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An Improved Carrier-Based Discontinuous PWM Method with

Phase-Current THD Reduction for Vienna Rectifier
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Abstract

This paper proposes an improved CB-DPWM(Carrier-Based Discontinuous Pulse Width Modulation) method for the Vienna rectifier.
The conventional CB-DPWM methods clamp the reference voltage to zero during intervals where the Vienna rectifier's normal
operating condition is not met due to the offset voltage for DPWM operation. However, these additional clamping intervals cause an
increase in the phase current THD(Total Harmonic Distortion). In this paper, an improved CB-DPWM method is proposed to reduce
the phase current THD of the Vienna rectifier by minimizing intervals where the reference voltage is zero. Furthermore, neutral
point voltage control can be applied in the non-clamping regions to mitigate fluctuations in the neutral point voltage. Consequently,
the proposed method can enhance the phase current THD while maintaining the advantage of reducing switching losses. The
effectiveness of the proposed method is verified through simulations and experimental results.
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Fig. 1 Grid-connected Vienna rectifier topology.
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Fig. 2 CB-DPWM method in 3-level converter.
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Fig. 3 Conventional CB-DPWM method in Vienna Rectifier.
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Fig. 4 Reference voltages of conventional CB-DPWM method according to Ma.
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Fig. 5 Zero-current distortion of the Vienna rectifier.
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Vienna
Rectifier
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Fig. 6 Equivalent circuit of Vienna rectifier.
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Fig. 8 Comparison of clamping regions between conventional and proposed
method.
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Fig. 9 Neutral-point voltage variation due to the average neutral-point current.
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E 2 AZ30|M mato|H,

Table 2 Simulation parameters.

Parameters Mark Value
Control period Ty 100us
DC-link voltage Ve 350Vdc
Grid frequency I 60Hz

Switching frequency s 10kHz
Input filter resistance Ry 0.2Q
Input filter inductance Ly 1.25mH
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Fig. 11 Phase current THD of conventional and proposed method depending on
Ma.
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Fig. 12 Total loss of conventional and proposed method depending on Ma.

TS UEhe, S48 A AlolE AR LA AR (Veom)
& 41 )2} 2ol A Aol SUYEA gk TN 27}
ek AN Vicooms Voceom= 242 87 AYe] AC 2
DC 2% B4 9ok oA Aolch
Veoms =
0 Vo 20 (O]
{VAC,camp + VDC,Comp I/ofﬁwt =0

KIEE

Vienna rectifier

C(;;l-tvrol board

a3 13 HdL FFR7| A ME.
Fig. 13 Experiment setup for Vienna rectifier.

Ao, T At AE et Atsk= 71l 3
F A%

%(K,DPWM; x=a,b,c) %—! (10)37—]' 71—_;'1:]’

+V,

Vx,DI’WM = V offset + chmp' (10)

x,ref

4, AlE3o]4

AlQkshs CB-DPWM 7%o] Epgae Al

A A AL 008 SAYIE TS o
o] WAYSHE O-29WH FHroE HABSL, FHAel F4
o AloZ A§FEE AT THDZL AZHE 2e I

7z =
Zl: 9\)\]:]- Ma7]— Z(‘I—O}XE])\ = 7]% 7] t\':l—]g‘] Oclamp,prev?_z_]_—’g_‘ Er 01
=

A7) izl Albshs 7IMellM AdF THD Az &xb7h

a9 12& Mol wE 71E 7RI Ajtshe 7o) EAS
Uebdlith. Ajtshe 71 e] O-F8%8 772> 29E #2 7
22 A3 7 AYA A4S SR Al PR
Aol 27171 v|ad &2 zero-crossing Frolth ESE A
AR 27178 AN Potamp Netanp7H 718 7197 53}

=]
| A5 wEe] BE M, 271 FolH A9F 40|
= Z7lsldehe 72 )
Anron 29y &4 g EIHE W S0 Sre

(ol e] 2~
O]EIE OE]—T(})J]\I:]'

X

+
%

2 Ao M= A9ksH= CB-DPWM 7|9e] ElgAde A9
Bl Aedth 11 132 AY AS5E S1% vy {719




The Transactions of the Korean Institute of Electrical Engineers, vol, 73,

)
Viot[10r7ir]

V.ol 200V/div]

(®

a7 14 M=0.601 AL M
7| M Al

H |o

Zat (a) 7I1Z 71" HE Al, (b) mMtst=
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