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Abstract— The paper investigates the performance of a 
surface mounted permanent magnet synchronous motor at high 
ambient temperatures (200 o

I. INTRODUCTION 

C) and short overload conditions, 
encountered in demanding aerospace applications. For that 
purpose, a 3D FE transient analysis, considering temperature 
depended material attributes, and an experimental setup, based 
on a thermal chamber, were developed. 

Political, economical, and environmental trends, lead to the 
all electric aircraft concept [1]. Electric actuators used in 
demanding aerospace applications work under a severe 
thermodynamic environment and rapid load conditions where 
local heat effects affect their performance [2], [3].  

In this paper, the numerical and experimental analysis is 
based on a surface mounted, permanent magnet synchronous 
motor (PMSM), designed and optimized for high ambient 
temperature conditions (200 o

High temperature, samarium cobalt (SmCo), permanent 
magnets and a non-overlapping, all-teeth-wound, fractional 
slot concentrated winding configuration were used for the 
specific PMSM [1].  

C). 

II. 3D FE TRANSIENT THERMAL ANALYSIS 

The proposed FE method is based on a set of numerical 
techniques and a code structure that enables the minimization 
of the computational cost of the 3D transient thermal analysis. 

A number of steady state and transient 3D FE thermal 
analyses for different material attributes and load 
characteristics of the PMSM were carried out. 

Fig. 1 shows the temperature distribution of the PMSM 
running under maximum load. It was obtained by a 10-step 
transient analysis. Using a typical desktop computer the ratio 
of real time to transient analysis time is 5.4 per processor core.  

III. COMPARISON OF SIMULATED AND EXPERIMENTAL RESULTS 

The PMSM was mounted onto two metal plates and placed 
in a thermal chamber as shown in Fig. 2. The specific 
environmental chamber uses a PID controller to keep the 
temperature constant. 

A number of type-K thermocouples were attached to the 
PMSM and measurements were carried out for different 
ambient temperatures and duty cycles. 

Fig. 3 shows the comparison of simulated and measured 
temperature variation of the winding ends for a duty cycle at 
constant phase currents of 9.25 A at 1,200 r/min for 28 min. 
An ambient temperature of 25 o

 

C was controlled by the 
thermal chamber. Simulated and measured temperature 
variation agrees within 1% to 4%.  
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Fig. 1.  PMSM temperature distribution (82.7 s). 

 

 
Fig. 2.  Prototype PMSM inside the thermal chamber. 

 

 
Fig. 3.  Comparison of simulated versus measured winding ends motor 
temperature variation over 28 min (ambient 25 oC). 
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