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A concern during the development of the HGQ collars has been the peak stress calculated in the key region of the collars when the coils are preloaded to the upper limit of the allowable range during the collaring process.  A similar concern was raised during the SSC dipole program, but at the time we were already collaring magnets and had examples that the calculated effect didnít seem to have an adverse affect in actual production.  The documentation of the mechanics of the 50mm cross section does not address the issue, so, 6 years later....





This note documents the peak calculated stresses in the SSC 50mm dipole collared coil finite element model.  





The SSC 50mm dipole collar is shown in Figure 1 (taken from the ëyellow bookí).  The target range for preload on the coil after collaring was 10 ksi ± 3 ksi (69MPa ± 20MPa), with the collars held in tension by 2 keys inserted at the midplane.  





The original DSX model file was resurrected for this analysis, and the material properties left unchanged.  The model, with only the ëbackí collar displayed, is shown in Figures 2 and 3.  The only load case considered was the collared coil step.  For reference, the collar modulus is 200 GPa, and the coil modulus is 7GPa.  The model is linear with respect to material properties, so plastic deformation of the collar in high stress regions are not calculated.  Compression is applied by midplane displacement of the coils.





The inner and outer coils were each preloaded in this model to 69 MPa, compression.  Two separate cases were run, one which included tab interference between the pieces of the back collar, and one which allowed the tab to move with respect to the remainder of the back collar.
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The remainder of the attached figures are ANSYS output plots, and can be grouped as follows:





	No Tab Interference	Tab Interference


Vector plot, displacement, collars	Figures 4, 5	14, 15


UY, UX contour plot, front collar	6, 7	16, 17


UY, UX contour plot, back collar	8, 9	18, 19


Equivalent Stress, contour plot	10, 11	20, 21


Azimuthal stress, contour plot	12, 13	22, 23





Units throughout are mm and MPa.  Note that throughout the plots the /DSCA command was left on default, so the deformed geometry is plotted as 5% of full screen, rather than as a percentage of the actual dimensions.  





The results can be summarized as follows, with positive deflection being defined as being radially outward:





	No Tab Interference	Tab Interference


Front collar deflection, vertical	0.167mm	0.118mm


Front collar deflection, horizontal	-0.054mm	0.023mm


Equivalent Stress, max, front collar	1053 MPa	945 MPa


                                         back collar	960 MPa	755 MPa








For the nominal preload case, the peak stress in the 50mm collared coil is calculated to be in the range of 950 - 1050 MPa.  The effect of the tab interference is to reduce the rotation of the collars about the keys, and reduces the bending stresses which contributed to the peak calculated stress.





The rotation of the tab with respect to the remainder of the back collar has a calculated maximum of -0.202mm.  Per the print, there is a 0.0127 ± 0.0127 mm clearance between the tab and the remainder of the back collar if the tab is fully seated in this region (no vertical deflection).  Experimental measurements on actual collared coils can be expected to fall between these two cases.





Confirmation of this is given by referencing TM 1669, SSC-N-726 (1990), by J. Strait et al which summarizes the cross section mechanics.  This paper notes the vertical deflection of the coils as being 0.004mm/MPa on the diameter of the collared coil.  For 69 MPa coil preload this corresponds to 0.138mm radial deflection, which compares well with the calculation.


