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1.0 Executive Summary

Two existing ANSYS
 models are used to determine the forces which must be carried by the Modular Coil Winding Form (MCWF) as a result of the loads developed by TF coil system. The hybrid model
 is used to determine the vertical forces which develop when the TF support structure restrains the vertical displacements from cooldown (85K) and max-current operation (0.5 T). This is expected to be 18.2 kN/TF coil (top and bottom). 

The global model
 is then used to determine the reaction force distribution as the applied load enters the TF coil superstructure and enters the MCWF support points. This analysis shows that the four inboard support points per 120˚ sector carry 60% of the TF coil vertical load: ~17 kN each. The 12 outboard support points per 120˚ sector carry the remaining 40% of the vertical load, with maximum value of ~4 kN.

These forces can be used by to determine the impact of restraining vertical displacements at the top and bottom of the TF coils through structural attachments on the MCWF. 
2.0 Analysis

The vertical forces developed by the vertical restraint of the TF coil are quantified by the hybrid model. Fig. 2.0-1 is a plot of the vertical displacement of TF winding pack (wedges excluded from plot) when the coil is cooled to 85K and energized to 0.5 T. So-called reaction force vectors are superimposed on the greatly deformed plot. Querying the database indicates that these vertical reaction forces sum to 18.2 kN on the top and bottom of each coil. It should be noted that some of the vectors point in the opposite direction compared to the majority. This is because the radial extent of the applied UZ boundary condition is slightly too big. However, it is reasonable to believe that the net vertical load is correct. This represents the most significant load which must ultimately be carried by the MCWF. 
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Fig. 2.0-1 Vertical Displacements and Reaction forces on the Hybrid Model WP (85K, 0.5 T)

The vertical forces developed in the TF coil from 85k/0.5T operation must be transmitted through the coil support structure and into the MCWF. The global model has this load path fairly well defined, with the exception of the MCWF. The global model assumes that the MCWF provides a rigid restraint for the TF support structure. 
[image: image2.png]N

Fle Help

Reaction Forces developed by Vertical Load in TFs
18.2 kN per TF Coil (85K/0.5T)

e
~17 kN per Attachment Inboard

ANSYS 9.0

JUN 2 2005
15:36:09
pdrcoils151
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SINT  (AVG)
DMX =.008352
SMN =2.347
SMX =.315E+08
F

2.347

my  -350E+07
) -700E+07
105E+08
140E+08
A75E+08
.210E+08
.245E+08
.280E+08
.315E+08




Fig. 2.0-2 provides a graphical representation of the load distribution. The stress intensity in the support structure is contoured. Red vectors represent the 18.2 kN/TF applied load which is developed when the coils are restrained vertically at 85K and 0.5T. These come from the hybrid model as indicated in Fig. 2.0-1. The black vectors represent the reaction forces which are determined by this global model. They are simple representations of the more complex force distribution which is developed from anchoring nodal displacements in the bolting regions. Structural reaction forces are summed at each anchor point. On the inboard side, the distribution is rather uniform: 15.6+17.1+17.0+15.9 kN at the four anchor points in this 120˚ sector. These account for ~60% of the applied load. The outboard forces are much smaller and a bit more varied: 2.1+4.8+3.7+3.4+3.9+3.9+4.0+3.9+3.4+3.6+4.9+2.1 kN. These account for ~40% of the applied load.
Fig. 2.0-2 TF Loads from Hybrid Model Distribute to MCWF through TF Support Structure
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