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cond on the stator, and in case of the third type – the circuits are present on both the rotor and 
the stator of the machine. 
 

 
Fig. 2. Configuration of serial and parallel hybrid machines 

 

 
Fig. 3. Selected hybrid machine topologies: a) stator; b) rotor; c) armature winding; 

d) PM; e) additional excitation winding 
 
 Figure 3a shows the serial hybrid machine topology which consists of the PMs and the 
additional DC windings in the rotor. The disadvantage of such configuration arises from the 
necessity of using slip rings to supply the DC windings [9]. The construction shown in Figure 
3b is also a serial structure, but two sources of magnetic field excitation are arranged in the 
stator.  
 Generally, the serial configuration allows a small range of the flux control. Additionally, 
the main disadvantage of most of the serial structures is a danger of PMs demagnetization 
[10], but the advantage is a simple design and high torque-to-weight ratio, as well.  
 Figures 3c and 3d show selected parallel design solutions where both excitation sources 
are located on the rotor. Therefore supplying the excitation windings requires slip rings [11]. 
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Fig. 12. Experimental set-up 

 

 
Fig. 13. Back-EMF phase-to-phase waveforms at 1000 rpm for the selected values 

 of the DC control coil current 

 
Fig. 14. Harmonic in the Back-EMF at 1000 rpm vs. DC control coil current 
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Fig. 15. Efficiency maps for a) IDC = 2 A; b) IDC = 0 A; c) IDC = ��2 A  
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 The operation principles of the automatic methods of weakening the flux using the DC 
control coil current, are shown in Figure 17. The base speed of the unloaded machine in this 
case is calculated at approx. 1100 rpm. At the base speed, the current in DC control coil was 
introduced, with proper direction and value, in order to obtain required machine torque, while 
the current component in the q-axis can be increased. Adjustment range of IDC current has 
been limited between –5 A to 0 A. 
 The presented method of automatic flux reduction in the hybrid ECPMS-machine (only by 
IDC current) allows to extend the speed over the base speed point. It should be noted that 
thermal losses generated in the DC control coil may be an important component of overall 
losses in the ECPMS-machine. 
 
 

6. Proposal for further research 
 
 Based on machine model and experimental results the predicted performance (range of 
speed and torque) of the machine was estimated. In Figure 18 mechanical power maps for four 
cases of predicted torque and velocity changes at various control strategies have been shown. 
In these studies the maximum power supply voltage of 300 V and stator current up to 30 A 
were assumed. 

 
Fig. 18. ECPMSM predicted operation regions for four control strategies of currents: 

a) Iq; b) Id, Iq; c) Iq, IDC; d) Id, Iq, IDC  
 
 Simulation results show that the control of the stator current component in the d-axis 
(Fig. 18b) allows to increase the speed limit of the machine by a factor of approx. 2 times 
compared to strategy of controlling of the current in q-axis only (Fig. 18a). Moreover, the DC 
coil current control strategy (Fig. 18c) enables to increase the starting torque and the torque at 
the low speed range, but it doesn’t allow to significantly increase the speed limits of 
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