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Abstract

Diode rectifiers are very popular in industry. However, they include
large low—order harmonics in the input current and do not satisfy
harmonic current content restrictions. To reduce the harmonics to the
power system, several methods have been introduced. It is heavy and
expensive solution to use passive filters as the solution for high power
application. Another solution for the harmonic filter is utilization of active
filter, but is too expensive solution. Diode rectifiers with configurations
using switching device have been introduced, but are very complicated.
The combined 12-—pulse diode rectifier with the square wave—auxiliary
supply has been introduced. It has the advantages that auxiliary circuit is
simple and inexpensive compared to other strategies.

The advanced wave auxiliary voltage supply in this thesis is presented
as a new solution. It shows the improved result for reducing THD
compared to the case iInserting a single phase square wave auxiliary
voltage supply. Especially, for the case with a low load factor, it shows a
outstanding improvement of THD.

Theoretical analysis of the combined 12—pulse diode rectifier with the
advanced auxiliary supply 1is presented and control methods of the
auxiliary supply is proposed. The reduction in the input current harmonics

1s verified by simulation using software PSIM and experiment.
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Fluorescent lighting
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3.2.1 zero sequence W $}+7](zig—zag transformer)

ol 7w gsol vlAdg st os] 39 wig axdp( 3%, 9} aLxd}
)7 SAEAE HFIAE G AT AATY B9 ol FEp7F 5~8[MW]A
= ZAe FETY
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currents ; 53F, 7%k, 113 133 S)= 9)A}xlol7l 120°2 Hlojumz ARy
HA gal ZEgh

Fig.3—2+% 34 44 A]=®le] A9 zero sequence W79 AMEES B

‘TJ— /\]E]’

Transformer

individual circuits

panel
Zto Zco A
— o 120
HI— m B o o
e e €l o co
phase conductors ~| @
A——+e L 0
Zno A— ' o i
Neutral Ny °
Ground Y G Phase - neutral
L . \ electronic loads
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Fig.3—2 Zero sequence transformer on four—wire system
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3.2.2 55 "H (active filter)

39] Wi I AFE FaAZ & e E she] WHe sEedEo|g
Fig.3—3% 44 A|2Hle] 52 E=25 yehfa gt

Up to 4 CTs for

SOU,I‘CE, Load harmonic o
\ / /current momtormg
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ouree o U) linear load
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Active filter
4 wire config

Alternate CT monitoring on source side

Fig.3—3 Block diagram of active filter on four—wire application
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3.3 3% AC ¥ DC 53X & ¥ I9H

QeEea ded AEE 43I 29 @Al 41 mARA 7

welsh fabelth, AAS AFSE A et £8e 224717 9% 4

otk ol TaE weEsAw MAGTSR Ad WAt 1xdE A
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AlZl=d mabARl HoR TPaE FEegAel F2 ALSE

E=L— (3-1)

Askel Add dsom dsto] J2dF7t gstda & o, fiE s A

H5e AVFoEA AT FHES AaAEd oldF SHo] uk T

R |

T54A = ACS DCEHAEZF A& H =Y 2 g8 1x3 A70%%
A9} A A"k AC line FNE]= AC line =9, DC bus @ 9NEE= DC
busel A&} Fig.3—4% ¥+ 6—-d2~ AC PWM 7PAF9E 53439

SOURCE

\\ INDUCTION MOTOR

by N\

N\ \
\
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=0
:fW)“T

Fig. 3—4 Circuit diagram of standard 6—pulse AC PWM drive
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3.3.1 AC line & 9¥E

3.3.2 DC bus 9
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3.4 34 AC ¥ DC 532§ E 9
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Fig.3—5 Wide spectrum filter schematic
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3.4.2 o]Z8 AH (duplex reactors)
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Fig.3—6 Duplex reactor schematic
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(a) system voltage waveform
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Duplex reactor correction vollage

=

. 1. v

=
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(b) correction voltage

A
/
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/‘j \/ /

/ /

(c) compensated voltage

Fig.3—7 Qutputs of duplex reactor
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3.5 &% L—-CH¥H (passive L—C filters)

% L-CEHE AYHS ARAEE P e g2 AFo] HtH)E
A AEdels AGEsh ARl Fuk WaE o8 BAHE T2

s 8 Aoln. A48 AdgH ek AAIE ] AR A7 FAEHA

oz uad 4 gl Al Avhzel A¥st Gk AYEH-AAAH
Adgwz olFolxl Ad FEAHS WAPFeel YA Aol nzxvpol
Yol Be AsHaE 2ES z2dshd wxnE gl & Ak dudo

2 53} 7 wEsh Agre] AF ASEAW 113} 1334 HgW F 9

Fig.3—8< 5xF, 72}, 113 2 133 1232 7+aA7]7] 98] 479 71X 2

o

A BHE mAsn e

Non linear

load(s)
é Is Efl’ %fn Efu

T 'NoteA- Limbs are 3 phase with
5 th 7 th 1 1 th 1 3 th capacitors normally delta connected.
Tuned harmonic filter limbs *

Fig.3—8 Simplified connection of multi—limbed passive filter

)
o)
i)
0%
Oft
o
rir
N

AN ALZe] Adudaw ugsorstt), dteltd 2 LHF

HEFzlo] dojd =% 7] wFolth ¥WHE
A5 A E(positive feedback)@o] dojuyis HEA
A7) wWEolth FEdEHE dd5% F

° %
Az wslo] Wzted. e deonty 1x%E Tojdrvw B mel

_31_



AC (or DC) drive
Tuned filter

;

Fig.3—9 Simplified "drive applied" filter for variable speed drive
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Fig.3—10 12—pulse AC PWM drive with phase shift transformer
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3.7 AXHE (electronic filter)

3.7.1 5" Y (active filter)

de] ARRH AL
AN -27F glal A e sd] Wsto e s WA geth 55
Bl dnbAQl FEjQl BE S e BHE Fig.3—11c =A8k3irt
\/\/ s (szz:;}c current Wfﬁ Load current
- Is I Non linear
> = load (e.g.
PWM VFD)
Ir  Active filter current
system busbars (harm) Current
_~or PCC WMMAW( transformers
IGBT inverter bridge
&
interface components Actlve f llter

DC bus

Lo ‘ I

IGBT gating &
— | control signals

Fig.3—11 Block diagram of shunt connection active filter

_34_



(3-2)

A7

}o] IGBT

S

[e)

=

RUN

4(3-2)% 2k,

5 A4

Aoyl 8ol 7}

s

=

ot 7l

°©

), Iy Ml

)

Efol 7}

=

)
=

(7]

=

3

==

%

&

-
% E notch

]

A
hi

Fig.3—11ellA4] 7} 3=
o, I
93t

S
vl

AYAA AL

o
=

5]

soe

]
“

)

—

i
Jjo

Ho

i
nE

e

s
a

22 A 7] 7)

[e)

=

R8s

St line notching

ol

SCR T&&A=

al

(e}
PIS

7S % A A
3.7.2 5% -3%59H (hybrid active—passive filter)

1

s

JJo

i

=y

24, A5 AE

9lt}. Fig.3—12

PN
T

s}
=

_35_

Blo] dds AlA

i
=

k)

s
L-CHE = 45 o] glrk,

P
TE

Els

b19)

S

71



Current transformers

\

Source | 7\ O ->|

Non linear load

<
Active filter " é %

i th 7t11

772 77r> Passive filter
limbs

Fig.3—12 Theoretical shunt passive—active hybrid filter
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4.1 718€0d

Recl¥} Rec2®] AFHAF i, & 4,0 7t Fig.d—229] (a) 3 (b)ek £vhaL 7}
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(@) | |
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(© 2: AV ")
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2IL/~/§ L2 |
(d) 0 \/\/\/

Fig.4—2 Hypothetical input current waveforms
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Fig.4—3 Frequency spectra of hypothetical input current
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4.2 AVS(RZALFZA)Y &4

Fig.4—29} & AFIEAS A7) 93te] Figd—13F o] &} BHZAL%A
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Fig.4—4 Voltage and current waveforms without AVS
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4.4 AVSY FFdE € Y
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Fig.4—5 Detailed circuit of rectifier, Recl

34 FEFAAS A(4-1)3} o] AYBI S A Fig.d—6(a)= 34 Al
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e = Vsinwt
e, = Vsin(wt — 27/3) (4—1)

e = Vsin(wt — 47/3)
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Fig.5—7 Simulation voltage and current waveforms with the
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(d) input phase current
Fig.5—10 Simulation voltage and current waveforms with the

Advanced AVS (Load Factor 30[%])
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Fig. 6—3 Configuration of the PWM Inverter for AVS
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