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Abstract. This paper develops a model based on an original lumped-parameter network configuration 
for the thermal transient analysis of a permanent magnet synchronous motor (PMSM). The specific 
PMSM was designed and optimized for a demanding aerospace application. The validity of the 
proposed lumped-parameter model is verified by measurements carried out in a thermal chamber. 

 
1. Introduction 
 

Political, economical, and environmental trends, lead to the all electric aircraft (AEA) concept and to the 
corresponding elimination of hydraulic power sources [1].  Due to the absence of hydraulic fluid, heat will not 
be dissipated from electric actuators used in demanding aerospace applications. As a result, actuators work 
under a severe thermodynamic environment and rapid load conditions where localized heat effects and the 
absence of forced cooling affect the motor performance [2], [3]. 

This paper concerns the thermal analysis of an actuator designed for high ambient temperatures, 
inadequate convective heat transfer, and short overload conditions. The thermal analysis is carried out by 
developing a model based on an original lumped-parameter network configuration. 
 
2. Prototype Permanent Magnet Synchronous Motor 
 

A surface mounted permanent magnet synchronous motor (PMSM) was designed and optimized for 
extremely high ambient temperature environmental conditions encountered in aerospace applications. 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. Fig. 1 shows the stator of one of 
the prototypes and Fig. 2 shows an assembled prototype PMSM on the test rig.  
 

  
Fig. 1.  Prototype PMSM stator core and winding. Fig. 2. Assembled prototype PMSM on the test rig. 



3. Lumped-Parameter Model for Thermal Transient Analysis 
 

Fig 3. shows the lumped-parameter network developed for the thermal transient analysis of the PMSM. It 
is based on an original configuration that involves a minimum number of elements and therefore it presents a 
reduced computational cost in comparison with conventional lumped-parameter models.  

The specific configuration was implemented using Matlab and the SimPowerSystems library of Simulink. 
The values of the parameters of the elements of the specific model were determined by analytical expressions 
taking into consideration the geometric and operational characteristics of the PMSM, as well as the physical 
properties of the materials of the PMSM i.e., the stator laminated steel, the permanent magnets, the winding 
copper, and the winding insulation material. Finally, the loading characteristics of the lumped-parameter 
model were set by controlling the magnitude of the current sources. The current sources in the specific model 
represent the winding losses and the iron losses of the stator and rotor. 
  

 
Fig. 3.  Lumped-parameter model for the thermal analysis of the PMSM. 

 
4. Results and Discussion  

 
A number of thermal transient analyses were carried out using the developed lumped-parameter model, 

for different ambient temperatures and load conditions of the PMSM. In all cases the respective error is within 
5% and 15%. Figs. 4, 5 show respectively a comparison of the simulated and experimental temperature 
variation of the stator and housing of the PMSM. 

 

 
 

Fig. 4.  Stator temperature variation of the PMSM. Fig. 5 Housing temperature variation of the PMSM. 
 
5. Conclusion 
 

High efficiency actuators for demanding aerospace applications work under short overload conditions 
and harsh environmental conditions. In order to accurately predict the thermal performance of such electric 
machines a transient analysis is needed. For that purpose a lumped-parameter network employing an original 
configuration and low computational cost has been developed. 
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