













Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































History and Latest Development of Superconducting Machines

BISCCO/AG TAPES .... Bi-2212: non-Ag Jc, 427 fil. round wire, Ag/SC=3. (Hasegawa ...... M5000 5MW. Generator: Hybrid geared permanent magnet generator ... 

















 Télécharger le PDF 






 11MB taille
 52 téléchargements
 1106 vues






 commentaire





 Report




















History and Latest Development of Superconducting Machines Dr Bogi B Jensen1, Dr Philippe J Masson2 1Department of Electrical Engineering, Technical University of Denmark (DTU) 2Department of Mechanical Engineering and Texas Center for Superconductivity, University of Houston [email protected], [email protected]



Overview Background of superconductivity – Types of conductors



Superconducting machines – Types of machines



AC losses Quench Design exercise Application areas Previous Prototypes Development of materials and price



Discovery of Superconductivity 1908 liquefaction of Helium Superconductivity was first discovered in 1911 by the Dutch physicist,Heike Kammerlingh Onnes. In Mercury at 4.21 K Nobel Prize 1913



Source: Nobel Foundation



Zero Resistivity Resistivity of Hg become non-measurable below 4.2K



The Meissner Effect Discovered by Walter Meissner and Robert Ochsenfeld in 1933



E=0 inside the superconductor



Perfect Diamagnetism Step 1 Bext = 0 T > Tc



Step 2 Bext = Bmax T < Tc



Step 3 Bext = 0 T < Tc



Superconductor is not just a “perfect” conductor Super-currents flow around the surface to shield the B-field B=0 inside the superconductor



Critical Surface Surface separate the non-dissipative state from the dissipative state T (K) Tc (0,0)



Normal state



Superconducting state jc (0,0) Diamagnetism



j (A/m²)



Hc (0,0)



H (A/m)



Limits of non dissipative state Three main limits – Temperature - Tc – Magnetic field - Hc / H*



– Current density Jc  Engineering critical current density Je



What is Jc ? Above Jc SC is dissipative E = V/l Current I



Jc criteria – Electric field



Electric field (µV/cm)
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Empirical E(J) law - “n” value Empirical law around Ic (Jc) :



E (µV/cm)



2 "n" Å 17



E = k I 16,83



1,5 1



E = Ec (I/Ic)n 39.5 A
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“n” is called also resistivity transition index
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Exponent n : “n value” Important quantity “quality” criteria Magnet design, stability



Commercially available HTS HTS conductors - Bi PIT tapes - YBCO coated conductors - MgB2 Bulk material - YBCO - BiSCaCuO



Choice of Conductor The conductor defines the operating temperature of the system Key conductor parameters : – Engineering critical current density @ operating field – Filament size BiSrCaCuO conductors • Silver matrix – Ratio superconductor/ non superconductor • Decent current sharing – Minimum quench energy • Operation at 25-35 K – Normal zone propagation velocity – Minimum bending radius – Cost



NbTi conductors • Cu matrix • Excellent current sharing • Operation at or below 4.2 K



YBCO conductors • Layer configuration • Poor current sharing • Operation at 55-77 K



Useful HTS materials Bi2223 Tc = 110 K ----- Available in long lengths Bi2212 Tc = 85 K ----- Available in long lengths Y123 Tc = 90 K ----Hg1223 Tc = 135 K -----



Available in km length



MgB2



Promising



Tc = 39 K



-----



Being developed



FIRST GENERATION OF HTS CONDUCTORS: BISCCO/AG TAPES



Bi2223 Current Density Longitudinal field



B



Normal field



Need to avoid or minimize transverse field



B



Multifilament Bi2223 tapes



Powder in Tube American Superconductor 55 filament (B2223) tape



Sumitomo (B2223) tape



Ic(77K)=155 A



www.amsuper.com



Multifilamentary Bi wire: fabrication • Draw multifilament • Draw to align crystals • Roll to tape • Furnace heat treat



Bi2223 wire improvements 21



Measured at AMSC & UW University of Wisconsin
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Jc (kA/cm2, 77 K, 0.1T, //c)



Data from AMSC and University of Wisconsin
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Jc up to 20 kA/cm2
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Price consideration Price/Performance Ratio, $/kA-m
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World’s First HTS Wire Manufacturing Plant Opened By AMSC
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SECOND GENERATION OF HTS CONDUCTORS: YBCO COATED CONDUCTORS



YBCO coated conductors



• Rolled, textured Nickel tape (Ni-W) • Oxide buffer layer, preserves texture • YBCO preserves texture • Near “single crystal” 100s of meter long • 
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