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MO PAU

Su ra doi cua loai vat liéu FGM d3 dit ra nhiéu bai toan cho cac nha co hoc, vi du, cic
bai toan dao dong cua két cdu dam, tim hay v6 lam bang FGM. O diy nhimng vin dé co ban
ctia dao dong riéng, dao dong cudng birc, tham chi 1a dao dong phi tuyén cua ddm FGM da
duoc giai quyét kha tron ven. Gan day, mé hinh vét ntt trong ddm FGM va dao dong cua cac
dam FGM chua cac vét nit dd dugce quan tim nghién ctru ca 1y thuyét 1an tng dung [3]. Céc
phuong phap phan tir hitu han, phuong phap Rayleigh-Ritz hay phuong phap do ctimg dong
déu da duoc phat trién dé nghién ctru két cdu ddm FGM. Nhung bai toan dao dong ciia dim
FGM lién tuc nhiéu nhip chira vét nit van chua duoc quan tam nghién ctru, mac du bai toan
dao dong cua dam dong nhat lién tuc da nhip di dugc nghién ctru kha chi tiét. Vi vay, van dé
dat ra la nghién ctru dao dong cua dam FGM lién tuc nhiéu nhip co vét nit.

Muc tiéu cia luan an 13 phat trién phuong phap ma tran truyén dé nghién ctru dao dong
ctia dam Timoshenko lién tyc, nhidu nhip c6 vét niit lam tir vat liéu co 1y tinh bién d6i lién
tuc, lam co so dé chan doan vét nit trong dim bang phuong phap rung dong.

Déi twgng va pham vi nghién cibu 13 dAm Timoshenko c6 nhiéu gbi cling va chira cac
vét nirt. Dam duoc gia thiét 1a c6 tiét dién déu, 1am tir vat licu FGM véi quy luat bién d6i
theo ham liiy thira. Vét nit duoc gia thiét 1a luén mé (vét nirt canh), khong phat trién va co
thé mé ta bﬁng hai 16 xo doc truc va xodn vé&i do cung tinh duogc tir dg sau cua vét nut theo
Iy thuyét co hoc pha huy.

Phwong phdp nghién ciru 13 phuong phap ma tran truyén (giai tich) dugc minh hoa
bang cac két sé nhan dugce nho Matlab.

Néi dung va bé cuc cua luan an bao gom:

Chuong |, tong quan vé vat liéu FGM, dao dong cia dam lién tyc dong chat co gbi
climg; dam ddng chat co vét nit; md hinh ddm FGM va dao dong ctia dam don FGM c6 vét
nit dé tir 6 rit ra van dé nghién ctru cho luan an. O day trinh bay ca vé phuong phap ma
tran truyén co dién va ap dung cho dam dong chat lién tuc da nhip.

Chuong Il trinh bay viéc xay dung mo hinh dim FGM c6 vét nut trong d6 chira dam
ddng chat nhu trudng hop riéng. O day thiét 14p cic phuong trinh co ban ctia dam FGM, 10i
giai tong quat bai toan dao dong ctia dam FGM c6 vét nit trong mién tan s6 lam co s¢ dé
mg dung phuong phap ma tran truyén.

Chuong 111 trinh bay su phat trién phuong phap ma tran truyén cho dam lién tuc nhiéu
nhip dong chét c6 vét ntt va nghién ciru anh huéng cia gbi cing va vét nit dén tan sb riéng

cta dam dong chat lién tuc nhiéu nhip.



Chuong IV 4p dung phuong phap ma tran truyén dé nghién ctru anh hudng cia goi
ctng trung gian dén tan s6 cua ddm FGM c6 vét nut.

Két luan trinh bay cac két qua chinh cia luan 4n nhu sau: (a) Pa phat trién phuong
phap ma tran truyén dé nghién ctru dao dong cia FGM lién tuc, nhiéu nhip c6 vét nit tranh
duoc thuat toan xac dinh phan luc tai cac gbi trung gian nhu trong phuwong phap ma tran
truyén cb dién; (b) Da nghién cru anh hudng cia gdi trung gian dén tan sb riéng cua dam
ddng chét co vét nit va phat hién ra rang gbi cing trung gian 1am xuét hién mot sb tan sd
khong phu thude vao didu kién bién, dugc goi 1a tan s6 gdi; (c) Pa nghién ctru anh hudng
ctia gbi trung gian, vi tri va do siu vét nat, cac tham sb vat lieu FGM dén tan sé riéng cua
dam FGM lién tuc nhiéu nhip co vét nut.

Céc két qua chinh ctia luan an da dugc cong bd trong 5 cong trinh nghién ciru, trong d6
01 trén tap chi ISI, 01 bai trén Tap chi Co hoc; 01 bai trong tuyén tap HO1 nghi khoa hoc
qudc té va 02 bai trong Tuyén tip Hoi nghi khoa hoc quéc gia.

CHUONG 1
TONG QUAN VA PAT VAN PE NGHIEN CUU
1.1. Vatliéu FGM va tirng dung

/ Vit liéu FGM
y E=E(), G = G(2), p= A2

hi?2

h/2
h/2'2

X v -
Z
Hinh 1.1. So d6 hinh hoc mot tim vat liéu FGM dic trung thay doi theo chiéu day

Ham dac trung cho cac dac trung vat liéu cua tAm duoc biéu dién nhu sau:
V(2) =V, + (Y, -V,)a(2) (1.1)

trong d6 V(z) biéu dién cac dai lugng E, G, p va céc chi sd dudi b va t ky hiéu cac pha vat
liéu khac nhau (b — vat liéu & mat dudi va t — vat liéu & mat trén). Ham g(z) mo ta ty 1 thé
tich cta cac pha vat li¢u khac nhau.

Vat lieu FGM c¢6 thé duoc ung dung ddi véi hau hét cac linh vue vat lidu. Vi du nhu
cac hé théng giao thong, cac hé théng bién doi nang luong, dung cu cit, bd phan may moc,
chat ban dan, quang hoc va cac hé thdng sinh hoc. Cac ung dung trong nganh hang khong
vil try, ning luong hat nhan yéu cau do tin cdy cao trong khi d6 trong cic ung dung khac
nhu céc dung cu cit, cac truc can nhiét do cao va céc chi tiét may lai yéu cau vé do mai

mon, nhiét, va cham, va d6 an mon.



1.2. Dao dong ciia dAm ddng chit c6 gbi trung gian (dim lién tuc nhiéu nhip)
1.2.1. Téng quan

Dam lién tuc nhiéu nhip 12 moét mo hinh két cau dugc sir dung nhiéu trong k§ thuat cau
va co khi ché tao. Phan tich dong luc hoc két cdu dang nay la rat quan trong va da dugc
quan tadm nghién curu tir rat 1au. Bai toan co ban cua dong luc hoc dam lién tuc nhiéu nhip la
bai toan tinh toan tan sé va dang dao dong riéng. Viéc nghién ciru anh hudéng cua vi tri va sb
lwong gbi trung gian dén ting sb dao dong riéng cua dam lién tuc nhiéu nhip déng vai trd
quan trong trong viéc thiét ké t6i két cau dam lién tuc nhiéu nhip.

1.2.2. Phwong phdp ma trin truyén cé dién
Co s¢ khoa hoc cua phuong phap nhu sau:

e Trudc tién ta dua vao mot véc to trang thai {§} mo ta trang thai lam viéc ciia mot doi
tuong tai mot vi tri trong két cau hodc mot thoi diém cu thé.

e Sau d6 bang cac ly thuyét da co vé d6i tuong, xay dung mdi lién hé giita hai trang
thai bt ky khac nhau {S(n)}, {S(n + 1)} cua ddi twong, néi chung duoc mé ta bang mot
phuong trinh dai s6 tuyén tinh

(S(n+ 1)} = [T)]{S(n)} (1.6)
trong d6 [T] 1a mot ma tran.

e Sir dung méi quan hé nay va cac trang thai dau va cudi, vi du {$(0)}, {S(N)}, thiét
1ap mdi lién hé

{S(N)} = [T(N) .... T(1]{S(0)} = [TI{S(0)}. (17)

1.2.3. Ap dung phwong phdp ma trin truyén cé dién cho dam lién tuc nhiéu nhip

Phuong trinh tan s6 cho dam lién tuc nhiéu nhip tua don hai dau:

Li(Ax) Ly (A, %q, ey, Xy £) — Ly(Axy) L1 (A, Xq, oory, X, £) = O, (1.24)

Chinh vi vay, dé tranh thuat toan phtic tap xac dinh cac phan luc gbi trung gian trong bai
toan dao dong cua dam lién tuc nhiéu nhip, can thiét phai c6 mot cach tiép can moi cua
phuong phap ma tran truyén ap dung cho dam lién tuc nhiéu nhip. D6 ciing 1a mot nhiém vu
dit ra trong luan 4n nay. Trong cong trinh [38] mot ¥ tudng méi da duoc dé xuit va phat
trién cho dam c6 vét niit. Tuy nhién, ¥ tudng nay chi dugc phat trién ddy du va chi tiét trong
cac cong bd ciia Nguyén Tién Khiém va cong su.

1.3. Dao dong ciia dAm ddng chit c6 vét nit

1.3.1. Téng quan

Hu hong cua két cdu dugc hiéu 1a sy thay d6i cac tinh chét vat Iy (vat liéu, lién két, ...)
va hinh hoc (kich thudc, hinh dang, ...) cua két cau so véi trang thai ban dau duoc goi la két

cau nguyén ven. Hu hdng két cau néi chung dugc mo ta bdi hai tham so: vi tri va mic do hu



hong. Vi dy, vét nit 1a dang hu hong dién hinh cua két cdu, duoc dic trung boi hai tham sd
1a vi tri va kich thuéc cua né. Nguyén Tién Khiém va cong su [27, 68] dd xay dung dugc
biéu thirc nghiém tong quat cho bai toan dao dong riéng cua dam dan hodi cé nhiu vét nit,
don gian va thuan tién hon nhiéu 10i giai cia Cademi va Calio. Pic biét 14 c6 thé st dung
nhu ham dang dé ap dung phwong phap ma tran truyén hay phuong phap phan tir lién tuc.
1.3.2. Mé hinh dim c6 vét nirt

Vét nit trong vat ran duoc hiéu 1a sy xuit hién mot mat phan cach trong long vat ran,
tai d6 cac tinh chat co 1y cta vat lidu va trang thai Gmg suat bién dang bi gian doan (mat tinh
lién tuc). Mt phan cach d6 goi 1a mat vét nut; kich thude cuia mit vét niit dong thoi ciing 1a
kich thudc vét nut. Kich thudc (size) vét nirt co thé phat trién va khi d6 ngudi ta goi 1a sy
lan truyén (propogation) vét nit. Vét nit ¢6 kich thude thay doi ting va giam mot cach déu
dan duoc goi la vé nut thé (breathing). Vét nat co thé xuat phat tor mat bién cta vat ran va
phat trién sau vao trong 1ong vat ran. Khi d6 nguoi ta goi d6 1a vét nit mé (open) hodc vét
nat canh (edge) va khoang cach 16n nhat tir bién dén diém xa nhét (giéi han) trén mat vét
nGt goi 1a do sau vét nit. Piém gidi han cia mit vét nit trong long vat ran goi 1a mii vét
nat. O day chung ta chi xét vét nit mé trong dam c6 mit vét niit vudéng goc véi truc dam
(vét nut thang). Luc nay vét nut co thé hiéu 1a sy thay ddi mat cat ngang cua dam va gia

thiét do sau cua vét nut khong thay doi (vét nut dimng — stationary).

Hinh 1.2. M6 hinh vét cua (saw cut)
d
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Hinh 1.3. M6 hinh vét nit delta

1.3.3. Dao dpng riéng ciia daim déng chit cé vét nirt

Xét mot dim Euler-Bernoulli chiéu dai ¢ chira n vét nit tal cac vi tri e, j=1..,n
dugc mo ta bang cac 10 xo xodn twong dwong cd do clng la K;. Trong mbi doan dam

(€,,1),i=0,...,n, & =0,e , =/dao dong cua dam duoc mo ta bang phuong trinh:

n+1

El0*w; (x,t) / ox* + pAd*w, (x,t)/ ox* =0, j =0,...,n



cung véi cac didu kién twong thich tai cac vi tri vét nit e pJ=L..,n

Wi (ej,t) =w;(ej,t);wj4(ej,t) =wj(e;,t) — r;wj(e;j,t);

W1 (e;.0) = W] (e, ;W] 4 (6),1) =W} (e )i, = E1 /K.

(1.28)
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Hinh 1.4. M6 hinh dAm c6 nhiéu vét nut

Trong mién tan sb ta co phuong trinh
dW; (x)/ dx* = 21'W;(x) =0, j =0,....n, 1= (pAw? | EI)*

1.4. Pit van dé nghién ciru

A

(1.29)

Co s6 khoa hoc cho viéc md phong, tinh toan két cau FGM di duoc trinh bay trong [6,

19]. Cac phuong phap phan tich dong luc hoc két cdu FGM di duoc phat trién trong cac

cong bo [8, 9, 14, 31, 32, 51, 52, 53, 54, 64].

Gan day, do nhu cau cua thyc té, cac van dé vé vet nut trong két cau composite ndi chung va

két cau FGM ndi riéng da dugc quan tam nghién ciru. Co s¢ khoa hoc cho cac nghién clru nay

da duoc trinh bay trong cac tai lidu [15, 17, 22]. Nhing két qua nghién ctru nay da chi ra ring

vét nit canh, md trong phan tir ddim FGM c6 thé dugc mo ta bang cac 10 xo twong duong véi

cac do cting duoc theo 1y thuyét pha hity cia FGM tai mit cét chira vét nut.

CHUONG 2. MO HINH DAO PONG CUA DAM FGM CO VET NUT

2.1. Phwong trinh dao ddng ciia dim FGM

Xét mot dam FGM chiéu dai L, tiét dién ngang hinh chir nhat c6 dién tich 4=bxh (Hinh

2.1) va gia thiét vat liéu dam bién thién theo quy luat ham Iy thira

R(z) =R, + (R, — R,)V(2),—h/2 <z < h/2,

(2.1)

trong d6 R(z) dai dién cho cac tham s6 vat liéu E, G,— p (m6 dun dan hdi, mo dun truot va

mat d6 khdi luong), z 14 toa d6 theo chidu day ciia dim ké tir mat iuwax dam véi

V(z) = (z + h/2)", R, = R(=h/2), R, = R(h/2).

=

Hinh 2.1. M6 hinh ctia dim FGM lién tuc nhiéu nhip c6 vét nit

(2.2)



St dung 1y thuyét dim bién dang trugt bac nhat, trudng chuyén vi cia dam tai mat cat X

duoc biéu dién nhu sau

Ug(x,z,t) =u(x,t) — (z — hy)0(x, t); wo(x, z, t) = w(x,t) (2.3)
V6 u(x,t), w(x,t) 1a chuyén vi doc truc va udn trén mat trung hoa ndm ¢ do cao 13 hg so véi
mat giita dam; € 13 goc xoay ctia mit cat dang xét. Do d6, phuong trinh co ban ctia dam c6
thé viét & dang

& =0u/ox — (z— hy)00/0x; Yy, = OW/dx — 0 (2.4)
va

o, =E(2)¢,;7,, =vC(2)yy, (2.5)
Ap dung nguyén Iy Haminton [71] cho doan dam trén ta c6 thé thiét 1ap phuong trinh
chuyén dong tong quat cia dam FGM ¢ dang

(it = Ayyu") = (120 — A;,6") = 0;

(I — Agpu") — (Izzé — A320") + Ass(W' — 0) = 0; (2.6)

[; 1w — Azs(Ww" = 0") =0,
Trong truong hop nay, rd rang rang A;, = 0 va phuong trinh dao dong riéng (2.6) dugc rut
gon thanh

Il — Aju” — 1,0 = 0;

Ilzu - Izzé +A229” + A33(W, - 9) = 0,

111W _A33(W” - 9,) == 0 (28)
Thuc hién phép bién dbi Fourier, phuwong trinh (2.8) duoc chuyén vé mién tan sb co dang;
[Al{z"} + [}{z'} + [K]{z} = {0}, (2.9)

2.2. M6 hinh vét nit trong dam FGM

Gia st trong doan dam FGM (x,,%,) chira mot vét nit ho c6 do sdu a tai vi tri
ee(x,,%), duoc mo ta bang hai 10 xo nhu trong Hinh 2.2, trong d6 do cling cia cac 10 xo
xoay va 10 xo tinh tién dugc ky hiéu lan luot 12 K, K, .

'y v'a j
% lh * ﬁ

a

$9x

T

Hinh 2.2. M5 hinh vét nat trong dam K,
V6i mo hinh vét niit ndy ta c6 thé nhan duogc diéu kién twong thich tai vi tri vét nut dang

M(e)

NO) . g(e+0)—O(e —0) =

Ky Kz

Ue+0)—U(e—0) =




We+0)=W(e—-0);N(e)=N(e+0)=N(e—0); (2.17)
Qe+ 0)=0Q(e—0);M(e+0)=M(e—0)=M(),
trongdo N, Q vaM 1an luot 12 lyc doc, luc cit va md men uons duoc tinh theo cac cong thirc
N =AU M = A3,0,;Q = Azs(Wy — 0). (2.18)
Thay (2.18) vao (2.17), ta nhan duogc
Ule+0)=U(e—0)+y,Uy(e); O(e+0)=0(e—0)+y,0;(e) ;

W(e+0) =W (e — 0); Ug(e + 0) = Ug(e — 0); (2.19)

Ox(e +0) = Ox(e — 0) ; Wi (e + 0) = Wy(e — 0) +y,6x(e),
2.3. Dao dong ciia dam FGM cé vét nirt (nghiém tong quat)

Trudc hét ta tim nghiém riéng z,(X) ctia phuong trinh (2.9) thiao mén diéu kién

ZS(O) = (SllSZ'O)T;z;(O) = (010153)T (226)
s€ c6 dang
z;(x) = [G(0)]{S}, (2.27)

Ta c6 thé viét nghiém d6 ¢ dang

Ze(x) = {zo(x) + GZ:((;)_";;:('e): X = e, (2.31)
Vo1

G.(x) = G(x) X X. (2.32)
Mit khéc, c¢6 thé dé dang chiing minh dugc nghiém (2.31) thoa man diéu kién twong thich
tai vi tri vét nirt (2.19). Do vay, nghiém tong quat ctia phuong trinh (2.9) thoa man diéu kién
(2.19) c6 thé viét & dang

{z.(0)} = [®(x,w)] - {C}, (2.33)
Vo1

D(x,w) = Gy(x,w) + K(x — e)Gy (e, w); (2.24)

0:x <0; , 0:x <0;
K(x) = {Gc(x):x > 0; K'(x) = {Gé(x):x > 0.

Pay chinh 1 10i giai tong quat ctia phuong trinh dao dong ctia dim FGM c6 mot vét nit.

(2.35)

Néu trong dam c6 nhiéu vét nut tai cac vi tri €,k =12,...,n thi twong ty ta c6 thé biéu dién
nghiém téng quat cia dam FGM c6 nhiéu vét nut ¢ dang (2.33) trong d6

D(x,w) = Gy(x,w) + Xr_ K(x — e,)Qy, (2.36)
va cac ma tran ©,,k=12,...,n duoc tinh theo cac cong thic truy hoi [34-35]

[Q] = [Go(er, w)] + X5Z1[Gr (e — )] - [Q] 5 k=1,23,...,n. (2.37)



Nhu vy, di tim dugc biéu thirc hién ciia nghiém tong quat cia dam FGM chira nhiéu vét
nut, nd s& duoc st dung & sau dé xdy dung phuong phap ma trin truyén dé nghién ctru dim
lién tuc nhiéu nhip lam tir vat liéu FGM.
2.4. Mot s6 dic tinh dao dong ciia ddm FGM (Két qua so)
a) Truc trung hoa trong dam FGM

Trén Hinh 2.3 — 2.4 trinh bay vi tri thuc cta truc trung hoa tinh tir truc gitta, phu thudc

vao chi sd ty 18 thé tich n va ty sé mé dun dan hdi R, (top-to-bottom) n.
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Hinh 2.3. Vi tri tryc trung hoa phu thudc vao sé mii n véi cac gia tri ty s6 mo dun dan hoi

khac nhau.

b)Re>1

°

Sy thay @i vi tri tryc trung hoa )
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Hinh 2.4. Vi tri truc trung hoa (tinh tir truc gitta dam) phu thudc vao ty s6 mé dun dan hoi
v6i cac gia tri khac nhau cua chi sb n. a) Re<1; b) Re>1.

b) Twong tic giita dao déng doc truc va dao dpng uén trong dam FGM

Trong Hinh 2.5 biéu dién su phu thudc cua hé sb tuong tdc dao dong cua dam FGM
phu thude vao céc tham sb vat liéu. D) thi trén hinh v& cho théy néu ty s6 mo dun dan hdi
nho hon 1 (trc md dun dan hoi vat liéu mat trén nhé hon mé dun dan hoi cua vat liéu mat
day dam) thi hé sé tuwong tac s& dwong va giam dan khi mé dun dan hoi vat liéu mit trén
tang dan dén mo dun dan hoi vat liu mat day. He sd tuong tac sé 4m khi mo dun dan hoi
mit trén 16n hon mé dun dan hdi mat dudi va gia tri tuy¢t ddi cua hé sb nay tang khi mo6 dun
dan hoi mat dudi ting. Chi s6 phan bd thé tich n lam giam gia tri tuyét d6i cua hé s twong

tac khi R, < 1 va tang gia tri nay khi R, > 1.
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b) Ro=1,Re>1
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Hinh 2.5. Hé sb twong tac giira dao dong doc truc va dao dong udn, I;,, phu thudc vao ty sb
mo dung dan hdi va hé s ty 18 thé tich n, Ro=1, a) R<1; b) R, >1.

¢) Anh hwéng cdc tham soé vt ligu dén tin sé ciia dim FGM

o
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Hé 88 Lrong e dao d6ng

Hinh 2.6. Anh hudng ctia hé s6 twong tic dao dong dén tan sb riéng ctia dim FGM

9

sl Eb=70GPa,Rob=Rot=2700

Tén séinir nhét

Ty 56 mé dun dan héi

Hinh 2.7. Anh huéng clia ciia ty s6 mo dun dan hoi dén tan s riéng cia dim FGM

Et=Eb=70GPa,Rob=2700

Tén sbinis nndt

T§ 56 khé lugng riéng (Ro)

Hinh 2.8. Anh hudng cta cua ty sé mat do khdi dén tan sb riéng ctia dim FGM



d) Anh hwéng ciia vét nirt dén tan sé ciia dim FGM don

Hinh 2.9. Anh huéng d6 sau vét nit a/h (a), chi sé phan b vat liéu n (b)

va ty s6 mo dun dan hoi r (¢) dén tan sb thir nhat cuia ddm FGM tya don hai dau

Hinh 2.10. Anh hudng d6 sau vét nit a/h (a), chi s6 phan b vat liéu n (b)

va ty s6 mé dun dan hoi r (c) dén tan sb tha hai cia ddm FGM twa don hai dau

Hinh 2.11. Anh hudng d6 sau vét nit a/h (a), chi s6 phan b vt liéu n (b)

va ty s6 mo dun dan hoi r (¢) dén tan sb thit ba cia dam FGM tua don hai dau.
CHUONG 3: DAO PONG CUA DAM PONG CHAT PA NHIP CO VET NUT

3.1. Ma trin truyén cho phin tir dam ddng chit gdi cirng hai diu

Xét dam lién tuc co cac gbi cing tai cac vi tri xo = 0, %4, ..., %Xy, X,01 = L. Khi d6 d&
dang nhan thdy chuyén vi ngang (d6 vong) cua dam tai tat ca cac gbi bang 0, do dé ta c6 cac
phuong trinh

W) =W(y) =...=W(x,) =W(L) =0. (3.1)

Xét mot nhip dim bat ky ndm gitra hai gdi lién tiép (xj-1,%;),j =1,...,n+ 1, d0 vong cua

nd théa man phuong trinh
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d4—
LW _ 3 (x) = 0,4 = (0/a)?, a = JEI/pA. (32)
va diéu kién

Gia st trong doan dam nay c6 mot vét nirt tai vi tri ej va do sau a;. Khi d6 nhu chung ta da
chtng minh dugc & phan trén, nghiém tong quat ctia phwong trinh (3.2) théa man diéu kién
tai vét nut
W(ej — O) =W(e+0); W”(ej — O) = W”(ej + O) = W”(ej);
W' (e, —0)=W"(e+0);W'(e;—0)=W'(e; +0)—y;W"(e;) (3.4)

C6 thé biéu dién ¢ dang

Wi(x) = leLl(x, ej) + Cj3L, (x, e]-) + Cj3Ls (x, ej) + CJ-4L4(x, ej), (3.5)
Khi d6 biéu thuc (3.5) c6 thé viét lai thanh
VV](.X') = leLlj(x, ej) + CjZLZj(x, ej), (37)

3.2. X4y dung ma trin truyén cho dam lién tuc nhiéu nhip cé vét nirt
Dé xay dung ma tran truyén cho dam lién tuc nhiéu nhip, ta sir dung diéu kién lién tuc
Cua goc xoay va md men udn tai cac géi
Wy () = Wi (o) W () = Wiia (). (3.8)
Hay
CiaL; (%7, €7) + CiaLj (%7 €;) = Ciraala o1 (x5, €41) + Gaa Lo (5 €140);
CiiLy;(xj,€7) + CioLy; (x5, €) = Cuaa L jua (X5, €141) + Craa2Ll jia (%50 €541).

Tu d6 ta nhan dugc biéu dién

Cj+1 1} [Tn (]) T12(i) {le} {le}
= ) : = |T(e;,q,e; , 3.9
od=lme ol = e, (39)
Str dung biéu thirc (3.9) ta co
Civ11 C
{Cj+1,2} == [T(ej+1, ej)T(ej, ej_l) .. T(e,, el)] {CE} (3.10)
va
C C C
(] = [TCenn, e Tlen enn) - Ten el {1 = T {1} @1)
Cn+1,2 ClZ ClZ
Cubi cung ta dugc
Wl (X) == CllLll(x, 61) + C12L21(x, 61), (3123.)
Wi (x) = C11Z1,n+1(x' e) + C12Z2,n+1(x: e), (3.12D)
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Ap diéu kién bién tong quat vao cac ham (3.12) ta dugc

C11L(11710)(0. e;) + C12L(2b10)(0, e;) = 0;

CLTP (8 @) + CpITY  (£,e) = 0. (3.13)
Tir ddy ta nhan dugc phuong trinh tan sd

d(2,e) = L(0,e)ITY, (£,€) — 139(0,e)IV2, (4,€) = 0. (3.14)
3.3. Két qua tinh toan s6

O day trinh bay viéc ap dung phwong phap ma tran truyén dé tinh toan tan s riéng cia

dam dong chét c6 vét nit nhu trudng hop riéng cua dam FGM (khi E, = E, hay n = 0).
Noi dung nghién ctiru bao gdm viéc khao sat anh huéng cua vi tri gbi cimg va vét nit dén
c4c tan s riéng cia dam dong chat.

a) Anh huwéng ciia goi trung gian dén tin sé riéng ciia dim lién tuc nhiéu nhip

Tén s6 chudn héa

Vi tri gdi trung gian

(b)
Hinh 3.1. Anh hudng cta vi tri gdi trung gian dén tan sd riéng cua dam hai nhip trong hai

truong hop diéu kién bién (a) SS-beam and (b) CF-beam.
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Bang 3.1. Téan s6 ciia dim hai nhip (01 gdi cirng trung gian) khi vi tri géi cieng thay déi

Vi tfi g‘().i cung(ty so Tham sb tan sd, 4= (o’ pAl EIY*
dodathaintup) |5 [ 2, [ 4 A | A | i
Dam tua don hai dau (L=2)
Xs=0.5 (1/3) 2.4290 | 4.4199 | 6.2832 | 7.2565 | 8.7417 | 10.7049
X=0.75 (3/5) 2.8048 | 4.5586 | 5.5315 | 7.7393 | 8.9482 | 10.4292
Xs=1.0 (ELS) 3.1416 | 3.9266 | 6.2832 | 7.0686 | 9.4248 | 10.2102
Ichikawa et al [6] T 3.92660 2n 7.06858 3n 10.2101
2 2 7
X=1.25 (5/3) 2.8048 | 4.5586 | 5.5315 | 7.7393 | 8.9482 | 10.4292
Xs=1.5 (3/1) 2.4290 | 4.4199 | 6.2832 | 7.2565 | 8.7417 | 10.7049
Dam ngam hai dau (L=2)
Xs=0.5 (1/3) 29745 | 49772 | 6.9593 | 8.4652 | 9.4338 | 11.2874
X=0.75 (3/5) 3.4605 | 5.4632 | 6.2918 | 8.4209 | 9.9007 | 11.1101
X=1.0 (ELS) 3.9266 | 4.7300 | 7.0686 | 7.8532 | 10.2102 | 10.9956
X=1.25 (5/3) 3.4605 | 5.4632 | 6.2918 | 8.4209 | 9.9007 | 11.1101
X=1.5 (3/1) 29745 | 4.9772 | 6.9593 | 8.4652 | 9.4338 | 11.2874
Dam cong xon (L=2
Xs=0.5 (1/3) 1.1627 | 2.9534 | 49780 | 6.9593 | 8.4652 | 9.4338
X=0.75 (3/5) 1.3320 | 3.4393 | 5.4627 | 6.2925 | 8.4208 | 9.9007
Xs=1.0 (ELS) 1.5708 | 3.9266 | 4.7124 | 7.0686 | 7.8540 | 10.2102
X=1.25 (5/3) 1.9232 | 3.5119 | 5.4514 | 6.2738 | 8.4198 | 9.9019
X=1.5 (3/1) 2.3198 | 3.3515 | 5.0297 | 6.9730 | 8.4360 | 9.4158

Bang 3.2. Tan so ciia dam ba nhip (02 goi ctrng trung gian) khi vi tri goi cirng thay doi

Vi tri gbi Tham sb tang sb, 4= (e’ pAlEN"
X1 ‘ Xe 4 ‘ 4 ‘ A . ‘ Ay ‘ A | A
Dam tya don hai dau (L=3)

125 | 1.75 | 2.8220 | 2.9838 | 5.1738 | 5.4154 | 7.2104 | 7.8495
1.0 2.0 3.1416 | 3.5564 | 4.2975 | 6.2832 | 6.7076 | 7.4295
0.75 | 225 | 26177 | 4.1888 | 4.7124 | 5.2355 | 6.8068 | 8.3776
0.5 2.5 2.1079 | 3.5564 | 5.0021 | 6.2832 | 6.9659 | 7.4295
0.5 2.0 2.6029 | 3.5651 | 4.7111 | 6.2832 | 6.8067 | 7.4297
0.75 2.0 2.9206 | 3.6847 | 4.6569 | 5.7073 | 6.7198 | 8.0243
1.25 2.0 2.8194 | 3.4926 | 4.9118 | 5.6484 | 6.7504 | 7.8145
1.5 2.0 2.4376 | 3.5805 | 4.4556 | 6.2832 | 6.6398 | 7.8648
Dam ngam hai dau (L=3)

125 | 1.75 | 3.4223 | 3.6011 | 5.7411 | 6.0193 | 7.5635 | 8.4584
1.0 2.0 3.5564 | 4.2975 | 4.7300 | 6.7076 | 7.4295 | 7.8532
0.75 | 225 | 27060 | 45243 | 55964 | 5.9511 | 6.9854 | 8.7272
0.5 2.5 2.1546 | 3.6195 | 5.1026 | 6.5608 | 7.8537 | 8.5558
0.5 2.0 2.7073 | 4.1808 | 4.8968 | 6.6237 | 7.5051 | 8.3885
0.75 2.0 3.1041 | 4.3305 | 5.3487 | 6.1078 | 7.3669 | 8.2585
1.25 2.0 3.4075 | 4.1887 | 5.2465 | 6.1296 | 7.4393 | 8.3779
1.5 2.0 2.9487 | 4.3250 | 4.9649 | 6.7682 | 7.2774 | 8.2037
Dam cong x6n (L=3)
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125 | 1.75 | 17090 | 3.5148 | 5.8280 | 6.6665 | 8.0064 | 8.8420

1.0 2.0 1.5414 | 3.5685 | 4.2845 | 4.7185 | 6.7071 | 7.4301
0.75 | 225 | 23196 | 3.0799 | 4.6202 | 5.7452 | 6.5278 | 7.2035
0.5 2.5 1.9946 | 3.3385 | 4.1643 | 5.2258 | 6.6363 | 7.9767
0.5 2.0 1.6929 | 2.8227 | 45709 | 5.3023 | 6.7174 | 8.0679
0.75 2.0 1.5483 | 3.1686 | 4.8048 | 5.4529 | 6.1584 | 7.8796
1.25 2.0 1.6451 | 3.4169 | 4.5080 | 5.4031 | 6.1671 | 8.2517
1.5 2.0 1.9116 | 2.9577 | 4.9391 | 6.4516 | 7.0733 | 8.2689
b) Anh hwéng ciia vét niet dén tin sé ciia dam lién tuc nhiéu nhip

Hinh 3.2. Anh hudng ciia vét nirt dén ba tan s6 dau tién ciia dam dong chat hai nhip tua don

hai dau

/ 1 i H H
R f P 1/
i g H i I
i/ i J
" * L L L " L L L L
Weivitmn Vi vt it

Hinh 3.3. Anh hudng cta vét nit d¢én ba tan sé dau tién ctia dam dong chét hai nhip ngam

hai dau

Hinh 3.5. Anh huéng cia vi tri gdi trung gian va vét nit dén ba tan s6 dau tién ciia dam hai

nhip tya don hai dau
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Hinh 3.7. Anh huéng cta vét ntt va vi tri gdi trung gian ctia ddm cong xon hai nhip

d. Anh hwéng ciia vét niet dén tan so riéng ciia dam ba nhip dong nhit

15 5 i s

Tistthastini

v/iN74
RN/ m// \\7\\:7
\\ -’/ j \‘\. / \
H i 7 \/
o= Dim ctng < ba nip. \ '
=‘ ;ﬁ
| I

Hinh 3.10. Anh huéng cia vét niat dén ba tan so riéng dau tién cia dam cong x6n ba nhip
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CHUONG 4: DAO PONG CUA DAM FGM NHIEU NHIP CO VET NUT
4.1. Ma tran truyén cho phin tir dim FGM gbi ctng hai dau
Xét mot nhip dam bat ky ndm gitra hai gdi lién tiép (x;_1,%;),j = 1,...,n + 1, n6 thoa
mian diéu kién
W(xj-1) = W(x;) = 0. 4.1)
Str dung biéu thirc (2.33) cho nghiém phuong trinh (2.9) ta c6 thé viét
{U,0,W}" = [@(x, 0)[{C} = [@4(x, ) ]{C*} + [®,(x, 0)]{C?}, (4.2)
Ap diéu kién (4.1) cho chuyén vi ngang W (X, ®) trong cong thirc (4.2) ta dugce phuong trinh
Iy, (@)C" + T, (w)C? =0, (4.4)
trong do

r - ¢31(Xj—1) ¢32(Xj—1) ¢33(Xj—1) ¢34(Xj—1) ‘T = ¢35(Xj—1) ¢3e(xj—1)
o ¢31(Xj) ¢32(Xj) ¢33(Xj) ¢34(Xj) ¢35(Xj) ¢36(Xj) ,

v 02 T

(4.5)
Phuong trinh cudi cho phép ta biéu dién véc to C? qua véc to C* nhu sau
C?*=T,,(w)C’,
voi Iy, = —T'y) (w)Mye(w). Do dé ta s& co
z;j(x) = G;(x, w)C}. (4.6)

Gi(x,w) = [®4(x, w) + P, (x, )54 (w)].
Pay chinh 1a nghiém tong quat ctia phuong trinh (2.9) trong nhip (x i1,X;) chi chira 4 hing
s6 C,,...C, thay vi 6 hang s6 ban dau. Piéu nay s& don gian héa cac tinh toan tiép theo
trong phan xay dung ma trin truyén cua dam lién tuc nhiéu nhip qua cac gbi, dugc trinh bay
trong muc tiép theo.
4.2. Xay dung ma tran truyén cho dim FGM lién tuc nhiéu nhip cé vét mirt
Xét dam lién tuc, nhiéu nhip c6 cac gdi ctng tai cac vi tri Xy = 0,%4,..., %Xy, Xpeq = L.

D@ dang nhan thdy chuyén vi ngang (46 vong) clia dam tai tt ca cac gbi bang 0, do do ta co
cac phuong trinh

W (0) =W (%) =...=W (x.) =W (L) =0. (4.7)
Str dung biéu dién (4.6) ta c6

U; (%, ®) = g/, (X)Cjy + 95, (X)Cj, + 95 (X)C 5+ 94, ()C; 5

O (x,@) =94 (X)C;; +92(NC, +95(X)Cj3 + 9% (NC,;

Nj (X, @) = All[giljl,(x)cjl + gljZ,(X)CjZ + gljS’(X)CjS + glj4'(X)Cj4]; (48)

16



M; (X, @) = A,[9], ()Cj; + 92, (X)Cj, + 9% (X)Cjs + 95, (XC, 1,
trong d6 gl,g)' i,k =1,2,3,41a cac phan tir ciia ma trin G,(x,®),G’|(x,w)xac dinh trong
(4.6). Thiét 1ap véc to trang thai ciia dim bao gdm

{V;(0)}={U;(x),0;(x), N;(x), M; ()},

Va sir dung (4.8) ta c6 thé biéu dién

V(03 ={U;(x),0,(x),N;(x),M; )} =[H;(x)]-{C} (4.9)
Vo1
TGO G R U CO R M

921(X) 92(X) 923(X) 924(X)
ALY (0 AGL () AGE () AL () |

LA () Ap02 (%) ApQs (X)) Augy (X))

Mat khac, cac véc to trang thai néu trén cua cac nhip can thoa man di€u kién lién tuc tai cac

H;(x)= (4.10)

gbi trung gian
Uj(Xj) =Uj+1(xj);®j (Xj) = ®j+1(xj); Nj (Xj) = Nj+1(Xj); M j (Xj) =M j+1(Xj)' (411)
Uj(x;) = Up1(x5); 0;(x;) = 0541(x5); Nj (%)) = Njpq (%5); Mj (%) = M4 (x;5).
Do do, ta co
[H;(x)IC] =[H,..(x))IC.,
hay
C‘jl+1 = [Hﬁl(xj)Hj(Xj )]C;1 Z[Sj]C‘jl' (4-12)
Cong thrc truy hdi néu trén cho phép ta tinh cac véc to hang sb cua nhip bat ky qua

véc to hang s6 cta nhip thir nhat

{Cl.3=I[S;S,, S, HC}=[T;HC/}- (4.13)
Cudi cung, ta duoc
{Cr..}=I[S,S,. - SJHC}=[T,HC} (4.14)
va
V1)) = [H1 (0] - {C1} (Va1 ()} = [Hpy1 ()T,] - {C1}. (4.15)

Theo (4.7), ngoai diéu kién bién W(0)=W (L) =0 di duoc tinh dén trong khi xay dung ma
tran truyén, ta c6 cac diéu kién bién khac cho dam tira don hai dau (a) va ngam hai dau (b)
nhu sau

(a) U(0)=@'(0)=U (L) =@'(L) =0; (b) U(0) =0(0) =U (L) =6(L) =0. (4.16)
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Duéi day sé& str dung cac diéu kién bién nay dé xay dung phuong trinh tan sé cho hai
loai dam twa don va ngam hai dau.

Déi véi dam twa don hai dau, diéu kién (4.16a) cing voi cac biéu thire (4.8) cho ta

0:,(0)C; + 93, (0)C; + 915 (0)C5 + 93, (0)C; = 0; 93, (0)C; + Gz, (0)C; + 93, (0)C; + g3, (0)C; =0,
hy, (L)C; +hy, (L)C; + hy,(L)C; +hy, (L)C; = 0; hy, (L)C] +hy, (L)C; + hi, (L)C; + hy, (L)C; =0,
trong d6 h,,h;, 1a cac phan tir cia cac ma tran twong ung [H.,(X)T 1,[H..,(X)T.]. Nhu vy,
cac phuong trinh cudi c6 thé viét lai & dang ma tran
[D(@)]-{C/}=0 (4.17)

véi C!={c!,C!,Cl,Cl} va
1 95(0)  9,(0) 950 g1, (0) |

D(w) =D, (@) = 9 (0) 95 (0) 93 (0) gy (0) _ (4.18)
hy(L)  h,(L) hy(L)  hy,(L)
Lha(L) (L) hy(l)  hy(L)

Trong truong hop dam ngam hai dau, ta ciing c6 thé thiét 1ap duoc phuong trinh (4.17)

nhung v6i ma tran D(w) bang.

(9L(0) g5(0) gL(0) gL(0)]
9(0) 95,(0) 95(0) g5,(0)

D(w) =D (@) = : (4.19)
hy (L) hy(L) hy(L) hy(L)
[Ny (L) (L) hy(L) hy (L)
Dbi voi cac dim co cac diéu kién bién néu trén phuong trinh tan sb s& ¢ dang
F(w) =det[D(w)] =0, (4.20)
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4.3. Két qua tinh toan sb

4.3.1. Kiém chieng phwong phdp, thudt todn va chwong trinh

Bang 4.1. So sanh tin sb tinh bang phwong phap ma tran truyén (TMM) va phwong
phap do cirng dong (DSM) [54] trong cac trwong hop L/h =5;10 va cac gia tri khac

nhau cua chi s0 n

Mode 1 Mode 2 Mode 3
L/h n DSM TMM DSM TMM DSM TMM
[55] [55] [55]
Dam tua don hai dau
0.1 4,784 47834 | 16.652 | 16.6660 | 28.189 | 28.3189
0.2 45296 45219 15.770 | 15.7565 | 26.780 | 26.8944
9.5 4.0590 | 4.0279 14.128 | 14.0318 | 24.002 | 24.0579
5 1.0 3.6890 3.6355 12.818 |12.6470 | 21.621 | 21.6145
2.0 3.3906 3.3328 11.740 | 11.5589 | 19.479 | 19.4718
5.0 3.1088 3.0772 10.721 |10.6300| 17.526 | 17.5625
10 2.9513 2.9387 10.176 | 10.1467 | 16.686 | 16.7487
0.1 5.001 49977 19.135 |19.1228 | 40.385 | 40.3570
0.2 4.7348 47267 18.118 | 18.0863 | 38.240 | 38.1718
9.5 4.2432 4.2086 16.235 |16.1021 | 34.261 | 33.9801
10 1.0 3.8586 3.8004 | 14.755 |14.5331| 31.110 | 30.6491
2.0 3.5510 3.4878 13.561 | 13.3229 | 28.544 | 28.0555
5.0 3.2608 3.2251 12.434 |12.3013 | 26.112 | 25.8533
10 3.0959 3.0805 11.805 | 11.7476 | 24.799 | 24.6834
Dam ngam hai dau

0.1 9.3380 9.3334 | 21.455 |21.4415| 28.189 | 28.1787
0.2 8.8467 8.8320 | 20.331 |20.2909 | 26.780 | 26.8887
9.5 7.9241 7.8762 18.206 | 18.0842 | 24.022 | 23.9547
5 1.0 7.1772 7.0980 16.459 | 16.2684 | 21.621 | 21.5294
2.0 6.5543 6.4707 14974 | 14.7812 | 19.479 | 19.3954
5.0 5.9699 5.9244 | 13585 |13.4826| 17.526 | 17.4850
10 5.6680 5.6484 | 12.896 |12.8530| 16.686 | 16.6691
0.1 10.827 |10.8205| 27.809 |27.7924 | 50.364 | 50.3343
0.2 10.253 |10.2371 | 26.337 |26.2986 | 47.704 | 47.6357
9.5 9.1864 9.1182 | 23.594 | 23.4254 | 42.727 | 42.4315
10 1.0 8.3437 8.2292 | 21.404 |21.1256| 38.721 | 38.2389
2.0 7.6610 7.5376 19.608 | 19.3119| 35.398 | 34.8940
5.0 7.0184 6.9493 17.909 |17.7560 | 32.297 | 32.0050
10 6.6638 6.6339 17.014 |16.9432 | 30.647 | 30.5295

19




a) Dam FGM cé vét miit:

(a)
Hinh 4.1. So sanh tan s6 co ban cua dam FGM c6 vét niit tinh dugc bang cac phuong phap
TMM, DSM va p-FEM; a — dam tya don hai dau; b — ddm ngam hai dau.

(b)

4.3.2. Anh hwéng ciia goi trung gian dén tin sé riéng ciia dim FGM lién tuc nhiéu nhip

Bang 4.2. Tan s6 riéng ciia dim FGM mét, hai va ba nhip phu thudc vao chi s6 phan

b6 vat liéu, n

SH
nhip

Chi s6 phan bo thé tich vat liéu, n

0.01

0.1

0.2 |

0.5

1.0 |

2.0

| 50 |

10

100

Dam ngam hai dau

11.5145
29.5673
53.5374
81.4231
111.9562

10.8205
27.7924
50.3343
76.5667

105.2785

10.2319
26.2854
47.6118
72.4358
99.5801

9.1182
23.4254
42.4315
48.0050
64.5588

8.2292
21.1256
38.2389
43.1884
58.1469

7.5376
19.3119
34.8940
38.9091
52.9791

6.9493
17.7560
32.0050
35.0282
48.4886

6.6339
16.9432
30.5295
46.2376
63.3190

6.1346
15.7049
28.3581
43.0257
59.0426

O b wWwpNE

29.5673

27.7924

26.2854

23.4254

21.1256

19.3119

17.7560

16.9432

15.7049

53.8214
59.6626
81.4231
111.9510

37.3334
56.3731
76.5667

110.0951

35.3282
53.5455

31.5046
48.0050

28.3919
43.1884

25.8829
38.9091

23.6975
35.0282

72.4358
102.7235

64.5588
72.3369

58.1469
65.0735

52.9791
59.1247

48.4886
53.9305

22.5935
33.3620
46.2376
51.4120

21.0038
28.4799
31.6260

43.0257

O b wWwpdNE

47.8421
59.6656
69.8397
102.3087
119.3964

47.8913

45.2966

40.3632

36.3784

33.2108

30.4827

29.0819

27.0007

56.3649
62.5498
93.6781

116.6928

53.5222
59.2241
66.7551
77.2032

47.9435
52.8711
59.5739

105.6788

43.1067
47.6401
53.6201
85.9819

38.8406
43.3252
48.6735
77.4631

34.9980
39.5027
44.2877
69.8852

33.3498
37.6230
42.1763
71.5469

31.6319
36.7929
53.8746
63.3897

Dam tua don hai dau

O~ wdN -

5.3204
20.3566
42.9562
70.8363

102.1854

49977
19.1228
40.3570
66.5611
96.0345

4.7243
18.0772
38.1525
62.9317
90.8045

4.2086
16.1021
33.9801
48.0050
56.0479

3.8004
14.5331
30.6491
43.1884
50.5213

3.4878
13.3229
28.0555
38.9090

3.2251
12.3013
25.8533
35.0281

46.1729

42.4555

3.0805
11.7476
24.6834
40.5218
58.2010

2.8424
10.8549
22.8502
37.5854
54.0890
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20.3566
29.5673

19.1228
27.7926

18.0772
26.2861

16.1021|14.5331
23.4271|21.1279

13.3229
19.3141

12.3013
17.7571

11.7476
16.9437

10.8549
15.7049

34.0693
42.9560
59.6626

56.3731

53.5455

48.0050(43.1884

38.9090

35.0281

33.3619

31.6260

66.5611
96.8673

62.9317
72.4246

56.0479/50.5213
64.5306/58.1088

46.1729
52.9434

42.4555
48.4705

40.5218
46.2303

37.5854
54.1172

42.9561
58.6664
59.6465
86.1579
119.3565

OO WONRFRLOEAWDNPRE

40.3570
47.8894

38.1525
45.2915

33.9801|30.6491
40.3509|36.3617

28.0555
33.1935

25.8533
30.4724

24.6834
29.0777

22.8502
27.0007

56.3766
62.5400
67.1257

112.0550

53.5548
59.1967

48.0280(43.2196
52.7990(47.5441
103.2356|85.9819

38.9392
43.2438
77.4629

35.0446
39.4663
69.8848

33.3686
37.6084
69.8669

28.2362
31.0315
45.6449

E=390GPa, n=3960kg/m’, 44=0.25; E,=210GPa, p,=7800kg/m’, 4,=0.31; L=1, b = 0.1,

h=0.1

4.3.3. Anh hwéng ciia vét nivt dén tan soé riéng dam FGM lién tuc nhiéu nhip
a) Dam FGM hai nhip

(a)

Y N

(b)

Hinh 4.2. Tan s6 co ban (udn) ciia ddm FGM hai nhip (a — SSB, b — CCB)

phu thudc vao vi tri vét nit va twong Gng véi cac gia tri khac nhau cua do sau veét nut (a/h).

tri vét nit va twong mg véi cac gia tri khac nhau chi s6 phan b vat liéu (n).

(@)
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(b)
Hinh 4.3. Tan sb co ban (udn) ctia dim FGM hai nhip (a — SSB, b — CCB) phu thudc vao vi




b) Dam FGM ba nhip

(a) (b)
Hinh 4.4. Tan s6 co ban (udn) cua dam FGM ba nhip (a — SSB, b — CCB)

phu thudc vao vi tri vét nirt va tuong ing véi cac gia tri khac nhau ctia do sau vét nut (a/h).

(a) (b)
Hinh 4.5. Tan sb co ban (udn) ctia dim FGM ba nhip (a — SSB, b — CCB)
phu thudc vao vi tri vét niit va tuong g véi cac gid tri khac nhau ciia chi s6 phan b vat

lidu ().

(a) (b)
Hinh 4.6. Tan sb dao dong doc truc cua dam FGM lién tuc ba nhip

phu thudc vao d6 sau vét nut (a) va chi s6 phan bd vat liéu n (b).
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Bing 4.3. Anh huéng ciia s6 lwgng va phin bd vét niet dén tin sb riéng ciia dam ba nhip

S6 lugng vét nirt (a/h=30%)

TS | Khong Mot Hai Ba
No
1/6-
Vi tri vét nirt 1/6 1/2 5/6 1/6 -1/2 | 1/2-5/6 | 1/6-5/6 1/2-
5/6
Dam tya don hai dau
1 3.1173 2.8933 | 2.9376 2.8933 2.7794 | 2.6336
2 3.6882 3.5327 | 3.6882 3.5327 3.2741
3 4.3266 4,1894 | 4.3266 4.1894 4.0554 | 3.2741
4 4.8049 4.7589 | 4.5923 4.7589 4.7058
5 8.6070 8.5196 | 8.2420 8.5196 8.4273 | 4.0554
4.4553
8.0509
Dam ngam hai dau
1 3.6901 3.6042 | 3.3995 3.6042 3.5354 | 3.2754
2 4.3156 41779 | 4.3156 41779 4.0427 | 4.0427
3 4.8139 4.6265 | 4.8139 4.6265 4.4668 | 4.4668
4 5.4082 5.3252 | 5.3095 5.3252 5.1982 | 5.0673
5 8.6070 8.5196 | 8.2421 8.5196 8.4274
8.0512

E=390GPa, pn=3960kg/m®, 14=0.25; E,=210GPa,
,=7800kg/m®, 1,=0.31; L=1,b=0.1, h=0.1;
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KET LUAN CHUNG

Téng két lai, nhitng két qua chinh dat duoc c6 thé tom lugc nhu sau:

. bi xay dung duoc nghiém téng quat vé dao dong ciia dim FGM c6 nhiéu vét nut, sir
dung mo hinh vét niit duge biéu dién bang hai 10 xo doc truc va 10 xoan, dua trén 1y
thuyét dam Timosshenko va quy luat bién ddi vat liéu theo ham iy thtra. Dac biét co ké
dén vi tri thuc cta truc trung hoa trong dam FGM;

. D3 phat trién phuong phap ma tran truyén cho dim FGM da nhip c6 nhiéu vét nut, cho
phép don gian héa viéc tinh toan tan so riéng ciia dam da nhip (khong can tinh phan lyc
tai cac gbi trung gian ctia dAm da nhip)

. Pa nghién ciru chi tiét dao dong riéng ciia dam dong chat nhiéu nhip cé vét niit nhu mot
truong hop riéng cua dam FGM. O day da phan tich chi tiét anh hudng cua gbi trung gian
1én tan s6 ciia dam va cho thay gdi trung gian anh huéng nhiéu dén phan bd tan sb riéng
ciia dam. Pic biét 1a gbi trung gian lam xuét hién nhitng tan s gidng nhau cho cac diéu
kién bién khac nhau. Céc tan s6 nay goi 1a tan s6 goi.

. b2 nghién ctru anh hudng ctia vét nirt va cac tham sd vt liéu 6 co 1y tinh bién thién lién tuc
dén tan sb riéng ctia dAm da nhip. Dic biét 1a da chi ra trong dam da nhip ciing ton tai nhitng
vi trf ma vét ntt xuat hién tai d6 khong lam thay ddi mot tan sb nao do, goi la céac diém nut
tan s6. DA chi ra rang vét niit xuét hién tai cac gbi c6 thé khéng anh huong dén tan sd nay,
nhung lai 1am thay d6i dang ké tan s6 khac. T4t ca nhitng nhan xét nay 1 nhiing thong tin rat

quan trong dé chan doan vét nut trong dam FGM bang cac tan s riéng.
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