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PHAN TiCH DAO DONG RIENG CUA TAM FGM CO LO RONG (FGP)
DAT MOT PHAN TREN NEN DAN HOI BANG PHUONG PHAP
PHAN TU HO’U HAN

INVESTIGATION OF FREE VIBRATION OF FGP PLATES PARTIALLY SUPPORTED
BY ELASTIC FOUNDATION USING FINITE ELEMENT METHOD
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Hoc vién K¥ thuat Quan su

TOM TAT

Bai bdo sir dung phwong phép phan tiv hitu han (FEM) dwa trén 1y thuyét tam Midlin dé
phan tich dao dong tu do cua tam bcing vat liéu co tinh bién thién ¢ 16 r(5~ng (FGP) dwoc dat mot
phan trén nén dan hoi (EF). Nén dan hoi la nén Pasternak gom c6 dé cimng 10 xo k,va do cung lop
chong cat k, Vat lieu x6p FGP gom hai tham s6 la chi s6 mii thé tich (k) va hé s6 phéan bé 16 rong
(&). Cac ket qua tinh toan ly thuyet ciing nhu chwong trinh tinh toan so da dwoc tac gia so sanh voi
mot sé két qua cua cac tac gia khac da dwoc cong bé dé xac minh dé tin cdy va chinh xdc. Bén canh
dé, cac tinh todn sé dwgc thuc hién nham danh gid anh huong cua nén dan hoi téi dao dong tu do

ciia tam FGP ciing dwoc nghién ciru va trinh bay day di.
T khéa: Phirong phdp phan tiv hitu han FEM; Tam xop co tinh bién thién; Tam chit nhat.
ABSTRACT

The main goal of this article is to use a finite element method (FEM) based on Mindlin plate
theory for analyzing the free vibration of the functionally graded porous (FGP) plate partially
supported by elastic foundation (EF). The EF is Pasternak foundation model includes spring stiffness
(k) and shear layer stiffness (k,). The FGP materials with two-parameter are the power-law index
(k) and the porosity volume fraction () in two cases of even and uneven porosity. Some numerical
results in our work are compared with other published to verify accuracy and reliability. Moreover,

the effect of the elastic foundation on the free vibration of FGP plates is also fully investigated.

Keywords: FEM; Functionally graded Porous, Elastic foundation; Rectangular plates.
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1. GIOI THIEU CHUNG

T4m trén nén dan hoi dugc tmg dung
rat rong rai trong thuc té nén thu hat nhiéu nha
khoa hoc trén thé gidi tap trung nghién ciru.
Mot sé cong trinh nghién ciru tiéu biéu nhu Li
[1] da kiém tra d6 rung phi tuyén ciia cac tdm
bang vt liéu co tinh bién thién c6 16 rong FGP
bang cach sir dung phuong phap Galerkin va
Runge-Kutta bac 4. Zenkour va cong su [2]
nghién ctru 1y thuyét tAm bién thién bon an sd
dé phan tich d6 rung cua tim composite.

Trong bai bdo nay, cac tac gid mo rong
nghién ctru phan tir t& giac 8 nut (Q8) két
hop véi 1y thuyét tim Midlin dé khao sat mot
cach chinh xac truong tng suét, bién dang va
chuyén vi ctia tam FGP. D6 chinh x4c va tin cay
ctia phuong phap duoc khang dinh bang cach
so sanh cac két qua sb véi cac cong bd trudc
day. Hon nira, tac gia cting tiép tuc khao sat anh
huong cua cac thong s6 nén va dac tinh vat li¢u
1én dao dong tu do cua tam FGP.

2. PHUONG TRINH CHU PAO

Xét tim FGP ¢6 chiéu dai a, chiéu rong
b va d6 day h tura mot phan trén nén dan hoi
dugc thé hién trong hinh 1. Nén dan hdi nghién
clru trong bai béo c6 hai dang, 1: Nén dan hoi
c¢6 dang hinh chir nhat theo phuong thing ding
(Hinh 2a) va trudong hop 2: Nén dan hoi 1a mién
chir nhat theo phuong ngang (Hinh 2b). Luu y:
Dién tich nén dan hoi trong hai trudng hop nay
bang nhau.

Vit liéu FGP v6i su thay doi do day va

su khac nhau cua do xép duoc thé hién trong
cong thuc [14]: Truong hop 1:

P(z)=P,+(P — P)( +05j §(P+P) (1)

Truong hop 2:

ro=r 2 -r) 2 +05j —g(f;m)[l—%] @)

Hinh 1. Tam FGP twa métphd‘n trén nén dan hoi:
(a) Tam FGP; (b) Phdn bé déu;
(¢) Phén bé khéng déu.

Trong d6: P 1a ham mo ta anh hudng cua
tinh chat vat liéu, E 1a modul dan hdi Young,
mat d6 khdi luong p, hé s Poisson v; k 14 ti 1&
thé tich, & (£ < 1) 1a thé tich do x6p; m va ¢ lan
luot 14 chi s6 mo ta ti 1¢ kim loai va gém; w la
chuyén Vi cua phﬁn tr tdm doc theo truc z; k,
k, lén, lugt 1a d6 cung cua 16 xo va dg cing cua
16p cat.

.
Hinh 2. Cac dang nén dan hoi.

Ap dung nguyén 1y Hamilton, ta thu
dugc phuong trinh chuyén dong c6 dang nhu
sau:

Md+Kd=0 )

Trong d6: M, k, d tuong ing 1a ma tran
khoi luong tong thé, ma tran do cing tong the,
vecto luc tong the va vecsto chuyén vi tong thé.
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3. KIEM TRA PQ TIN CAY CUA PHUONG PHAP

Trude hét, xét tim SSSS FGP (TH 2) v6i tinh chét vét liéu duoc cho trong bang 1. Do cling
va tan s0 dao dong cua tam dugc cho bdi:

ka* ka> . E N . 2
Klzi;Kzz s Hy=—"—vVvi o SN
H, H, 12(1-0%) n \E,

Céc két qua cua phuong phép hién tai duoc so sanh voi cac cong bd duoc dua ra trong tai
liéu [8] dugc thé hi¢n trong bang 2.

Badng 1. Ddc trung co hoc cua ting vat liéu:

Vit liéu E (GPa) v p(kg/m?)
AlLO, (gém) 380 0.3 3800
Al (kim loai) 70 0.3 2707

Bdng 2. Bang so sanh tan sé dao dong tw do ciia tam FGP:

£=0 £=0.2
(K, K, h/a
Present [8] A (%) Present [8] A (%)
0.05 15.390 15.439 0.31 16.330 16.320 0.06
0.10 15.230 15.245 0.09 16.165 16.148 0.11
(100, 100)
0.15 14.968 14.966 0.01 15.919 15.895 0.15
0.20 14.666 14.640 0.18 15.623 15.595 0.18
Xét tAm tua mot phﬁn trén nén dan hoi J
Winkler [9] nhu trong hinh 3. Cac tham sé gom 'l .
c6 L =2m, L =1m, h=0.0lm, E =200 GPa, - -

v=10.3, Kg/m’p = 7850Kg/m’. Cic tan sé dao
dong tu do ctia tim tinh bang phuong phép hién
tai dugc so sanh vai cac két qua trong tai lidu

ctia Motaghian. Céc két qua so sanh nay duoc L2|=—" by

thé hién trong bang 3. Nhan th,éy sai s6 cua hai _,._ 1y -

phuong phép nho hon 2%. Két qua so sanh ¢

trén cho phép tin tuong vao do chinh xac va N =T o 2l

do6 tin cay cua phuong phap cling nhu chuong n

trinh tinh duoc dé xuét. Hinh 3. Tdm twa mét phan trén nén dan hoi. &
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Bang 3. Tan so dao dong riéng cua tam:

Piéu kién bién SSSS CCCC

K, oN Present [9] A (%) Present [9] A (%)
o’ 5.0256 5.003 0.45 10.2650 10.295 0.29
©, 8.0390 8.001 0.47 13.2832 13.348 0.49

10 o, 13.0950 13.00 1.73 18.6812 18.782 0.54
®, 17.1712 17.00 1.00 26.0202 26.226 0.78
o’ 20.327 20.00 1.64 30.1920 29.853 1.14

4. KET QUA TiNH TOAN SO

Dé khao sit dao dong ty do ciia tAm
FGP, gia sir tim c6 kich thudc hinh hoc theo ti
1¢ b/a =2 (a khong d6i) véi cac dic trung vat lidu
dugc cho trong bang 1; thé tich 16 réng & = 0.5,
chi s6 thé tich k = 1, cac hé s6 K, = K, = 100.
Céc tham s0 khac duoc lay nhu trong phan 3.

Hinh 4, biéu dién trang thai tam FGP
trong cac truong hop sy phan b 16 réng khac
nhau va tdm tua trén cic nén dan hoi khac nhau
trong khi hinh 5 biéu thi 4 tan s6 dao dong riéng
ctia tim FGP trong trudng hop 1 véi nén dan
hdi duge dit tua theo chiéu rong. Nhan théy,
v6i ciing BC va cung dang phéan b6 15 rdng, tan
s6 dao dong riéng ciia tim FGP dit trén nén dan
hoi & truong hop 1 s& 16n hon khi dit trén nén
dan hoi trong trudng hop 2. Chung ta ciing co
thé thay hinh dang cua tim khong ddi xung vi
do cimg cua moi vi tri trén tdm co gia tri khac
nhau.

<

-

(a) Case 1, Type I,
@, =9.4610

—_—
<~

(b) Case 1, Type 2,
o, =6.1065

(c) Case 2, Type 1, (d) Case 2, Type 2,
a)l’k =9.7116 a);k =8.2783

Hinh 4. Hinh dang tam véi cdc triong hop phdn
bo 1o rong va nén dan hoi khac nhau.

= &

(a) Mode 1, (b) Mode 2,
o, =12.6087 w, =15.6162
= —_
(c) Mode 3, (d) Mode 4,
o, =20.2434 @, =25.3762

Hinh 5. Bon tan sé dao déng riéng dau tién cia
tdm CCCC FGP (TH 1).

5. KET LUAN

Bai bao di dua ra cac két qua nghién
cuu dao dong tu do cua tam FGP c6 mdt phan
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dit trén nén dan hoi bang cach sir dung phuong
phap phan tir hitu han dua trén 1y thuyet tAm cua
Mindlin. Céc két qua tinh toan s cua phuong
phap hién tai duoc so sanh vai két qua ctia cac
phu:ong phap hién c6 khac. Tur cong thirc dé
xudt va cac két qua sb, ta co mot sd két luan
sau:

- Tam FGP dat trén cac nén dan hdi khac
nhau s& dan t6i tan s6 dao dong tu do cua thm
thay ddi. biéu nay cho théy, mién tAm dit tua
trén nén dan hoi s& gay anh huong dang ké dén
dao dong tu do cua tam. Bén canh d6, d6 cing
va tinh chat vét liéu ciing anh hudng rat 16n dén
dao dong tu do cua tam. Vi vay, chung ta c6 thé
diéu chinh cac thong sb nay nham kiém soat do
rung cua cac tim FGP.

- Phuong phép hién tai ¢6 thé dugc phat
trién dé khao sat dao dong tu do cua tam FGP
mot phén dat trén nén dan hdi véi cac hinh
dang khong ddi xtmg khac nhu hinh chir L,
vong cung...%*
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