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Carrier Comparison PWM Method of Vienna Rectifier for Reduction of
Common Mode Voltage

Dong-Hyun Leew, Won-11 Choiz,

Chang-Pyo Hongg, Hag-Wone Kim", and Kwan-Yuhl Cho®

Abstract

This paper proposes a new PWM method to reduce the common mode voltage change in three-level Vienna
rectifier. This new proposed PWM method uses medium voltage vector for the three-level Vienna rectifier to
determine the sum of three—phase voltage zero, and the common mode voltage variation is decreased. Using the
carrier comparison method, the switching function generator for three-level Vienna rectifier has been proposed.
The effects of the proposed PWM method have been verified through simulation using the PSIM.
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.M B

k. EHJ"‘LEH g Hele
aowau % 17} kae] HE wWilo]
T AC/DC ZﬂH%Ei °l A8 AF axs As 9
e gEsu 9o 3el vl A571E 20
A7l Boh A9t Aol F =& (Total Distortion,
olsl THD)e] ytopxitt. “:ﬂ vyt 4F719] 2914
T e 2 vle Sgsht d9E kel uist
[e)

fo

3

pud

& Awow Fn 294 £4e 2080 w3 3
vlelnt AR} Hobd] wagel felsa?

ghd vy AR7IeE 22> PWM A#7]= 59

Paper number: TKPE-2016-21-2-5
Print ISSN: 1229-2214  Online ISSN: 2288-6281
Corresponding author: khw@ut.ac.kr, Dept. of Control &
Instrumentation Eng., Korea Natl Univ of Transportation
’I‘el +82-43-841-5322  Fax: +82-43-841-5320

' Central Research Center, Chang Sung Co.
“Dept. of Control & Instrumentation Engineering, Korea
Natl Univ. of Transportation

® Power Supply Research Center, Dongah Elecomm.
Manuscript received Dec. 24, 2015; revised Jan. 4, 2016;
accepted Jan. 18 2016

— 2 =22 20154 FAstsns <

— T

X-I_L.;

ol

1=Ne]]|
=

=z=
—=

PWMo =z <l e g 2 dAF o I

atH, o] aFFe] G B HF wolze HE
AR A7) el (EMY,
& Bt AFE tE 7)Y oAEs 2 &
9}@“‘” Ao AW &L WeA 24 /)% §
Pol| whe} 2913 Fa4v A4 1430 Holrbes A
jom, olo wE} EMI A= Ad 712 Ao=
o FHth ol¢} e FAHES A/
F71 AlzgloA WEAShE AbE
(Differential Mode Voltage Noise) 2}
0] Z(Common Mode Voltage Noise)ol| 7] Ql
HE HAY wolze wo|z FAHE A 3
ZoF g],

oy =

] Q%

O:

Electromagnetic Interference)

o % g
o 4

0]

L= O] Z= T/H 11

olftt.

ol EMI
=4l 4ol
3}5%]0%7(40 Hg—ﬂé
ARE8H, ofoll i A=
o ubg oz BMI e
o % 2242 AHgshEd, oY
go FIdoz2 Ay LCitel <3



e ia -

g
2

D6 &

A R AF AHE 9 EMI 289 4
¥ = Qlste] AsAE Y g 94 FF
ol S7F AF & fla dHY s T
9 El
]

sfol AL A71E Z7bAACk S ol Az
o 27)sk AHAS Qe FRF e 2gd
A Ak o] 9HS B = i BRo| WEE
o] g3t dglo] Al whfHol ohd FF EE ke
PSS Hadlshs PWM 78S 843 ATE9 A
A WS AR sk Aol 7 HA3 | whHolt) H
At FR7] PWM Wz 7ol 24 37k 43 W
& olgdtel At WEle) o7k NS A ke
F7F A PWM W9 w4y} w)w PWM Wwow
Y= & vk vy Z{F71e dEslE AREshd
PWM A& &t 95t vjal PWM W2 9E
9 Ql7b AR Alte] 7hekak Ao goul 2 Ak
T e wkEuE g o] FAES dlAs] fle)
o @ wkFIE o] gste] nldy AR{VIE PWM Al
ofet= WHo] AgtElomn o] wWhHE Fdo] ol
AAe AN Ao 28y wldy ARF71e] PWM
W] g FEE= Ao st a3E AFsHA

=y

iuj

o

=
o

rE oy
BN

N

o AgrE Lo Qe e - =
&3tal AHele] vl PWM o] tha thEva
- Stk

& =EolAE ey AWE e 5%
= AlEle] Bl PWM &

wE Ak A=
& WA AvEe] FEF RS 47 PWM e 2t
Fed A WE F ide MES 0§ PWM 4
0@ wF [OlIA Aok WEe vt 4Rl 4%
S A WEeld & & ok B w=Re PAL o
&b 2tk 20l A vlA PWM el o o2
WAE el 3gAE Adel wdg 4579
PWM ¥4 & AW st ABdold 9 49 AnE 5

a9 1€ 3a vl ARl H2E e, v

Aztol 7bsd Aol Wial PWM 7% 127

TABLE I
OPERATION OF VIENNA RECTIFIER DIODE BY
USING SWITCH

o~
Sabe iabe DI35 | D246 erminal
voltage
1(0n) Dont Off Off 0V
care
ie>0| On Off Vdc/2
Ooff) 2
Tape <0 Off On -Vdce/2
v AR 30 ug 290 7 A e
2914 Fl Qe A4 At AR telers 7
AET agolM e, e, e= ZV2 3N AE 4E H1
oM, iy i, LT 3 48 AFE

2 Q. = MOSFETA e} 4712 tho] @ $-=(diode) =
ALgEE optek ~9XE oJu]dit) DI T D69 w37 4

W Vde/2 , 2 AR Fhol
Sz A eke] AElE Vde2, 0, -Vde/2 AgS 24
24 37FA1 9] el EAE 7] witel vy 4F7
3 @ vjev ZAwEolty, 2914 et Aol wE
9 Ags (Dol vE Jiddth 714, =993 Q.
7F AAE S, = 1 olal AAH S= 022 293 g
g A9 g}

E= ZAWE PWM Wl

Voltage Modulation)
A (Sinusoidal PWM,
SPWM)# 32 azsk ¢ Ask Mz W4 (Third
harmonic PWM , THPWM), 18]aL &7+ #E Ht W
Z(Space Vector PWM) "W2lo] it} Fol& 3] 2H|

E
BN
0=

N

A2 AFAlCl WA bzt Hli WE WS A
stk of wMe A7k dwska 4 1A 9l
the gAe 23 QAW SREA, 294 Fas, 2
9 AR nxks g, Aol HBH 5 ZAeIA
RRAoE MES 595l Atk o]F negsel Ba
G oggrelA shtel 33 MEE K@l oF Wxs
= oolgel B e Agh wx AR thE wE 7Y
sulastel B9 AR P2 A AN by 2 W
B AGe AL 5 Qn EF o JpPor wad 4
ge ok 4% 29 AFe wwh vE Wz Y
Ard Avke FHL D Qo1 o] Me 7HY
wol AMgath, g 2 A 47712 Aol H
PWM 402 Alojshs Wyl g Anolth. 3¢



128 The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 2, April 2016

Phase Voltage
Reference/(0.5Vde) 4, Carrier Wave

for Positive Voltage
| | i l/l/l Lihh]

'H I.',I’ “ ','."."-.. |

:

5 WA

Two Carrier Wave Y. Carrier Wave
for Negative Voltage

(a) Voltage Commands and Carrier Wave

LN E
Van_ref _g

HIEE TE

’l‘u’M‘H

[ car |

[ — [ %ﬂmmmj

(b) Carrier Comparison PAM using Two Carrier Wave

Vbn_ref

Ven_ref

Fig. 2. Block Diagram of Previous Two Carrier Wave
Comparison PWM Method™.

Melt AR7= 249 Ao AN =H,
AF71E 7rdsA Ao & 4 3l 29|
Aele) Aseh SPWMSE $late] 4 g
gaz e Azl of7)d) SVPWM~ &
As g 9 A dEE AR A
294 A dpe®t & YUEF WATE dape =
o7le] Aol A st zhzt ulm s} 2719
F % 0nn 2 do] Ao Az ~90%
0wt & 4Fol PWM §22 919 Zola =5
NSE 294 xEo] 01t e 5o PWM
°o)3l Aot} wheF 293 A& 7t 0 By} =
28 dgl UUP ako] Ffejelst Mju 3
1Zuth 29 4 (Dol A4 sa 2913
ofubel A9 x= AR} kol
E]:} Ekl o]—O] ZEE MgEE‘r e
= 10 &4 5] i
Bg dap?’t 0ETE %
7 2o Algg} H] wa 2
eAElel AEnt aw »
29157} WJE}. o 29 Alejo] Ase v
dhe] 29134 o] oW S,= 0o] HH 3 oFrper

=z Lo
2
T

A3
1t 1

QO

N W o o 10_30?.‘.?1?
m[oig_zo{'%m o

o2 1’0 oo

oxvi > = Ay [

ok o HF e 2

)

i

o
_0|L1

2
[

Y

RTINS
L
o
FU
HHN
T
_'rﬂ,

o,
°
(el

=2

I I

[ ox [» 4> & (& off 2 XN 3 Jo 0 O of

2 (> o o
> fo

o

ok

3

rir

w2

&

-0
I
Ho
SN

o

:l:‘:

Nk
oEoE—{OjQ,—{OjQ,

o2
OSL’ o,

[NPN] [OPN] [PPN] Vz [OPN]
Vi——vg— 1,

WPOJ/ \\ / \ / \ oy NP‘(’; ‘ Vs

{0P0] [PPO]
Yis NON] Ji00n] [PON]

/ \ JAVAVAN
[NPP] {uc (PNN) @ M

[opp] 1200

\ / \/ lf“/
Vio ® ® Vi

[00P) [POP]

[NOP]\ / Qol le/ [PNO] [NOP] [PNO]

= Vu_ Ve Vii [ONP]
[NNF] [ONP] [PNP]

©
]

(a) Space vector (b) Medium vector

Fig. 3. Space vector diagram of MVPWM for 3-level
system.

~92%E AR,

Sa—P t

{1 d, < Carrierwave_p n

0 d, = Carrierwave_p

(2

1 d, = Carrierwave_ y
a—xeguive () d, < Carrierwave_ y

22 H|AdIL} HF7|
EAA e PWM 49
HojglA] ow 9
o A}gsW EMI i015 %745 9%k LISNe| &
e}

=
E Lo|AE

|
)
O
T
lo
of, 1

A, o ael F8 WA Ak
A%k, v el Y w4

BRE Agrow <l WA 3E ®
= ] =
= bl [¢]

c
g
rlr
o
~
7
lo,

2

[o

lo,

_Tj, O:
N

Sy

o
e 1o o r|r

<

=
2
_10
27T
oft |

o o
ot

=

il

Moo
=i

ool 2 o2
)

E

. = — 1

71E w3 Y Az We BE HHE ‘j% A&
alv] 28 Askd WA e Al ok 907% Y 7t
& A Gs ARESkL AL LIs7AA 9] Aok x4

Z~(Modulation indexolfs} 1\/[[)7} 7}%@ ?'%EH% Eqﬂ 9
7} gy %{}HJJEM ]qoq W2 z_ql%_:cﬂ_oq A}%@E}



129

PWM 719

A

RILY

g Aol w

o

oF A 7ko)] 7bs

o)

TRE A

AT kR TE R HT
ey TR N K- E
OO] ,LIL Jo} e
= 5 "eFERTuw )
5 ° ° 2 oo, RN S
' = 3 E o eRRRT o gk
0 bl S = O g = w
N 5 = o Ul oo o aoﬁq_ou
H7 = = = o_uUI#@eEmu_lli ,WE,W.P]%;L
1 = —_ ~
= 3 s S S s \o o |o i%@umx.ﬂw%%ﬂx
TerEicr =o= - ., Sl 5 < S oﬁzoﬂﬁmdlqkudﬂ}%dﬂ
; g 3 s = g i < = Eoﬂﬂ]LHQ]L.ﬂ47ﬁaﬂul
S 8 = D O = OMIJ..AOHr =y =r
\ z ﬁuu < = m.aoxL7NrA%au_§e§1r
- - = = 4 J— —
\s E T o I\ B umngn 2 A - mﬁd%ﬁﬂgﬂzgﬁy
g Vy/A|Vlu O Q_n = /V7 5 S = =I ©° Zn ioﬂl%Lx Jow E o
s = 3] ke) u|~ N n o
_HH_ i3] / = = o) ﬂAlL]rL ri ™ N OH,_lﬂ.ﬂ
) )= E = S }oM o g B T o o
= £ : 2 o = O opdetp g P KoK
£ g ) g /o ) nW Cw__ﬂ%lrﬂvoozum —
. o = = 3 anS r 5A1a0t Wﬂ%ﬂl
= & go p 3 ; g ﬂlrauegglomxﬁonoﬁ
5 g EREOYE 8 o8 g 8 .2 XD B M oMo W A
IS B fes g8 s d o o Ao =
ﬁu_ uuﬁ m@. Juwﬁ A ISR W LS B o mﬂﬂf.u.Eﬂ_alg
5 v =& | FH < = eg v £F 3 g @ £ QWWLH@JWM%%EJ%
=g = .S z o = = O m o er 2K o HO
= O = o © =J mﬁOC7
IEE EE [ 94 2 9 N T
— ~o ojn
_ R R
PN ﬂ%ﬂﬂ%ﬂog;mﬁﬂ%qﬂwmmﬂcar%ﬂaﬂ%%
— < < 0 0 s —n X7 J ) 0 ~~
< oy oy wwaEmﬂﬁE%mtommurulﬂ%ﬂ% uuuo?%ﬂﬂ%_zo@qn%_&r% e %i%%ﬁomﬂm@
PR THTEVHTE § EE NG E o T BT T g m o E LBy AR
TeR Ry %aﬂmW%ﬂﬁEZwﬂiﬁ%Mﬂ %w%ﬂ@%ﬂ¢W%wewyﬁM%%wﬂ§%
—_— ol —_ —_ Jl)AﬂAl i) Jml V Jln,Oﬂbl —_
S Om ogn W N ﬂﬁ/\]AﬂoXEo Wou — e —_— —_ . b o Mo — < 9 T ooy B e Y
. < _ T 0% Hl =W o R0 5 D < o — 0 T ok S =
%w;tﬂ_o.% %%d..%ﬂwaﬂ%%&% QLU,.MM%ME@ = ﬂwmﬂﬂ%ﬂ%wegﬂuﬂﬁoﬂwﬁoﬂMOmmemm@rﬂ
— 0 L —_— — [ o — L ~o I C‘UI o ]L — 5 X O »AO
YN wm ok KW o B M V D of B! H B Call=Se v ° o O O O o 5
R Ty et TT ™ F oo B T do B AR A T TR T = gy
— 3 BN oy &) ooo oF ®! S o — RENTINEN B o
T dsm ﬁwmm7§w§% 2 c BT @ﬂwﬂ%ﬂoLﬁo_ﬂt%gewwﬂazmﬁ%ﬁw%w
- I N V&%/a YR %%mﬁﬁm_ﬂrﬁ%zgﬂ%u7ﬂmﬂ£%zo %
Fros kB mﬂuﬂﬂﬂ,m@%7mﬂ,frv%frﬂx%m WL g O aﬁi%ﬂﬂv,vﬁ o T I T T
M%wzw EpPEETy R g T oEER &mj%%ﬂw%z%%wwﬂ«xw%ﬂmfa@a%ﬁ
5D E %ﬂ%ﬂﬁﬂ%%ﬂ%ﬂ@&rmﬁc#% %%@ﬂmﬁ%ﬂ_%dmﬂqg_o.%O,mMmﬂwaﬂﬂu.gaWanﬁ
FE Lz wmw mw@%%ﬁm@%Ag@m © a%qﬂ%%%@§¢%gﬂ%nﬂoﬂ%
o ) f L A — & o il o o 0 _ iy = i T =
oL o e e T s o] X -~ o U S
SoTizErieiie T TiEEEEL Tz EaTyetIsITsIC
= X =N N = N 2 - R = = 5 = X - E =
= s T N =" Ly © = iy = =y oFl S~ o E 7@ S ) ol i ) 2 i o ®©
SETEEE gk T ey 3T eFy TRy @ RS %W@%w%cﬂxu@@%ﬁ%
P = R i S TS I e N e SO I T N P N
5 9 K g = G - = =3 o <t =r & ~i N = ry B = o) o T 5o T
PomeB T SR iﬂoﬁm%_ n ot o TN o %GmﬁdaﬂMf %mﬁ%wﬁmp%iﬂo K- 0
o = B oo M . I NB M S mw, ZEY R
0% =x 63 T o pul = oF M © 3]10 N ! o " B = o) K wm T o W X WX
= B EIE=RECY ~ e DA RE e 3 FooF U ARE W o S
—m X 242 S e o) T Mo H
THIT A=Y SN E S N T KW Ho e
SRS TSI B
& W s B RO B



130 The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 2, April 2016

o] &AM AA SO AZE A o] AXA B
t}. olof wg} o= o] v PWM WS ALE me
3= o] duwbAolt}. ol FHte] DSP Ef AHEH — hrer P

4% A2l v PWMS 93k X v B Yewar |21 AN
7L ol aZEde] R glo] HAPWME [N"OB i
o

F 9] Witk 19 6 A o] AH @ 4 % | o[ TP ]lo
S vldly ARF7E el Al v PWMS: [XICSP] V;:‘NO] 17 0 0 HO
Wl 7t e v A BE e AL v ’

A

o L 2
! woh ok rjr -
o

Sl
6361— ] =a

V;; [ONP]
uidch 27 6914 & = A& vkel Zeo] PWM Al7He s N o
TN FE BE Hfo] AHELE o] #AE A %W |
7] QA AtE vldd B/l T RE At Voom
A7t PWM W& Awdih a9 7S vog A 4
e Ahad Aol ulw PWMS o8 22 a2 1) Fig. 7. MVPWM switching method of section @.
Bl Aotk AlE @9 FAG wWEe 94 30
E90% Abo] olm ah oAbl Ak &9 Hu) 7t : LU
o 7k ads) bael ASKe el gk e a9 7 Carrer YT
s o] el gro] Al adat Lol ghol A9l o M St oMl
(‘) 73‘?‘»7113101 HlaL PWMO R Hlelvh A77]9] o lref = Distinction Mn: Compare S.Mm: 5
g 299 mE dUE RS F0 A% H0Md = ?
voltage phase)?l b/de] A% ad¥} c/de] Fid =9 | Midvalue
Ao wE el wel =% gee At F7 4 =] = 1T
of 2917 A A4S 9% Aol AYEES 17 8o | i
ERASs. Ash R el AME a A AF # Fig. 8. Proposed switching function generator.
gto] Felo] 2lsel vial aklE Al a’de] A #Hgho
Aelo]l AEHh 2om aite] e 299 294 TABLE TI
el grel 1o Ho] ade @A Aok O[VIZheTh PARAMETERS OF VIENNA RECTIFIER
HHA ade] AF ghol AlEle] AsEt A W ade & Value
ek ~91x9] 293 ] kol 00] i ~$1A|7F Input RMS voltage, 2000V,
AAAA a’dell Va2 7S Aol AElA #r}. b, Frequency 60[Hz]
Aot WHo] 9o Haghks 2 Y AS Y A Output voltage 340LV]
Gl =29 Aol Axet wlasle] F A5 cdel ¢ Power 21LW)
W 29170 2919 dael ghol lolslo] cake) vl Switching Frequency =l
Agre OVIHET, W =9 slelo] A5t o A9 toput inductor 0imH]
gk vlal SkS Aol el AFgke] Z9Aele] 4l
SR Aow el ~9x|o] 2914 49 zhe] 0 4, 2o 3o H AHH
o] Hlal ¢ EY dA AYL - Vw2 Aol A
gt} o= jelo} vla PWMel o8] AHEow ARy Aol M e Eefsidat e wa wAste] V)&
o 27k Ao cAbe] AS o] F Ao 294 g4g u  SVPWM @3 AZE PWM WHe Hlastel 3%
w5to] XNOR =l Alo|E2 AXA »ed sz A4 WE A% A7 Z3E dolitl I€9: wlag AR
A} e So] VO WEe AS ade] x93 s 719 SVPWM W} Aokl MVPWM & vl
1, Aol 293 4% jojmz pare] ~934 = w4 7] AP AlEdeld Xd B &% toloado
XNOR 842 E3}e] 1o] At} ubek cale] ~9d & Th ZRIPLS AFARIR 4 =32 25 ALEH
G7h 1904 002 v F7H39l bge XNOR §h4 = PSIME ARgaiglon] e2%e] Az gel= C-
2 AN 29A 3571 0ol o] hake] opubar 29z =5 AFEE 293 e A FEoEA, 294 W
7} ARA 8w Aol V2 A Agte]l " BE WEOl = 25k otk 1 9] B2 AlEd ]
o] & a4k Aro] 293 27} olEw hake] ~ex A EHS o]Fa gtk AlEHA F9] BES U
4 XNOR #4°5 Foto] 10] slo] &9 v At SFAUASE telef s dA= dsojsls wd= o
o] OIVI7HaLh ]2 Ba) 4 Hldu ARv)e FEr  AHAT MBI VT R A 22 m2eM &
= Agte] OV7F Al A wrh ol & 4= gk



=
it

CEa la oo io i

&)

(a) Phase voltage and current common mode voltage of
conventional SVPWM

(b) Phase voltage and current and common mode voltage
of proposed PWM

Fig. 10. Comparison waveform on PWM application method.
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