c, chiu tai xodn. Gan day, Nam va nhém
nghién ctru [10] da da dang hdéa pham vi nghién
clru t6i vo trbng FG-GPLRC véi dd cong kinh tuyén
tuy v, co gan ting cirng xoan dc, d&t trong nén dan
héi, dwdi tac dung cla tai trong xuyén tam.
Composite co tinh bién thién gia cudng
graphene sheet (FG-GRC) la loai vat liéu
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composite nhiéu Iép trong d6 graphene sheet
duwoc gia cwdng theo hudng trong tirng 1op, tao
nén dac tinh di hwéng va hiéu suét co hoc cao.
Shen va Xiang [11,12] da nghién clru (ng x& 6n
dinh tinh phi tuyén cta vé tru FG-GRC chiju ap suét
ngoai hoac nén truc cé xét t&¢i nhiét dé tang déu,
bang ly thuyét bién dang trwot bac ba (HSDT) va
k§ thuat nhiéu hai buwéc. Nam va nhém nghién ciu
[13] m& rong cac nghién ctu vé gan FGM va gan
FG-GPLRC cho gan FG-GRC bang cach st dung
ly thuyét ddm di hwéng va ap dung cho tredng hop
6n dinh phi tuyén tinh cta vd tru FG-GRC c6 gan
FG-GRC chiu nén doc truc. Ngoai ra, Boan va
nhém nghién clru [14] d& nghién clru bai toan 6n
dinh xoan - dién - nhiét tinh phi tuyén cta vd tréng
FG-GRC c6 gan tang cirng. Gan day nhat, Nam va
nhém nghién ctru [15] d& khao sat trng xtr mat on
dinh cla vé trbng FG-GRC v&i nén kim loai va do
cong kinh tuyén phurc tap cé gan tang cirng xoan
bc. Tlr cac nghién ctu trén c6 thé thay rang, phan
I&n cac nghién ctru hién nay méi chi tap trung vao
bai toan tinh vé &n dinh hodc sau mét én dinh cla
cac vo FG-GPLRC va FG-GRC cé gan tang cirng.

Trong khi d8, cac nghién ctru lién quan dén
6n dinh déng lwc phi tuyén, d&c biét dudi tac dung
cua tai trong nén doc truc bién thién theo thoi gian,
van con rat han ché. Thuc té, day la bai toan co y
nghia thiét thwc trong thiét ké két ciu chju tai
nhanh hodc xung kich, nhwng lai chwa dwgc khao
sat mét cach co6 hé théng va toan dién. Vi vay,
nghién ctru nay dwoc thwe hién nham xay dwng 1o
giai dé phan tich n dinh phi tuyén déng cta vé tru
va vé trbng FG-GPLRC va FG-GRC ¢6 gan, chiu
nén doc truc bién thién theo th&i gian. M6 hinh
duwoc xay dwng dwa trén ly thuyét vé Donnell véi
phi tuyén hinh hoc von Karman, két hop véi mé
hinh san anh huwédng mé réng va phwong phap
nang lwong. Phuong trinh chuyén dong thu duwoc
dwoc gidi bang thuat toan Runge-Kutta, va tai toi
han dong dwoc xac dinh théng qua diéu kién
Budiansky-Roth. Nghién ctru cling danh gia tac
dong cla tinh chét vat liéu, hinh hoc va gan ting
cng dén (rng x& 6n dinh dong lwc, tr d6 bd sung
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nén tang ly luan phuc vu thiét ké ky thuat cac két
céu vé composite tién tién.

2. M6 hinh vé tru va trong FG-GRC va FG-
GPLRC c6 gan FG-GRC va FG-GPLRC

Xét vé tru va vé trbng FG-GRC va FG-
GPLRC c6 gan tang cieng chju nén doc truc phan
bd déu trén dién tich canh cé cwdng d6 ry véi ban
kinh vong R, bé day h, ban kinh doc a, va chiéu dai
L nhw quan sat trén Hinh 1. Hé truc toa dé Oxyz
dwoc chon nhw hinh vé, véi gbe toa do dwoc dat
trén mat trung binh tai canh cta vé. Truc Ox duoc
d&t theo hwdng kinh tuyén, truc Oy theo huéng
vong, va Oz theo hwéng hwéng tdm cla vé. Vo
dwoc gia cwdng bdi cac gan kinh tuyén, gan vong
va gan xoén 6c. Chiéu cao, bé rong, khoang cach
cla gan kinh tuyén, gan vong, gan xoan éc duwoc
ky hiéu hg, h,, h;, bg, b, b, va dg,d,, d, twong rng.

Y

Vo trdng 11

FG-GRC

X/X UD/UD

FG-GPLRC

X/X UD/UD
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Trong bai bao nay, d& don gian, cac théng sb cua
céac loai gan dwoc xem xét la bang nhau trong cac
trwong hop khdo sat, tc la hg=h,=h=hgt,
be=b,=b,=bgT va ds=d,=d,=dgr.

Lién hé gitra goc xién B cha gan xoan 6c¢ voi
truc Ox, va sb lwong gan n, va khoang cach gitra

- A . R R > . nid ;o
cac gan d, dwoc biéu dién bdi 6 = arccos#. Voi

FG-GRC, dé don gian cho quy trinh ché tao, hé
gan vong va gan kinh tuyén co thé duwoc dé xuét
véi cling cac thong s dd day, ciing sb 16p GRC va
cung ty 1& thé tich cta graphene. Ciing dé don
gian, nghién ctru nay chi xét trwdng hgp graphene
trong tat ca cac I6p déu dwoc sap xép véi huéng
doc canh zigzag theo hwéng kinh tuyén cta vé. Ty
|& thé tich clia graphene sheet thay ddi theo nam
quy luat: FG-X, FG-V, FG-O, UD, va FG-A [12].

Vo tréng 16m

—_—

e R
———\
e —— [(———————\

0O/0 AV V/A

Trw

Hinh 1. Hé toa d6, hinh dang va phan bd FG-GRC va FG-GPLRC cua vé tréng cé gan

Theo cbng thirc Halpin—Tsai m& réng, cac
moé dun Young va trwot hiéu dung cia FG-GRC
dwoc biéu dién nhw sau:

E.,= (1+2xeV§ Volre)E™ny
1v$Vs ’
E. = (1+2BgVS VG/1G)E™n, . Gz nyG" 1)
2 1'Y2GVG y 912 1'Y%VG )

trong d6 Kg, Bg va Tg theo thir tw 1a cac thong sb
hiéu dung cha chiéu dai, rong va do6 day cla
graphene sheet. E™va G™ la cac mé dun Young va
trwot clia nén polymer dang huong, ES, ES va GS,
la mé dun Young va mé dun truot cia graphene
sheet. Ty |& thé tich dwoc ky hiéu 1an lwot 14 Vgva
V., cho graphene va nén, véi Vg+V,=1. Cac thong
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sb hiéu dung cta graphene n; (=1, 2, 3) co thé thu
dwoc twong (rng véi ty 1& thé tich cha graphene
V.Co6 thé dy doan dwoc hé sb Poisson clia GRC
bang biéu thirc sau:

V=V V™. (2)

V&i FG-GPLRC, ty & thé tich cia graphene
platelet thay doéi theo ndm quy luat: FG-X, FG-V,
FG-0, UD, va FG-A. Bé han ché su bong tach gitra
cac gan va vd, tinh lién tuc cla vat liéu can dwoc
bdo ddm. Do d6, cac gan FG-GPLRC duwoc dé
xuét, trong d6 I&p vé va gan cé cuing ty 1é& thé tich
graphene sheet tai bé mat tiép xuc.

Véi cd FG-GRC va FG-GPLRC, ba trwong
hop vé/gan dwoc dé xuat nhuw sau: vé UD, FG-X,
FG-O dwoc két hop véi gan UD, FG-X, FG-O
twong trng, tao nén ba trwong hop phan bd X/X,
UD/UD va O/O. Tuy nhién, vd FG-A két hop gan
FG-V va vé FG-V duoc két hop véi gan FG-A, tao
nén hai trwong hop phan b A/V va V/A.

Phan mé& réng cdng thirc Halpin-Tsai dwoc
ap dung dé wéc lwong mé dun Young cla vo va
gan, nhu sau

E«(2)= 311K1VgpL(2)+3

8-811 VoL (2) e )
-0T1VGpPL(Z

8-81VgpL(2) M

Trong do:

EcpL EcpL

Em Ep 2agp.  _2bgpL
"EepL,. "2 Eopi,. ' terL 2 tepL

B +Kq B +Ky

trong do6 E,, va Egp, theo th ty I1a mé dun
Young clia nén va graphene platelet. Cac chiéu
dai, rong va day cla graphene platelet dwoc ky
hiéu 1an lwot 1a agp, bgpy, Va tgpL, va Vgp la phan
thé tich cGa graphene platelet.

Nam kiéu phan bd graphene platelet twong
&ng dwoc thiét ké nhu sau:

- Kiéu UD (v UD va gan UD)

+) V&i vo: Wep =WepL (4)

+) Vi gan: Wep =Weap (5)

- Kidu FG-X (v& FG-X va gan FG-X)
4|z|WapL

+) V&i vo: WgpL= . (6)

Nguyen & nnk

P2 42| |WepL  (7)
:

- Kiéu FG-O (v& FG-0O va gan FG-0)

+) Vi gan: Wep =

+) V&i vo: Wep = (24|ZI)WGPL (8)
+) V6i gan: Wep,=[2-[ 5222 Wepe (9)
+) Vi v: WepL= (£22) WapL (10)
+) Voi gan: Wop = [T Wee, (1)

- Kiéu FG-V (v6 FG-V va gan FG-\)

+) Vi v6: WepL= (T2 ) Wop (12)
2+(h-2
+) V&i gan: Wgp, = [ +;S Z)] WapL (13)

trong dé ze [2,2+hST] cho gan va ze [Ehg]
cho vd, va ty 1& khéi lwong téng cdng clia graphene
platelet dwoc ky hiéu la Wgp .

Hé sb Poisson clia vd va gan duoc xac dinh
dwa trén biéu thrc ndi suy thé tich, biéu dién b&i

V(2)=Vm(1-VepL)*+VerL VerL (14)

Théng sb cla vat liéu ciu thanh FG-GRC va
FG-GPLRC dwgc tham khao trong cac nghién ctru
trwéde day [8, 12].
3. Cac phwong trinh co ban

Trong nghién cru nay, ly thuyét vé Donnell
v&i tinh phi tuyén hinh hoc cia von Karman dwoc
st dung dé thiét lap cac phwong trinh co ban cho
khao sat &n dinh dong lwc cha v tréng va tru FG-
GRC va FG-GPLRC, chju tai nén doc truc. Bién
dang theo chiéu day cuia vé tai méot khoang céch z
tlr mat trung hoa dwoc biéu dién boi

w,XX
ey = sy -zl Wy |, (15)
trong d6 €2 va sy la cac thanh phan bién dang

phap, ygy la bién dang trwot trong méat phang tai

mat trung binh ctia vé, va

2
w w
0 -—+ X
Eé U.x a  2+wyWox
& |= W, 9 . (16)
0 WyWoy-g*Vy 2_+

VxFW yWo x W xW y+W xWo y+U y
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Trong dé u=u(x, y), v=v(X y), w=w (X, Y)
la cac chuyén vi theo phwong x, y va z twong trng.

Phwong trinh twong thich bién dang cta vo
nhan dwoc tir phwong trinh (16), nhw sau

W0 0 460 —y2 _ RPN -
Yyxy TExyy TEYxx=Wixy =0 xx W yy = 2 W,yy=00 xx Wo yy

1
Ew,xx'wO,xxw,yy+2w,xyw0,xy (17)

Quan hé (rng suét-bién dang theo dinh luat
Hooke ddi v&i v tru va vé trong FG-GRC va FG-
GPLRC dwoc biéu dién bdi

0x=Q11&x+Q12€y,0, Q126+ Q22€y, 0%, =Qes Y, (18)

Trong d6 véi FG-GRC
Q= E1 E2 v21E1
1 T

, Qo= , Q2=
Qe6=G12,
va voi FG-GPLRC
_ E®@ Qe E(2) _V(2E@)
"7102@) T2 12(2) TP 12D
1 E@
Q66"§1+v(z) ’
Cac biéu thirc lwc va mdé men cla vd trong
hé toa dd toan cuc dwoc viét nhw sau

1-v42v21 1-v12v21 1-vqovoq’

0

Nx]1 Ay A 0 By By O 8’6

Ny| 1A, A, 0 By By O &

No[ ] O 0 A 0 0 Besl|l Vg (19)
Mc| [Brn Bz O Dy Dz 0 ff &,

My| |Bi2 Bz 0 Diz D 0 |f g wy

mol Lo 0 B 0 0 pellgh,”

trong do
Aqi=AS 1 AS +2U,A% ¢ Agp=AZ+ Abp+ 241, Al %,
A1p=ATB+2, A 52C% Agg =A%E+21, A 5%C2,
B11=B3 11, BS1+20,BY1¢* Bp=B3+1, B, +2,B's%,
B12=B35+21,B%;52c?, Bgs=Bga+241,B}15%c?,
D+y=D3}+p, D% +2,D1¢* Dpp=D3+41, Do +2, Dy,
D+2=D35+2p,Dh152c2 Dge=Dgg+241,D}y %2,
s=sinB,c=cos0,

trong d6 p, va p, 1a cac hé sb thé hién sy co
mat cta cac loai gan, y,=1va p,=0 rng v&i treong
hop gan tric giao, y,=0 va p,=1 ng voi trvdong
hop gan xoan bc, p,=0 va p,=0 tng v&i tredng
hop vé khdong gan.
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h
(A" B D)= f ®Q;(1,2.22)dz,(1,=1,26)
2

va cac dd clrng cla gan kinh tuyén va gan

xien A, B3, DY

I I < -
[Agj ) ng )] _ [/?\11 ?11] }
Bﬁ") Dﬁ") Bi1 Dy

c6 thé nhan dwoc nhw sau

_ B} Az _0 B2z _0 - Az B
[A12 0 By 0] _0 Ass _0 Bes _O 0
B, 0 Dyp O Bi2 D12

trong 4do:

h
_o_ b 2N ..
(Aij,Bij,Dij):ﬁ ko Qy(1,2,2%)dz,(1,j=1,2,6)(21)
2

Lwu y rang: Cac dod cing cla gan vong
A%, B5,, D5, thu dwgc bang cach dbi chi sb duéi
“11” béng “22” va chi s6 dudi “22” bing “11” trong
phwong trinh (20, 21), b, dy dwoc thay thé
bang by, d,.
F11=F11-C11C11-C12C21, F25=F22+C15C12-C2,Co0,
F12=F12-C11C12-C12C22, F21=F12-C12C11-C22C21,
Fes=Fe6-Ce6Co6: F14=C11B22-C12B21, F24=C12B44-
C11B12,
F15=C12B22-C25B13, F25=C22B11-C12B 1. (22)

Ham &ng suét Airy @(x,y) c6 thé dwa vao
nham théa méan céac diéu kién sau day

NX=(p,yy1 Ny=(p,xx’ NXy=-(p‘Xy' (23)

T phuwong trinh (23), phwong trinh (17)
dwoc viét lai dwéi dang

A22(p,XXXX+(A66+2A12)(p,Xny+A11 (p!yyyy+821 w,XXXX
+(B’11+B22-2Bis )W ey +B 120 yyyy- Wy +HW W
1 22 66 )W xxyy 12W yyyy XYy xxWMyy

1 1
R Wt 3 W,y W oW,y +W,xx W,y =2 xy Wo xy =0 (24)

trong do
* A22 * A11 * A12 * 1
A”_T’ A22=T,A12= N Ass =A—66,

B11=A11B11+A12B12, Boo= AxoBoo+A15By5,
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B12=A11B12+A12B2,

* * * * 866
Bz1=AzzB12+A1zB11=Bes-§ A= AqyAg-Al
4. Dang nghiém d6 vong va qua trinh giai

Xét v tréng va tru FG-GRC va FG-GPLRC
chiu nén doc dwdng sinh voi bién tya ty do & hai
canh day. Dang nghiém gidi tich cho dé vong cé
thé dwoc chon dwéi dang xap xi nhw sau

[w,wo]=[w,Eh] sinaxsinBy. (25)

trong dé G=T;B= = va dé vong khéng hoan
hdo dwoc gia thiét co6 dang twong tw dd vdng cla
v0, v&i ¢ la bién dé khéng hoan hao.

Thé nghiém dd véng khong hoan hao va do
véng (25) vao phwong trinh (24) d& nhan dwoc
ham trng suat nhw sau:

¢=@, sinaxsin B y+p, cos 2 By+p, cos 2 ax-
2
roh VE (26)
trong do

p° o
— W(2hE+W),p,=———— W(2hE+W),
3202A;, D9 32B%A% ¢

(P3: -

®,=

2 2
* 2 * 2 * 2 * 4 * a B
a*By1+02B"B11 +0%B Byy-202B Bes+B B1o- 5 - =

a*Agp+(2A1+Ags ) B2 02 +A B

RaW

Ham Lagrange c6 thé duwoc ap dung nhuw sau

Urotai=U-Uin*Uext (27)

Thé nang bién dang dan héi ctia vé dugc tinh
bang

h

< _1¢3 (2mR (L

Un=5/% fon Jo (oxyyxy+oxex+oysy)dxdydz (28)
2

C6ng cla lwc ngoai do tai nén doc truc co thé
dwoc biéu dién bdi

2nR
Uext"rOh foﬂ fo (

Thé nang dong hoc cla vé dwoc tinh bang

—-—w2 -W Wy X) dxdy (29)

biéu thirc

h

- 3 (2mR L

Ut:%fﬁfoﬂ Jo p(Z)w?thdydz (30)
2
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Phwong trinh chuyén déng dwoc suy ra bang
cach ap dung céng thirc Euler-Lagrange, nhw sau

d al]Total aUTotal

a( W ) oW =0, (31)
dan dén
| W+HW-

roha?(hE+W)+KW(2he+W) (he+W)=0  (32)

trong do

(((048*21 +B%(Bis +B*22'28236)02+B4BT]2)3-BZ) R-aa2)2
) a2RZ[Agyt+(2A1,+Ags | B2 +A 11 BY] )
o*F11-B* (Fiz+F1+4F o) o2z,
K= A;204;*A; 1 B’
16A22A11

h
2
|1:J:hp
h

b, 2+
1df p(z)olz+2uzdfh 0@ dz
2

2+hg
— p(2)dz +

V4 tréng va vé tru FG-GRC va FG-GPLRC
dwoc xem xét chiu nén doc truc tang theo thoi gian
mot cach tuyén tinh ry=ct v&i van téc gia tai rat I6n
¢ (Pals). Phuong trinh chuyén déng (32) dwoc giai
bang thuat toan Runge-Kutta va tai t&i han déng
nhan duwgc bang cach ap dung diéu kién én dinh
Budiansky-Roth.

Tai mat 6n dinh can trén tinh thu dwoc néu
bd qua cac sb hang phi tuyén, d6 khéng hoan hao
va quan tinh trong phwong trinh (32), nhan dwoc

H
gpper (33)

azh
Trong moi mode mét 6n dinh, bai toan tinh vé
tai t&¢i han nhan dwoc bang cach 14y gia tri nhé nhat
trong tat ca cac tai méat 6n dinh can trén.
5. Khao sat s6 va thao luan

Tai t&i han rg" cla vé tru FG-GRC duogc so
sanh v&i bao cao cua Shen va Xiang [12], st dung
HSDT véi ky thuat nhiéu hai bwéc (xem Bang 1).
Céc két qua so sanh cho thay sw phu hop tbt cia

két qua cuia bai bao v&i ciia Shen va Xiang [12].
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Bang 1. So sanh tai t&i han tinh nén doc truc r§"

Nguyen & nnk

h (in kN) cua vé tru FG-GRC v@&i cac kich thwédc hinh

hoc khac nhau (% =20,h=2 mm).

L2/Rh Shen va Xiang [12] Present
ub FG-X ub FG-X
100 1056.72 (2;4) 1116.33 (2;4) 1107.81 (2;4) 1194.79 (2;4)
300 1098.08 (3;4) 1167.68 (3;4) 1143.80 (3;4) 1238.44 (3;4)
500 1087.11 (4;4) 1154.36 (4;4) 1133.55 (4;4) 1226.10 (4;4)

"Mode mét 6n dinh (m;n).

Bang 2 thé hién két qua so sanh tai t&i han
tinh va tai t¢i han dong clia vé tru va voé tréng FG-
GRC v&i ba cau hinh gan: khéng gan, tryc giao va
xo0én bc, dwéi tac dung cla tai nén doc truc véi cac
van tbc gia tai khac nhau. Két qua cho thay rang,
ddi v&i ca ba dang hinh hoc (v6 try, vé tréng 16i va
v tréng 16m), tai téi han dong ludn cao hon tai toi
han tinh, va gia tri nay tang khi van téc gia tai tang.
Diéu nay phan anh ré hiéu (rng quan tinh trong 6n
dinh déng lwc phi tuyén khac biét véi bai toan 6n
dinh tinh.

Dé&c biét, viéc bd sung gan tang cing lam

Bang 2: Tai t&i han nén doc truc déng va tinh cua

VIA, h =2mm, R=80h, L=1.5R, b,=bg

tang manh cwdng dd 6n dinh cla két cu. Gan
xoén 6c¢c cho hiéu qua cao nhét trong tat ca cac
trwdng hop, tiép theo Ia gan trwc giao, va cubi cling
la két cAu khong gan. Sy chénh léch rd rét gitra
cac cau hinh gan ciing cho thdy rdng huéng va
kiéu phan bd gan c6 anh huéng Ién dén dd cirng
tbng thé va kha nang chiu tai dong cta vé. Mot
diém dang cha y 1a v tréng 16i co tai t&i han cao
hon vé try, trong khi vé tréng 16m c6 tai téi han thap
nhéat. Diéu nay cho thay dé cong kinh tuyén ctia vo
ciing la yéu t6 quan trong anh hwéng dén d6 6n
dinh déng lwc.

v tru va vé tréng FG-GRC khéng c6 va cé gan (GPa,

=b,=h, h,=h =h;=1.5h, d,=d,=d,=24mm)

Loai g4 Tinh Bong
oal gan n
A9 ¢ = 10°%(Pals) ¢ = 2x10%(Pals)
Khéng gan 0.499 (7;6)? 0.501 (7;6) 0.502 (7;6)
V4 tréng 15i Trwe giao 0.823 (4;7) 0.825 (4;7) 0.828 (4;7)
(a=4R) . . 1193 1196
X 1.200 (4;6,38;24.88
eanoc (4:6:38,24.88)> (4:6:38:24.88) (4:6,38;24.88)
Khong gan 0.454 (4:8) 0.457 (4:8) 0.459 (4:8)
Vo try Truc giao 0.695 (3:6) 0.698 (3:6) 0.700 (3:6)
(a=) . 0.874 0.884
X 0.891 (1;5:33:38.02
oanoc (1:5:33:38.02) (1:5:33:38.02) ( )
Khéng gan 0.086 (1:4) 0.095 (1:4) 0.101 (1:4)
V4 tréng 16m Trwe giao 0.265 (1;4) 0.275 (1;4) 0.281 (1;4)
=4R . o« 402 412
(=4R) Xoin é¢ 0.40 0 0.418 (1:4:14:70.47)

(1:4;14;70.47)

(1:4;14;70.47)

3(m;n); °(m;n;n;;6)

Bang 3 trinh bay tai t&i han tinh va dong clta
vé tréng 16i FG-GPLRC cd/khdng c6 gan rng véi
cac phan bb graphene platelet khac nhau (X/X,
UD/UD, V/A, O/O, A/V) va hai van téc gia tai. Két
qua cho thay tai t&i han dong luén Ién hon tai téi
han tinh trong moi cAu hinh va tang khi van téc gia

tai tang, phan anh hiéu ng quan tinh lam tré qua
trinh mét 6n dinh khi tai dwoc gia tai nhanh. Bong
thoi, anh hwéng clia gan tang cieng 1a rat ré rét: so
v@i trrdng hop khéng gan, gan tryc giao lam tang
dang ké tai t¢i han va gan xoan 6c¢ cho hiéu qua
cao nhéat trong tat ca cac truéng hop phan bd vat
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liéu. Bén canh do, kiéu phan bé GPL theo bé day
cling chi phéi manh kha nang 6n dinh: véi khéng
gan, cau hinh X/X cho tai t&i han Ién nhat con O/O
nhd nhét, cho thdy phan bé vat liéu bat loi co thé
lam suy gidm dd crng hiéu dung clia vo; ngwoc lai,

Nguyen & nnk

khi c6 gan (dac biét gan xoan 6c), cau hinh V/A cho
tai t&i han cao nhat. Ngoai ra, cac mode téi han
cho thay khi thay ddi loai gan, mode mét 6n dinh
t&i han co thé dich chuyén tlr cac mode mét 6n
dinh ctia vé khéng gan sang cac mode khac.

Bang 3. Tai t&i han dong va tinh nén doc truc ctia vé tréng 16i FG-GPLRC c¢6 gan (GPa, a=4R,
Wp=0.5%, h =2mm, R=80h, L=1.5R, b,=b,=b,=h, h,=h =h,=1.5h, d,=d,=d,=24mm)

boéng
Loai gan Tinh
¢ = 10°(Pal/s) c = 2x10%(Pals)

Khéng gan 0.055 (8;1) 0.057 (8;1) 0.059 (8;1)

ubD/UD Trwe giao 0.086 (4;7) 0.090 (4;7) 0.092 (4;7)
Xoéan éc 0.113 (4;7;39;21.40) 0.116 (4;7;39;21.40) 0.118 (4;7;39;21.40)

Khéng gan 0.063 (7;1) 0.065 (7;1) 0.066 (7;1)

X/X Tryc giao 0.094 (4;7) 0.097 (4;7) 0.100 (4;7)
Xoén 6¢ 0.120 (4,6;39;21.40) 0.123 (4;6;39;21.40) 0.125 (4;6;39;21.40)

Khéng gan 0.045 (9;1) 0.047 (9;1) 0.048 (9;1)

0/0 Trwc giao 0.078 (4;7) 0.082 (4;7) 0.084 (4;7)
Xoén 6¢ 0.105 (6;1;38;24.88) 0.108 (6;1;38;24.88) 0.109 (6;1;38;24.88)

Khéng gan 0.051 (8;1) 0.053 (8;1) 0.054 (8;1)

VIA Trwe giao 0.091 (4;7) 0.094 (4;7) 0.098 (4;7)
Xoéan éc 0.126 (5;1;38;24.88) 0.129 (5;1;38;24.88) 0.131 (5;1;38;24.88)

Khéng gan 0.051 (8;1) 0.053 (8;1) 0.054 (8;1)

NV Trwc giao 0.075 (5;7) 0.077 (5;7) 0.080 (5;7)
Xoéan éc 0.095 (5;6;39;21.40) 0.098 (5;6;39;21.40) 0.101 (5;6;39;21.40)

Hinh 2 cho thdy dap trng én dinh déng lwc
clia cac két cu vo dwdi tai nén doc truc tang tuyén
tinh theo th&i gian. Co6 thé thy & mién tai nho, do
véng tang tir tlr va dworng cong twong déi tron; khi
tai tién gan ngudng tdi han, dé véng tang rat nhanh
va xuét hién vung mét én dinh déng luc theo diéu
kién Budiansky—Roth. So sanh hai trwong hop vo
hoan hdo va khéng hoan hao cho thdy dd véng
khéng hoan hao lam dap &ng tré nén tron hon va
khéng xuét hién vang mét én dinh ré rét. Xu hwéng
nay nhat quan trong cac Hinh 2(a) dén 2(f). Dbi voi

vé FG-GRC tang ctrng bang gan xoan 6c¢, cac Hinh
2(a) dén 2(c) cho thdy dap &ng va vung méat 6n
dinh phu thuéc manh vao sb lwong (géc xién) cla
gan xoén éc, ban kinh chinh cta vé va loai vé (vd
trbng 16i, 16m va vé tru). Sé lwong gan tang lam
tang tai t&i han, t&i mét gia tri 1én nhét va sau do
gidm khi sb lwong gan tiép tuc tang (Hinh 2(a)).
Trong khi d6 ban kinh vé cang méng thi tai t&i han
cang gidm (Hinh 2(b)). Cubi cung, vé tréng 16i cho
thdy kha nang chiu tai vuot trdi so v&i vé tréng 16m
va vo tru c6 kha nang chiu tai thip nhat (Hinh 2(c)).
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Déi vai vé tréng FG-GPLRC, Hinh 2(d) so sanh cac
quy luat phan bé (UD/UD, X/X, O/O, VIA, NV) va
cho thay sw tach biét ré gitra cac dwdng cong dap
&ng, phan bd V/A cé viing mét 6n dinh xuét hién &
gia tri tai trong I&n hon, trong khi O/O hodc A/V mét
on dinh & gia tri tai trong nhd hon. Hinh 2(e) thé
hién rat rd vai trd cla kiéu gan: khdong gan méat on

1.5
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dinh s&m nhét, gan tryc giao cai thién dang ké, va
gan xoan 6¢c méat 6n dinh tai gia tri tai trong 1&n
nhat. Cudi cuing, Hinh 2(f) thé hién &nh huwéng cla
khoang cach gan xoén 6c¢ t¢i dap ing dong lwc clia
v®, khodng cach gan tang lam vung mét 4n dinh
xuét hién sém hon rd rét, twong (ng v&i kha ndng
chiu tai kém hon dang ké.

— ——|— Hoan hao LS o —— Hoin hio
1:1,=32,0=4019 m=6,n=1) |_ _ _Khang hoan ho (= 0.1) 1: R =80k (5:3;38:24.88) - - - Khéng hoan hao (£=0.1)
2:m=38,0=2488(m=5,n=4) & - 2: R=90h (5;2;43;24.15) 7
3m=41,0=1182(m=3,n=8) 3: R=100k(5;1;48;23.55)

1 F 1k
FG-GRC, 0/0, K )
= h=2mm, R =804, I /! = FG-GRC, X/X, h=2mm,
= | L-15Ra-4R X | L =240mm, a = 640mm, 1
05 | &=h h=15h, 0.5 + b;=h, h=15h d=24mm,
d;=24mm, ¢ =10° Pafs.
¢ =107 Pals. Vo tréng 16i Vo tréng ](?i
- Gén xodn o¢ . —" Gin xoan 6c¢
() mmmammemneenn®®T L
0 0.5 1 1.5 0 0.5 . ‘ 13
7 (GPa) fo (GPa)
a) b)
1.3 Hoan ha 1.6 —1: V/A (5;1,38,24.88)

FG-GRC, UD/UD, 0an hao e

e 2 — - —Khong hoan ho (5= 0.1) —2: XX (4:6,39:21.40)

ey —3: UD/UD (4;7:39:21.40)

. B oy Gén xoin d¢ 12 H—4: O/0(6;1;38:24.88)

ok sz ]d” P:a/s 1 Vo tréna 1 —5: A/V (5:6;39;21.40)
- - Yo lrong 1ot FG-GPLRC, /= 2mm,
< 3 (a=4R) =08 FR=80hL=15Ra=4R,
N (4,6:38,24.88) B E=0,b,=h, h=15h,
2: Vot (a =) dy=24mm, W, = 0.5%,
05 (1:4;13;71.92) 04 L c=10"Pass.
3: Vo trong 16m ' Vo trbne 1B |
(a=-4R) otrong ot 2
L (1:5:33:38.02) . (Gidn xoiin dc J.oJJ )]
0 0.05 0.075 0.1 0.125 0.15
0 1.8 ry (GPa)
c) d)
12 1: Khong gan (7:6 — Hoén hio L5 Hoan hio
- Khong gin (7:6) ~ — —Khéng hoan hao (£ = 0.1) 1:d)=20mm (5:5:46:23.77) | _ _ _Khong hoan hao (£ = 0.1)
2: Gén trye giao (4.7) v 2:d,= 24mm (4;7;39;21.40) T
3: Gan xodn Oc N L 3:d,=28mm (5;6;33;23.20) ;
0g | (4:6:38:2488) 3 Vo trbng 16i L
Y‘,‘\ FG-GRC, A/V, h =2mm, R =805,
= ) FG-GRC, V/A, = L=15R a=4R b=h, h=15h, 2
= ; h=2mm_ R = S0k, = | =100 Pas.
04 ‘ L=15Ra=4R, 05
b,=b =b=h, Vo trong 15i
h.=h,=h,=15h, Gin xoan 6c
d.=d. =d=24mm,
0 . ¢=10°Pa/s. 0 e mnsemenn ,
: 0 0.4 08 12
0 0.6 12 1.8
ry (GPa) #o (GPa)
e) f)

Hinh 2. Ung x& 6n dinh dong lwc cla vé tréng va vé tru FG-GPLRC va FG-GRC c6 gan tang cirng
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6. Két luan

Trong pham vi bai bao nay, mét mé hinh san
anh hwdng gan da dwoc mé rong cho hé thdng
gan tang cirng truc giao va xoan 6c¢. Bang cach ap
dung ly thuyét vé Donnell, st dung ham trng suét
va tiép can nang lwong, da thu duwoc phuwong trinh
vi phan chuyén déng cla vd. Bang thuat toan
Runge-Kutta, cac khao sat sé dwoc thuc hién va
diéu kién Budiansky-Roth va phan tich cac anh
hwéng dang ké cla cac loai gan tang clrng, cac
tham sé hinh hoc va tham sé vat liéu lén cac tng
xC phi tuyén n dinh déng lwc cta vo tréng va vo
tru FG-GRC va FG-GPLRC tang ctrng b&i gan.

L&i cam on
Nghién clru nay dwoc tai tro bédi Quy Phat

trién Khoa hoc va Céng nghé Québc gia
(NAFOSTED) trong d& tai ma sé 107.02-2023.45.
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