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CUA LUC KHI PONG SU DUNG LY THUYET PISTON
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Tém tit: Trong bai béo nay da phan tich céc dic trung déng luc cla vé tru méng FGM dudi tac dung cia luc khi
déng. Trén co sé ly thuyét vo cd dién va mé hinh khi déng lue theo Iy thuyét Piston da thiét Iap céc phuwong trinh co
ban cta vé tru FGM trong dong khi chuyén déng vuot &m. Phuong phap Galerkin, gia thiét Volmir va phwong
phap Runge-Kutta bac 4 da duoc sirdung cho phén tich déng luc ctia vé. B6i turong nghién ciiu 1a tim s Mach toi
han ctia déng khi lam cho vé méat 6n dinh khi thay déi cac tham sé hinh hoc cda v va chi s phan bé vét liéu thanh
phan. Két qua so chi ra dnh hudng cta cac tham sé hinh hoc, cac tinh chat vat liéu va diéu kién dau dén cac dac
trung déng lurc phituyén ctia v tru FGM.

Tirkhoa: Vo tru; vat liéu FGM; hién tirong tw dao dong.

Nonlinear dynamical analysis of functionally graded cylindrical shell under aerodynamic load using the
Piston theory

Abstract: This paper presents an analytical approach to investigate the dynamic characteristics of the
functionally graded cylindrical thin shell subjected to aerodynamic loads. Based on the classical shell theory and
the Piston theory supersonic aerodynamic, the governing equations of FGM cylindrical shell in the moving
hypersonic airflow are established. The Galerkin technique together with Volmir's assumption and the fourth -
order Runge - Kutta method are used to analyze dynamic problems of cylindrical shell. 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. 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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Vat liéu co co tinh bién thién (FGM) dwoc nghién ctru dau tién bdi mot nhom cac nha khoa hoc vat liéu
ctia Nhat vao ndm 1984 [1]. Cé nhiéu loai vat liéu co tinh bién thién nhwng loai dwoc ding phd bién nhét hién nay
& loai hai thanh phan dwoc tao nén tir gbm va kim loai bién déi mét cach tron va lién tuc tlr mat nay sang mét kia
theo chiéu day thanh két cdu. Vat lieu FGM thuwéng dwoe st dung trong céc két cAu chiu nhiét nhw cac cAu kién
co ban trong may bay va o phan (rng hat nhan [2].

Déi véi phan tich dong e ciia vé FGM, co nhiéu nghién clru tap trung vao cac déc treng dao dong cua
vo. Ng TY. va cong sw [3], Darabi va cong sw [4] da trinh bay cac phan tich tuyén tinh va phituyén clia vé tru FGM.
Loy va cong su [5], Pradhan va céng sw [6] nghién clru cac dic trwng dao dong tw do ctia vé tru FGM. Béng céch
str dung ky thuat Galerkin cting vé&i phwong phap Ritz, Sofiyev [7] va Sofiyev va céng sw [8] da xac dinh cac tham
s6 téi han cho vo tru méng dudi sw tang tuyén tinh cha céc tai trong xoan déng va duwdi tc dung cla tai trong
xung va cham tuan hoan. Bang cach s dung ly thuyét vé bién dang trwot bac cao va phwong phap phan tir hiru
han, Shariyat [9] d& nghién ctru bai toan 6n dinh déng lre phi tuyén chia vé tru FGM dwéi tac dung cua tai trong
doc truc va ap suat ngoai co tinh dén yéu td nhiét. Shariyat [10] da trinh bay phan tich 6n dinh dong lwc cho vo try
FGM duéi tac dung cla td hop phire tap cla céc tai trong nhiét - dién - co. Huang va Han [11] d4 trinh bay bai
toan én dinh dong lwe phi tuyén cia vo tru bang vat liéu co co tinh bién thién chiu tac dung cla tai trong doc truc
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phu thudc thevi gian béng cach str dung tiéu chuan én dinh dong lwc clia Budiansky - Roth. Bich vacong sw [12]da
tién hanh phan tich déng lwe hoc panel tru FGM ¢é gan gia cuéng chiu tac dung cla tai trong déng va trong [13]
Bich va Nguyen nghién ctru dao déng phi tuyén clia vé tru tron FGM dua trén cac hé thire Donnell cai tién.

Tai trong khi dong lwe dwoc xét dén khi tinh todn két cAu clia cac thiét bi bay va két cAu clia cac céng trinh
c6 dé cao hodc chiéu dai lén nhw nha cao tAng, cau day véng, thap ang ten. Quan va cong sy [14] da nghién clru
dao déng ctia vé thodi méng FGM hai dd cong trén nén dan hdi béng cach str dung ly thuyét khi déng luc phi tuyén
llyushin. Trong [15], Tran Thé V&n da nghién ctru én dinh cla tAm composite |&'p chiu tai trong khi déng bang
phuwong phap phan tir hivu han str dung Iy thuyét Piston.

Mahmoudkhanu va cong s [16-17]da str dung ly thuyét vé cd dién Love phan tich dir doan hién twong tuw
dao dong siéu am cla vo non va vo tru FGM. Sabri va Lakis [18] cling da cong bé cac két qua bang phwong phap
phan ti hivu han hién twong tw dao déng clia vo tru FGM. Phan tich hién tong tw dao déng siéu 4m clia panel vé
nén mé FGM véi cac canh ngam va twa don dwoc trinh bay béi Davar va Shoknollahi [19]. Dowell cung cac céng
s [20] da tdng hop cac nghién ctru vé két ciu cdng trinh dan dung chiu lwe khi déng. Chen va céng sw [21] da
nghién ctru bai toan dang tw dao dong udn xoén két hop véi sw rung clia cdu day vang co nhip chinh lén dwdi tac
dung cta dong khi bi nhiéu, st dung mé hinh lwc khi déng phi tuyén. Tac gia Nguyén Déng Bich, Nguyé&n V&
Théng [22] da khao sat diéu kién 6n dinh khi dong cda cong trinh theo mé hinh khi déng lwe thwe nghiém la mot
ham bac hai vai dich chuyén, két qua da chi ra diéu kién &n dinh cla hién twong tw dao déng khong chi phu thudc
vao van tdc gié ma con phu thudc vao dé léch ban dau. Harry va Homer [23] da s dung ly thuyét Piston phi tuyén
dé xac dinh hién twong tw dao dong cla canh may bay hinh chir nhat vai tbe do bay 1én, két qua thue nghiém tai
cac sd Mach M =3 va M = 6,86 phii hop véi két qua tinh toan |y thuyét. Ebraheem Al-Qassar [24] da tinh toan hién
twong tw dao dong udn xoan canh may bay, st dung mé hinh Iy khi déng theo Iy thuyét Piston phi tuyén dé tinh
toan va xac dinh ranh gidi hién twong tw dao déng & cac ché dd bay khac nhau twong (ng véi cac sé Mach. Mc
Namara va céng s [25] da nghién ctru (rng xr khi dong clia canh thiét bj bay trong ché do bay siéu am, st dung
mo hinh lwc khi dang theo ly thuyét Piston, c¢é xét dén anh hudng cta hiéu (rng nhiét.

Trong bai bao nay tac gia tién hanh phan tich déng lwc ctia vé tru FGM duwéi tac dung cia tai trong khi
dong lwc bang cach str dung ly thuyét Piston.

@ 2.Vo tru méng FGM dwéi tac dung cua lwc khi déng ciia dong viegrt am

2.1 Vatliéu FGM

Vatliéu co6 co tinh bién thién trong bai bao nay, dwoc gia thiét dwoc lam tlr hén hop clia ceramic (gdm) va
kim loai véi ty 1& thé tich chia vat liéu thanh phan duoc cho theo qui luat hdn hop:

k

) + 1) = 1Y) = (57 0

trong d6 h 13 chiéu day clia vo tru; k = 0 la chi sb ty |& thé tich cac vat liéu thanh phan; z 1a toa do chiéu day

(— S52% —); Cac chi sd dwéi cva m dé chithanh phan gbm va kim loai twong tng. Theo quy luat hén hop, md

2
dun Young va mat do khéi co thé bidu dién dwdi dang:
2z +
E(z) = EpVm + EV. = E. + (Em . Ec) (T)
(@)
2z + h\*
,0(2) = pme +pch = Pc + (pm _pc)( 2h )

hé s6 Poisson v duoc gia thiét hang sb.

2.2 Céc hé thure lién hé irng sudt - bién dang cia vé tru FGM

Xét vé tru mdéng véi do day h, ban kinh mét gitra la R va chiéu dai a. Chon hé truc toa d6 (x,,x,,z) sao cho truc
X,,X, |a cac hwéng doc truc va hwéng vong va truc z vudng géc véi mét gitka vo tru, ¢ chidu dwong hudng vao phia
trong (Hinh 1). Theo ly thuyét vé c6 dién véi tinh phi tuyén hinh hoc Von Karman - Donnell, khi d6 cac thanh phan
bién dang tai méat gitra va d6 cong, d6 xoan clia vo tru lién hé qua cac thanh phan chuyén vi u,vva wnhuw sau [26]:

o ('114'._|_1(1'31;1f)2 _62w
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Cac thanh phan bién dang tai diém cach mat gitra mét khoang z dwoc biéu dién qua cac thanh phan bién
dang tai mét gitra va do cong, d6 xoan sé la:

£ =& —ZX1,& = & — ZX2, Y12 = V12 — 2ZX12 (4)
T (3) va (4) nhan dwoc phuong trinh tweng thich bién dang nhw sau:

a%el 9%} A%y, 2w \* 0w 9*w 10%w
ax: = dx? " 9x,0x; - ( ) x?

(5)

dx;10x, ax? 9x?

Dinh luat Hooke mé ta quan hé (ng suét va bién dang dwoc cho béi:
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Cacthanh phan ndi lwe va md men dwoc tinh qua cac thanh phan (rng suét nhw sau:
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Tir (7) biéu dién nguoc lai, ta co:
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Dong khi tac dung lén mat ctia vé ap luc g, hwdng theo phap tuyén ctia mét vé. Theo ly thuyét vo Love
phwong trinh chuyén déng clia vé co dang [26]:

dN; ON;, a%u
ol R s 12
x| ox, Mo (12)
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L N 13
9%, | Gxy PLoE )
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N +N — — — )+ = =p,— (14
9xZ | “oxiox, | 0x2 axl( 15, Tz, )+6x2( 126x1+N26x2)+R+q0 ngez (14)
trong do %
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72"
Theo ly thuyét Piston tuyén tinh Iwc khi ddng xac dinh theo cdng thire
aw 1 dw
qo = —YFe (ME aﬁ) (18)

trong d6 y 14 ty sé nhiét dung clia chat khi; a, la van tdc am; P, |a ap suat khi chwa bi nhiéu; Mla sé Mach; M = —,
a

co

Ulavan téc dong khi.
. — T 0*v
Str dung gia thiét Volmir, p; — TS - 0,01 == T

nhat khi ta dwa vao ham trng suét ¢ sao cho:

— 0 viu<<w, v<<w, hai phuong trinh (12),(13) théa man déng

g %p 2*p
M dx? Nz ax? Niz dx,0x;, (17
Phuongtrinh (14) dwa vé dang:
%M, 9*M;,  9%*M, 2w %w 3*w N, a%w
+N16 2+2N12a o +N2_6x22+_+qo=p1_6r2 (18)

+
ax? dx,0x,  0x2
Thay (10) vao phwong trinh (5) va str dung (17) dwa phwong trinh tirong thich vé:

lM(p__laz_WJr(az_W)z_az_W.az_W (19)
E Rax?  \0xy0x; axZ 9x:
Thay (11) vao phwong trinh (18) va st dung (16)vé (17) ta ¢ phuwrong trinh chuyén déng:
a’w ow 1w\ EE;—
P15 + VP (ME+ = at) e 2)m.\w+ o0,

e *w @ I*w e A*w 162cp
dx,02, 0x,0x, axz 6x1 ax? 6x2 R 6x1

Cac phwong trinh (19), (20) chira 2 &n ¢ va w dudi tac dung clia lve khi dong dwoc str dung nghién clru
dao déng phi tuyén va én dinh déng lwc ctia vé tru FGM.
@ 3. Phantich dong lwc phituyén ctia vé try FGM

Gia thiét vo tru twa don & hai dau, diéu kién bién co dang:

w=0,M,=0,N,=0,N,,=0taix,=0vax, =a

Diéukién (21) thda man néu ta d&t nghiém nhw sau:

(21)

mmx nx m+ 1)mx nx
w = fi(t) sin = Lsin _z + f2(t) mQSin—2 (22)
Thay (22) vao phwong trlnh (19) va gidi phwong trinh nay ta xac dinh ham trng suat ¢ nhw sau:
nxo (m + Dmx, | nx, 2nx, 2mmx,
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R P3 R Dy

. mmx, i
= ¢4 sin sin——=
P =@ a R P28
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+ @s COS(T)l + @ COSQ-FQIHCOS?I'F (23)
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+ g cos R cos p + ¢4 cos c0s—
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& day ky hiéu
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Thay thé cac biéu thlirc (22) - (23) vao phuong trinh (20) va ap dung phwong phap Galerkin, ta dwgc:
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Tir (25), (26) ta c6 thé nhan dwoc hé thire xac dinh tn sb dao dong riéng clia vo:
|(K — w?*H)| =0
trong doé
E]_Eg - E
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B (- ol DT e

Hé hai phwong trinh vi phan phi tuyén (25), (26) m6 ta dac dong clia vo, két hop vai diéu kién dau va str dung
phuong phap Runge - Kutta bac 4 va chwong trinh phdn mém Matlab ta sé& nhan duoc dap (g dong lwe cha vo.

Van dé dit ra |a véi cac gia tri khdc nhau cta van tée dong khi U twong (rng véi sé Mach M = ai ,tacan
xac dinh van tbc dong dé véi van tée nay trong khoang thoi gian khao sat dap (rng déng lwc cha vo ténﬂé lién tuc
theo thoi gian. Ta goi s6 Mach twong (rng nay la sé Mach téi han, ky hiéu 1a M,,. Khi M > M,, vé tru mét én dinh. D6
cling la tiéu chuan dé xét vé tru bat dau bi mat &n dinh.
(® 4.Kétquasévathaoluan

4.1Danh gia do tin cdy

Dé& danh gia dé tin cay clia chuong trinh tinh todn, tan s dao dong riéng clia vo tru FGM dat dwoc tiv biéu
thirc (25), (26) dwoc so sanh v&i Loy va cong sw [5] va Bich va cong sw [13]. Bdi twong nghién ctru cla [5] va [13]
déu 1a vé truy FGM nhw bai bao. Theo [5], xét vo tru FGM gém cac thanh phan ttr thép khéng gi va Nickel vai cac tinh
chétvatliéu E, = 207,7877.10° N/nv’, .. = 8166kg/m’, E, = 205,0980.10° N/m?, p, = 8900kg/m’, v, = v, = v=0,31, ta
dwa cac sé liéu nay vao chwong trinh tinh toan cta bai bao, két qua nhan dworc tan sé dao dong riéng dé so sanh
ddtincay.
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So sanh tan s dao dang riéng duoc thé hién & Bang 1, loai trir sé hang dau véim =1, n=1, cac sé hang
khac sai khac khdng dang ké.

Bang 1. So sanh cac tan sé dao dong riéng khac nhau (Hz)
twong wng véi 86 séng tron n véi m = 1, h/R=0.002, a/R=20, k=2

n Bai bao Bich va cong sw [13] Loy va cong sw [5]
1 19.0286 19.0079 13.321
2 5.207 5.0554 45114
3 4.8407 4.4188 4.1827
4 7.7707 7.3179 7.0905
5 12.0222 11.5577 11.329
6 17.277 16.8187 16.587
7 23.5031 23.0521 22.454
8 30.7006 30.2487 30.014
9 38.8375 38.4063 38.171
10 47.9458 47.5242 47.288

4.2 Dap irng hién twong tw dao déng phi tuyén va s6 Mach téi han

Duai day, tac gia str dung phuwong phap Runge - Kutta bac 4 va ngén ngi lap trinh Matlab dé giai hé
phuong trinh (25), (26). P& minh hoa cho cach tiép can nay, ta xét vo tru FGM nhém-oxit nhém va&i cac tham sb
hinh hoc va vat liéu sau day [12]: h=0,003m, R=1m, a=3m, k=1, E, = 380 x 10° N/m’, p, = 3800 kg/m’, E,=70x
10°N/m*, p, = 2720 kg/m’, v = 0,3 va cac déc trung ctia lyc khi dong [15]: y= 1,4, P, =99473,4N/m”, a, = 340m/s.
Didu kién dau f,(0)=1e-10,£,(0)=0,£(0)=1e-10,£,(0)=0

Ta khao sat & giai doan gan mét 6n dinh dang diéu cla dap trng ddng lwc ctia vo thé hién nhw thé nao.
Hinh 2 la dap tng dong Iwc tw dao dong phi tuyén clia vé tru FGM véi M = 2.3684, vo chwa mat 6n dinh. Ham £,
dao déng diéu hoa véi bién do nhd. Ham f, dao dong véi bién do tdng trong khodng thei gian dau £ < 0,05s sau do
giam dan va véi t> 0,05s thwe hién dao déng didu hoa.

Khi sé Mach tang x4p xi 0,0001 (twong (rng van téc tdng =~ 0,034m/s), tire la M, =2.3685 dap (rng déng luc
bat dau tang lién tuc, vo mat 6n dinh (Hinh 3).

15x10° k=1, a/R=3, h=0.003m, M=2.3684 3x10° k=1, aR=3, h=0.003m, M=2.3685

. ,.lll‘ujln/{n‘i,/1|In’n,uylrl||!|,/r

-15 s . L -3 s . . L
0 0.05 0.1 015 02 0 0002 0004 0006 0.008 0.01
t t

Hinh 2. Bap g dong luc clia vo tru voi s6 Mach  Hinh 3. Bap tmg dong luc cha vo tru mat én dinh voi s6
M=2,3684 M, =2,3685 khi h = 0.003m

a) Anh hwéng clia didu kién dau

Xét trweorng hop thay doi diéu kién dau. Tait=0, £,(0) = 1e- 5, ,(0) = 1e- 5va t = 0, £,(0), £,(0), Dap tng
dénglwc thé& hién trén cac Hinh 4 va Hinh 5.

Hinh 4 v&i s6 Mach M = 2.3684 d6 thj thé hién dao dong giam dan. Khi M = 2.3685, hién twong mat dn dinh
nhuw trén khéng xay ra. Do anh hwdng ciia diéu kién dau, bién dé dao dong luc dau gidm sau dé co xu huéng la
dao dong didu hoa.
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Nhw vay khi thay doi diéu kién dau, tAn sb dao dong khéng thay déi. Do yéu t6 lwc can khi déng va yéu té
phi tuyén trong cac phuwong trinh (25) va (26) bién do dao déng khéng ting dén vé cting ma dén thai diém nao do
hién twong tw dao dong 1a diéu hoa.

1x10° k=1, &/R=3,h=0.003m, M=2.3684 1x10° k=1, &/R=3, h=0.003m, M=2.3685

T

111l

"o 002 004 006 008 0.1 ; 0002 0004 0006 0008 001
t t

Hinh 4. DBap (ng dong luc cda vo tru voi :sc"') Mach Hinh 5. Bap (g dong luc cda vo tru voi sé
M=2,3684 khi thay doi diéu kién dau M, =2,3685 khi thay déi diéu kién dau

b)Anh hwéng ctia ty sé %
Khi tang chiéu day clia vd, M, tang. Ta xét vo néu trén voi k =1, a = 3m. R =1m nhwng véi h = 0,004m khi
do M, =4.6397, trang thai mat 6n dinh xay ra thé hién trén Hinh 6.

ax10° k=1, a/R=3, h=0.004m, M=46397 ax10° k=1, &/R=3 h=0005m, M=7 8027

-3

0 0002 0004 0006 0.008 0.01 0 0.002 0.004 0006 0.008 0.01
t t

Hinh 6. Pap (g dong luc ctia vé tru mét én dinh Hinh 7. Pép tng dong luc cta v tru véi mét én dinh
voi M,=4.6397 khi h = 0.004m M,=7.8027 khi h = 0.005m
Trén Hinh 7 xét vo néu trén vai h = 0.005m ta nhan dwoc M, = 7.8027. Khao sat cho thay trong giai doan
chwa mét &n dinh, s thay ddi clia s6 Mach anh hwéng khéng dang ké dén tan sé dao dong. Khi chidu day h clia
vo tru ting, M, ting nhanh. Bang 2 thé hién M,, khity s h/R tang.

Bang 2. M, khi ty sé h/R thay déi, k=1, a = 3m

H (m)
R (m) 0.002 0.0025 0.003 0.0035 0.004

1 0.9235 1.56539 2.3685 3.4012 4.6397

0.8112 1.364 2.0878 3.0057 4.0894

0.7212 1.2159 1.872 2.6649 3.6615

0.6527 1.0972 1.6721 24174 3.2793
0.588 0.9911 1.5274 2.1751 2.9793
0.541 0.9066 1.3861 1.991 2.7383
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Hinh 8 thé hién M, thay ddi theo chigu day ctiah (k=1, R=1m, a=3m), M, |&n nhat khi R = 1m, h=0.005m,
M, =7.8027.

c)Anh hwéng cliaty sé %

Anh huéng ctaty sd a/R dén dap trng ddng lwrc clia vé FGM dwoc chira trén Hinh 9 véi % =2, h=0.005m.
Khi M, = 11.8087, vé mét 6n dinh. Bang 3 thé hién khi ty s6 a/R thay ddi, M, thay dbi. Khi a/R tang, M,, giam.

Bang 3. S Mach t6i han (mg véi ty sé a/R
va h thay déi (k =1, R = 1m)

10 -

3 H (m)

0.002 0.003 0.004 0.005
i // a/R

§5 4 1 2.805 7.6051 | 14.5099 | 25.1604
2 __// 1.5 1.856 | 4.8219 | 9.5478 | 16.1834
0. 2 1.3861 | 3.5717 | 7.0906 | 11.8087
0.002 0.003 0.004 0.005 25 1.1084 2.846 | 55757 | 9.5293
h/R 3 0.9235 | 2.3685 | 4.6397 | 7.8027
3.5 0.7881 | 2.0294 | 3.9895 | 6.7013
Hinh 8. D6 thi ctia M, theo ty s6 /R 4 0.6881 1.7759 | 3.4705 | 5.8428

3x10° k=1, a/R=2, h=0.005m, M=11.8087

fl1&f2

0 T T

2.00 a/R 3.00 4.00

0.01

0.008

0.004 0006
t

Hinh 9. Bap img déng luc cla vo tru mat én dinh
voi M,=11.8087
Hinh 10 thé hién dé thi M, khi % t&ng v&ri h=0.003m. M, gidm nhanh & giai doan tir 1 dén 2.5, sau d6 giam

5 :
0 0.002
Hinh 10. B4 thj cda M, theo ty sé a/R

cham hon. Déi vai va tru dai xuét hién mat on dinh sém hon.

d) Anh hwéng cliachisd k

Khi cho chi sé thé tich k thay ddi, M, thay déi. Khi k=0, vat liéu hoan toan la kim loai, M, nho, khi k = o, vat
liéu hoan toan 1a ceramic, M, tang ré rét. Didu nay hop Iy vi médun dan hdi cta thép nhé hon ceramic nhidu. Trén
Bang 4 thé hién s M, thay déi khi k, h thay déi ctia vo v i =3.

Bang 4. M, khi cho ty sé thé tich k va chiéu day h thay déi cia vo véi % =3

k
h (m) 0 0.2 0.5 1 2 5 0
0.002 0.3207 0.5519 0.741 0.9235 1.1152 1.3565 1.7409
0.003 0.8317 1.4296 1.9073 2.3685 2.8623 3.4784 4.5147
0.004 1.6312 2.8037 3.7381 4.6397 5.606 6.8145 8.8551
0.005 2.7285 4.6919 6.2735 7.8027 9.4354 11.4565 14.8118

Hinh 11 - 12 thé hién dap (rng ddng Irc ctia v khi mét &n dinh véi k=0,5va k=5. Khik=0.5, M, =6.2735,
vo tru mat dn dinh. Khi k=5, M, = 11.4565, vé tru méat &n dinh.
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4x10° k=5, a/R=3, h=0.005m, M=11.4565

-30 0.602 0.604 0.606 0.608 0.01 .30 0.602 0.604 0.606 0.608 0.01
t t
Hinh 11. Pép Umg dong luc cla vo tryu mat én dinh Hinh 12. Pap tmg dong luc cta vé tru méat én dinh
v6i M,=6.2735 khi k = 0.5 véi M,=11.4565 khi k = 5

(® 5.Kétluan

Trong bai bao da tiép can cach phan tich dap (rng déng lwe clia hién twong tw dao déng phi tuyén cia vé
tru méng FGM du¢i tac dung cla Iwe khi dong theo ly thuyét Piston bang cach st dung ly thuyét vé cé dién. Cac
két qua s ctia dap rng dong Iwc clia vé tru FGM da dat dwoc bang phwong phap Runge - Kutta va nhan biét gia
tri t&i han cua van téc dong khi qua s6 Mach t&i han. Véi két qua tinh toan va cac hinh anh minh hoa ta c6 cac
nhan xét sau day:

-Khiténg k, tire 1a ceramic tdng, M, tang, vé &n dinh hon.

- Cactham sé hinh hoc déng vai tro quan trong trong hién twong tw dao dong ctia vé FGM. Khi ty s6 h tang,
M, tdng nhanh. Khity sé %téng, M, gidm nhanh. R

- biéu kién ban dau cé anh hwéng dén gia tri ctia M,,.
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