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DC 'lo ac converters are known as inverter. The function of an inverter is to

de input voltage to a symmetirical ac output of desired magnitude and

~ ; :,. T1ıe output voltage could befixed or variable at afixed or variable frequency .

..t 5 I I output voltage can be obtained by varrying the input de voltage and maintaing

., •••• of the inverter constant. On the other hand, if the de input voltage isfixed and is

ollable, a variable output voltage can be obtained by varying the gain of the

'er, which is normally acomplished by pulse-widch-modulation (PWM)control with

the inverter. The inverter gain may be defined as the ratio of the ac output voltage to

ac input voltage. The output voltage waveform of ideal inverters should be sinusoidal,

-,.ı,ever the wave forms ofpractical inverters are non sinusoidal and contain certain

·e-wave voltages may be acceptable: and for high-power aplications, low distorted

oidal wave forms are required. With the availability of high speed power

semiconductor devices, the harmonic contents of output voltage can be minimized or

reduced significantly by switching techniques. Inverters are widely used in industrial

applicatoins (e.g.. variable speed ac motor drives, induction heating, standby power

supplies, uninterrupttble power supplies). The input may be a battery.fuel cell, solar cell,

or other de source. The typical single- phase outputs are (120Vat 6GHz, 220V at

50Hz, 115V at 400Hz). For high power three phase systems, typical outputs are

20/380Vat50Hz,J20/208Vat60Hz and 1151200Vat 400Hz.
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oadly classified into types: (1) single phase inverter, and (2)

us . Each type can use controlled tum on and tum off devices

or forced commutated thyristors

on apllications. These inverters generally use PWJı,/ control signals for

& I ıiıı« an ac output voltage. An inverter is called a voltage inverter (VFI} if the input

t ı&aJi.1s constant, a currentfed inverter (CFI) if the input current is maintained

cm•• aıııd a variable de linked inverter if the voltage is controllable.

'iPLE OF OPERATION:

11ıe principle of single phase inverters can be explained with .fig.2-a . The

- ırr circiut consists of two choppers. When only transistor Qi is turned onfor a time

• The instantanious voltage across the load vo is Vs/2. If transistor Q2 only is turned

j,r a time To/2, -V:S/2 appears across the load The logic circiut should be designed

that Qi and Q2 are not turned on at the same time. Figure 2-b shows the wave

for the output voltage and transistor currents with a resistive load . This inverter

'res a three-wire de source, and when a transistor is off, its revers voltage is Vs

rd ofVs/2. This inverter is known as half-bridge inverter.

'I1ıe rms output voltage can befound.from:

Vo = (2/To limit O ~o VsI 4) = Vs I 2
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Figure2 {Single-phase half-bridge inverter).

mstantaneous output voltage can be expressed in Fourier series as:

vo = 2Vslnpi sin nwt

= O Jorn= 2,4 .

w = 2piJo is thefrequency of output voltage in radls. For n = 1, Eq.

VJ = 2Vs I 2pi = 0.45 Vs.

For an inductive load, the load current cannot change immediately with the

tıııtput voltage. If Q1 is turned off at t = To/2, the load current would continue to flow

tl/ıı,o,ıghD2,load .and the lower halfof the de sourcce until the current/alls to load, and

ııpper halfof the de source. When diode Dl or D2 conducts, energy isfed back to the

source and these diodes are known as feedback diodes. figure 1.2-c shows the load

·entand conduction intervals of devices for a purely inductive load It can be noticed

for a purely inductive load, a transistor conducts onlyfor To/2(or 900).Depending
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'erfactor, tlıe conduction period of a transistor would vary from 90 to

istors can be replaced by GTOs or forced-commutated thyristors. If tq is

4ıff time of a thyristor, there must be a minimum delay time of tq between the

. ristor and firing of the next coming thyristor. Other-wise, a short-circuit

ould result through the two thyristors. Therefore, the maximum condition

a thyristor would be To/2 - tq. In practice, even the transistors require a certain

and turn-of/time. For a successful operation of inverters, the logic circuit should

e into account

For an RL load, the instantaneous load current io can be found from :

io = 2Vs In pi R + (mvL) sinınwt - 11)

n = tan {mvUR). If lo] is the rms fandamental load current, the fundamental

power (for n = 1) is:

Pol= VJ Io I cos 1 =!ol R

={2Vsl 2pi R + (wL)} R

PERFOIDIANCE PARMETERS:

The output ofpractical inverters contain harmonics and the quality of an inverter

rmally evaluated in terms of the following perfonnance parameters.
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Hfn = Vn!Vl

is the rms value of the fundamental component and Vn is the rms value

L.k wwwıic component.

m ıricfactor of nth harmonic, Hfn.

'5 · j:ıctor (of the nth harmonicl.which is a measure of individual harmonic

ıs defined as :

Toıal hannoııic distortioıı THD .

"*11harmonic distortion, which is a measure of closeness in shape between a wave

and itsfundamental component, is defined as :

THD = 1/Vl ( Vn)

Distortion factor DF.

nID gives the total harmonic content, but it does not indicate the level of each harmonic

aı.ııxment. Jfafilter is used at output of inverter, the higher order harmonics whould be

ııaııuated more affectively, there fore, akowledge of both the frequency and magnitude

each harmonic is important. The distortoin factor indicates the amount of harmonic

.._.wtion that remains in particular wave form after the harmonics of that wave form

been subjacted to a second order attenuation. Thus DF is a measure of effectiveness



•wtJtfit!Ll harmonics with out having to specify the values ofa second -order

«fined as:

DF= 1/Vl [ (Vnln) J

•.,jıcıor ofan individual harmonic component is defined as :

DFn= Vn/Vln

itI £S1order harmonic is that harmonic component whose .freqency is closest to the

ff C •ıl one, and its amplitute is greater than or equal to three percent of the

D C rıl component.

PHASE BRIDGE INVERTERS:

single phase bridge inverter is shown infig 4-a. It consists offour choppers.

istors Qi and Q2 are turned on simultaneously, the input voltage Vs appears

aı-ı ıJıe load If transistors Q3 and Q4 are turned on at the same time, the voltage

w a the load is reversed and is -Vs. The waveform for the output voltage is shown in

The rms output voltage can befoundfrom :

Vn = (2/I'o limit O -.fo2 Vs dt) = Vs
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edla:led to express the instantaeous output voltage in a fourier

vo = 4Vs In sin nwt

-,ııation gives the rms value of.fimdamental component as :

o

VJ = 4Vs !Sqr.2 pi = 0.90Vs

LOAD ftö

(a) Circuit
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current io for an RL load becomes :

io = 4Vs I R + (nwl.) sin (nwt - n}

{nwLIR).

diodes Dl and D2 conduct, the energy isfed back to the de source and they

~ as feed back diodes. Figure 2-c shows the waveform of load current for an

'E PHASE INVERTERS:

ee phase inverters are normally used for high power applications.Three

e half bridge inverters can be connected in parallel as shown in fig S-a to

configuration of a three phase inverter. The gating signals of single phase

• uıers should be advanced or delayed by 120degree with respect to each other in

to obtain three phase balanced voltages. The transformer primary windings must

lııolatedfrom each other, while the secondary windings may be connected in 11'.Ye or

. The transformer secondary is normally connected in 11'.Ye to eliminate triplen

ıı..cmtcs (n = 3,6,9.. .) appearing on the output voltages and the circiut is shown in

5-b This arrangenment requires three single phase transformers , 12 transistors,

12 diodes . If the output voltages of single phase inverters are not perfectly

aıııanced in magnitudes and phase, the three phase output voltages will be unbalanced.
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e phase output can be obtained from a configuration of six transistors and

shawm in jig 5.1-a. Two types of control signals can be applied to the

--.rs· 180degree conduction or l 20degree conduction.

......aegree Coııduction:

· tor conducts/or 180 degree.Three transistors remain at any instant o/time.

----~istor Qi is switched on, terminal a is connected to the positive terminal of the

voltaage. When transistor Q4 os switched on, terminal A is brought to the DC

There are six modes of operation in a cycle and the of each mode is 60

7& ı The transistors are numbered in the sequence of gating the transistor

.,...... •.J.234.345.456.561.612). The gating signals shown in Fig. 5.1-b are shifted from

-~, by 60 degree to obtain three-phase balanced (fundamental) voltages.

The load may be connected in liJ!e or delta as shown in Fig5.3. For a delta

••ııma-d load, the phase currents can be obtained directly from the line-to-line

D J _Once the phase currents are known, the line currents can be determined.For a

~ected load, the line-to -neutral voltages must be determined tofind the line (or

...._, currents.There are three modes of operation in a half-cycle and the equivalent

I W\ are shown in Fig. 5.4-afor a li'.}le -connected load
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< pi/3,

Req =R + R/2 = 3R/2

i1 = Vs!Req = 2Vs/3R

van = ven = iJR/2 = Vs/3

vbn = -ilR = -2Vs/3

Req =R + R/2 = 3R/2

i2 = Vs/Req = 2Vs/3R

van = i2R = 2Vs/3

vbn = ven = -1i2R/2 = -Vs/3

3for 2pi/3.s::. wt .s::. pi,

Req =R + R/2 = 3R/2

i3 = Vs/Req = 2Vs/3R

van = vbn = i3R/2 = Vs/3

ven = -i3R = -2Vs/3

-to-neutral voltages are shown in figure 5.3-b . The intantaneous line-to-line

I I z s, vab, infigure 5.2-b can be expressed in afourier series, recognizing that vab is

bypi/ô and the even harmonics are zero.,

12



V 2V,13
~
J

V!,n

ti .:·aı

Moda2

(a) Equivalent circuits
ModeJ

r:C!J__/__5 · ..3 -__:'- _

'c,. wlJ
o .•

~
J

~ wt
J c=:ı_~~~+-~~:--t-~-+-~-0

~- J

(b) Phase voltages for ıao• conduction

'2V ,/3
VsfJ

,. '··crl ,,
~~I ,112 J' \'I

Ü, I IO: I I· " I
'D O • I

• ' I



= 4VsI npi cos n pi/ô sin n (wt+ pi/ô).

from above Eq. by phase shifting vab by J20degree and 240degree,

vbc = 4Vs/npi cos n pi/ô sin n (wt - pi/2)

vca = 4Vslnpi cos n pi/6 sin n (wt - 7pi/6)

Eqs. that the trip/en harmonics (n = 3,9,15, .) would be zero in the

-to-line rms voltage can befoundfrom:

= {2/2pi limit O ~2pi/3 Vs d(wt)J = Sqr.2/3 Vs = 0.8165 Vs.

rms nTh component o/the line voltage is:

VLn = 4Vs/Sqr.2 npi cos n pi/ô

= 1, gives thefundamental voltage.

VLJ = 4Vs cos 30degree/Sqr.2 pi = O. 7797Vs.

e of line-to-neutral voltages can befoundfrom the line voltage,

Vp = VI.JSqr.3= Sqr.2 Vs /3 = 0.4714Vs.

resistive loads, the doides across the transistors have no functions.If the

*"1uctive, the current in each arm of the inveter would be delayed to its voltage as

Fig.5.4. When transistor Q4 in Fig 5.1-a is off, the only path/or the negative

t Ia is throughDl. Hence the load terminal a is connected to the DC source

D1 until the load current reverses its polarity at t = tl. During the period for O

il. Transistor QJ will not conduct. Similarly, transistor Q4 will only start to

13



• 5 · ••3 must be continuously gated, since the conduction time of
7 ':·,·
IP Ij

il J -:tıed load, the phase voltage is van = vab/Sqr.3 with a delay of

ı1ıe line current Iafor an RL load is given by:

[ 4Vs!Sqr.3 n pi Sqr. R + (nwL) cos(nwt - 11)

of control; each transistor conduct for 120 degree. Only two transistors

aı any instant of time. The gating signals are shown in Fig. 5.5. The

sequence of transistors is 61,12,23,34,45,56,61. There are three modes of

*' one half-cycle and the equivalent ciccuits for a wye-connected load are

5. ô-a. During mode 1 for O < wt <pi/S, transistors 1 to 6 conduct

van = Vs/2, vbn = -Vs/2, ven = O.

'e 2for pi/3 < wt < 2pi/3, transistors 1 and 2 conduct,

van = Vs/2, vbn = O, ven = -Vs/2.

14
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Figure5.6 (Equivalent circuits for wye-connected resistive load).

During mode 3for 2pi/3 < wt< 3pi/3, transistors 2 and 3 conduct,

van = O, vbn = Vs/2, ven = -Vs/2.

The line-to-neutral voltages that are shown infigure 10.10-b can be expressed in Fourier

series as:

van= 2Vslnpi

2Vs/npi

2Vs/npi

npi/ô

n pi/ô

npi/ô

sin n(wt + pi/ô)

sin n(wt -pi/2)

sin n(wt - 7pi/6}

cos

vbn= cos

ven= cos
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The line a-to-b voltage is vab = Sqr.3 van with a phase advance of 30 degree.

There is a delay of pi/6 between the turning off of Q1 and turning on Q4. Thus there

should be no short circuit o/the DC supply through one upper and lower transistors. At

any time, two load terminals are connected to the DC supply and the third one remaains

open. The potential of this open terminal will depend on the load characteristics and

would be unpredictable. Since one transistor conductsfor 120 degree, the transistors are

less utilized as compered to that of 180 degree conduction for the same load condition.

(6) VOLTAGE CONTROL OF SINGLE-PHASE INVERTERS:-

In many industrials applications, it is often required to control the output voltage

of inverters (1) to cope with the variation ofDC input voltage, {2} for voltage regulation

of inverters, and {3} for the constant volts/frequency control requirement. There are

various techniques to vary the inverter gain.The most efficient method of controlling the

gain (and output voltage) is to incorporate pulse-width-modulation (PWM) control within

the inverters. The commonly used techniques are:

1. Single-pules-width modulation.

2. Multiple-pulse-width modulation.

3. Sinusoidal pulse-width modulation.

4. Modified sinusoidal pulse-width modulation.

5. Phase-displacement control.

17
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Single-Pulse-Width Modulat:ion:

In single-pulse-width modulation control, there is only one pulse per· half

cycleandthewidth of the pulse is vareid to control the unverter output

flCilm1l signals and output voltage of

~ signal of amplitude.Ar, with a

voltage.Figure. 6 shows the genertion o..

single-pulse full-bridge inverters.The

triangular carrier wave of amplitude.Ar.

determines thefundamental frequency of

the control variable and defined as the ampli

modulation index,or simply modulation

M=Ar!Ac

The rms output voltage can befoundfrom:

Vo = [2/2pi limit (pi-sigma)/2 -. (pi+si,

The Fourier series of output voltage yeilds:

Vo(() = 4Vs/npi sin n sigma 2

Figure 6.1 shows the harmonic profi

The dominant harmonic is the third, and the ,E:m..w:

low output voltage.

~e. The ratio ofAr toAr is

ladon index. The amplitude

:,J = Vs Sqr.sigma/pi.

--a •• o/modulation index, M

a:reases significantly at a

18
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Mu/Jiple-Pulse-Width Moduhııion:

The harmonic current can be reduced by using several pulses in half-cycle of output

voltage The generation of gating by using several pulses in each half-cycle of output

voltage. The generation of gating signals for turning on and o.ff of transistors shown in

figure6.2-a by comparing a reference signal with a triangular carrier wave . The

frequency of reference signal sets the output frequency, Jo, and the carrier frquency. ft,

determines the number of pulses per half-cycle, p. The modulation index controls the

output voltage This type of modulation is also known as uniform pulse-width modulation

(UPWM).The number ofpulses per half-cycle isfoundfrom:

p = fc/2ft = mf/2

where mf = fc/fo is defined as thefrequencymodulation ratio.

The variation of modulation index M'from O to 1 varies the pulse widthfrom O to

pi/p and the output voltage from O to Vs. The output voltage for single-phase bridge

inverters is shown infigure 6.2-bfor UPWM.

If sigma is the width of eachpulse, therms output voltage can befoundfrom:

(Vo= [2p/2pi limit(pilp- sigma)/2 -i)ilp + sigma)/2 Vs d(wt)] = Vs Sqr.p sigma/pi}

The general form ofafourier series for the instantaneous output voltage is:

vo(t) = Bn sin nwt.

The coefficient Bn in Eq. can be determined by considering a pair ofpulses such that the

positive pulse of duration sigma starts at wt= alpha and the negative one of the same

19



width starts at wt= pi + alpha . This is shomn infig. 6.2-b . The effects of all pulses can

be combined togather to obtain the effective output voltage.

If thepositive pulse of mTh pairs starts at wt = alpha m and ends at wt = alpha

m+pi, the Fourier coefficientfor a pair ofpulses is:

(bn = 1/pi[limitpi+alpha nL+ alpha m+sigma cos nwt d(wt) - limitpi+alpha m

--t11i+alpham+sigma cos nwt d(wt)])

= 2Vs/npi sin n sigma/2{sin n(alpha m+stgma/Z) - sin ntpi+ alpha m+sigma/Z].

The coefficient Bn ofEq. can befound by adding the effects af all pulses.

Bn = 2Vslnpi sin n sigma/Z[stn n(alpha m+sigma/Z) - sin n(pi+alpha m+sigma/Z).

Figure.6.3 shows the harmonic profile against the variation o/modulation index

for five pulses per half-cycle. The order o/harmonics is the same as that of single-pulse

modulation. The distortion factor is reduced significantly compared to that of single

pulse modulation. However, due to large number of switching on and off process of

power transistors, the switching losses would increase. With larger values of p, the

amplitudes o/lower-order harmonics would be lower, but the amplitudes of some higher

order harmonics would increase. However, such higher-order harmonics produce

negligible ripple or can easily be.filtered out.

20



Sinusoidal Pulse-Wıdlh Alodul.atioıı:

Instead of maintaining the width of all pulses the same as in the case of multiple-pulse

modulation, the width of each pulse is varied in proportion to the amplitude of a sine

wave evaluated at the center of the same pulse. The distortion factor and lower-order

harmonics are reduced significantly. The gating signals as shown in figure. 6. 4-a are

generated by comaring a sinusodial reference signal with a triangular carrier wave

frequency, fc. The type of modulation is commonly used in industrial applications and

abbreviated as SP'WM. The .frequecy of reference signal, fr, determines the inverter

output frequency, Jo, and its peak amplitude. Ar, controls the modulation index, M, and

then tum the rms output voltage, Vo. The number of pulse per half-cycle depends on the

carrier frequency. Within the constraint that two transistors of the same arm (Q1 and

Q4) cannot conduct at the same time, the instantaneous output voltage is shown in

Fig.6.5-a. The same gating signals can be generated by using unidirectional triangular

carrier wave as shown in Fig. 6. 5-b.

The rms output voltage can be varied by varying the modulation index M It can

be observed that the area of each pulse corresponds approximately to the area under the

sine wave between the adjacent midpoint of o.ff periods on the gating signals. If sigma m

is the width of mth pulse, Eq. can be extended tofind therms output voltage.

Vo = Vs ( delta m/pi)

21
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Equation can also be applied to determine the Fourier cofficient of output voltage as.

Bn = 2Vs/n pi sin n delta m/2{sin n(alpha m+delta m/2) - sin rupi+alpha

m+delta m/2)].

The harmonic profile is shown in Fig.6.6 for five pulses per half-cycle. The

distortion.factor is significantly reduced compared to that of multiple-pulse modulation.

This type o/modulation eliminates all harmonics less than or equal to 2p -LFor p = 5,

the lowest-order harmonic is ninth.

The output voltage of an inverter contains harmonics. The PWM' pushes the

harmonics into a high-frequency range around the switching .frequency Jc and its

multiples, that is, around harmonics mf, 2mf, 3mf, and so on. The frequencies at which

the voltage harmonics occur can be related by

.fn = {jmf + k)fc

Where the harmonic equals the kth sideband ofjth times thefrequency-modulation ratio

mf

n=jmf+k

=2jp+k for j= 1,2,3, and k= 1,3,5 .

The peak fundamental output voltage for PWM' and SPWM control can be found

approximatelyfrom:

Vml =dVs, for O <sd <,_]. O
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For d = l,Eq gives the maximum peak amplitude of the fundamental output voltage as

Vmtmax) = Vs. But according to Eq, Vm(max) could be as high as 4Vslpi = l.278Vs for a

squre-wave output. In order to increase the fundamental output voltage, d must be

increased beyond 1.0. The operation beyond d = I.O is called overmodulation. The value

of d at which Vm(max) equals I.278Vs is dependent the number ofpulses per half-cycle

perp and is approximately3for p = 7, as shown inftgure.6.5.0ver modulation basically

leads to a squre-wave operation and adds more harmonics as compared to operation in

the linear rangeiwith d < I.O}. Over modulation is normally avoided in applications

requiring low distortion[e.g., uninterruptible power supplies (UPSs)].

"klodified Sinusodial Pulse-W'«ıtlı J-lodulı.ıtion:

Figure.6.5 indicates that the widths ofpulses that are nearer thepeak of the sine wave do

not change significantiy with variation of modulation index. This is due to the

characteristics of a sine wave .and the SPW.lııf technique can be modified so that the

carrier wave is applied during thefirst and last 60degree intervals per hailf-cycle(e.g., O

to 60degree and 120 to 180degree). This type of modulation is known as MSPWM and

shown in figure.ô.S. The fundamental component is increased and its harmonic

characteristics are improved. It reduces the number of switching of power devices and

also reduces switching losses.
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Determines the pulse widths and evaluates the performance of modified SPWlvf.

The harmonic profile is shown infigure6.9 for jive pulses per half-cycle. The number of

pulses, q, in the 60degree period is normally related to thefrequency ratio, particularly

in three-phase inverters, by :

fclfo = 6q + 3.

Plıase-Displaacemeııt Coıurol:

Voltage control can be obtained by using multiple inverters and summing the output

voltages of individual inverters. A single-phase fall-bridge inverter in jig. 6.2-a can be

percived as the sum of two half-bridge inverters in jig. 6.3-a . Al 80degree phase

displacement produces an output voltage as shown in fig.6.4-c, whereas a delay (or

displacement) angle of beta produces anoutput as shown infig.6.5-e.

The rms output voltage,

Vo = Vs Sqr.beta/pi .

if

Vao= 2Vs/npi sin nwt.

then,

Vbo= 2Vs/npi sin n(wt - beta).

The instantaneous output voltage,

Vab = Vao - Vbo = 2Vs/npi {sin nwt - sin n(wt - beta)].
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since sin A - sinB = 2sin{(A -B}/2}cos[(A+B)/2},

Vab= 4Vslnpi sin n beta/2 cos n(wt - beta/2).

Therms value of thefundamental output voltage is:

VJ= 4Vs/Sqr.2 sin beta/Z.

Eq. indicates that the output voltage can be varied by varying the delay angle. This type

of control is especially useful for high-power applications,requiring a large number of

transistors inparallel.

(7) VOLTAGECONTROL OF THREE-PHASE INVERTERS:-

A three-phase inverter may be considered as three single-phase inverters and the

output of each single-phase inverter is shifted by l 20degree. The voltage control

techniques discussed in section 6 are applicable to three-phase inverters. As an example,

the genarations of gatting signals with sinusodial pulse-width modulation are shown in
,

.figure.7. There are three sinusodial reference waves each shifted by l 20degree. A

carrier wave is compared with reference signal corresponding to a phase to generate the

gating signalsfor thephase.
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The output voltage as shown in figure. 7. 1, is generated by eliminating the condition that

two switching devices in the same arm cannot conduct at the same time.

(8)ADVANCED MODULATION TECHNIQuı:ıo.-

The SPWM, which is most commonly used, suffers from drawbacks(e.g, low

fundamental output voltage). The other techniques o

Trapezoidal modulation.

Staircase modulation.

Stepped modulation.

Harmonic injection modulation.

Delta modulation.

For the sake of simplicity, we shall sh

bridgeinverter. For afall-bridge inverter, Vo =

· ıprovedperformances are:

cwtpııt vobage, Vao, for a half

inverse of Vao.

Trapezoidal modulation:

The gatting signals are generated by comrases:

modulating trapizoidal wave].6] as shown in
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The trapezoidal wave can be obtained from a triangular wave by limiting its magnitude

to + Ar, which is related to thepeak value Ar(max) by:

Ar = sigma Ar(max)

where sigma is called the tiangular factor, because the waveform becomes a triangular

wave then sigma= 1. The modulation index M is:

M = Ar/Ac = sigma Ar(max)/Ac for O <;._Af s....-1

The angle of theflat portion of the trapezoidal wave is given by:

2phi = (I-stgmaıpt.

For fixed values of Ar(max) and Ac. M that varies the output voltage can be varied by

changing the triangular factor, sigma. This type of modulation increases the peak

fundamenral output voltage up to 1. 05Vs, but the output contain lower-order harmonics.

Staircase modulation:

The modulating signal is a staircase wave , as shown figure. 8.1. The staircase is not a

sampled approximation to the sine wave. The levels of the stairs are calculated to

eliminate soecific harmonics . The modulation frequency ratio mf and the number of

steps are chosen to obtain the desired quality of the output voltage. This is an optimized

PWA1and its not recomendedfor fewer than 15pulses in one cycle.
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It has been shown {7} _ıiJı:+ I 7 output voltage and low distortion

15for two levels, 21for three levels

and 27for four /I!\,' lıigh-qulity output voltage with a

fundamental values o/up to 0.94h.

Stepped modulation:

not a sampled approximati

say with 20degree with

magitude of thefundam ific harmonics. This type of

control low distortion,

PWM"control.

E a I lııı:ınnonics to the sine. The

results in flat-topped waveform and re,

the higher fundamental amplitude and ı. output voltage . The

modulating signa/[9} is generally compo

Vr = 1.15sin wt+ O.~
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The modulating si

should be noted

._ · illfections is shown infigure. 8. 3 it

ill not effect the quality of the

aw 7 mwrter does not contain triplen

Vr = I.JS

The modulating signa/[10)

shown in figure.8.4. This ·

line voltage is sinusodial

segments of a sine wave as

I 5 ı ıo a sine wave. The line-to

Jmdamental component is

J O ıt PWM. Since each arm is

11,...-hing devices is reducedswitched off.for

junction, which is identi

triangular wave Ve as ~

oscillate within a defined

Yr. The inverter switching

'raıı6,,dfrom the vertices of the
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The fandamrwıt

amplitude Ar

the ratio ofvaltage

t voltage can be up to 1 Vs and is dependent on the peak

frttıtıtt:J'/r of the reference voltage. The delta modulation can control

equenc, which is a desirablefeature in ac motor control.
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