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A Study on The New Current Distortion Suppression
Method for Six-Pulse Bridge Rectifiers

by Ahn, Jae Hong

Department of Ocean Systems Engineering

Graduate School of Korea Maritime University

Abstract

This paper presents a new current distortion suppression method for
six-pulse bridge rectifiers, whereby high quality waveforms at both ends of
the rectifier are possible. The methodology involves accurate shaping of the
dc current by using two forced commutated switches. It is demonstrated by
digital simulation that this action on the dc side is reflected back on the ac
side, and as a result, perfect sinusoidal input currents are achieved. In
addition, ripple-free voltages and currents are obtained on the dc side by

using electrolytic capacitors and smoothing reactors.

- ix -



A8

A 1%

11 773 R FF

oy

| A kA

]

el dgFde dA
Atk mepA HEFde o

)

+

O

2=
T

4 a5ttt

o) 2 o]

ks

S|

A SE

)

zZt

oju

=
=4

[¢]

ol

A
o AF7F AYA T g o= <l A

elo] Hi )

| —
) By

Bl

)
Gl

oy
0
o
Hr

A%kl )

ahet.

B0

b))

74stal A Al

=
[€)

7y 2A

H
T

3l

Ax=Z 2

&I E(active filter)©]
Ao]7t B A whyol

=i
=

2~HEl
=T

o}, 28y o]



AT I Hol, =9

12 97 &3 74

el

Ao}, wA

oF7]

ABS Guidance(Control of Harmonics in Electrical Power System, 2006), IEE

E 519 (1992), IEC 1000-3-2 (1995), IEC 61000-3-4 (1998) 5ol Al

| —
) By

o] ol At At

il
Ta

o)
G
o

oF

o
N
Ao
oju
N
el

AHggozHA DC A

=
=

2913

=
T

HE

WH

oju

= o
7o 4

b ARl A

S
yal

Zoll vkg=o] Aoz oy

AHEFFoZA

stdnk. =3 ASAE S} NS

il

s &

o
=

S|

B AlEdol4

oju

il

-
o

7}

o
=

o] DC—AC® AC—>DCEH&

o] &3]

=
=

Np

i



(N
ojp

ol

0

o)
nd
4]

gl

Bl

of st M<3

E

AT

)

3%

wr
)

SFA T

ATt

S

3

2=
T

[e)
M=

o]t HFEl AEolA

o
=

9o} PSIM

ZE

o &

il

te Ak

S|

Ao o)



o| &3 uj73

Al 2%

21.1 73

E 7HA Stk

Gk 27}
EPS ]

o] AlgEojol & B2 My FHo]

G R

S|

ﬁo
o

e

49 gelsh A%

s

=
N7 Aol B A7) 228 2E A

i

5o Anz

| —
) By

Bl

A5 oF7]

=g =

aHy Y AFelA e

A

RS
ol
Hr

mﬂ
™

ﬂ,ﬂ

p—

Fig. 2.1 ~ Fig. 2494 22

=



Fig. 2.2 Line-to-line Voltage (440V) at Input to a 6-Pulse DC SCR Drive



Fig. 2.3 Line-to-line Volts on Ship with Four 1100kW /1500 HP
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ho= A3 A
n o= 4,123
po= B2

Fig. 219 Computer Switch Mode Supply Input Current

Waveform

I
I
B

1

!

Fig. 2.20 Typical Waveform from Computer Switched
Power Supply
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Fig. 221 A&7 BgA 7} +54A 2AHF 44 o
6-22~ PWM F TE5FAE BHAF
+

Input converter
(Diode bridge)

Fig. 2.21 Typical 6-Pulse PWM AC Drive

Aq7|A, 2t AEe o3 2
h o= 3Z3 A
n = 5,1, 2 3.
p = B2, (6)
Hl=5HA|, 12-8 22 ARV 1x9 EAL o3 2
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h=ns+12%+1

h = 11,13, 23,24, 35,37...

Fig. 2.22¢} Fig. 2232 thEZQ] 6-H2= uF{F PWM Ax| o A
zt}

AAF AR 1z AR AHEAL B

uid:)
(o

il

Fig. 2.22 6-Pulse AC PWM Dirive Input Current

Waveforms for One Phase

Fig. 2.23 Typical Harmonic Spectrum for 6-Pulse
AC PWM Drive
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Nonlinear
Transf. akau Zsh Load
Vi aaaa
Sinusoidal Vi Vh Vi
Cable Vl(ﬁltzsgé a @Source - @Transf. @Load Harmonic
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Nonlinear Y \ !
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®

Fig. 2.25 How Individual Harmonic Voltage Drips Develop Across System

Impedance
V=1x2 (&2 H3)
At the load :  V, =1, X (Zy, + Zpy, + Zg,) (2.7)
At the trans :  V, = I, X (Zp, + Zg),) (2.8)
At the source : V), = I, X (Zg,) (2.9)
A71A, 2+ Mg b3 2o
Z = 1x3 FaFo JdIUX(dE S9, 250 Hz)
V. = h—th TZWN 127 AKEE 59, 50
1, = h—th 1ZINA 12T} HAF(EE EY, 5')

golo F714el BY AL ARHoR Fupre Al FH Jyow 74
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(2.10)

V,sin(nomegat + ¢,,)

v =V, + Visin(wt +¢,) + V,sin(2wt + ¢,) + Vysin(3wt + ¢3) + ...
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=
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o) = o) = ) Y2V, sin(hoot + 6)

h=1 h=1

1 [T <
V,= 7/ Gt =4[ VP = VI VEHVE L+ V]
0 h=1
_ i T2 _ . 2 2 2 2 2
L= | #@dt = 3 = VE+E + e + 1
0 h=1

V2
,ZJQ h VVE+ Vit Vi £.v?2
Vthd = T X 100% = V1 X 100%
Z I}? 2 2 % 2
= VI + I+ 2%
fpg = = X 100% = 3 X 100%
1 1

L/hd )2

IS = If'und 1+ ( 100

1,

S

I'un _ - - @
fund V14 '
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I 2
;ﬁ_jﬂ 7]‘% ;\ﬂ'fET QH% L/h(l(f'und) = (I - ) =1 (219)
fund

44444 2.20)

If'und = 7]% ;Sl_‘[ET
Iload = PCCoﬂA—] g:l]:H ‘Q_‘?- _1_:,'_*3]_ ‘/"(j_[E_r
DD = AFO AA T AT AF @9 ¥ Y AA nzw A

=
=
7 2oz FPAT o= =9, 50[%] Fatel A 30[%] A
A A7 N2 15[%] TDDE ©F7] e}

zZbol n e 7R T Al Faael Ad 2o did &A4E Tt
Ao Wi ZEolAS ou|ditt thS Table 1&

=3
oA 6-B = FRI Axd ANHE e AT HolEn.

Table 1 Harmonic Sequence Components for 6-Pulse Rectifier

Harmonic 1 5 7 11 13 17 19 23 | 25...
Sequence + - + - + - + - +
Rotation F B F B F B F B F

rr

TsHgo R sldstE 7, 13, 19, 250 A 59 1xI= A nxyey FE
oz uig] Wego g 3|As= 5, 11, 17, 23WHA] 52 1%

g dxzdeta BET dE 89, B A AR7)A AAEH
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2.2.6 Line Notching

=
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Fig. 2.26
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Fig. 2.26 Simple Three-phase SCR Bridge for Phase Control
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Amplitude Line notch

Line to line voltage

240 360
Degree
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Fig. 2.27 Exaggerated Example of "Line Notching"
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/ Notch

Fig. 2.28 Voltage Notching due to SCR Bridge Commutation
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Fig. 2.29 SCR Line Notching and Associated "Ringing"
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Harmonic current(%)

feh e [, 2ALT. AN R >0k
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Fig. 2.30 Cycloconverter Current

Spectrum-Include Interharmonics
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Fig. 2.31 Waveform Containing both Harmonics and

Interharmonics

(2.21)
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225kVA
480 - 120V
Transformer

phase shift Fluorescent lighting
§ transformer (30deg) el

)

350A

[

Busduct

T cancellation of 5 th & 7 th
harmonics

Fig. 3.1 phase shifting of three-wire nonlinear loads

3.1.2 &I E(active filter)

34 2R AAY 2AATA sEEEHE AAFo=HN axvE AFAE F
= At s ZE daiM= A5 7EsHH.

32 3% 44 wjAdA2H

A e Aduke o]Ent A RSk hotel load)= s HA = A
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AA= Je 440 A x="le] ax3 ARE A9A AGAZE F A=A s
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zero sequence WS}7]olth. zero sequence W7
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< 72 Aotk HoJx F (phase)oldd AHE Y HAAF(core le

A5t 39 w4 1123} A F(zero sequence currents)oll 93 HAY
W%@QEW g2 = 3l

G =S itk whebA] 44 Asd

)
FHEA e Ral rasy FHARE 2R o2 AA

i =
zero sequence ¥ <t7]ol o8] 39| Mg yEVHFE

AAT A5 HEF
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114, 13% Sy 4RI/l 12008 HolUB 2 57 ghx FEF
Fig. 3.2+ 34 44 A 2="Hle %
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electronic loads
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Fig. 3.2 zero sequence transformer on four-wire system

3.2.2 55 IE(active filter)
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Up to 4 CTs for

harmonic
/currcnt monitoring

Load

4 wire non

linear load

/
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~
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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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34.2 °©]|%E YEl(duplex reactors)

=}
Ao E BUYUAT AlHone dgE T A 7Y olod
oA 2Ue EE eEe Pol Roleh AU AWHL 23 TUL 14
L Iy EE AZA = Qo
Xg
XDI
Y/,
—
Ut Xp2 U2
| PP e — ———— P}

sub - system 1 sub - system 2

Fig. 3.6 Duplex reactor schematic

4

Fig. 373 zo] 12 29l sj=8 A¢@)l 23 YA f=8 FAHHL
(b)7F 718l A B At ()7t A=ET

‘

Y4

(a)system voltage waveform
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!” Duplex reactor correction voltage J

) N
Ay

(b) correction voltage

AN

/ .. Corrected system voliage | 4
/‘/ \/ .,/ﬁ
f /

(c)  compensated voltage

Fig. 3.7 outputs of duplex reactor

35 % L-CZE(passive L-C filters)
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Non linear

load(s)
E lls ELL éfu Ef”

T ‘Nute_- Limbs are 3 phase with
5th 7th 1 1 th 1 Zth capacitors normally delta connected.
Tuned harmonic filter limbs *

Fig. 3.8 simplified connection of multi-limbed passive filter
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3.6 9174°]F W7 (phase shifting transformer)
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3.7 Z AL ¥ (electronic filter)

3.7.1 55 I E(active filter)

W | — Load current
Non linear

ep— load (e.g.
‘ PWM VED)
Ir Active filter current —
system busbars (harm) Crent

_~or PCC MM‘V\W transformers

IGBT mverter bridge
& —

interface components Active f il’[er
=

DC bus

IGBT gating &
control signals

Fig. 3.11 block diagram of shunt connection active filter
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Current transformers

Source [\, VA -D|-

Non linear load

<
Active filter é %

5 th 71.'11

777 7777 FPassive filter
limbs

Fig. 3.12 theoretical shunt passive-active hybrid filter
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Fig. 4.2 Switching process of switches S, and S,

Fig. 43& A A7 =94 5,3 5,& Tl BFH ok A7 s oo
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Fig. 4.3 Geometry of the semitriangular currents.
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Fig. 4.4 Currents I;, and Iy,

Fig. 45 ~ Fig. 472 W DCH2 I, I, AF7F 293 5,3 s,0 o) A
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