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This paper proposes a PWM rectifier with a seamless winding changeover capability. The proposed PWM rectifier 

can be operated in the star connection mode as well as in the delta connection mode, for which the output voltage is 

equivalent to a generator with delta winding. The proposed topology is used for open-end winding generators. One 

of the ports of the generator is connected to a PWM rectifier. Another port is connected to a diode bridge rectifier, 

which has a switch to short the dc-link of the diode bridge rectifier. The PWM rectifier and the diode bridge rectifier 

are connected via diodes. The proposed configuration allows seamless winding changeover with reduced number of 

switches in comparison with a conventional winding changeover circuit. When the delta connection is used, a new 

control method for achieving low current THD has to be used. The proposed circuit and control are assessed through 

experiments. The generator current THD of the star connection and the delta connection are 4.0% and 4.7%, 

respectively. In addition, the transient response is analyzed. In spite of the winding changeover in both the 

directions, power is continuously supplied to the load.  
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Fig. 2. Proposed circuit. 
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Fig. 3. Control block diagram of proposed circuit. 
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Fig. 4. Equivalent circuit of proposed circuit. 
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(b) Proposed circuit without unity power factor control 
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(c) Proposed circuit with unity power factor control 

Fig. 8. Simulation result of conventional winding changeover 

circuit and proposed circuit. 

Table 1. Parameters for simulation. 

Response angler frequency of ACR 4000 rad/sec

Synchronous reactance %Xa 20%

Response angler frequency of AVR 40 rad/sec

Carrier frequency fsw

100 VpeakBack EMF of generator Vac

Output voltage Vout 350 V

10 kHz

Frequency of back EMF femf 100 Hz

 Inductance of generator La 3.2 mH

Parameters Value

Output DC capacitance 470 mF
 

Voltage drop 

Dead-time of magnetic 
contactor(2 ms)

Output voltage of generator (LPF: fc=1 kHz) [V]

Back EMF of the generator [V]

Current of the generator [A]

Output Voltage of the rectifier [V]

Delta connectionStar connection

 [sec]

100 V
173 V

Time[sec]
 

(a) Conventional winding changeover circuit with magnetic contactors 
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Fig. 9. Generator current THD versus synchronous reactance 

of the generator. 
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Fig. 10. Amplitude of generator current versus synchronous 

reactance of the generator. 

Table. 2. Parameters of IPMSM. 

0.094 W

Rated power 3.7 kW

6000 r/minRated speed

Rated current 10 A

Number of pole pairs 3

Rated torque 6 Nm

Winding resistance

d-axis inductance

q-axis inductance

Back-EMF coefficient

8.27 mH (%Xd = 48.8%)

9.24 mH (%Xq = 53.2%)

0.15 V s/rad

Parameters Value

 

0

Voltage command vu
* [1 p.u./div]

Input current iu [5 A/div]

DC output voltage VDC [100 V/div]

[4 ms/div]

0

0
 

(a) Star-connection mode 

0

[4 ms/div]

0

0

Voltage command vu
* [1 p.u./div]

Input current iu [5 A/div]

DC output voltage VDC [100 V/div]

 

(b) Delta-connection mode 

Fig. 11. Experimental results of proposed circuit. 
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(b) From delta-connection mode to star-connection mode 

Fig. 12. Winding changeover between star winding and delta 

winding modes. 
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Fig. 13. Changeover point in term of efficiency. 
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