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Abstract: Stringent greenhouse gas emission legislations have accelerated the need for 
electrification of ground and air transportation. Since electric motors are one of the core components 
of the electric drivetrain, improvement of their performance is a key enabler of better performance 
metrics of the electric drivetrain. High heat generation in electric motors, especially at high power 
density, as a consequence of electromagnetic losses, limits motor efficiency and longevity by 
ultimate aging of the winding wire insulation and premature demagnetization of the magnets. 
Therefore, enhanced cooling technology is essential to increase motor power and torque density, 
by pushing up the current density, while keeping the peak winding temperature below the winding 
insulation temperature threshold. In this presentation, liquid cooling concepts to extract heat directly 
from the winding of electric motors will be discussed, which dramatically reduces the thermal 
resistances between the winding and the coolant and hence enables significantly higher current 
density while operating within the thermal limit of materials employed in electric motors. Tradeoffs 
involving the copper fill factor, power losses, shaft torque, peak temperature, and overall efficiency 
of electric motors for different liquid cooling solutions will be presented.  
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