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The work assesses the performances of rectifier circuits 
commonly used in generator-sets for SHEVs to determine 

which rectifier topology demonstrates both:

high power factor (PF) and high output voltage

Aims
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1. Benefits of high PF and high output voltage

2. Definition of the PF

3. Overview of the four most common generator-sets

4. Simulation results

5. Discussion

6. Summary of the results

7. Conclusion

Outline
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Generator-Set consist of a 3-phase generator machine and a 3-phase

rectifier circuit. 

Engine

Battery 

Electric
Motor AC/DC DC/DC DC/AC Generator

Generator-Set in a Series Hybrid Electric Vehicle

optional

• Most published work has always been directed towards volume and weight

reduction for the battery.

• Less attention has been spent into the generator-set with regard to optimisation

strategies regarding weight-to-power and volume-to-power ratio.
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A possible solution for weight and volume reduction of generator-
sets is to operate the generator unit at high PF and at high output 

voltage. 

Why high PF and high output voltage?

PF=1 means that all the real power available in an electric machine 

can be delivered to the output of the generator-set.

Maximum utilization of the machine

PF=1 means that voltage and current harmonics are reduced.

Less EMI problems

High voltage at the output of the generator-set means low losses in the 

rectifier due to lower conduction currents.

High efficiency
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Definition for time varying periodic waveforms of period T:

V an I are the RMS values e.g.: v an i are represented by their Fourier series:

Definition of the Power Factor (PF)
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Watch out for the following equation!

Definition of (PF) when voltage or current is pure sinusoidal

This can only be used when the back EMF of the machine is simulated as
sinusoidal signal.

Practically the back EMF is not sinusoidal and the back EMF can not be measured.
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Conventional rectifier circuits

PWM controlled rectifier 3 rectifier with dc/dc converter

3 uncontrolled rectifier 3 controlled rectifier



Dec. 2008
Dr. PickertPower Electronics, Drives and Machines Research Group

Simulation Parameters

3 phase PMSG machine using the following parameters:

Used power switches models from MATLAB/Simulink tool box.

Machine and rectifier parameters were varied (L, R, C).

Supply voltage and frequency was fixed and load currents were varied.

0.2ΩRs

0.3mHLs

3000 rpmN

12 polesPoles

300 HzFrequency

325 voltsEMF peak

ValueParameter
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V-I characteristics of the PWM rectifier V-I characteristics of the diode bridge rectifier
with boost dc/dc converter

A significant voltage drop is recorded with increasing machine inductances.

V-I characteristics

Most research focused on low inductive machines which can be more expensive 
compared to high inductive machines.
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Average output voltage vs. load currents PF vs. load currents

The output voltage drops significantly 
at very high load currents 
for all four rectifier circuits.

The PWM rectifier circuit demonstrates the highest PF

The uncontrolled diode bridge rectifier and the diode 
bridge rectifier with boost converter 

show a significant drop in PF at very high load currents.

Comparison of PF and output voltage for all four circuits
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A full comparison of the characteristics of the four rectifier circuits (EMF=325volts, f=300Hz, Ls=0.3mH, C=2000uF)

Comparison of all four circuits
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No control of PF and voltage drop 

)
2

2
(1cos

LL

d

V

wLsI
u 

Why is there no circuit that combines high PF and high voltage?
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Why is there no circuit that combines high PF and high voltage?
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(1) output voltage drop due to machine 
reactance

(2) PF reduction due to machine 
inductance and type of rectifier 
topology

Output voltage drop caused by current commutation Current commutation affect the phase voltage

)
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Why is there no circuit that combines high PF and high voltage?
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input voltage of the converter

Vic= input voltage converter

Voltage harmonics caused by current harmonics
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Voltage harmonics caused by notching
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Machines with low inductances (expensive).

Rectifier circuits operating without current commutation.

Proposed Improvements
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1. The diode bridge rectifier is the simplest rectifier but does not have any control. 
Control of PF is not possible and control of the output voltage can only be achieved 
by changing the engine speed.

2. The PWM rectifier operates at the highest PF but is the most costly rectifier due to 
the number of switching devices, drivers and control complexity. The PWM rectifier 
operates bi-directional allowing to start the engine. 

3. The diode bridge rectifier with DC/DC boost converter produces the highest output 
voltage.

4. The Thyristor rectifier can not succeed the output voltage of the diode bridge 
rectifier but has PF control.

Since the commutation period is different for each rectifier circuit due to
different control schemes the commutation becomes not only a function of
machine impedance, load current and electric frequency but it also 
a function of the type of rectifier chosen to be implemented in a generator set.

Summary of the comparison
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•The work tries to identify rectifier circuits currently used in generator sets for SHEVs that allow 
the operation of high PF and high output voltage.

•A generator set with high PF and high output voltage will increase the overall efficiency of 
SHEVs.

•Four rectifier circuits have been identified and have been simulated using Matlab/Simulink to 
verify their operation. 

•Simulation results are presented and have been discussed and analyzed for different 
operating conditions.

•The analysis showed that all of the four rectifiers are suffering from current commutation.

•The length of current commutation process is dependent on the rectifier topology, motor 
parameters, load current and engine speed.

•Based on the current commutation effect, it is concluded that none of the investigated rectifier 
circuits show high PF and high output voltage.

•In order to minimize the current commutation effect in the application of SHEVs, two possible 
solution are proposed: 

(1)- To produce a very low inductive machine which is costly 
(2)- To develop a converter topology which doesn’t have current commutation. Such a converter type 
doesn’t exist but it is hoped that such a rectifier will be more cost-effective compared to the discussed 
rectifier circuits.

Conclusion
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