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(e) From Eq. (8-3), V, = 0.45V, and

- 172
( > V%) = (V3 — V)2 = 0.2176V,

n=3,5,7,...

From Eq. (8-5), THD = 0.2176V /(0.45V,) = 48.34%.
(f) From Eq. (8-2),

= V. 2712 v, 2 v, 2 v, 2 2
[n:JE,S,“_ (;;5) ] = _3_' + ? + 7 + - = 001712Vs

From Eq. (8-6), DF = 0.01712V,/(0.45V,) = 3.804%,
(g) The lowest-order harmonic is the third, V5 = V,/3. From Eq. (8-4), HF,
= Vy/V, = 1/3 = 33.33%, and from Eq. (8-7), DF, = (V,/3)/V, = 1/27 = 3.704%.

8-4 SINGLE-PHASE BRIDGE INVERTERS

A single-phase bridge inverter is shown in Fig. 8-2a. It consists of four choppers.
When transistors Q, and Q, are turned on simultaneously, the input voltage V,
appears across the load. If transistors Q; and Q, are turned on at the same time,

the voltage across the load is reversed and is — V,. The waveform for the output
voltage is shown in Fig. 8-2b.

!i 4 Vao
2 e
o o 0 >t
e 1L |;1 Qs Vs ‘_ Vbo
Vet Dl Dg 2
~8 -
2 T . 0 T, T, t
2
%0 a Load - v.  Vab
V- Q,
—25—;- Dy D, }w 0 R
Q4 T To
2
(a) Circuit (b) Waveforms
4o
\/
Vs L
2fL
| |
| ! ) p
0 1 + >t
|
! ! ! |
| ! |
DyD, 1Qi Q| D30, | Q3 Q1
on on on on
(c) Load current with inductive load
Figure 8-2  Single-phase full-bridge inverter.
230 Inverters Chap. 8
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The rms output voltage can be found from
y (To2 12
V, == Vidt) =V -
[ (To o 5 ) 5 (8 8)
Equation (8-2) can be extended to express the instantaneous output voltage in a

Fourier series as .
4V, .
v, = >, sin nwt (8-9)

n=13,5.. N7

and for n = 1, Eq. (8-9) gives the rms value of fundamental component as
V, = \j;‘ﬂ = 0.90V; (8-10)
When diodes D, and D, conduct, the energy is fed back to the dc source and
they are known as feedback diodes. Figure 8-1c shows the waveform of load current
for inductive loads.
Example 8-2
Repeat Example 8-1 for a single-phase bridge inverter in Fig. 8-2a.

Solution V. = 48 Vand R = 2.4 Q).

s

(a) From Eq. (8-10), V, = 0.90 x 48 = 43.2V.
(b) From Eq. (8-8), V, = V, = 48 V. The output power, P, = VIR =

48%/2.4 = 960 W.
(c) The peak transistor current, I, = 48/2.4 = 20 A. Since each transistor

conducts for a 50% duty cycle, the average current of each transistor is [, = 0.3

x 20 = 10 A.
(d) The peak reverse blocking voltage, V = 48 V.

(¢) From Eq. (8-10), V, = 0.9V,

. 12
( > Vz,) = (V3 — V)2 = 0.4352V,

n=3,57...

From Eq. (8-5), THD = 0.4352V/(0.9V,) = 48.34%.

(f) [ i (K) ] = 0.03424V,

3,5.7,... n?

From Eq. (8-6), DF = 0.03424V,/(0.9V,) = 3.804%.

(g) The lowest-order harmonic is the third, V; = V,/3. From Eq. (8-4), HF;

- VV, = 1/3 = 33.33% and from Eq. (8-7), DF, = (Vy/3?)/V, = 1127 = 3.704%.

Note. The peak reverse blocking voltage of each transistor and the quality

of output voltage for half-bridge and full-bridge inverters are the same. However,

for full-bridge inverters with resistive loads, the output power is four times higher
and the fundamental component is twice than that of half-bridge inverters.

Example 8-3
The bridge inverter in Fig. 8-2a has an RLCload withR = 10Q, L = 31.5 mH, and
= 112 pF. The inverter frequency, f, = 60 Hz and dc input voltage, V, = 220
V. (a) Express the instantaneous load current in Fourier series. Calculate the (b)
rms load current at the fundamental frequency, 1,; (c) harmonic factor of load current,

Sec.8-4  Single-Phase Bridge Inverters 231
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232

HF; (d) power absorbed by the load, P,; (e) average current of dc supply: I, and (f)
rms and peak current of each transistor. (g) Draw the waveform of fundamental
load current and show the conduction intervals of transistors and diodes. Calculate
the conduction time of the (h) transistors, and (i) diodes.

Solution V, =220V, f, = 60Hz, R = 10Q, L = 31.5mH, C = 112 wF, and
w = 2m X 60 = 377 rad/s. The inductive reactance for the nth harmonic voltage is

X, = 2Znm X 60 x 31.5 x 107* = j11.87n Q
The capacitive reactance for the nth harmonic voltage is

Y - 106 _ —j23.68
7 2am x 60 X 112 n

Q

The impedance for the nth harmonic voltage is
Z, = [10> + (11.87n — 23.6/n)]'~2
and the power factor angle for the nth harmonic voltage is

0, = tan~! 11.87n — 23.6/n = tan! (1.187n -

2.346
10

n

(a) From Eq. (8-9), the instantaneous output voltage can be expressed as

v,(f) = 280.1 sin (3771) + 93.4sin (3 x 3777) + 56.02 sin (5 X 3771)
+ 40.02 sin (7 x 377t) + 31.12sin (9 x 3771) + - - -

Dividing the output voltage by the load impedance and considering the appropriate
delay due to the power factor angles, we can obtain the instantaneous load current
as

i,(f) = 18.1 sin (377t + 49.72°) + 3.17 sin (3 x 377t — 70.17°)
+ sin (5 X 377t — 79.63%) + 0.5sin (7 x 377t — 82.85°)
+ 0.3sin (9 x 377t — 84.52°) + - - -

(b) The rms load current at fundamental frequency, I, = 18.1/\/2 = 12.8 A.
(c) Considering up to the ninth harmonic, the peak load current,

I, = (181> + 3172 + 1.0 + 0.5 + 0.33)!2 = 1841 A

The harmonic factor of load current,

2 _ 72 yi2 2 2
HF = Ui = L) = [(118é411) — 1] = 18.59%

Iml

(d) The rms load current, 1, = 18.41/\/2 = 13.02 A, and the load power,
P, =13.022 X 10 = 1695 W.

(e) The average supply current, I, = 1695/220 = 7.7 A.

(f) The peak transistor current, I, = 18.41 A. The rms current of each tran-
sistor, Iy = I,N2 = [,/2 = 184172 = 9.2 A.

(g) The waveform for fundamental load current, i,(f), is shown in Fig. 8.3.

(h) From Fig. 8-3a, the conduction time of each transistor is found from ty =
180 — 49.72 = 130.28° or 1, = 130.28 x /(180 x 377) = 6031 LS.

Inverters Chap. 8
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Figure 8-3 Waveforms for Example 8-3.

(i) The conduction time of each diode,

t, = (180 — 130.28) % 7

'
80 x 377 uzes

Note. To calculate the exact values of the peak current, the conduction time
of transistors and diodes, the instantaneous load current i,(f) should be plotted as
shown in Fig. 8-3. The conduction time of a transistor must satisfy the condition
it = ;) = 0, and a plot of i (f) by a computer program gives [, = 21.14 A,
t, = 5694 ps, and ¢, = 2638 ps.

8-5 THREE-PHASE INVERTERS

Three-phase inverters are normally used for high-power applications. Three single-
phase half (or full)-bridge inverters can be connected in parallel as shown in Fig.
8-4a to form the configuration of a three-phase inverter. The gating signals of
single-phase inverters should be advanced or delayed by 120° with respect to each
other in order to obtain three-phase balanced (fundamental) voltages. The trans-
former primary windings must be isolated from each other, while the secondary
windings may be connected in wye or delta. The transformer secondary is normally
connected in wye to eliminate triplen harmonics (7 = 3,6, 9, . . .) appearing on
the output voltages and the circuit arrangement is shown in Fig. 8-4b. This ar-
rangement requires three single-phase transformers, 12 transistors (or thyristors),
and 12 diodes. If the output voltages of single-phase inverters are not perfectly
balanced in magnitudes and phases, the three-phase output voltages will be un-
balanced.

Sec. 8- Three-Phase Inverters 233
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