P FHZ S AT 5

© N FHBCEER 29025 25, ISSN 1000-0887

s E & 7L — 4 Thae ik B A R
MR B BRI

BEE, ENRF, BEEXR, ERXA
(PG R2E S ALR2EBE, AR 610031)

BWE. FETBIEMMN 1A Timoshenko F23H%  FIFH Hamilton 2543 JRFEHES T Winkler #it i3t - Z2FL —4ETIHER
JER B 2D-FGM) ORI 5 7 R , SR A SR BRE AR AR [ 3-8 52 (C-C) (T -7 32 (S-S) L 4 P IR
PR SR FNFEAYRTED % W B R B A T B2 A 38R AR R M 3 = T T RR B SR AR £k A 2 A O — 44k 1)y
REMS AR B 55 B SCHIOT L 36 UE G TE A 1 350151 25 SR 3R B 122 SO B30 AN R S A 2 bkt o3 A S0
PTG B AR AR SN AT R B 2 Winkler S5 b JEASE 5 fr) 384 T3 76— 8 Winkler S0 b IR B TR A0 0 SR IR 3h
SR B A T RE A B 5 il 1) T R S e L B S () B8 TR T /N A AR AR X I S AR 1) 52 ) i 7 IR S AR S T 4
PRGN YE L FIRE ST FLBR IS 53 43 B A5 32 met /N FLBR 26 1 40 A B 1B DL

% @ W BEMEIEE SUEE; Winkler SHEIIE,  AIIRRHICHEL  BURRBUL

RESES: 0342 XEAPRERD . A DOI: 10.21656/1000-0887.440050

Free Vibration Analysis of Porous 2D Functionally
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Abstract: Based on the modified couple stress theory and the Timoshenko beam theory, the governing equa-
tions for free vibration of porous 2D functional graded material (FGM) on Winkler’ s foundation were derived
under Hamilton’ s principle. The differential quadrature method was used to obtain the numerical solutions of
the vibration frequencies and fundamental mode shapes of microbeams with both ends clamped (C-C) and sim-
ply supported (S-S). The improved stiffness matrix was used to greatly improve the calculation efficiency. The
proposed model was degenerated to the macro and micro 2D-FGM models, which were compared with those in
previous literatures for validation. The results show that, the present mathematical model is suitable for differ-
ent types of 2D material distributions. The dimensionless frequencies increase with the dimensionless elastic
modulus of Winkler’ s foundation. Under a certain dimensionless elastic foundation modulus, the dimensionless

frequencies decrease with the functionally graded index, the axial functionally graded index and the porosity.
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The effect of the material variation on the mode shape increases with the mode number. For the same parame-
ter, the dimensionless frequencies of the beam with uniform porosity distribution are slightly lower than those

with linear porosity distribution.

Key words: modified couple stress theory; porosity; Winkler’ s foundation; 2D functionally graded material ;

differential quadrature method
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Fig. 1 The geometry and coordinates of a porous 2D functionally graded microbeam on Winkler’ s foundation
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(a) The uniform porosity distribution (b) The linear porosity distribution
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Fig. 2 Porosity distribution patterns
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17.6 wum, M ' A4 J@ AR Poisson HUARHEIE K Poisson HABRIE R H AL v = 0.3, K i 5 HoAb SCHRIEA 7%
w, L’
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F1 AL Z AL 2D-FGM SR TC i AR I S 4 BT
(SS#s, P, =1,P, =1,06 =01,L/h =5, h =2, =3%x107°%)

4

I, 31 AT LR SN 0, =

P, L . o k, L
| i TG E A AR 5 A = B

m

3

Table 1  Convergence verification of dimensionless frequencies of the porous 2D-FGM microbeam on Winkler’ s foundation

(S-S boundary condition, P, = 1, P, = 1,0 = 0.1, L/h =5, h =2/, A =3x107°)

N
7 9 11 13 15 17 19 21
0, 5.429 7 5.428 5 5.428 3 5.428 3 5.428 3 5.428 3 5.428 3 5.428 3
0, 19.390 2 18.200 1 18.193 4 18.193 2 18.193 2 18.193 2 18.193 2 18.193 2
0, 38.905 4 35.116 2 34.682 9 34.672 5 34.672 4 34.672 4 34.672 4 34.672 4

TG AN B M SR A LIRS R AR SCRALR A A 2D-FOM f 2R 22 45 T C-C i 5t
ZAFF 2D-FGM TR — B JC i WA 51 5 SRR [ 22 ] A 45 SR AT 0T b, 3 B B AR — B, i KR 2 A8
i 1% UEBH T 3053 SR B T2 SO 1 A3 R0 FLE B .

3G T C-CIHFFMT ZU 2D-FCM FE0— B Jo i W35 SCAR [ 31 ] HokS i ik (1) % LL , PR 2 485
FEAR—F B RIRZETE 0.5% VAN it — U] T A SCRCH RS FH TR RIS B — e d Rl Ao 1717 L
B ESBAUTSEIE, =71 GPa, p,, =2 780 kg/m®, v = 0.3,h = 0.05 m, L = 5 m, FFRHS Mk ) F
JE B2 7 1) IR DA 503

P(x,z) = Pyel 10 nm (38)
R2 C-CHFLMT 2D-FCM RUER— iR s

Table 2 Dimensionless frequencies of the 2D functionally graded microbeam under the C-C boundary condition

model P, =0,P, =0 P.=1,P, =0 P, =0,P =1 P.=1,P, =1
this paper 28.585 4 23.883 1 22.223 6 19.534 0
ref. [22] 28.577 9 23.677 17 22.427 6 19.546 4

R3 EETASCBIANYZ W 2D-FGM BETC i AR5 STk P 45 2R 19X [ (C-C 151)

Table 3 Comparison of the dimensionless fundamental frequencies of the C-C bi-directional functionally graded beam

model P, =0 P, =2 P, =4 P, =6 P, =
P =0 ref. [31] 6.454 1 5.8729 4.664 3 3.5570 2.766 1
this papaer 6.455 2 5.8737 4.664 7 3.557 1 2.766 1
po=2 ref. [31] 6.616 8 6.021 0 4.782 0 3.646 7 2.8359
this papaer 6.617 9 6.021 8 4.782 3 3.646 9 2.8359
P-4 ref. [31] 7.150 6 6.506 8 5.1679 3.941 1 3.064 8
this papaer 7.152 3 6.508 1 5.168 6 3.941 4 3.065 0
P =6 ref. [31] 8.162 0 7.427 3 5.899 0 4.498 7 3.498 5
this papaer 8.168 3 7.4327 5.903 0 4.501 6 3.500 6
po-3 ref. [31] 9.753 2 8.8753 7.049 3 5.376 1 4.180 8
this papaer 9.802 4 8.919 9 7.084 5 5.402 8 4.201 5
32 HRHH

AL T MM EIRE P, = 1, P, = 1 B5)EE L0 L/h = 5, G0 =5 B 5 M RHRAER BE LU E A/ = 2, 1L
B0 = 0.1 f, Jota AN 5P e A XS PE I | 221 FOM fRCR Al — B Jo i A A e T LU 1, L
TR0 I AP0 R B D0 4 PR M A (3 DR T K, HL— B DG 0 R i A W 2 2R T — B =

K 3 25t T ALBRE 2 oA Rt o A if ik 5E B2 AL 2D-FGM RERAY AT = By Jo i 4R 5 £LER R 6
ZIRI SR R IR, AT LU Y SRR A9 RIS = 7 D A AR B A LB i S i/, HL =B L = Bl A i R
T, 335 SR M AR X R A WA A A B RIS BT, FLBR 23 20 A B ARCRE ) 931 5 g/ T L
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BRENEDATHITOL , 1X 5 LR BUARAT , A ALBR I 21 0 AN LR 2 | S BRI NI EEREAR AT 22 |, AN LI
FA, P 1Y) 22 BB .
R4 TENFNEHIBEXE = R WBORAEN (P, = 1,P, = 1,0 = 0.1,L/h = 5,k = 21, LS 53 40)
Table 4  Effects of the dimensionless elastic foundation modulus on the 1st 3 orders of dimensionless frequencies

(P, =1,P, =1,0 =0.1,L/h = 5,h = 21, uniform porosity distribution)

\ C-C S-S
!2] !22 03 Q] !22 !2'3
0 10.2652 23.536 3 40.299 4 5.581 7 18.666 0 35.4879

1x107° 10.272 0 23.539 2 40.301 1 5.593 5 18.669 5 35.489 8
2x1073 10.278 7 23.542 2 40.302 8 5.605 3 18.673 0 35.491 6
3x1073 10.285 5 23.545 1 40.304 4 5.617 2 18.676 5 35.493 5
4x1073 10.292 2 23.548 0 40.306 1 5.628 9 18.680 0 35.495 3
5%x107° 10.299 0 23.550 9 40.307 8 5.640 7 18.683 5 35.497 2
6x107° 10.305 7 23.553 8 40.309 5 5.652 4 18.687 0 35.499 1
71073 10.312 4 23.556 7 40.311 2 5.664 1 18.690 5 35.500 9
8x107° 10.319 2 23.559 6 40.312 9 5.675 8 18.694 0 35.502 8
9x107° 10.325 9 23.562 5 40.314 6 5.687 5 18.697 5 35.504 6
1x1074 10.332 6 23.565 5 40.316 3 5.699 1 18.701 0 35.506 5

o o

B <451

< 4ol @ (uniform) T Tl Qe e

<) »---Qz(umgorm) 1 S [ @, (uniform) I N

i e g 3s| Qu(uniform)

5 Q, (linear o ---- Q; (uniform)

o 30F —-- Q,(linear) g - ~Q (linear)

E T T T T e T R T T I TI T T T &= ~--0Q, (linear)

§ & - Q,(linear) L ﬁ 25 e e

= 15T ’ 1 = o i

s b ] S [ - ,(linear) A

g zZ 71 ’ 1

£ g [ oo

5 5 : : : ' 5 ' ' : '

o
=3
—
=3
o
o
W
o
~
o
93

(a) C-C 5 (b) S-SR
(a) The C-C boundary condition (b) The S-S boundary condition

3 FLBRERITH =B I WA (P, = 2, L/h = 5, 4 =3 x107%)

Fig. 3 Effects of the porosity on the Ist 3 dimensionless frequencies (P, = 2, L/h = 5, A = 3 x 107%)

30
“ ---- Q, (present) & ---- Q,(present)
S 35 —— Q, (present) < —— Q,(present)
S ---- Q,(classical) ) ---- Q,(classical)
2 — O, (classical) 2 20} — Q, (classical)
5 25 8
& = |
[ (o]
£ &
%15 8o}
= = "
2 2 TR
z Z Pl T
5} [ e
£ S =
S . . . . S 0 . L . L
0 2 4 6 8 10 0 2 4 6 8 10
Pz P:
(a) C-C 1% (b) S-St
(a) The C-C boundary condition (b) The S-S boundary condition

B 4 RFEIELE T DIREEE R SO0 T B T m AR (b = 2h, L = 5h, 6 = 0.2, A

Fig. 4 Effects of the functionally graded index on the 1st 2 dimensionless frequencies

3x107°%)

under different theories (b = 2h, L = 5h, 8 = 0.2, A = 3 x 107°)
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