NCSX Modular Coil Analysis Meeting Notes – Feb. 24, 2004.
Axial compression specimens:
· Aspect ratio of 1.6 causes barreling 

· Should use an aspect ratio of 5-10.
· Remove the insulation.

· Use extensometers

Transverse compression specimens:

· Make a 2 x 5 VPI bundle.  This increases the length.

· PPPL's tester ram has a 4" dia.

· Use bare conductor.

· Non-destructive test. (hopefully!) 

· Use extensometers across the whole sample.

· Do RT & LN2 temperatures.

· 3 samples / temp.
Tension specimens: for E in tension
· Use bare cable.

· Length:  2-4" for the test length.  + grip lengths.

· Use extensometers.

· Test at RT & LN2 temp.

· 3 samples / temp.  
Notes:

· Measured strain from ep-gl surface.  This "shell" does not strain at the same rate as the Cu.

· LVDT measured actuator displacement.  Need to compensate for machine compliance.  CTD thinks this data is as good as you can get with displ. "off the specimen".  

· Oak Ridge did similar measurement – got fairly similar results.  It's soft!
Cable Notes:

· Cable should be expected to behave much differently in tension and compression. 

· Can probably only determine this from tests.  
· May behave inelastically due to bending of individual strands.  
· Cyclic flexure testing may be useful.

· Key is to put the strain gauge or extensiometer on the copper, NOT on the ep-gl shell. 
· Pete suggests making a long bar and stretching it.  Jim can make up to 5' – currently has 4' specimens.   
Thermal:

· Currently used potted samples to derive thermal conductivity.  Believed to be conservative.  
· Len's model was monolithic but with no axial heat path.  Explicit model with traditional values of K for epoxy and cu.  
· Brad notes we can let T go up slightly – this will force the winding onto the winding form and cool better.  
· We need cured cable specimens and measure shrinkage from after it's cured all the way down to 80 K.  No current plan!  
· Also need to measure cure shrinkage of the gl-ep composite.  

-DR suggests doing it with the total cable-gl-ep-Kapton.

-PF suggests measuring mold cavity and comparing final cured cable 
dimensions to it. Need to use same pressures as used in "real" coil.


-JC suggests using straight T mold and measuring the change in 
length.  
Flexure Test:
· Single conductor.
· Strain gauges top & bottom
· Dial indicators  along the length to measure bending profile.  
· 20" overall length;  12" span.  Don't cut them all until results are obtained from this.  

· Need the specimens to extend 4"  beyond the end supports.

· Need to decide what the failure mode is likely to occur in the specimen.

· PT suspects the bonded cable  has poor shear capacity.
· Need shear modulus, transverse compression.
· Get direct tension in legs of racetrack.

· Need to instrument it well enough to get a deformation profile.

· Use beam in a model with 3-point bend – use E-tension from racetrack and adjust shear modulus until the deformation profile matches.  

· CTD suggests micromechanical modeling to guide the testing.

Fatigue:
· What is the criteria for failure?  Change in resistance?  Change in stiffness?  Displacements that affect field properties?

· Prefer that the coil strain be kept below some limit that does not change any of these properties.

· A wimpy winding is best – lets the winding form define the shape and dimensions.  

· Fatigue criteria "strawman":  The winding shall not change in resistance by more than 5%, change in stiffness as measured by the "spring constant" of a racetrack shaped test coil of more than 5% when fatigue tested within the expected strain limits for a lifetime of 20?? x life or for life at 2?? x the expected strain limits.  

· Initially, use strain rate predicted with soft cable properties.

· 
Dave to provide guidance.

· Mechanical test with resistance monitoring.

· The racetrack should use insulated cable.

· Test at LN2 temperature and RT.
· Test at 1 Hz.  It will take 36 hrs. to get 130,000 cycles. 

Insulation Fatigue Life- modular coils only:  

· Need to qualify the EXACT insulation system also (gl/kapton/ep).

· Use Inclined Shear/Compression test specimens.  

· Use "standard" design criteria.

· The ITER data might suffice, (this is also for  CTD-101K)  but this would not reflect the Kapton.  Paul will provide data to Wayne.

