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ABSTRACT

The vibration analysis of an axially moving membrane are investigated wher: the membrane has the two sets of in-plane

boundary conditions, which are free and fixed constraints in the lateral direction. Since the in-plane stiffness is much higher than the

out-of-plane stiffness, it is assumed during deriving the equations of motion that the in-plane motion is in a steady state. Under this

assumption, the equation of out-of-plane motion is derived, which is a linear partial differential equation influenced by the in-plane

stress distributions. After discretizing the equation by using the Galerkin method, the natural frequencies and mode shapes are

computed. In particular, we put a focus on analyzing the effects of the in-plane boundary conditions on the natural frequencies and

mode shapes of the moving membrane.
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Fig. 1 Model of an axially moving membrane with
velocity V
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Fig. 2 Mode shapes of the stationary membrane with the
boundary conditions of Case I: (a) the (0, 1)
mode; (b) the (0, 2) mode; (c) the (0, 3) mode; (d)
the (1, 1) mode; (e) the (1, 2) mode and (f) the (1,
3) mode

[
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Fig. 3 Mode shapes of the stationary membrane with the
boundary conditions of Case II: (a) the (0, 1)
mode; (b) the (0, 2) mode; (c) the (0, 3) mode; (d)
the (1, 1) mode; () the (1, 2) mode and (f) the (1,
3) mode.

Tablel Convergence characteristics of the dimensionless
natural frequencies & for the stationary
membrane with the boundary conditions of Case 1

Mode
M, M, ©1 ©,2) an (1.2
5 1.0000 1.0000 2.0000 2.0000
6 1.0000 1.0000 2.0000 2.0000
2 7 1.0000 1.0000 2.0000 2.0000
8 1.0000 1.0000 2.0000 2.0000
9 1.0000 1.0000 2.0000 2.0000
5 1.0000 1.0000 2.0000 2.0000
6 1.0000 1.0000 2.0000 2.0000
3 7 1.0000 1.0000 2.0000 2.0000
8 1.0000 1.0000 20000 2.0000
9 1.0000 1.0000 2.0000 2.0000
s 1.0000 1.0000 2.0000 2.0000
6 1.0000 1.0000 2.0000 2.0000
4 7 1.0000 1.0000 2.0000 2.0000
8 1.0000 1.0000 2.0000 2.0000
9 1.0000 1.0000 2.0000 2.0000
5 1.0000 1.0000 2.0000 2.0000
6 1.0000 1.0000 2.0000 2.0000
5 7 1.0000 1.0000 2.0000 2.0000
8 1.0000 1.0000 2.0000 2.0000
9 1.0000 1.0000 2.0000 2.0000
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Table2 Convergence characteristics of the dimensionless
natural frequencies @ for the stationary membrane
with the boundary conditions of Case I

Mode

M, M, ©1n 0.2 Ly (L2

s 0.9274 0.9353 1.8596 1.8738

6 0.9274 0.9206 1.8596 1.8479

2 7 09144 0.9206 1.8380 1.8479

8 09144 0.9086 1.8380 1.8293

9 0.9029 0.9086 1.8218 1.8293

5 09274 0.9353 1.8595 1.8737

6 0.9274 0.9206 1.8596 18477

3 7 09144 0.9206 1.8374 1.8477

8 0.9144 0.9086 1.8374 1.8283

9 0.902% 0.9086 1.8200 1.8283

5 09272 0.9351 1.8595 1.8737

6 0.9272 0.9208 18595 1.8477

4 7 0.9143 0.9205 18374 1.8477

8 0.9143 0.9084 1.8374 1.8283

9 0.9024 0.9084 1.8200 1.8283

5 09272 0.9351 1.8592 1.8734

6 0.9272 0.9208 1.8592 1.8474

s 7 0.9143 0.9205 1.8370 1.8474

8 0.9143 0.9084 1.8370 1.8273

9 0.9024 0.9084 1.8168 1.8273
3
w *
‘

%D >3 o 015 e

v

Fig. 4 Variation of the natural frequencies for the
dimensionless velocity with the boundary
conditions of Case I

Fig. 5 Variation of the natural frequencies for the
dimensionless velocity with the boundary
conditions of Case II
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