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A RL load was used in the simulations in 
order to minimize the total simulation time. The 
resistance is equal to the motor phase resistance 
and the inductance was calculated to obtain the 
same current phase delay.  

For the motor control, a standard current 
control scheme implemented in a rotating (d, q) 
frame is used to impose a constant di  current at 

various speeds while keeping the qi  current 

zero, thus generating a rotating magnetic field. 
 

3. RESULTS  
 

The measured total loss is plotted for different 
switching frequencies and speeds in Fig. 5 b), c), 
for the IM, in Fig. 6 for the SyR and in Fig. 7 for 
the PMASR motors. It is worth mentioning that 
the motors have the same stator frame. The 
inverter power loss in Fig. 5 a) shows little 
difference between 0 and 2000 rpm operation. 
The power loss difference between motors is less  

than 5% because of small variations in current 
phase delays. The power loss evolution as the 
switching frequency increases for the IM is 
consistent with previous results [8]-[10]. The 
SyR motor has a smaller variation of the power 
loss mainly because of lower rotor iron losses. 
The PMASR motor has a similar rotor structure 
with the SyR but with additional plastic ferrite 
magnets. The losses have an increased variation 
compared to SyR but lower than the IM.  

 

4. CONCLUSIONS  
 

A simple power loss estimation method for 
inverter-fed motor systems has been presented. 
The advantage of the method is that it can be 
applied to synchronous and asynchronous motors 
with a simple measurement and simulation. 
Novel comparative results have been presented 
for the IM, SyR and PMASR motors power loss 
variation over different switching frequencies. 
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Fig. 6. Losses of the SyR motor.

 
a) 

 

 
b) 
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Fig. 5. Losses of the inverter (simulated)
and the IM. 

a) 
 

b) 
 

c) 
Fig. 7. Losses of the PMASR motor
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5. APPENDIX 
 

The experimental tests have been performed 
with a DC/AC converter prototype based on the 
ST Microelectronics STGIPL14K60 intelligent 
power module (IPM) with 1 μs of dead-time. It 
contains 6 IGBTs and drivers, 3 operational 
amplifiers for current sensing and 3 comparators 
for overcurrent protection. The value of the shunt 
resistor is 0.0375 Ω , the DC Link capacitor C is 
35uF and the inductance L is 2x27mH. The 
schematic of the test circuit is shown in Fig. 1 
and a snapshot of the rig in Fig. 8. The inverter 
DC Link voltage is 200V, supplied by a 
regulated DC voltage supply. The parameters of 
the motors are presented in Table 2. 
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Table 2. Motor parameters 
 

Parameter IM SyR PMASR 
Power (W) 800 400 800 
Voltage (V) 195 195 195 
Current (A) 3 1.4 3 

Max. Speed (rpm) 17000 10000 16000 
Nr. of pole pairs 1 2 2 

Phase resistance ( Ω ) 2.8 7.3 1.8 
Winding Cu Al Cu 

Stack Length (mm) 55 35 40 
 

 
 

Fig. 8. Test rig. The three motors, from top: PMASR, SyR, 
IM. The inverter board is in the center. 


