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Abstract:- This paper presents a comparative analysis
between three levels neutral point clamped inverter
(BL_NPC), and three levels neutral piloted point
inverter (3L_NPP). Those different topologies are
compared by simulation in term of many performances,
as switches loss distribution which is well balanced and
reduced for 3L_NPP inverter, unlike the 3L_NPC
inverter. Finally, a summary of the comparative
analysis is presented.
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l. INTRODUCTION

Due to the high global energy demand, huge
consumption of fossil fuels has increased. Then, by the dint
of greenhouse gases the atmosphere and the environment
have been influenced. Therefore, development of almost
zero pollution alternatives as electric vehicles require
nowadays special attention. The fast progress of those
modern vehicles requires high performances inverters [1-6].
Thanks to many benefits that increases multilevel inverters
power density, this new generation of inverters have
currently acquired scholar’s attention. High equivalent
switching frequency, low voltage stress, low THD, high
efficiency, reduced electromagnetic interference (EMI) are
the main advantages of multilevel inverters compared to
Two levels inverters. [7-10]

3L_NPC (Figure.1) inverter is widely used in high
power medium voltage applications [11] [12]. The major
disadvantage of this topology is the unequal loss
distribution among the switches; however, it also generates
unequal junction temperature distribution which confines
the inverter maximum output power [13]. Moreover, as the
levels of the inverter increase the unequal switching of the

» Principle:
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semiconductor devices also increase and so the voltage
unbalance between the DC link capacitors. As the neutral
point is actively piloted, 3L_NPP (Figure.2) is an attractive
topology which can overcome the unequal loss distribution
problem of the 3L_NPC inverter and improve the power
ability [14-16]. In 3L_NPP inverter topology, two switches
connected in series are added for the purpose of clamping
instead of clamping diodes as in 3L_NPC. In this work,
3L_NPC and 3L_NPP inverter will be presented in detail
and compared by simulation in term of total losses and
efficiency.

1. 3L_NPC INVERTER

To overcome the different drawbacks of two levels
inverter, the 3L_NPC inverter is presented. [17]

> Structure:

The structure of the three levels 3L_NPC inverter is
shown in Fig.1
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Fig 1 Three Levels 3L_NPC Inverter

3L_NPC inverter gives three voltage levels : Vdc/2, 0, -Vdc/2.(Fig.1). Table.1 summarizes switching states which gives

three levels voltage.

Table 1 Basic Switching of 3I_Npc Inverter

Voltage level

Switching state

Voltage Va Tor Ti+ To- 1
1 Vdc/2 1 1 0 0
0 0 0 1 1 0
-1 -\Vdc/2 0 0 1 1
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» Control Strategy:

As shown in Fig.2, a pulse width modulation (PWM)
with two triangular carriers is used to control the switches
as presented in table.l. The voltage Va and Vab are
presented in Fig 5
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1. 3L_NPP INVERTER
> Structure:

The structure of the three levels 3L_NPP inverter is
shown in Fig.3
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Fig 3 Structure of the 3L_NPP Inverter

Fig 2 Two Carriers PWM Control Strategy of 3L_NPC
Inverter

» Principle:
3L_NPP inverter gives three voltage levels : Vdc/2, 0, -Vdc/2.(Fig.3). Table.2 summarizes switching states which gives
three voltage levels [2]

Table 2 Basic Switching of 3L_NPP Inverter

Voltage level Switching state
Voltage Va T2+ T+ TC+ T2- | L TC-
1 Vdc/2 1 1 1 0 0 0
0 0 0 0 1 0 0 1
-1 -Vdc/2 0 0 0 1 1 1

» Control Strategy:
As shown in Fig.4, a pulse width modulation (PWM) with two triangular carriers is used to control the switches as presented
in table.2.
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Fig 4 Two Carriers PWM Control Strategy of 3L_NPP Inverter

As presented in Fig.4 T2+ and T1+ are simultaneously controlled, knowing that switches have not always the same
characteristics one of the two switches may be in off state before the other. So, one of them will assume a very important voltage
which can deteriorate it. A balancing system must be used in this case. The voltage Va and Vab are presented in Fig 5.
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Fig 5 Three Voltage Levels in the 3L_NPC and 3L_NPP Inverter

V. TOTAL LOSSES IN THE INVERTER

Total Losses in the Inverter are Defined in (Eq.1):

Pt:}tal = Pswitch + Pc:}nd (Eq-l)

» Conduction Losses:

Average transistor conduction losses are defined in
(Eq.2):

Feond (Ti) = Veesatleavg T RS]ERMS
(Eq.2)

o Ve.asat : The threshold voltage, [.ayc : Average value
of the IGBT instantaneous commutation current, R, :
On-state resistance of the IGBT, I.gps ¢ RMS value of
the IGBT instantaneous commutation current.

o Veasat and R are directly extracted from inverter's datasheet

o I.avg and I pus are measured from Matlab/Simulink
model of the inverter.

Average clamping diode and anti-parallel diode
conduction losses are defined respectively in (Eq.3) and

(Eq.4):

Pcond[:Dclamping) = Vsc] dcAVG + Rdc] ERMS (Eq3)

Pcond(Dantiparallel) = Vsi]diAVG + Rdi]giRMS (Eq'4)
e V... Forward voltage drop for clamping diode

V,;: Forward voltage drop for anti parallel diode

R g;: On-resistance of the anti parallel diode

R gc: On-resistance of the clamping diode

Iqcrms: On —state clamping diode RMS current.

Iaimms: On —state anti-parallel diode RMS current
Iqcave On —state clamping diode average current.
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e Isave On —state anti-parallel diode average current.

Vo Vi Rg;and Ry, are directly extracted from

inverter’s datasheet. ]dCRM57 ]diRMS’ ]dCAVG and ]diAVG are
measured from Matlab/Simulink model of the inverter.

» Switching Losses:
Average transistor switching losses are defined in

(Eq.5):

Peom (Ti) = prm (Eon + Eoff) (Eq.5)

Average diode switching losses are defined in (Eq.6):

Pr:omf.Di) = prm (EH) (Eq6)

Fum: SWitching frequency, E,,: On-state energy of
the transistor, E, ;. Off state energy of the transistor, E,...
reverse recovery energy, E,,, E,¢r and E,,. are extracted
from invert’s datasheet.

V. SIMULATION RESULTS AND DISCUSSION

3L_NPC and 3L_NPP topologies are simulated in

Matlab/Simulink environment. To obtain simulation results

of Fig.6 control strategies of Fig.2 and Fig.4 are used.

Parameters of IGBTSs and diodes are based on the Miniskiip

3L_NPC inverter’s Datasheet from Semikron.[19]

As presented in Fig.6 The two topologies present
practically the same current distortions and for both the
voltage present clearly tree levels. But the differrence is in
the loss distribution where the 3L_NPP topology present
more balanced losses compared to the 3L_NPC topology
because the two clamped diodes are replaced by the two
IGBT’s. Both 3L_NPP and 3L_NPC inverters have a very
good efficiency (98.5%) compared to the classical two
levels inverter (95%).
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Table 3 Comparison Between 3L_NPC And 3L_NPP Topology

Inverter Topology

3L_NPC

3L_NPP

ADVANTAGES

Can be used for more than 3 levels

Balanced loss distribution

DISADVANTAGES

Unbalanced loss distribution

Need a voltage balance system for the series connected IGBTSs

VI. CONCLUSION

In this paper a comparative analysis between two

multilevel topologies: 3L_NPC and 3L_NPP have been
presented. This work began by explaining the structure, the
principle and the control strategy of the 3L_NPC and
3L_NPP.The paper presents later a discussion based on the
simulation results presented in the same work. It’s clear that,

in term of equal
switching

losses distribution and even reduction of

losses, 3L_NPP still better than 3L_NPC

topology, even if this one reduces off-state voltage and
switching frequency compared to two levels inverter. Surely
3L_NPP topology is a very attractive topology but has
disadvantages like balancing system for series switches.
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Fig 6 Comparison Between the 3I_NPC and 3l_NPP Inverters in Term of (A) THD (B) Losses Distribution in IGBTS and
(C) Efficiency
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