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problem of three-level NPC converters has been widely
recognized and studied, [2]-[3]. Various strategies have
been presented, and successful operation has been
demonstrated with a DC link voltage balance maintained
for N-level converters.

1. Introduction

A. Carrier PWM with DC Offset

In this paper it is analyzed the main operating
characteristics of the Neutral Point Clamped (NPC)
converter, schematically represented in Fig. 1, namely its
operation under carrier-based PWM control and space
vector control with emphasis in the output voltage
spectrum and the neutral point voltage control, [1].

Essentially, the carrier PWM methods control the NP
voltage adding a zero sequence signal to all the three
phase modulation waves, [3]-[4]. The addition of the
same DC offset to the three modulation waves does not
change the effective line-to-line voltage, but changes the
effective current path through the capacitor bank.
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The mean value of the neutral current during one
switching period Ts can be determined from the phase
currents (ia, ib, ic) and the switching functions of the
modulator according to (1).
< I 0 > T = Sa 0 ⋅ ia + Sb0 ⋅ ib + Sc 0 ⋅ ic
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Fig. 1. Three-phase three-level NPC converter.

2. Neutral Point Balancing
The multilevel structure has an inherent problem of
midpoint balance because the midpoints are used as
power sources, when the midpoints are not independent
power sources. The Neutral Point (NP) voltage balancing

s

(1)

If a homopolar component is added to the switching
functions (2) is obtained
< I 0 > T = San + Sn0 ⋅ ia + Sbn + Sn0 ⋅ ib + Scn + Sn0 ⋅ ic
s

(2)
being Sin, i=a, b, c, the reference load switching functions
and Sn0 the added homopolar component.
Since the voltage references as well as the phase currents
are imposed and constant during a switching period, it
appears clearly that the homopolar component Sn0 has a
direct influence on i0 and thereby on the NP voltage.
B. Using Redundant States in SVPWM
Redundant switching states create the same output
voltage, but yield different capacitor currents. Therefore,

capacitor voltage balancing through redundant state
selection is a straightforward matter of selecting between
the redundant states based on which capacitor is
overcharged with respect to the other and the direction of
the phase currents.
In carrier PWM, all the control schemes are based on the
use of output zero sequence voltage.

3. Results
In order to show the general equivalence between carrierbased modulation and space vector modulation a
laboratory prototype of a 4-kW three-phase NPC
converter has been built using three SK50MLI066
modules from Semikron. The DC voltage was set to 250
V, the switching frequency has a value of 1.6 kHz. The
control strategies were implemented in a DSP board
based on TMS320F2812 from Texas Instruments.

Fig. 4. Ripple voltage in the two capacitors and neutral-point
input current for the THPWM method.

The prototype was used to obtain demonstrative
experimental results. The line-to-line voltage spectrum
and the DC capacitor ripple voltage are shown in Fig. 2
and 3, and in Fig. 4 and 5, respectively. The same
comments and conclusions made with respect to the
simulation results can be applied to the experimental
ones: the main operational characteristics of the two
methods are quite similar; also, but not shown in this
paper, neutral point balancing is obtained with the same
methodology, controlling the redundant vectors.

Fig. 5. Ripple voltage in the two capacitors and neutral-point
input current for the SVPWM method.

4. Conclusions

Fig. 2. THPWM line-to-line output voltage spectrum.

The three-phase NPC converter is a powerful and reliable
converter for the medium-voltage high-power range. Its
inner control system can be based on carrier or space
vector PWM. The paper presents simulation and
experimental results regarding its main performance
issues namely output voltage spectrum and neutral point
voltage balancing through DC capacitor current control.
The results show that there is an equivalent performance
between the two modulation strategies.
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Fig. 3. SVPWM line-to-line output voltage spectrum.
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