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Fig.1 Transverse vibration of membrane
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Fig.2 Triangular element with 6 nodes
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Fg.3 Free vibration of rectangular membrane with fixed sides
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Fig.4  Free vibration of isosceles right triangular membrane
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Lowest 8 natural frequencies and mode shapes

Table 1

of rectangular membrane with fixed sides

. ANSYS 6 —node
Theoretical
m n mesh = elements

Solution 5y 50 mesh =50 x50

6 — node

elements

Theoretical

Solution

23.5060 23.510 23.5060

29.7330 29.745 29.7330

37.902  37.943 37.9023

43.3429 43.370 43.3429

47.0119 47.043 47.0120
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Fig.5 Free vibration of circular membrane with fixed sides
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Table 2 Lowest 8 natural frequencies and mode shapes

of triangular membrane with fixed sides

- . ANSYS 6 —node
Theoretical
m n K mesh = elements
Solution

50 x50 mesh =30 x50

6 - node

elements

Theoretical
Solution

11 60.6921 60.732 60.6922 ' I

2 1 85.8317 85.942 85.8318

1 2 97.8631 98.026 97.8633

31 111.9108 112.15 111.9112 ' I
2 2 121.3843 121.70 121.3851 ’A

13 35.7118 136.15 135.7128 'v

4 1 138.3994 138.86 138.4005

146. 1678 A .

3 2 146.1660 146.71
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Table 3  Lowest 12 natural frequencies and mode shapes

of circular membrane with fixed sides

Theoretical 6 — node Theoretical 6 — node
m n . .
Solution elements Solution elements
1 0 13.8513 13.8525

11 22.0698  22.0718

1 2 29.5801 29.5828

20 31.7945  31.7974

1 3 36.7484  36.7517

2 1 40.4083  40.4120

2 2 48.4815  48.4861

1 5 50.5219  50.5266

2 3 56.2214  56.2269

1 6 57.2299  57.2354

3 1 58.5970  58.6028

b
&
@
«>
QP
“t»
<
&

2 4 63.7304  63.7368

2 3 P J i T BT R B el i 3l 19 i
12 A [ A B3R A 4R A FROT BB 25 2R P03
WA LR AT LA A BROCEE S5 R AR W ik



206 B %5

Ml % 4 2010 4F45 8 4

PSR , A PR T4s g KT IS 7.
5 #ig

A 6 A S MIB AR ITH T, 15 A TR
TR AR S A BRIT 53T, W] A (i 58
T 7R B 1% [T A 00 2% R AR I A R 78, ] LA 7y 8
Jop 23 (Rl S5 RA ) R AR B0 40 BT 3 4> B 78 53 451
FHL,6 4 M = AR BT TR 45 R L ANSYS =
FIE S TC T P A, HAT o e A

2 £ X w

1 Timoshenko S, Young D H, Weaver W. Vibration prob-
lems in engineering. 4th ed. John Wily & Sons Inc, 1974

2 Morse P M , Feshbach H. Methods of theoretical Physics.
McGraw-Hill, New York, 1953

3 MRSCHE, WRRORE AR, RS A i Pk sh i e, IR
a5 Wit ,2009, 28(5) : 84 ~86(Lin W J, Chen S H, Li
S. Analytical solution of the free vibration of circular mem-
brane. Journal of Vibration and Shock, 2009, 28(5) ; 84
~86(in Chinese) )

4 MRSCHS, BRARORE , Sk WL BRI B b AR 3 Y RS
i IR AR (A AR R RR) L2008, 47 (31 2)
103 ~108(Lin W J, Chen S H, Zhang Q M. The analyti-
cal solution of free vibration of annular membrane. Acta

Scientiarum Naturalium Universitatis Sunyatsen, 2008, 47

(sup.2):103 ~108 (in Chinese) )

ARGHE BT, KRS B IRFEIEDE ST, DY RS R
2E4R.2004,39(6) 734 ~739( Yu ZH X, Zhao L. Re-
search on free vibration properties of membrane structure.
Journal of Southwest Jiaotong University, 2004, 39 (6) .
734 ~739(in Chinese) )
ke B RIS B RHIR S0 D R BT SE. LR,
2004,21(3) .61 ~65(Zhang H, Shan J. On buffeting dy-
namic properties of membrane structures. Engineering me-
chanics, 2004, 21(3) :61 ~65(in Chinese) )
R . 25 SR LAY AE 2 1 1) J7 T S A B 7 S5 30—
Wi . YR85 b, 2007, 26(4) 18 ~20(PanJ J, Gu
M. Equivalent fundamental frequency of a square tensioned
membrane with geometric nonlinearity. Journal of Vibration
and Shock, 2007, 26(4) :18 ~20(in Chinese) )
Houmat A. Free vibration analysis of membranes using the
h-p version of the finite element method. Journal of Sound
and Vibration , 2005, 282 . 401 ~410

Houmat A. Free vibration analysis of arbitrarily shaped
membranes using the trigonometric pversion of the finite el-
ement method. Thin-Walled Structures, 2006, 44. 943 ~
951

Buchanan G R, Peddieson J J. A finite element in elliptic
coordinates with application of membrane vibration. Thin-
Walled Structures, 2005, 43 . 1444 ~ 1454

Buchanan G R. Vibration of circular membranes with line-
arly varying density along a diameter. Journal of Sound and

Vibration, 2005, 280: 407 ~414

FREE VIBRATION ANALYSIS OF PLANE MEMBRANES
BY FINITE ELEMENT METHOD *

Lin Wenjing Chen Shuhui
( Department of Applied Mechanics and Engineering, School of Engineering ,Sun Yat-sen University, Guangzhou 510275, China)

Abstract

A pre-tensioned 6-node triangular membrane element was constructed for the free vibration analysis of

membranes by finite element. The shape functions, which were expressed by the area coordinate, were given to

derive the element stiffness and mass matrices in accordance with the Hamilton principle. Three typical examples

show that the results calculated by the 6-node triangular element are more close to the theoretical solution and are

more accurate than the results of ANSYS.
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