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DESIGN AND ANALYSIS OF NESTED NEUTRAL POINT CLAMPED (NNPC) INVERTER
WITH INDUCTIONMOTOR FOR CAPACITOR VOLTAGE-BALANCING METHOD
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Abstract - In this paper proposes a capacitor voltage-balancing method for a nested neutral point clamped (NNPC) inverter with
induction motor. The NNPC inverter is a newly developed four-level voltagesource inverter for medium-voltage applications.
An induction motor is any of a class of rotary electrical machines that converts direct current electrical energy into mechanical energy. A
capacitor voltage-balancing method for a nested neutral point clamped (NNPC) inverter is proposed in this paper. To control and balance
flying capacitor voltages the proposed capacitor voltage-balancing method takes advantage of redundancy in phase switching states. In
this project we are using the induction motor as load due to some advantages. Such as, Speed control over a wide range both above and
below the rated speed, High starting torque, Accurate steep less speed with constant torque.The proposed method needs very few
computations and also easy to implement. The NNPC inverter is a newly developed four-level voltage source inverter for medium-
voltage applications.Small induction motors are used in tools, toys, and appliances. Larger induction motors are used in propulsion of
electric vehicles, elevator and hoists, or in drives for steel rolling mills.The proposed method is easy to integrate with different pulse
width modulation schemes. By using the simulation results we can analyze the effectiveness and feasibility of the proposed method.

keywords— Capacitor voltage-balancing method, multilevel inverter, nested neutral point clamped (NNPC) inverter, Induction motor,

voltage source inverter.

I. Introduction

In recent year, Multilevel inverters are extremely famous
in medium voltage applications and electrical motor
which will reduce the harmonics distrotion, voltage stress
on switches will be reduced , low switching frequency and
also reduceswitching loss[1]. The multilevel inverters
classified into neutral point clamped(NPC) inverter, flying
capacitor (FC) inverter, cascaded H-connect inverter, and
also the modual multilevel converter [2]— [3]. There are
various control techique including capacitor voltage-
balancing techniques have been produced in the writing for
multilevel inverters [4]. In this paper another multilevel
topology is proposed. i.e, nested neutral point clamped
(NNPC) inverter appeared in Fig. 1. This topology is a mix
of a FC topology with a NPC topology, which gives four
levels in output voltage. In correlation with the four-level
NPC inverter, the NNPC inverter has less number of
diodes, and in contrast with four-level FC inverter, it has
less capacitors [6]. All switches in the topology have a
similar voltage stretch equivalent to 33% of dc-interface
voltage. The NNPC inverter can work in an extensive
variety of 2.4— 7.2 kV without the requirement for
associating power devices in arrangement.
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Fig.1. Three phase nested neutral-point clamped (NNPC)
inverter.

As can be seen from Fig. 1, the NNPC topology has two
FCs in every leg. The voltage over every capacitor ought
to be controlled and adjusted at 33% of dc-link voltage
(Vdc/3) to guarantee that the inverter can work ordinarily
[6]. So as to relieve the previously mentioned
disadvantages, another capacitor voltage-adjusting strategy
for the NNPC inverter is proposed in this paper. In the
proposed technique, basic rationale tables are produced to
control the voltages of FCs. The proposed strategy has the
accompanying highlights:

1) The strategy is reasonable for and can be effectively
incorporated with various pluses width modulation
(PWM) plans, for example, SPWM and SVM, and so
forth;

2) The technique utilizes basic rationale tables, needs not
very many calculations, and is anything but difficult to
actualize. The distinction in the topology causes diverse
conduct in capacitor voltages and along these lines require
distinctive voltage-balancing techniques.

According to the control yield voltage and get FC voltage
adjust, a space vector regulation (SVM) method is
introduced in [6] for NNPC inverter. In this technique, a
cost work is characterized in light of the vitality put away
in capacitors. The cost work should be ascertained over
and over for each repetitive exchanging state in each
testing period to locate the best changing state to adjust FC
voltages.

I1. Objective

According to the main objective which is represent in this
paper is to capacitor voltage-balance technique with the
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combination of nested neutral point clamped (NNPC)
inverter is proposed. The NNPC inverter is a recently
created four-level voltage source inverter for medium-
voltage applications with properties, for example, working
over an extensive variety of voltages. The proposed
capacitor voltage-balanced technique exploits excess in
stage changing states to control which is according to the
balanced flying capacitor voltages. Simple and logic tables
are created for the adjusting control. Keeping in mind the
end goal to control yield voltage and get FC voltage adjust,
a space vector modulation (SVM) system is introduced in
for NNPC inverter. This technique utilizes basic rationale
tables, needs not very many calculations, and is anything
but difficult to execute.

II1. Problem Definition

In this method, a cost function is defined based on the
energy stored in capacitors. The cost function needs to be
calculated repeatedly for each redundant switching state in
every sampling period to find the best switching state to
balance FC voltages. This method is complex and needs
lots of calculations due to a large number of redundant
switching states and introduces a considerable time delay
in the actuation. At a low modulation index (less than 0.5),
the number of switching redundancies goes very high, and
therefore, the number of calculations will increase
significantly. This computational delay can deteriorate the
performance of the control system.

IV. Operation Of The Nnpc Inverter And Behavior
Analysis Of The Capacitor Voltages

A. Operation of the NNPC Inverter

According to the three-stage NNPC inverter is appeared in
Fig. 1. Each phases of inverter will contents of  six
switches, two FCs , and two clamped diodes . The voltages
of the FCs ought to be kept at 33% of dc link voltage
(Vdc/3) to create four output levels in stage voltage and
guarantee that all the power switches share a similar
voltage stress.

according to Table I demonstrates the stage voltagevk
(k=a, b, c), yield levelLk, and additionally the comparing
stage exchanging stateSk.

For each stage, the four output voltages are —Vdc/2,
—Vdc/6, Vdc/6, and Vdc/2, relating to the four output
levels 0, 1, 2, and 3, individually. The relationship of vk
and Lk which can express below

v = (2L — 3)Vac/6 (1)

As can be seen from Table I, levels 0 and 3 have no
repetitive switching state, while levels 1 and 2 both have
two excess switching states. The repetitive switching states
for level 1 are 1A[001101] and 1B[100110]. The two
excess exchanging states create a similar yield
voltage—Vdc/6 with distinctive switches ON and OFF. For
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level 2, the two excess exchanging states are
2A[011001]and 2B[101100], producing a similar stage
voltage Vdc/6 with various switches ON and OFF.

Table I: Phase Voltages And Switching States In NNPC
Inverter (K=A, B, C)

Phase | Outp | Phase | Switching states of each
voltag | ut switc | device
eV Leve | hing Sk1| Skz| Sk3| Skal Sks| Ske
LL; States
Sk
Vae/2 3 3 1 1 110010
Vac/6 2 2A 0|1 110]0]1
2B 1101 11010
Ve 1 1A 0|01 11011
/6 1B 110|001 110
Ve 0 0 00|01 1 1
2

B. Behavior Analysis of the Capacitor Voltages in the
NNPC Inverter

There are various switching states impactsly affect FC
voltages. The examination of this effect is represented in
Fig. 2, in which the six general switching states are
estimated.

In Fig. 2, Ckl andCk2 are the two arrangement FCs in the
stage k(k=a, b, c¢), whose voltages are signified byVCkl
andVCk2.

|
|

Fig. 2. Impacts of different phase switching states and
phase current on capacitor voltages in NNPC inverter

(a) Switching state 0.

According to the Fig. 2(a) and (f), then the switching
states will be 0 and 3 (relating to levels 0 and 3,
separately) have no effect on the capacitor voltages
because there will be no current flows through the
capacitors. .
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e

(f) Switching state 3

According to the Levels 1 and 2 which will dependably
have impacts on capacitor voltages. The effects are
distinctive for various repetitive switching states and it
also based upon the direction of the phases current.

>
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(b) Switching state 1A

Fig. 3. Impacts of different phase switching states and
phase current on capacitor voltages in NNPC inverter

As per the level 1, when the redundant switching state 1A
is utilized and ik >0, the capacitor Ck2 discharges and
VCk2 reduces, and if ik <0, the capacitor Ck2 charges
andVCk2 increments, while there is no effect on
capacitorCk1,asshown in Fig. 2(b).

In the event that the state 1B is utilized, both the
capacitorCk1 andCk2 charge and capacitor voltage VCk1
andVCKk2 increment when ik >0, and both Ckl andCk2
release andVCkl andVCk2 diminish when ik <O0,as
appeared in Fig. 2(c).
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(c) Switching state 1B

Fig. 2. Impacts of different phase switching states and
phase current on capacitor voltages in NNPC inverter

According to the estimation which is replaced by the level
2 which is explained in the Fig. 2(d) and (e) according to
the redundant switching states 2A and 2B.
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(e) Switching state 2B

Fig. 2. Impacts of different phase switching states and
phase current on capacitor voltages in NNPC inverter.
Table II compresses the practices of FC voltages under
various switching states and current . As investigated
above, levels 0 and 3 have no effect onVCkl andVCk2,
while level 1 (with repetitive switching state 1A and 1B)
and level 2 (with excess switching state 2A and 2B) it will
affect VCkl andVCk2 relying upon the switching state
and the course of phases current.

IV. Proposed Capacitor Voltage-Balancing Method
A. Algorithm of the Proposed Method

Therefore there will be no control on the voltages of the
FCs in the NNPC converter, the FC voltages will be
derivatied by the desired output and this is on the grounds
that there is no influence over the flow which is
represented by in and out from the capacitors. The
distinction between the FC voltage and the dersied voltage
(Vdc/3) can be characterized as voltage deviation of the
FC and can be communicated as

AVeri = Veri — Vac/3 2

Where VCki are the capacitor voltages and
AVCKki are the deviations of the capacitor voltages, k=a, b,
¢, and i=1,2.

There are various type which are developed by
the above principle the two capacitors in an inverter leg are
coupled (charged/released mutually) as appeared in Table
11



DESIGN AND ANALYSIS OF NESTED NEUTRAL POINT CLAMPED (NNPC) INVERTER WITH INDUCTIONMOTOR FOR
CAPACITOR VOLTAGE-BALANCING METHOD

Table Ii: Behavior Of FC Voltages Under Different Phase

Switching States And Phase Currents

Table IV demonstrates the rationale table for
controlling capacitor voltageVCk2. Like Table III, the
accompanying cases are recorded:

1) If A; VCk2 <0, then the switching state 1A will be
chosen if ik <0; something else, the switching state 1B
will be if ik >;0;

2) If A; VCk2 >;0, then the switching state 1B will be

chosen if ik <0; something else, the switching state 1 A will
be utilized if ik >;0.

Table I'V:
Logic Table For Balancing Capacitor Voltage Vck2
Input Output Results
conditions

L | AVgq | g The selected switching
state(sy) for controlling

Vckl

2 <0 | <0 1A

>0 1B

>0 | <0 1B

<0 1A

Phase | Outp | Phase | The behavior of flying
volta | ut Curre | capacitor voltages
ge, Level | nt
Vi Ly I Veka Verz
Vdc/2 3 - No change | No change
Vdc/6 2 > 0 | Decrease(2 | Decrease(2
A) A),
Increase(2 | Nochange(
B) 2B)
< 0 | Increase(2 | Increase(2
A) A)
Decrease(2 | Nochange(
B) 2B)
- 1 > 0 | Nochange( | Decrease(l
Vdc/6 1A) A),
Increase(l | Increase(l
B) B)
< 0 | Nochange( | Increase(l
1A) A)
decrease(1 | Decrease(1
B) B)
- 0 - No change | No change
Vdc/2

Table III demonstrates the rationale table for
controlling capacitor voltageVCkl. The accompanying
cases are recorded in the table:

1) If AVCkl <0, then the switching state will be 2A
chosen if ik <0; something else, the exchanging state 2B is
utilized if ik <0;

2) If AVCk1 >;0, then theswitching state 2B will be chosen
if ik <0; something else, the exchanging state 2A is
utilized if ik>;0.

In this condition, the capacitor voltage VCkl is
totally controllable paying little heed to the bearing of the
inverter stage current.

Table III:
Logic Table For Balancing Capacitor Voltage Vckl

According to the tables which are given in Tables
V and VI. For this situation, AVCkixik is utilized as info
variable and the rationale is disentangled into two cases for
each table. AVCkixik could likewise be supplanted by sign
(AVCki)xsign(ik)and the administrator "x" could be
prepared with operation.

Table V:

Simplified Logic Table For Balancing Capacitor Voltage
Vckl

Input
conditions
Ly AViyq The selected switching
*h state(sy) for controlling

Output Results

Vckl
<0 2B

>0 2A
Table VI

2 <0

Simplified Logic Table For Balancing Capacitor Voltage
Vck2

Input
conditions
Ly AVirq The selected switching
*T state(sy) for controlling

Output Results

Vckl

Input Output Results
conditions
L | AV ix The selected switching
state(s,) for controlling
Vckl
2 <0 <0 2A
=0 2B
=0 <0 2B
<0 2A
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2 <0

<0

1B

=0

1A

B. Integration with Different PWM Schemes
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The proposed capacitor voltage-adjusting strategy is
appropriate for and can be effectively incorporated with
various PWM plans. The schematic outline for
reconciliation is appeared in Fig. 3, which could be
outlined into the accompanying four stages:

1) First, the yield voltage level Lk can be produced by
various PWM plans, for example, SPWM, SVM, and so
on.

2) The voltage deviationAVCkl andAVCk2 ought to be
computed by (2), and furthermore, the heading of the stage
current ik ought to be resolved;

3) Tables V and VI are utilized to decide the best excess
changing state out of 1A, 1B and 2A, 2B;

4) Finally, the gating signals are produced and connected
to control semiconductors

PWM Scheme (for example, SVM,
SPWM, etc) generates the output
voltage level L (k=a, b, ¢).

Ly

P— Sign(AVy) and
aleulate capacitor Sign (AVe) Capacitor voltage balancing control Sign(ii)

voltage deviation AV Direction of phase
afd My () i "l usingthe Table Vand VI [ aurtent

The selected redundant
swilching state Sy

Generate gating signals for
power devices

l i ‘ l(jalingstgnalslo
N | power devices

Fig. 3. Schematic diagram for integration of the proposed
capacitor voltage-balancing method with PWM schemes.

This technique shows that the proposed capacitor
voltage balanced schem, it will be easy, simple and
implement will take less time.

V. .Induction Motor

An induction motor (IM) is a type of asynchronous AC
motor where power is supplied to the rotating device by
means of electromagnetic induction. Other commonly used
name is squirrel cage motor due to the fact that the rotor
bars with short circuit rings resemble a squirrel cage
(hamster wheel).An electric motor converts electrical
power to mechanical power in its rotor.

The Induction motor is a three phase AC motor
and is the most widely used machine. Its characteristic
features are-

. Simple and rugged construction
. Low cost and minimum maintenance
. High reliability and sufficiently high efficiency
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. Needs no extra starting motor and need not be
synchronized
. An Induction motor has basically two parts —

Stator and Rotor

Shading coil Main winding

Squirrel-cage
rotor

Stator

Fig.4. Diagram of induction motor
Principle of operation

When a three-phase supply is connected to the
stator windings, a rotating magnetic field is produced. As
the magnetic flux cuts a bar on the rotor, an e.m.f. is
induced in it and since it is joined, via the end conducting
rings, to another bar one pole pitch away, current flows in
the bars.

Synchronous Speed:

The speed of the rotating magnetic field is
referred to as synchronous speed (NS). Synchronous speed
is equal to 120 times the frequency (F), divided by the
number of poles (P).

Ny =120 (3)
Steady-State Representation

The traditional methods of variable-speed drives
are based on the equivalent circuit representation of the
motor shown below.

By L ; L I
_aptn— T e 5
g
L Tma 4
| j E\. E | :'_ 5

Fig.5.Steady-state equivalent circuit of an induction motor

Power in the rotor circuit,

_ a12Ra _ __ 3sRyE?
p; = 313 s 3,1, = R+ (s01La)? “)
The output power
P, =P, - 3122R2 ®)]
=1 -=5)P, = weT (6)
_ (1-s)wq
= @y (7)
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Advantages

The advantages of induction motors are:

1. They are robust and sturdy.

2. They can operate in a wide range of industrial
conditions.

3. Induction motors are cheaper in cost. The

construction is simple.

4. Induction motors do not have accessories such as
brushes, slip rings or commentators

5. Low Maintenance.

6. Very little maintenance is required for induction
motors.

7. It does not require any complex circuit for
starting.

8. The three phase motor is self starting while the

single phase motor can be made self-starting simply by
connecting a capacitor in the auxiliary winding.

JJ8

R
Jﬁ%{%ﬁj
ijﬁjjj

5

Fig.6.Block diagram of simulation
VI. Simulation Results

As a result of this extended voltage differentiate, armature
current will increase and thusly torque and along these
lines speed increases. As needs be a induction Motor is
prepared for keeping up a comparable speed under factor
stack.

Table VII

Simulation Parameters

Simulation values
parameters
Output Power IMVA
Output Voltage 4160V
Flying capacitors 819uF(5.3p.u)
Switching 700HZ
frequency
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DC Bus voltage 5883v
Fundamental 60HZ
Frequency
Load Inductance 24.42mH
Load Resistance 14.65Q

Modulation index ma used in this paper is given
by (3), in which Vref is the given peak phase voltage
reference, and Vdc is dc bus voltage

mg = \/§Vref/Vdc ®

Two PWM plans, SPWM and SVM, incorporated
with the proposed capacitor voltage-adjusting technique,
have been examined in both enduring state and transient
state.

A

Fig. 7. Simulation results of NNPC inverter with SPWM
and the voltage balancing method for ma =0.8 (t<0.1 s)
and ma =0.5 (t>0.1 s). (a) Line-line voltage. (b) Phase
current. (c) Six FC voltages

Fig. 4 illustrates the simulation results of the
NNPC inverter with SPWM and the proposed voltage-
balancing method.

T e e

Fig.8. Simulation results of NNPC inverter with SVM and

the voltage balancing method for ma =0.8 (t<0.1 s) and ma

=0.5 (t>0.1 s). (a) Line-line voltage. (b) Phase current. (c)
Six FC voltages.

Fig. 5 demonstrates the reproduction aftereffects
of NNPC inverter when SVM and the proposed voltage-
adjusting technique are connected, with mama
=0.8whent<0.1s, and mama =0.5whent>0.1s.

Dynamic procedures of the FC wvoltages are
additionally researched and appeared in Fig. 6 for SPWM
plot and in Fig. 7 for SVM plot with the proposed voltage-
adjusting technique.
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Fig. 9. Simulation results of NNPC inverter with and
without the capacitor voltage-balancing control under
SPWM scheme. (a) Line—line voltage. (b) Phase current.
(c) Six FC voltages.

Fig. 10. Simulation results of NNPC inverter with and
without the capacitor voltage-balancing control under
SVM scheme. (a) Line—line voltage. (b) Phase current. (c)
Six FC voltages.

Four distinctive starting capacitor voltage
unbalances have been concentrated to confirm the capacity
of the voltage-adjusting strategy. The outcomes with m
=0.8are appeared in Fig. 11.

(2)

(b)

(c)

(d)

Fig. 11. Capacitor voltages ofVCal andVCa2 starting with
different initial voltage unbalances (ma =0.8). (a)VCal
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=VCa2 =Vdc/2.(b)VCal = VCa2 =0.(c)VCal
=Vdc/2andVCa2 =0.(d)VCal =0andVCa2 = Vdc/2.

According to the estimation of the two capacitors
in a leg of the NNPC inverter are coupled. The coupling
will get a few constraints to the inverter a few applications
as far as the capacitor estimate.

i

Fowes facior = tha
i~ = e

Pawer Badeor = 0.9 -

Capacior valug (pu)
i
¥

o ) i
1l Thregesensy ()

(a)
1
Porwer Tt = 1.9

=10
,—‘i s x Porweer factor = OLh
Z gy | Power factor=0.3__ =
= T &
i -
¥ -
o

[4] i i i i

0 02 .4 (L] (151 I
Fundameneal Mrequenssy {pa)

(b)

Fig. 12. FC value versus the inverter fundamental
frequency with maximum peak-to-peak capacitor voltage
ripple of 15%. (a) Fan/pump type of loads. (b) Constant
torque type of loads.

Under these conditions, the required capacitor
sizes in per unit (p.u.) are given in Fig. 12(a) and (b) for
fan/pump and steady torque sorts of burdens, separately.

VII. Conclusion

A capacitor voltage-balance scheme for a nested
neutralpoint cinched (NNPC) inverter with induction
motor is proposed in this paper. The induction motor has
been used in this paper due to some advantages they are
robust and sturdy, can operate in a wide range of industrial
conditions, Induction motors are cheaper in cost and
construction is simple.Induction motors do not have
accessories such as brushes, slip rings or commentators
.To control and adjust flying capacitor voltages the
proposed capacitor voltage-adjusting technique exploits
repetition in stage exchanging states. For the control of
capacitor adjusting basic and compelling rationale tables
are created. The strategy is anything but difficult to
actualize and needs not very many calculations. The
impediment of the NNPC inverter as far as the voltage
adjusting and capacitor measure is additionally examined.
In this task we are utilizing the AC engine as load because
of a few points of interest. For example, Speed control
over a wide range both above and underneath the appraised
speed, High beginning torque, Accurate soak less speed
with steady torque. The adequacy and attainability of the
proposed strategy is controlled by utilizing the reenactment
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comes about and furthermore investigate the proposed
technique.
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