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Abstract – In the development process of electrical drive systems, consisting of the motor, the power 
electronics and the control scheme, it is difficult to predict the exact machine and control behavior in 
combination with the converter. Therefore, system simulations with analytical machine models embedded in a 
circuit simulation environment are performed. To increase accuracy by paying attention to alternating 
machine parameters, like saturation, a finite element model can be used instead of the analytical machine 
model. 
In this paper such a field-circuit coupled simulation of a PMSM servo drive is performed. Simulation results 
are shown and discussed and compared with measurements.  
 

Introduction 
 

Within the design process of electrical drive trains the system simulation represents an important 
aspect. Because modern servo drives do not only consist of the electrical machine but also of the 
power electronics and the control, it is necessary to take account of all corresponding parts, e.g. for a 
drive design with a well functional self-sensing [1]. With circuit simulation software it is possible to 
combine the converter and the control with an analytical representation of the machine. Since the 
machine is typically designed with the help of Finite Element (FE) simulations it is reasonable to take 
the FE model into consideration, which can substitute the analytical model for a more precise 
simulation.  
In this paper a system simulation of a PMSM servo drive is presented. The used circuit simulator is 
Plecs associated with the ODE (ordinary differential equation) solver Matlab/Simulink. For the FE 
simulation the iMOOSE-package is applied [2]. After an introduction to the simulated components and 
the appropriate simulation methods at hand, the system simulation is performed and the results are 
shown. 
 

Lumped parameter based field-circuit coupling 
 
The field-circuit coupling is based on a linearized lumped parameter representation of the electrical 
machine whose values are systematically extracted from the FE model. The lumped inductances L as 
well as the induced voltages U are defined on energy-based considerations [3]. These lumped 
parameters are embedded into the circuit simulation (Fig. 1). The circuit simulator continues with the 
circuit simulation until a new set of lumped parameters needs to be extracted, which is done on a 
regular basis. 
 

The overall simulation model 
 

The overall model consists of three sections (Fig. 2). The basic part is the FE model of the PMSM. It 
is connected to the circuit simulation tool on the one hand, exchanging inductance, voltage and current 
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signals. On the other hand it communicates with an ODE simulation environment where the 
mechanical equations are solved and a closed-loop speed control is designed. The applied control 
scheme is a PI-cascade with an inner current- and an outer speed-loop. The required feedback speed 
signal is directly provided by the mechanical equations while the currents, measured in the circuit 
simulation, are transformed to dq-coordinates by Park transformation. The actuating voltage of the 
control is transferred to the converter in the circuit simulation via a space-vector-modulation [4], 
controlling the duty-cycles of the semiconductor valves.  
 

Conclusion 
 
This paper presents the simulation of an electrical drive train by a field-circuit coupling method and 
explains the basic theories. In the performed simulation an FE model of a PMSM is combined with a 
circuit simulation tool. Several operating areas and load scenarios of the drive are analyzed and 
discussed. The results and a comparison with measurements are shown in the full paper. 
 

 
 

Fig. 1. Embedded lumped parameter model of the field-circuit coupled device. 
 

 
Fig. 2. Schematic diagram of the overall simulation model. 
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