I have reviewed the workshop presentations and your summary.  You did a good job on this meeting.  
****Thanks!


Bob Woolley made a good study on the TF joint concept which should give enough information to build a one-turn or three-turn TF model for study and design modification.  With a proper FEA analysis, a good decision can be made to modify the design.

****Agree
Bob’s model stopped short of adding the OOP loads which I think will be more critical than the in-plane load.  The constant-tension shape depends on load distribution along the conductor and hinged joints at the ends (catenary equation).  With fixed end joints and possible different load patterns, there will be bending moment at flex end connector.  We need to know the effects of this bending moment due to EM load and relative displacement between the inner and outer TF legs.

There is less flexibility in the OOP direction that will cause bending and twisting (for thin plate) at the flex connector.  If the joint get high stress, lateral support shall be needed.  Because of the narrow flag, the flexible conductor becomes much longer than the original design and will bring more loads to the inner and outer TF legs.
****Agreed. I think that Bob and I came to this realization in discussions the week before the workshop and he has been thinking about how much IP and OOP flexibility is needed. I agree that the OOP flexibility is probably more important than the IP. Theoretically at least, the constant tension shape means that IP moments are not generated in that section, so the only reason for IP flexibility is for axial thermal expansion which, by the way, serves to close the joint. So the only reason for IP flexibility is to prevent high thermal induced stresses. In fact it might be best to put OOP flexibility on the connection to the inner leg bundle, and IP flexibility on the connection to the outer legs. 

The pressure of larger than 2 psi is required for the electrical joint between the inner TF and the flexible conductor end bar and the design calls for bolted connection.  Using bolt can help developing the contact pressure but do not increase the radial compression on the inner TF bundle.  Most engineers have less experience in design a long bolt having long stem and short thread that connects to different materials and subject to high temperature variation and pulsing force.  Repeated removal of the bolt will further downgrade the bolted joint capacity.  If space is available, the pre-tension collar will be more suitable – better performance control and without cutting the conductor.
The upgrade increases the inner leg radius from 0.977m to 0.1925m, a ratio of 1.97, which yields a multiplication of torsional stiffness by 7.6 times.  Simply depending on the EM centering force to preserve the torsional rigidity of the inner TF bundle may not be sufficient.  The circular clamping device such as collar is a desirable choice.  It will have double benefits if the collars were placed on the end bars of the flexible conductor – providing centering force and electrical joint pressure.
****Yes, we should consider this option. I like the advanced collar design I showed which consists of an array of inclined plane friction pads which are compressed inwards by a pair of rings which are joined by bolts with belleville washers. This design should be compared to bolting.
Without additional supports from external structure, the induced OOP forces from the outer TF legs will be balanced by the vacuum vessel.  The connection of tie rods can intercept some OOP forces without going through the load path of the upper and lower portions of the TF legs, umbrella structure and vacuum vessel.  It is also a good option to strengthen the coil rigidity in the middle part and cross bracing between the coils to self-balance some upper and lower OOP forces.  At this point, if it is easy to build, even a small help is a help.

I still like the TF ring concept that is a simple self-balance device to reduce the in-plane force.  This will reduce the forces to both the umbrella structure assemble and the tie rod that put concentrated load to the vacuum vessel.  In order for the ring to be effective, it is important that at the ring location, it should prevent the TF legs to move in the circumference direction as less as possible.
It seems easier to improve the umbrella structure than the vacuum vessel.  The other critical points with the umbrella structure will be the pull-out capacity of the Aluminum TF end block and the connecting joint to the vacuum vessel.
****I am wondering if straps around the outer surface of the outer legs which are connected to rings top and bottom might be a convenient way to provide an alternate load path to the aluminum anchors on the umbrella structure. This configuration would put the rings in hoop tension and would transmit a downward force, presumably on the umbrella. But perhaps it is a good alternative to the turnbuckles. 

The yield strength and the tensile strength of the vacuum vessel material, tested by Avesta Sheffield Plate Inc. is 45 ksi and 91 ksi, respectively.  Allowable stress will be 30 ksi (206 MPa) for primary membrane and 45 ksi (310 MPa) for primary membrane plus bending.  It was found that the stresses are in many places much higher than the allowable.  

****I am thinking that a “belly band” welded to the inside of the VV to increase its thickness in the midplane region will provide the best solution. 

Consider the dynamic load factor (DLF) for an undamped one-degree system subjected to equilateral triangular load pulse (Fig 1).  The DLF is defined as the ratio of the dynamic deflection at any time to the deflection which would have resulted from the static application of the load F.  In this case the forcing functions are applied in three stages, finite rise to maximum F at time 0.5Td, decreases linearly to zero at time Td and stay zero.  In the figure, Td is the pulse duration.

For a particular set of Td and natural period of the structure T, a DLF curve can be calculated at any time.  It shall be emphasize that the ratio of pulse duration to natural period, rather than the actual value of either quantity is the important parameter.




[image: image1]
Calculating through a range of Td/T, the maximum response as a function of Td/T, is given by Fig.2.  The largest DLFmax is 1.514 when Td/T is about 0.9.  The maximum DFL is less than 1.0 when the Td/T is smaller than 0.4, otherwise,  it will be 0.95 or higher.  

****I am hoping for a DLF less than 1 due to the very short (~ a few milliseconds) time of application of the disruption loads. Maybe we need to attach acceleromters to the internal hardware (passive plates, outboard divertor) and to the VV, and perform some impulse tests using a Fast Fourier Analyzer to find out the natural frequency of these components.
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Fig. 1   Equilateral triangular pulse








