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Abstract - In this paper new autotransformer arrangements % nterphase
with reduced kVA capa(;ities are presented for harmqnh Fﬁ X fteactor
current reduction and to improve AC power quality of high L — = I
ki

current DC power supplies. A twelve-pulse AC to D( m High
rectifier is proposed employing only 0.18fu) transformer n L, Dcc‘“r;:j;r
kVA. The 5th and 7th harmonics are absent in the utility . Supply
line currents. Further it is shown that conventional 12- S @ 2#

pulse operation can be increased to 24 pulse with th I

introduction of tabs on the interphase reactor. Analysis andrijg 1 Conventional 12-pulse diode rectifier for high current

Simulation of the proposed schemes confirm theyc power supply ( kVA rating of the transformer = 1.QBY
cancellation of lower order harmonics. Several example

implementations of the proposed schemes for high current Lee

T

w5

L

DC power supplies are shown. All of the above scheme If ?ﬁ L‘ Tae
provide clean power utility interface and complies with - High
IEEE 519 recommended practices. Lo | o Pomer

Supply

I. INTRODUCTION

Large harmonics, poopower factorand hightotal r
harmonic distortion(THD) in the utility interface are
common problems whenonlinear loads such as AC or DC  Eig 2 Reduced kVA hybrid delta-wye 12-pulse diode
power suppliesire connected to the electric utility. Magnet rectifier (KVA rating = 0.78V,)
power suppliesare commonly used fohigh currentparticle
accelerators. The conventional magnet supplies dmeerconnected sucthat thekVA transmitted by the actual
conventional 6 pulse or 12 pulse rectifiers as shown in Fig.Magnetic coupling ionly a portion ofthe total kVA.The
As the research ihigh energy physics progressasd as the kVA rating of the autotransformeemployed in 12-pulse
particle accelerators find many applications in industrial amectifiers is 0.18M, (pu). The reduced kVAating of the
medical areas, the magngbwer supplieswith high input autotransformer makes it physicaiynaller, lessostly, and
power quality and better performance will increase in demaofl higher efficiency than isolation transformers. With the
[1]. The recommended practice, IEEE 5h@sevolved to reduction of kVArating of the transformer mew method to
maintain utility power quality at acceptable level®]. In improve the quality of AGnput currents by introducing taps
response to these concernd)is paper proposes new on the interphase reactor of 12-puttiede rectifiers is also
autotransformer arrangements to reduce the k¥#ng of proposed and discussed in the paper.
the transformer. Fig. 2 shows a method to reduce katig
of 12-pulse diode rectifiers with hybrid connection of delta- ||. REDUCED kVA AUTOTRANSFORMER
wye transformer. The kVArating of thehybrid delta-wye ARRANGEMENT FOR 12-PULSE RECTIFIERS
transformer is 0.78¥, (pu). The kVArating of 12-pulse
rectifiers is further reduced by tioposed autotransformerrig 3 showsthe twelve-pulse configuration dhe proposed
arrangements  shown in  Fig. 3. In theroposed approach to reduce kVAating of the transformer. The
autotransformer  arrangements,  the  windings  afigerphase reactors are included to ensure the independent
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Fig. 3 Proposed reduced kVA twelve-pulse approach with Fig. 5 () Utility line current.l(b) Frequency spectrum qf |
autotransformer arrangements (kVA rating = 0.JgV for a highly inductive load
L PY ;10 Assumethat dcoutput current is highly inductive. Then
) . ? z the equivalent kVA of the autotransformer becomes,
¥ AR
%{M)\AJ % E> | ($) kVA tot — E(6Ia Vaa‘ + 3“1HVab‘) (2)
=T T =0181,V,
fo That is, thereduction of the size in kVA of theroposed 12-
. pulse scheme is 82% in comparison to the conventional 12-
(a) pulse diode rectifier.
v o @ ® The proposed approactan also be applied teelve-
< 1’;%1 ” agj%% N ‘;j%éwn pulsg systems employingwo three-phase .diode bridge _
Ver P e o0 rectifiers feeding separate DC power supplies as shown in
Vo :&fk L ESLF L k;fii'u Fig. 6. The fifthand seventh harmonic current magnitude
d |k o tal becomes,
% e %’w @illz I %w 5| =0224 -1 (©)
v ] § and l,,|=0160 -1 | (4)
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(b) Therefore if thewo rectifier output dc current magnitudes |
Fig. 4 (a) Winding configuration of interphase reactor @nd h are identical, which is thease for Fig. 3 where
(b)Vector diagram (c) Winding configuration of the |p:|q:i| , then the magnitude of thifth and seventh

2 o}

autotransformer of the proposed scheme (Fig. 3) _ ) o )
harmonics of the input utility line currents go to zero, i.e.

operation of thetwo three-phase diode bridge rectifierdl,d=|,,/=0- When the output dc current amplitudgsand

supplying nonlinear loads. The practical winding, are different, the fifthand seventh harmonics will be

configuration of an interphase reactor is shown in Fig. 4(aéduced to the magnitude thfeir difference as shown in egns
The diodes in each diode bridge rectifier conduct for 128) and (4).

degrees per cycle, and the rectifier input currentsl(l I as
well as k-, Iy, and L) consist of the six-pulse characteristi
harmonics.

The vector diagram of the autotransformer connection ar
the winding representation on a three liodseare shown in
Fig. 4 (b)and (c) respectively. The optimum phase shift »
anglebetween %'c’ and db’c” is 30 degrees. Therefore, fromr
Fig. 4 (b) the lengthkbecomes 0.26(pu).

From the MMF balanced equations tiie three limbs as
shown in Fig. 4(c), the utility line currentis obtained by,

Tac

P 3
High
2§ L Current
T Vo | DC Power S

Supply

Ll Tac

High
L Current
’J\ Va | DC Power b

Supply

lg=1g+l a..+ﬁ(| o =l +l =19 (1) Fig. 6 Proposed twelve-pulse approach feeding two separate
NE DC power supplies.
The proposed twelve-pulse approach is simulate ABER
for continuous operation. Fig. 5 (apd (b) showthe utility I1l. REDUCED KVA 24-PULSE DIODE
line currents and th&equency spectrum dhe line current RECTIFIER
.. Note that the fifth andeventh harmonics are absent. It is
also noted that the fundamental power factor is unity. Fig 7 showshe proposed 24-pulse systemhich is identical

The autotransformer utilized in the proposed twelve- to the conventional 12-pulsystemwith the exception of the

pulse system is designed such that the size (in kVA) of the two diodes connected to the interphase reactor.
transformer is minimized.
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Fig. 7 Reduced kVA 24-pulse system
(kVA rating = 0.52\l,)

Fig. 8 showsthe operation of thewo diodes connected to the

interphase react@and the practical windingonfiguration of
the interphase reactor accordingti®m modes: P-mode(Fig.
8(a)) and Q-mode(Fig. 8(b)). Whenever the voltage across
interphase reactagoes positive (M > 0), diode ) is turned
on and 0 is turnedoff (P-mode)and therefore diode P
carries load currentyl From theMMF relationship of the

two diode bridge rectifiers is given by,

harmonics are absent up to n =

aad

harmonics are n = 23,25,47,49,etc..
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Fig. 5 Input line current,lof the 24-pulse approach

IV. CONCLUSION

In this paperseveral autotransformer arrangements to

enhance the utilipower quality ofhigh current DCpower
ﬁt{gplies have been proposedihe sizeg(in kVA) of the
wélve-pulse rectifier withthe proposed autotransformer
arrangement is reduced to 18% of the conventi@Bgbulse

rectifier.

The proposed 24-pulse rectifier drawsear

interphase reactor fahe P-mode, the output currents of th%musmdgl currents in the AC input utility. They are
summarized in the table below.

L = (05Kl ©) kVA rating Harmonics # of

l4, = (05+K)I (6) of eliminated interphase
where k = N/N; and N is the total number of turns of the transformer reactor
interphase reactand N is the number of turnisetween the | Conventional | 1.0306\l, 5,7th 1
midpoint and the tapped points of the interphase reactor. 12-pulse
Whenever V, < 0, diode R is turned on, and s turned off Hybrid 0.7834\lo 5,7th 0
and therefore diode P carries load currenty1(Q-mode). delta-wye
Similarly, for Q-modethe output currents of theo diode Aluzt(’;[fl‘gj 0.1834\lo 5.7th 2
bridge reCt:f'er:S (Coa;rblf)?btamed by, () | reduced kA |02, | 57111817, 1

d1 : d 24-pulse 19th

Iy, = (05-k)l, (8)
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The value k which minimizdHD of the input current,lis
obtained by,

k=N 20,2457 (©)
NO
The kVA rating of thedelta-wyetransformer of theroposed
24-pulse system is 0.5238V. Fig 5 showsnput line current
la which has aypical 24-pulse waveform. Nothat all the
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