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Tém tit

Bai bao xdy dung 10i giai giai tich dé phan tich dap ung dong hoc ciia dam bang vat liéu réng (functionally
graded porous materials-FGPMs) dit trén nén dan hoi Pasternak theo mo hinh dim Timoshenko. Ba quy luat
phan bb 15 rdng cua vt lidu dwoc xem xét bao gdm: phan bd déu, phan bd khong déu dbi ximg va phan bd
khong déu bat d6i xing. Hé truc toa d6 quy chiéu gin v6i mit trung hoa duge sir dung nham don gian hoa cac
quan hé ndi luc-chuyén vi. Hé phuong trinh chuyén dong va diéu kién bién cho dam duoc thiét 1ap trén co so
nguyén ly Hamilton. Pap tmg dong luc hoc ctia dim nhan dugc bang cach sir dung phuong phap Runge-Kutta.
Két qua duoc kiém chimg voi cac cong bd cua mot sb tac gia khac cho thdy do tin cdy cua 10i gii. Anh huéng
ctia tham s vat liéu, hinh hoc, nén dan hdi va cac tham s cua tai trong di dong dén ung xtr dong cua dam duge
khao sat qua cac vi du sd.

Tir khoa: phan tich dao dong; tai trong di dong; dam vét lidu xép; dam Timoshenko; mat trung hoa.

DYNAMIC ANALYSIS OF FG POROUS TIMOSHENKO BEAM UNDER MOVING LOAD BY USING
AN ANALYTICAL APPROACH

Abstract

This paper presents the analytical solutions for vibration analysis of functionally graded porous Timoshenko
beam resting on the Pasternak elastic foundation. Three porosity distribution patterns including uniform, non-
uniform symmetric, and non-uniform asymmetric are considered. The reference coordinate system coincides
with the neutral surface and is used to get a simple form of stress-displacement relations. Equations of motion
and boundary conditions are obtained via Hamilton’s principle. Natural frequency and transient displacement
are obtained by using the Runge-Kutta method. The results are verified with published ones to show the reli-
ability of the proposed solution. The effect of material and geometric parameters, elastic foundation stiffness
and moving load parameters are investigated through the numerical examples.

Keywords: vibration analysis; moving load; FGP beam; Timoshenko beam; neutral surface.
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1. Mé dau

Vit liéu x6p (porous material) v6i cac 16 réng trong cac vi cu trac, chang han nhu bot kim loai.
Vi kha nang hap thu nang lugng tot, bot kim loai dugc xem 14 mot trong nhitng vat liéu hira hen nhat
deé ché tao két cau chiu tai trong dong [1-4]. Két hop véi ¥ tudng cua vat li€u cd co tinh bién thién
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(FGM), vat liéu x6p dic trung boi quy ludt phan b cac 16 rdng mot cach lién tuc trong ciu trac vi
md, vi thé duoc coi 12 mot loai vat liéu FGM va duoc biét dén voi tén goi vat licu FGM xép (FGP-
functionally graded porous material). Do c6 tiém ning tng dung cao va sé hiru nhidu dic tinh ndi troi
nén cac nghién ctru vé ing xir co hoc ciia két cu str dung vat liéu xdp noi chung [5] va dim bang vat
lidu xOp néi riéng dang thu hiit duge sy quan tim ciia cic nha khoa hoc trong va ngoai nudc, thé hién
qua mot s6 lwong 16n cac cong b trong thoi gian gan day [6-9].

Két cau chiu tai trong di dong thuong gip phd bién trong doi sdng (miat duong, dudng biang sang
bay, dudng ray, dam ta vet, ...), mg xir co hoc cua chiing vi thé ciing khac biét so véi khi chiu tai
trong tinh, doi hoi phai c¢6 cac nghién ctru chuyén sdu. Mot trong sd cac tai lidu quan trong nhét trong
phan tich két cdu tai trong di dong 1a sach chuyén khao cua Fryba [10], trong d6 nghiém giai tich
cho mot loat bai toan dAm va tim béng vat liéu dfmg hudng chiu tac dung cua cac loai tai trong di
dong khac nhau dugc xay dung trén co so bién doi Fourier va bién doi Laplace. Cac két qua phan tich
g xtr dong cua dam trén nén dan hdi duoc Thambiratnam va Zhuge trinh bay trong [11], Huang va
Thambiratnam trong [12], Gbadeyan va Oni trong [13], Kim va Roesset trong [14], Zhu va Law trong
[15]. Sir dung cac 1y thuyét ddm khac nhau, Simsek [16] phan tich dao dong ctia ddm FGM chiu tac
dung cuia khdi lwong di dong. Simsek va Kocatiirk [17] phan tich dao dong riéng va dao dong cudng
buic ciia dam FGM chiu tic dung cua tai diéu hoa di dong. Str dung mé hinh dim Euler-Bernoulli,
Simsek va cs. [18] khao sat rng xir dong cia diam FGM c6 co tinh bién thién doc truc chiu tac dung
cua tai trong diéu hoa di dong. Khalili va cs. [19] phan tich dao dong cudng buc cia dim FGM chiu
tai trong di dong bang phwong phap hdn hop Ritz-DQ. Malekzadeh va Monajjemzadeh [20] khao sat
g xir ddng ctia ddm FGM trong moéi trudng nhiét theo 1y thuyét bién dang cit bac nhét bang phuong
phap phan tir hitu han (PTHH). Wang va Wu [21] khéao sat anh huong nhiét ¢én Gng xtr dong ctia dim
FGM c6 co tinh bién thién theo toa do doc truc chiu tac dung cua tai trong diéu hoa di dong.

Bai toan dao dong cua dam FGM chiu kich dong boi tai trong di dong dwoc mot s6 tac gia trong
nudc quan tim nghién ctru trong thoi gian gan diy. Pham Dinh Trung [22] phén tich dao dong cua
dam FGM duéi tac dong cta khéi lugng hodc luc diéu hoa di dong bang phuwong phap PTHH. Lé Thi
Ha va dong nghiép xay dung mo hinh phén tir hitu han dé phan tich dao dong ciia dam FGM da nhip
chiu lyc diéu hoa di dong [23], ddm c6 mit cit ngang thay doi chiu nhiéu lyc di dong [24]. Ham dang
Kosmatka dugc Nguyén Dinh Kién va cs. [25] ding dé xay dyng biéu thirc ma tran d¢ cimg va ma trin
khéi lugng cho phan tich dim bang vét lidu c6 co tinh bién thién theo hai phuong (2D-FGM) chiu luc
di dong. Pham Quéc Hoa va cs. [26] phéan tich dong tam FGM ¢ vi 15 r5ng dat trén nén dan hoi chiu
tac dung cua tai trong di dong bang phuong phap PTHH tron (Edge-Based Smoothed Finite Element
Method). Gan day, Nguyén Sy Nam va Lé Ngoc Phuong [27] xdy dung nghiém giai tich phén tich
dap tng dong lyc hoc cua dam Timoshenko chiu tai trong di dong. Anh huong cia hé s6 can, tai trong
va van tdc di chuyén tai trong 1én dao dong va tng suat trong dam da duogc xét dén.

Qua nghién ciru téng quan, c6 thé thdy rang, bai toan phan tich dap tmg dong cho dam bang vat
liéu x6p (FGP) chiu tai trong di dong theo phuong phap giai tich, c6 xét dén vi tri thuc ciia mit trung
hoa con chua dugc tic gia nao kham pha. Vi thé, trong bai bao nay, phén tich dao dong ctia dim FGP
dat trén nén dan hoi trong do yéu t6 mat trung hoa vat li¢u dugc xét dén nham triét tiéu tuong tac
mang-udn trong quan hé noi lyc-bién dang. Dé c6 10i giai khong qua cong kénh, ddng thoi khic phuc
dugc nhitng han ché ctia dim Euler-Bernoulli, 1y thuyét dim Timoshenko dugc sir dung. Cac phuong
trinh can bing cua dam duoc thiét 1ap trén co sé nguyén ly Hamilton. Ba quy luat phan bé ciia 16 rng
bao gém: phan bd déu, khong déu dbi xtg va khong déu bat dbi xtng theo chiéu cao dam dugc thuc
hién trong cac phan tich. Cac két qua sé cho thiy anh huong ciia cac tham sd vét liéu, tham s6 hinh
hoc, nén dan hdi va tham s6 tai di dong 1én dap Gng ctiia ddm FGP.
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2. Mo hinh dam bing vit liéu FGP
Trong nghién ctru nay, dam FGP c¢6 chiéu dai L, chiéu rong b va chiéu cao h trong hé toa do xoz.
Do ¢6 co tinh thay d6i theo toa do chi€u cao dam, mat trung hoa cua dam c6 thé khong trung voi mat

trung binh. Dé chi rd vi tri mit trung hoa ctia ddm FGM xdp, hai mit phing khac nhau dwoc st dung
cho toa d0 z: z,s VA z,s twong Ung 1a toa do tinh ttr mat trung binh va mat trung hoa (xem Hinh 1).

Zye NS T—

E, Gi.p

Mat trung hoa
1]
cl _
Mat trung binh

o Es, Go, pa

Hinh 1. M6 hinh dim FGP trén nén dan hoi duéi tac dung cua tai trong di dong

Cac hﬁ'mg s6 vat liéu bién thién lién tuc theo chiéu cao dam, phu thudc vao hé sO rong [6, 28]:
Phan bo déu - Dang 1:

2
112 2
{E,G} ={E1,Gi}(1 —eox); p=p1vy]l-eox; X=———(—\/1—eo——+l) (1)
€Q eg \T v/

Phan b ddi xtmg - Dang 2:

(E @n) G o) = (E1, G} |1 = eocos (Z2)| 5 pans) = pu |1 = emeos (Z22)] @)

Phan bd bét dbi xtng - Dang 3:

{E (zms) G (zms)} = {E1,G1} [1 ~ €0 COs (FZZ " %)]

P (@ms) = p1 [1 — €, COS (?—Z‘ + %)]

3)

trong do, hé sb r5ng eo dugc xac dinh boi: eg =1 - Er/E; =1 -G2/Gy; E1,G1,p1 va Ey, Ga, 02 lan
luot 1a cac gia tri 10n nhat va nho nhat cia mé dun dan hoéi kéo - nén, mé dun dan hoi truot va khoi
lwong riéng. Hé s6 Poisson dugc coi 1a khong thay d6i theo toa do chiéu day: v = hang s6 [29].

Vi tri mat trung hoa ctia ddm FGP trong truong hop phéan bd bat d6i xtng khong tring mat trung
binh, duoc xac dinh tir diéu kién [30]:

h/2 h/2 h/2
f (@ms = O) E(zms)dzms =0 = C = f ZmsE(Zms)dz| | f E(zps)dz (4)
—h/2 —h/2 —h/2

3. Cac hé thire va phwong trinh chua dao
Str dung khai niém mit trung hoa, truong chuyén vi theo 1y thuyét Timoshenko (TBT) [31]:
U(X, Zns, 1) = Uo(X, 1) + ZnsOx(X, 1); - WX, Zns, 1) = wo(x, 1) )
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trong d6: ¢ 1a bién thoi gian; uo, wo twong tmg 1a chuyén vi mang va d vong caa mot diém trén mat
trung hoa; 6, 1a goc xoay ciia mat cat ngang quanh truc y cua dam.
Theo d6, cac thanh phan bién dang bao gom:

Yaz =Wy + Uz =wox+ 0y (6)

Déu (,) di kém cac thanh phan chuyén vi chi dao ham riéng theo bién tuong tng.
Doi voi dam vét liéu FGM x0p, quan hé ing suat bién dang:

ox =011 Tz = Q66Yazs Qi1 = E(zng); Qo6 = G(2ns) @)

Tich phan cac thanh phan tng suit theo phuwong chiéu cao dam, ta dugc cac thanh phan noi luc
Ny, M, va Q,;; ching lién hé véi cac thanh phan chuyén vi:

N, =Aqnugy; M, =Di110yy;  QOx = A5 (Wox + 6x) 3
hj2-C hj2-C h/2—C

trong d6: A;; = b f E(zy5)dzns; D11 = b f zﬁsE(zm-)aVzns;Ag5 = bk, f %dzm; hé
—hj2-C ~hj2-C ~hj2-C

s6 hiéu chinh cit k; = 5/6 duoc st dung trong nghién ctru nay.
Hé phuong trinh chuyén dong cho dim FGP dugc xdy dung dua trén nguyén Iy Hamilton [32],
g6m ba phuong trinh:

Nx,x = Iouo + Iléx
Qszx — Kwwo + Kpwo xx + Po(0)0(x — vi) = Igyig ©)
Mx,x - sz = Ly + IZéx

trong d6: Ky - hé sb do cimg udn (Winkler stiffness), Kp - hé s6 do clng cit (shear stiffness). Tai
trong di dong 1a lyc tap trung biéu dién dudi dang: Py(t) = F cos Qt; F va Q tuong ung 1a bién d6 va
tan sb cua luc kich dong; 6(.) 1a ham Dirac delta, x 1a tham s6 toa do tinh tir dau trai cta dam; v 1a
van toc di chuyén cua diém dat luc.

Céac md men quéan tinh ctia khdi luong dugc dinh nghia trong (9), bao gdm:

h/2-C
Iy = fp(zns)dA =b f p(ZnS)dZ"S
A -h/2-C
h/2-C
I = onSP(Zns)dA =b f ZnsP(Zns)dZns (10)
A -h/2-C
h/2-C
L= fZ%Sp(Zns)dA =b f Z%sp(zns)dzns
A -h/2-C

4. Loi giai giai tich
Xét dam chir nhat FGP lién két khop hai dau, chiu tac dung cua tai trong di dong Py(f). Cac diéu
kién bién cta bai toan dugc thé hién nhu sau:
Taix=0vax=L:Ny=A1u,=0; wo=0; My=D16x=0 (11)
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Chon dang nghiém Navier dé thoa man cac diéu kién bién trong (11):
S Max
uo(x, 1) = Z U(r)cos ——~
m=1
- . max
wo(x, 1) = n; W) sin—— (12)

Bu(x.1) = Y Dy(1) cos %C

m=1
trongdom,n =1,2,3...; U, W, D, l1a bi€n d6 cua chuyén vi doc truc, d6 vOong va goc xoay.
Thay (12) vao (9) va ap dung phuong phap Galerkin, ta dugc:

—A11(Z2U = I()U+I](D

L . . mmvt
5 (4350 + K + @’ Kp) W + Alsa® + IgW| = Po(r) sin (13)
—(Di1a? + AL) @ - AssaW = LU + Ld
Tir 40, ta c6 biéu thirc x4c dinh cac thanh phén gia tdc theo chuyén vi:
CU = l“U + 112W + 113(I)
. 2Py(t t
W= oW + @ + 2200 iy mzv (14)
o = l31U + l32W + l33q)
trong do6 cac hé sb I; ; duoc x4c dinh boi:
2 [ AS I (D11a? + AS AS.a®+K ’K,
; _ DbAja* B 14550 _ h(Pn ). - 53¢ + Kw+a"Kp
11—1%_1012, 12 I%—I()Iz’ 13 = I%—IOIZ ;0 In = To ;
2 o
by = _A‘;Sa/‘ Ly = — I()IzAlla’z B Allafz. = IOA;SG’ = Iy (Dl](l +Ag5)
Io ‘ L(B-Kn) h I} = Il I} = Il
4.1. Dao dong riéng
Cho Py = 0, ta xac dinh duoc tan s dao dong riéng cia dam FGP tix viéc giai dinh thirc:
I + li h3
0 I + w2 123 =0 (15)
131 132 133 + a)2

Nghiém nhd nhét thu duge tir (15) v6i moi gia tri (m) chinh la cac tan s6 dao dong riéng wy, can
tim; tir d6 ta x&c dinh dugc tan s6 dao dong co ban wy = min {w,,}.
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4.2. Dap vung dong luc hoc

Xét dam FGP duéi tac dung cua tai trong di dong Py = F cos Qt. Hé phuong trinh (14) thu vé
dang:
U =111U+1pW+ 113(D
mmvt

. 2F
W= lzzW + 123(1) + — cos Q1 sin
IoL

o= 131U + 15oW + 1330

(16)

Hé phuong trinh (16) dugc dung dé phan tich dap tng dong luc hoc ciia ddm FGP. Phuong phap
Runge-Kutta v6i cac diéu kién ban dau U(0) = W(0) = ®(0) = 0; U(0) = W(0) = &(0) = 0 s& duoc
ap dung dé nhan duoc dap tng cua chuyén vi theo thoi gian.

5. Khio sat s6 va thao luin

Dua trén 10i giai giai tich duoc xdy dung ¢ trén, cac tac gia da 1ap code chuong trinh trén nén
Matlab dé phan tich dap img dong cho dim FGP lién két khop hai dau, dat trén nén dan hoi. Vat liéu
bot kim loai (metal foam) v&i céc co tinh E; = 200 GPa, p; = 7850 kg/m3, v=1/3.Dé thuan tién, cac
cong thirc khong thir nguyén sau day duoc st dung [6, 33, 34]:

_wm&L2n  _ FL
48E,\1

w " ;
w

Lo . L*> [pi L L? vot

vzl 2 d=w— 2 Ky=Ky—: Jo=Kp—:; ' =-2

TN CTYRNE TR ED T RMED L

trong d6 I;, A}, twong ung co gia tri la I, Ay cua dam khi hé s6 16 rdng ¢ = 0.

5.1. Vidu kiém chirng

Xét ddm FGP v6i hai quy ludt phan b6 16 rdng 1a: Phan bd khong déu ddi xtimg va phan b khong
déu bat d6i xtmg (ep = 0,5). Bang 1 bao gdm tan sd dao dong co ban khong thir nguyén & ciia dam véi
céc ty sb kich thuée dam khac nhau: L/h = 10, L/h = 20 va L/h = 50. Céc két qua tinh toan theo 16
giai giai tich trong bai bao dugc kiém chimg véi tac gia Chen va cs. [6] sir dung nghiém ban giai tich
va phuong phap Ritz cho thay sy twong dong (sai s6 16n nhét vé tan sé dao dong giita két qua trong
bai bao so vai két qua ctia Chen va cs. chi 1a 1,86%).

Tiép theo, bai bao xem xét ddm déng hudng cé: E = 200 GPa, p = 7850 kg/m>; v=1/3, h =0,1 m,
b/h=0,5; Ky = Jp = 0;vg = 10 m/s, Q = 0, v6i hai truong hop ty s6 kich thude dam bao gém:
L/h = 50 (ddm dai) va L/h = 10 (dam ngan). Tinh héi tu ctia chudi trong khai trién nghiém Navier
(12) da dugc kiém tra, va s s6 hang dugc chon 1a m = 10. Str dung phwong phap Runge-Kuta, sb
bude thoi gian dugce lay 1a 2x10* (bude) khi L/h = 50 va 1x10* (bude) khi L/h = 10. Db thi dap
{mg dong cua dam dudi tac dung cia tai trong di dong theo 10i giai giai tich xay dung trong bai bao
thé hién trong Hinh 2, két qua nay duoc so sanh véi két qua theo nghiém giai tich ctia Chopra [35] sir
dung 1y thuyét dim Euler-Bernoulli theo cong thirc (18):

wo(L/2) = ) 0u(L/2)g, (1) (18)
n=1
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Béng 1. Kiém chimg tin s6 dao dong co ban khong thir nguyén & ciia dim FGP

Cox Nguf”)n )
Phan b6 10 rong L/h - T Sai 50 (%)
Chen va cs. [6] Bai bao
Phén bd d6i xtng 10 0,2798 0,2803 0,17
20 0,1422 0,1422 0,02
50 0,0571 0,0571 0,05
Phén b bat d6i xtng 10 0,2599 0,2554 1,73
20 0,1318 0,1293 1,88
50 0,0529 0,0519 1,86
trong do:
2F 1 t
(Dn(x) = sin @’ qn([) = — 2 (S. Vo - Vo sin wpt
L mL w2 — (nmvy/L) L w,L
n’n*  [EI
Wy, = I E; m=pA; A=Dbh

Céc két qua cho thay, véi truong hop dam dai, cac duong cong d6 vong-thdi gian theo hai phuong
phép tinh gin nhu tring khép. Trong trudng hop dam ngén, gia tri 6 vong 16n nhat tai gitra dim trong
bai bao Wmax(L/2) = 1,0506, 1én hon so véi két qua twong tng cua Chopra cd wpax(L/2) = 1,0208
(sai 1éch gitra hai phuong phap 1a 2,92%).

vp=10m'%, it=0 1 a vp=10m's, it=0

(a) L/h = 50 (b) L/h = 10
Hinh 2. Kiém ching dap ung dao dong cta dam dang hudng dudi tic dung cua tai trong di dong
Tir cac két qua tinh toan kiém chimg chi ra & trén, c6 thé thiy rang 10i giai giai tich va chuong
trinh may tinh st dung trong bai bao c6 do tin cdy.

5.2. Khao sdt dao dong riéng cia dam FGP

Anh huéng ciia quy luat phan bé 16 rdng va hé s6 16 rong e 1én tan sé dao dong co ban khong thir
nguyén ctia ddm FGP (L/h = 15,b/h = 0,5; Ko = Jy = 0) duoc thé hién bang d6 thi trén Hinh 3. Cac
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két qua cho thiy, khi ting hé s6 16 rdng, hai quy luat phan b6 16 rong 1 phan bd déu va phan bd khong
déu déi xtng c6 tan sé dao dong giam déan, voi két qua tan s6 kha gan nhau; tuy nhién quy luat phan
b6 15 rong khong déu dbi xung thi nguoc lai, tan sb dao dong tang 1én khi ting hé s6 15 rong RO rang
la phan bd dbi xtng t6 ra rat hi€u qua, viéc tang he s6 16 rong khong nhirng 1am nhe két cau (giam
khéi lwong dao dong), ma van duy tri da ting tin sé dao dong.

EE o T v T ¥ T ¥ ¥ — N o T T ¥ T ¥ T T v -
——Phin ba diu
32 HePhin b4 33 ximz <

|~ = Phin bd bat §0i x| ’ )

Lh=15bh=05K,=],=0

3- “ “ “ K -

Hinh 3. Anh hudng cia hé sb 16 réng va quy ludgt  Hinh 4. Anh huong ciia nén dan hoi va ty s6 kich
phan bd 16 rdng 1én tan s6 dao dong co ban khong thuéc dam 1én tan sé dao dong co ban khong
thr nguyén thtr nguyén

Anh hudng cua tham sb nén dan hdi Ko, Jy va ty sb kich thude L/h 1én tan sb dao dong co ban
khong thtr nguyén ctua ddm FGP phan b bat dbi ximg (ep = 0,5; b/h = 0,5) dugc thé hién bang do
thi trén Hinh 4. C6 thé nhan thiy ring, v6i mdi ty s6 kich thuéc dam, dim trén nén Pasternak (Ko =
100, Jo = 10) ludn co tan s dao dong lon nhét, sau d6 dén dim trén nén Winkler (Ko =100, Jg = 0),
truong hop dim khong co nén dan hdi ludn co6 tin sé dao dong nho nhat; viée ting cac hé s6 nén dan
héi gop phan 1am ting cimg cho dam, din dén tin sé dao dong riéng ting. V& anh hudng cua ty sb
kich thuéc dam 1én tan s6 dao dong co ban khong thir nguyén, két qua trén d thi cho thdy, viée ting
ty s kich thudc dim chi lam ting tan s6 @ khi L/h < 15, sau d6 thi tan s6 gan nhu khong thay doi.

5.3. Khdo sdt dao ddp vimg dong cia dam FGP

Hinh 5 1a @6 thi m6 ta quan h¢ giira 6 vong tai giita dam theo thoi gian véi cac hé s6 16 rdng khac
nhau: ey = 0,1; eo = 0,3;¢0 = 0,5 va ¢p = 0,8. Dam FGP ¢6 L/h = 15,b/h = 0,5; Ko = Jo = 0 dudi
tac dung cua tai trong di dong: vo = 10 m/s, Q = 0. Ba quy luat phan b6 16 rdng: Phan b6 déu, phan
bd khong déu ddi xing va phan bd khong déu bat ddi ximg duoc tinh toan, so sanh v6i nhau vé dap
g dong. Cac két qua trén do thi cho thiy: Vi cing mot hé s6 16 réng, phan bb ddi xtimg ludn co do
vong bé hon so v6i hai quy luat phan bd con lai; va sy khac biét nay cang 16n khi hé s6 16 rdng e 16n.
Chéng han nhu: véi eg = 0,1 phan bd dbi xtrng c¢6 do vong 1on nhét tai gilra dam w(L/2) 1a 1,0862
trong khi phan bd bat di ximg va phan bd déu c6 két qua do vong tuong g 1 1,1116 va 1,1174;
con khi eg = 0,8 cac quy luat phan bd: ddi xung, bat dbi xtimg va déu, c6 két qua do vong lan luot 1a
1,4800, 2,5195 va 2,5038. Ngoai ra, v6i mdi quy ludt phan bé 15 réng, khi ting hé s6 16 rdng, d6 cling
ciia dim giam dan dén d6 vong ting.
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Hinh 5. Anh huéng cta hé sb 18 rdng 1én dudng cong do vong-thdi gian cua ddm FGP véi
3 quy luat phan b6 16 rong khac nhau

Anh huéng ctia cac hé sb nén dan hoi 1én dap e
{mg dong ctia dam FGP phan bd bat dbi xtng (Q = 1}
0;L/h = 15,b/h = 0,5; ¢g = 0,5) dugc thé hién 12t
qua d0 thi trén Hinh 6. Tr déy ta thiy, dim khong 1
¢6 nén dan hoi ludn c6 do vong w(L/2) l6n nh‘ét, Tosf :-—MK.f 160.7,=10
sau do dén truong hgp dam trén nén Winkler; dam Ep
trén nén Pasternak luon c6 d¢ vong nhé nhat; voi - _ e
céc gia tri 6 vong tuong Gng cho ba mo hinh nén N A “Phin b biradi ;1-;:;_ T
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Cac duong cong mo ta quan h¢ gilia d6 vong
16n nhét tai giita ddm Wy (L/2) va van toc di ) - B
chuyén vo cua lyc kich thich, voi cac gia tri khac
nhau cta hé s6 18 rdng trong ba trudng hop quy
luat phan b6 15 rong cia dam FGP dugc thé hién

- A na 0.6

Hinh 6. Anh hudng cua nén dan hdi 1én duong
cong do vong-thoi gian cia dam FGP
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trén do thi & Hinh 7. Trong vi du nay, dam FGP c6 Q = 0; L/h = 15,b/h = 0,5; ¢ = 0,5; Ko = Jo = 0.
Két qua tir cac do thi nay cho thdy, voi ca ba quy ludt phan bé 16 rong, khi ting dan téc d6 di chuyén
cua lyc kich dong, 46 vong bién thién rat phure tap, khi vg dat téi mot gia tri nhit dinh (tuy thudc vao
hé sb 18 rong trong ting truong hop phan bd 16 1ong), d6 vong wiax(L/2) don diéu ting, dat cuc tri
r0i lai giam dan. Sy thay d6i mot cach lién tuc, lap lai nhiéu 1an tinh chat ting dan, rdi lai giam dan do
vong khi van tdc vy con nho duoc gidi thich boi s6 chu trinh dao dong cua dam duoc thyuc hién nhiéu
khi van tbc lyc di dong bé. Ngoai ra, vé& anh hudng ciia hé s6 18 rdng e va quy luat phan bd 16 rdng 1én
dudng cong dap tmg, co6 thé thdy rang, véi ciing mot gia tri van tdc vo: Hai quy luat phan bd 16 rong 1a
phan bd déu va phan bd bat ddi xtng cho két qua kha gan nhau, va 16n hon so véi truong hop phan bd
ddi xung; déng thoi, viéc tang hé s6 15 réng lam gidm do cung dam dan dén 46 vOng Wmax(L/2) tang.
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Hinh 7. Anh huéng cua véan tdc di chuyén lyc kich thich hé s6 16 rong va quy luat phan bd 15 rdng
1én dap ung ctia dam FGP

Anh huong cia tan s6 lyc di dong 1én dap tmg cua dam FGP phan bd bt ddi xtng: & = 0,1,
L/h=15,b/h =0,5; ey =0,5; Ko = Jo = 0 duogc thé hién bang d6 thi & Hinh 8 va Hinh 9. Luu ¥ rang,
hai tin s6 dao dong riéng dau tién cua dam véi cac thong sd dau vao nhu trén 13 w; = 578,32 rad/s va
wy = 2263,22 rad/s. C6 thé nhan thdy, v6i mdi gia tri ciia van tdc vo, khi tan s6 luc kich thich tién gan
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t6i tan s6 dao dong co ban ciia dam, d6 vong Wmax(L/2) ctia dam dic biét ting nhanh, d6 vong 1a 16n
nhat khi xay ra hién turong cong hudéng. Vi du nhu trong truong hop vo = 10 m/s, khi tin sé dao dong
ctia lyc kich thich Q = 0, Q = 400 rad/s, Q = 550 rad/s, Q = 2200 rad/s, 6 vong 1on nhét ciia dam
c6 gia tri twong g 1a winax (L/2) = 1,5530; Wmax(L/2) = 3,0707; Winax(L/2) = 26,3592; Winax(L/2) =
0,1029. Cac két qua trén Hinh 9 cho théy, trong mién cong huong, viéc ting tde do di chuyén cua luc
kich thich gop phan lam giam nhanh d¢ vong ctia dam.

Chhh . —vo=Smi ||
ahd .n
20 e Y :: '|| vy =10m's
) L} I
ghoogn P 1 -n b . =10 e
Y o vog :. :‘: i W --".,:l—];,-r_'l.:
LI ] 1 e g I et = A0 U E
a i :‘ " :I |I| [ ': .II " 60 | il
_ sy b et by R =
o I YR AN 50
N S S L T T e Ea Y S o o M
- Ea i, ';_I-|F_1I B o1 T: L 'II o L
= 1oy " I ] 40 e e e sl
ooy, ' :I' TR Y Phin bd batddi xims
Sl L LI PR PR T T g,=05 Lh=15bh=05
Phanbabardaizmmz v 4y oy g0 oy ' N
=035 =13 =031 T b
= 0,5 LE=15bE=05 " u .r Yoy,
501 S I T T
I&,J—Ij—u :l—l;.-r_'1=. T I.I' " u’
- . - . I
wy=57831mdls, «, =1263 11mad's '

AR 12U

! [rade]

Hinh 8. Duéng cong dap tmg d¢ vong theo thoi gian  Hinh 9. Anh hudng cua tin s6 luc kich thich 1én dap
véi céc tan sO cua luc kich thich khac nhau ung cua dam FGP vdi cac gia tri khac nhau cua
(vo =10 m/s) van toc vy

6. Két luan

Bai bao xdy dung mé hinh giai tich tinh toan tan s6 dao dong riéng va dap tmg dong luc hoc trong
dam FGP, dudi tac dung cia tai trong diéu hoa di dong. Nghiém giai tich duoc thiét 1ap cho dam khi
ké dén vi tri thuc cia mat trung hoa; chuong trinh tinh viét trén nén Matlab duoc kiém chung, cho
thdy du tin cay. Vi viéc sir dung hé quy chiéu gin véi mat trung hoa, cac phuong trinh quan hé cia
dim FGP tr¢ nén don gian hon, trong ty nhu dim dang huéng. Cac khao sat s6 cho phép dénh gia
anh huong ciia cac tham s6 hinh hoc, vat liéu, nén dan hoi, tbc d6 di chuyén va tan sd luc kich thich
di dong dén dap uing dong ciia dam. Cac két qua nhan dugc cho thay:

- Quy luat phan bd khong déu d6i ximg c6 wu diém phat huy duoc do cimg két cau, cho tan sb dao
dong riéng 16n hon va do vong dong bé hon so v6i hai quy luat phan bd con lai: Phan bd déu va phan
bd khong déu bat ddi xung khi chiu tai di dong;

- Khi tang hé sb rdng, d6 ctng cia két cau giam, tan s6 dao dong riéng giam, do vong dong cia
dam tang;

- Khi tang cac hé sb do cung cua nén dan hoi, do cung cua két ciu tang, lam cho tan s6 dao dong
riéng tang;

- Khi tin s cua luc kich thich tién dan t6i tin sé dao dong co ban cua dam, hién tuong cong hudng
xay ra, d§ vong cua dam tang dot bién; khi do, tbe do di chuyén cua luc kich thich cang 16n thi do
vong clia dam cang giam manh;

- Ty s kich thuéc dam chi dnh hudng nhe t6i tan sé dao dong co ban khong thir nguyén khi
L/h < 15.
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Céc két qua nhan duoc 13 hiru ich cho cong tac nghién ctru, thiét ké cac két ciu dam lam bang vat

liéu FGP chiu tai di dong.
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