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Experimental verification of transformer-less step-down AC-DC Converter
using Modular Multilevel Converter Topology
Toshiki Nakanishi*, Jun-ichi Itoh, (Nagaoka University of Technology)

In this paper, a step-down AC-DC converter that uses a Modular Multilevel Converter (MMC) topology is proposed for a DC
grid interface converter that converts from medium voltage into DC voltage of 400 V. The conventional MMC which uses
chopper cells cannot convert medium voltage such as 3.3 kV or 6.6 kV into the low voltage of 400 V or less. The proposed
system can achieve the step-down operation by applying H-bridge cells. Moreover, the proposed system controls the input current

and the each capacitor voltage of H-bridge cell constantly. The experiment results are demonstrated by a miniature model that is

three-phase AC voltage of 200 V into a DC voltage of 90 V. In addition, it is confirmed that the maximum ripple of the cell

capacitor voltage and the output voltage is suppressed to 11.8% and 13.9%
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(Keywords: Modular Multilevel Converter, H-bridge cell, Capacitor voltage balancing control, Transformer-less AC-DC converter)
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Fig. 1. Circuit configuration of the proposed
step-down AC-DC converter using MMC.
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Table 1. Numbers of cells, switching devices and capacitors.

Rated Voltage of Switching Device 1,700 V
Numbers of Cells @ leg 10
Total numbers of Cells 30
Numbers of Switching Device 120
Numbers of Capacitor 30

T 5,

(3-1)  FHEHIE

EHMERIBENLE A BERNIZE T 5% v XU X BERSE
LERBEOBEEIME L ORELMIET 2HEITHL, 22
T, BABEIBT DX ¥ /8 ZBIEDO T Va0 13 G)RT
BINs,

Veam T Veasn + VcAtm) """"""""""" (®)

REHETIE E OB A EBNHIET 5720, FH)
EEHICBTS 1 bz T nR2 L7ed, Fiz,
Vearms Veasms Veam (3 T, s, t ABICHEE S N7 BV O KBRS
YU BBETH D,

B, ¥ NNV EBEITAENEINCL > TORERT S,
L7223 T, SEEMEHIE O 73 AT E il iE o A 2h ik

BOE ig* L 72D,

(3-2)  NT AR

SEEIMEHIE I B VRENICR T 2 F v XU X BIEDF
PIEZEHIET 5, 2F 0, Fv v & 2EICKH 5 64
ThdHID, RT7T—L2NIZBWTH Ay — R s
EX ¥ NV HMTCRETLDBIET VAT U RAERMIET S
ZEIETERY, EZT, AT AN Lo TH X
VEZEICEBIERESRBL, METALERHD, N
7 AKIE O LT Vee pm 1Z(B)NTHEIND, 72721, k=
rst, m=12,...n2 &4 5%,

Vee am = KC (\/C * _VcAkm)ik ................................... (6)

Output Voltage Control
[—— ==

I
me’é Eq.(7) | }VAkm

| (k=rs,t)

—aiﬁij LN e T | o
%*_tj Hdo{Kave i AcRl! dg/| 3 [3] 3—~$-_J (m=1,2--n/2)
_v_ la™= 0. Jl :-v 21/ st n
cA_ave | i q VAI?
i | rSt Idj\ : (k:r,s,t)
Ak A
(k=r.s) L_Eii_J
Balance| — — — — _I
Control
= Eq.(6) H _
VcAkm t | n/2 Vee Akm
(k=r,st) 2 ————=- y
(m=1,2--- n/2)

Fig. 3. Control block diagrams of the proposed circuit for the arm group A.
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Table 2 Simulation parameters

Output power 2kW | Input voltage rms 200 V
Input voltage frequency 50 Hz | Output voltage 100V
Number of cell per leg n 4 DC capacitor C 1300 pF
Load R 50 Carrier frequency | 10 kHz
Buffer reactor L, 2mH (Z% =3.14)
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Fig. 4. Waveforms of input phase voltage and current.
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Fig. 5. Waveform of output voltage.
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Fig. 6. Waveform of the capacitor voltage.
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Fig. 7. Waveform of the capacitor voltage ripple
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Fig. 8. Waveforms of input phase voltage and current.
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Fig. 9. Waveform of Capacitor voltage.
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