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The expressions for the modulation signals used in the carrier-based sinusoidal 

and generalized discontinuous pulse-width modulation schemes for two-level, five-phase 
voltage source converters have been derived. These expressions can be used for both 
balanced and unbalanced reference phase voltages generated by any two-level multi-
phase inverter. Simulation and experimental results using a five-phase resistive-inductive 
load and a five-phase induction machine are presented in which a close examination 
shows that both results are similar for the balanced and unbalanced load voltage cases. 

 
A relationship between the modulation magnitudes and the sharing coefficients of 

the real and reactive power in a double-end three-phase inverter system is derived. This 
determines the contribution of each converter to the overall operation of the system. 

 
The modeling and simulation of a three-level diode-clamped five-phase voltage 

source converter is presented. Using the conventional carrier-based switching method, the 
average switching functions are derived. These result into three modulation signals which 
are used to derive the model equations, in the synchronous quadrature-direct (qd) 
reference frame, that can be used for control. Simulation results show significant 
reduction of the ripple magnitude in both the capacitor and neutral point voltages. 

 
A new carrier-based pulse-width modulation (NCBPWM) technique is developed. 

It introduces a natural balancing of the capacitor voltage and significantly reduces the 
harmonic content in both capacitor and output inverter voltages. The technique also 
ensures zero-neutral-point (NP) potential in the three-level voltage source inverter. 

 
A double-end three-level diode clamped voltage source induction motor drive is 

analyzed. Using the NCBPWM, the drive is 
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