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PRINCIPLE OF OPERATION OF THREE-PHASE INVERTERS

A th i can be formed by connecting three slr'lgltla-E)h}?::f:btrrl:ngs(;ot1 g n Paralg
gro e e Ive switch-diode pairs and three single-phas d x g he Othey
Such a system requires twe verter unit consists of siX sw1tchmg.d<‘:VlCes and six diodes, o threg,
hand, a single t.hree-ph‘?_S:d ";S 180°-conduction or 12O°-coqduct19n modes inverter, according "
gilase lpv; r:)efr clns)nfi]szii]oln of each switch. The circuit configuration of a three—phase i§
e perio

inVerter
shown in Fig. 8.17.
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Qure:8.17 three-phase full-bridge inverter,

In this contre) scheme, ¢, :
: : » €ach swig
are triggered in sequence of their l;:;r';::sc . -f(l),r @ period of 180° or pgif cycle electrical. Switch®
: With an interyg) of 60° Y itche®
- The gating signals for s¥



—

. Fig. 8.18. At a time, three switches (one from each leg) conduct. Thus two switches

,ﬁshown . leg are prevented from conducting simultaneously. One complete cycle is divided
f the c:ies each of 60° intervals.
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Figure 818 Gating signals and output voltages of a three-phase inverter for 180° conduction.

e point O, is +V when the -
he lower switch conducts.
he reference point O and
f line voltages are shown

’ Polt?ntia] of a load terminal, with respect to the common referenc
ep(ft‘;’l@h of the corresponding arm conducts and it is zero when t
b ) Mtials of the three load terminals A, B, and C with respect to t

; N .
. Fig.es‘f‘l’gages VAB' Vie and Vi, are given In Table 8.1. Waveforms 0



Table 8.4 Conducting Switches, Load Terminals and Line Voltages

' ' | potentials Line voltages —
Modes Conducting switches ’-o?/c; fe""ic; p Voo VA—B= Vao — Vao Vec = Veo — Veco vmm
] AQ
' Ss, Se, Sy v 0 v "4 —OV 0
I Se. S1, S2 v 0 0 v 0 o
1] S1, S, S3 "4 "4 0 0 v
v Sz, S3 Ss 0 v 0 = v 0
¥ Sa, S4, Ss 0 v v -V 0 v
Vi Ss, Ss. Se 0 0 v 0 _v 4
o

Jta-connected or a star-connected load, as shown i,

Fig. 8.17. For a delta-connected load, the phase currents can be directly obtained from the line
voltages. The line currents can simply be obtained by application of Kirchhoff’s current law. T,

evaluate the phase or line currents for a star-connected load, the phase voltage of the load must pe

determined. The equivalent circuits for modes I-III may be obtained, as illustrated in Fig. 8.19
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— - equivalent circuits, phase voltages is given by
From

Mode I: (0 < ot < w/3) From Fig. 8.19a, we have
ng

gl R/2 vV R 5
VAszCszV=3- — vBN:‘mV=—§V
. Mode IL: (w3 < ot < 2n/3) From Fig. 8.19b, we have
" R 2 RI2 1
VAN=m/_2—)'V=‘:§V and VBN=VCN=—m:72—)V=—-3-V
puring Mode III: (273 < @t < n) From Fig. 8.19c, we obtain
"ANﬂBN:’RTRéIz?T)Vz% ang vCN:_R+I(QR/2)V=‘%V

sivalent circuits for modes IV, V and VI may be obtained by reve.rsing the polarity of the
\Ergltage source in the equivalent circuits for modes I, IT and III, respectively. The phase voltages
are shown in-Fig. 8.20. :
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Figure 8,20 Phase voltages of star-connected load. for 180° co



The output line voltages can be expressed by the following Fourier expansion:

60

Y coslZ s a)t+f-7—r-)
VAR = Z -’-;;COS 6 sm(n 6

8.3
nes2k+1
— 4V nmwo, L
Vpe = Z -n—’-r- COS"E‘ sin (na)t 2 ) (838)
n=2k41
o 4V nmw snm
VoA = Z — COS & sm(nwt +5 ) (8.39)
ne2k+1
where k=0, 1, 2, 3, .... . )
From equations (8.37)—(8.39), it is obvious that triplen harmonics (n = 3, 9, «++) are zerq,
The line-to-line rms voltage is given by
1/2
2n/3
2 2 \/E -
i i d(owt =—V=0.816V :
Vi [2” 7)[ V2d( )J 5 (8.40)
The rms value of the nth harmonic component of the line voltage is given by
V. = L 4_V cosﬂ 8
Ln — \/’2‘ nr 6 ( 41)
The rms value of the fundamental component of line voltage is given by
1 4y nmw
| VL= E-T COS? =0.78 V (8.42)
The rms value of phase voltage is given by
Vi 2 ] :
Von = T; = %——v =047V . (8.43)
The output power of inverter is given by
V2 2 yv?
P=3-BL_<V_ 8.44)
L 3R (

Current of each phase flow

s through the y er switch : : half-cycle
and through the lower 8witch in the other hg})f- o the canrsspanicing leg in. gna
be obtained as

cycle. Thus, the rms value of the switch current can

I .
Lyviten (rms) = % = M - _L (8.45)
2 2 3R

8.9.2 120°-conoucnon MopEg

In this scheme, each switch condyc

ts for 120°
the sequence S6S1, S;S,, S,S,, y

duration, Ty switches conduct simultaneously "
5354, 848s, S5S6. The Switching scheme is shown in Fig. 8.2



o° is provided between the turning-on and turning-off of two switches of each leg. Thus

dely f cuiting of the dc source is avoided. As only two switches conduct at a time, one load
S ] r(,mams floating in this conduction scheme.
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For a balanced Y-connected resistive load, the equivalent circuits are shown jp Fig, 822
The analysis is presented for half-cycle.
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Figure 8.22 Equivalent circuits of a star-connected load for 120° conduction,

Mode I: (0 < ot < n/3) From Fig. 8.22a, we have

v Vv
VAN = 5, IR T e Var=0
Then
1% 14
vAB-vAN—VBN=“—(_?)_V
vCA‘vCN‘vAN'?‘ -%=‘K
2
Durin
8 mode II: (n/3 < g <27/3) From Fig. 8.22p, we obtain
‘ 14
VAN = — = .
Then ? ™ L —3
vAB=vAN*VBN=%—O=K



/0;;; and < o < x) From Fig. 8.22¢, we have
o !

fer

Buivalent circuits for-mt_)des. IV, V and VI may be obtained by reversing the polarity of voltage
ource in the equivalent circuits for modes I, II and III, respectively. The phase voltages are shown

in Fig. 8.21.
The output voltages can be expressed in Fourier series as:

- 2V  nx nm
VAN = z ——cos—sin(nax +—)
n=2k4l nx 6 6

VaN = 2 4 co.v.mt sin(nox M)
BN = — — .
nu2k+l nN 6 2

Where k = 0 el
The rms value of fundamental phase voltage,

2V T_ N3 _g3
e Z = V=039V
V“_\Eﬂcos6 ,—-27:

T
hg s value of fundamental line voltage,
k1%
Vi = Jsvpm = —ﬁ; =0.675°

Th
® ™S value of phase voltage,
2

2 |74
7), de| =Ts

=0.408 V
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»n
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N
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(8.46)
(8.47)

(8.48)

(8.49)

(8.50)

(8.51)



The rms value of line voltage,

J3V,, =0.707 V
The output power of the inverter,
L™ R 2R

The rms value of the switch current can be obtained as

ViR _

v
2 23R

P
swntch (rms) — \/"

The load power is given by
P = 3I§hR = 6I§witch (rms)R
which gives

Iswitch(n?s) 2\/5 R

8.9.3 ComparisoN oF 180°- aND 120°-CONDUCTION SCHEMES

(8.54)

It may be observed that, for 180°-conduction scheme, there is no delay between switching-on and
switching-off of the switches in the same arm. As the turn-off time of a semiconductor switch is
z:ro;nﬁzn c:? ctht:rgcogo:line tbith vaVItChes of same arm remain conducting for some time and short
providing a time lag of 75/;2 o f ace. This problem is overcome in 120°-conduction scheme by
same arm. This resul seconds or 7/3 radians between turn-on and turn-off of two switches of

results in reliable and safe operation of the inverter, at the cost of poor utilization

of switches (i.e. their capacity).



