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Abstract—The importance of this paper is
implementation and control of the converters using
space vector pulse width modulation (SVPWM)
technique to VSI and CSI converters. The SVPWM
pulses are given to converter and analyze the THD
at different switching frequencies and comparing
them on modulation index. This paper focuses on
step-by-step development of SVPWM model and
comparing them on various parameters. The three
phase VSI and CSI models are discussed based on
space vector theory. The simulation results are
obtained for effectiveness of study
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I.  INTRODUCTION

Converters can be classified as
rectifiers (AC-to-DC converter),
inverters (DC-to- AC converter),
choppers (DC- to-DC converter), AC
power controller (at same frequency),
and cyclo-converter (direct frequency
changer).

Research has been going on different
modulation strategies to modulate these
converters for an efficient use. Many
techniques have been proposed in order
to have a minimum amount of switching
in the converter and also to synthesize
output voltages and output currents with
very high gains. The SVPWM is
considered as an enhanced technique for
PWM implementation because it is
having some of the advantages over
SPWM in terms of good utilization of
DC bus voltage, reduced switching
frequency and low current ripple.
SVPWM  provides the succeeding
advantages:

i) Better fundamental output voltage
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iy Better Harmonic performance and
THD

iii) Easier hardware implementation

in digital signal processor [1], [6].

In this paper, SVPWM scheme is
proposed for three- phase inverters. This
modulation scheme is very useful in the
modulation of VSI and CSI. This paper
focuses on step-by-step development
SVPWM Model, applying it to VSI and
CSI and comparing them on various
parameters i.e., for different switching
frequency, different load parameters and
same modulation index. The model of a
three-phase VSI and CSI are discussed
based on space vector (SV) theory [8],
[9].

BLOCK DIAGRAM

Sine Wave abetoap Sector Switching Time
) D VSI/Csl Load
Generator Transformation identification Calculator and
Gate logic

Fig.1 Block diagram of the proposed
system

The overall block diagram for the
proposed system is shown in Fig.1.The
Principle of SVPWM

«  Treats the sinusoidal voltage as a

constant amplitude vector rotating
at constant frequency.

« The PWM technique

approximates  the  reference
voltage Vs by a combination of 8

switching pattern.
Steps followed in
SVPWAM is as under

«  Determining Va, Vb, Vref and
reference angle ‘0°.

realization of
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Determining time duration T1,
T2and TO.

Determining the switching time
of each switch.

. SPACE VECTOR PULSE
WIDTH MODULATION

A. SVPWM for Voltage Source Inverter

Vdc,zi ST%}lm S8 O}D‘S 85, }Ds
Vie= ol Var 4 ™
vd IZJ SAj Tm 7} } H] %
c] 4 D6 S2 02
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Fig.2 Circuit diagram for two-level
Voltage Source Inverter

-

The Fig.2 shows two-level VSI. 1t is
having 6 switches (S1 to S6) and each of
these switches is represented with
MOSFET/IGBT depending upon the
type of power application. The major
difference of SVPWM with other PWM
techniques is that, it uses vector as
reference [2].

The Inverter leg switching
states are represented in Fig.3 If
the upper switches 1, 3 and 5 are
one, then the switch is ON

If the upper switches are zero then
the terminal voltages are zero. The only
possible combinations of the switching
states: 000, 001, 010, 011, 100, 110,
101, and 111 which are shown in Fig.
3[2].

LA | L \
) h VW 1 1 B e
gl

\ (L \

Fig. 3 Switching states of a

V=] Vi=[001) h h Vislt01) h V(]
1
= ==

Voltage source inverter

The ON and OFF states transistors
can be used to determine the output
voltage which is given in the Table 1.

Table 1Space vectors, switching states and
on-State Switches

Switching On-state . Y
Space vector States Switch Vector definition
¥ [y 5,555 0
Null vector
V, [000] S48 52 0
= )
v [100] 51,56 5; V= §Vd, « gl0
= - 2 z
v, [110] 51,525, v, = EV“‘ welT
- - 2 2
V. [o10] 54835, Vo=-VyxelT
Active : ‘ Py
vector N 2 am
v, [o11] 54,53,55 Vi=gVac e’z
= = 2 A
Vs [oo1] S456: 55 Vs =2V = T
- - 2 st
v [1o1] 51,5655 V=3 Ve =elT

The space vector diagram for the VSl is
shown in Fig.4. The Fig.5 illustrate
typical 8-segment sequence for voltage
respectively.Generally switching times
of switches S1-S6 in six sectors was
listed in Table 2.

V;(010) —a(110)

Sector 2

v,(011)

Sector 5

Fig. 4 Space vector diagram
for VSI
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Fig.5 SVPWM switching patterns of all
the six sectors Table 2 Switching time
calculation at each Sector
B. SVPWM for Current Source Inverter
TheFig.6 shows an idealized current
source inverter. It is having six switches
and SCR.The equivalent structure
for CSl and possible combinations
of switching states for CSI is shown in
Fig.7

SECTOR 1T

Sn) S ) 55;‘}‘\,“,/’\‘{(3'
E N . iy
I de }1|'B M iCA +vAB ]
® B > = AC load
c ;)l‘C -|_
S4 / S / S, |G 1C 1 ¢
INTTT
cst Load

" _*SCR Filter capacitor

Fig.6Circuit dlagram of CSI
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Fig.7 SW|tch|ng states for a CSI

The PWM switching pattern for the
CSI shown in Fig.6 Under this constraint,
the switching states as listed in Table 3.

Table 3 Switching states for a three phase
]

L Inverter PWM
Type Switching | On-state current Vector definition
P States Switch - - -
Lwa lyg Lyt
[14] 5.8,
Null vector [36] 5.5, 0 0 0 fn -0
B2 555
4 4 + 2
[61] Serd1 lie | ~lie| O L ;ifdc +e %
v
+ + s 2
[12] 5.5, g | 0 ) Iy L= \51“ el%
4 4 4 2 "
vk 50,55 O | e | | B=ghere
Active vector
P - P— =
[34] S3Se | <lae | lac | O Iy= \.Tgfdc re’¥
- 4 4 s 2 7m
[43] Sl | | 0| e | Beghe o5
4 + 2 j9-
[36] 555 O | g | T o=l re®
v
The SV diagram for CSI is
exposed in Fig.8. The SVPWM

switching patterns at each sector is
shown in Fig.9.Generally, the switching
time of six switches, was listed in
Table 4.Fig.8 Space vector diagram for
the CSI
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vg1 =Ts
vga = Iz
1 vga =0
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vgs = 0
vg2 =Ty
v =Ty
g vgy =10
2 Vgz =Ty
vge =0
vgs = Tz
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3
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Vgs = T2 gz =0
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6 Vg =Ty vge =T
vgs =Ty v =10

Fig.9 SVPWM switching patterns at each
sector Table 4 Switching time calculation
at each Sector

. SIMULATION DISCUSSIONS

A. Voltage
SVPWM

Source Inverter  using

The simulation waveforms for VSI
using SVPWM, where Vab, Vbc, Vca
is line to line voltages, Van is line to
neutral

of line to line voltage, line to neutral
voltage and load current of VSI using

(ISSN-2455-6300)ONLINE
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Space vector pulse width modulation as

shown below respectively. The
specifications of VSI are shown in
Table 5.
400
2 200
;-200 o
0 005 o1 0ls - u:-z Tim‘;:?:sec 03 035 04 045 05
Table 5 VSI specifications
Modulation |  Dc link Switching | Fundamental Load
Index(m,) | Voltage(V ) | Frequency(/,) | Frequency(fo) | R(Ohm) | L(mH)
0.5 560V 6kHz 50Hz 10 50
05 100V 20kHz 100Hz 10
05 400002V 450Hz S0Hz 2 3
(2)Line to Line Voltage Vab
é!M
30
Elw
400
400
L TS TR TR T B L L
(b)Line to Line Voltage Ve
400
im
i 0
2
A0
.

0 0e Al 018 63 Ay o) o o4 o4 a8

(9Lie L e Volags iz

Fig. 10 Line to Line

voltages

phase voltage source inverter which are
built up of discrete values of voltages
of. SVPWM pulses are applied to
inverter to produce waveforms shown
in Fig.10.
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£ . 5888

Load voltage in Volts

E gk

| L I |
o 0.05 0.1 0.15 02 025 035 04 045 05
Tima in Sor

Fig.11 Line to Neutral Voltage for Phase
A

The Fig.11 shows the simulated
waveform of output voltage by using
SVPWM technique. The waveforms of
Line to neutral voltage Van which built
up of voltage values of -1/3Vvdc, -
1/3Vdc, 2/3Vdc, 2/3Vdc and 0 according
to the switching vectors [3].

20

T T

15~

S
=T

Load current in Amps
£ 5 e s
—%

3

I 1
0.0 0.1 0.15 02 025 03 035 04 0.45 0.5
Time in Sec

Fig.12 Load Current

The Fig.12 shows load current
waveform for voltage source inverter
using SVPWM technique for RL load (R
=10Q and L = 50 mH).

=

It is observed from the FFT analysis
that THD percentage for Line to neutral
voltage and Load current of VSI for
specifications mentioned above are
exposed in Fig.13 and Fig.14which are
4.5 % and 0.85 % respectively [4], [5].

Fundamental S0Hz) = 2824, THO= 4 50%
T T
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Fig.13 THD of Line to neutral (load)
Voltage for VSI

Fundamental (S0Hz) = 15,12, THO=085%
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Fig. 14 THD of Load Current of VSI
Similarly, for specifications of case
study 2 and 3 given in Table 5 are also
simulated same as above and respective
THD’s are observed.

It is observed from FFT analysis that
in case study 2 the THD of line to
neutral voltage and load current are
21.03 and 21.03.

It is observed from FFT analysis that
in case study 3 the THD of line to
neutral voltage and load current are
51.43 and 32.

B. Current Source Inverter

SVPWM

The simulation waveforms for CSI using
Space vector pulse width modulation,
where iwa, iwb and iwc line to line
currents vab isolated voltage isa is inverter
load current. The simulation wave form of
line-to-line currents, three phase load
currents and three phase load voltage of
CSI using SVPWM are exposed below
respectively. The specification of CSI is
shown in the table 6.Table 6 CSI
Specifications

using

Modulation Dc link Switching Fundamental Load c

Frequency(fo) | R | Lk

Index(m,) | Current(I;) | Frequency(f,)

05 10A 20kHz 100Hz 10 |- 30

0.5 30.074A 6kHz 50Hz 10 |50 66

0.5 200A 450Hz 50Hz 20 |3 66

15 T -t

iwA in Amps

L L L
0 0.01 0.02 0.03 0.0 0.05 0.06 0.07 0.08 0.09 01
Time in sec

@@ Line to line current
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iwA phase load voltage for three phase
g ' CSI by using SVPWM technique.
The waveforms of load voltage
;‘I I I I I I I I I after giving capacitor value

= 30uF having R = 10Q.
It is observed from the FFT
(b) L|ne to I|ne current
iwB

analysis that THD percentage for three
phase load voltage and three phase load
current for specifications shown in Table
6 are shown in Fig.18 and Fig.19 which
are 1.77 % and 1.89 % respectively [7],
[10].

Fundamental (100Hz) = 85.47 , THO= 1.77%
T T

! ! L L L
0.01 0.02 0.03 0.01 0.05 0.06 0.07 0.08 0.09

Line to line current iwC Fig.15 Line

il .I ||]“| || “ llllll ol TR '
F|g 18 THD of Load Voltage for CSI

Simulated waveforms of line to line . TR I,
currents are iwa, iwb and iwc are
generated by three phase current sourse T
inverter which are build up of discrete
values currents of Idc, 0, -Idc. SVPWM
pulses are applied to inverter to produce
waveforms shown in fig 15

to line currents iwA, iwB, iwC

“lll II 1| “ T TR

Fig. 19 THD of Load Current for CSI

Similarly, for specifications of
Case study 2 and 3 given in Table 5.2
are also simulated same as above and
respective THD (%)’s is observed.

¥OW e B W e % un e W It is observed from FFT analysis
Fig.16 Three phase load current that in case study 2 the THD of load
The Fig.16shows the simulated voltage and load current are 4.78 and

' 3.63.

waveform of load current for three phase
CSI by using SVPWM technique. The
waveform of load current after giving
capacitor = 30uF having R = 10Q.

It is observed from FFT analysis
that in case study 3 the THD of load
voltage and load current are 5.31 and
4.34.The overall simulations on VSI and
CSl are presented in the Table 7.

Table 7 Overall VSI and CSI with

different specifications

Three phase load voltage in Volts

Fig.17 Three phaséimiaad Voltage

The Fig.17 shows
simulated waveform of three

Anveshana’s International Journal of Research in Engineering and Applied Sciences
EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com
120



\L AIJREAS VOLUME 6, ISSUE 4 (2021, APR) ~ (ISSN-2455-6300)ONLINE
RERF Anveshana’s International Journal of Research in Engineering and Applied Sciences

Load
Vad VaslVy l/lsa
S.no | Converter | m, g foll) | fo D) G| g L | THD% THD

0| (@) | @A)

1 Vst 05 560V 50 GiHz - 10 50 45 085

2 Vst 05 100V 100 20kHz - 10 - 2103 2103

3 vl 05 | 4004492V 50 50Hz | - | 20 3 5143 £

4 cst 05 10A 100 0kHz | 30 | 10 - mm 189

5 cst 05 30.074A 50 6kHz 66 | 10 50 478 363

6 cst 05 200A 50 450Hz | 66 | 20 3 531 434

From the above table, VSI
having switching frequency 6 kHz with
dc link voltage 560V, fundamental
frequency 50 Hz has giving less Load
current and load voltage THD when
compared to the other two specifications
of VSI.

Similarly, in CSI  having
switching frequency 20 kHz with dc link
current 10A, fundamental frequency 100
Hz has giving less Load current and
Load voltage THD when compared to
the other two CSI specifications.

Iv. CONCLUSION

SVPWM is implemented for VSI and
CSI, where in the algorithms are
discussed and converter topologies are
compared in details. The operation of
both VSI and CSI is studied with
different switching frequencies namely
450 Hz, 6 kHz and 20 kHz and THD
results are compared. By observing
overall VSI and CSI models with
different specifications, all CSI models
are providing very less %THD. So the
performance of CSI with SVPWM is
showing better results when compared to
all VSI Models.
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