
Extended Base Speed Range by Using a Current-Source-Inverter-Fed 
IPMSM for Automotive Application 

S. von Malottki*,**, K. Hameyer** 
*   DAIMLER AG 
HPC G252, 70546 
Stuttgart, Germany 

Tel.: +49 / 7111734451  
E-Mail: sicong.von_malottki@daimler.com  

URL: http://www.daimler.com 
**   Institute of Electrical Machines (IEM), RWTH Aachen University 

Schinkelstraße 4, 52062 
Aachen, Germany 

Tel.: +49 / 241 80 97667 
E-Mail: post@iem.rwth-aachen.de 

URL: http://www.iem.rwth-aachen.com 
 

Keywords 
Current Source Inverter (CSI), Automotive Application, Electric vehicle, Converter machine 
interactions, Power converters for EV 

Abstract 
This paper proposes a power train structure including a CSI with an integrated buck-converter to feed 
an IPMSM for automotive application. An optimized operation strategy to 1) extend the base speed 
range and 2) maximize the system efficiency is introduced. Simulated system performance and 
efficiency are presented and compared to the conventional VSI-based power train.      

Introduction 
Depending on the dc-link energy storage components, inverter topologies can be basically grouped 
into two main categories: voltage-source and current-source topologies [2]. While the VSIs use dc 
capacitors in the dc-link circuits, the current-source-inverters (CSIs) employ dc inductors in the dc-
link circuits. For all Battery Electric Vehicles (BEVs) existing on the market so far a voltage source 
inverter (VSI) is exclusively used as the DC/AC converter. The widespread electrical machine is the 
Interior Permanent Magnet Synchronous Motor (IPMSM) because of its high starting torque and its 
wide constant-power speed area, due to the high energy content of rare earth materials such as 
neodymium-iron-born (Nd-Fe-B) and samarium-colbalt (Sm-Co) [1]. In the past years research works 
on using a CSI for electric vehicles have been investigated in [2], [3], [8], [9]. A CSI transferring the 
electrical variables voltage and current within electrical power train for automotive applications is 
gaining interests.  
 
This paper proposes a system consideration of using a CSI with an integrated buck-converter as 
DC/AC-converter. The functionality of the converter components is explained in Section III. The 
advantage of using a CSI to extend the base speed range is described in Section IV. A developed 
operation strategy to feed an IPMSM is investigated with the intention of minimizing the 
semiconductor losses is explained as well. Section V presents simulated results of the system 
performance and efficiency of the proposed converter structure. A comparison to VSI feeding an 
IPMSM (as the current available technology) is conducted as well.   
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State ST1 SB1 ST2 SB2 

1 1 0 0 0 
2 1 0  1 
3 0 0 0 1 
4 0 1 0 0 
5 0 1 1 0 
6 0 0 1 0 
7 1 1 0 0 
8 0 0 1 1 
9 0 0 0 0 
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System Efficiency 

 

Fig. 8: System efficiency of the IPMSM with the proposed DC/AC-converter including CSI and a 
buck-converter (r.) and a VSI (l.) @ Ubatt=300V. 

System efficiency of the power train system components consisting of IPMSM and the converter are 
presented in Fig. 8. The IPMSM is fed with a VSI and the proposed converter structure presented in 
this paper (Fig. 1). The calculated losses include 1) power electronic conduction and switching losses 
of each semiconductor device 2) iron losses of the IPMSM from FEM calculation 3) friction losses 
from measurement.  

It is obvious that CSI with the integrated buck-converter as presented in this paper cause more losses. 
The higher power electronic losses can be explained, on the one hand by the amount of semiconductor 
components used in the structure in comparison to the components of a VSI, on the other hand as 
explained in Section IV, the conduction losses of the semiconductor devices are influenced by the dc 
link current by using CSI. Since an IPMSM is taken as the traction machine, which is originally 
designed and optimized for being fed by a VSI, the machine is fed with a high current component Id 
over the entire operation range in order to archive high torque density. Therefore a high dc link current 
is needed in the entire operation range. Nevertheless by using the operation strategy presented in 
Section IV, the dc link current can be kept as low as possible which is intent to minimize the converter 
losses.  

Considering the integration of a CSI fed electrical machine in to the power train for automotive 
application, the machine design for CSI must be reconsidered. A purpose design to emphasize the 
advantage of the CSI in order to optimize the system efficiency will be investigated in future research 
work.   

Conclusion 
This paper deals with a system consideration of using a CSI-fed IPMSM for automotive application. 
The proposed converter structure includes a CSI with an integrated buck-converter. The functionality 



of the components and their advantages for the system performance are explained. The disadvantage 
concerning system efficiency is pointed out. A developed operation strategy to feed an IPMSM in 
order to minimize the semiconductor losses is presented. Simulated results of the system performance 
and efficiency are presented in this paper. A comparison between VSI according to state of technology 
and the proposed converter structure is conducted. 
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