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Introduction





This document describes the plans for incorporating strain gauges and bullet gauges into the cold mass of the second HGQ model magnet. Certain elements of this plan, namely exact longitudinal and azimuthal placement of the gauges, shimming, etc., must wait for detailed coil size information. Therefore, this should be considered as an implementation plan, with a detailed assembly plan to follow as magnet fabrication progresses.








Beam Strain Gauges





Beam type stain gauges will be incorporated into the collar assembly to measure coil stresses of both the inner and outer coils. Temperature compensating gauges for each beam gauge will be installed in close proximity to the active gauges, typically adjacent to the active gauges.





A total of four beam gauges will measure inner coil stresses, at two different longitudinal positions. Two beam gauges will be installed at each longitudinal position, in quadrants located 180( apart. Each pair of beam gauges will be located within a 3” section of the collared coil assembly, so that the collars in their vicinity are keyed by a single key.  Each beam gauge will have a temperature compensating gauge installed in the adjacent 3” section, in the same quadrant.





Likewise, a total of four beam gauges will measure outer coil stresses, at two different longitudinal positions. Two outer beam gauges will be installed at each longitudinal position, in quadrants located 180( apart. Each pair of beam gauges will be located within a 3” section of the collared coil assembly, so that the collars in their vicinity are keyed by a single key.  Each beam gauge will have a temperature compensating gauge installed in the adjacent 3” section, in the same quadrant.





The exact longitudinal and azimuthal locations of the inner and outer beam gauges will be determined after coil measurements have been performed and coils sizes assessed. 





If experience with HGQ01 is satisfactory, the number of temperature compensating gauges may be reduced by half, i.e., one temperature compensator will be used with each longitudinally-identical pair of active beam gauges, for a total of two inner beam temperature compensators and two outer beam temperature compensators.








Capacitance Strain Gauges





Capacitance strain gauges will be used to simultaneously measure inner and outer coil stresses along with beam-type strain gauges. 





A total of four inner capacitance gauges will be used, installed in a similar fashion to the beam gauges. The capacitance gauges will be installed in such a way that they are contained in the same coil cavity as a beam gauge. For example, if a beam gauge is in Quadrant 1, Side A, a capacitance gauge  is to be installed in Quadrant 2 side B. The capacitance gauges, therefore, will be installed in the same longitudinal positions as the beam gauges, and the capacitance gauges at the same longitudinal position will be located 180( apart azimuthally.





Capacitance gauges will also be installed to measure the outer coil stresses, in a fashion identical to those installed for the inner coils. However, due to the generally large measured size of the HGQ outer coils, it may happen that the outer coil bearing strip must be modified from its nominal design so that the proper outer coil stress is achieved upon keying. If the bearing strip thickness is reduced beyond acceptable levels, the outer coil capacitance gauges will not be installed. This determination will be made by the magnet fabrication engineer, after appropriate discussions with relevant parties.








Bullet Gauges





Bullet gauges to measure the end force applied to the superconducting coils will be installed onto the HGQ02 cold mass after end plate installation. At the present time, it is envisioned that a total of four instrumented bullet load slugs (bullet gauges) will be installed on one end of the cold mass. If experience with the first model magnet (HGQ01) indicates that additional instrumentation is desirable, then an additional set of four instrumented bullet load slugs may be installed on the other end of the magnet. In either case, each set of four active bullet gauges will be accompanied by two temperature compensating bullet gauges, to be mounted onto the end plate by spot welding or some other method.











Gauge Fabrication and Calibration Status





A total of four inner and four outer beam gauges, and eight corresponding temperature compensating gauges, are required. These have already been fabricated, and also calibrated at 300K and 4.2K. In addition, resistive offsets for these gauges have been measured at 300K, 4.3K, and 1.9K, therefore, all of the beam strain gauges and their compensating gauges are ready for installation into HGQ02.





A total of eight capacitance gauges are required. These have yet top be fabricated. Raw materials are available, and gauge fabrication should begin in early January 1998. Since all of the strain gauges to be used with the collared coil are not required until the beginning of March 1998, sufficient time exists to fabricate and calibrate the required capacitance gauges.





At present, four bullet gauges and two bullet compensators have been completely fabricated and calibrated, and are therefore ready for installation into HGQ02. If operational experience with HGQ01 indicates that an additional four bullet gauges are required, then two of these four additional gauges will have to be calibrated at 300K, and all four will require 4.2K calibrations and 1.9K resistive offset measurements. These additional gauges have already been fabricated, however, so there will be no impact on the production schedule as long as the decision to incorporate the additional bullet gauges is made by late March 1998.

















Distribution :





R. Bossert


D. Chichili


S. Feher


T. Heger


J. Kerby


F. Nobrega


I. Novitski


J. Tompkins


A. Zlobin

















TD-97-059











