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[1] J. Markowski and I. Pielecha, "The potential of fuel cells as a drive source of maritime transport," IOP Conf. Series: Earth and Environmental Science 214, 2019. 



#UDT2019
7

PI Solutions

2G HTS materials, tape production and economies of scale

7[3] Remastered by PI Integral Solutions. Based on superconductors and applications Fujikura Ltd
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TYPE 2G HTS

M
a
te

ri
a
ls

© Copyright THEVA Dünnschichttechnik GmbH



#UDT2019
9

PI Solutions

2G HTS materials, tape production and economies of scale

9

TYPE 2G HTS

M
a
in

 P
ro

p
er

ti
es

© Copyright THEVA Dünnschichttechnik GmbH



#UDT2019
10

PI Solutions

2G HTS materials, tape production and economies of scale

10

TAPE ARCHITECTURE
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© Copyright THEVA Dünnschichttechnik GmbH

[3] Superconductivity Centennial Conference Working around HTS Thickness Limitations – towards 1000+ A/cm – Class Coated Conductors
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© Copyright THEVA Dünnschichttechnik GmbH © Theva Dünnschichttechnik GmbH.
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ECONOMIES OF SCALE
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© Copyright SuNAM Co., Ltd.

[4] Venkat Selvamanickam, University of Houston, Recent Advances in High Temperature Superconductors and Potential Applications (2014)
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ECONOMIES OF SCALE

[5] © 2017 Copyright PI Integral Solutions based on

Venkat Selvamanickam, (2014): Recent Advances in High Temperature Superconductors and Potential Applications, University of Houston
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Benefits of HTS 
based in front of 

Copperbased

Lower material 
costs 

Fewer cables to 
install

Lower volume 
and weight

Higher power 
density
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[7] © 2018 Copyright PI Integral Solutions based on C. E. Bruzek, N. Lallouet, E. Marzahn, and K. Allweins,”Superconducting cables on board a ship A fiction or a reality?”, Seminar on ship building, The Netherlands, 2nd October 2012

Main DC Bus Data from S3D Baseline Design
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SUPERCONDUCTING MAGNETIC ENERGY STORAGE 

Superconducting 
Magnetic Energy 

Storage

Magnets based on 2G HTS 
technology has reached a level 

of maturity that are able to 
generate magnetic fields as 

high as the ones produced by 
low temperature 
superconductors.

SMES systems exhibit an 
outstanding performance in 
power transmission control 
and stabilization in front of 

other energy storage solutions
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[6] © 2018 Copyright PI Integral Solutions based on P. F. Ribeiro, B. K. Johnson, M. L. Crow, A. Arsoy and Y. Liu, "Energy Storage Systems for Advanced Power Applications," Proceedings of the IEEE, vol. 89, no. 12, 2001
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High power 
electric propulsion

Higher flexibility on the 
location of the electric motors

More compact designs saving 
weight and volume

4.7 MW HTS machine from 
Siemens 

(25 % weight reduction)

36 MW HTS motor from 
Northrop Grumman 

(50 % weight reduction)

Main Characteristics

Characteristics Kawasaki Siemens US Navy

Max. power 3 MW 4.7 MW 36.5 MW

Nominal voltage 6.6 kV 3.1 kV 6.6 kV

Nominal rotational 

speed

160 rpm 120 – 190 rpm 120 rpm

Total weight - - 75 tonnes

Volume D 1.4 m x L 

2.8 m

- D 2.1 m x L3.0m

T. Yanamoto, M. Izumi, K. Umemoto, T. Oryu, Y. Murase y M. Kawamura, «Load test of 3-MW HTS Motor for Ship Propulsion,» IEEE Transactions on Applied Superconductivity, vol. 27, nº 8, 2017.

B. Gamble, G. Snitchler y T. McDonald, «Full power test of a 36.5 MW HTS propulsion motor,» IEEE transactions on applied superconductivity, vol. 21, nº 3, 2011.
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Trends and challenges for HTS-based propulsion systems
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Full superconducting 
synchronous motor

Double-Helix (DH) coils

Flux Pump System 
(FPS)

Higher power density

Lower heat dissipation

[7] © 2018 Copyright PI Integral Solutions based on C. E. Bruzek, N. Lallouet, E. Marzahn, and K. Allweins,”Superconducting cables on board a ship A fiction or a reality?”, Seminar on ship building, The Netherlands, 2nd October 2012

Fig. 10. 24-element drum type HTS flux pump connected to a double helix rotor (1). (2)

Torque tube support for coils. (3) Stationary core for flux pump excitation magnet. (4)

Externally controlled excitation coil (Permanent magnets are an option also.) (5)

Rotating iron core of flux pump assembly. (6) Rotating HTS flux gates (thin cylinders,

shown in green). Polarity of induced voltage shown and the elements are connected in

parallel (not shown). (7) Coil lead (+) connected to flux gate. Other lead (-) is connected

to the parallel connection (-) between flux gates (not shown) [15].

Table. Synchronous motor performance.
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[8] © 2019 Copyright PI Integral Solutions based on ….

Type
Superconducting magnets of internal 

magnetic field type containing 6 coils 

arranged on a circle

 Coil

Quantity 6 pairs

Magnetic field at bore center 4.0 teslas

Effective magnetic field length 3.000 mm

Cooling method Cooling by immersion in liquid helium

 Cryostat (14)

Diameter 1.850 mm

Overall length 5.400 mm

Bore diameter at normal 

temperature (15)
260 mm

Weight 15 tons or less

Heat invasion 7 watts or less

These were the performance figures provided to the manufacturers by the committee for 

the superconducting magnet design. 
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CONCLUSIONS

PROBLEM AND CHALLENGES FOR FUTURE NAVY

Efficiency of high power propulsion systems

Mass and volume reduction of power generation and distribution 
systems

Noise and electromagnetic signature of vessels STATUS QUO OF 2G HTS TECHNOLOGY 

Constant increase in the production of basic elements

Growing number of applications for HTS
2G HTS AS KEY ENABLING TECHNOLOGY FOR 
ELECTRIC NAVAL PROPULSION

Power generation

Power distribution

Electric propulsion
DISRUPTIVE APPROACHES ON ALL-ELECTRIC SHIP 

PROPULSION

MHD propulsion

No rotating parts

Reduction of noise and vibrations

21
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