voﬁqg CONTROL OF INVERTERS —

) pverter may require voltage control to:
f

o cope with the variations in the input dc voltage
o compensate the voltage regulation of the inver

' ' . ter switches and transformer
o provide variable or adjus‘table voltage to the |

oad.

1. Control of input dc voltage

2. External control of inverter ac output voltage
3. Internal control of inverter.

8.12.1 CoNTROL OF INPUT DC VOLTAGE

The oqtput voltage of an inverter may be controlled by controlling the input dc voltage supplied
to t.he mverter. Figure 8.33 shows the various schemes used to control the input dc voltage. If the
basic source is dc, variable dc voltage may be obtained using a chopper or a dc-to-dc converter,

as shown in Fig. 8.33a. If the basic source is ac, variable dc voltage may be obtained using any
of the schemes shown in Fig. 8.33b-d. | e
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Figure 8.33 Inverter voltagé control by cont

rol of dc input voltage.
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In the scheme of Fig. 8.33b, the input ac voltage is. ﬁrstdCcOf‘L‘;f:";ﬁ;":gl; ;‘;’:lb'e A volyy
using an ac voltage controller and then it is converted into e i ok ined afie threeunmmm“ed
rectifier. In this system, variable voltage, variable ffﬁquc"cyver g ——— COnVergi,
stages. Obviously, efficiency of the system is poor. Moreover, or becomes
oor at low voltages. ) . .
P Figure 8.33c shows an improved scheme. In this scheme, ::nsglétd dct:h;'o;:f;‘g? is o
using a controlled rectifier. As only two converSlj(;ﬂlStag‘%:;‘ilt;l;ft3 vo?tages ,the inpultcs:cy of the
' i heme. At low ’ Wer fact,
‘system is better than that for the previous sc £ th e _ o
' i t the output of the contro rectifier copty:
is poor. Another drawback of the scheme is ﬂ?a ) aing
ap;l))reciab%e amount of low-frequency harmonics. Therefore, large size filter Components are
i ' luggish.
required. This makes the system response s ) o
Drawbacks of the system of Fig. 8.33c are removed in the sy§{tiem ;:own in Fig, 8.3:?d_ This
system converts the input voltage into dc using an uncontrolled rectifier. The constant dc Voltage i
then converted into a variable dc using a high-frequency (dc-to-.dc COUVCI'(C_T). As the Ch?pper
operates at a high frequency, its output contains harmonics at very high frcquencne.& Thu.s the size of
filter components is reduced. Moreover, the fundamental input power factor remam.s‘ unity under |
conditions of operation. However, losses in the system increase due to use of an additional converter

btained

8.12.2 ExTerRNAL CoNTROL OF Ac Ourpur VOLTAGE

The constant ac output voltage (rms) from an inverter may be controlled using an ac voltage

regulator (ac phase control). This method introduces a large harmonic content in the output
voltage. Moreover, the method can be used only for small power applications.

For high-power applications, two square-wave inverters may be connected in series to obtain

variable ac voltage, as shown in Fig. 8.34. The output voltages of the inverter-I and inverter-II are

ﬂl
. inverter-| Vot
constant
voltage dc _°V
source, V g
A
= inverter:||
V2
s " e |

Figure 8.34 Series—connected inverters.
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Figure 8.35 Waveforms of series-connected inverters.

8.12.3 INTERNAL CONTROL OF INVERTERS

i e
n the form of a pulse width modulated wave. Controlling the width of outptit plglizf{n(;?:sﬁzii;;?n
oUput voltage. This method not only provides variable output voltage b;]t1 a l:::et_hod s ces 2
oW frequency harmonics, which are responsible for poor Wﬁomcc. 1tsh e enired Toage of
€ most popular method of voltage control of inverter. Depcr;dmg on e e e dificane
Voltage control and required performance, a suitable PWM technique may
techniques are discussed in next pages

ithi i inverter is
In this technique, the voltage control is obtained within the inverter. The output of the inve

2 BT T —



Internal

CONTROL OF INVERTER OUTPUT VOLTAGE

The output voltage of.a single-phase invc?rter sutfers from two major limitations: the amplitude
f the output vqltage 18 ﬁXCd. and approximately equal to the supply voltage; the output voltage
ontains appr.ecmble. harmonics (low frequency range) and a high value of THD. However, in
any industrial applications it is necessary to control the output voltage of the inverter due to the
following 1€asons. F

;. To compensate the variations of the input voltage.

7. To compensate for the voltage regulation of the inverters.
3. ‘To supply a constant voltage/frequency control requirement.

There are various techniques to control this output voltage, viz., controlling the dc input
voltage; controlling the ac output voltage; pulse width modulation.

If the dc input voltage to the inverter is supplied from a controlled rectifier, by varying the
firing angle, the input voltage of the inverter can be controlled, thereby controlling the output ac
voltage of the inverter. This technique affects the commutation ability of the inverter if the input
dc voltage is utilized to charge the commutation capacitor; in addition it also requires large value
filters.

Control at the ac output voltage of the inverter can be carried out either by using an ac
voltage controller - or a series-inverter controller. Hence, these two techniques
require extra peripheral components, which increase the cost of the system. However, the last
technique, pulse width modulation (PWM) requires no extra peripheral component and controls
the ac voltage within the inverter itself in an efficient and economical way. In this technique, a
fixed dc input voltage is given to the inverter and a controlled ac output voltage is obtained by
varyng the on and off periods of the inverter components [3]. These inverters are capable of
Producing ac voltages of variable magnitude as well as variable frequency. PWM inverters are
quite popular in industrial applications, such as adjustable speed ac motor drive loads where one
leeds to feed the motor with a variable voltage, variable frequency supply. PWM inverters can

single phase as well as three phase. Their principle of operation remains similar. They are
haracterized by the generation of constant amplitude pulses with the pulse duration modulated
0 obtain 5 specific waveform. The commonly used modulation techniques are:

* Single-pulse width modulation

Multiple—pulse width modulation
Sinusoidal-pulse width modulation

The main emphasis of all these techniques is to generate a good quality, sinusoidal output

Voltage withy the desired fundamental frequency and magnitude. To judge the quality, a detailed

Bt ied out. A typical analog circuit
L c : ;s to be carried out. typic g
diagy analysis of the voltage waveform needs to e Figure 7.16. Tho only difference

M of the above stated PWM techniques is shown i It
bc{e)tw%n them is in the harmonic contentqof their respective output V_Oltag?s-e;tcﬁsh:lf '_’:‘dc%:
Miguration with four MOSFETS that are switched on and off several times 1n y



- replaced by power BJTs, IGBTSs, HE Xy
o xRt » output voltage. MOSFETS can be rep ; + HEXFpry,
l?]‘(t())l‘ll: :),l 2:'0[]?; i{;p]ication [4, 8]. Some more ac.lvanced PWM tec;hplquc?s are casily rcali'/,cdd;d
fsin; :i i‘g‘!)ta] processors like microprocessors, microcontrollers, digital signal Processorg ando,

personnel computers.
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Figure 7.16: Single-phase bridge inverter

7.6.1 Single-pulse Width Modulation

I3l

|Gy

In single-pulse width modulation only one pulse is obtained in each half-
output voltage is varied by controlling the width of the pulse. Figure 7.17 sho
voltage of a single-phase bridge inverter with gate signal generation. These gati
obtained by comparing a reference rectangular signal of amplitude A, with a tri
wave of amplitude A.. The frequencies of these two signals are the same and
fundamental frequency of the output voltage. The width d of the output pulse depends upon the
amplitude of the reference signal, which can be varied from 0 to 7. By varying the ratio of 4, to
A, the width of the output pulse can be varied and is called the modulation index M.

cycle and the
ws the output
ng signals are
angular carrier
determine the

m=2 (7.3%)
AC
The rms output voltage is
| N N |
Vm=|== [ VZag| =, |4 (7.39)
T (n—d)/2 B

The Fourier coefficient b, of the output voltage is

(m+d)/2 4v
bn N I Vs sinné d@ = -‘S[Smn_n sin nd:I _ (739)
" ()2 nm| 2

Since the posiﬁve and negative half-c : . d
gy ycles of the o trical an
1dentical, the value of the coefficient a,=0. WUt voltage v, are symme

Thus, the Fourier series of the output voltage i
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Figure 7.17: Waveforms of single-pulse width modulation (a) gate signal generation;
(b) output voltage
where 4 = ¢
To eliminate the n™ harmonic,
sin Lot 0
2
5 p

Where £ i an interger.
For example, the third harmonic can be eliminated if the pulse width d = (360/3) = 120°.

Milarly, for the 5™ harmonic d = (360/5) = 72"
is greater at a lower

The main limitation of this modulation is that the harmonic content
b Width and the maximum rms value of the fundamental component is only 90.4% of thf_: dc



the amplitude of the third harmonic is eqy, N

the dominant harmonic is the third harmop;, the

supply voltage. At a modulation index of 3%,
amplitude of the fundamental frequency; hence,

7.6.2 Multiple-pulse Width Modulation

ulation is an extension of single-pulse width modulatiop, hay;
be reduced by using several pulses i ean
the frequency ratio of the carrier Wav;h
ber of pulses in each half-cycle cqp t{é

This technique of mod
less harmonic content. The harmonic content can

half-cycle. The number of output pulses depends upon
and the frequency of the reference wave f» The num

obtained from the following expression:

_fe M
R (741

where mf = f, /f, is called the frequency modulation ratio.
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Figure 7.18: Multi . '
: ple-pulse width modulation (a) i
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pigure 7.18 shows the wa.veforrns for a frequency ratio of three. Since the widths of the
Jlses are equal and symmemc.al, It 1s also called a uniform pulse width modulation or
al pulse width modulation. The pulse width d can be varied by varying the amplitude

cmmetric , : )
: ference signal, and its value lies between 0 and 7/p.

A Jof the 1€
In this method, low-order harmonics are reduced for large values of p. However, fast

p-off switching increases the switching losses.
o el

163 sinusoidal-pulse Width Modulation

In this technique several pulses are produced in each half-cycle but the width of the pulses
is not the same as in the case of multiple-pulse width modulation, however the width of each
alse is varied in accordance with the amplitude of the sine wave reference voltage. The width of
the pulse at the centre of the half-cycle is maximum and decreases on either side. Figure 7.19
shows the generation of the output signal by comparing a sinusoidal reference signal f, with a
wrangular carrier wave of frequency f.. The carrier and reference waves are compared by a
comparator and when the sinusoidal wave has a higher magnitude than the triangular wave the
comparator output is high, otherwise it is low. This output of the comparator is used to-turn on
the MOSFETS in the bridge configuration of Figure 7.16, which generates the output voltage.

The reference signal frequency f, determines the output frequency f, of the inverter, and its
peak amplitude A, controls the modulation index M, and thereby the rms output voltage v,.
Thus, the output voltage is controlled by varying the amplitude of the sine wave within the range
from zero to V,, where V, is the peak of the triangular wave. The number of pulses in each
half-cycle depends on the carrier frequency f;. If the ratio of these two signals (reference and
carrier) is equal to m, then the number of pulses in each half-cycle is (m - 1).

_ From Figure 7.19, it is clear that the widths of the pulses do not change significantly with
Variation in the modulation index at the middle of the half-cycle. This is because of the
char.acteristics of the reference sine wave. If the carrier wave is applied during the first and last
"3 interval in each half-cycle, i.e., at O to /3 and 2x /3 to =, then the widths of the pulses can be
chan_ged significantly. This type of modulation is shown in Figure 7.20, and is known as
Modified  sinusoidal pulse-width modulation. Due to this modification the fundamental

co o ain -n L . the
rednll,p:gem 1s increased, the harmonic characteristics are improved and the switching losses are
ced. |

For a three-phase voltage control inverter, a three-phase inverter circuit is required in

€ach phase output is displaced by 120°. ' : :

trsl‘here. are some other modulation techniques, which are commonly used in advance
10 improve the performance, such as: trapezoidal modulation, staircase modulation,

Ste .
cogge? modulation, Sine+3™ harmonic modulated PWM, space vector based PWM, cm:l'ent
Olled PWM and delta modulation or hysteresis modulation. For a deeper study the readers

ae aqy;
advised 1o g0 through the books given in the references.

Which
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Figure 7.20: Modified sinusoidal PWM



