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Outline

• Ancient History
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View from 
the 70’s
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Drax 660 MW-300 tonne  
https://www.drax.com/technology/refurbishing-300-tonne-generator-
core-within-heart-power-station/
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Early motors –
Tended to Be 
Homoplolar
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Recent History –
Focus Shifts to 
Synchronous 
Generators 
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GE proposed 
This machine 
which uses LTS
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Paper study but 
a lot of useful 
info produced
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Various Recent 
Projects –
variety of 
conductors 
used.
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Dates to Around 
2010 and uses 
BSCCO as this 
was the most 
mature 
conductor of the 
time
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Clive Lewis in his 
book identifies a 
clear motivation
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Innwind Picks up 
on the need for 
direct drive but 
MgB2 has now 
taken over as 
the conductor of 
choice
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Suprapower SUPerconducting, Reliable, lightweight, And 
more POWERful offshore wind turbine – 10MW Mgb2 -
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Another Paper 
study again 
using MgB2
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EcoSwing

(RE)BCO has 
arrived !
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10 Mvar HTS synchronous condenser (2018-2021)

Phase 1 (2018-2019): 300 kvar prototype
Under construction

Designed by Tsinghua University

Funded by China Southern Power Grid

 10 Mvar, 1500 rpm

 REBCO rotor magnets

 Gap field > 1.4 T

 Non-ferro teeth

 Cooled by 20 K gas helium

Cryogenic rotary joint

HTS rotor coils

HTS rotor magnet for test
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EADS E-Thrust

Focus Swings to 
Motors – Driven 
by initiatives 
such as 
Flightpath 2050
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Rolls-Royce Turbo-Electric Distributed Propulsion 
(TeDP) System Architecture Concept.
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A: Launchpoint Hallbach array motor 

B: Masson et al. aerospace HTS machines 

C: Westinghouse LTS generator (1977) 

D: AMSC 36.5 MW HTS marine motor 

Data supplied and presented 
at EUCAS 2015 by F. Berg  of 
Airbus Group

Historical Electrical Machines
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Summary of recent large superconducting motors

IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), November 2019. 
Plenary presentation Thu-Mo-PL5-01 given at MT26, 22 – 27 September 2019; Vancouver, Canada.

36



Courtesy : 
F. Berg - EADS
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Model of Motor

Early mock-up of a 
Superconducting 
motor using bulk 
YBCO
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The PSAM – all HTS 
motor

IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), November 2019. 
Plenary presentation Thu-Mo-PL5-01 given at MT26, 22 – 27 September 2019; Vancouver, Canada.

39



ASuMED - Advanced Superconducting Motor 
Experimental Demonstrator 

• ASuMED is building the first fully superconducting 
motor prototype tests evaluate the technology´s 
benefits and allow its integration into designs for 
future aircraft.

• Target 1MW machine having specific power density of 
20kW/kg
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Sutor – Precursor to ASumed
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Schematic diagram of the prototype super motor/generator 
(SUTOR) which is a synchronous four-pole machine and is 
topologically the same as Asumed
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A trapped field of 17.7 T in a stack of high temperature superconducting tape

Anup Patel1, Algirdas Baskys1, Tom Mitchell-Williams1, Aoife McCaul1, William Coniglio2, 

Jens Hänisch3, Mayraluna Lao3 and Bartek A Glowacki1,4

World Record Fields
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Non-linear eddy currents and AC loss

B [T]

J/Jc

more than 1000 tapes
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Machine Efficiency

• Highest power Densities only achievable with all 
superconducting machine … Stator will see alternating 
field and current

• AC conditions lead to loss in superconductors

Mitigations

Flux Divertors

Roebel Cables

CORC

Striation 

Striation of Superpower’s tape led to 5x 
reduction on loss
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Roebel Cables

Image Courtesy of: The Robinson Institute Wellington 
University
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Conductor on Round Core (CORC®) cable

• Graphic image courtesy of Advanced Conductor Technologies 
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Narrower tapes decrease AC loss

4 mm 

tape width

2 mm

tape width

Narrower tapes 

with the same Jc

are very interesting!
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Early Seventies optimism dampened by failure to realise ever larger 
generators removing original driver for innovation

Development of Generators mirrors the development of conductors

EcoSwing is a significant step forward and indicates that the technology is 
essentially mature

All superconducting machines need to be developed if the next big market 
(air travel) is to be realised. This is leading to developments in the 
conductor geometry rather than the material itself in an effort to bring AC 
losses down to an acceptable value

Summary
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