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Abstract 
This paper presents a method to switch off an IPMSM by using a Current-Source-Inverter in the event of a 
malfunction in a Battery Electric Vehicle. The analysis includes transient currents, voltages and the torque 
development during the switching off process. The investigated method based on a voltage observer is able to 
minimize undesirable side effects caused by high transient currents and voltages.   

Introduction 
In order to meet requirements of reducing emissions and air pollution development of electrified propulsion 
solutions is proceeding rapidly. Several highway-capable and series-producible models such as smart ed, 
Mitsubishi i MiEV, Nissan Leaf have been introduced to the market. The structure of the electrical power train 
of a battery electric vehicle includes an electrical machine as traction motor, a DC/AC converter, optionally with 
a DC/DC converter, a battery as energy storage and an additional on-board-charger. Due to the fact that the 
energy storage device is a battery, which is inherently a voltage source, a voltage source inverter (VSI) is 
exclusively used as the DC/AC converter for all BEVs existing on the market so far. 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-borron (Nd-Fe-B) and samarium-colbalt (Sm-Co) [1].  
 
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. In recent years 
research works on using a CSI for electric vehicles have been investigated in [2], [3], [4], [5]. The investigations 
so far mainly include topics of control and performance of the CSI integrated in an electric vehicle.  
 
In the event of a malfunction the electrical machine must be 1) disconnected from the energy storage and 2) 
switched off by the inverter. During this process high transient currents and voltages may be generated by using 
different strategies. The problem is especially critical at high speed because a high back EMF is inducted in the 
IPMSM. That is why it is especially important to choose the right strategy in order not to damage the rest of the 
system components.  
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Fig. 7: Simulation results after switching off the IPMSM by implementing strategy II, 
starting from the steady-state working point @ T=70 Nm and n=4000 rpm. a) torque, b) 
current components I*d, I*q c) three phase line-to-line voltages d) voltages of the filter 
capacitors. 

 

    

 

 

 

 

 

 

 

 

 

 

C,Pୣୟ୩ଵݑ ൌ ௌሻݐCሺݑ  F୧ܥ1 כ න  ݅Cሺݐሻ ݀ݐ௧Sାబర
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ൌ SሻݐCሺݑ  መܫ כ ඨܮEMܥF୧  
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The calculation of the filter capacitor voltages in consideration of the commutating process by 
switching the CSI according to strategy I is shown in (1). The total peak value of the transient filter 
capacitor voltages also include the back EMF of the IPMSM during the switching off process. Hence 
the online calculation of the filter capacitor voltages becomes the description of (2). As long as the 
transient voltages from the online calculation is higher than the blocking voltage of the IGBTs, 
strategy I is activated. The switching mode of CSI can be changed to strategy II, if the online 
calculated voltages of the filter capacitors and the IPMSM become lower than the defined criterions 
shown in (3). ݑC,Pୣୟ୩,୫ୟ୶ ൌ ,Cଵ,Pୣୟ୩ݑ൛ݔܽ݉ ,Cଶ,Pୣୟ୩ݑ !Cଷ,Pୣୟ୩ൟ  ൏ݑ LL,Pୣୟ୩ݑ C,୪୧୫ݑ   ൌ C,ଵݑ൛ หݔܽ݉ െ ,C,ଶหݑ หݑC,ଶ െ ,C,ଷหݑ หݑC,ଵ െ C,ଷห ൟݑ  ൏!  LL,୪୧୫ݑ 

 

Starting from the same steady-state working point of T=70 Nm, n=4000 rpm simulation results using 
the proposed method are shown in Fig. 8-10. The criterion of uLL,lim=650 V is defined for the 
simulation. As estimated with the online voltage observation the line-to-line voltages is smaller than 
the maximal allowed value after switching from strategy I to strategy II. The transient currents during 
the entire process stay below the critical levels as well.  

 

 

 

Fig. 8: Simulation results of the current components Id and Iq after switching off the IPMSM by first 
leading in to strategy I and switched to strategy II using the proposed method of an online observing of 
the filter capacitor voltages. Starting from the steady-state working point @ T=70 Nm and n=4000 
rpm. 
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