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Abstract: Multilevel voltage-fed inverters with space vecpuise width modulation strategy are gained impasain high

power high performance industrial drive applicat&rbetter dc bus utilization. In the propose sche3rlevel space vector
PWM H-bridge inverter has a large number of switghstates as conventional 2-level VSI. A step lep & detail study is
described here so it can be implemented to mulglleverter also. MATLAB/SIMULINK implementation &xperimental

results of SVPWM inverter & its FFT analysis areggnted to realize the validity of the inverterragien in linear region.

Keywords. Space Vector PWM, 3-Level Inverter

1. Introduction 2. Switching States for Space Vector
Large electric drives and utility applications regqu PWM for Three Level H-Bridge
advanced power electronics converters to meet paher | nverter
demand. As a result multilevel power convertercitiee has
been introduced as an alternative in high powerraadium Switching states for three phase three level imvertnf,

voltage situation. Three level voltage-fed PWM inges are  where m=number of levels and n=number of phasdal 2@
recently showing popularity for multi-megawatt irstiial  switching states can be utilized which are showifrion 2.
drive application. The output voltage waveforms inOut of them twenty four are active states and tlareezero
multilevel inverter can be generated at low switghi vectors which are lies on the centre of HexagorTghle ‘1’
frequency with high efficiency and low distortion. shows the significance of switching states accardinFig. 1.
PWM techniques have been developed for inverteuitir
to reduce the magnitude of the harmonics and towall
control of the fundamental component of outputagét. The
advantage over two levels SVPWM is due to 27 switgh
states so redundancy is higher. This paper propdseel H- = | = |s= = Le
bridge SVPWM inverter, which is suitable for sepgar®C
Source. Mathematical analysis, simulation and hardw 43 2 S4b\  S2b Sdc $26
results with separated DC sources have been pertbmmith 1
resistive load and induction motor.

S1a S3a S1b S3b S1c S3c

9]

Figure 1. Three phase H-bridge
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Table 1.switching states table

Device switch status (a-phase unit)

Switching States

Inverter Terminal voltage (Van)

S1 2 3 %

1 on on off off +Vdc
on off on off

0 or 0
off on off on

-1 off off on on -Vdc

11-40045] - 150a|

114145

AT b1 |

Figure 2. Space vector switching diagram

Entire space vector diagram is divided in six sectnd
twenty four regions. Each sector consists of fagions. An
instantaneous reference input vector may lie in @hthese
regions at any point of time [2]. Appendix A listhe
projections of different switching vectors mp reference

frame in terms of dc-link voltages.

3. Generation of Space Vectors Pulse

Width Modulation

identification of regions (iv) duty cycle calculatis (v)
PWM pulse generation and pulse assignment.

3.1. Clarke’s Transformation

It is a mathematical transformation used to simgpttie
analysis of three phase circuits. Here it givesegation of
reference signal used for space vector modulationral of
three phase inverters.
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3.2. Sector Identification Algorithm

Projections of command vector v oafp axes are
calculated and comparison between them is usedetatify

sector as shown in flowchart in Fig. 3.

In the proposed method, the design steps are lasvio(i)
Clarke’s transformation (ii) identification of sect (iii)

Sec-1 Sec-3 Sec4

Figure 3. Sector identification flowchart

Sec-6
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3.3. Region Identification Algorithm Fig. 4.and from this value flow chart has been tped as
shown in Fig.5. Once sector & region is determiribd
switching sequence needs to be arranged so thpterip
content in output current is minimum [6].

Each sector is divided in equal four regions, sdalvaries
from zero to sixty degree in every sector. Valuerpf& m,
which will be derived fronu& paxes projections as shown in

60"\ |
M 0.433 0.50 0.8660 1

Figure 4. Region separation in one sector
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R=4

R=2

Figure 5. Region identification flowchart

3.4. Duty Ratio Calculation

In linear region, the rotating reference vector ajss
remains within the hexagon. The largest output agmst
magnitude is the largest radius of inscribed ciithin the

hexagon. This means that linear region ends when th

reference voltage is equal to the radius of ciinkcribed
within the hexagon.

The time duration of switching vectors is compuiad
terms of duty cycle g d, and 4 corresponds to non-zero
switching vectors & another duty cyclg dorresponds to
zero or null vector. The combination of the dutycleyis

e.g. If the reference vector lies in sector’l’ aadion ‘2’, the
vectors to be switched are;3%/; and V, The duty cycle is

computed using Eq. (7)
vV 1 EV I
dc 2 3 dc

&

2

i

3 3
d; v,
J3(2 a
d, |= v I B Y G,
43
ds 1 1 1 1

based on calculation of geometric projection of the.5. Pulse Generation & Assignment

referencevector on andg axis which is shown in (Appendix
A).

For region ‘1'of all the sector we can find 2X2 j@ction
matrix and for regions'2’, ‘3'and’ 3 X 3 matrix will be
required. So at any given instant duty cycle mairigan be
found frominverse of projection matrix*[V ;Vg and
projection matrix*[ \, ;V; 1] respectively.

If the reference vector lies in the inner hexagamly two
equations are sufficient to calculate&d,. For e.g. If the
vector is in sector ‘l'and region ‘1’ the duty cgclis
computed usingEqg. (6)

dy

Where, K:-g Vie,r dg =1—(d; +dy), (only for region

one).
If the reference vector lies in the outer hexagmnector
to be switched are all non-zero active vector. &fe to

-1

N | =

VJ]

Vv ©®)

1
4
V3
4

1
K

0

solve the duty cycle matri three equations are

1
d2
d,
required. We can use+h,+d;=1 as the third equation. For

It has been assumed that the duty-cycle valueslezady
known prior to this step.The PWM waveforms are getes
by comparing the three signals with a triangulavefarm of
constant switching frequency equals to the sampling
frequency of the modulator [7].For an e.g. the gatien of
PWM waveforms for sector ‘1’ region ‘4’ is explahavith
the help of Fig. 6.

Figure 6. Principle of PWM waveform generation
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Figure 7. Region 1 pulse pattern

Figure 8. Region 2 pulse pattern
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Figure 10.Region 4 pulse pattern

Table 2.Sector wise switching pulse assignment In odd sector vector operated are anti-clockwisegions

‘1", ‘2" and ‘4’.whereas in region ‘3’ it is clockise.

1 S=2 S=3 = = = Inversely happen in even sectors.
Xa Xp Xc Xe Xb Xa
Xp Xa Xa Xb Xc Xe . .
Xo Xe Xo Xa Xa Xo 4. Simulation Results
The switching pattern for all the ‘24’ regions atewn in Simulation of 3-phase, 3-level H-bridge inverterings

Fig. 11.for throughout understanding the switchdéeguence. SVPWM technique is performed in MATLAB/SIMULINK
the results are discussed. Simulation is carriet fou 3

different modulation index(M1=0.42, 0.5306,0.85%6)d the
results are discussed here.

Fig. 11 to 14 shows simulation results for moduoiati
index 0.42 here as shown in Fig. 12 sector willngfea at
every sixty degree. From Fig. 13 it can be condiutieat
reference vector is in region ‘1’ only. Duty rati® varies
according toa andp waveform which is observed form Fig.
14.

Figure 11.Switching pul se sequence
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ao 20 4 —Ven
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Figure 12.(i) three phase voltages (ii)a and # component (iii) reference voltage (iv) modulation index
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Figure 13. (i) sector identification (ii) theta
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varies according tax and B waveform which is observed

from Fig. 17.

Below Fig.shows simulation results for modulatiowléx
0.5306. From Fig. 16 it can be concluded that exfee
vector rotates in region 2,3 and 4in every se®aty ratio is
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Figure 16. (i) region identification (ii) m, waveform (iii) m, waveform
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Figure 17.Duty ratio waveform

vector rotates in region 2 and 4 in every sector.

Below Fig. shows simulation results for modulatiodex
0.8596. From Fig. 17 it can be concluded that exfee
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Figure 19.Duty ratio waveform
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In simulation from line voltages FFT analysis ismodulation index”.
performed & its fundamental value is observed faliferent
— Signal to analyze — Awailable signals
(@) Display selected signal () Display FFT window Structure ©
Selected signal: 25 cycles. FFT window (in red): 5 cycles ScopeDatals _
Input ©
5 I | || ”
0 Signal number:
100 U 111 : -
0 01 02 03 0.4 0.5 | [ FFTwindow
Time (s) .
Start time (=) 0.0
— FFT analysi
Mumber of cycles: |5
= = 9
Fundamental (50Hz) = 100 , THD= 94.07% Fundamental frequency (Hz):
70
S0
= 60
% — FFT settings
5 50 Display style :
L% 40 Bar (relative to fundamental) -.
G 30 1.0
S
= 20 Frequency axis:
g " :
10 Hertz =
Maix Frequency (Hz):
0 . . . .
0 2 4 6 8 10 10d0do
Frequency (Hz, 4
Y v (H) x 10 [ Display ] [ Close
Figure 20.FFT analysis for modulation index=0.42
— Signal to analyze — Available signals
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Start time (s 0.0
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= = v
Fundamental (50Hz) = 130.5 , THD= 37.13% Fundamertal frequency (Hz):
20 1 =0
T -
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Dizplay style :
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T 190 ]
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g . :
Fequency axis:
g s ] eney :
> Hertz -
M=z Fregquency (Hz):
0 . . . .
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Frequency (Hz 4
A v (H2) x 10 [ Display ] [ Close

Figure 21.FFT analysis for modulation index=0.5306
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— Signal to analyze — &vailable signals————————
‘@ Display selected signal Display FFT window Structure
200 Selected signal: 25 cycles. FFT window (in red): 5 cycles ScopeDatals -
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‘ ‘ ‘ ‘ — FFT wind
0 0.1 0.2 0.3 0.4 0.5 wines
Time (s) )
Start time (5) 0.0
— FFT analysis
Mumber of cycles: |5
Fundamental (50Hz) = 149.5 , THD= 25.21%
‘ ‘ ‘ ‘ ‘ Fundamertsl frequency (HZ):
121 ] a0
3 :
‘ac: 10+ il — FFT settings————
% Dizplay style
© 8r E
% Bar (relative to fundamental) -
T
5 6r 1 10
g, ] |
r b FEGUENCY i
g
= ol ] Hertz -
Max Frequency (Hz):
O 1 I I I
0 2 4 6 8 10 100000
Frequency (Hz 4
4 y (Hz) x 10 Display | | Close

Figure 22.FFT analysis for modulation index=0.8596

Table 3.lineto line voltages fundamental value results

5. Conclusion

M odulation I ndex VLt Fundamental (V)
o4 100 hi i b luded that in theal
05306 1305 Erom this paper it can be conclude t at_ln thedm
0.8596 1495 region of space vector pulse width modulation vabfe
fundamental voltage increases according to modulatidex.
Appendix A
Vector size Vector name Vector state Projection on aaxis Projection on paxis
Vip 100 2
Vin 011 12 (37u) °
Vap 110 1 /2 V3 2
v, 00-1 e (§ V‘“) T x(5"%)
Vap 010 1 (2 V3 2
P ——X Vdc) —><(—V )
Small Vectors Van 10-1 413 4 7\37
Vip 011 _ EX(ZV ) 0
Vin -100 27 \3'de
Vep 001 1 /2 N
Ven -1-10 —3%(3%) -5 % (5%)
Vep 101 1 /2 N
Ven 0-10 3% (5%) -5 % (5%)
3 2 V3 2
i 141 % (5%) T x(57%)
V3 _ 2
Vo 11-1 0 = (§ Vdc)
3 2 3 /2
V 11-1 o x (§ Vdc) B (— Vdc)
Large Vectors 4 3
v, 111 —EX(EV ) V3 2y,
10 3> \3Vee _TX(§ ‘“)
3 2
Via -1-11 0 V3 % (_ Vdc)
\/2_ 3
3 2 3 2
Viz 11 % (5%) — % (5%)
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Vector size Vector name Vector state Projection on aaxis Projection on paxis
2
Vi 10-1 1x (§ Vdc) 0
1 2 V3 2
Vs 01-1 2% (5%) 5 % (5"%)
1 /2 3 /2
Vie 1110 —ox (§ Vdc) B (— Vdc)
Medium Vectors 2 2 3
Vie -101 —1x (§ Vdc) 0
1 2 V3 2
Var 0-11 ~3%(5%) 5 % (5%)
1 /2 NERY)
Vis 110 2% (5%) -5 % (5%)
000 0 0
Zero Vectors Vio 111 0 0
-1-1-1 0 0
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