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TO: DISTRIBUTION

FROM: C NEUMEYER

SUBJECT: MINUTES OF MEETING ON TF FLAG JOINTS 

A meeting was held to discuss the evidence of arcing and pitting which has been observed on the TF flags, and to determine actions to be taken with respect to operating envelope and corrective remedies. 

Attendees were J. Chrzanowski, T. Meighan, P. Heitzenroeder, C. Neumeyer.

It is clear that most, but not all, of the contact surfaces at the joint between the radial flags on the TF inner legs, outer layer, are experiencing arcing and pitting. The arcing and pitting is always at the inside corner (toward the midplane of the machine), where the current tends to bunch up on the two parallel halves of each flag, and where the vertical separating force on the flags tends to open up the joint. The pattern of damage location is very consistent. 

It is interesting that the damage is limited to the flags which connect to the outer layer of 24 turns, which is the inner tier, closest to the midplane, in the highest B field, and subject to additional force due to attraction toward outer tier. None of the joints on the inner layer, outer tier, are damaged.

It is postulated that the vertical separating force, which is much larger on the inner tier compared to the outer, is causing enough deflection of the hub assembly disk so as to allow some of the joints to open up slightly (reduction in contact pressure). The forces from the inner tier of the hub are transmitted to the outer tier via 8 ribs. It seems likely that the region between ribs is deflecting.

Ideas discussed to remedy the situation were as follows:

1) Add stiffeners between the hub disks of the inner and outer tiers. 

2) Investigate the shoulder bolt tightening torque. It may be that the desired tension in the bolt is not being achieved, due either to excess friction on the threads in the Keenserts and/or twisting of the long bolt. This can be checked on the prototype joint. If the tension is not adequate, the tightening torque can be increased. Another option is to exchange the shoulder bolts for threaded rods. In this case the rods would be screwed into the Keenserts, and then bolted in at the end of the flags. The advantage would be that the twisting problem would be eliminated, and the bolt material could be matched to the rod, giving a more predictable tightening torque. 

3) Modify the contact surfaces, e.g. with thick, soft layer of silver plating, or a feltmetal insert.

Considering the present state of machine re-assembly, only 1) above is remotely possible. This remedy will be investigated ASAP. Welded box structures with jack screws may be possible. J. Chrzanowski, P. Heitzenroeder, and I. Zatz will pursue this. 

Unless this remedy is implemented and/or the situation is better understood, it was the consensus of the meeting attendees that NSTX should not be operated above 4.5kG.  

It has long been recognized that the current density of these joints is very high at 6.0kG, 72kA, 2.2kA/cm2. Various analyses were performed to estimate the temperature rise of the joint due to current bunching, etc., and the results indicated that we were OK, but near the limit of allowable temperature rise. 

But the various physical phenomenon underway are very complex, due to the fact that, according to the theory of contact resistance, the actual effective contact points which carry the current are quite limited and operate at very high localized current density. Distribution of current flow can move around as temperature and local pressure vary during the short pulse. So the accuracy of analysis is limited, and the actual joint current carrying capacity for high pulse currents is very much geometry dependant. 

For these reasons, it is recommended that a mock-up test fixture be built and tested using 72kA pulse currents of various durations, with various mechanical forces applied to determine the ultimate current carrying capacity of the NSTX joints at 6kG. 

Photos and figures follow.
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Note: Vertical forces on Inner Tier, toward midplane, are higher than those on Outer Tier, because Btf is higher at Inner Tier, and additional force attracts Inner Tier toward Outer Tier in same direction
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Two Parallels of TF Flag
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Typical TF Flag, Contact Surface with Inner Leg
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Typical TF Inner Leg Contact Surfaces
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TF Hub Assembly

