Appendix A

UT Coil Stress Analysis

Prepared by K. Freudenberg


Model 

Several different loading and geometric scenarios were analyzed using Pro/Mechanica.  The overall model illustrating all of the components is shown below in Figure 1.  The model shown is ¼ symmetric and consists of insulation, conductor and four housing components.  The pressure load that is applied to the model (the application location of which various by scenario) is of the form: 

Pressure (psi) = 0.004x4 - 0.0981x3 + 0.7446x2 - 1.6043x + 34.982

In this equation, x is measured from the coordinate system shown in the figure.  The pressure is the result of applying 10,000 amps/turn to the conductor.  The conductor consists of 16 turns but has been represented by a single cohesive unit in this model for simplicity. 


Figure 1: Overall model of UT coil used in Pro/Mechanica 

Constraints and Loading

The two cutoff ends are restrained in their respective normal directions to represent the symmetry of the model.  Further, the model has been restrained on the bottom surface in all directions to complete the model constraints. 

The pressure load is applied to either the inner or outer vertical plate depending on the geometry scenario.  A temperature load of 70 F is applied to all models that have the conductor present.

Case A.

In case A, the thermal stresses are addressed separately as no pressure loading is applied to the model.  The top of the model is also removed so that the screws are not loaded in shear.  In reality, this means that the screws are simply backed out a bit.  

The Max stress for this case is around 35,000 psi and is very localized
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Case B.

In case A, the model consists of the base plate, the outer vertical plate and the conductor.  The pressure loading is applied to the outer wall of the side support plate. However, pressure is applied only below the top of the conductor and does not encompass the entire plate so that it more adequately represents the loading scenario. 

This situation demonstrates the loading if the screws holding the upper plate are disengaged.  Here, the conductor adds stiffness to the outer plate.  Notice, that the conductor is “locked” both to the side panel and the base plate.  In reality, the conductor may slip upwards from the base surface. 

The max stress is around 48,000 psi. This is a combination of stresses due to thermal loading and the applied pressure.  The yield value for 304 stainless steel is around 30,000 psi. and the ultimate yield strength is around 70,000 psi. 
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Case C. 

In case C, the pressure load is applied to exterior of the outer wall without any conductor present.  This is the “worst case” scenario where the conductor adds no stiffness to the model and the outer wall is required to impart all of the magnetic loading. This situation again demonstrates the loading if the screws holding the upper plate are disengaged. 

The max stress is around 19,000 psi.  This stress occurs near the welding locations of the outer wall and the base plate.  The weld will be able to withstand the pressure loading, as the weld is stronger than the materials it is fastening together.
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Case D. 

In case D, the upper plate is added into the analysis considered above in case C. 

Here, the upper plate is simply welded onto the side support plates.  The model does not account for the loading on the screws that are actually holding the upper plate onto the side plates.  However, even with the welding modeled, the stresses present in the upper plate are on the order of 3,000psi.  

The max stresses occur near the welded connection of the exterior sided support plate and the base of the structure.  This is similar to the location shown above in case C. 
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Case E

Case E represents the most ideal situation where the conductor and the top provide significant stiffness to the model.  The top is attached to the insulation and the support plates via welding.  In the model, the conductor pulls on the inner plate, which, as discussed above, will add some phantom strengthening.  The maximum stress is actually on the inside of the exterior wall.  The location of the stress is very similar to the location found above in Cases A and B.  It is shown in the smaller figure below.  
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Closure

The analysis shows that there is very little loading concern as a direct result of the magnetic loading.  The two cases (C & D) where there was no thermal loading had maximum stress values under 20,000 psi. The maximum stress in case C occurred at the seam between the base and the sidewall.  In reality, the conductor will provide significant stiffness to this area as that shown by case B.  The stress in the same region remained generally the same even though thermal loading was applied to the model in case B. The other pressure only case (D) illustrated that if the screws connecting the top plate onto the assembly, the stress due to pressure would decrease even further.  The max stress in this situation was only 6,500 psi as the top and interior side members added more stiffness to the model.  

The thermal stress is more of a concern.  These results demonstrate that stresses exceeding yield but not ultimate strength appear to be present in very localized areas as demonstrated in cases A, B and E.  Case B is the worst situation studied in this analysis.  The max stress occurs near the top of the conductor where it pushes against the curved section of the inner and outer walls.  Due to the location and the nature of maximum thermal stresses, the structure will be able to handle the loading.  

The racetrack will be able to withstand both the thermal stress due to heating and the magnetic loading applied to the system.  However, backing the screws holding the top plate off will ensure that they will not experience the high shear loads that heating the conductor will produce.  This analysis did not consider the loads applied to the individual bolts or the resulting stresses.  
Conductor
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Housing (4 Pieces)





Model Scenario


- Top removed


- Inner track panel removed


- Epoxy removed


- Pressure applied to outer wall exterior


- Delta T = 70 F





Model Scenario


- Top removed


- Inner track panel removed


- Epoxy removed


- Delta T = 70 F   (Thermal Only)





Model Scenario


- Top removed


- Epoxy removed


- Conductor removed


- Pressure applied to exterior wall’s interior


- No Delta T 





Model Scenario


- Epoxy removed


- Conductor removed


- Pressure applied to exterior wall’s interior


- No Delta T 





Model Scenario


- Pressure applied to interior wall’s interior


- Delta T = 70 F








