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Tém tat: Trén co sé ly thuyét vé Donnell, cé ké dén thanh phan bién dang phi tuyén hinh hoc von Kérman
va ky thuét san déu tac dung gan, cac phurong trinh chuyén déng ctia panel tru bang vét liéu cé co tinh bién
thién (FGM) cé gan gia cuong véi dong khi chuyén déng vurot &m da duoc thiét Iap trong bai bao nay. Poi
twong nghién ctru Ia tim s6 Mach t6i han cda dong khi lam cho vé mat én dinh khi thay déi cac tham sé hinh
hoc ctia v6 va chi sé ty Ié thé tich cac vét liéu thanh phan. Tiéu chudn 6n dinh dong luc phi tuyén cda vé
duoc 4p dung theo Budiansky-Roth dé xéc dinh Iuc téi han dong. Két qua sé chi ra énh huéng ctia céc tham
s6 hinh hoc, céc tinh chét vét liéu va diéu kién dau dén céc déc trung dong luc phi tuyén ctia panel tru FGM.

Tue khéa: Panel tru; vat liéu FGM; hién twong tw dao dong.

Nonlinear dynamical analysis of eccentrically stiffened functionally graded cylindrical panels shell under
aerodynamic load

Abstract: Based on the shell theory Donnell, taking into account the strains components of the geometrical
nonlinearity in von Karman sense and the smeared stiffeners technique, the governing equations of motion of
cylindrical panel by eccentrically stiffened functionally graded material (FGM) with the moving hypersonic air-
flow are established in this paper. The research target is to find out critical Mach numbers of airflow, which made
the shell unstable when geometrical parameters of shell and volume fraction index of the constituent material
are varied. The nonlinear dynamic buckling of loads are found acccording to the criterion suggested by Budian-
sky-Roth for defined dynamic critical forces. Numerical results show the influences of geometrical parameters,
the material properties and initial conditions to the nonlinear flutter characteristics of FGM cylindrical shell.
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@ 1. Loi giGi thigu

Vat liéu co co tinh bién thién (FGM) dwoc nghién ctru dau tién bdi mdt nhom cac nha khoa hoc vat
liéu clia Nhat vao ndm 1984 [1]. C6 nhiéu loai vat liéu co tinh bién thién nhwng loai dwgc dung phd bién nhat
hién nay la loai hai thanh phan dugc tao nén tlr gém va kim loai bién ddi mot cach tron va lién tuc tir méat
nay sang mat kia theo chiéu day thanh két cau. Vat lieu FGM thudng dwoc st dung trong cac két cau chiu
nhiét nhw cac ciu kién co ban trong may bay va I6 phan (ng hat nhan [2].

Déi v&i phan tich dong lwc ctia vé FGM, cé nhiéu nghién ciru tap trung vao cac dic trwng dao déng
cta vé. Huang va Han [3] da trinh bay bai toan &n dinh déng lwc phi tuyén cta vé tru la vat liéu co co tinh
bién thién chiu tac dung cla tai trong doc truc phu thudc thdi gian bang cach st dung tiéu chuén 4n dinh
doéng lwe cha Budiansky - Roth. Bich va cong s [4] da tién hanh phan tich déng lwc hoc panel tru FGM cé
gan gia cwong chiu tac dung cua tai trong dong. Liew va cdng s [5] da trinh bay cac phan tich dao déng
phi tuyén cho panel tru nhiéu I&p ctia vat liéu FGM va chiu tac dung cua gradien nhiét doc theo chiéu day
cua panel.

Déi véi vé thoai FGM, Alijani va cong s [6], Chorfi va Houmat [7] va Masunaga [8] d& nghién ciru
dao déng phi tuyén chiu tai cGa vat liéu FGM cla vé thoai hai d6 cong. Phan tich déng lwc phi tuyén cla
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cuia vd thodi FGM khong hoan hao chiu tai trong nén truc va tai trong ngang da dwoc nghién clru béi Bich
va Long [9], Diing va Nam [10]. Cac phwong trinh chuyén vi, n dinh va twong thich bién dang clia cac ciu
trac déu st dung ly thuyét vé cb dién. Cac dap ing tirc thdi phi tuyén ctia vé tru va vé thodi hai do cong
chiu kich déng cua tai trong ngoai da dat dwoc va cac tai trong 6n dinh tiéu chuan dong lwc da dwoc danh
gia trén co s& cac dap ng chuyén vi bang cach s dung tiéu chuan én dinh déng lwc Budiansky-Roth [11].

Tuy nhién c6 rat it nghién cru v& cac bai toan dong lwc phi tuyén clia vé FGM cé gia cwéng gan. Gan
day, Najafizadeh va cong sw [12] da nghién ctru trng x&r déng Iwc tinh cda vo tru FGM. Bich va céng s [13]
da nghién cu sau 6n dinh tinh phi tuyén clia tAm va vé thodi FGM c6 gia cuwdng gan léch tam.

Tai trong khi dong lwc dwoc xét dén khi tinh toan két cu cla cac thiét bi bay va két cAu clia cac cong
trinh c6 d6 cao hodc chiéu dai Ién nhw nha cao tAng, cu day vang, thap ang ten. Quan va cong sy [14] da
nghién clru dao déng clia vé thodi méng FGM hai d6 cong trén nén dan héi bang cach str dung Iy thuyét khi
dong lwe phi tuyén llyushin. Trong [15], Tran Thé Van d& nghién ctru 6n dinh clia tAm composite I&p chiu tai
trong khi ddng béng phwong phap phan t hiku han st dung ly thuyét Piston.

Chen va cdng sw [16] da nghién ctru bai toan dang tw dao dong udn xodn két hop véi sw rung cta
cAu day vang c6 nhip chinh Ién dudi tac dung cta dong khi bi nhiéu, s dung mé hinh lwc khi déng phi
tuyén. Tac giad Nguyén Dang Bich, Nguy&n V& Théng [17] d& khao sat didu kién 6n dinh khi dong ctia cong
trinh theo mé hinh khi déng lwc thue nghiém la mét ham bac hai véi dich chuyén, két qua da chi ra diéu kién
4n dinh cla hién twong tw dao ddng khong chi phu thudc vao van téc gié ma con phu thudc vao do léch ban
dAu. Harry va Homer [18] da st dung ly thuyét Piston phi tuyén dé& xac dinh hién twong tw dao déng cla
canh may bay hinh chi¥ nhat vé&i tc do bay I6n, két qua thuc nghiém tai cac s Mach M = 3 va M = 6,86
pht hop véi két qua tinh toan ly thuyét. Ebraheem Al-Qassar [19] d4 tinh toan hién twong tw dao dong uén
xodn canh may bay, str dung mé hinh lwc khi ddng theo ly thuyét Piston phi tuyén dé tinh toan va xac dinh
ranh gi&i hién twong tw dao ddng & cac ché do bay khac nhau twong trng véi cac sd Mach. Mc Namara va
cong sw [20] d& nghién clru ng x&r khi déng clia canh thiét bi bay trong ché d6 bay siéu am, sir dung md
hinh lwc khi dong theo ly thuyét Piston, cé xét dén anh hwéng cta hiéu rng nhiét.

Trong bai bao nay tac gia tién hanh phan tich déng lwc ctia panel tru FGM ¢6 gan gia cwdng duwéi tac
dung cua tai trong khi dong béng cach st dung Iy thuyét Piston.
@ 2. Panel try méng FGM cé gan gia cwéng léch tam duwéi tic dung cdia lwe khi déng

2.1 V4t liéu FGM

Vat liéu c6 co tinh bién thién trong bai bao nay, dwoc gia thiét dwoc lam tir hén hop cla ceramic
(gém) va kim loai vé&i ty 1& thé tich cua vat lieu thanh phén dwoc cho theo qui luat hén hop:

Vi (z)+TQ(Z):1’Vm(z):£22+th

(1)
2h
trong do: h 1a chidu day cla panel; k = 0 |a chi s ty 1& thé tich cac vat liéu thanh phan; z 13 toa d6 chiéu day
(—g <z< %j : Cac chi sb dwéi c va m dé chi thanh phan gém va kim loai twong ¢ng. Theo quy luat hén hop,

mo dun Young va mat do khéi co thé bidu dién dwdi dang:

k
E(z)=E,Vy +EJV, =E,+(E, —Ec)(zz”’j
2h
; @
2z+h
p(Z):pme +pch =Pc +(pm —ﬂc)[ h ]

hé s Poisson v dugc gia thiét hang sb.
2.2 Céc hé thirc lién hé teng suét - bién dang cta panel tru FGM

Xét panel tru méng v&i 6 day h, ban kinh mat gitka Ia R va chiéu dai cac canh trong mat phang chiéu
lan lwot 14 a va b. Gia thiét hinh chiéu cia vo trén mat phang cé dang hinh chir nhat ho&c hinh vuéng. Mat
phéng trung binh ctia vé néi chung duoc xac dinh trong hé toa d6 cong, tuy nhién déi véi vé tru co thé thay
thé hé toa dd cong bang hé toa dd Descartes voi X, va x, nam trong mét trung binh ctia vé con truc z vuéng
goc véi mét gitba vé tru, cé chiéu dwong hwéng vao phia trong (Hinh 1). Gia thiét vé dwoc gia cwdng bdi hé
gan thudn nhét I&ch tam, cac gan trwc giao nhau, kich thudc nhd, dwoc d&t cach ddu nhau, mét cit ngang
clia gan la chi¥ nhat khéng dbi. Gan dwoc gia thiét Ia manh, mau, duoc bd tri & mét dwdi clia panel tru.
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Theo ly thuyét vé Donnell va tinh phi tuyén hinh hoc von Karman, cac thanh phan bién dang tai mat
gitra va d6 cong, do xoan cla panel tru lién hé qua cac thanh phan chuyén vi u, v va w nhw sau [13]:

o ou 1(owY o*w

&) =—aF—]—1, X :—2

Bxl 2 Bxl axl

2 2

ov 1 1 ow 0w
g L, Low) o, 22 3)

ox, R 2(0x, 0x5

o _ou v ow ow o Ow

n Ox, Ox; Oxp Oxy 12 0x10x

Céc thanh phan bién dang tai didm cach mét gitra mot khoang z dwoc xac dinh bdi:

e =8 — 21, & =3 — Z(2, N2 =72 — 2201 (4)

T (4) nhan duwgc phuwong trinh twong thich bién dang ctia vé nhuw sau:

GO i [ Gt ]a_a__a_ ©)
o3 o oxon onf xR oxd

Quan hé &ng suét va bién dang theo dinh luat Hooke:

6x1 8x2

- Do voi vo:
v_E(2) v_E(2) v __E() (6a)
(Tl —1_v2(81+V82), 02—1_v2(82+V81), T12—2(1+v)y12
- Péi véi gan:
of =E&; 0F = E, (6b)

trong do: E, la md dun Young cla gan.

Trong bai bao nay chon gan la kim loai nén E = E .

D& tinh dén vai trd ctia gan ta sir dung phwong phap san déu tac dung gan cla Lekhnitskii [23] va b
qua tac dung xoén ctia gan. Nhw da ndi & trén, cac gan duoc gia thiét ¢ kich thwéc nhé, dat mau va manh
nén hoan toan cé thé ap dung phwong phap san déu tac dung gan. Tich phan cac biéu thirc dinh nghia clia
ndi lwc mang va mé men, ta nhan dwoc biéu thirc cho ndi lwc va méd men clia vé nhu sau [4]:

Eg4 | o 0
N =[A11 - jgl + 48— (B +C)xi — Biaxa
1

EnA 0 0
N, =(A22 + g 2}92 +Ae — (B +C1) 2~ Biox (7)
2

Nig = Ager12 —2Bes x12

0 0 E, I
My =(By +C)e + Biyes —(Dn +_2 1]){1 —Dys
1

E\l
My =(Byy +Cy)e) +Bpyey —(Dzz +%j)f1 -Dppn (8)
2

My = Begyio —2Dss x12

trong do:
= = = 20&1”
By =By = 1?;2; B2 = 1132:2; - 2(2 v) §
Dyy =Dy = 11512 » D= lli;; Deo= 2(2 v)

v&i:
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- E, —E,)kh?
k+1 2(k+1)(k+2)
E3=i+(Em—Ec) Lt g
12 k+3 k+2 4k+4 (10)
dih doh3
L="YLsaz, 1, ="22+ 47
1 12 121> 12 12 X5
C1:E0A121,C2:E0A222’21:h1+h,22:h2+h
Sl S2 2 2

trong dé: s,, s, la khodng cach gilra hai gan doc va ngang lién tiép; h,, h,la chiéu cao cla gan; A, A, ladién
tich mat cach ngang clia gén; d,, d, la chiéu dai cta gan (Hinh 1).
T (7) biéu di&n nguoc lai, ta co:
0 * * * *
&) = ANy = ANy + By + Bio o

0 * * * *
& = A 1Ny — ANy + By x + By o (11)
0 5 *
N2 = 4seN12 +2Bgs 212
trong do:
1 EyA * 1 EyA * A * 1

Ay =—| A + 0| Ay =—| Ay, + 02| g =2 g =

i1 A[ . 2 =gt 2= Ags et

EyA Egd,) o, .+ B
A:[A11+LJ(A22+ 0 2]‘/“12» Bgg == (12)
81 ) A6

* * * * * *
By = Ay (B + Cy ) — A1y Byo, By = A11Byy — Ay (B + Cp)
% * % # % %
By = 4y1(Byy +Cy) = A3Bya, Bjy = A By — A1y By + Cy)
Thay thé (11) vao (8) ta nhan duwoc:
* * * * * * * *
My =By Ny + By Ny =Dy 1 — Dioxp My = BipNy + ByyNy — Doy — Do xn

B} . (13)

My = BggNis —2Dge x12
O day:

* EOII * *
Dy =Dy, +s——(311 +Cy) B — ByBy

1

* E012 * * * * *

Dyy =Dy +——==By3Bi5 ~(Byy + C3 ) Byy, Dyy = Dyy =By + C) By = BjpByy (14)

52
Dy = Dyy = BiyByy — (B + C3) By, Dgg = Do — BoBos
2.3 Cac phwong trinh co ban cua panel tru FGM chiju tai trong khi dong
Gia thiét panel tru FGM nam doc theo ludng khi chuyén déng véi van tbe vwot am U

Hinh 1. Gan doc va gan ngang cua panel tru

Dong khi tac dung Ién méat cla vé ap luc g, hwéng theo phap tuyén clia mat va.

Phwong trinh chuyén déng ctia vé c6 dang [13]:
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%_‘_6]\]12 6u

15
o o, Do (15)

2,

ox 8x2 6t

2 2 2
%My, 50 My OMy 0 fpow o ow) 0fy ow yow) Np, -, 0w (17)

oxi 0x10x Bxg Oxy 0x Oxy ) 0Oxy Ox 0xy R o

trong do:
P~ )
=| p. h+p +—= 18

P1 (pc k+1 J ( 5| 5 ] ( )

O day p, =P, cho gan la thép, p, = p.cho gan la ceramic.
Theo ly thuyét Piston phi tuyén bac hai, lwc khi dong xac dinh theo cong thirc [15]:

2
CI0=—J’P00[[M6W+ ! awj (“1)( 6W+L6—W” (19)

0x; ay Ot 4 ox;  a, Ot
trong d6: y 1a ty sé nhiét dung cia chét khi; a_ 1a van tbc am; P_ 1a ap suét khi chwa bi nhiéu; M 1a sb Mach;
M v , Ula van téc dong khi. Do dong khi tac dong & phia vé ngoai clia panel try, gan gia cuwdng & phia
trongc::()‘en van tbc gi6 khong anh hwéng dén vai trd clia gan. Vi vay hoan toan cé thé ap dung ly thuyét Piston
vao tinh toan. s 5
St dung gia thiét Volmir, p, Z —0,p 2 Y 50 , Vi u << w,v << w, hai phuwong trinh (15,16) thda man

ddng nhét khi ta dwa vao ham trng suét ¢ sao cho:

2 2 2
M=22 N, =22 Ny =2 (20)
6){2 6x1 8x10x2
Phwong trinh (17) dwa vé dang:
2 2 2 2, 2 2 2
61\;[1+20 M12+6A/2[2+N16 +2Njy —— v +N26—2}+&+qo=p1—;v (21)
o ox0xy  0x5 6x1 0x10x, oy R ot

Thay (11) vao phwong trinh (5) va st dung (20) dwa phwong trinh twong thich vé:

* 64 * * 64¢; * 6 (p * 64W
A+ (A — 24, | ———+ 4 + By —
11 ot (A66 12)6x126 . =y - 21 o
« * «\ otw « tw 10%w o*w ’ o*w 0w @2
+(BII+B22_2B66)T+ B12_4+ B = - > 2
6x1 6x2 6x2 R ﬁxl 6x16x2 6x1 8x2
Thay (13) vao phwong trinh (18) va st dung (20) ta c6 phwong trinh chuyén déng:
82w + 0tw otw  wdtw . 0%
— tDhu— (D12 +Djy +4D66)T+D22 -By—
6 8 8x1 axz 6x2 6x1
* * * 64go . ot p 1 azgo 62g0 o*w
(311 +By —2366)2— By~ "5+ (23)
6x1 5 2 6x2 R 6x1 6x2 6x1

82g0 *w _azgo *w
0x10x, 0X10x axlz 6x§
Céc phuong trinh (22,23) chira 2 4n @ va w dwéi tac dung cta lyc khi ddng dwoc st dung nghién
ctru dao dong phi tuyén va én dinh déng lwc cia panel tru FGM.

=40

@ 3. Phan tich dong lwc phi tuyén cta panel tru FGM
Gia thiét panel tru twa don & cac canh, diéu kién bién cé dang:
w=0, M =0, N,=0, N,,=0 tai x,=0 va x,=a (24)
w=0, M,=0, N,=0, N,,=0 tai x,=0 va x,=b
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Diéu kién (24) thda man néu ta dat nghiém nhw sau [14]:

w= fi(t)sin mle sin—= nn'xz + £ (t )sin@sin% (25)

Thay (25) vao phuong trinh (22), va giai phwong trinh nay ta xac dinh ham (rng suét ¢ nhw sau:

. MTX| . ATX _(m+D)mxy . nmx, 2nx, 2mmx, 2(m+1)mx
¢ = @ sin——sin—= + g, sin sin +¢3 COS + (04 COS +5 COS
a b a b b a a (26)

(2m+1)mx X 2nmx,  (2m+1)mx

1 2n7DC2 7l'xl
+ (g COS=—————— + (7 COS— + (g COS cos + @9 cos cos—
a a b a

Ccos
a

& day ky hidu
2.2 2 2
/lzﬁ (olz_lem ® :_fZBm+1 ¢3:f1m +f2 (m+1)
b’ Ay Ay 324,122
- f12n2/12 - f22n2/12 - n2/12f1f2
Pq = o ko @5 = 2 %2 D6 = 2 %

o= -2 fifs o = -n* 2 1y g = 2 Cm+1)* 221,
4A11 4A2m+1 4An

Ay = Ay + (g =240 )% + dyn* 2t

>

Ay = O+ 1) A+ (g =248 ) m+ 12172 + A7
Aoy = @m+ 1) 45 + (A;‘6 - 2A1*2)(2m +1)20202 + Ayyn* 2
A, = 47, +4(A;j6 —2A1*2)n212 +1645n* 2 (27)
d2
B, = By, +(Bly + By — B J4n?22 + Biylon*i* -
Rr

m2a2
2

B, =Bym*+ (Bl* L+ By — 2Bg6)m2n2/12 +Byn*it -
Rm

(m+1)%a?

Rr?

@em+1)2a®
Rr?

By = Bay(m+1)* + (B + Byy = 2856 ) (m+ 127 + Blyn*2* -

Bayat = B3 Cm+1)* + By + B3, — 2856 ) 2m + 17 nA% + Blyn*2* -

Dyt = Diy(m+1)* +( Diy + Dy + 4D5g ) (m+ 1) w22 + Dy 7

D,, = Djym* + (D1*2 + Dy + 40;‘6)m2n2,12 + Dy

Thay thé cac biéu EhL'PC (25,26) vao phwong trinh (23) va ap dung phuwong phap Galerkin, ta dwoc
hé phwong trinh v&i m chan va 1é.

Hé phwong trinh véi m 1é:

4 2 4 3[4 4,4
a B a’| 4Mm(m+1) m onA
P 4 fl + Dm += |+ yPoo 4 f fl fl Tt
T A T a(2m+l) dy, 16 A22 Al]

m

2242 2 *
iy { W2t e b +n4/14(2m+1)4}+ £ M,,am[sBmm By a1 +2m2312}

a4, 164, 164, 164, s | A, 24, R 24, 4y

2 *
fonria,s, | 8B (m1) (30 +4m+2) 22?8 Pt 2B (m+1)(Bm42)(m+2) (28)
(m+2)mnz* (3m+2) 34,4 A 2R A4, 345,

oo

[ 2 . .
da y(y+1)§ JMZ f12m2 f22(m+1) (m2+4m+2) +82|:f12+ f22 :| )

3n*mn l 3 (me2)(me2) 3 (me2)(3m+2)
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4 2 ; 4,4
a . B AMm(m+1 m+1)" 'k
= S2 4| Dosr + A’”” fr+7R, —)f L +f |y ) :
T m+1 (2 + 1) Ay, 16A22 161‘1“
T n*it +m2(m+l)2+ 414(2m+l) flfzml (m+1)0,3,
Py 164y, 164, 4A11 ma* (3m+2)(m+2)
4(m+1)| B; 2 2 (3m+2)(2m+1) 2 (am+1)(m+2
(”’:f ) B_il(m+1)2_a_2 +i(3m+2)(m+1)2_ a 2( m+2)(2m+1)" By, (m+2)- a 2( m+1)"(m+2)
4y 4y Rr 3An 3R An 3AZm+1 3R A2m+l (29)
By |0 () (s +4m+2)
_gfle _m m+1
A, m+1J (m+2)3m7r (3m+2)
2 . 2
p 8y(y+1)a%, {f]szzm(mH) 1 1 N 24 fo(m+1) )
* 3t I (Gm+2)(m+2)  @|3(m+1) mB3m+2)(m+2)
Hé phwong trinh véi m chén:
4 - 2 4 4,4
P1a—4f1+ Dm"'B—m +J’Pooa—4 —wfz*'f fl _+n f
T A4, T alm+1) Ay 16 A A
4,4 2 2 4,4 4,4 4
+f1f n i m(m-*kl) N ni +n/1(2m+1)
44/, 164y, 164y, 164,
2,2 2 2
_16ﬁf2(B_m+ %]’” Pao, 20 )]s,
Ay Ay 3n° (3m + 1)(m2 —1) 7’ (3m + 1)(m2 —1) (30)
4By’ 4ma’ B, (2m+ 1Y (3m+1) a®(2m+1) (3m+1) L Bomai(m=1) _a*(2m+ 1) (m 1)
4, R4, 34, 3R7%4, 3411 3R7 Ay
8Py(7+1)a [M f1fz 2/ /5 _
311754 [ (3m+1)( afo (?:m-kl)(m2 —1)
4 2 4,4
a - B AMm(m +1 m+1
=2+ Dy + Am+1 o+ #f +f— + /3 3| mt ) )
T m+1 a(2 + 1) aoo 16A22 16A11
e n*at . m?(m+1)* . n4/14(2m +1)* ) n*i 212ni%6,
2J1 * * |
4A2m+1 161422 16An 4A11 77.'2 (3m + 1)(m2 —1)
2 2 *
8B,,m (3m +2m+1) Bym*(m+1)*  a*(m+1)* . 2m* (3m+1)(m—1)B;,
34, 24, 241\ R? Ay @31
2/3ni%, IVSBerl (m+1)° Llm+ )’By + 2By (m +1)*
3 (m+)| A 24, 24 R’ 4
2 2 2 .
p 4y(y+1)a26n M (m —2m—1)f1 Mz(m-i—l)zfz2 2 flzm B
R T (3m-+1)(m* -1) 3(me1) @ (3m1)(m?-1)
Tir hé trén ta nhan dwoc hé thire xac dinh tan sé dao déng riéng o clia vé: |(K - w?H)| = (32)
2 4
D, +A—m P a_4 0
trong do: [K]= " , F s [H]=| " A
D 4 —ml m+1 0 p a_
m+1 Am+1 1 71_4
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Hé cac phwong trinh vi phan phi tuyén (28-31) mé ta dao déng cutia vo, két hop vai didu kién dau va
st dung phwong phap Runge - Kutta bac 4 va chwong trinh phan mém Matlab ta sé& nhan dwoc dap ¢ng

dong Iwc clia vo.

Van d& dat ra la véi cac gia tri khac nhau clia van téc dong khi U, twong trng véi sé Mach M :i,
aoo
ta can xac dinh van téc dong dé va&i van tée nay trong khoang thoi gian khao sat dap trng déng lwe cla vo
tang lién tuc theo thoi gian. Ta goi s6 Mach twong (rng nay 1a s6 Mach t&i han, ky hiéu la M,. KhiM=zM,,

panel tru méat &n dinh.
@ 4. Két qua sé va thao luan

4.1 banh gia dé tin cay

Dé& danh gia d tin cay clia chwong trinh tinh toan, tan sb dao dong riéng ctia panel tru FGM dat duoc
tir bidu thirc (27) dwgc so sanh véi Bich va cong sw [4]. Theo [4], xét panel tru FGM gdém cac thanh phan
tr Nhom va 6xit nhdm véi cac tinh chét vat liéu E, =70.109 N/m?, P, = 2720kg/m?, E_=380.109 N/m?, P, =
3800kg/m?, v,=v, =03, tadwa cac sb lieu nay vao chwong trinh tinh toan clia bai bao, két qué nhan dwoc
tan s dao déng riéng dé so sanh do tin cay.

So sanh tan sb dao dong riéng dwoc thé hién & Bang 1. Do mb ta ly thuyét vé cling nhw phwong phap
ma Bich va céng sw [4] st dung nén sai sb khéng dang ké.

Béng 1. Céc tan sé dao déng riéng khéc nhau (rad/s) cta panel tru tuong ing véi

a=b=15m, k=1,h=0.008m
Bai bao Bich va cong sw [4]
R(m) k

Khéng gan (m,n) Cé6 gan (m,n) Khéng gan (m,n) Cé6 gan (m,n)

0.2 1172(1,3) 1571(1,2) 1172.51(1,3) 1571.27(1,2)

s 1 981(1,3) 1433(1,2) 982.14(1,3) 1435.02(1,2)
5 820(1,3) 1264(1,2) 822.19(1,3) 1266.54(1.2)

10 781(1,3) 1222(1,2) 783.56(1.3) 1224.47(1,2)

0.2 804(1,2) 1192(1,2) 803.92(1.2) 1192.51(1,2)

. 1 686(1,2) 1127(1,2) 686.91(1,2) 1128.4(1,2)
556(1,2) 1010(1,1) 556.39(1,2) 1011.97(1,1)

10 518(1,2) 922(1,1) 519.9(1,2) 924.63(1,1)

4.2 Dép rng hién twong tw dao déng phi tuyén va sé6 Mach téi han

Duwé&i day, tac gia str dung phwong phap Runge - Kutta
bac 4 va ngdn ngir 1ap trinh Matlab d& gidi hé phwong trinh 15
(28-31). P& minh hoa cho cach tiép can nay, ta xét panel tru
FGM nh&m-oxit nhdm v&i cac tham sb hinh hoc va vat liéu
sau day [4]: h=0,003m, R=3m, a=1.5m, b=1.5m, k=1, E_=
380 x 109N/m2, p_= 3800kg/m?, E_=70.10°N/m?, p =2720kg/ =
m3, v=0.3, s,=s,=0.15m, d,=d,=0.003m, h,=h,=0.015m va =
cac dac trwng cla lwc khi dong [15]: y = 1,4, P_ = 99473,4
N/m?, a, = 340m/s. Diéu kién dau f,(0)=1e-10, f,(0)=0,
f,(0)=1e-10, f,(0)=0. V¢&i kich thwéc vo tru va gan & trén, co -1
thé gia c6 dwoc 10 gan tang cwdng, nhw vay s gan la mau
va manh, hoan toan cé thé &p dung phwong phap san déu 0
tac dung gan.

«10® k=1, ab=1,h=0,003m, M=6,7221

T WIS

0.05 0.1 0.15 0.2
(s)
Hinh 2. Dap trng déng lwrc cla panel tru

Ta khao sat & giai doan gan mét én dinh dap trng dong 61 56 Mach Vb, 7991

lwc ca vo thé hién nhw thé nao. Hinh 2 |1a dap ng dong luc
tw dao dong phi tuyén cla panel tru c6 gan FGM véi M = 6.7221, vé chwa mét 6n dinh. Ham £, dao dong
diéu hoa véi bién do nhé. Ham f, dao déng voi bién do téng trong khoang thai gian dau t < 0,07s sau do
giam dan va véi t > 0,07s thwe hién dao déng diéu hoa.
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Khi s6 Mach tang x4p xi 0,0001 (twong (ng van tbc tang

) . o - e «10° k-1 ab-1,0-0,003m M~6,7222
= 0,034m/s), trc la M,=6.7222 dap wng dong lwc bat dau tang 15 ' ! :
lién tuc, vé mét 6n dinh (Hinh 3). ’
a) Anh huéng cua ty sé a/b va chiéu day cta panel tru 05
R “n . x . > o P N by by > X [‘\_‘.
Bang 2 thé hién gia tri cia M,, v&i cac chieu day va ty so g 0
a/b khac nhau. Ta thay khi ty sb a/b tang, M, gidm nhanh. R os
rang khi c6 gan, M, tang dang ké so véi khi khéng co su ting |
cuwong clia gan. g
Khi tang chiéu day cla vé, M, tang. Ta xét vé néu trén voi 0 001 002 003 004 005
k=1, a=1.5m, b=1.5m, R=3m va h=0,004m, khi d6 M, = 7.3555 1
khi khéng c6 gan, M, = 11.8522 khi c6 gan, trang thai mat 6n  Hinh 3. Dap tng dong luc cia panel tru
dinh xay ra thé hién trén Hinh 4 va Hinh 5. mét 6n dinh voi M, =6.7222
_ k=1,a/b=2, h=0,004m, M=7,3555 3 10° k=l ab=1,1=0,004m, M=11,8522
157 ‘ ‘ _
&
=
o
) 0.61 0.62 0.63 0.64 0.05 0 0.61 ) 0.62 0.63 0.04
t(s) t(s)
Hinh 4. Bap (g déng lurc cua panel tru khéng gan Hinh 5. Bap (rng déng I cla panel tru cé gan
mét 6n dinh voi M,=7.3555 mét 6n dinh voi M,=11.8522

Khao sat cho thay trong giai doan chwa mét 6n dinh, su thay ddi clia s Mach anh hwéng khong dang
ké dén tan sé dao dong. Khi chiéu day h cda vé try tang, M, tang nhanh.

Béng 2. M, khi ty s6 a/b thay doi, k =1, R = 3m

h (m) 0.002 0.003 0.004 0.005

alb Khong gan | Cé gan | Khong gan | Co gan | Khong gan | Cé gan | Khong gan | C6 gan
1 1.4595 3.3404 3.8734 6.722 7.3555 11.8522 12.7158 19.4647

1.5 0.9598 1.6946 24723 3.4214 4.8383 6.2436 8.2055 9.8097
2 0.6935 1.0735 1.8175 2.2511 3.4535 3.8577 5.8296 6.2701

2.5 0.4758 0.7803 1.2394 1.5566 2.3953 2.7433 4.1879 4.5623
3 0.3591 0.614 0.9028 1.18 1.8181 2.1216 3.1279 3.404

3.5 0.2821 0.5001 0.704 0.9488 1.4628 1.7295 2.341 2.5983
4 0.2202 0.4149 0.5753 0.7938 1.1442 1.3654 1.8468 2.0842

Hinh 6 biéu dién sw bién thién cta M, theo
chiéu day h cta vé (k=1, R=3m, a=b=1.5m), M, lon
h4t khi h = 0.005m t y > M, =19.4647.
nhat khi m twong L'vng vm’ " 5 /
Anh hwéng cia ty sé a/b dén dap trng dong " _—
lwc ctia vd FGM dwoc chi ra trén Hinh 3 va 7. Voi /
N > X, 2 . . s. 5 ——
a/b=1 (Hinh 3), vé mat on dinh khi M, = 6.7222, vGi
a/b=2 (Hinh 7), vé mét 6n dinh khi M, = 2.2511.

25
20

Mth

0,002 0,003 0,004 0,005
Hinh 8 biéu dién sy thay dbi ctia M, khi a h(m)
tang v&i h=0.003m, b=1.5m, k=1. M, gidm nhanh
& giai doan t a=1.5m dén a=2.5m, sau d6 giam Hinh 6. D4 thi M, bién thién theo chiéu day
cham hon. h ctia vé
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« k=1, a/b=2, h=0,003m, M=2,2511
15 8
\
1 6
Q05 E‘I‘ 4 \
Q‘ \
&= 0 2
—~———
05 0
4 1,5 2,5 3,5 45
‘ . . ‘ a(m)
0 001 002 003 004 005
t(s)

Hinh 7. Bap tng déng lwc cua panel try

Hinh 8. D6 thi cia M,, theo chiéu dai a
mét 6n dinh voi M,=2.2511

b) Anh huéng cia diéu kién dau

Xét trromg hop thay déi didu kién dau. Tai t= 0, f.(0)=1e-5, £,(0)=1e-5 va t = 0, £,(0)=0, £,(0)=0, a=3m,
b=1.5m. Dap ng dong lwc thé hién trén cac Hinh 9 va 10. Hinh 9 v&i s Mach M = 2.251, d6 thi thé hién
dao dong giam dan. Khi M = 2.2511, hién twong mat én dinh nhw Hinh 7 khéng xay ra. Do anh hwéng cla
diéu kién dau, bién dd dao dong luc dau gidm sau d6 cé xu hwéng la dao déng diéu hoa.

Nhw vay khi thay déi didu kién dau, tan sb dao dong khong thay ddi. Do yéu tb lwc can khi dong va
yéu t6 phi tuyén trong cac phwong trinh (28-31) bién do dao doéng khong téng dén vé cling ma dén thoi diém
nao dé hién twong tw dao dong la diéu hoa.

. k=1, a/b=2, h=0,003m, M=2,251

k=1, a/b=2, h=0,003m, M=22511
x10

0.5+

fl1&f2
fl1&f2

-0.5¢

Bl

5 L -
0.08 0.1 0

0.64 0.66
t(s)

Hinh 9. Dap tng dong Iwc cla panel tru voi

$6 Mach M=2.251 khi thay déi diéu kién dau

0 0.02 001

0.02
t(s)
Hinh 10. Bap tng dbng Iwrc cda va tru voi

M, =2.2511 khi thay d6i diéu kién dau

0.03 0.04 0.05

¢) Anh huéng ctia chi sé ty Ié thé tich k

Khi cho chi s thé tich k thay dbi, M, thay déi. Khi k = 0, vat liéu hoan toan Ia kim loai, M,, nhé, khi k =
=, vat liéu hoan toan la ceramic, M, téng ro rét. Diéu nay hop Iy vi médun dan hdi ctia thép nhé hon ceramic
nhiéu. Trén Bang 3 thé hién s6 M,, thay dbi khi k, h thay dbi clia vo v&i a/b=2.

Baéng 3. M, khi cho ty sé thé tich k va chiéu day h thay dbi cia vé voi a/b=2

h (m) R 0 0.2 0.5 1 2 5 %
0.002 0.3976 0.7409 0.917 1.0735 1.2301 1.4126 1.6982
0.003 0.9336 1.4417 1.8562 2.2511 2.6315 3.1117 3.8339
0.004 1.56328 2.4441 3.1674 3.8577 4.5851 5.47 6.9078
0.005 2.4263 3.9545 5.1398 6.2701 7.478 8.9972 11.5997

Hinh 11 va 12 thé& hién dap trng déng lwc cla vo khi mét 6n dinh v&i k = 0,5 va k = 5. Khi k = 0.5,

M,=1.8562, panel try méat 6n dinh. Khi k = 5, M, = 3.1117, panel try mét 6n dinh.
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. k=0,5, a/b=2, h=0,003m, M=1.8562

158

1

05

fl&f2
f1&f2

0

-0.5

0 0.61 0.62 0.63 0.64 0.05
t(s)

Hinh 11. Bap (g déng lurc cua panel tru co

gan mét én dinh voi M,, =1.8562 khi k = 0.5

Hinh 12. Bap trng dong luc cta panel tru cé
gan mét én dinh voi M, =3.1117 khi k = 5
d) Anh huéng cta dé cong vé dén gié tri ctia sé Mach t6i han
Bang 4 thé hién gia tri ctia M,, khi cho R tang. Ta thdy M, giam dan khi ban kinh R cla v try tang
1&n. Dac biét khi R=w, tirc 1a v4 tru |a thm chir nhat, M, giam rd rét. Ta thay ré M, tang nhanh khi téng chiéu
day cla vo tru.
Bang 4. M, khi cho R va h thay déi (a=b=1.8m, k=1)

h (m) R 2 3 S 8 10 L)
0.002 3.1664 2.4147 1.7908 1.412 1.2768 0.7168
0.003 6.4712 4.9016 3.5157 2.6577 2.3616 0.956
0.004 11.7558 8.8892 6.3557 4.6385 4.0993 1.3455
0.005 18.6131 14.0794 9.9626 7.4883 6.2701 1.9358

@® 5.Kétluan

Trong bai bao da tiép can cach phan tich dap (rng dong lwc cla hién twong tw dao dong phi tuyén
ctia panel tru méng FGM c6 gan gia cwéng dwéi tac dung cua lwc khi dong theo ly thuyét Piston bang cach
st dung ly thuyét vé cb dién. Cac két qua sé ctia dap (rng dong luc ctia panel tru FGM da nhan duoc bang
ap dung phwong phap Runge - Kutta bac bbn va nhan biét gia tri t&i han ctia van tbc dong khi qua sb Mach
t&i han. V&i cac két qua tinh toan va cac hinh anh minh hoa ta rit ra cac nhan xét sau day:

- Khi chi s ty 1& thé tich k tang, ttrc 1a lwong ceramic tang, M, tang, vé 6n dinh hon.

- Cac tham sb hinh hoc déng vai trd quan trong trong hién twong tw dao déng ciia vé FGM. Khi chiéu
day h tang, M, tang nhanh. Khi ty sb a/b tang, M,, gidm nhanh.

- Diéu kién ban dau c6 anh hwéng dén gia tri cia M,,.

- Hiéu qua gia cwéong clia gan thé hién mot cach rd rang.

- Khi ban kinh cla v6 tru tang, M, giam.
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