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Abstract 
Transportation electrification has been the center of many research projects in both academia 
and industry over the past decade. There has been a special focus on aerospace electrification 
over the past few years. As the core of hybrid/electric propulsion systems, electric machines, 
and their drive systems have been at the center of these research efforts. Considering the 
power density and efficiency requirements for aerospace electrification, conventional 
machine/drive systems might be not feasible for such an application. To that end, the concept of 
integration of the machine, drive system, and cooling system has been investigated. Such a 
concept is known as Integrated Modular Motor Drive (IMMD) in which the machine, drive and 
cooling system are integrated and considered as a single structure. 

 
On the drive side, the possibility of achieving high power density and efficiency is increased by 
the emergence of wide band gap devices (WBGDs). Their intrinsic benefits like, low on-state 
resistance and fast turn-on/off speed contribute to lower conduction and switching losses which 
in turn lead to higher efficiency. Furthermore, their ability to function at higher junction 
temperature relative to their Silicon (Si) counterparts, reduce the cooling system requirements. 
Optimal design, including board layout, and component selection, is of high importance while 
using the WBGD, due to the effect of parasitics on the overall performance. 

 
On the machine side, the focus is typically on increasing the machine's electric and magnetic 
loading as well as the mechanical tip speed. This can be achieved via novel machine 
topologies, advanced materials, advanced manufacturing as well as integrated systems with 
shared advanced cooling 

 
 



 

 
In this tutorial, the design considerations and requirements for integrated modular motor drives, 
as a solution for aviation electrification, are presented. The challenges of designing and 
characterizing additively manufactured motor coils and paralleling GaN switches are presented 
and test results are shown. The advanced cooling system design for both motor and drive 
systems is described. Finally, the overall integrated system is demonstrated and some test 
results are presented. 
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