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Tém tit

Trong bai bdo nay, cic tic gia xay dung I6i giai giai tich phén tich ng xi u6n ciia dim Timoshenko bing vat
liéu FGM x6p c6 céic lién két dan hoi & hai dau dam. Ba quy luat phan bd 16 rong clia vit liéu dudc xem xét
bao gdm: phan b6 déu, phan b6 dbi xing va phan bd bat d6i xiing. Hé truc toa do gin v6i mit trung hoa vat
liéu dugc sit dung nham don gian héa céc quan hé ndi luc-chuyén vi. Hé phuong trinh can bang va diéu kién
bién cho dam dudc thiét 1ap trén cd sé nguyén ly bién phan. Céac két qua dudc kiém ching véi cac két qua da co
trong cdc tai lidu, trong d6 céc lién két 1y tudng théng dung 1a nhiing trudng hop dic biét thu dude. Anh hudng
ctia tham sd vat liéu, hinh hoc va do ciing ctia cdc lién két dan hoi dén ting xi tinh ctia dam dudc khio sit qua
cic vi du sb.

Tir khod: lién két dan hdi; dim FGM xdp; phan tich udn; dim Timoshenko.

ANALYTICAL SOLUTION OF TIMOSHENKO FG POROUS BEAM UNDER BENDING TAKING INTO
ACCOUNT THE EFFECT OF ELASTIC END SUPPORTS

Abstract

This paper presents the analytical solutions for bending analysis of Timoshenko functionally graded porous
beam having elastic supports at both ends. 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 it is used to get a simple form of stress-displacement relations. Equilibrium equations and
boundary conditions are obtained via the energy variational principle. The results are verified with available
results in the literature, in which conventional perfect connections are particular cases. The effect of material
and geometry parameters, and stiffness of elastic support on the static behavior of the beam is investigated
through numerical examples.

Keywords: elastic connections; FGM porous beam; bending analysis; Timoshenko beam.
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1. M6 dau

Vit lieu FGM xdp 12 loai vat liéu c6 co tinh bién ddi tron (functionally graded porous material-
FGP) theo toa dd khong gian két ciu, c6 thé 1a vo cd hoic hitu co, chiia céc 16 réng (pores) dudi dang
cac héc (cavity), cac 6ng (chanel), hay khe hé (interstice) nam sau trong bé mit. Loai vat liéu nay
dudc st dung trong hé thdng hip thu ning lugng, cich am, trao ddi nhiét; lam mang loc, ludi chin
béo vé dién ti (electromagnetic shielding); hay lam 16p vat liéu bao vé cach dién, cach nhiét, cach am,
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... Céc két cAu nhe st dung vat liéu xdp (porous material) dugc sit dung rong ri trong nhiéu nganh
cong nghiép nhu hang khong vii try, cdng nghé dong tau, 6 t6, xdy dung dan dung va céc linh vuc y
sinh [1-4].

Do c6 tinh ting dung cao va s hitu nhiéu dic tinh ndi troi nén cac két ciu st dung vit liéu x6p
n6i chung va dam bang vat lidu x6p néi riéng, dang thu hiit dudc su quan tim nghién ctiu clia cac nha
khoa hoc trong va ngoai nuéc, thé hién qua mot sb cdc cong bd trong thdi gian gan day. St dung 15i
giai theo phuong phép Ritz va mo hinh dim Timoshenko, Chen [5] nghién ctu ting x{ uén va 6n dinh
dan hoi ctia ddm FGM x6p véi hai dang phan b 16 rdng bit dbi xiing. Babaei [6] st dung ly thuyét
dam bac cao d€ phan tich ng xii tinh va 6n dinh ctia ddm FGM xdp vé6i ba dang phan b6 16 rdng, anh
hudng ctia mat do 16 rdng, dang phan b, nén dan hoi dén luc t6i han, chuyén vi va cdc thanh phan
ting suat da dudc khio sat. St dung 15i giai giai tich Phuong va cs. [7] phan tich uén dim bang vat
liéu FGM c6 vi bot rdng dit trén nén dan hoi, st dung hé quy chiéu 12 mit trung hoa. Ciing véi cich
tiép can nay Long va cs. [8] phan tich tinh dAm FGM c6 16 réng vi mo véi cic diéu kién bién khac
nhau.

Trong thuc té, cac lién két rat da dang va thuong khong 1a lién két ly tuéng, do vay khi md hinh
héa két ciu, cac lién dan hodi thuong dudc dua vao. Lién két dan hdi trong két cdu khung phang dudc
dé cap dén trong tai liéu ctia Lién va Khiém [9] va c4c nghién cifu ctia Hao va Khuyén [10], Lién va
cs. [11]. Ung xii ctia két cdu dam c6 xét dén anh hudng ciia cac lién két dan hdi ciing da dudc céc tic
gia quan tim nghién citu, chi yéu 1 véi dim dang huéng. Chun [12] nghién citu dao dong tu do ciia
dam mot dau khdp-dan hdi, mot dau tu do. Maurizi va cs. [13] nghién ctiu dao dong tu do ctia dAm
tiét dién khong ddi, mot dau khép-dan hoi, mdt dau tu do bi han ché chuyén vi tinh tién. Dao dong
clia dAm dit trén nén dan hoi gidn doan dudc thuc hién bdi Doyle va Pavlovic [14]. Abbas [15] nghién
ctfu dao dong ctia dAm Timoshenko v6i hai dau dam 1a cac lién két dan hoi. Dao dong tu do va ing
xt &n dinh ctia dam, cdt tiét dién khong ddi véi cac 10 xo xoan l1am viéc dan hoi phi tuyén tai hai dau
dam dudc nghién ciiu bdi Rao and Naidu [16]. Dao dong tu do ctia dim Euler—Bernoulli nim trén nén
dan hdi Winkler dugc nghién citu bdi Kacar va cs. [17]. Kim, H.K. va Kim, M.S. [18] nghién ctiu dao
dong ctia dam c6 cdc diéu kién lién két tdng quat st dung chudi Fourier. Li va cs. [19] nghién cttu dic
trung tan s6 dao dong ctia dam dang hudng c6 cac lién két dan hodi 6 hai dau dim. Yayli va cs. [20]
nghién ctiu dao dong riéng ctia dam Euler-Bernoulli trén nén dan hdi véi céc lién két dan hdi & hai
dau dam.

Qua nghién ctiu tdng quan, c6 thé thiy ring, bai toan uén cho dim FGM xbp sit dung cac lién két
dan hoi con rat han ché, can tiép tuc nghién ctiu danh gia chi tiét. Trong bai bdo nay, ly thuyét dam
Timoshenko dudc st dung dé phan tich dim FGM x6p c6 céc lién két dan hoi trong d6 xét dén yéu
t6 mit trung hoa vat liéu. Cac phuong trinh cn bang ctia dAm dudc thiét 14p trén co s nguyén ly thé
ning cuc tiéu. Ba quy luit phan bd ctia 16 réng bao gdm: phan bd déu, khong déu dbi xiing va khong
déu bit dbi xiing theo chiéu cao dam dudgc thuc hién trong cdc phan tich. Céc két qua sb cho thiy anh
hudng ctia cdc tham s6 vat lidu nhu hé sb rdng va quy luat phan bd 16 réng, tham s6 hinh hoc va do
cting cac lién két dan hoi 1én dép ting vé do vong va md men ubn cia dim FGM xbp.

2. M6 hinh dam bing vat liéu FGM x6p

Trong nghién ctiu nay, ddm FGM x6p c6 chiéu dai L va lién két dan hoi 6 2 dau muit dam. Céc
truc toa do x,y nim trong mit phang ngang, truc z theo phuong chiéu cao dim. Do c¢6 co tinh thay
ddi theo toa do chidu cao dam, mit trung hoa ctia dim c6 thé khong tring véi mit trung binh. D& chi
1o vi tri mit trung hoa ctia dim FGM xdp, hai miit phﬁng khac nhau dugc stt dung cho toa dd z: z;
Vi z,,, tuong ing 1a toa do tinh tit mit trung binh va mit trung hoa (xem Hinh 1). Gia thiét ring, trong
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bai todn ubn phang, lién két dan hoi tai moi dau dugc dic trung bsi hai 10 xo ¢6 dd cling udn va do
cing xoan: k), k) tai dau muit trdi dim (z = 0), va kF, 5 tai dau muit phai dam (z = L).

Zns

E, G
Miit trung hoa

L _
Mit trung binh

% S

E», G,

Hinh 1. M6 hinh dim FGM xp c6 lién két dan hoi & hai dau

Cac hf?lng s6 vt liéu bién thién lién tuc theo chiéu cao dam, phu thudc vao mat do phan b 16 rong
[21, 22]:
Phan b6 déu - Dang 1:

1 12 2\
(E,G) = (E1.G1} (1 — eq) ; XZ———(—\/I—eo——+1) 1)
() eg\m T
Phan b dbi xiing - Dang 2:
TZms
{EGms). G(zms)} = (E1.G1) [1 ~ egcos (T)] @)
Phan b bt d6i xiing - Dang 3:
TTZms T
(EGms), Gzms)} = |E1, G1) [1 e cos( s Z)] 3)

trong d6, hé s6 mat do 16 rdng eq dugc xdc dinh bdi: eg = 1 — E2/E; = 1 = G2/G1; E1, Gy va E», G
lan luot 12 cdc gid tri 16n nhit vA nhdé nhit clia mo dun dan hoi kéo - nén, mo dun dan hoi truct
(Gi = E;/[2(1 +v)];i = 1;2). Hé sb Poisson dudc coi 1a khong thay ddi theo toa do chiéu day:
v = conts.

Vi tri mit trung hoa ctia ddim FGM xdp trong trudng hop phan bd bat dbi xiing khong trung miit
trung binh, dudc xéc dinh tir diéu kién [23]:

h/2 h/2 h/2
f (Zms = CO) E(Zms)dzms =0 = C = f ZmsE(zms)dz| | f E(zns)dz 4)
—h/2 -h/2 -h/2

3. Cac hé thitc va phuong trinh cha dao
St dung khai niém miit trung hoa, trudng chuyén vi theo ly thuyét dim Timoshenko [24]:
u(x, Zps) = up(x) + Zu50x(X); WX, Zus) = wo(x) &)

trong do ug, wo tuong tng 1a chuyén vi mang va do vong ctia mot diém trén mit trung hoa; 6, 1a goc
xoay clia mit cit ngang quanh truc y ctia dim.
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Theo d6, cdc thanh phan bién dang bao gom:

— — 0 _ 0 0. _ _ 6. = 0 6
Ex = Ux = U)x t Znsbxx = Ex F TnsKy,  Vxg = Wx T Uz =Wox +0x =7V, (6)
Déu (,) di kém cdc thanh phan chuyén vi chi dao ham riéng theo bién tuong tng.

Péi v6i dam vit liéu FGM xdp, quan hé tng suit bién dang:

ox = 0118 Tz = Q66Yxz (7)
tron% do: Q11 = E(zns); Qo6 = G(2us)-
Ap dung nguyén ly thé ning cuc tiéu [24]:
oU+6V =0 (8)
Bién phan thé ning bién dang dan hoi ctia dam:
L
§U = f f (0408, + Tx0yx:) dAdx + (K wodwo + k90,06, ) .t (kfwodwo + k6:66x)|
X= X=
oo d ) ©)
o 60 o
f P M, % 1 0 [ 220 4 s, || dx
Y ox Ox
0
L L
+ (Kywodwo + k90.56, ) ot (Kfwoowo + k56,66, ) -
trong d6: N, M, va Q.. la cac thanh phan noi luc, ching lién hé v6i cac thanh phan chuyén vi
Ny = AlluO,x; M, = Dllex,x; sz = Agj (WO,x + Gx) (10)
h/2-C hj2-C h/2-C
th1=b\f HQJMMDn=b‘f ZnsE2ns)dzns: Als = bk j‘ Etn) Zns
o " 53 2(1+v)
—h/2-C —h/2-C —h/2-C
Hé s6 hiéu chinh cit k; = 5/6 dudc st dung trong nghién ctiu nay.
Bién phan thé ning ctia tai trong udn ¢:
(1D

L
oV = —fqdwodx
0

Thay céc biéu thiic xdc dinh ctia SU va 6V tir (9) va (11) vao (8), rdi tich phan ting phan, ta dudc

L L
ot (Kfwoowo + k560,06,) .

= (N,Sug + M50, + Qx26w0)| (Kowoswo + K30.06.)|
£ (12)

— f[Nx,chuo + (M x — Q) 80y + (Qrzx + q) OWo | dx

0
Cho cic hé sb clia cac bién phan trén chidu dai dam L biang khong, hé phuong trinh can bang thu

dudc co dang:.
(13)

Nx,x =0; owp: sz,x +g=0; 066,: Mx,x -0,=0
89
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Thay (10) vao (13), hé phuong trinh cn bang theo chuyén vi nhin dugc nhu sau:
Arruoxx = 05 A;5W0,xx + A§59x,x +q=0; D110y — A§5W0,x - Agsgx =0 (14)

Céc tham s6 diéu kién bién: chuyén vi, luc ciing c6 thé rit ra tir (12):

0= Niduolyer, + (Quc + Klwo) wo| _ + (M. +Kh0.) 60|

x=

(15)
—N,oup|y=o — (sz - k?WO) 6WO| - (Mx - k39x) 00y -

x=0

Theo do6, cac phuong trinh diéu kién bién:

Tai x = 0: Nyouo = 0;  (Qu: — k{wo) Swo =0 (M — k36,) 66, = 0

(16)
Tai x = L: Nedug = 0; (Quz + kfwo) owo =0 (M, + ky) 66, = 0

q=q(x) q=q(x)

Silsaaiiiiy
7

| L |

x §o'&’\‘f‘!‘!‘n ;

L

S §0':'m'
N

(a) Dam chi c6 cdc lién két dan hdi & (b) Dam chi ¢6 lién két dan hoi
1 dAu, dau con lai tu do (SP1) béi 2 10 xo diing (SD2)

q=q(x) q=q(x)

VAN

L | | L |

(c) Dam 1 diu ngam ciing, diu con lai chi c6 (d) DAm tya 2 du va c6 lién két dan hoi
lién két dan hdi béi 10 xo ditng (SD3) béi 2 10 xo0 xoay (SP4)

Hinh 2. S dd tinh ctia mot s6 dam chiu udn phing c6 lién két dan hoi

Dudi day, bai bio xem xét cac truong hop lién két thudng gip sau (xem Hinh 2):
Trudng hop 1: Dam chi ¢6 céc lién két dan hdi & 1 dau, dau con lai tu do (SP1):

&,m#0;, & =m=0 (17)

Dam trd thanh c6 lién két 1 dau ngam 1 dau tu do (CF) khi:

Si=m=00; &EH=m=0 (18)
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Trudng hop 2: Dam chi c6 lién két dan hdi bdi 2 10 xo ding (SD2):
§,6#0; m=m=0

Dam trd thanh c6 lién két khdp & 2 dau (SS) khi:

&= =00; =m=0

(19)

(20)

Trudng hop 3: Dam 1 dau ngam ciing, du con lai chi c6 lién két dan hoi béi 10 xo diing (SP3):

Sr=m=0; £H#0,m=0
Dam trg thanh c6 lién két 1 dau ngam 1 dau khép (CS) khi:
S=m=§&=00; m=0
Truong hop 4: Dam tua 2 dau va c6 lién két dan hoi bdi 2 10 xo xoay (SP4):
&i,&p=00; ni,m#0
Dam trd thanh c6 lién két ngam & 2 dau (CC) khi:
Sl=56€=00; ==
trong d6, cac do cung 10 xo khong thit nguyén duge xac dinh béi:

KL kL3 KIL KL bk

= —, = = —, = —, I_—
£l & n m El 2

& E’ El

4. Loi giai chinh xac

Phuong trinh thii nhit trong (14) chi chita mot 4n 1o, nghiém ctia phuong trinh nay 1a:

up = Bix+ B>

trong d6: By, B 1a cic hing s tich phan, dugc xac dinh theo diéu kién bién ctia bai toan.

Hai phuong trinh con lai trong (14) gdm hai 4n s6 wy, 6,; sau mot s6 bién ddi ta dugc:

K s . _ 11
A55D11W0,xxxx = A55CI - Dllq,xm 0, = —— W0,xxx — W0,x — Tq,x

21)

(22)

(23)

(24)

(25)

(26)

27)

Phuong trinh thi nhét trong (27) chi con mot 4n wy, ta sé tim nghiém ctia phuong trinh nay trudc;

sau khi giai dugc wy ta s€ suy ra 6, tit phuong trinh thi hai.
Khi dam chiu tdc dung ctia tai trong phan bd déu g = o, ta dugc nghiém chuyén vi:

4 3 2
qo X X X
=D O O+ i+ Cy
Wo= 24T Mg TRy TR T
3 2
qo x X q0 Dy
0 =-—22 _c=——[cy+ a2+
* D116 ]2 (2 Ag5)x (]A§5 3)

(28)
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. X . L o 2. ~ A 1~ . . X N 2 .
Khi dam chiu tac dung cua tai trong phan bo hinh sin ¢ = gg sin I ta dudgc nghiém chuyén vi:

s n? qoL* X x? x?
wo = (Ass + D

E ms—Dsinf+C1€+C2?+C3x+C4;
55711

2 2 3
B s T qoL P b/ qoL Dy gor X
0, = [(ASS + Dllﬁ) m - (A55 + Dllﬁ) A Doy - o ZT CcoS T (29)
55 55 55
x2 Dll

—ClE—sz—Cl -C;3

s
ASS

Cic hing s6 Cy, Ca, C3, C4 phu thudc vao diéu kién bién trong (16), va dudc trinh bay trong phan

Phu luc A.

5. Két qua s6 va thao luin

V6i nghiém giai tich da thiét 1ap & phan trén, chuong trinh mdy tinh trén nén Matlab dudc viét dé

thuc hién cac vi du sd. Trong nghién ctiu nay, dng xt ubn dugc thuc hién cho dim FGM xdp, cé xét
dén anh hudng ctia cac lién két dan hoi & hai du dam.

Bang 1. Kiém chiing do vong khong thii nguyén ctia dam FGM xbp (L/h = 5), lién két ly tudng véi cac hé s6 16

rong va quy luat phan bb 16 réng khac nhau

Phan bb Diéu kién 5 €o
X X v A Nguon
16 rong bién 0,2 0,4 0,6
SS Nguyen va cs. [25] 0,056 0,066 0,083
Bai bao 0,0556 0,0660 0,0825
CE Nguyen va cs. [25] 0,186 0,221 0,276
Bai bao 0,1868 0,2216 0,2771
Dang 1
cs Nguyen va cs. [25] 0,026 0,030 0,038
Bai bao 0,0267 0,0317 0,0397
cC Nguyen va cs. [25] 0,016 0,018 0,023
Bai bao 0,0157 0,0186 0,0233
3S Nguyen va cs. [25] 0,053 0,058 0,065
Bai bao 0,0525 0,0575 0,0635
CF Nguyen va cs. [25] 0,176 0,194 0,216
Bai bao 0,1763 0,1927 0,2128
Dang 2
CS Nguyen va cs. [25] 0,025 0,027 0,032
Bai bao 0,0255 0,0282 0,0317
e Nguyen va cs. [25] 0,015 0,017 0,020
Bai bao 0,0151 0,0169 0,0192
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5.1. Kiém chitng do vong cho ddm FGM xop

Dé kiém ching do tin cdy clia nghiém giai tich thiét 1ap trong bai bao, cdc két qua sb trong trudng
hop dam FGM xbp (E; = 200 GPa; v = 1/3; b = h = 0,1 m, L/h = 5) v6i 4 trudng hop lién két ly
tudng dudc thuc hién. Dam chiu ubn dudi tac dung clia tai trong phan bd déu g = go = 10* N/m.

. N L L x x

Céc két qua tinh toan do vong khong thd nguyén cia dim w = 10*w (5) /h v6i cac hé so 10 rong
va quy luét phan bd 16 réng khic nhau dudc trinh bay trong Bang 1. C6 thé nhan thiy, cic két qua thu
dugc tlr bai bdo hoan toan phil hdp véi nghiém ban gidi tich theo phuong phdp Ritz st dung 1y thuyét
dam bién dang cit 2 4n cai tién ciia tac gia Nguyen va cs. [25].

5.2. Khdo sdt dnh hudng ciia cdc tham sé dé ciing lién két dan hoi, vat liéu, kich thudc hinh hoc lén
ung xit uon ciia dam
Trong phﬁn nay, dam b.:?mg vat liéu FGM xép (E1 =200GPa,v=1/3,h=0,1m, b/h =0,5) c6
ké dén anh hudng cta cac lién két dan hdi & hai dau mit dam. DAm chiu uén dudi tic dung cia tai
trong phin b g; hai trudng hop tai trong dugc xem xét bao gdm: tai phan bd déu va tdi phan bd hinh
sin.

Bang 2. D6 vong va mo men udn 16n nhit trong ddm FGM x6p véi cdc tham s6 do ciing 10 xo khac nhau

So dd dam D06 vong wax [mm] MO men udn My, [Nm]
SPl:é&=m =0 & =n1 =10 4,0417 5000
& =n1 =50 2,6017 5000
& =n =10° 2,4217 5000
&=m=10° 2,2597 5000
& =n =10° 2,2417 5000
SP2:mp =m =0 E1=6=10 0,8369 1250
& =6 =50 0,3569 1250
& =& =10 0,2969 1250
& =6=10° 0,2429 1250
& =&6=10 0,2369 1250
SP3: ¢ =n =00, =0 & =10 0,3756 1870,107
& =50 0,1424 1385,649
& =107 0,1218 1314,339
& =10° 0,1047 1247,711
& =10° 0,1029 1240,158
SP4: ¢ = & = o0 m=m =10 0,0741 734,0568
m=m =50 0,0569 811,3864
m =n = 10° 0,0545 822,2134
m=mn =10° 0,0523 832,2078
m =mn = 10° 0,0521 833,3333

Trong Bang 2, cic tic gia tién hanh khio sit do vong va md men udn 16n nhét trong dim FGM
x6p, chiu tic dung clia tai trong phan bd déu g = go = 10* N/m véi cic tham s6 do cting 10 xo khic
nhau. D6 thi md ta quy luat bién thién do vong wy va md men uén M, ciia dim dudc thé hién trén
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Hinh 3 va Hinh 4. Céc két qua cho thdy, v6i ca 4 trudng hop so d6 dam, khi ting dan do cing cic 10
x0, d6 vong ctia dim giam dan va tién t6i hoi tu khi do ciing 10 xo da 16n (& = n; = 10° v6i SP1,
& =& =10°v6i SP2, & = 10° v6i SP3 van; = iy = 10° v6i SP4). Trong khi d6, anh hudng ciia do
ciing 10 xo 1én mo6 men udn 13 khac nhau: moé men ubn khong phu thude do cing 16 xo trong trudng
hop SP1, SP2; md men udn My, gidm dan trong trudng hop SP3 va ting dan trong trudng hop SP4
khi tdng do cing 10 xo.

3 4
45 10 : ‘ ‘ o 10 ‘ ‘
—¢&,=n,=10 | Dang 3, tai phan bé déu: —
4+ —05- —10- 8r
________ € =, =50 Zo 0.5; L/h = 10; —¢§=¢,=10
3.5 2 7 £,=¢6,=50
2
6 == §=§=10
3
— . — == =§,=10 J
B g g 5 1% ,
= =4l §=6=10 |
3k J
- 7L rs A Jrey RN
R e Dang 3, tai phan bo déu: S N <
PR
g €, =0.5L/h=10;7,=71,=0 \\\\
0 [ L L L L h
1 0 0.2 0.4 0.6 0.8 1
x/L x/L
(a) DAm chi c6 céc lién két dan hdi & 1 dau, (b) Dam chi c6 lién két dan hoi béi 2 16 xo diing
dau con lai tu do
-4 -
4 x 10 ‘ . . ; 8 x10 - T
—¢&,=10 | Dang3, tai phan b déu: Dang 3, tai phan b6 déu:
35+F 60:0.5; L/h=10; 7k eOZO.S;L/h: 10;

§=n=»m=0 § =& =

25+ Al
E B
= 2 £,
z z
15} st S .
1 I 2 L
0.5 1t
0 L= ‘ . ‘ ‘ 0 ‘ . : ‘
0 02 0.4 0.6 0.8 1 0 02 0.4 0.6 0.8 1
x/L x/L
(c) Dam 1 du ngam ciing, diu con lai chi c6 lién két (d) DAm tua 2 dAu va c6 lién két dan hoi béi
dan hoi béi 10 xo diing 2 10 x0 xoay

Hinh 3. Bién thién do vong wy clia dim véi cac tham s6 do ciing 10 xo khac nhau

Hinh 5 khdo sat dnh hudng ctia hé s6 16 rdng e0 va quy luat phan bd 16 réng 1én d6 vong ctia dim
FGM x6p tua 2 dau va c6 lién két dan hdi béi 2 10 xo xoay (L/h = 10,1 = i = 100). Hai trudng hop
tai phan bd dudc xem xét bao gdm: Tai phan bd déu va tai phan bd hinh sin. Cac két qua cho thay, vé6i
ca 2 loai tai trong dudc xét, phan bd dbi xiing ludn c6 dd vong nhd hon ci, hai quy luat phan bd con
lai (phan bd déu va phan bd bat ddi xiing) cho két qua dd vong khic nhau khong nhiéu. Khi hé s6 16
rong ting, do vong ting véi ca 3 trudng hop quy luat phan bd 16 réng: Phan bd dbi xiing c6 do vong
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(c) Dam 1 dAu ngam ciing, d4u con lai chi c6 lién két (d) Dam twa 2 dau va c6 lién két dan hdi béi 2 10 xo
dan hoi béi 10 xo diing xoay
Hinh 4. Bién thién m6 men uén M, ctia dam véi cac tham so do cing 16 xo khac nhau
-5 -5
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Hinh 5. Anh hudng ctia hé s6 15 rdng va quy luat phan b 16 réng 1én do vong clia dam
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ting gan nhu tuyén tinh, trong khi hai quy luat phan b con lai cho d6 véng ting nhanh-phi tuyén. Hé
s6 16 rong cang 16n thi dnh huéng ctia quy luat phan bd 1én d vong cang rd rang. Céc két qua ciing
cho théy, tii phan b déu ludn cho két qua do vong 16n hon so véi dam chiu tic dung clia tai phan bd
hinh sin tuong ng. Vi du, v6i hé s6 16 rdng eg = 0,5, trong trudng hop phan bd bat dbi xiing, tai phan
bd hinh sin cho két qua d vong tai chinh gitta dim 1a 0,0458 mm, trong khi tai phan bd déu cho két
qua do vong la 0,545 mm (tang 19,2%).

Hinh 6 khdo sit 4nh hudng ctia hé s6 16 rong e va tham sd do ciing 16 xo 1én do vong tai tim dam
FGM x6p c6 lién két tua 2 dau va c6 lién két dan hdi béi 2 10 xo xoay (L/h = 10,771 = n» = ). Nhu
mong doi, véi mdi gid tri clia tham sd do cing 10 xo, khi ting hé s6 16 rdng, do vong ciia dAm ting.
Pong thoi, véi mbi hé s6 16 réng cia vat lidu, khi ting do ciing 10 xo xoan, dd vong clia dam giam;
do vong giam nhanh trong khoang n < 50, sau d6 do vong giam chim dan lai va tién tSi hoi tu khi
n > 100.

\
i \\“W\
P

N \
\ \\M\ \@?\
o ‘§\§\\\\\\\\\\\\\\\\\\\\\\\§\\\‘\,
\\\‘\\\W\\i\‘\\\\\\\\\\\\\\\\\t\t\\\\\\\\ -

N
M
W MK
\\\\\\\\\\ \\\\t\\\\w\\@
\\\\\\\ N\

w, (L/2) [m]

. 800 g 800
e 1000 n L/h 1000 n

Hinh 6. Anh hudng ctia hé s6 16 rdng va do ciing 106 Hinh 7. Anh hudng ciia ty s kich thuéc L/h va do
xo 1én do vong ctia dim cting 10 xo 1én do vong ctia dim

Hinh 7 khdo sit 4nh hudng cta ty s kich thuéc L/h va tham sb do cting 10 xo 1én do vong clia
dam FGM x6p tua 2 dau va c6 lién két dan hdi bdi 2 10 xo xoay (eg = 0,5; 71 = 12 = n). Trong khao
sat nay, cac do cing 10 xo khong thit nguyén dugc xac dinh bdi:

073 Ly3 0
leO kl LO k2L0 k2 0 bh3

= —, = —, = -, ;L 210]’1, I=— 30
& £l & £l m £ m = £l 0 B (30)

Cic két qua chi ra ring, v6i mdi tham sé do ciing 10 xo, khi ting chiéu dai dim (ddng nghia véi
viéc ting ty s6 kich thu6c L/h), dd vong cia dam ting, d6 vong ting nhanh khi L/ > 20.

6. Két luan

Bai bdo xay dung mo hinh tinh toan chuyén vi, ndi luc trong dim FGM xdp, chiu udn c6 xét dén
anh hudng ctia cac lién két dan hdi. Nghiém giai tich dudc thiét 1ap cho dam khi xem xét yéu td miit
trung hoa; chuong trinh tinh viét trén nén Matlab dudc kiém chiing, cho thiy dd tin cy. Cac khao sat
s6 cho phép danh gia anh hudng clia cic tham sb hinh hoc, vat liéu, tham sd do ciing céc lién két dan
hdi dén do vong va ting suat trong dAm. RS rang 1a quy luét phan bd 16 réng va hé sb 16 réng cia vat
liéu c6 4nh huéng ding ké 1én do ciing ctia dam, phan bd 16 rdng trong trudng hop khong déu dbi
xting c6 tac dung ting cling va giam do vong ctia dam so vdi hai quy luat con lai. Do ciing ctia céc 10
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x0 ¢6 anh hudng rd rét 1én do vong, cic 10 xo ¢6 do cling cang 16n thi cang 1am ting do ciing két cAu,
din dén giam do vong. Cac 10 xo khong dnh hudng 1én mo men udn néu hé 1 tinh dinh va sé& 1am thay
ddi mo6 men udn khi hé 1a siéu tinh. Cic két qua nhan dudc 12 hitu ich cho cong tic nghién ciu, thiét
ké céc két cAu dim lam bang vat liéu FGM c6 16 rong.
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a. Truong hop 1: Dam chi c6 céc lién két dan hoi & 1 dau, dau con lai tu do
- V6i tai trong phan bd déu:
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