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A cryogenic container includes an inner vessel for contain-
ing a cryogenic fluid, and an outer vessel for insulating the
cryogenic fluid from the environment. The inner vessel
includes a superconductive layer formed of a material hav-
ing superconducting properties at the temperature of the
cryogenic fluid. The superconductive layer forms a magnetic
field around the cryogenic container, that repels electromag-
netic energy, including thermal energy from the environ-
ment, keeping the cryogenic fluid at low temperatures. The
cryogenic container has a portability and a volume that
permits its’ use in applications from handheld electronics to
vehicles such as alternative fueled vehicles (AFVs). A
SMES storage system includes the cryogenic container, and
a SMES magnet suspended within the cryogenic fluid. The
SMES storage system can also include a recharger and a
cryocooler configured to recharge the cryogenic container
with the cryogenic fluid.

10 Claims, 3 Drawing Sheets




US 7,305,836 B2
Page 2

5,705,771
5,804,760
5,956,957
6,058,713
6,222,434
6,486,393
6,521,077
6,708,502
6,711,912
6,758,593
6,797,341
6,834,508

U.S. PATENT DOCUMENTS

A 1/1998
A 9/1998
A *  9/1999
A 5/2000
Bl 4/2001
Bl  11/2002
Bl 2/2003
BL1* 3/2004
B2 3/2004
Bl 7/2004
B2* 9/2004
B2 12/2004

Flynn et al.

Flynn

Lowry et al. ....cocceeeeeees 62/51.1
Bowen et al.

Nick

Matsuba et al.

McGivern et al.

Aceves et al. ...ccoeeeenenns 62/45.1
Laubacher et al.

Terentiev

Zeng et al. ... 427/585

Bradley et al.

OTHER PUBLICATIONS

Paul C. Canfield and Sergey L. Bud’ko., “Low-Temperature Super-
conductivity is Warming Up”, Scientific American, pp. 81-87, Apr.
2005.

M. J. Gouge et al. “Cryogenics Assessment Report”, pp. 1-20, May
2002.

SMES: Superconducting Magnetic Energy Storage, brochure,
author unknown, date unavailable, pp. 1-3.

Portable SMES coupled with Active Two-Stage (4K & 70K)
Cryocooler, Institute for Superconducting and Electronic Material,
University of Wollongong, Australia, pp. 1-6.

* cited by examiner



U.S. Patent Dec. 11,2007 Sheet 1 of 3 US 7,305,836 B2

FIGURE 1A

FIGURE 1C
14
J
FIGURE 1B RIRITY
22

21

FIGURE 1D
























