














 
 
 
 
 
 

 

Figure 7.   
left:  rotor core after bandaging of mounted HTS pole windings 

right: rotor core after mounting torque tube and inserting thermal insulation 

Then radiation shielding and multilayer insulation were attached. The rotor assembly was 
concluded again by a vacuum leak test. Finally the brushless exciter unit was mounted to the NDE 
flange shaft of the rotor, rendering the rotor ready for final cold-testing. 

 

Figure 8.  HTS rotor after grinding of bearing seats  

9.  Next steps  
The very next task will be to connect the cooling system to the HTS rotor, cool it down and energize 
the coils in an arrangement without stator and outer iron yoke.  Although the magnetic configuration is 
not identical to that in the complete machine, this will provide valuable information: 

• Operation of the cooling system 
• Cool-down behavior of the rotor 
• Superconducting performance of rotor HTS coils, 
• Allows to adapt the electronic exciter unit to the reactances of the rotor 



 
 
 
 
 
 

After this experimental rotor check the whole machine can be assembled.  It will be placed in a test 
field for commercial drive systems in Berlin. Standard type testing will be done (no-load and short-
circuit characteristics), then load tests will be performed connected to the inverter.   

These tests shall provide a unique possibility to check and analyze the interaction of the newly 
designed components in detail, to optimize the performance, but also to demonstrate the capability of 
this 4MW HTS machine as prospect for future HTS drives. 

10.  Conclusion: discussion of future of HTS machines 
After our risk-minimizing, stepwise developmental effort we have arrived at a decisive stage: will 
HTS excited electrical machines find their way to market - maybe in the field of ship propulsion?  It 
might be helpful to review the progress made in the past years. Explicit listing of the critical items 
should help to focus the efforts. 

Compared to what was commercially available at the onset of our projects 10 years ago Bi-based 
HTS wire (1G = 1st generation) has made tremendous progress.  But a new type of HTS conductors 
(2G) manufactured by economic coating technology is now coming on the market. These are making 
tremendous progress; however, they still have to achieve the respective long lengths performance 
homogeneity and insulation quality, to be seen as a technical and cost-effective replacement. 

Cryogenic cooling systems (GM refrigerators) have also demonstrated good progress. We now 
have robust units available commercially for more than 100W @25K. In addition there exists a 
growing experience in using such systems in long-term tests subject to realistic conditions as a test bed 
for future industrial application of HTS drives or on a ship.  

Another critical step is the development of reliable and robust brushless exciter systems that can 
deal with the specifics of HTS windings. Also the inverters for driving the HTS motor have to be 
adapted, as the HTS machine with its air-core stator presents quite different terminal characteristics 
compared to a conventional machine. Together with the definition of the HTS machine this opens a 
field for optimization efforts. 

But, assuming all these “ingredients” are there: will HTS machines win a competitive position? 
The key point is how the customers assess the advantages of the innovative technology, in short: 
compactness, efficiency, stability. But in order to enhance chances to convince potential customers we 
have to set up “realistic” demonstration projects, like the 4MW machine for which the innovative HTS 
rotor presented here was successfully manufactured and is now entering the tests. 
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