Review Committee Report for the Modular Coil Strain Gage FDR
A FDR of the modular coil strain gage and thermocouple design was conducted on January 24, 2007.  Informative presentations were provided by Kevin Freudenberg and David Williamson and were much appreciated by the review committee.  The presentations highlighted strengths and weaknesses of the current approach.
The review committee offers the following recommendations:

1. Strain gage functional requirements should be formalized including their purpose, i.e. to validate structural models of the stellarator core and not to monitor stresses during operations.  Accuracy requirements should be derived from functional requirements.

2. Strain gages must meet these accuracy requirements, either by demonstrating by testing that the advertised gage factors are reliable and/or by calibrating the strain gages after installation.  Using foil gages to calibrate the Fabry-Perot as suggested by Freudenberg is an interesting option.
3. The simplicity of mounting weldable strain gages to the structure versus the gluable strain gages was compelling.

4. Fiber Bragg Grating strain gages (FBGs) should be investigated to determine if they have the same calibration issues as Fabry-Perot gages.  If not, they might be an attractive alternative to Fabry-Perot gages.

5. Interpretation of strain gage data from sensors mounted on the structure should be straightforward to interpret.  However, interpretation of strain gage data from sensors mounted on the outside of the winding pack (on the glass-epoxy layer outside chill plates) may be problematic.  It should be shown how the readings will be interpreted and used to validate the structural model of the winding pack.  Else, there is no apparent reason to put strain gages there.  There is a similar concern for the interpretation of strain gage data from FBGs mounted on the conductor side of the cladding and chill plates (but still outside the ground wrap).
6. The performance assessment of the displacement gage was inconclusive.  The gage did not work.  If it did not work due to condensation, then it still might be useful on NCSX where the cryostat will be purged with GN2 prior to cooldown.  Additional assessments should be performed with a dry GN2 purge prior to cooldown.  If successful, application of the displacement gages as a supplement to strain gages for validating structural models should be considered.
7. Thermocouple (TC) functional requirements should be formalized including a clear statement of their purpose.  Coil protection requirements should be clearly specified.  Alternate means of providing some aspect of coil protection, e.g. measuring coil resistance, are possible.  The proposed complement of TCs should be revisited once the functional requirements have been formalized.  Possible functional requirements include:
a. Monitor temperatures in the stellarator core during cooldown and warmup of the coils to ensure that the maximum temperature difference does not exceed the specified limit.

b. Monitor inlet and outlet temperatures to determine the rate of coil cooling.  It is not clear that these TCs need to be inside the bore of the modular coils (or even on the modular coils whatsoever).

8. These issues should be resolved in a timely manner to ensure that field period assembly operations are not impacted.  Include plans in ECP53.
