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ABSTRACT
For three—phase converters, the knowledge of the orders and relative amplitudes of lower harmonic
components is essential for a filter design.
Under unbalanced conditions of the supply voltage, harmonics that are not produced under balanc:d
conditions are generated.

The effect of unbalanced- supply conditions on the harmonics generated in the primary of a
transformer feeding a three- phase six- pulse uncontrolled converter is investigated theorticaly .Tke
validity of theortical results is demonstrated practically.
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INTRODUCTION

It is known that harmonics generated into the supply is a major problem associated with three-phase
a.c to d.c converters. Rashid and Masood (1988) have shown only theorticaly that noncharaterst.c
harmonics are generated under unbalanced conditions of a three-phase six-pulse converter. Due 1o
harmonic components of the primary current of the transformer, additional losses can be expected
due to increased current density of the main winding and a small increase in core loss due 10
asymmetrical magnetic cycle.

The paper describes how non characteristic harmonics are produced in a six-pulse uncontrolled
rectifier under unbalanced supply conditions by practical investigation. Harmonics generated are
recorded and the results are compared with the results of analysis.
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NONCHARACTERSTIC HARMONICS DUE TO UNBALANCED SUPI_’LY VOLTAGE
For a three-phase converter under unbalanced supply conditions, the supply line to neutral voltages
are expressed as

V.=E, sin ot (1)
Vp=E; sin (ot- 27 /3)) (<)
V=E; sin (ot+ (27 /3)) (&)

Fig.(1a) shows the circuit diagram of a three-phase six-pulse uncontrolled converter, the waveforras
of line voltages are shown in Fig.(Ib) under unbalanced conditions and the waveforms of input
currents ars shown in Fig.(1¢). The transfer function with respect to the input port of the converter
can be expressed as

Sa(0t)=S (ot)- Ss(wt) C))
Sp(wt)=S3(wt)- S¢lwt) &)
Sc(®t)=Ss(ot)- Sy(wt) (6)

The output voltage can be expressed as
Vo=Va S;+Vy Sp+V, S @)

If the transfer functions is expressed as:

o0

Sa(mt)= Hy, sin ( not- na) ' ()
n=1

Sp(wt)= i Hpp sin ( not- na-2nm /3) (9
n=l 3

Se(wt)= D" Hye sin ( not- na+2nm /3) (10)

n=]

It is observed that the average values S, ,Sy and S; are zero when the phase voltages are balance 1.

However, a mean value for S, , S; and S will appear when the phase voltages are unbalanced.
Substituting eqs(8-10) into eq.(7) yields

o

Vo=z Hia E sin ( not- ne) sin not + Hy, E; sin ( not- no -2nn /3) sin (not -2nm /3) +

n=|

Hac Es sin ( not- no +2nm /3) sin ( not+2nmn /3) (11)
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Considering the converter to be lossless, the instantancous input power to the converter equais
instantaneous output power of the converter. Thus

vi(ot) 1i{ot)= ve(ot) iy(ot)=vi(wt) S(ot) iy(nt)
Which gives
ii(wt)= S(ot) iy(ot) (12)
From eq. (12), the output current can be expressed as:
io (0t) =lget Y I sin (not+B,)
n=]

Substituting into eq. (12) yields

o0

i)=Y Hesin (kottyy) 1l +3 1o sin (ot+B,) | | (13)

k=l n=|

o

= Ige Z [Hy sin(kot+yy) +i i (HiI,, /2) [cos((n-k) ot+By- wy)-cos((ntk)ot+By+ i) | - (14)

k=1 k=] n=|

From eq. (14) it is observed that the first term gives the m-th harmonic component for k=m, the
second and third terms give the m-th harmonic components when

n-k =m 1.e n=m+tk
n+k =m i.e n=m-k
n-k =-m i.e k=m+n

Taking into account the conditions above, the expression for the m-th harmonic component of the
input line current can be written as

0 m-1
iim(0)=TscHsin(kot+yi)+ Y (Hdmix)/2) cosMot+Bmek- Y )= Y. (Hidmi)/2) cos(maot+ By
k=] k=1

+ Z ((Hp+m In ) /2) cos[-mt + By~ Wnim ]

n=]

PRACTICAL IMPLEMENTATION

The effect of voltage unbalanced on the harmonics produced in the input current of a transformar
feeding an uncontrolled three-phase bridge rectifier is cheked practically. A system consist of a thrze
phase transformer an uncontrolled bridge rectifier and a load is built. The system is tested undar
balanced and unbalanced voltage conditions. The frequency components of the input currents for the
three-phases are measured using a wave analyzer type.
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The results of test shows that under unbalanced conditions noncharacteristic harmonics appear due
to unbalanced voltage conditions. This demonstrates the validity of analysis results predictzd
theoretically. The results of analysis are compared with test results.

Fig. (2) shows the practical and theoretical results of the frequency spectrum of input currents of tae
three phases for balanced conditions.

Fig. (3) shows the frequency spectrum of input currents of the three phases under unbalanc:d
voltage conditions.

CONCLUSION

The effect of three-phase voltage unbalance up on the harmonics produced in the input current of a
three-phase uncontrolled bridge converter supplying a d.c load is investigated analytically and
practically. ,

The results show that noncharaterstic harmonics are produced due to voltage unbalance. These
harmonics are to be taken into account in the design of the filter at the input terminals of the systen: .

REFRENCES:

I- Rashid,M.H. and Masood,A.]I (1988), A Novel Method of Harmonic Assessment Generated ty
Three-phase AC-DC Converters Under Unbalanced Conditions, IEEE Trans Ind. Appl, Vol.
IA, No 4, July- August ]

2- Reeve, J. and Krishna, P.C.S (1968), Unusual Current Harmonics Arising from High-Voltage
D.C Transmission, IEEE Trans. PAS-87, PP883-893,

3- 3. Yacamini, R. and Oliviri, J.C. (1979), Harmonics Produced by Direct Current in
Converter Transformer, Proce. IEE, Vol. 125, No.9, PP.873-879.

Fig. (1a) Circuit Diagram of 3-¢ Bridge Rectifier
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Input Current of a 3-¢ Bridge Rectifier Under Unbalanced
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Fig. (2) Frequency Spectrum of Input Current of 3-Phase Bridge Rectifier
at the Balanced Condition.
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Fig. (3a ) Frequency Spectrum for Phase (A) .
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Fig. (3b) Frequency Spectrum for Phase (B) .
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Fig. (3¢) Frequency Spectrum for Phase (C) .

Fig. (3) Frequency Spectrum of Input Current at Unbalanced Condition






