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This paper proposes a new series-connected diode =70 = zg [6le] wale mAetge A=EH 12-
rectifier which draws sinusoidal input currents. The B oo ARG HEHIT

proposed rectifier system is configured by adding
an auxiliary circuit to the conventional 12-pulse
series-connected diode rectifier and employing a 2]
current injection technique. A low kVA ( 0.02P, =&}
(PU) ) ‘active currenft' source iqjects a triangular ezqAsael G2 0.02P) & EEADPE (e
current into the auxiliary circuit.  The current

injection results in near sinusoidal input current 0.30P )8 &3l H3} wi¢ v}
from the utility with less than 1% THD. The ZAATYL A AEAoH AYY ANE R T
resulting system is suitable for high voltage and x3& 2= 9 en o7} fo]stt,

high power applications. Experimental results is

= E=R o] = o T
provided from a 220V, 3kV A rectifier system. ._’_?’]ZL”"%—" ddse e dF& T4 wol

\_. 13 o}-t}-.

LA E

toler AR dHAF yxm FA L #H
sto] B& A7k AWHL AH1-7]. FEAELH
(2] ¥ PWM AF7I[3]e0 2lg a2 AFo] ¢
A g Azt BFY B 293 ﬁ:z}e} A A 5 m‘
S AHEEta] 28 ¥ AAgL] FHAAM o gel 9
o ¥, F-d&FFaMe TEEA(Multi-Puls
ing)WAS Beol AbEsty Utk JH AR 539} 7
2 ZEIE A7) 98 12-84 he|les AHE7]
= da 2 dwryelni[l] TeleE HA et ¢
AEATIe F7b glel BE24E € T A
st od] WhAlo] AGE Y= [4-8], o WAEX
T2 IAFLN A ¥YEY 12-¥X2 tho]E
F71) H&5 Aol olF A7bAY Y AFE
d3te WA At Loty FUYAFY &F

()

9;0

o AN oox

- 346 -



2. A eshs tlo]ox FFI|

g 1ol A Ala"lg et o] AlAEe
NEY 12-H2 AFHEY goles AF7 O B2
Y28 Frletd FTAAY) BERIZE AZHG B

8 ZUAM ¢, F c, T ouly WY 7, & T

182 AFY 1,2 FTHEH o AFY 1,5 @A
d AFAeld PWMAHEZ FHHH, 4757 ¥3
VTl FUEE Adsd Jke dEARE @

22 o 1—‘§

3_1. ;:q_._lET-%]_ pr’] a%

e AN QAR THDS Hassr] A
A .8 AT & WY FUoRvH 929
# e e 2ol Ak

L= Lot~z (Lo~ La) (1)

477 JEAFE 299849 977 z9AF=
FEg 5 el
1, Sa ) S
Ibl :{ B Inl , IbZ = Sbg IDZ (2)
Icl cl ICZ SCZ
8, AF 2EAF 1, F I,
Iy=1,+1, (3

olmZ, A(3)-GEFH FF7 2FAFE PuAF
L9 AF 1,9 93 g3 2ol Ll‘—}.
Iy=I,+% I, 6)
102: lo_“% -[m

=, Wty 7,04 AF 1, G2 Zo] 49
1=

I,= Hl, (7
A7\M k=g W) T, AFEE ehac,

wekA (D), (), 6), (NZRE JdFAE 1, ge

3 2ol Ao,
I,=1,S.+% KIS, ®)
o 7] A,
Si= Sat5(Sa= Sa) ©
Sy= Sal_Tl?:( Se— Sa)
olth. 4 (8)2 #¥HAF I, & TAXF 1. o BA
£ UedE=E, 4714 dEAF 1, & Adsze ¢
7] ¥8iMe 1,9 1,9 JlRs HEH 1,
9983, LT TR G 2o

o 2(]a,1_ -Io Sx)
I,= = (10)

B, 7 el 28 FANY, 9
go] Zorz Bg 4% 2¢ + ¥

‘/_3 Vi Ia,1= V.1, (11)

4714, Ve A7 4EAYY SEFE eI
F A tolos HAR HEHEC]Y] B
V,=2x1.35 V1 (12)

Hi, A (11), (12028 ZaAFe =7 e

I.,& 78 5 At

(a)

)
0 T
g 2. ALER (@) ¥ (102FY 1,8 FU3 4
<9 4EAF (b) 1,8 FZFAE ZA A7 A9
AFAF( I,=1PUZ 7}7)

- 347 -



I,,=1.5588 I, (13)

23, 28 2@dAM ALZTH} HogFxe] 4
109 es 23Y AF ,F WY T, FYsk
d Adse 4FARE ¢ F Utk =¥, 19
20y AF 1,8 AA4Hz 24 NAFE FU4E B
¥ T

& lo
oftt
<
dift
o
§2
1

AT}

2-2. AFY 1,4 &3

Az 9EAG v $RER L 102 A
@,
ety 7,9 1343 49z AY v,e

Vo= _1( Voa— Va2)

2 (14)

_ S - z
=270 Vi n=6.§.18.., sinn(ot+ 12)

ni—1

olBx, v,o H&7e g o] o)

] Vm|=00549 VLL (15)
g, Mgy 7,9 duzt Age
V= Vat V) (16)

=—5.40 Vo n=12§36“ nzl—l cosn(wt+—i%-)

°|BE, V,o HEge thgat o) i}

| V)l =0.0276 Vo, an
38 20)2FE 1.9 2dage
I S
| fxl=ZT3z=l.1547—k— (18)

Z H9, 1,9 3vle AL 1,9 BFHE 2AY
& gt

2 (12), (15), (18) z2EA L (19YRHFEH
£F kVA gos TEE T 20}

AR 1.9

VA wuree=1 VIl 1,| (20)
=0.023 V, I,

4 Qo)A st o] FUAFA 1.9 £FL Bag
Fel oF 2% HAEE uw)$ zFoh

g, A7 7,08 &% g 2o
EVA ,,=2] V., I,

=21 V.l 1. (21)
=0.046 V, I,
g9, L=Llrenz, ddr) 1,9 8% vew
2.
RVA = Vol 1, ()
—0.006 V, I,
3. A¥dx

AME wale]l FHE A3 220V, 3KVAY AFH7
Azgol A& HYow, AFPFAHRE 19 39, E
Waleh 28 3av E9AF 1, ok 29 3=
Al k7 196839 We] FAAF 1.0tk 29 3(c
= ARVI19 E89AF 1,012 O9 3(d)e ARV
19 Y4EHF 1,00tk 2=, JAFBAF ,.E 19
3(e)9t Ze] THD7Z} 1%u15He) Ad o) 7l7ks AF
7 88 ¢ 4 Utk

() A% 1,

WA

Kkjﬁwﬁ\ﬁvd

-_____<.-:‘f_4___

TS

et e o .'
g

() A7 I,

- 348 -



e |
by -
o
b

(C) ;@.%‘ Iol

(@ AF I,

(e) A7/ I,

2% 3 Atd Alzge 4943 (5A/Div) (a) #

gHF I, (b) -’F‘?sz‘?r I, () %7 %‘2;@.% I
(@) BF7] 9BAF I, () LHEIAF
4. 2 £

Nz FYgozy THDZ 1%t
e A ke YFARE VAHAG. 9%
o, #9 dAFdel $3e »agFe 2% AL
3 gov), pxyzd Y AWV IR B
shg2el 5% F=olr HA, B wae e g
ZAzo]l 2FHE Tholo=d FF7)Y AU A5

o Tr

Agsich, =,
o AL ?.Lé&%ﬂﬂﬂ%@%ﬂﬂq.

slol 7| £MABE JTATL TR Y =g

= oip(BelWs 9B-Z-00)= SHRMUZALY x| ol QI
=2 =2

[# 2 & #]

[1] J. Schaefer, “Rectifier Circuits: Theory and
Design” , John Wiley & Sons, Inc., 1965

[2] Hirofumi Akagi, Akira Nabae and Satoshi Atoh,

“Control Strategy of Active Power Filters Using
Multiple Voltage-Source PWM Converters” , pp.
460-465, IEEE Trans. on Industry Applications,
Vol. IA-22, NO. 3, MAY/JUNE. 1986.

[3] A. R. Prasad, P. D. Ziogas, S. Manias, “An
Active Power Factor Correction Technique for
Three-Phase Diode Rectifiers” , pp. 83-92, IEEE
Trans. on Power Electronics, Vol. 6, No. 1, Jan.
1991.

[4] J. Armillaga, AP.B. Joosten and JF. Baird,
“Increasing the Pulse Number of AC-DC
Converters by Current Reinjection Techniques” |,
pp. 2649-2655, IEEE Trans. on Power Apparatus
and Systems, Vol. PAS-102, No. 8, Aug. 1983.

[5] S. Miyairi, etc. al, “New Method for
Reducing Harmonics Involved in Input and Output
of Rectifier with Interphase Transformer” , IEEE
Trans. on Industry Applications, pp. 790-797, Vol
IA-22, No. 5, Sep./Oct. 1986.

[6] S. Choi, P. Enjeti, H Lee and L Pitel, “A
New Active Interphase Reactor for 12-Pulse
Rectifiers Provides Clean Power Utility Interface” |
pp. 1304-1311, IEEE Trans. on Industry
Applications, Vol. 32, No. 6, Nov./Dec. 1996.

[7] T. Tanaka, N. Koshio, H. Akagi and A. Nabae,
“A Novel Method of Reducing the Supply Current
Harmonics of a 12-pulse thyristor rectifier with an
interphase reactor” , pp. 1256-1262, Vol 2,
Thirty-First IAS Annual Meeting, Oct, 1996.

[8] K. Oguchi, H. Hama, T. Kubota, “Multilevel
Current-Source and Voltage-Source Converter
Systems coupled with Harmonic Canceling
Reactors” , pp. 1300-1308, Vol. 2, Thirth-Second

IAS Annual Meeting, 1997.

- 349 -



