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A quick model was created to independently confirm the HGQ inner and outer coil preload losses calculated for magnet cooldown, for the case using a steel endcan.





The model, shown in figure 1, consists of 1 octant of the quadrupole in the end region, where the coil still has a geometry the same as in the body of the magnet.  The inner and outer coils, inner and outer pole pieces, G-10 collett, and end can are connected by gap elements which calculate load in the direction normal to the contact surface, but are frictionless in the plane of the contact surface.  Basic dimensions of the model and boundary conditions are also shown in figure 1.  The mesh is shown in figure 2, as well as point A, at the outer radius of the endcan along the midplane, which is used as a check on the results of the calculation. 





Pertinent material properties are listed below:


	Modulus	Contraction to 2K


	Radial	Azimuthal


Coil (case 1)	20 GPa	0.004	0.004


Coil (case 2)	20 GPa	0.002	0.004


G-10	14 GPa	0.007	0.002


Steel	200 GPa	0.003	0.003





The coils were preloaded to approximately 100 MPa by application of a midplane displacement, which was then held constant during the cooldown load step.  





The change in average stress for the inner and outer coils, and the end can, for the two load cases are as follows (stresses less than zero are compressive, or a loss of tension):





Case 1 Stresses	Inner Coil	Outer Coil	End Can 


Collared	-103 MPa	-104 MPa	123 MPa


Cooldown	-58 MPa	-81 MPa	82 MPa


Change	45 MPa	23 MPa	-41 MPa





Case 2 Stresses	Inner Coil	Outer Coil	End Can 


Collared	-103 MPa	-104 MPa	123 MPa


Cooldown	-66 MPa	-82 MPa	87 MPa


Change	37 MPa	22 MPa	-36 MPa





The effect of changing the radial integrated thermal contraction of the coil is to lessen the preload loss at cooldown of the inner coil, with almost no effect on the change in stress on the outer coil.  In both cases, the dominant effect is the mismatch in the contraction of the steel endcan and the G-10 collett and the coils.





The results can be checked by summing the compressive load across the 30mm of coil (neglecting the inter-coil gap) and comparing this with the tensile load in the 25mm end can.  For all 4 calculations, this simple check agrees to less than 1.5%.





A final check can be made by comparing the motion of point A, on the outer surface of the steel end can, with hand calculations.  At 118mm, using the integrated contraction listed above, the outer surface of the endcan should contract 0.354mm radially inward for an unstressed cylinder.  For the warm, preload case the can deflects outwards 0.055mm at the midplane (a cylinder equally loaded around itís inside circumference could be expected to move radially outward 0.065mm, so the application of the load does distort the endcan out of round to some extent).  Scaling by the remaining tensile load in the can after cooldown (83MPa/123MPa), the midplane should deflect 0.037mm radially outward at the midplane.  Combining the two effects, the midplane should move radially inward 0.354mm-0.037mm or 0.317mm.  The ANSYS calculation returns a value of 0.31623mm, suggesting that the cooldown step in this calculation is understood.














