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This memo presents results from an analysis performed to estimate loads on the friction interface between the hub disks and flag boxes. The analysis method is based on a simplification which reduces the analysis to a statics problem.  It is assumed that the flag/box assembly is a simple rigid body, and that the friction response of the interface can be modeled as point responses at the radii of the box bolts. The latter assumption is based on the idea that the pressure at the hub/box interface is concentrated in concentric regions around the box bolts. Figure 1 shows a FEMLAB simulation of the pressure distribution under a ½” stainless steel plate resulting from the application of 5500lbf over the annular region of a 1” OD washer on the other side of the plate. While this is a simplification of the actual condition, it supports the idea that the box bolt reaction can be modeled by a point response at the bolt radius.
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Figure 1 – FEMLAB Model of Box Bolts at 5500lbf applied on 1” OD Washer

Statics model is shown in figure 2. Moment on bundle is replaced by F_bundle acting at bundle radius. F1, F2, F3 represent the box bolt reactions, and F_lateral is the equivalent point force due to the out-of-plane EM load. Reactions out through the flex links are ignored, since that load path is relatively soft. 
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Figure 2 – Simplified Model of Load and Reactions on Flag Boxes

With the applied EM loads at bundle and on flag given, along with their radius, and the radii of the three box bolts know, one can solve for F1, F2, and F3 based on (F=0 and (M=0, assuming that F2 is linearly related to F1 and F3 based on the spacing of the bolts. 
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The above result applies to a single flag/box considered in 2d fashion. In reality each flag box has two surfaces. See figure 3. 
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The outer layer flag boxes have two friction shear surfaces. Let us refer to the inner surface as the one closest to the midplane, and the outer surface as the one furthest from the midplane.

The inner surface interfaces with a hub disk element which has no connection to anything other than the boxes. In the original TF design it had a connection to the torque collar, but not in the latest design. Therefore, all it can do is react moments; it can't react any net out of plane force. The outer surface interfaces with a hub disk which has a connection, via a gusset to the inner layer flag boxes, and from there out to the spline to the VV. This surface, therefore, provides the reaction against the out of plane loads.

In the statics analysis produces the three forces F1, F2, and F3 represent the reaction of the box bolts which is necessary for static equilibrium, considering the load coming on to the flag from the bundle, along with the EM load on the flag itself. Adding F1+F2+F3 together has a net resultant value F which is the out of plane load which has to get out via the hub. Considering this in the allocation of the loads to the box bolts on the two surfaces, the forces on the inner surface bolts are assumed to be F1/2-F/3, F2/2-F/3, and F3/3-F/3, and on the outer surface, F1/2+F/3, F2/2+F/3, and F3/2+F/3. In this way the total force and moment (adding all six bolt loads together) is the same as calculated in the original 2d procedure, but the extra toroidal shear load is allocated to the three bolts on the outer surface, since this is where the load gets out.

On the inner layer flags, a similar situation exists with respect to the self-generated loads, but the total load includes that load flowing out of the outer layer flags. It is assumed here that this load flows equally through the three bolts on each surface, with due consideration of polarity.
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