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Tém tit

Bai bao phén tich dic trung dao dong tu do cia dam cong lam tir vat lidu c6 co tinh bién d6i di xtng theo
hai phuong: phuong chiéu dai va chidu cao ciia dim. M6 hinh phan tich dugc xay dung dwa trén 1y thuyét dam
Timoshenko két hop véi phuong phép Ritz, cho phép tinh toan tan sé dao dong tu do ctia dim véi nhiéu diéu
kién bién khac nhau. Két qua so sanh véi cac nghién ciru trude ddy minh chimg cho d tin cdy va tinh chinh
Xxdc cua mo hinh. Béng thoi, cac két qua sé dugc thuc hién dé danh gia anh hudng ciia cic tham sd hinh hoc,
tham sé vat liéu va diéu kién bién dén tan s dao dong, g6p phan cung cap dir liéu quan trong cho viée thiét ké
va g dung cac loai dim cong nay trong thuc tién.

Tir khod: dao dong; ddm cong; FGM; phuong phap Ritz; diéu kién bién; tin sb.

FREE VIBRATION ANALYSIS OF TWO DIRECTIONAL SYMMETRICAL FUNCTIONALLY GRADED
CURVED BEAMS

Abstract

The paper analyzes the free vibration characteristics of curved beams made of functionally graded materials
with symmetrical properties in two directions: axial and thickness. The analytical model is developed based on
Timoshenko beam theory combined with the Ritz method, allowing the calculation of free vibration frequencies
for beams under various boundary conditions. Comparisons with previous studies confirm the reliability and
accuracy of the proposed model. Furthermore, numerical analyses are performed to assess the effects of geo-
metric parameters, material properties, and boundary conditions on vibration frequencies, providing valuable
insights for the design and practical application of such curved beams.
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1. Gioi thiéu

Dam cong la mét loai két cAu co ban duoc sir dung rong rai trong nhiéu linh vuc khac nhau chéng
han nhu trong cac cong trinh xay dung, cong nghiép co khi hay cac két ciu dan su va quén sy. Viéc
st dung dam cong mang lai nhiéu loi ich, bao gém tang hiéu qua st dung vat liéu, t6i wu hoa khong
gian va tao ra nhimg thiét ké sang tao. Tuy nhién, dim cong ciing d4t ra nhidu thach thirc nhu kho
khian trong tinh toan. Do d6, phén tich timg xir co hoc néi chung va dao dong tu do ndi riéng cua dam
cong ludn 1a mot chii dé thu hiit sy quan tdm tir cac nha nghién ciru voi cac phuong phap tiép can
khac nhau. Karaagac va cs. [1] dd nghién ctru dao dong tu do cua dam cong va xac dinh tan s dao
dong tu do bang cach sir dung ca phuong phap phan tu hitu han (FEM) va phuong phap nang 1u0’ng
Chen [2] da phan tich dao dong tu do trong mat phang ctia ddm cong, thong qua viéc chuyen d6i mo
hinh vi phan tuong dwong (DQ) thanh mé hinh ciu phuong (EDQ). Toygar va cs. [3] da tién hanh
nghién ctru dao dong tu do va phan bd tng suat cua dam sandwich cong 1am tir soi thily tinh va nhya
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vinylester bang cach két hop phuong phéap sb va thuc nghiém. Nhém cua Lee [4] dd nghién ctru dao
dong tu do cua dam c6 do cong thay d6i, dwoc dit trén nén Pasternak. Cac tac gia sir dung 1y thuyét
dam Timoshenko cung v&i cac phuong phap Runge—Kutta va Regula—Falsi dé x4c dinh tan sé va dang
dao dong voi cac diéu kién bién khac nhau. Viola va cs. [5] ciing 4p dung phuong phap vi phan cau
phuong dé giai cac phuong trinh dé x4c dinh cac tan s6 dao dong ti do ctia ddm cong. Nhom nghién
ctru cua Tarnopolskaya [6] d4 nghién ctru hién tugng chuyén ddi dang dao dong trong cac dam cong
voi do cong va tiét dién thay doi doc theo chiéu dai, sir dung phwong phap nhidu loan dé thiét lap
céc phuong trinh dao dong. Torabi va cs. [7] di nghién ctru dao dong tu do ctia dam Timoshenko voi
nhiéu vét niit bang phuong phap DQEM va kiém chimg d6 chinh xac cua phwong phap nay qua so
sanh voi cac nghién ctru trude. Huynh va cs. [8] sir dung phuong phap dang hinh hoc dé nghién ctru
ubn, 6n dinh va dao dong tw do ciia cac ddm c6 do cong thay ddi. Céc tac gia dd lam rd anh hudng
ctia phan b vat liéu, ty 1é kich thudc, va d6 manh dén tmg xtr ctia dam dudi cac diéu kién bién khac
nhau. Mochida va cs. [9] st dung phuong phap Rayleigh—Ritz dé nghién ctru dao dong tu do cia cac
dam cong chiu tai doc truc, bao gdm céc tru’(‘mg hop tua don gian va ngam. Dey va Talukdar [10] da
phat trién mot mé hinh phan tir hitu han tong quat nham tinh toan cc dic trung dao dong cua dam
cong thanh mong, c¢6 xét dén anh huong cia tai xoén.

Tim kiém va st dung cac loai vat liéu méi dé thay thé vat liéu truyén thong trong cac tmg dung
thue té 1a xu huéng chung trong nhiéu linh vuc cong nghi¢p va khoa hoc. Gan day, vat liéu c6 co tinh
bién doi (Functionally Graded Material - FGM), véi cac uu diém vuot troi nhu kha nang chiu lyc tdt,
khang nhiét cao, chéng mai mon, va dac biét 1a tranh dugc sy bong tach - mdt nhugc diém thuong
gip cua vt liéu composite truyén thong, da duoc ting dung rong rii trong cac linh vuc nhu cong nghé
vil try, hang khong, dong tau, va xay dung. Nho cac dac tinh ndi bat, nhiéu nghién ctru da tap trung
vao cac khia canh nhu dong tu do [11-13], dap ung dong [14, 15], ubn [16, 17], va 6n dinh [18, 19]
cta cac két cu lam tir FGM. Tuy nhién, hau hét cac nghién ctru nay chu yéu tip trung vao FGM c6
tinh chat bién doi theo mot chiéu (1D-FGM), trong khi FGM bién di theo hai phwong (2D-FGM)
lai thuc sy can thiét trong nhiéu tmg dung thuc t&. Mot s6 nghién ctiru gan day di bat dau phén tich
dic tinh ctia 2D-FGM nhung van con han ché. Karamanli [20] d4 phan tich udn tich dim 2D-FGM c6
co tinh tudn theo qui ludt ham lity thira. Pydah va Sabale [21] nghién ctru ing xir tinh ctia dam cong
2D-FGM. Huang va Ouyang [22] dua ra 10 giai cho bai toan udn dim 2D-FGM, xét c co tinh tuan
theo ham mii va ham liy thira, chiu nhiéu loai tai trong va diéu kién bién khac nhau. St dung phuong
phép khong gian trang thai, Deng va Cheng [23] d4 nghién ctru dao dong tu do ciia dim 2D-FGM
theo 1y thuyét dam Timoshenko. Nguyen va cs. [24] gi6i thiéu md hinh phan tir hitu han bac cao dé
phan tich phi tuyén udn tinh cho tim 2D-FGM. Nhom nghién ciru ciia Alaa [25] nghién ciru dép g
chuyén vi ctia ddm 2D-FGM chiju tac dong cua tai trong di dong.

Tir nghién ctru tong quan ndi trén, c6 thé nhan thiy rang dao dong tu do cua dam cong lam bang
vat lidu c¢6 co tinh bién d6i d6i xing hai phuong 1 chua duoc nghién ciru day di. Do d6, bai bao
nay dé xuit mot moé hinh phan tich dao dong tu do cia loai dam cong nay, sir dung 1y thuyét dam
Timoshenko két hop véi phuong phép Ritz dé tinh toan cho dim c6 nhiéu diéu kién bién khac nhau.
Tinh chinh xac va do tin cay ciia mé hinh dugc khang dinh qua viéc ddi chiéu véi cac két qua di cong
bb. Cudi cung, anh hudng ciia cac yéu t6 nhu dic tinh vat liéu, thong sb hinh hoc va diéu kién bién
dén tan s dao dong cua dam cong 2DS-FGM dugc khao sat va thao luan chi tiét, cung cép dir liéu,
lam co s& cho viéc thiét ké cac ung dung lién quan.
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2. Mb hinh dim cong 2DS-FGM
2.1. Kich thudce hinh hoc

Xét dam cong c6 co tinh bién doi ddi xtng
hai phuong nhu trong Hinh 1 (sau day goi tit 1a
dam cong 2DS-FGM). Dam c¢6 chi¢u dai L, mat
cét ngang chit nhat b x h, ban kinh cong R va goc
mo ¢. Hé truc toa d6 Oxz dugc gén vao ddm nhu
hinh v€, trong d6 truc x la tryc cong nam trén mat
trung binh cta dam.
2.2. Mo hinh vat liéu

Vit liéu lam dam duoc gia thiét co co tinh bién
d6i d6i xtg theo ca phwong chiéu dai va chiéu cao
cua dam theo quy luat ham liiy thtra sau [26]: Hinh 1. Ddm cong 2DS-FGM

P(x.2) = (P, —Pz)(

Z ng X Ny
- +0.5) (—‘+O.5) + P 1
h\ : ) (1)

trong d6 P (x,z) 1a tinh chét cua vat liéu chéng han nhu module dan hdi E(x, z), khdi lugng riéng
p(x,2); Py, P> 1a tinh chét tuong Gmg cua vat liéu 1 va 2.

S =,

n,=0mn =1 n.=ILn =0
L
n.=hLn =1 n.=ILn =3

Hinh 2. Bién d6i module dan hdi theo phuong chiéu dai va chiéu day ciia dam

Hinh 2 minh hoa sy bién ddi ciia module dan hdi khi hai vat liéu thanh phan lam dam 1a gém
(Al,03) va nhoém (Al), tinh chét vat liéu cta hai loai vat liéu nay duoc trinh bay trong Bang 1.

Bang 1. Tinh chit cac vat liéu thanh phan

Vit liéu Module dan héi E (GPa) Heé s6 Poisson v Khdi lugng riéng p (kg/m?)

AL O3 380 0,3 3960
Al 70 0,3 2700

3. H¢ phwong trinh chuyén dng dim cong 2DS-FGM
3.1. M6 hinh dam cong 2DS-FGM
Theo 1y thuyét dam Timoshenko, chuyén vi ciia mot diém bat ky trong didm duoc xac dinh theo
cong thire sau:
u(x,z,t) = ug (x, 1) + z8 (x, 1)

2

w(x,z,1) = wo (x,1)
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Cac thanh phén bién dang khi xét dén o cong cua dam duoc xac dinh nhu sau:

_ . _(9W0 uo
8—(1+Z/R)(8o+21<), Y= +0 R (3)

Trong cong thirc (2) va (3): up va wo 1a cac thanh phan chuyén vi thing theo phuong x va phuong z,

. 3 g . . 0 w 00
614 goc xoay ciia mét cat ngang dam, € 1a bién dang dai, y 1a bién dang goéc, va gy = % + ?0, K= F
X X

Cac thanh phﬁn ung sut trong dam duge xac dinh theo dinh luat Hooke:

ol |19 0 ]]e
(=18 el @
E (x,2)

trong d6 Q = E (x,z2), G = 2(1—+v)’ ks 1a hé $6 hiéu chinh.

Thé nang bién dang dan hoi cua dam dugc xac dinh nhu sau:

U=f(0'8+T’y)dV ®)]
v

Thay céc thanh phan tmg suét, bién dang tir phuong trinh (4) va (3) vao (5) va thuc hién cac bién

ddi toan hoc, thu duoc:
L2

U= f (Negg + Mk + Qy)dA (6)
-L/2

trong d6 N, M va Q lan luot 1a cc thanh phz‘”in luc doc, md men, luc cit va duge xac dinh nhu sau:

h/2 h/2 h/2

N:f b odz; M:f b ozdz; Q= fbrdz @)
(1+1%) (1+§)

—h/2 —h/2 —h/2

Thay (3) vao (4) rdi thay két qua thu dugc vao (7) sau d6 thyuc hién tich phan, nhan dwoc phuong
trinh quan hé giita ndi luc va bién dang nhu sau:

N Air B 0 ||eo
M|{=|Bi1 Dii 0 ||« (®)
) 0 0 Ass|ly
trong d6 A;1, Bi1, D11 va Ass la cac hé sb6 do cung vat liéu va duoc xac dinh nhu sau:
h/2 h/2
1 1
A1 =b ——Qdz; By =b f ———Qzdz
H f(1+z/R)Q ! TN
—h/2 —h/2
ny2 h/2 ©)
1
Diy=b | ———0Q7%dz; Ass=kib | Gd
11 f(1+z/R)QZ 7, Ass =k f Z
—h/2 —h/2
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DPong ning ciia dam duoc x4c dinh theo cong thirc sau:

T = f(uz +w2)p(1 + %)dv

(10)
%
Thay (2) vao (10) nhan dugc:

L/2
T = f [I() (l/t% +W%)+211u09+1292] dx (11)
-L/2
2/2
trong do (lo, 11, 1) = f (1, zZ, zz)p (1 + IZ—Q) bdz 1a cdc mé men quéan tinh.
~h/2

Téng ning lwong ciia dam khi dao déng tw do khéng can dugc xac dinh nhu sau:
n=uv-T 12)
3.2. Loi gidi theo phuong phap Ritz

Cac thanh ph::fln chuyén vi duoc chon theo cac chudi nhu sau:

N N N
uo (1) = ) UnFe™; wox,0)= ) WaFpe™; 0(x,0)= ) Fpe” (13)
m=1 m=1 m=1

trong d6 F,,, F),, F’ ,(31 1a cac ham thir va duoc lya chon sao cho thoa man diéu kién bién nhu trinh bay
trong Bang 2, N 1a s6 s6 hang cta chudi.

Bang 2. Ham thir theo diéu kién bién

biéu kién bién SS CcC CS
Pidukiénbién  ug=wo=0,6%0 o= wo=wo,=f=0 = Wo=wor=0=0
chuyén vi taix=0vax=1L taix—Ova:lx—L tai x =0 vaug = wo =0,
yen vi A= - o h 0#0taix=1L
m m m
Fu (f + 0,5) (f + 0,5) (0,5 - f) (f t 0,5)
L L L L
m m+1 2 m+1
FY (f n 0,5) (0,5 - f) (f ; 0,5) (0,5 - f) (f + 0,5) (0,5 - f)
L L L L L L
m—1 m m
F (f N 0,5) (f N 0,5) (0,5 - f) (f ; 0,5)
L L L L

Thay cac thanh phan chuyén vi tir (13) vao (2) rdi thuc hién dao ham theo (3), sau d6 thay két qua
vao (6) va (11), cudi cung thay két qua vao (12) ta dwoc tong ning luong IT ciia ddm. Thue hién cuc
tiéu hoa ham téng nang luong IT thu dwgc hé phuong trinh chuyén dong ciia dim c6 dang sau:

Kuu Kuw KuH

Muu Muw Mué) l:]m 0
Ky Kuww Kyg|— w2 My, My, My V_Vm =30 (14)
Kou  Kow Koo Mo, Mgy Mo |) \ Dpy 0
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i OF" (aF"\"  Ass .
Ky = fz AUE(E) +FF”(F”) dx,
o u N
Ko = f]%A“a;c (FW)T—ASSF“((?;;) dx
-L/2
ng = ‘lf/?z BHBF”(@_FH)T - @FM(G—FH)T dx
ox \ Ox R Ox
_LZZ A AF" (oF"\"]
Ky = fz %FW(FW)T+A55W( ax) dx
-L/2 B
m (B, (0F%\" OFY , T
Ko = fz ?FW(E) +A55a—x(F9) dx
-Lp2 -

Kwu = (Kuw)T; Kﬂu = (Kué))T; Kﬁw = (Kwé))T

r oF" (aF"\"
Kgg = f 2[D11_(8_) +A55FW(FW)T dx
X

ox

-L)2
L2 L/2

M, = fZIOFu(FM)de; My, =0: My= fZI]F”(Fa)de

-L)2 -L/2
L/2
. . T
My, =0, M, = f ZIOFW(FW) dx; My =0
-L/2

L2

VN &
Meu:(MuH)T§ My, =0; My = fZIzFH(Fg) dx

-L/2

K-w’M|=0

4. Két qua s6 va thao luin

- Q)L2 Pm _ 4 1/4
o= g o= Val(pwAL*EI)
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trong do6 cac phén tor cua ma tran d6 ciing [K] va ma tran khdi luong [M] dugc xé4c dinh nhu sau:

(15)

Tt phuong trinh (14) ¢6 thé nhan dugc tan s6 dao dong ctia dam cong 2DS-FGM bang cach giai
phuong trinh tri riéng sau:

(16)

Trong phan nay, mot chuong trinh Matlab duoc xdy dung dya trén mo hinh da thiét lap & trén
duoc thuc hién dé khao st anh hudng cta cac tham s6 vat liéu, tham s hinh hoc cling nhu diéu kién
bién dén tan s6 dao dong ty do cia dam cong 2DS-FGM. Tham s tan s6 dao dong duoc dinh nghia
theo cong thire sau:

(17
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4.1. Kiém chimg mé hinh

Do chua c6 cong bd niao vé phén tich dao dong cua dim cong 2DS-FGM nén nghién ciru ndy s&
thuc hién ba vi du so sanh dé kiém ching tirng phﬁn d% chinh xac ctia mo hinh thiét lap. Trong vi du thi
nhét, dim cong déng hudng c6 ty s6 L/h = 5 dugc st dung. Tham s6 tan sb dao dong cta dam trong
hai truong hop goc mé khac nhau sé duge tinh toan va so sanh vé6i két qua tinh theo 1y thuyét chuyén
vi bic nhat (FSDT) va bac cao (HSDT) ctia Ganapathi va Polit [27], nhu trinh bay trong Béang 3.

Bang 3. Tham s6 tan s6 dao dong & cua dim cong dang hudng

=30° =120°
M6 hinh ¢ ¢
1 "y 1 @y
FSDT [27] 8,9558 32,5112 43109 27,5438
HSDT [27] 8,8907 31,8433 42791 26,9736
Bai bao 8,8968 31,9474 4,3002 27,4385

Tir bang két qua c6 thé thdy rang két qua tinh tir mé hinh cua nghién ctru nay c6 sai khac rat nho
so v6i két qua tinh toan ma Ganapathi va Poli di cong bd. Diéu nay khang dinh tinh chinh xac va do
tin cay cao ciia mo hinh duoc thiét 1ap trong bai bao khi 4p dung dé tinh toan tan sé dao dong cia
dam cong.

Vi du thr hai dugc thue hién véi ddm FGM thrfmg ¢6 co tinh bién ddi theo phuong chiéu cao cta
dam. Trong vi du ndy, ddm c6 lién két tya hai dau (SS), vat liéu 1am dam c6 tinh chét cho trong Bang 1.
Két qua tinh tham s6 tan s6 co ban ciia ddm duoc so sanh v6i két qua cta Thai va Vo [17] va Simsek
[28] trong Bang 4.

Béng 4 cho thiy chénh 1éch giita cac gia trj trong bai bao va cac tai liéu tham khao 1a rt nho, cho
thiy phuwong phap tinh toan cta bai bio c6 d chinh xac cao khi tinh toan tan s6 dao dong cua dam
FGM.

Béng 4. So sanh tan s6 co ban @ ctia dim thing FGM

n
L/h Tac gia :
0 0,5 1 2 5 10

5 Thaiva Vo [17] 51527 44111  3,9904  3,6264 34012  3,2816
Simsek [28] 51527 44107  3,9904  3,6264 34012 32816
Bai béo 51525 43988 39709  3,6047 34023  3,2961
20 ThaivaVo[l7] 54603 46516 42050  3,8361  3,6485  3,5390
Simsek [28] 54603  4,6511 42051  3,8361  3,6485  3,5390
Bai béo 54603  4,6503 42037  3,8347  3,6488  3,5403

Vi du cudi cting duoc thuc hién voi dim dang hudng c6 diéu kién bién khac nhau, két qua tinh
tham s6 tan s dao dong cua dim SS va CC duoc so sanh trong Bang 5. Bang két qua cho thiy tham
s6 tan s6 @ cuia dam tinh theo mo hinh thiét 1ap 1a xap xi bang v&i két qua tinh boi Chen va cs. [29]
va Nguyen va cs. [30] véi cac ty 16 L/h va diéu kién bién khac nhau.

Qua céc vi du so sanh, co thé thiy mé hinh trong bai bao dat do chinh xéc va tin cdy khi tinh toan
tan s6 dao dong ctia dim cong FGM duéi cac diéu kién bién khac nhau. Ngoai ra, cac két qua trén
duoc tinh toan khi chuong trinh hoi tu voi N = 6. Gia tri nay cua s hang trong khai trién chudi ciing
duoc ap dung trong cac vi du khao sat sau day.
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Béang 5. So sanh tham s0 tan s0 @ ctia dam thang véi diéu kién bién khac nhau

Diéu kién bién L/h [29] [30] Bai bdo
SS 5 3,0480 3,0457 3,0453

15 3,1302 3,1299 3,1299

cC 5 42634 4,2584 4,2599

15 4,6655 4,6615 4,6630

4.2. Khao sdt dao dong tw do ciia dam cong 2DS-FGM

Trong phan ndy, anh hudng cua chi sé ty 1¢ thé tich n, va n., anh hudng cia d6 cong dam, anh
huéng cua ty 1& chidu dai trén chiéu day dim dén tham s tin s6 @ duoc khao sat chi tiét. Cac khao
sat duoc thyc hién trén dam co chiéu dai L = 1 m, vdi tinh chét vat liéu cua cac vat liéu thanh phan
dugc trinh bay trong Bang 1.

Bang 6 trinh bay két qua tinh tham s6 tan s cua dAm cong véi ty s6 L/h = 20 va goc md ¢ = 120°,
xét voi nhiéu gia tri khac nhau cua hai chi sb ty & thé tich n, va n;, cung ba diéu kién bién: SS, CS va
CC. Tir két qua trong Bang 6, ¢6 thé nhan thay rang khi giit ¢6 dinh n,, tham s6 tan s6 @ c6 xu huong
tang khi n, ting. Tuy nhién, khi giit ¢6 dinh n, va thay dbi n,, xu hudéng nay khong ddng nhat giita
cac diéu kién bién. Cu thé, dbi v6i diéu kién bién SS, tham sd tan sé @ giam khi n, tang, trong khi véi
diéu kién bién CC va CS, tham sb tan s lai c6 xu hudng ting. Hién tuong nay c6 thé 1a két qua cua
sur két hop va bu trir phire tap giita cac hidu g bién, hiéu tng do cong, ciing v6i anh hudng cua khdi
luong va do cing. Day 1a mot két qua dang ch ¥, khac véi quy luat thong thudng khi so sanh véi cac
dim c6 co tinh bién thién khong dbi xtimg. Diéu nay cho thiy can c6 nhiing nghién ctru sau hon dé
hiéu 15 hon vé co ché tac dong va ching minh sy can thiét cua viée tdi uu hoa két cdu dim 2DS-FGM
trong timg diéu kién bién cuy thé.

Béng 6. Anh huong cua chi s6 ty 18 thé tich n, va n, dén tan sé @ ctia dim cong 2DS-FGM (L/h = 20, ¢ = 120°)

BCs ng \ ny 0 1 2 5 10
SS 0 2,6263 2,5744 2,5029 2,2054 1,6090
1 2,6096 2,5644 2,5021 2,2403 1,6814
2 2,5858 2,5461 2,4915 2,2616 1,7426
5 2,5025 2,4738 2,4354 2,2758 1,8681
10 2,3839 2,3643 2,3398 2,2431 1,9625
CS 0 8,6971 8,5318 8,3831 7,7365 7,0356
1 8,6341 8,4737 8,3461 7,9769 8,0630
2 8,5436 8,3962 8,2795 7,7292 7,9273
5 8,2499 8,1290 8,0505 7,9015 8,0269
10 7,8486 7,71607 7,7185 7,7645 8,1055
CcC 0 9,8099 9,7182 9,6651 9,7994 10,9280
1 9,7252 9,6379 9,5936 9,7688 10,7993
2 9,6181 9,5351 9,5004 9,7098 10,8061
5 9,2758 9,2072 9,1952 9,4733 10,6324
10 8,8247 8,7745 8,7844 9,1079 10,2649

Anh hudng ctia d6 cong dam dén tham s tan s ctia dAm SS dugc thé hién qua db thi trén Hinh 3.
Tir d6 thi, co6 thé thay rang khi ty so giita chiéu dai dam va ban kinh cong L/R tang 1én, tham so tan so
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ctia ddm giam. Luu ¥ rang trong cac truong hop khao sat, chiéu dai dam L dugc ¢d dinh & 1 m. Mirc
giam cda tham s6 tan sb kha dang ké, cu thé khi ty s6 L/R tang tir 0,5 1én 2,3, tham sb tan sb giam
khoéang 42%. Hon nira, gia tri va mirc giam ctia tham s6 tin s6 khi ting L/R gin nhu twong dong giita
hai trudng hop ¢b dinh n, hodc n.. Két qua nay cho thay d6 cong ciia dim 1a mot tham sé quan trong,
anh huong dang ké dén dic tinh dao dong ciia dam.

4 2%

4

38

36

34F

T 32r

3k

28

26

241

1.2 14
L/R

(@) n,=0 (b)n,=0

Hinh 3. Anh huéng cta d6 cong dam (ty s6 L/R) dén tin s6 dao dong @ cua ddm cong 2DS-FGM
(L/h =20, SS)

D4 thi trong Hinh 4 thé hién su bién ddi cua tham sd tan s6 @ theo ty sb L/h cing véi cac chi s6
ty 16 thé tich n, va n.. Quan sat do thi, c6 thé thdy rang tham sd tan sb cua dam ting nhe khi L/A thay
dbi trong khoang gié tri tir 5 dén 15 va gin nhu khong thay d6i khi ty s6 L/h vuot qua 15. Két qua
nay c6 thé do hiéu tmg d6 ctng va hiéu ung khéi lugng bu trir cho nhau, vi tan sé dao dong phy thudce
vao ca do ctmg va khdi lugng. Khi chidu dai ciia dam c¢d dinh, ty s6 L/h ting nghia 1a chidu cao ddm
giam, diéu nay lam giam ca do cimg va khéi lugng cta dam. Hiéu Gng giam d6 cing lam giam tan sd
dao dong, trong khi hiéu tmg giam khdi lwong lai 1am tang tin sé dao dong.

2.4

23
10

0o 5

(@ n,=0 ) n.=0

Hinh 4. Anh huéng cta ty s6 L/h dén tham s tan s6 dao dong @ ciia dam cong 2DS-FGM
(SS, ¢ = 120°)
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Anh huong cua diéu kién bién dén tham sé tan sé dao dong @ ctia dam cong 2DS-FGM duoc trinh
bay trén Hinh 5. Dam khao sat trong vi du nay ¢ ty s6 L/h = 20, gbc m& ¢ = 120°, chi sb ty 1& thé
tich n, = 1, trong khi chi s6 n, thay ddi trong khoang tir 0 dén 10. Két qua cho thdy, dam cé diéu kién
bién CC c6 tan sb dao dong cao nhit va giam nhe khi n, ting. Trong khi d6, ddm CS c6 tan sb trung
binh va xu hudng giam 15 rét hon so véi CC. Nguoc lai, dam SS c6 gia tri @ thip nhét va gan nhu
khong thay d6i khi . ting. Hién twong nay 1a pht hop véi quy luat khi hé c¢6 nhiéu lién két hon s&
cho d¢ ctmg 16n hon, dan dén tan sé dao dong s& 16n hon. Piéu nay cho thiy vai trd quan trong ciia
diéu kién bién d6i véi cac dic tinh dao dong cua dam cong 2DS-FGM.

10 T T T T T T T T

-
- e e Lo

Hinh 5. Anh huéng cua diéu kién bién dén dén tham sé tan s6 dao dong @ cua dim cong 2DS-FGM
(L/h=20,¢ =120°,n, = 1)

5. Két luan
Dao dong ctia dim cong c6 co tinh bién doi theo hai phuwong da dugc khao sat va phén tich trong
bai bao nay. Dé thyuc hién diéu nay, hé phuong trinh chuyén dong ciia ddm cong 2DS-FGM v&i nhiéu
diéu kién bién khac nhau da duogc thiét 1ap dya trén Iy thuyét dam Timoshenko va dwoc giai bang
phuong phép Ritz. Két qua so sanh di chimg minh tinh chinh x4c va do tin cay ctia mé hinh thiét 1ap.
Tir két qua khao sat, co thé rut ra mot sb két luan sau: (i) Tham s tan sé phu thudc phic tap vao chi
s6 ty 1é thé tich va timg diéu kién bién cu thé; (ii) D6 cong ctia dim 1a mot tham sd quan trong, anh
huong 16n dén dao dong cua dam; (iii) Ty 1¢ gitta chiéu dai va chiéu day dim c6 anh hudng khong
dang ké dén dic tinh dao dong tu do cta dam.
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