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Performance Comparisons of Modulation 
Techniques PWM & SVPWM Fed To Cascaded 

Neutral-Point-Clamped Inverter

Abstract- This paper presents performance comparisons of 
different modulation techniques for Induction motor fed by 
cascaded Neutral-Point-Clamped Inverter (NPC). This paper 
provides a simple way to implement sinusoidal pulse-width 
modulation (PWM) and space vector pulse-width modulation 
(SVPWM) for cascaded Neutral-Point-Clamped Inverter (NPC). 
The output voltages and power of all inverter modules and the two 
series-capacitor dc voltages of each inverter module are perfectly 
balanced. The internal voltage drop of the inverter, due to the 
cascade structure of many insulated-gate bipolar transistor–diode 
modules’ series connection, is analyzed, which causes the distorted 
phase voltages and currents at low speeds when the frequency and 
the output voltage are low. The waveforms of rotor currents, rotor 
speed, electromagnetic torque, stator currents verify the proposed 
scheme.

Keywords- Cascaded multilevel (CML) Inverter, medium 
voltage (MV) drives, Sinusoidal Pulse-Width Modulation (PWM), 
Space Vector Pulse-Width Modulation (SVPWM).

I.  INTRODUCTION

EDIUM-VOLTAGE Adjustable-Speed-Drive (MV-ASD) 
systems offer significant advantages in a wide range of 

industrial applications such as fan, pump, and many improved 
process control systems with higher efficiencies combined with 

energy savings. The induction-motor (IM) drives present an 
attractive solution because they are cheapest and rugged. One 
aspect of CML inverter apart from the three-level NPC inverter is 
to utilize small inverter bridges with relatively low voltage to 
synthesize and reach high voltage, thus, is more suitable for high-
voltage, high-power applications [1]–[13]. Main drawback of 
cascaded H-bridge inverter is the need of excessive number of 
transformer windings. To alleviate this 

problem, the cascaded NPC inverter was introduced and 
developed [14].

For the cascaded H-bridge and NPC inverters, a variety of 
modulation strategies have been reported, with the most popular 
being carrier-based pulse-width modulation (SPWM) [6], [15], 
[16], space-vector modulation (SVPWM) [17]–[22].

Another issue about the CML configuration is the internal 
voltage drop from the cascaded series connection of the 
insulated-gate bipolar transistor (IGBT)–diode modules, which 
becomes substantially high at low speeds when the output 
voltage is relatively low. The internal voltage drop causes severe 
voltage and current distortions at low speeds when the voltage is 
low.
      IGBTs able to support a voltage of 6.5 kV are now available 
[2], [3]; however, the commutation speed of 6.5 kV IGBTs is 
rather lower than that of 3.3 kV IGBTs, available since some 
years. Therefore, in high-voltage converter it is still convenient 
to employ a Neutral Point Clamped (NPC) structure based on 
3.3 kV IGBTs. NPC inverters halve the maximum drop voltage 
on their power devices because they are built up of four switches 
per phase, furnish a three-level voltage output and improve the 
current tracking performances in current control loops; 
moreover, they present a better harmonic content of the output 
current than traditional VSI, allowing a torque ripple reduction. 

Fig. 1 Block Diagram induction motor fed by cascaded neutral-point-clamped 
inverter

II. CASCADED NEUTRAL-POINT-CLAMPED NPC 
INVERTER

      One of the multilevel structures that has gained much 
attention and widely used is the Neutral-Point-Clamped 
multilevel inverter or also known as Diode Clamped multilevel 
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inverter. In case of 3-level NPC inverter, clamping diode, D1 
and D4 clamped the DC bus voltage into three voltage level, +

, 0 and - . The two series-capacitor voltages should 2dcv 2dcv
be balanced during operation, namely, the average volt-ages 
across the two capacitors should be maintained the same,

. In addition, the voltage and power of all NPC 1 2c cv v
modules must be well balanced.

Fig. 2 3-level Neutral-point-Clamped inverter

III. MODULATION TECHNIQUES

        As in 3-level NPC Inverter, modulation strategies can be 
framed into two main techniques:

1) Sinusoidal Pulse Width Modulation techniques;
2) Space Vector Modulation techniques

a) Open loop Control
b) Close loop Control

      The first modulation techniques, widely used in industrial 
applications, are based on the comparison, separately for each 
inverter phase, between suitable analogical signals. Therefore, 
the commutation instants of the IGBT are determined by the 
comparators outputs, e.g. from the intersections of the signals 
applied to the comparators. SVM techniques, instead, determine 
the modulated waveforms taking into account simultaneously 
the desired voltage for all the inverter phases

       A. SPWM Technique for Cascaded NPC Inverter

      In general, the two carriers are selected in phase opposition 
(Fig. 3.a) or in phase (Fig. 3.b) between them. A comparison 
between the two solutions has shown that the choice of two 
carriers in phase provides a better harmonic content; therefore 
these will be afterwards used.

                

(a)                                         (b)

Fig. 3(a) Simulation of the modulating and the carrier signals 

          (b) Waveforms of the modulating and the carrier signals

     B. SVPWM Technique for Cascaded NPC Inverter

    1.  Open Loop Control
    Space Vector Modulation is a technique where the reference 
voltage is represented as a reference vector to be generated by 
the power converter. For the operation of 3-level inverter, there 
are 3 switching states for each inverter leg; [P], [O] and [N]. [P] 
denotes that the upper two switches in leg A are on and the 
inverter terminal voltage, VAN is + , while [N] means that 2dcv
the lower two switches are on with a terminal voltage of - 2dcv
. Switching state [O] signifies that the inner two switches are on 
with the terminal voltage equals to zero. There are a total of 27 
combination of switching states for NPC inverter.

    The determination of switching instant may be achieved using 
space vector modulation technique based on the representation 
of switching vectors in α-β plane. The Space vector modulation 
technique is an advanced, computation intensive PWM 
technique and is possibly the best among all the PWM 
techniques for drives applications. Because of its superior 
performance characteristics, it is been finding wide spread 
application in recent years.

Fig. 4 Space Vector representation
 i) Principle of Space Vector PWM

 Treats the sinusoidal voltage as a constant amplitude 
vector rotating at constant frequency.
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 This PWM technique approximates the reference 
voltage  by a combination of the eight switching refv
patterns (  to ).0v 7v

 Coordinate Transformation ( reference frame to the abc
stationary frame): d q

                A three-phase voltage vector is transformed into a 
vector in the stationary coordinate frame which represents d q
the spatial vector sum of the three-phase voltage.

ii) Realization of Space Vector PWM

      The space vector PWM is realized based on the following 
steps:
Step1. Determine , and angle ., ,d q refv v v ( )
Step2. Determine time duration . 1 2, ,oT T T
Step3. Determine the switching time of each switches.

Fig. 5 Space-vector pulse-width modulation Gate pulse generation

       2.  Close Loop Control (Vector Control)

       Fig. 6 shows the rotor-flux-oriented vector control for IM 
drives, where is a speed regulator with the proportional and cG
integral type. The current closed-loop control implements the 
current compensation to force the actual currents track the 
desired currents. and are respective synchronous and slip e s
angular frequencies. and are desired and estimated rotor r

r
speed, respectively, and is calculated using the back-EMF-r
based model reference adaptive system (MRAS) speed 
estimation in [31]. and denote the -axis , , ,r r r sd i dA ,r si q d
component of the rotor-flux-linkage vector and the -axis dq
components of the stator-current vector, in the rotor-flux frame, 
respectively.  and are -axis components of the stator i

 i
 

current vector in stator frame, and the superscript symbol “∗” 

denotes the desired value.  And are three phase currents, ,a bi i ci
and are three phase voltages. denotes the motor , ,a b cv v v eT
torque.

Fig. 6 Speed-sensing vector-control based IM drive

IV. SIMULATION RESULTS AND DISCUSSIONS

     The simulation tests were performed taking into account a 
Field Oriented Controlled drive employing an cascaded NPC 
inverter, supplied by a 800V DC link and Induction motor of 
rating 5HP, 460V, 60Hz, 1778 rpm at different torque input.

Fig. 7 Simulation model of NPC fed by SPWM

Fig. 8 Simulation model of NPC fed by SVPWM

Fig. 9 Simulation model of NPC fed by SSVC
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Fig. 10 Waveform of Gate pulses and line voltages of SPWM

Fig. 11 Waveform of Gate pulses and line voltages of SVPWM

Fig. 12 Waveform of Gate pulses and line voltages of SSVC

Fig. 13 Waveforms of rotor currents, speed, torque, stator currents of SPWM

Fig. 14 Waveforms of rotor currents, speed, torque, stator currents of 
SVPWM

Fig. 15 Waveforms of rotor currents, speed, torque, stator currents of 
SSVC

V. COMPARISON BETWEEN SPWM AND SVPWM

      The performances of the proposed modulation technique 
have been compared. The simulation tests were performed 
taking into account a Field Oriented Controlled drive employing 
an NPC inverter, the first comparison has been carried out 
considering the drive during the steady-state with an applied 
load torque equal to the rated one. The reference speed has been 
selected so that the supply frequency is about equal to 60 Hz. 
The table points out a remarkable difference between the 
distortions introduced by the two modulation techniques. In fact 
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the Total Harmonic Distortion (THD %) produced by the 
SPWM is equal to 2.44, while that introduced by the SVM is 
equal to 2.10. Settling time of motor verify the comparison of 
modulating techniques. 

TABLE I
                                      COMPARISON OF LOAD CURRENT THD

Load currents
(A)

SPWM
(THD %)

SVPWM
(THD %)

SSVC
(THD %)

I 2.44 2.10 1.90

TABLE II
COMPARISON OF SETTLING TIME (TS) IN SEC

Torque
( ) N-mmT

SPWM
 (Ts) Sec

SVPWM
 (Ts) Sec

SSVC
(Ts) Sec

0 0.12 0.10 0.05

5 0.15 0.12 0.75

10 0.17 0.15 0.80

                 
VI. CONCLUSIONS

       This paper describes three different modulation techniques, 
suitable for NPC inverters supplying an induction motor, and 
exhibits a comparison between them, taking into account the 
harmonics introduced on the motor stator current. Second 
modulation technique is a Space Vector Modulation, proposed 
by the authors, specific for NPC inverters. The main peculiarity 
of the proposed SVM consists on performing, in every operating 
condition, only one commutation per phase during each 
sampling period. The comparison has shown that the proposed 
SVM always produces a smaller harmonic distortion; besides, it 
presents a lesser limitation on the maximum value of the output 
voltage module than the SPWM.
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