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Research context and motivation Novel contributions

 The growth of the global energy demand, the need for a low-carbon energy mix and the| | MACHINE ANALYSIS & DESIGN:
urgency to reduce harmful greenhouse gas emissions have opened the doors to the| |+ detailed loss segregation and performance analysis of fractional-kilowatt cryogenic-cooled
use of alternative energy resources; IMs by means of experiments and analytical calculations; €
 The natural gas has already proved its potentials as an alternative fuel in power plants, | |+ dedicated methodology for the prediction of the steady-state performance of cage IMs
.e., energy production, and for vehicle and marine propulsion; featuring superconducting rotor windings (1G-BSCCO HTS); &
 The natural gas is normally stored and conveyed in its liquefied state (LNG) at cryogenic | |+ investigations on suitable design strategies for cryogenic-cooled IMs.
temperature, around -161 °C (110 K); MATERIALS CHARACTERIZATION & MODELING:
* Submerged cryogenic pumps, driven by a cryogenic electric motor, are among the| |« prediction of the power losses in silicon-iron laminated cores, at room and cryogenic
key components of every LNG facility. temperature, employing an improved method for the separation of the losses into
Internal flow External flow  Shaft bearing The research project has been funded components; &
\_ and supported by a leading industrial | |* studies on the best methodology to extrapolate the magnetization curve of silicon-iron
’J%JE = = %\ M partner in cryogenic technologies alloys up to saturation, starting from measurements at low field levels. €2
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* Increased friction losses: bearing technology/airgap fluid flow?  « Magnetic characterization oateria. L T a1
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* Increased core losses: eddy current related phenomena; rittogen temperature Multiphysics approach? 02 040008 112 14 16 B (M
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» Optimal loss distribution in the machine;
 Trade-off between efficiency and active volume.

The future research activities will mainly focus on:

The research activities during the
Ph.D. aim at defining a suitable
procedure for the fault-tolerant
and efficient design of cryogenic-

o A small fractional-kilowatt IM « improved calculation methods for estimating the iron losses in cryogenic-cooled
used in preliminary tests in induction machines supplied by inverters;
a liquid nitrogen atmosphere , , , , . : : :
at 77 K (-196 °C).  experimental investigations on the thermal behavior of cryogenic-cooled induction
machines to define suitable design guidelines in terms of allowed electric loading;
* experimental and theoretical studies on how to minimize the impact of the friction losses

cooled induction motors (IMs).
on the efficiency of cryogenic-cooled induction machines;
\ ;

External training activities |

» European PhD School on Power Electronics, Electrical Machines, Energy Control and Power | |* Design and testing of a 15 kW, 15 krpm cryogenic-cooled induction machine for
Systems - online - (7/12/2021, 30 hours). submerged cryogenic pump applications.
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