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PHAN TICH DAO BONG CUONG BUC CUA DAM TIMOSHENKO
BANG VAT LIEU FGM CO NHIEU VET NUT

Tran Van Lién', Nguyén Tién Khiém’, Ngé Trong Dirc’

Tém tat: Trong bai bao nay, cac tac gia trinh bay céc két qua nghién ctru moi vé phén tich dao déng cudng biic
ctia ddm Timoshenko cé nhiéu vét nivt bang vét liéu FGM. Cac phurong trinh dao déng ctia ddm FGM ¢6 nhiéu vét
nit duoc xay dung trong mién tan sé dua trén mé hinh 16 xo clia vét nit cd tinh dén vi tri thue cla dudng trung
hoa. Céc tac gia da nhan duwoc biéu thixe nghiém déy du cia bai todn dao déng cuéng bikc ctia ddm FGM chiju tai
trong doc va ngang. So sanh véi cac két qua da cong bé cho thay do tin cdy cua céc két qua nhan duoe. Céc
nghién ctiu nay Ia co sé cho viéc phat trién céc phuong phép nhan dang hur héng ctia ddm FGM dua trén céc dao
dong cung birc thu duoc.

Tirkhoéa: Dam Timoshenko; FGM:; vét niit: mé hinh I6 xo; dao déng cuéng brc.
Forced vibration analysis of a multiple craked functionally graded Timoshenko beam

Abstract: In this paper the authors analyzed forced vibrartion of multiple cracked functionally graded material
(FGM) beam based on Timoshenko beam theory, massless spring model of crack. Material properties vary
continuously throughout the thickness direction according to the volume fraction constituent defined by power law
function. Consistent theory of forced vibration is formulated for multiple cracked FGM Timoshenko beam taking
info account the actual position of neutral axis that is a useful tool for analysis of coupled vibration in the beam. The
theoretical development has been illustrated and validated by humerical examples. The forced vibration obtained
provides an efficient method for diagnosis multiple cracked FGM Timoshenko beam under harmonic forces.
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(® 1.patvanded

Néu nhw nghién ctru vé& dao ddng tuw do ciia ddm FGM nguyén ven hay dam FGM c¢é vét nit duoc trinh
bay trong kha nhiéu tai liéu thi nghién clru vé dao déng cudng birc ctia dam FGM hau hét méi chi dirng lai cho
dam nguyén ven sir dung cac phuong phap giai tich [1-4], ban giai tich (Galerkin, Ritz,...) [5-12], phuong phap
cau phuong vi phan [13], phrong phap phan ti hiru han (PTHH) [14-20] hay phwong phép dd cirng déng luc
[21-23].

Céc nghién cru vé dao dong cwdng birc clia ddm FGM cd mét hay nhidu vét niet con han ché. Str dung
phwong phéap giai tich, dwa trén mé hinh 16 xo ctia vét nirt [24-26], Yang va cong sw [27-28] da nghién cru dao
déng cuéng birc clia dam FGM Euler-Bernoulli ¢ nhiéu vét nivt chiu tai trong doc va ngang duwa trén khai trién
theo cac ham dang dao dong riéng. Yan, Yang va Kitipornchai [29] ding phwong phap Galerkin dé tinh toan phan
(rng dong clia ddm FGM Timoshenko co 1 vét nivt chiu lwe kich déng tham sé.

Gan day, Khiem & Huyen [30] d& nghién ctru dac dong tw do clia dam FGM Timoshenko co 1 vét nirt bang
phwong phap giai tich trong mién tan sé. Phat trién cac két qua nghién ctru & [30] cho trwerng hop dam cé nhiéu
vét nivt chiu tai trong cwéng bire, bai bao nay trinh bay cac két qua nghién clru méi vé dao déng cuéng birc cla
dam FGM Timoshenko c6é nhiéu vét nit chiu tai trong doc va ngang. Cac phwong trinh dao déng cuéng bire cla
dam FGM cd nhiéu vét nit dwoc xay dwng trong mién tan sé dwa trén mé hinh 16 xo ctia vét nirt cé tinh dén vi tri
thire cla truc trung hoa. Phwong trinh nhan dwoc cé dang don gian, thuan tién cho viéc nghién clru dao déng
cwdng blre ctia dAm ciing nhw bai toan ngwoc nhan dang tham sé vat liéu va hw hdng két cAu tiép theo.
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(.: 2. Dao déng cwdng birc cia dam Timoshenko bang vét li¢u FGM cé nhiéu vét nirt
2.1 Phwong trinh dao déng

< E: Gipe 1t Truc trupg hoa
L. h
X
g E» Gb Py Mo T

Hinh 1. Dam FGM c6 nhidu vét nirt

Xét dam co chiéu dai L, tiét dién chiv nhat voi kich thude A=hxh duoc ché tao tir vat liéu FGM (Hinh 1) véi
ham dac trueng vat liéu cd dang Ty thira
E(2) E, E-E, "
G(z);=1G, ++4G, -G, (%-&-%J ;—h/2<z<h/2 (1)
P2} (Ps) P —Ps
trong do: E, G va p 1an lwot 1a mé dun dan hdi, mé dun triegt va mat da khdi leong; chi sé tva b ky hiéu vat liéu Iép
trén valép dwdi; z1a toa do tinh tir mat gitra clia dam.
S{r dung nguyén ly Hamilton, ta nhan dwoc phrong trinh chuyén dong co dang [22,23]
(]111.':0 e A“u(';)f (1129. =40 "): plx,1)
(]12ﬁ0 = Auug)*(]zze — 4,0 ”)"' Ay (Wa -6 ): 0 (2)
1y — Ay, (w('; —9'): g(x.7)
véicachésé A, duoc xac dinh theo cong thire

(s Ao )= [ BN 2=y (e = B )dd; Ay =n [ G2l
A A

(I1|,I1zvlzz)= Ip(z)(l,z = %»(Z’ho)z)dA
A
trong do: h, la khoang cach ttr truc trung hoa dén truc x. St dung (1), ta nhan dwoc
4, =bhE’ +nE, ; 4, =bi? 2E, +nE, E, +nE”a By = n(R; —Dh . =1+@
l+n 22+ n) l+n 2n+2)n+R;) 2 h

(3)

A, = biF 3E,+nE,,_2E,+nE,,a+E,+nE,,a2 DA, = th,+nG,,;[“=bhp,+npb )
3(3+n) 2+n I+n I+n
Ilz =bhl 2p1+npb _p1+npba ;]22=bh3 3p1 +npb _pr +npba+ pf+npba2
2(2+n) 1+n 33+n) 2+n l+n

bat
.07 }= [{uy (60,0 (x,0), wy (. e ™ dlt 3 {P(x,0),Q(x,0) = [{p(x,0),g(x, D™ e

ta nhan dwoc phwong trinh chuyén déng trong mién tan sb cé dang
(01,U + 4,U")~0°1,0 - 4,0" =P
(©°1,0 + 4,0") 01U - 4,U" + A, (V' -©)=0 (5)
1, W+ 4,(7"-0)=-0

Puwavao cac matran va véc to

A4 —4; 0 0 0 0 o’l, -0l 0
[A]= -4, Ay 0 ;[l'l]= 0 0 4 ;[C(O))]= _0)2[12 mzlzz‘AB 0 (6)
0 0 A, 0 -4, 0 0 0 o’l,

{z}={v.0.m}" :{q}={P0,0}"
ta co thé viét phwong trinh (5) dwdi dang

[AKz"}+ i}z }+ [z} = ~{a} @
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2.2 Diéu kién lién tuc tai vj tri vét nirt. M6 hinh hai 16 xo twong dwong
¥ .
V.3 o~
h K3
-~
a) ! T L b)

Hinh 2. Dam FGM véi vét nirt mé va mé hinh hai 16 xo tuong duong

Xét dam co vét nirt tai tiét dién co toa d6 e. V&t nirt dwo'e mé hinh hoa bang hai 6 xo twong dwong: 16 xo doc
c6 dd cirng Tva 16 xo x0én ¢ dd clrng R (Hinh 2) [30]. Biéu kién lién tuc tai vi tri vét nut la:
Ue+0)-U(e-0)=N(e)/T;0(e+0)-B(e-0)=M(e)/R; W(e+0)=W(e-0)
N(e)=N(e+0)=N(e—-0);0e+0)=0(e—-0); M(e+0) = M(e—0)= M(e)
trong do: N, Q va Mla cac lwc doc, e cit va md men ubn tai tiét dién
N=4,U; - 4,00 M = 4,0 + 4,U;0 = 4,,(W; -0) 9)
Xéttruwong hop A,,=0, thay (9) vao (8) ta nhan duoc
U(e+0)=U(e—0)+y,U’ () ; Oe+0) = Oe—0) +v,0.(e) ; W(e+0) = W(e—0)
Ui(e+0)=Ui(e-0);0(e+0) =0 (e 0) ;W (e+0) = W;(e—0)+7,0O.(e)
voi ¥,=4,,/T;y,=4,»/R (11)
Cactham sdv,, v, trong (11) 13 ham ctia cac tham sb vat liéu nhir mé dun dan héi, chiéu cao dam, hé sb né
ngang Poisson,... bao gdm ca triedng hop dam déng nhit E=E,=E, hay R.=1. Mat khac, ta c6 thé viét cac tham sb
vétnirt (11) dwdidang

(8)

(10)

Y1 =Y.0,(Rg,n) 3y, =7,0,(Re,n) (12)
trong do:

Y, =EA/T:y,=EJ/R;I1=bh*12;E,=(E,+E,)/2;R, =E, |E,
(13)

G, (R.,n)=

2R, +n) 24 [3R5+n_2Rg+na+RE+na2J

(RE+1)(1+n);GZ(RE,n)=R 33+n) 2+n l+n

Khi R.=1 cac tham sb vét nirt 71,7, 88 18,0, 1. Cac tham s6 nay da dwoc xac dinh tir do sau vét nirt a twong

(rng v&i dao dong doc va dao déng udn clia dam déng nhatla[31,32].
Yio = EyA/Ty=2n(1~vfi(2);2=alh
£1(2)=2%(0.6272-0.17248z + 5.921342* —10.70542° + 31.5685z* — 67.472° +
+139.1232° —146.682z" +92.3552z%)
Y20 = E /R, = 6n(1-v?)if,(2)
£(2)=2°(0.6272—-1.045332 + 4.59482" —9.97362° + 20.2948z* —33.03512° +
+47.1063z° —40.75562" +19.6z)

Duwéi day, trong phan tich dao dong clia dam FGM co vét niit, ta sé str dung cac cong thirc gan dung (12),
(14) VO Y, = V.0, 1o = Yo tFC 1A

v, =F\(2) =2n(1-v)ho £i(2) ; v, = F(2) =6n(1-v Yo, £,(2) (15)

Cac ham so nay dwoc slr dung dé tinh toan do clrng 16 xo theo d6 sau vét nivt cho trudre.

1

2.3 Nghiém téng quat ctia phwong trinh dao déng tr do cho dam khéng cé vét nirt
Trwong hop dao dong tw do, phwong trinh vi phan dao dong (7) tré thanh
[aRz"}+[n]&’j+[ckz}= {0}

Chon nghiém phwong trinh (16) dwéi dang {z,}={d}e", dan dénha phwong trinh

¢ [A]+ 2 )+ [C]a}={o}

Hé phwong trinh (17) co nghiém khéng tam thwérng khi

det([A]+A[m]+[C])=0
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Khai trién phwong trinh nay, ta nhan dugc phwong trinh bac 3 déivei s =2°1a

s +as’ +bs+e=0

Phwongtrinh nay cé 3 nghiémla s, s,, s,. Ky hiéu
Mo =tk =250 =2k, =t /5,50, =1k, =15,
Khi do nghiém tdng quat ctia phwong trinh (16) co dang

f2,(x,0)}= i{dj}el‘x

c6 thé biéu dién dwdidang matran

dy dy .. di| [e¥

{zo}: dy dy .. odyl|

DX
dy, dy, .. dy] |e

v&id,la cac hang s6 can tim. Tir phurong trinh thir nhat va thir ba cda (16), ta co

dl 1
dZI
d3l

trongdd o =

dy s dig Cydy Oydyy  won Oy

dy o dy|= dy  dy oy
dy o dyg Bidy Bady o PBedas
0)2]12 Gt ij33 iZ12.6
2 7 B = 7, o T

Tir (19), tanhan thay

Oy =030 =050 =033 By = B3 PBs = P2 Bs =P
nén biéu dién (20) cé thé viét dudi dang
{24(x,0)}=[G(x.0){C}

voi6hing sédoclap {C}=(C,,....Co) =(dyypnd ) VA

[G(x.0)]=[[G,(x.0)] [G,(x.0)]]

2 k — ks
ae® 0™ de" G ™

[Gl (x,u))]: i e e 5 [Gz(xp(l))]= el g

Bler'qx Bzekzx B}gf@x . B]eﬁhx . Bzeﬂ'@x

2.4 Xac djnh ham vét nirt [(_}(x)]
Ky hiéu {S(x)} 1a nghiém (23) théa man cac diéu kién ban dau
{8(0}=(87,52,0):{8'(0)}= (0,0,59)"

Tanhan duoc

S (x)=Aa, coshk,x +A,a, coshk, x + Ao, coshk,x
S,(x)=A, coshkx+A, coshk,x+A, coshk,x
S;(x) = A, B, sinh & x+ A,B, sinh k,x + A, sinh iy x

trong dé

—kx

o.e

—kyx

. B3efk}r

Al ZBIISIU +5l2S§ +8[3S30; AZ 28215'10 +622S§ +523S30"A3 :83}S10 +532S§ +533S£

6, = (k3B3 —k,B, )/A;aiz = (0L3k2B1 _azk3B3)/A;613 = (az _0“3)/A

0, = (k1B1 ‘k3ﬁ3)//—\;821 = (a1k3B3 _a3k1B1)/A;823 = (OLJ ‘al)/A

8, = (B, — kB, YAs3,, = @,k B, —0,k,B, YA3S,, = (@, —a, YA
A=k B, @, —0,) + kB, (0, -0, ) + ks By (@, —at,)

Nghiém (26) co thé viét dwdi dang ma tran
{S()}=[®)]1s"}
trong do6 {8°}=(s?,52,5%)" vamatran [@]co dang
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o, coshkx a,coshk, x o,coshk,x| |8, 8, &,
[®(x)]=| coshkx cosh/, x coshiyx |[-|0, O, 0s
B,sinhkx B,sinhk,x P,sinhkx| |8, 8, O
Giathiétring S0 =y,U" (e),59 = 8¢ =y,0'.(¢) hay {8°}=[X]{z}(e)} véimatran
., 0 0
[}:]: 0 vy, 0
0 v, 0
Ky hiéu {z(x)} la nghiém riéng cla (28) théa man céc diéu kién ban du
{2.(0)}=(v,U}(0),7,0(0),0) :{z.(0) }= (0,0,7,0/ (¢))
Tanhan duoc
{z.(0) }=[@W)][E) iz} (e)} =[G ()] iz} (o)} (32)
trong d6 [G,(x)]1a ma tran 3x3
(G, ()] =[®(x)][Z] (33)
va  {zi ()} =Us(e) O)(e) Wy(e)' (34)
Ta dwa vao ma tran ham vét niet
- G.»]:x>0 [G'(x)]: x>0
G — < , ' = « 35
[0 { [o] :x<0 Gl [o] :x<0 =
2.5 Nghiém téng quat ctia phwrong trinh dao déng tw do cho dam cé vét nirt
Nghiém tdng quat ciia phurong trinh (16) thda man diéu kién (8) tai vi tri vét nirt co thé viét duwei dang
{z.)}={z, W }+[G-e){zi (@)} (36)
trong d6 biéu thirc thr nhét {z,(x) } 1a nghiém bai toan dam khong co vét nit, biéu thire thir haila nghiém bé sung
do sw xuat hién vét nirt trén dam.
Dbi véi dam co nhiéu vét nirt, tir (36) ta nhan dwoc

{z, (0} ={z, ()} +[G(x - e {zife))}= {2, (D }+[G (v - )]} {in}=Eo(e)}

{2, ={z, @} +[Glx e, Hzl(e) = {2, (0 1[Gl =)l }+ [G - e, )iz ()} +[G e, —e)H)
={z, O} +[Gr —e) i+ [Glr—ep i, b= i e) 1+ [G e, — )i}

{z,(0} ={z (2} +[G(x—e, ) {zile,)}
={z, 0} +[Glr —e) i+ [Glr— e+ [G - )] (e) 1+[G (e, —e 1+ [G (e, —en)Hia))
={z, ()} +[G(x — e Hi }+ [Glx—en) i} [Gx—e) [ {in}={20 (e 1[G (e — el }+[G e, — e ) Hino}

Nhuw vay, ta cé thé biéu dién nghiém phuong trinh dao déng tw do (16) clia dam co n vét nirt dwdi dang truy hoi
. }=te, b XG0 e, M} (37)

V& {1} 1a vécto 3x1

(=8 SEe, —eddnd: j=123mn (38)

D6i véi dam mot ir(1=rl1,ip, diéu kién bién tai hai dau dam co thé viét dwéi dang

{B,@) o J=10}:{B. )| ..} =0} (39)

trong do: [B,], [B,]1a cac ma tran toan ttr 3x3. Vi riing sb hang thir hai clia (36) thda man diéu kién bién tdm thuwong
tai x=0 nén khi ap diéu kién bién thir nhat cia (39) cho nghiém (36) ta nhan dwoc

{Bnl]{cl}"'[Buz]{Cz}: {0} (40)
voi{C, }=(C,, C,,C) ' {C} = (C., G, G var

[Bm (m)]z [Bo (G 1 (x,(x)))l %=0 ]; [Boz (':'3)]: [Bo (Gz (x,m))l x=0 ] (41)
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Phwong trinh (40) cho phép khir mét trong hai véc to' {C.}, {C.}, do d6 nghiém {z,(x)} c6 thé viét lai dudi dang

{2(6,0) =[G, (x,0){D}

(42)

Ma tran [G,(x,®)] 1a ma tran ham sb 3x3 va {D} la véc to hding sb {D}={D,,D,,D,}". Thé (42) vao (36) ta

nhanduwoc
{z.(1)}=((G,(x.) [ G(x -] [G} (e, 0)}D} =[G, (x.00)] (D} (43)
trong d6 [G (x,0)] = [G, (x,0) H G(x - &) [} (e, )] (44)

Dua trén hé thire truy hdi (37) - (38), ta co thé biéu dién nghiém téng quat (43) — (44) cho dam co n vét nirt

dwéidang
.0} [[com]@l[a(x— el ]]{n}: 6. Gl (5)
trong a6 [G, (.0 =[G, 0} 2 [Gx e, } (46)
va[yllamatrén 3><3
[x,)= [G;)(ej.)]+2[(_}'(ej —e Vb L j=123,.n (47)

2.6 Nghiém riéng cta phwong trinh dao déng cwéng birc

Nghiém day da{Z . (x,®) } ciia phuong trinh vi phan khéng thuan nhét (7) cé thé bidu didn dwei dang tong
clia nghiém tdng quat{zc(x,(z))} ctia phwrong trinh vi phan thuan nhat (45) va mot nghiém riéng cdia phwrong trinh

khong thun nhat 4z, (x,w) . nghiala

{Z.(x,0)}={z.(x,0)}{z, (x0) (48)

Nghiém riéng cé thé biéu dién duéi dang

12,000) = [HG -7 0@ 0)d (49)
trong do: [H(x,®)] la ma tran ham truyén théa man hé phwong trinh

[A}[H"] + [} ]+ [CLH] = [o] (50)

véi cac diéu kién ban dau

[H(©O)]=[07: [H'(0)]=[A]" (51)

Thatvay {2, (xo)}=[HOaceo) b+ [[HG-T.0fac.0) s = [ -0 fa@.o)d

x

{z; co)l=[OHaco)}+ [0l ol =[AT o))+ [ —1.0)fa@ o)
Két hop biéu thire cudi cling véi (50) - (51), tanhan duoc

[Ale: 3 K, 3 Kz}~ faceo b+ AT G~ [BI =) J [l = D e e ={ate.o)

Nghiém phwong trinh (50) - (51 )céthé%iétduc’yi dang

H,, H,]| [asinhkx o,sinhk,x a,sinhkx]| [k, 5,

H, H, sinh &, x sinh &, x sinhf;x  |-| Ay Py

Hy Hy | |Bycoshkx PB,coshk,x Bycoshksx| [ Ay 5y
H,,| [o,coshkx o,coshk,x «,coshk,x]|(h; (52)
H,, coshkx coshk,x coshk,x [k,
Hy | | Bysinhkx  Bysinhk,x  Bysinhkyx || Ay

trong do

By =Py — kB3 Ay hyy = (ki Bs — kB Al = (kB — kB A
hyy = (00K Bsy =0k B,) T A hyy = (0sks By —ouk Ba ) Ay hy = (00 k By —ak,B) /A

Iy = (0 =0, ) Ay hyy = (0 —03) /Ay hyy = (0, —a ) /A,

(53)

Ay = Bikoky (o —og) + Bokiky (o —os) + Bakky (0, —ay)
Ay =Bk (o —0,) +Boks (@) —oy) + Baks (o, —ay)
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Do nghiém riéng théa man diéu kién ban dau {Zq(O,m)} ={z;,(0,03)} ={0} nén nghiém phuwong trinh khéng
thuan nhat (7) co thé viét dudi dang

{iz.m}:[[Gu(x,m)]@_l[é(x—e,)l[x,]J{D}—{zq ()} (54)

Ap diéu kién bién bén phai dam cho nghiém (54), ta nhan dwoc phuong trinh xac dinh cac hang sb {D}
nhw sau

([Bm(m)]+_i[3w(e,)1[xj ]J D} —{b, (@)} =10} (55)

trong do [BLO ((’3)]: [BL(Go(xs(’)))| =L ]; [BLG (ej)] :[BL(é('x = ej))| ] (56)

x=L

va {b,, ()}=1B,(z,(x.0)) .} (57)

Giai phwong trinh (55), ta xac dinh dwoc cac hdng sé {D}. Tl do ta nhan dwoc nghiém day di cla
phuwong trinh dao déng cuwéng bire (7) cd dang

=[G, ol D)+ [i[e(x—e,.ﬂ[x, ]].{n}—{z,,<x,m>} (58)

=]

Sé hang dau ctia nghiém (58) thé hién dap (ng tan sb clia dam nguyén ven, sé hang thir hai thé hién anh
hwéng ctia vét nirt, sé hang cudi la nghiém riéng twong trng véi dang tai trong ngoai cho trude.
@ 3. Phan tich ddm FGM cé nhiéu vét nivt chiu tai trong cwéng bire

3.1So0sanh véicac kétqua da céng bo

Xét ddm cong x6n ddng nhét vai cac tham sé vat liéu: E=E,=210GPa, p=p,= 7850kg/m’; hé& sb can vat
liéu va maéi treong: n,=0.002, n,=0va hinh hoc: L=3.0m, b=0.2m, h=0.2m chiu tai trong tap trung P=-3000N tai vi

tri x=2.0m v&i tan sb kich dong w=60rad/s. Dam c6 mét vét nirt xuat hién tai vi tri x,=7.0m voi do sau vét nit
a/h=40%[33].

1.Chuyen vi 2.Goc xoay

Gounaris|™] / — Gounaris| |
// ~~~~~" Present ’ l Present
]
0.5 1.5 25 0.5 15 25
L(m) L(m)
a) b)

Hinh 3. So sanh chuyén vi (a), géc xoay (b) cda dam céng xén thuén nhat
c6 1 vét nit véi dé sau 40% va tan sé kich thich w=60rad/s

Hinh 3 Ia so sanh két qua tinh chuyén vi, goc xoay ctia dam cong xén co 1 vét nirt theo phurong phap dé
xuat voi két qua tinh chuyén vi va goc xoay theo phrong phap phan tir hiru han da dwoc cac tac gia Gounaris va
Dimarogonas cong b6 [33]. R6 rang két qua nhan dwoc |a tring véi cac két qua da cong bé, cho thay do tin cay
cua phwong phap dwoc lap trén day.

3.2 Phan tich ddm FGM c6 nhiéu vét nirt chiu téi trong cwéng birc

Xét dam FGM Timoshenko hai dau ngam véi cac tham sé vat liéu: E=70GPa; p,=2780kg/m’; 1,=0.33;
E/E=0.5; p,=7850kg/m’; 11,=0.33 va sb mii dac trwng vat liéu n=0.5. Dam c6 cac kich thudc: L=1.0m, b=0.1m,
h=0.1m chiu tai trong tap trung P=-3000N tai vi tri x=0.4m, tan s6 kich dong w=100rad/s.
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Hinh 4. Chuyén vi (a), géc xoay (b), mdmen (c), luc cat (d) cua dam FGM hai dau ngam
co 1 vét nirt voi do sdu 10%, 20%, 30% va tan so kich thich w=200rad/s
x 10" 1.Chuyen vi x10™ 2.Gac xoay
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Hinh 5. Chuyén vi (a), goc xoay (b), mémen (c), luc cat (d) cla dam FGM hai ddu ngam
c6 1 dén 4 vét nit voi do sau 30% va tan sé kich thich w=200rad/s
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KET QUA NGHIEN CUU VA UNG DUNG

Hinh 4 1& biéu dd chuy&n vi, goc xoay, mémen, lwc cét clia dam FGM hai dau ngam cd 1 vét nivt tai vi tri
x=0.6m vé&i do sau 10%, 20%, 30% va tan sb kich thich w=200rad/s. Khi d6 sau vét nirt ting Ién thi chuyén vi va goc
xoay dam tang |én trong khi mé men va lwc cét thay doi rat nhd. Tai vi tri v&t nirt ludn xuét hién diém gay khic trén
biéu dd chuyén vi, buac nhay trén bidu do goc xoay trong khi budre nhay ciia e cat 1a tai vi tri dat lwc kich thich.

Hinh 5 I3 bi&u dd chuyén vi, goc xoay, mémen, lwc cit clia ddm FGM hai ddu ngam co sb lwong vét nirt
thay dai ttr 1 dén 4, vi tri vé&t nivt dAu tién x=0.2m. khoang cach cac vét nirt khéng ddi 1a 0.1m, chiéu sau vét nirt
khéng déi a/h=30%. Khisb lwong vétnirttang Ién thi chuyén vi clia dam tang 1&n, tai vi tri vét nirt ludn xuét hién
diém gay khuc trong khi gia tri md men udn trong dam gidm di ré rét. Chuyén vi dong ctia dam ting theo sé lwong
va chiéu sau vét nirt, goc xoay xuat hién bwec nhay tai vi tri v&t nirt, vét nirt cang sau thi bwére nhay cang lon.

@ 4. Kétluan

Trong bai bao nay, cac tac gia da tim dwgc nghiém bai toan dao dong cwéng birc clia dam FGM cé nhiéu
vét nirt trong mién tan sé dwa trén mé hinh ddm Timoshenko, quy luat Ity thiva cha vat liéu FGM va mé hinh I6 xo
ctia vét nivt cé tinh dén vi tri thue cha dwdng trung hoa. Bidu thire nhan duoc céd dang don gidn, thuan tién cho
viéc nghién clru dao déng cwéng blrc clia dam FGM c6 nhiu vét niet. Tl d6, cac tac gia da nghién clru sur thay
ddi (rng x&r ddng bao gébm chuyén vi déng, goc xoay, mé men, lwc cat cia ddm FGM chiu tai trong cuéng blrc
theo cac tham sé vét nirt. Cac nghién clru nay 1a co s& cho viéc phat trién cac phwong phap nhan dang huw héng
ctia dam FGM dwa trén cac dao déng cwéng bire thu duwoc.
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