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Single-phase to Three-phase Matrix Converter for High-frequency Applications

using Pulse Density Modulation Control Method based on Space Vector Modulation
Yuki Nakata™, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper discusses the PDM (Pulse Density Modulation) control methods for a single-phase to three-phase matrix converter

(MC) in the high-frequency application. The proposed circuit is used as an interface converter for a wireless power transfer

system. This converter can input several hundred kHz frequency and output a low frequency, i.e. 50 Hz or 60 Hz, for commercial

power grid. The proposed circuit achieves zero voltage switching operation by using the PDM control method and obtains high

efficiency. In this paper, two PDM control strategies are compared between PDM control based on Space Vector Modulation

(SVM) (conventional method) and proposed PDM method, which is combined with SVM and delta-sigma conversion. Also, the

simulation results of the proposed system will be demonstrated and discussed. As a result, the total harmonic distortion (THD) of

the output voltage with conventional method and proposed method are 9.35% and 0.73% respectively, when the modulation ratio

is 0.5. Therefore, validity of proposed method has been confirmed for improvement of the output waveforms.
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Fig. 1. Wireless power transfer system.
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Fig. 2. Single-phase to three-phase matrix converter.
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Fig. 3. PDM control waveform of proposed circuit.
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Fig. 5. PDM signals generation block diagram of the proposed PDM method combined with SVM and delta-sigma conversion.

3.6



%%ﬁf"Té%%)Tﬂﬁﬁ’ﬁ%Té%@f%é
W ST BE~N 7 MV OFRGE, WIS Tnd

2 bV ORIENE vy, Vg & B ST, KRS ORRAEITRT Y &
N2, By LTn382E L K 4N RTINS L% bhiig L —
FiENHDEZRINULI T 5, 20K, K 4()DRIGFRIZL
TeRioT, WHRT SAFBRNO AL v F L T RE =
EHInb, o, RFXEFRICETT—2DAA ¥
FUTEEEANEZDVLEND D720, ANJTBEEMIEE
B AL v F U TNE = OB EMAGERET IR E H b
TENEEBL TS, R~ bV L HiEEO R L
BRI AN DB r 7 a xS LR L TEET 2,
PEo X oz, ZohfmIekiE 13820, ¥+ V71
AR O~ SO )RR ZFRE L TW 2O TR RN
B, ¥ U T Lo THE O N MERESRE L, £
7o, FEROBEH DG, EPFHEMEWIGEITB W T ofEhe
ITET L7,

4. vIal—vaUER

Z T 2 SORIENEORGEEIT S T2, K 2 12T
BHREZ RNy I 2 b —3 g LI X 2B ERERZ4T -
7o F1IZVIab—a VS ETT,

(4-1) ZEFEANY MIVERZEIZLT- PDM HIEOEN1E
SVM IZHWA X+ U 7ML 10kHz & L, Z3%E% 0.5
ELT, AL v F U TS PDMAEE AR LT,

WHERIEZ A LIz - =~ b Y v 7 A3 u3—
& OEEIE 2R, X 6(a)k v, HIIZIFE R 50HZ O
EREEEENHIEINTWS, LnLl, Ba—RA7 4 L¥
(LPF)ifiifat O HTETFHEITOTATEY, BERIZR-
TWb, ZZT, LPF OB v b A7 EMEIT 1kHz TH D,
IhiE, XV TEEERRELS, EREREL AV
O, ot EERIEOSRENHERTERWZDTH
Do

B 6N 62T 5 XM A OIEKREEZ7R77, K 6(b)
X0, = Vw7 R R=FFIANEBLEOE eV o Af}
WMCTAAL v F T TETNDIEDNERTE D, LoL,
LPF i@iEtk OBEEEF LY, X+ V) T7TREHKTCOELED 7
IBRKRENWZ ERDND, ZhiE, SVM ICLh o
PWM 2 A€ r 7 m A TRIBIL TR Y, HOEE
DPWMIRIZZ2 Y, v U TEABO ) T ABRAET L0 T
b, Fiz, ANNERIT MM THEREEIRICR-TWVWSE,
D LD, ATERIIEROEFHEEZ L EATHDZ
LGB,

2 7 \ZHDEE E ADBERO SREMTRSE R 27T, X
(@)X v, HAEEIXH A S0Hz (2% L CTIRK i
BEEATWDLZ Enbnd, HIEFED THD (X 40 IRET
T935%& 7o 7-, £72, SVM DX+ U 7 &%k 10kHz &,
AJTEIEFEFEEL 100kHz O 2 5O A ETH 5 200kHz D
Bl 2 2< GATWEZ ENbhE, AHFKTiEx
¥ U T JEMTHIEZIT > TWA =D, X+ U TEEEDY
TGy & E OB SRRk A BT, £ LT, MIIEEK

Table 1. Simulation conditions.

Input voltage 200V
Input frequency 100 kHz
Output line-line voltage 78V
Output frequency 50 Hz
Load Rioad 100 ©Q
Lioad 10 mH
Carrier frequency of the SVM 10 kHz
(Updating cycle of command) (0.1 ms)
Modulation ratio 0.5

Input voltage 20
Vin[ V]

0.5
Input current
iin[A]

Output voltage 20
Vin[ V]

Output voltage 100 Cutoff frequency : | kHz

vl V] 0 M\V!F""H
with LPF 100
Output current % “"’#
Al Y
0.5 e

A% e 2 ms/div

(a) Input and output operation waveforms.
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(b) Extended each operation waveform.
Fig. 6. Operation waveforms of the proposed circuit in

the simulation with conventional PDM control.
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(a) Harmonics analysis of output voltage.
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(b) Harmonics analysis of input current.
Fig. 7. Harmonics analysis of output voltage and input

current with conventional PDM control.
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(a) Input and output operation waveforms.
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(b) Extended each operation waveform.
Fig. 8. Operation waveforms of the proposed circuit in

the simulation with the proposed PDM control.
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