Chapter 2

DESIGN AND
IMPLEMENTATION OF A 3
PHASE PWM FOR 3 PHASE IDH

2.1 Introductioﬁ

The overall performance and the cost of the heating system will be one of the important
issues to be considered during the design process for the next generation of Induction
~ Dielectric Heating (IDH) applicatioﬁs. The power conversion circuit (Three phase Pulse
Width Modulation (PWM) inverter) of IDH applications must achieve high efficiency,
low harmonic distortion, high reliability and low electromagnetic interference (EMI) noise.
Three phase PWM inverters are becoming more and more popular in present day induction
heating system [92], [107], [109].

Sinusoidal Pulse Width Modulation (SPWM) has been used to control the three phase
inverter output voltage [8]. To maintain a good performance of the drive the operation
has been restricted between 0 to 78 % of the value that would be reached by square wave
operation [30], [64], [92].

Since the concept of PWM inverter was introduced, the various modulation strategies
have been developed [30], [47], [51], [75], [76], [79], [80], [83], [92], [104], [107], [113], and
analyzed. The space vector modulation (SVM) [25], [96] offers significant flexibility to
optimize switching waveforms. It has been well suited for digital implementation.

For the IDH application, full utilization of the DC bus voltage is extremely important
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Figure 2.1: 3 Phase PWM Inverter Circuit for IDH
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to achieve the maximum temperature under all conditions. The current ripple in three
phase pulse width modulation inverter under steady state operation can be minimized
using SVM compared to any other PWM methods for voltage control mode.

A symmetrical space vector modulation pattern has been proposed in this chapter,
to reduce Total Harmonic Distortion (THD) without increasing the switching losses [42].
The design and implementation of a 3 phase PWM inverter for 3 phase IDH to control

temperature using space vector modulation (SVM) has been described.

2.2 Principle of Space Vector Modulation

"~ The circuit model of a typicdl three-phase voltage source PWM inverter is shown in
Figure 2.1. S5) to Sg are the six power switches that shape the output voltage, which
are controlled by the switching variables a, o, b, b and ¢, ¢. When an upper MOSFET
is switched on, i.e., when a, b, or ¢ is 1, the corresponding lower MOSFET is switched
‘off, i.e., the corresponding a', b, or ¢ is 0. Therefore, the on and off states of the upper
'MOSFET §j, 53 and S5 can be used to determine the output voltage [85]. .

The relationship between the switching variable vector [a,b,c]® and the line-to-line

voltage vector [Vap, Vie, Veat are given by equation 2.1 in the following;

V,;b 1 ~1 ] a
Vel = Vel 0O 1 -1} (b (2.1)
Vea -1 0 -1} jc

Also, the relationship between the switching variable vector [a, b, ¢]* and the phase voltage
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Figure 2.2: Eight Inverter Voltage Vectors

vector [Van, Vin, Ven]t can be expressed as below.

Vin R
V| = 57 |-1 2 -1|[b (2.2)
Ven -1 -1 2 c

As illustrated in Figure 2.1, there are eight possible combinations of on and off patterns
for the three upper power switches. The on and off states of the lower power devices are
opposite to the upper one and so are easily determined once the states of the upper
power MOSFET’s are determined. According to equation 2.1 and equation 2.2, the eight
switching vectors, output line to neutral voltage (phase voltage) and output line-to-line
voltages in terms of DC-link Vp¢, are given in Table 2.1 and Figure 2.2 show the eight
inverter voltage vectors [75] (Vp to V7).

Space Vector Modulation (SVM) refers to a special switching sequence of the upper
three power MOSFETSs of a three-phase inverter. The source voltage has been utilized
most efficiently by the space vector modulation (SVM) compared to sinusoidal pulse width

modulation [75] as shown in Figure 2.3.
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Table 2.1: Switching Vectors, Phase Voltages and Output Line to Line Voltage

Voltage Switching Vector Line to line voltage | Vector
Vectors | a b c a’ b’ ¢’ Vab Ve Vea

V4(000) | OFF | OFF | OFF | ON | ON | ON 0 0 0 Zero
V1(100) | ON | OFF | OFF | OFF | ON | ON | Vpe 0 |-Vpo | Active
V2(110) | ON | ON | OFF | OFF | OFF | ON 0 Voce | -Vpe | Active
V3(010) | OFF | ON | OFF | ON | OFF | ON | -Vpe | Ve 0 | Active
V4(011) | OFF | ON | ON | ON | OFF | OFF | -Vpe | 0 | Vpe | Active
Vs(001) | OFF |OFF | ON | ON | ON [OFF| 0 |-Vpe| Vpe | Active
Vs(101) | ON |OFF | ON | OFF | ON |OFF | Vpe |-Vbe | 0 | Active
V7(111) | ON | ON | ON |OFF |OFF |OFF| 0 | 0© 0 Zero

Figure-2.3: Locus of Maximum Linear Control Voltage in Sine PWM and SVPWM
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In the vector space, according to the equivalence principle, the following operating

rules are obtained:

Vi = Vi
v, = Vi
Vi = -V
Vo = V=0
Vi+Va+Vs = 0 (2.3)

In one sampling interval, the output voltage vector V; can be written as

to 11 ty
Vi = =W+ =W+ .+ ==V, 2.4
A AR R A (24)
Where
to, t1, ...ty are the turn-on time of the vectors Vg, V4, ...V4;
to, 1, .07 > 0,
7
Su-1,
=0
Where
T, = Sampling time.

According t6 equation 2.3 and equation 2.4, there are infinite ways of decomposition
of V into Vi, V4, ... V5. However, in order to reduce the number of switching actions and
make full use of active turn-on time for space vectors, the vector V is commonly split
into the two nearest adjacent voltage vectors and zero vectors Vy and V7 in an arbitrary

sector. For example, in sector I, in one sampling interval, vector V' can be expressed as

T I T T;
V= ghtphtpltph o (2.5)

Where
T,-T1—-T, = Th+1720,T5>20and 77 >0
Let the length of V be mVpe, then
m T 1 Ty 1

sinZ — T,sin(3—a) T,sina
Where

m = Modulation index

(2.6)
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Table 2.2: Space Vector Modulation Algorithm

Sector 1 Sector 11
(0<wt§7r/3) (w/3 < wt < 27/3)
T = T emceos{wt +7/6) | Ty = -‘/j em cos{wt + 117 /6)
Ty = "FTcm cos(wt +3n/2) | Tz = ‘/.T m cos(wt + 7r/6)

T0+T7=Tc-T1—T2 T0+T7=71:—T2—T3
Sector III Sector IV
@n/3 <wt < 7) (m <wt < 4n/3)

Ty = LTmcos(wt + 31/2) | Ty = LTom cos(wt + T/6)
Ty = BTym cos(wt +57/6) | Ts = LTumcos(wt +7/2)

To+Tr=T,~T3—T} To+Tr =T, —Ty—T;s
Sector V Sector VI
(4n/3 < wt < 57w/3) (657/3 < wit < 2m)
Ts = ‘/_T emcos(wt + 5rw/6) | T = ‘/_Tmcos(wt +7/2)
Ts = ‘/_Tcm cos(wt +7/6) | Ty = L2T.m cos(wt + 117/6)
T0+T7=TC~T5——T6 T0+T7—T Te—T1

Thus,

T 2 . K 2 s

— = —=MSIN(— — wt) = —=mceos{— + wit

T 7 (3 ) 7 (5 +wt)

Lo E—msz‘nwt = ——2—~mcos(§-7-r- + wt)

T, V3 V3 2

hLh+T: = T,-T1 T, (2.7)
Where
2nr <wt = o< 2nw+7/3.

_ The length and angle of V' determined by vectors Vi, V,...Vs are called as active
vectors and Vg, V7 are called zero (space) vectors. The decomposition of voltage V in
different sectors has been presented in Table 2.2. Equation 2.5 and equation 2.6 have
been commonly used for formulation of the space vector modulation. It has been shown
that the turn on times T;(i = 1,...6) for active vectors are identical in different space
vector modulation [92], [104], [107], [113]. The different distribution of Ty and 77 for zero
vectors yields different space vector modulation.

There are not separate modulation signals in each of the three space vector modulation

technique [54]. Instead, a voltage vector is processed as a whole [25]. For space vector
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Figure 2.4: The Relationship of abc and Stationary dq Reference Frame

modulation, the boundary condition for sector I is:

T, = Thi+T,
To = T7 =0 ‘ (2.8)

From equation 2.6 to equation 2.8;
m sink
2= m (2.9)
The boundary of the linear modulation range is the hexagon [54], [67] as shown in
Figure 2.3. The linear modulation range is located within the hexagon. If the voltage
vector V exceeds the hexagon, as calculated from equation 2.7, then T3 + T3 > T, and it
is unrealizable. Thus, for the over modulation region space vector modulation is outside
the hexagon. In six step mode, the switching sequence is V; — V3 — V3 — V — V5 — Vg [54].
Furthermore, it should be pointed out that the trajectory of voltage vector V should
be circular while maintaining sinusoidal output line-to-line voltages. From Figure 2.4,
- it has been seen that for linear modulation range, the length of vector mVpe should be
V = (V3/2)Vpc, the trajectory of V becomes the inscribed circle of the hexagon and the
maximum amplitude of sinusoidal line-to-line voltages is the source voltage Vpe.
Moreover, for space vector modulation, there is a degree of freedom in the choice of
zero vectors in one switching cycle, i.e., whether ¥ and V7 or both.
For continuous space vector schemes, in the linear modulation range, both V5 and V7

are used in one cycle, that is, 77 > 0 and T > 0.
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Figure 2.5: Transitions Between Different Switching States

For discontinuous space vector schemes, in the linear modulation range, only V, or

only Vs is used in one cycle, that is T; = 0 and Ty = 0.

2.3 SVM Technique for Three Phase Inverter

Figure 2.1 shows a typical three phase inverter. There are eight possible states: six
active vectors and two zero vectors, as shown in Table 2.1 and Figure 2.2. Each inverter
switching vectors specifics as the space vector for the output voltage of inverter. The six
active switching space vector are evenly distributed 60° intervals with length of v/3Vpe /2
and from a hexagon. Also two zero space vectors are located at a center of hexagon in
the complex plane, as shown in Figure 2.5.

Eight space vectors depending on the switching condition can be represented as com-

plex vector can be given as,

2 s ,
Vi = gv’me"’*“”s, k=12 ~———6
=0, k=07 (2.10)

When the location of V), s has been fixed, for example, in sector I of Figure 2.4 the integral
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Figure 2.6: Optimal Vector Commutation for Sector I
equation for Vs over a single space vector modulation cycle give.

Ts T T1+T2 Ts
Viegdt = | Vadt + / Vadt + / Vodt

0 0 T T +Th

19

(2.11)

Ti and T are the switching time spent on the output voltage vectors V; and V;

respectively. The representation of V,.; by V4 and V, and switching sequences has been

shown in Figure 2.6

2.3.1 Six space vectors of three phase inverter

Assuming the three phase induction dielectric heating by using the proposed technique

operates ideally. Balanced set of output voltage v4, vg, vc and a set of output currents

4, iB, tc for the three phase PWM inverter has been expressed by

Vg = ~V—ggm3inwt == V,,sz'nwt-
vg = Vsin{wt—120)
Vo = Vosin(@t — 240)
Where
—-l<m<1
ia = Isin(wt— ¢)
ip = Isin(wt— ¢—120)
ic = Isin(wt— ¢ - 240)

(2.12)

(2.13)
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Where
V, = Maximum amplitude of the output voltage in Volt
I, = Maximum amplitude of the output current in Amp

Determined by modulation index m.

There are six switching vectors in three phase inverter when the switches Sy, Ss, S,
S4, S5 and Sg are turn on and off, as shown in Figure 2.2. Based on the six possible
combination of the six individual switches signified by its switching states labelled as
[S1, Sa, S3], the six space voltage vectors can be produced in the complex plane, as shown
in Figure 2.4 and Figure 2.5. Six space vectors are evenly distributed 60° interval with
length of v/3Vpo/2. However, two zero vectors as (1,1,1) and (0,0,0) are available in
three phase inverter. Accordingly, the maximum trajectory locus has been the form of
an exact square wave with corner points defined by the realizable space voltage vector
(V1, Vo, V3, Vi, Vs, V). In the Figure 2.4, each 1’ represents an output line attached to the
positive DC link, whereas ’0’ denotes connection to the negative DC link of source.

If the balanced three phase sinusoidal waveforms are required, the reference voltage

vector should be controlled in a circular manner.

2.3.2 Determination of switching times in the proposed SVM

The realization method for SVM technique of three phase inverter has been proposed
with zero space vectors. To determine the switching times for the reference vector Vs
by adjusting six voltage space vectors.

The V;¢5 in sector I has four voltage space vectors V3, V5, Vj and V; which are adjacent
to the V,es. The T; and T3 are the switching time spent on the V; and V3, respectively.
The T and T do not satisfy the constant switching interval T except for the reference
vector reachmg to the maxzmum voltage. The remainder of the sw1tchmg interval should
be utlhzed in the main sector and diagonal sector because of zero space vectors in three
phase inverter. Accordingly, the new reference vectors replacing the role of zero space
vectors should be set again. For example, sector I sets as the main sector and sector IV
sets as the diagonal sector in Figure 2.5.

Jhe amount of the switching times Tl, Ts, 1o and T should be equal to switching

interval 7%.

T, = Ti+ T+ Ty+ Ty (214)
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Where
To = Tr=T,/2

The T1 and T3 is the femainder time spent on the V} and V5 in the sector 1 and also
the same time spent on the V and Vj; in the sector IV, respectively. AV is defined as the
difference between desired voltage vectors for V' from Vs in the Figure 2.4. The AV is
divided into halves on the main sector I, AV/2. Then, it is added to Vs and the new
reference vector (Vs + AV/2) has been formed again in main sector. Let (Ve + AV/2)
called ”the re-formed reference vector”.

On the contrary, the vector (—AV/2) to restrain the reference vector in main sector I
should be inserted in the diagonal sector IV. Let (—AV/2) called ”the restraint reference
vector”. Its direction is opposite to V,.y and its (AV/2) in the re-formed reference vector
(Vies + AV/2) of the main sector L

The Ty, Ty, Ty and T7, can be calculated as the following process. Absolute value of
maximum space vector to the squaré locus at wt = « is given by

V3Vbe 1
2 sina + cosa

[Vimas| = [Veer + AV| = (2.15)

Where
a (0° < a<60°) = Phase angle in Deg
From equation 2.15, the absolute value of a reference vector difference AV is given by

V3Vpe 1

|AV] = .
2  sino 4+ cosa

~ |Veesl (2.16)

Absolute value of the re-formed reference vector (Vs + AV/2) in a main sector is given
by

AV V3Vpe 1

Vier + - -
|Vres 2 | 4  sino -+ cosa

+ IV’;*’ t (2.17)

Absolute value of a restraint reference vector —AV/2 in the diagonal sector is given by

2 ' 4  sina + cosa 2

(2.18)

When the re-formed reference vector (V.5 + AV/2), for instance, is located in the main

sector I, the integral for (V.5 + AV/2) can be divided into the integral for the V; and V5.

T +Ty AV T: Ty 412
/ (V,.ef+ —) dt = [ Vidi+ ] Vadt (2.19)
0 -

2 1] Ty
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" Similarly, the integral equation for —AV/2 in the diagonal sector IV can be divided into
the integral for the V4 and V;

T _Aw Ty-+Ts+To T,
] &t = / Vadt + / Vsdt (2.20)

Ts+Ts 2 Ta+Ts 4+ T5+4+To

Assuming the V. s is constant and the switching tfrequency is high during a switching
period T, equation 2.19 is arranged by

AV
T\ + T, (me + _‘2“") = T1Vi+ 1oV, (2.21)
And equation 2.20 is arranged by =
—Av
T+ 15 dt = TWVi+TVs (222)

From equation 2.17 to equation 2.22, the re-formed reference vector in a main sector is

represented by

AV | [cosa Woe [1] .. V3Voe [0 '
T \Vies + —— = TI[-“P'C" + Tzf e (2.23)
2 | |sina 2 o] 2 n
And the restraint reference vector in a diagonal sector is représented by
A 3 1 0 '
T, |-V |ose| 7, Y3Voe |1 |, V3Vie (2.24)
2 | |sina 2 o 2 1)

Six switching times can be solved by equation 2.23 and equation 2.24 and given by the

followings;
T, [V3Vpe 1 ]
Ty = ref|| €
! Vbe 2  sina -+ cosa +[Vres|| cosa
: T. [vV3Vpe 1. : .
I = Vre
2 Vpe 2  sina + cosa F [Veesl | sina

T4+ Ty = T,— T —Tp
Ts |V3Vpe 1

Ty = V.
4 Voo 2  sina 4+ cosa [ Vres| | cosa
T, [V3Vpe 1 ]
Ty = Vi sin
8 Voo 2 sina +cosa + Vres] .

Th+1Ty = T,— 2:’4 - T (225)
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Figure 2.7: Voltage Space Vector and its Components in (d,q)

2.4 Steps of Design for SVM Generation

To implement the space vector modulation, the voltage equations in the abc reference

frame can be transformed into the stationary dq reference frame [75] as shown in Figure

2.7.

From Figure 2.7, the relation between these two reference frames is as below

qu() == stabc

Where
: 9 1 -1/2 -1/2

=10 V3/2 —/3/2
Sl 12 12

qu() - [fdffme}T

fabcr = [fav ff); fC}T

and f denotes either a voltage or a current variable.

K,

il

(2.26)

As described in Figure 2.7, this transformation is equivalent to an orthogonal projec-

tion of [a. b, ¢J' onto the two-dimensional perpendicular to the vector [1, 1,1} (the equiv-

alent d — ¢ plane) in a three-dimensional coordinate system. As a result, six non-zero

vectors and two zero vectors are possible. Six non-zero vectors (V) - Vg) shape the axis
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of a hexagonal as shown in Figure 2.4 and feed electric power to the load. The angle
between any adjacent two non-zero vectors is 60 degrees. Meanwhile, two zero vectors (V4
and V%) are at the origin aﬁd apply zero voltage to the load. The eight vectors are called
the basic space vectors and are denoted by Vo, Vi, Vo, Va3, Vi, Vi, Vi and V, The same
transformation can be applied to the desired output voltage to get the desired reference
voltage vector Vs in the d — ¢ plane.

The objective of space vector modulation technique is to approximate the reference
voltage vector Vs using the eight switching patterns.

The space vector modulation can be implemented by the following stepsT
Step 1. Determine Vg, Vg, Vyey and angle ().
Step 2. Determine time duration T3, 15, Tp.

Step 3. Determine the switching time of each MOSFET (S; to Sg).

2.4.1 Determination V3, V,, V.. and angle (o)

From Figure 2.7, the V4, V,, Vie ¢ and angle («) can be determine as follows:

Vi = Von — Vi - c0860 — V_, - c0s60 (2.27)
1 1
- V;m - 'Q"Vbn - '2“Vcn
Vg = 0+ Vin-c0s30 — Vg, - c0s30
V3 V3
- "‘Q—Vbn - ~é—‘/zm
1 1 Vin
AL S B A
A B A N
2 2 Ven

Viesl = /VZ+V2

Where

f = Fundamental frequency
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Figure 2.8: Reference Vector as a Combination of Adjacent Vectors at Sector I

2.4.2 Determination time duration Ti,75,Tj

From Figure 2.8, the switching time duration can be calculated as follows:

o Switching time duration at sector I

Ts Ty Ty 4T, Ts
Viesdt = Vadt + / Vadt + / Vodt (2.28)
0 ¢} Ty Ty+Ts
Ts'V;'ef = (TI'VI"}'TZ‘VZ)
cos(a 2 1 2 cos(m/3
Ty - |Vees - () = Ty-z-Vpc- + Ty - Vpe ,(/)
sin(a) 3 0 3 sin(mw/3)
Where
0<a<60°
sin(n/3 — o)
T = Ts-a- \ s 2.29
' ¢ sin(m/3) (2.29)
. sin{a)
L= Ta ngs)
Ty = T,—-(Th1+Ty)
Where 1
T, = &+
fs
a . ﬂ/;'efl
)
=Vpe

w
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e Switching time duration at any sector

\/?"'Ts'lvtrefi X i n—1
T} = T (sm (g —a+ 3 ¥ (230)
\/§ N s lv;‘efl ‘
ED e—— (Szn‘g'ﬁ' Oz)
\/g‘ s iv;e_f} n n .
T e S (szn—é—wcosa — COS'g’ITS'L’IZ(X)
o ST )
= —3—-—8~——Jv"—ef| ( cosa - sin’ 17r + sina - cos30n; 17r)
Ty = T1

Where
n = 1 through 6 (that is, Sector I to VI)

n-1)5<as¥¥
2.4.3 Determination of the switching time for MOSFET (5; to
Se) |

Based on Figure 2.9, Figure 2.10 and Figure 2.11, the switching time at each sector has

been summarized in Table 2.3 and it will be built in Simulink model to implement SVM.

2.5 Simulation Results

Simulation results were performed using simulink block as shown in Figure 2.12. The
DC bus Vpe is equal to 325V, is connected to the input of the inverter. For the linear
operating range the V. must not exceeds the boundary of the hexagon. Therefore the

maximum amplitude of the desired Vs is calculated as

WVeetlmaz = \/ @VDQY— (gvpc)z | (2.31)

Sample circuit parameters are given in Table 2.4. Simulation space vector generator

has been shown in Figure 2.12. Three phase PWM inverter output line to line voltage,
output current, 3 phase to 2 phase dq transformation voltages and 3 phase to 2 phase

dq transformation currents are shown in Figure 2.13, Figure 2.14, Figure 2.15, Figure
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Figure 2.9: Optimal Switching Sequences for Sector | & I
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Figure 2.10: Optimal Switching Sequences for Sector Il & IV
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Figure 2.11: Optimal Switching Sequences for Sector V & VI
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Table 2.3: Switching Time Calculation &t Each Sector

Sector | Upper Switches (Si, S3, Ss) | Lower Switches (Sy, Sg, S2)
81:T1+‘112+T7 S4=T0
1 Sy =Ty + Ty Se=T1+Ts
Sy = T4 So=T1+To+Tp
S1=T+1T; Sy=T3+ 7Ty
2 Sz =Ty + T3+ 17 Se =Ty
85=T7 SQ=T2+T3+TO
Si=1Ty S4=T3+T4+T0
3 S3=T3+T4+T7 Ssr—TQ
55=T4+T7 52=T3.+T0
S1=1T; Sy=Ty+T5+Tp
4 Sy =T+ T4 ¢ S =T5+ Tp
Ss=Ty+T5+T7 Sp=1Tp
S1 =T +1T7 Se=Ts+ Ty
5 53:'17;' 36:T5+T5+T0
S5 =Ts+ T+ Tr Ss =T,
Si=Th+Te+T7 Sy =Ty
6 53"—=T7 562T1+T6+T0
Ss=Tsg+ 17 So=T1 + Ty
T7 :TO/Q T(),:TO/Q

30
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Figure 2.12: SVM Generator
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Figure 2.13: Simulation of Inverter Output Line to Line Voltages (Vmb, Vibc, Pica)

2.16 respectively. Simulation summaries and results are given in Table 2.5, Table 2.6
respectively.

A spectral analysis of all waveforms is performed and all harmonics are presented in
Table 2.7. These results show that acceptable performances can be obtained at all testing
frequencies since the total harmonic distortion (THD) did never reach 10%. At high
switching frequency the PWM converter generate a voltage having amplitude close to the

desired value.
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Figure 2.14: Simulation Results of Inverter Output Currents (UaiUbilUc)

Table 2.4: Circuit Parameters

Parameter Value
Utility 220V/50Hz
Udc 325 volt
Lm 69.31mH

few 2Khz
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Table 2.5: Simulation Results
Switching Set Final "ab Frequency Load
Freq. in Hz Temp, in °C  Temp, in °C in Volt in Hz current in Amp.
200 1200 1167 139.21 41.01 9.036
2000 1200 1170 153.49 41.74 6.107
20000 1200 1168 151.33 41.74 5.186

200000 1200 1190 175.95 41.74 4.765
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Figure 2.16: Simulation Results of Load Phase Currents (I1aP1bPic)

Table 2.6: Simulation Summaries

Set Final Frequency
Temp, in °C  Temp, in °C in Volt in Hz
150 145.8 15.20 16.42
530 499 67.22 18.44
1300 1275 165.84 45.21
1500 1484 191.75 52.17

1200 1170 153.49 41.74
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Q97

Figure 2.17: Simulation Waveforms, (a) Inverter Output Line to Line Voltage (Viab)
(b) Inverter Output Current (ila) (c) Load Line to Line Voltage (Viab) (d) Load Phase
Current (ina)
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Table 2.7: Spectral Analysis

Harmonic for different
h Switching frequencies
1kHz | 3 kHz | 5 kHz | 10 kHz
0| -4.58 | -4.58 | -4.16 | -4.16
11 81.22 | 80.83 | 73.33 | 73.24
21 322 | 299 | 2.64 2.60
31 470 | 4.53 | 4.06 4.03
41 042 | 020 | 0.11 0.06
51 445 | 504 | 4.80 4.94
6 198 | 1.79 | 1.58 1.55
7| 1.03 | 1.07 | 0.99 1.00
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Table 2.8: Switching Vectors Part I
Sector Switching Vector Voltage | Time | Consecutive | Sample

S| S2|Ss|Sal|Ss]| S Time Time

SECTORI {0 (0|01 |1]1 Vo 0 Tenn Tor
11010701111 Vi T
111010071 Vo T
itjf1]1]0]0]0O Vz 0
11111703010 Ve 2 Tera
11110101041 Ve T
110101011 Vi T
oO{ojlo0}j1(1]1 Vo 2

SECTORII |1 |1]1{0(010 Va 2 Ton Ts_11
1171]010]01]1 Ve T,
0j1(0j1}101]1 Va 15
0|00} 1]1 Vo £
0 0 011 1 1 Vb i.—:l Tczz
ot170}1]0]1 Vs T3
11170} 0)1 )1 Va T

' 1]l1j1]0]0}o0 Vs i

SECTORHOI| 0| 0|01 ]1]1 Vo 2 Tes Ts_111
0111011101 Vs Ts
0j1{111t7070 Vi Ty
111170100 Va 2
111170700 Vz 2 Tese
01171111010 Va Ty
0110110711 Vs T3
00101 1}1 Vo N
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Table 2.9: Switching Vectors Part 11
Sector Switching Vector Voltage | Time | Consecutive | Sample
Sq Sz : 83 S4 Sg, Sﬁ Time Time
SECTOR IV 1 1 1 0 0 0 V7 %l TC41 TS_ 4%
o(1(1{1701]0 Vi Ty
oj0j1]111}0 Vs T
0j0]0]111}1 Vo =2
oto0jo0oj1111}1 Vo 2 Tes
ojoj1]1]110 Vs Ty
01111110710 Va | Ty
11111707010 Vz =
SECTORV |0 |0]O0]1]11}1 Vo e Tes Ts_y
0j0 (113110 Vs T
1010} 1]0 Ve Tg
1|11 (1(0}0]0 Vr 4
1|1]1(0}]0]|0 Vz 2 Tese
17101110710 Ve Ts
o{ofj1]17110 Vs Ts
01070111111 Vo 2
SECTORVI| 1|1 ]1]0]0]0] VW Ea Toe Ts_vi
1011101110 Ve Ts
17010101111 (4 T
0001111 Vo 18
fojojJol1j1i1]| VW ia - Teee.
1101070111 Vi T
101010 Ve Ts
1|11 (0}{0}]0 Vz 2
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2.6 Conclusions

The main finding of this chapter reveals following:

1.

Space vector modulation requires only a reference space vector to generate three

phase sine waves.

The amplitude and frequency of load voltage can be varied by controlling the refer-

ence space vector.
This algorithm is flexible and suitable for advanced vector control.

The strategy of the switching minimizes the distortion of load current as well as loss

due to optimum number of commutations in the inverter. .

The effectiveness of the SVM to reduced the switching power losses is proved.

. SVM is one of the best solutions to achieve good voltage transfer and reduce har-

monic distortion in the output of three phase inverter for IDH.

. It also provides excellent output performance optimized efficiency and high reliabil-

ity compared to similar three phase inverter with conventional pulse width modu-

lations.



