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The Discovery of Superconductivity 1911

The Nobel Prize in
Physics 1913

LOW TEMPEEATURE STUDIES; LIQUID HELIUM 321

“for his investigations on the
properties of matter at low
temperatures which led, inter alia,
to the production of liquid helium-
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Heike Kamerlingh Onnes
the Netherlands

Leiden University Fig. 7.
Leiden, the Netherands
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” As has been said, the experiment left
no doubt that, as far as accuracy ot
measurement went, the resistance
disappeared. At the same time,
however, something unexpected
occurred. The disappearance did not
take place gradually but (compare Fig.
17) abruptly. From 1/500 the resistance
at 4.2°K drop to a millionth part. At the
lowest temperature, 1.5°K, it could be
established that the resistance had
become less than a thousand-millionth
part of that at normal temperature.

Thus the mercury at 4.2°K has entered a
new state, which, owing to its
particular electrical properties, can be
called the state of superconductivity.”

Resistance
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Zero electrical resistance

A Superconductor has ZERO electrical resistanc
below a certain (critical) temperaturge Once set i
motion, a persistent electric current will flow In tt
superconducting loop FOREVER without any powei
loss

Magnetic flux expulsion

A Superconductor
EXCLUDES external magnetic
fields by means of induced
currents
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Source: Murakami 1996 -i-;u Delft
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Ambient pressure unless stated otherwise
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Conectus prediction of HTS versus LTS
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ConcepTuaL DESIGH OF THE
"“GRID 2030" VisioN'
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Source: US DoE 2003
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Schematic electric power network:
(left) present day; (right) network with distribution-level

Inter-ties served by multiple sources _
Source: American Superconductor
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Reactor Conventional Cable (Z,)) :
' s W ra— :
Grid |
O
Grid :
Impedance | . S =
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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.
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Normal longterm growth.

Between 2000 and 2006 the
load is expected to grow by
as much as 45 %.
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Source: Navigant 2006
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A B, 28

A \_ L__‘_
v

insulatior

bare tape superconduc

Insulated 2p= 0.46 mm \ 24, \
< \ »  outer sheal

Bare tape 2= 0.21 mm

Fil. Core 2h=0.15 mm flaments + matrix = filamentary core

Typical values in 2007
width 4 mm, thickness 0.2 mm, piece length 1 k(7,7K, s.f.) = 100...200 A.
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3 bifilar colls In series,
5 in parallel

8 MVA YBCO fault current limiter is tested by Hyuad 13 kV@0.6kA
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Cuy--~ _ cryostat Single phase 1 kA cable
_______ made of YBCO coated conductor tape

dielectric

Two 30 m long YBCO cables
Are installed in US grid

AC Loss in YBCO cable is 6 times lower at 1 kfand 25 times lower at 0.6 kAl
(Source: The Furukawa Electric Co. and Yokogamadati University, Japan, 2007)
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C=4lnF f=47Hz

L=0.28H =110 A,

R=80 MmN V=9.1KkV,
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 Cigre 2007



Source: Okubo 2007



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:

Source: Yamanashi Maglev Test Line 2007



Source: Transrapid 2007
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Parliamentary Evening on the
Transrapidoroject for Munich
on Nov. &, 2007in Berlin:

“Start of construction is now within reach”

The Transrapid maglev line linking Munich’s main
railway station and its international airport ig thest
solution to a pressing transportation problem and a
effective contribution to protecting the environrhand
climate. What's more, it is economically advantaggeo
and makes sense in terms of local industrial politys
was the general tone during the Parliamentary Exeeni
session of the Transrapid discussion group hetldean
offices of the Bavarian Representation in Berlimili&a
Miller, Bavarian Minister of Economic Affairs,
Infrastructure, Transport and Technology, callesl th
Transrapid the "most environmentally compatibl& lin
to the airport”. The "whispering train", she addiat
connects two major transportation hubs would be an
active contribution to environmental and climate
protection because it would persuade car drivers t
switch from road to rail when traveling to and fraime
airport.

Source: Transrapid 2007



Various magnets for LHC and ITER






