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Magneto-Optical (MO), Electromagnetic and SEM/FIB Deconstructions of a Quench-Damaged Zone in One Module of the 32 T Prototype Coils Made with IBAD-MOCVD Tapes 

Polyanskii, A.A.; Abraimov, D.V.; Hu, X.; Jaroszynski, J.; Weijers, H.W.; Larbalestier, D.C. (NHMFL)

Introduction 

Robust IBAD-MOCVD conductors with good electromechanical characteristics are very desirable for application in high field magnets. In principle, applications would like defect-free tapes with lengths of several hundred meters to more than one kilometer in a single piece.  However, such long, defect-free tapes are beyond present manufacturing technology.  At the present day, even state-of-the-art tapes contain localized manufacturing defects and more gradual variations in the superconducting properties along the length, which limit Ic and can promote a quench problem in high field magnets.
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Fig.1 Schematic drawing (left) of a cross-section of a pancake coil showing how a quench propagated from layer #14 radially inward and outward perpendicular to the conductor axis. Damage in the REBCO conductor was observed by magneto-optical imaging of extracted samples of tape.  The hot spots in layers #10- #17 after quench in prototype pancake module #6 are easily visible in the magneto-optical images.  Clearly noticeable is the localization of damage to circular regions with diameter equal to the tape width in layer#14 with maximum damage.
Experimental
The 32 T prototypes consisted of two nested coils, each with 6 double pancakes. The 4 mm width IBAD-MOCVD coated conductor tapes passed initial quality control procedures. A fatigue testing of the prototype coil was done under extreme condition of very high ramp rates in a 15 T background. Pancake #6 showed a small degradation of Ic after 3 spontaneous quenches. The damaged coil was un-wound so that the tape could be inspected by Reel-to-reel Ic(x) measurement, transport, magneto-optical imaging technique and FIB/SEM. 
Results and Discussion

The 3 quenches occurred with a small degradation of the current at each quench. Voltage data identified one module as the source of the quenches. Local transport and Hall probe (YateStar) evaluations of Ic revealed the exact locations of damage in each turn of the tape. Magneto-Optical Imaging and SEM/FIB were used to study the nature of the damage in the 24 damaged turns in its 60 m length. MO images showed a badly degraded area about 3-4 mm in diameter with zero current at the center of the damage zone in layer # 14 (out of 24). The hot spot propagated radially inward and outward perpendicular to the tape axis. MO images taken in layer 10 and 17 with minor damage clearly show that the quench propagated from the tape edges inward. The Ic in damaged zones of layers 10 and 17 was reduced to ~30% of Ic in undamaged regions. As found by SEM, virgin tapes after slitting have many edge cracks and they may play a key role in initiation of such quenches.
Conclusions
We can speculate that quality of tape edges after tape slitting is very important as any such edge defects can locally depress Ic, weaken the tape and become origins of tape quench.
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