August 5, 2004

Lowest Natural Frequency of Camera Shield

Bob Wands

Introduction and Summary

A conical aluminum camera shield is proposed, with a thickness of 1 cm, and constrained at six locations about its large circumference in displacements only. To assess the possibility of resonance with forcing vibrations in the environment, the lowest natural frequency of the shield must be determined.

The shield as proposed has a lowest natural frequency of 544 Hz. 

Several other thicknesses, and three constraints instead of two, were also analyzed to determine whether some economies might be available while still giving a sufficiently high lowest frequency.

Proposed Shield Geometry
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The proposed geometry is shown in Fig. 1

An ANSYS model of the geometry of Fig. 1 was created, and solved for the lowest natural frequency. 

The lowest natural frequency is 544 Hz. The mode shape is shown in Fig. 2.
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A variant of this model was run using three constraints, rather than six. The lowest natural frequency for this model is 219 Hz. 

To determine the dependence of frequency on thickness for the six constraint configuration, a series of runs were made at thickness varying from 0.25 cm to 2 cm. The results are shown in Fig. 3

Increasing the thickness above 1.5 cm has little effect on the lowest frequency. 

The mode shapes were examined at each frequency to see if a change in shape occurred. It was found that, for thicknesses above about 1.5 cm, the mode changes from the dilatory diametral undulations of Fig. 2 to a simple cantilevering, as shown in Fig. 4. (This cantilever mode is the sixth mode of the 1 cm thickness design, and occurs at 648 Hz)
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Appendix A – Vibration Formula

Herman Cease August 5, 2004

The natural frequency of a simple circular ring, in plane, is calculated by:
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Where,

= 2 * natural frequency of the ring

j = jth natural frequency (order)

E = modulus, 10,000,000 psi for aluminum

I = ring cross section, moment of inertia in4 

A = area of the ring cross section

t = ring wall thickness

= density of ring material, 0.098 lb/ in3 for aluminum

R = ring radius

Halving the wall thickness, t, should decrease the natural frequency by a factor of 2. This starts to agree with the ANSYS results for thin walls and when the mode is dilatory diametrical undulations.

Ref: Vibrations and Stability, by J.J. Thomsen
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Figure 1. Proposed Shield Geometry





Figure 2. Mode Shape of Proposed Shield at Lowest Natural Frequency (544 Hz)





Figure 3. 





Figure 4. Mode Shape of Lowest Frequency for t > 1.5 cm
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