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Zero electrical resistance

A Superconductor has ZERO electrical resistance 
below a certain (critical) temperature Tc. Once set in 
motion, a persistent electric current will flow in the 
superconducting loop FOREVER without any power 
loss
Magnetic flux expulsion

A Superconductor 
EXCLUDES external magnetic 
fields by means of induced 
currents
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A fluxoid is formed around each magnetic flux line:

eddy current vortex, r1 � l

normal core, r2 � x

4mm wide tape

1 µm YBCO:

M = Ic(B,T)/(4h)

Penetration depth l ~ 100 nm

Coherence length x ~ 1 nm

SuperconductorB
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Source: Obradors 2005

Source: Obradors 2005
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Schematic electric power network:

(left) present day; (right) network with distribution-level

inter-ties served by multiple sources
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Source: American Superconductor
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Secure Super Grids system consists of a fault current limiting cable 
in series with a fast switch and in parallel with a conventional cable 
and optional reactor 

Source: American Superconductor
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Relative growth, historic values and prognosis.
As off 2001 the ICT influence is clearly visible.
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YBCO: 77 K, s.f. 
years: 2007-2010
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Source: http://super.ees.kyushu-u.ac.jp/research/study-02-1.html
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Source: American Superconductor

Source: Superpower

Source: American Superconductor
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bare tape superconductor 
2ac 

2bc 

2bt 

2at 
2bi 

2ai 

filaments  +  matrix    =   filamentary core    

outer sheath 

insulation 

By 

Bx 

Jz 

y 

z 
x 

 

Typical values in 2007:

width 4 mm, thickness 0.2 mm, piece length 1 km, Ic(77K, s.f.) = 100…200 A.

Insulated 2bi = 0.46 mm

Bare tape 2bt = 0.21 mm

Fil. Core 2bc = 0.15 mm
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8 MVA YBCO fault current limiter is tested by Hyundai: 13 kV@0.6kA

3 bifilar coils in series,
5 in parallel
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AC Loss in YBCO cable is 6 times lower at 1 kArmsand 25 times lower at 0.6 kArms!
(Source: The Furukawa Electric Co. and Yokogama National University, Japan, 2007)

Single phase 1 kA cable
made of YBCO coated conductor tape

Two 30 m long YBCO cables
Are installed in US grid

 

Cu
(scaled to 77 K)

cryostat

dielectric
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C = 41 mF f = 47 Hz

L = 0.28 H I = 110 Arms

R= 80 mW V = 9.1 kVrms

Q = 1000
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3 phase, 50 Hz, 630 kVA:

10.5 kV, 35 A primary

0.4 kV, 909 A secondary

75 kV impulse voltage

25 x rated current, short circuit of 0.2 s

3 kW losses (core 1 kW, coils 2 kW as

compared to 8 kW in conventional trafo)

Source: Wang 2007
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Source: Okubo 2007
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Source: American Superconductor 2007
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Structure of full-scale BSCCO HTS magnet
for maglev train tested in Japan in 2005:
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Source: Yamanashi Maglev Test Line 2007
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Source: Transrapid 2007
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Parliamentary Evening on the 
Transrapid project for Munich
on Nov. 8th, 2007in Berlin:
“Start of construction is now within reach”
The Transrapid maglev line linking Munich’s main 
railway station and its international airport is the best 
solution to a pressing transportation problem and an 
effective contribution to protecting the environment and 
climate. What's more, it is economically advantageous 
and makes sense in terms of local industrial policy. This 
was the general tone during the Parliamentary Evening 
session of the Transrapid discussion group held in the 
offices of the Bavarian Representation in Berlin. Emilia 
Müller, Bavarian Minister of Economic Affairs, 
Infrastructure, Transport and Technology, called the 
Transrapid the "most environmentally compatible link 
to the airport". The "whispering train", she added, that 
connects two major transportation hubs would be an 
active contribution to environmental and climate 
protection because it would persuade  car drivers to 
switch from road to rail when traveling to and from the 
airport.

Source: Transrapid 2007
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Various magnets for LHC and ITER
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