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Abstract—The purpose of the present paper is the development
of numerical techniques for the reduction of the computational
cost of the 3D finite element (FE) transient analysis. The specific
methodologies were applied for the electromagnetic and thermal
transient analysis of a permanent magnet synchronous motor
(PMSM) and an induction motor (IM) specifically designed and
optimized for aerospace actuation applications.
Index Terms—Aerospace industry, finite element methods,
induction motors, permanent magnet motors, thermal analysis.

I. INTRODUCTION

Fig. 1. PMSM temperature distribution, 2607 s.

This paper concerns the electromagnetic and thermal
analysis of two actuators, a permanent magnet synchronous
motor (PMSM) and an induction motor (IM), designed for
demanding environmental conditions encountered in an
aerospace application [1]-[3]. The solution of the
aforementioned problem requires a detailed 3D finite element
(FE) transient analysis due to the extreme loading conditions
and the high integration of the actuators. For that purpose, a
FE package for electromagnetic and thermal analysis was
assembled, which incorporates a number of numerical
techniques specifically developed for the reduction of the
computational cost of the 3D FE analysis [4], [5].
II. DESCRIPTION OF PROTOTYPE PMSM AND IM
A. Permanent magnet synchronous motor (PMSM)
A surface mounted PMSM was designed and optimized for
two different modes of operation encountered in a demanding
aerospace application. Under normal mode of operation the
torque and rotating speed are equal to 1.2 N ⋅ m and 180 rpm.
Under the extreme mode of operation, torque and rotating
speed are equal to 6.0 N ⋅ m and 6,000 rpm. High
temperature, samarium cobalt permanent magnets and nonoverlapping, fractional slot winding configuration were used.

Fig. 2. IM temperature distribution, 2607 s.

methodologies. Figs. 1, 2 show respectively the temperature
distribution of the PMSM and IM running under maximum
load.
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B. Induction motor (IM)
An IM was also designed for the aforementioned aerospace
application. A non-overlapping winding was not the optimum
choice for the IM. As a result, a conventional winding
configuration was used. For the rotor bars the NEMA design
class A was adopted due to the high torque capacity and
efficiency at low slip frequencies.
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