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Abstract—This note presents a brief analysis of the HFM Top Plate. This analysis was performed to check if the top plate would satisfy the ASME Pressure Vessel code requirements.

1. Introduction
A request was made by Sandor Feher of the Development and Testing Department to check whether the Top Plate to be used for cold testing the HFM magnet would satisfy the requirements of the ASME Pressure Vessel code or not. The drawing for the top plate could be obtained from Sandor Feher. 

We built a simplified 2-D model for the top plate as a circular plate of outer diameter 32.75" and thickness 2.0". All the openings in the plate were modeled as per the drawing. The model was meshed with the Shell 63 elements in ANSYS. The applied boundary conditions were to fix all the degrees of freedom to be zero at the outer radius of the plate
. An out of plane uniform pressure of 145 psi was applied to the model. 

Figure 1 shows the resultant equivalent (von-Mises) stress distribution in the top plate. The individual stress components, the radial and azimuthal stresses, are shown in Figures 2 and 3. The resultant maximum equivalent stress in the plate for the applied load of 145 psi is 8,000 psi (55 MPa). If we use a material design safety factor of 3.5, this implies that the plate material should have a yield strength greater than 55 MPa x 3.5 = 193 MPa. Since the plate is made of stainless steel that has a yield strength of at least 200 MPa, this 
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Figure 1: von-Mises stress distribution (in psi) for an applied pressure of 145 psi.
implies that the given top plate is safe for a resultant pressure of up to 145 psi (1 MPa). Note that a more elaborate analysis is not necessary at this stage since the relief valve used in the system is set at a much lower pressure.

APPENDIX

To check the validity of the model used, we ran a simple case of a circular plate subjected to an out of plane pressure loading. The theoretical solutions for this case are well known and can be found in any classical book on mechanics (e.g., 
). For an applied pressure of 290 psi (2 MPa), the theoretical solutions for a circular plate of outer diameter 32.75" and thickness 2.0" are:

· At R=0:

Radial Stress = Tangential Stress = 9,112 psi

von-Mises stress = 9,112 psi

· At R=16.375":

Radial Stress = -14,580 psi

Tangential Stress = -3,645 psi

von-Mises Stress = 13,142 psi

Figures 4 to 10 present the radial, azimuthal, and equivalent stress distribution in a circular plate for an applied pressure of 290 psi. From these figures, it is apparent that the obtained finite element solution matches well with the theoretical solution presented above. This confirms the appropriateness of the model used for the present analysis.
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Figure 2: Radial stress distribution (in psi) for an applied pressure of 145 psi.
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Figure 3: Azimuthal stress distribution (in psi) for an applied pressure of 145 psi. 
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Figure 4: Contours of radial stress distribution (in psi) in a circular plate for an applied pressure of 290 psi. 
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Figure 5: Radial stress (in psi) as a function of radius, r for an applied pressure of 290 psi.
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Figure 6: Contours of azimuthal stress distribution (in psi) in a circular plate for an applied pressure of 290 psi.
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Figure 7: Azimuthal stress (in psi) as a function of radius, r for an applied pressure of 290 psi.
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Figure 8: Contours of von-Mises stress distribution (in psi) in a circular plate for an applied pressure of 290 psi.
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Figure 9: von-Mises stress (in psi) as a function of radius, r for an applied pressure of 290 psi.
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Figure 10: Radial (1), azimuthal (2), and von-Mises (3) stress distribution as a function of radius, r in a circular plate for an applied pressure of 290 psi. Note that the maximum equivalent (von-Mises) stress occurs at the outer edge of the plate and that the stress in minimum somewhere in between the plate.










































� Note that since the bolts are spaced at a diameter of 31.0", in reality the fixed boundary condition occurs at a smaller diameter than that used in the current analysis (32.75"). However, since the maximum stresses occur at the outer edge for a circular plate, our analysis is more conservative in nature. Further we assume that enough preload is applied to the bolts such that the condition of fixed ends is satisfied during all stages of operation.


� Theory of Plates and Shells by S. Timoshenko and S. Woinowsky-Krieger, McGraw-Hill Book Company, Second Edition, (1959).
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