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in Working with Three-phase Vienna Rectifiers
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Abstract

This article studies and compares control methods and modulation techniques for use with a three-
phase Vienna Rectifier circuit, focusing on two main control methods: 1) Direct power control; and 2) Current
control, including two modulation methods: 1) Pulse width modulation with phase-shifted triangular signals; and
2) Pulse width modulation with vectors. This study involves simulations using MATLAB/Simulink to test
performance, comparing the total harmonic distortion percentage of the input current and the ripple rate of the
direct current voltage. The simulation results show that direct power control combined with pulse width
modulation using phase-shifted triangular signals yields the lowest total harmonic distortion of the input current
at 7.77% and the lowest ripple rate of the output voltage at 0.1%. These results confirm the effectiveness of
these control and modulation methods, beneficial for designing and selecting appropriate techniques for the

three-phase Vienna Rectifier circuit.

Keywords: pulse width modulation using a phase-shifted triangle signal, control by current, direct power control,

pulse width modulation by vectors.
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Tutlagtu, msldanussuuduesines (nverte) lasuanufisuegiwn Tngesdusenaundniifiunumddalu
msudasiihaduanuaduliinszuanssfiornnsidensyea Suinldisesseanseuawuuuinglalen (bridee diode
rectifier) Lundn nszuaumssuiiumsvenssivilinssuadunniimisfinieuansuiuuledled dwaldaiuseno
fdsiigedunmilaeii LLazmaﬁﬂﬁﬁhmmLﬂyaumi‘uaﬁﬂﬁiwLﬁummgmﬁ'ﬁmum dwaliAndymisosdygasuniy
e auLulmEntiin (Electromagnetic Interference: EMI) nisaaveudaaisumuiiinaziilagldssuu Active

PFC (Power Factor Correction) Systems[1].
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finaneislunisandeygrusunuluszuu Active PFC Systems 191Lau Single-Switch Rectifier, Two-Switch
Rectifier, wa¥ Six-Switch Rectifier, Lwﬁ%'ﬁlﬁ%’ummﬁammﬂﬁqmﬁaﬂﬂﬂ%masﬁaaﬂizLLamuLV\IaLLUUL%um (Vienna
Rectifier) snuuanstunind 1 Fudussasuszinn Three-Level Rectifier ﬁiﬁ?ﬁ%m%‘qLﬁaﬂizﬁw%qumazamﬁummanaai
ﬁqﬁ?uﬂmﬁaﬂ'i%'mmumw'fwmuawa@La‘ii”'uﬁmé’uqﬂﬂiﬂiaim%ﬂmﬂ%ﬁ?ﬁaLi‘;lu?%aéwﬁzyﬁ%sﬁwLﬁmﬂizﬁw%mwLLazam
Fyaasuniu lnsdiaedifemunuiifenldfussuu Active PFC 1dun 1. Direct Power Control &sanuau Active Power
waz Reactive Power Lﬁaﬂ%’wiqﬁaﬂsvﬂauﬁwé’aLLa~a® %THD 2. Current Control f® mimummnivuaauwﬂu
"Rotating Reference Frame" (d-g Frame) fiferuseuieuarlidudou INQWUQSﬂWiMBQLa‘UU 1J‘1/NLL‘U°U "Low Switching
Frequency" e "High SWltchmg Frequency" #113U2935 Active PFC, aﬁuamamwmmuama "High Switching
Frequency" maamﬁmwama‘lﬁuwuw 1. Carrier-Based Phase-Shift PWM ’JSUL?EJUGWEJLLaﬂmJi awﬁmwaa 2. Space
Vector PWM ’Jﬁummmmwmm'ﬁmmuﬁumaﬂmmmmﬂm'&maaiuLLaJLmJiwammwaq mammu mmmmmmﬂu
mimaﬁm'ﬁmvﬂuLLamﬁmimq}La%wmmzaummmwmmmsLLammWaLLUUqum, Faretoanveudyamensue
Induazuuupamidszneuiddussuudunefinesiiliunasire liiwuvauia
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2. mMImuaunsEuaLazLssiuliinde Tnsiauimadalunmsmugunsziatazussiulwidiinunsaiolild
nszlALazusFuTimzauamnnaFeanslunsldnuusiazUssin
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1. 7% Direct Power Control

Direct Power Control [2] fanmidl 2 1§uiSmunuisasiBeenszuaaumaUssinnniaidenldiu Inefiagsi

N19AAUALIEAN active power WA reactive power YassrUUTeilduYsENoUT LA 7 dau
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PWM Rectifier

Va
-{;;r N‘{Y‘\ '—J Vg::: CI-
M y = Load
@ FY“\[‘Y‘\ .:|_ g = =
, T Cu
V‘Fl ¥ Vi ?

abc, a abc - Ve -Wia
Modulation

Active Power [p]
Reactive Power [g)
Calculation

Al 2 Direct Power Control Block Diagram

1.1 Wuduiwaussiusaznszugluszuulifihanualieglusunes Rotating Reference Frame (d-q
Frame) lnglguannisves Clarke’s Transformation (1), (2), (3) wag Park’s Transformation (4), (5)

ioe = 31 — 3 (ip — i) (1)
2,

ip =7 — L) (2)

ip = 3 (ia + i +ic) 3)

g = ix X cos(0) +ig X sin(0) (4)
lg = —ix X sin(0) + ig X cos(6) (5)

1.2 Phase Lock Loop fanmdl 3 lddmSumuaumaveswsnuLasnszuadunaidyawlainseiu fewae
dwalvirfuszneumddinndunils

F Voltage F
requancy’ Phase Detector |— LowPassFiter —  Controlled e DQMEnCY
Reference Oscillator Output

i 3 Phase Lock Loop Block Diagram

1.3 uduiimuinen Active Power (p) (6) uaz Reactive Power (q) (7) maaawmﬁaﬁ%ﬂwlﬂmuqﬂu
dunsly
q = vyiqg — Vgl (7)

p = vgiq + V4l (6)

1.4 Juduiimunuusesdiu DC Bus vosszuulilliuswiuiaafinnuiimuuali naldnisaauauuuu Pl control
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1.5 & Decoupling 18331NAWIMAN active power Wae reactive power waduu szuudBInIUANliA
reactive power Zrduaudiieiagvinliszuuiiadivsenauiaadunia lngld Pl control Tun1smiuan wagldauns

Decoupling (8), (9)
1M=(—@p+§ﬂmd—pyﬂmq+ﬁ)x% (8)

1.6 L“fJuahuﬁLLUmLmﬁqugUmaa Rotating Reference Frame (d-q Frame) linduilusyuuluilhanama
ez luldlunisuegiatusield Ingldwdnnisves Inverse Park’s Transformation (10), (11) ka Inverse Clarke’s
Transformation (12), (13), (14)

loc = ig X cos(0) — iy X sin(0) (10)
g =ig X sin(0) + iy X cos(8) (12)
iy = o (12)

iy = =2 X i+ 2 x i (13)
Q:—%x@—?x% (14)

1.7 Wudmiiauauusediu DC Bus vosszuulvifiussiunnasen capacitor 114 2 dawiiiu Ingld Pl control
lunismiuay

2. 7% Current Control
Current Control [3] fanmidi 4 AduABAuALENAEuTl Feilesdusznaundeduds Direct Power Control A
TarunUaauwsssusaznseualuszuulnihauady Rotating Reference Frame (d-g Frame), Phase Lock Loop, N9
ﬂ?UﬂuLLidﬁu DC Bus, msmu&mmﬁfu Balance Capacitor oy djuﬁLLUaﬂLLiﬂﬁﬂugﬂﬂJaﬁ Rotating Reference Frame
(d-q Frame) oinduiduszuulnihanunla widiufiazunanssiufife 3§ﬁaxi%ﬂwsﬂwﬂuﬂiml,aiu qraxis Wuguéiiefiay

ilsguuiiaduseneumdadunils Gsfiaunts Decoupling (15), (16)
PWM Rectifier

Al 4 Current Control Block Diagram
K\ /. .
Ug = — (Kp + ?) (ldref - ld) + Vg + (,()Ll'q (15)

Uy = — (Kp + %) (idref - ld) + vy — wLiq (16)
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3. 25115 Modulation
35 Carrier-Based Phase Shift PWM

Carrier-Based Phase-Shift PWM [4] a¢l¥&ayey10u81984 (Reference Signal) iWisuifisuiudyanaanannie

(e
v

(Carrier Signal) #39¢il Frequency uag Amplitude Winfuusiazsinsfuiiduaauaumasuildusoudouiuaesinng Shift
Phase fiug] fian il 5 Inefin1sldanu Carrier-Based Phase-Shift PWM azdiosgininluldfiuasasifussiudssdumene
wdmarodyanamuvasLLazpmaiiasiluUTeufleutudyyinsnids fumasFosnssuaamaiuuFeuumiuy
J9sussiuamsEAy dyanaauvasutazyuaasnsamldanaunis (17), (18)

Carrier Signal =m —1 (17)
360°
6= — (18)

Phase Shift = 180°

Carrier Signal 1 -

Carrier Signal 2w\

AW 5 dyayreu Carrier-Based Phase-Shift 9942995 Converter 3 56U

4. 73 Space Vector PWM

Space Vector PWM [5] iunsldinnimesussiuvasivihanalunisaiisdygyruerdaiefiaziily
Wisuiuivdyaaaumaey lnennwesiuinainnisviauvesgunsalaing@ei

WiAannmesusuiwndiuLUannnes (VO-V7) wasudainmesusidueandunndiu fivhyuiu 60 aem fdunmi 6

Im
V3 (- +-) V2 (++-)
@
® @ VL (+--)
Va (- + +)
® ®
VO (- +-)
VT (+++4) @
V5 (-- 4] V6 (+-+)

o PR = a ¢ a ¢
AINN 6 L'JﬂLG‘]E’]TVI\TLLUﬂ‘NLﬂ@ﬁnﬂQUﬂimﬁ'}Cﬂ‘U

NaN1539¢

TunsnageuandunisnageulnglusunsuMATLAB/Simulink &sasmisniunuuasisuegiatuiidmalinsua

Sunnldnuasuuletiuasindr %THD ladfian viusinivinsseanseuaaumawuuisuunlaedamisives

#1999
Parameters Value
Input Voltage 380V,
Output Voltage 800 V.
Output Power 10 kW
Switching Frequency 10 kHz
Inductor 8§ mH
Capacitor 730 uF
Sample Time 0.00001 s
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Tagazuamsnaasussniduduuude

1. F8AruAuIuY Direct Power Control fiu 3%'ua@Laﬁi'i’uLLUU Carrier-Based Phase-Shift PWM 31NKNaN157A&BU
fanmd 7 (a) senuindnuazvesnssuadunadusulsiusiinsmdonmatussniussiudunssuadunmegidniios uaz
fl %THD = 7.77% Fan il 8 (a)

2. 3'§MUQ3JLLU‘U Direct Power Control iU 3§anLa%uLLUU Space Vector PWM PNHANTNAFDUTINNG 7
(b) agnudnuazvesnsuadunmdugUlsiuatimsmdsumatiuszrinsussfuiunssuadunmegidniios wazdl %THD =
14.47% fannil 8 (b)

3. FMIUANLUY Current Control fiu "AJ%';Ja@La‘fJLuLLUU Carrier-Based Phase-Shift PWM 31NRANSNARBUAININ
7l 7 (0) agmuhdnunrrenszuadunaindiouluanguliuasd %THD = 18.44% fsamdl 8 (©

4. 3'§MUQ3JLLU‘U Current Control Aiu 3§anLa%uLLUU Space Vector PWM INNANITVAABURIA T 7 (d) 2z

nuanwarvesnseuaunsiaisulyangUlel uazdl %THD = 18.69% Aunmil 8 (d)

Input Voltage  Input Current

(c) (d)

AWl 7 usePuLALNSEUABUNAYEINNTINITUIEETS (a) Direct Power Control AU Carrier-Based Phase-Shift PWM, (b) Direct
Power Control iU Space Vector PWM, (c) Current Control iU Carrier-Based Phase-Shift PWM, (d) Current Control iU Space
Vector PWM

FFT analysis FFT analysis

(50Hz) = 28.99 , THD=7.77% Fundamental (50Hz) = 30.33, THD= 14.47% _
=8 _10
3 3
g° s 1
g4 3 |
£ S 6
w3 =
2, 24
g >
2, | I g2 |
o L. oL I.ll,.l..‘,.p,mmw,w_,‘
a 10 20 30 40/ 0 10 20 30 40
FFT analysis FFT analysis
(50Hz) = 30.33 , THD= 14.47% (50Hz) = 17.68 , THD= 18.69%
|
_10 L, 12 ‘
g g 10 1
§° g \
L g s ‘,
= £ !
5 1
2 |
s ! [
=
gl = | | |
u b 5 || RTI
0 10 20 30 40 0 10 20 %0 40

A@ 8 AAuileusnsLeinTIveInNTauasE (a) Direct Power Control U Carrier-Based Phase-Shift PWM, (b) Direct
Power Control fiu Space Vector PWM, (c) Current Control U Carrier-Based Phase-Shift PWM, (d) Current Control fiu
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Modulation Carrier-Based Phase Space Vector PWM
Control Shift PWM
Direct Power Control 7.77% 14.47%
Current Control 18.44% 18.69%

Space Vector PWM

a1u150a3UNaveIAIAULEUENSURTNgTI (Total Harmonic Distortion: THD) v@In1snagauvsdhuulaniy
A15197 1

AN5199 1 LWSeUisuan %THD AI9laa1nn1531a89n159iNa U ReE Uy

Modulation Carrier-Based Phase Space Vector PWM
Shift PWM
Control !
Direct Power Control 0.1% 0.6%
Current Control 0.1% 0.19%

(a) " (b)
Av _=1v Av =15V

AAAAMNAMNANANANANANAANANANANMAA AN AN NN NN NN NN~

(© (d)
it 9 DC Ripple Voltage YISV NUEIE (a) Direct Power Control fiu Carrier-Based Phase-Shift PWM, (b) Direct Power
Control fiu Space Vector PWM, (c) Current Control fiu Carrier-Based Phase-Shift PWM, (d) Current Control iU Space Vector
PWM

wazlsnaaauin Ripple Voltage #an1w¥l 9 vee DC Bus 7 800 Vdc wazajua1 Ripple Voltage annunnsadi 2
M15199 2 1W3Buiisua Ripple Voltage Aialiann15391a0an15vinaunsduuy

aAusENa

MnHaMIasIMBhnuediinuauLa TieguaTuTiUszgnAldfusRsansEkaLuUdBuuRELUY WU
Frmuauuuuiiluihlnenss (OPC) SrufuiBuegraduuuuyiumnunirwesiadlnglddyaamumdsuuuidoua
(CBPS-PWM) Tﬁmaﬁuaqé’zyzyﬂmmmmauwmﬁmmmﬁmﬁauﬁamdﬁ%‘éu Tnedleuszanas 7.77% Snitsiiensasisyaen
pAuveusuNsELANTITURenAliAtenni13tume Tnefid1ussanal 0.1% nanssrassgunauiudy FBnrsdnan
wingauluuszendldivisesiseanseuaanumlawuuiouun
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