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Abstract.This paper presents speed control of induction motor fed by Neutral Point Clamped voltage source
inverter. The NPC inverter produces fewer harmonic than the other type of inverter. This shows the
advantageover conventional VSI. For this result, comparison is made between the sinusoidal pulse width
modulation and space vector pulse width modulation. From the analysis of the total harmonic distortion (THD)
in the current of inverter the space vector pulse width modulation (SVPWM) was found more superior than
sinusoidal pulse width modulation (SPWM). Simulation results are also presented to show the effectiveness of
the proposed system.
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I. Introduction

The voltage source inverter produce an output voltage or a current with levels either 0 or +Vy.. They
are known as two level inverters. To obtain a quality output voltage or a current waveform with a minimum
amount of ripple content, they require high switching frequency along with various pulse width modulation
(PWM) strategies.

The multilevel inverters have drawn tremendous interest in the power industry. They present a new set
of features that are well suited for use in reactive power compensation. It may be easier to produce a high
power, high voltage inverter with the multilevel structure because of the way in which device voltage stresses
are controlled in the structure.For the NPC inverters, a variety of modulation strategies have been reported, with
the most popular being carrier-based pulse-width modulation (SPWM), space vector modulation (SVPWM)NPC
inverters halves the maximum drop voltage on their devices because they are builtup 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 current than traditional VSI, allowing a torque ripple
reduction.

The speed of three phase induction motor fed by the three level neutral point clamped inverter is shown by the
following block diagram (fig.1).

3-level Diode 3-Phase
IG’ulse —> Clamped Induction
enerator Inverter Motor

Space Vector
Modulation

Fig.1

II. Pulse Width Modulation in Inverter
In the PWM method a fixed dc voltage is applied to the inverter and a controlled ac voltage is achieved
by switching on and off of the switching devices.
As in 3-level NPC inverter, modulation strategies can be framed into two main techniques:
a) Sinusoidal Pulse width Modulation technique
b)Space Vector Modulation technique
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a) Sinusoidal Pulse width Modulation technique:

In the case of sinusoidal pulse width modulation the width of each pulse is varied in proportion to the
amplitude of a sine wave. In this technique the gatingsignals are generated by comparing a sinusoidal reference
signal with a triangular carrier wave.

R0
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Fig.2 Principle of sinusoidal pulse width modulation

b) Space Vector Modulation technique

The space vector modulation is an advanced technique of pulse width modulation and we can say that
this technique is possibly the best technique among the other modulation techniques which are used in the
adjustable speed drive system. There are some important points about the space vector modulation technique:
1) The SVM technique treats the sinusoidal voltage as a constant amplitude vector rotating at constant
frequency.
2) This technique approximates the reference voltage V . by a combination of the eight switching patterns (Vto
V).
The possible eight switching patterns are listed in the table A:

Vector A" B* (ol A B C | Vap | Vec | Vea

Vo= OFF | OFF | OFF | ON | ON | ON 0 0 0 zero

{000} vector
V= ON | OFF | OFF | OFF | ON | ON | +Vg 0 —Va | active
{100} vector
V,= ON | ON | OFF | OFF | OFF | ON 0 +Vae | —Va | active
{110} vector
V3= OFF | ON | OFF | ON | OFF | ON | —Vg | +Vg 0 active
{010} vector
Vi= OFF | ON | ON | ON | OFF | OFF | —Vg 0 +Vg | active
{011} vector
Vs= OFF | OFF | ON | ON | ON | OFF 0 —Va | +Va | active
{001} vector
Vo= ON | OFF | ON | OFF | ON | OFF | +Vg | —Vg 0 active
{101} vector
Vi = ON | ON | ON | OFF | OFF | OFF 0 0 0 zero

{111} vector

Table.(A)

In the space vector modulation technique the desired three phase output voltage of this equivalent
voltage vector is related to the magnitude of the voltage vector and this vector takes the same time as the
fundamental time period to complete one rotation. This can be represented by an equivalent voltage vector
which is rotating in the counter clockwise direction. This can be represented by the following fig.3
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Fig.3 space vector representation

For the implementation of the space vector modulation the reference signal (V) is sampled with a
frequency (f;). This reference signal may be generated from the three separate phase references with the use of
ofytransformation. This reference vector is then synthesized using the combination of two neighbouring active
switching vectors and oneor both of the zero vectors. For the selection of the order of the vectors and with zero
vectors various strategies are used. The selection of strategy willaffect the harmonic content and the switching
losses of the inverter. With the use of the space vector modulation there are eight possible switching vectors in a
three leg inverter.

I) Reference Vector

Thereference voltage vector Vs representedinaap-plane.The af-plane isatwo-dimensionalplane
which  istransformedfrom a  three-dimensional phne containingthevectorsofthethreephases  and
theswitchesbeingONor OFF is determined bythe locationof the referencevector V¢ on thisaf-plane.

Fig.4 representation of the reference vector in the two and three dimensionalplane

Table A shows that the switches can be ON or OFF, meaning 1 or 0. The switches 1, 3, 5 are the upper
switches and if these are 1 (separately or together) it turns the upper inverter leg ON and the terminal voltage
(Va,Vb, V) is positive (+Vdc). If the upper switches are zero, then the terminal voltage is zero.

ii) DETERMINE V4 V, V.
V=V, iV,
=2/3 (Vo taVyta?V,) (1)

]ZH/
Wherea=¢e¢ /3
V=V VR), a=tan(2))
Va+jVB:§ (V, + 2173y, + 71213V )(3)
o, 2 21 21 2( . 21 .21
Va+]VB:§ vV, + cos?Vb + cos?Vc) +i; (sm?Vb - sm?Vc) “)

Equating real and imaginary part
Vo= % v, + cos%Vb + COS%VC) 4)

Vi=2(V, +sin 2, —sinZ'V,) (6)
[V“]:Z 1 cos% cos% “;a -
Vel 3 0 sin —sinZl ;
3 3 c
\
[va]:31 —05  —05 (7]
Vel 3lo V372 —V/3/2 vb()
C

Vd =Vu, Vq = VB
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iii)DETERMINATION TIME DURATION Ty, T,, T
7,

Fig. 5 Reference vector as a combination of adjacent vectors at sector-1

T]ZTZ.a (9)

T=T,.a sin {1 /3) (10)

To=T, — (T; + T,), where,T, =flanda=lzvaf| (11)
s 3Vdc

Where T, T,, Torepresent the time widths for vectors Vi, V,, Vi. Tois the period in a sampling period for null
vectors should be filled. As each switching period (half of sampling period) T,starts and ends with zero vectors
i.e there will be two zero vectors per T, or four null vectors per T, duration of each null vector is To/4.

2.3 Switching Time Duration Of Any Sector

T, = AERFALERY (sin (g —a+ l'[))

Ve 3
V3T, Vel (. (T
— z:1Vref sin (_ _ (X)
Ve 3
V3T, Vies | (. mll nll
=tz ref (sm—. COSO — COS—. sma)&
Ve 3 3

T, 3 T lVrer | 'Tvz'lvref | (sin (a - '13;1 H))
dc

=3 TalVrer | (sina. cosE IT — cosa. sinE l'[)&
Vic 3 3
To=T,— (T; + T,); Where, n= 1 to 6 (That is sector 1 to 6) and 0 < a < 60°

II. NPC Inverter Equivalent Circuit and Operating Principle
The neutral point clamped inverter is one of the most widely used multilevel structures. This structure
was first proposed by Nabaeet. al in 1980. The equivalent circuit of NPC-source inverter is shown in Fig.6
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Fig.6.Three level Neutral-Point-Clamped inverter
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Principle of Operation
To produce a staircase output voltage, let us consider only one leg of 3 level inverter. The dc rail 0 is
the reference point of the output phase voltage. The steps to synthesize the five level voltages are as follows:
1. For an output voltage level v,, = V4, turn on all upper-half switches S,; through S,,.
2. For an output voltage level v,, = 3V4/4, turn on three upper-half switches S,, through S,; and one
lower switch S°,;.77
3. For an output voltage level v,, = V4/2, turn on two upper-half switches S,; through S,4 and two lower
switches S’,; and S’,,.
4. For an output voltage level v,, = V4/4, turn on one upper-half switches S,4 and three lower switches
S’,1 through S’,;.
5. For an output voltage level Va0 =0, turn on all the upper half switches S’,; through S’ 4.

IV. Simulation Result and Discussion
The simulation tests were performed taking into account a Field Oriented Controlled drive employing
a neutral point clamped inverter and induction motor of rating SHP, 460V, 50Hz at different torque input.
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Fig.7
Speed control of the induction motor is applied here for the various operating condition such as following:
a) Constant torque and constant speed condition
b) Constant torque and variable speed condition
¢) Variable torque and constant speed condition
d) Variable torque and variable Speed condition
Conditions for the Constant torque and variable speed condition and Variable torque and variable Speed
condition are discussed here:

Constant Torque &and Variable Torque
For this condition we select a constant value of torque and a constant value of speed as shown in figure
(a) and (b).

Constant

torgue H_ i

[c F—>=_

T:’t'q”E Torgue —
=er selection
(N.m} f
Trm — Vector Control
(a) Constant Torque selection(b)Constant speed selection

Fig.8
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Fig 9 Result for Constant torque and constant Speed condition

The response of the result is as shown in fig9. It is clear that initially during transient period the torque contains
an average value of 200N-m at and the value of rotor speed goes on increasing from Orad-s™ to 80rad-s”. At the
instant at which speed reaches the selected value (= 80rad-s™) system inters in steady state conditions and
waveforms of currents goes on smooth. At this instant after some fluctuations the value of torque reaches its
selected value.

Variable Torque and Variable Speed Condition

In such condition the operation is taken place for a variable value of torque and variable speed. The fig
(a) and (b) shows the condition for such case, here we select the variable torque values whereas speed selected
as constant value.

Constant
torgue

R

Torque Torgue
step selection
(r.my)
T —— Vector Contral

(a)Variable Torque selection(b) Variable speed selection
Fig.10
The response of the result is as shown in fig 10.1t is clear that initially during transient period the
torque contains an average value of 200N-m at and the value of rotor speed goes on increasing from Orad-s™ to
80rad-s” (as its selected initial value). At the instant at which speed reaches the selected value (= 80rad-s")
system inters in steady state conditions and waveforms of currents goes on smooth.

Figl1. Result for variable torque and variable Speed condition
At this instant after some fluctuations the value of torque reaches its selected value (= ON-m). As we
select the step time 1.8s is for torque and final value of the torque as 200N-m. The step time is selected for
speed varliation is as 1.5 s so at this instant the value of speed again goes on increasing (from 80rad-s™ to
140rad-s™)
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V. Output of 3-Level NPC Inverter
Output of the three levels NPC inverter is shown in fig.12

Fig.12

VI. Conclusion

This paper presented the Performance Comparisons of Modulation Technique for Induction Motor fed
by Diode-Clamped Neutral-Point-Clamped Inverter. The proposed space vector method, using single carrier
instead of multi carriers, together with pulse decode, provided an effective pulse-control method for the diode-
clamped NPC inverter. The study describes three different modulation techniques, suitable for NPC inverters
supplying an induction motor, and exhibits a comparison between them, taking into account the harmonics
introduce on the motor stator current. The first modulation technique is the classical Sinusoidal PWM, adapted
to a NPC inverter employing a suitable selection of the phase between the two carrier signals; the second
modulation technique is a Space Vector Modulation specific for NPC inverters.

The main peculiarity of the proposed SVM consists on performing, in every operating condition, only
commutation per phase during each sampling period. The comparison has shown that the proposed SVM always
produces a smaller harmonics distortion.
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