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PDM Control Methods of a Single-phase to Three-phase Matrix Converter for High-frequency Applications
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 outputting 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 delta-sigma conversion and the PDM
control based on Space Vector Modulation (SVM), which is proposed. Also, the experimental results of the proposed system will
be demonstrated and discussed. As a result, the total harmonic distortion (THD) of the output voltage with delta-sigma
conversion and PDM control based on SVM are 5.96% and 2.15% respectively. In addition, the maximum efficiency with
delta-sigma conversion and PDM control based on SVM are 93.4% and 97.3% respectively. Therefore, validity of PDM control

based on SVM has been confirmed for improvement of the output waveforms and reduction of switching loss.

*—7J— K :PDM ), EuBEAAL vF 7, TAHF-L TR, WY NVER, FEREHMGE

(Keywords, PDM control, zero voltage switching, delta-sigma conversion, space vector modulation, wireless power transfer)

LT, ANABEBSA RN LIER L, 7V AEEAR

L BLoE FH(PDM) Il 51O 2538 F L 7= 6 J&8 i B IFUH BAAR- =~ R
UTAE, FEHER COBIMEEDEANHIES LT E00), v 7 AN g 5O D SRR I AT B D
FRCHRRE A R & BRI AN ER AT ER HFH 2 PDM Hl# O L 2 & LT, AL v F 2 7 %217
7R EOIEEMBE ST XE LT, BEEHEBROTCND, 5, ZDH, ANNBEOEO 0 ZETAL v F o 74
AR TE TIX, R = A VA U B EIEO BT 52LT, BuEBHEAL v F U IRAREE R D,
BB L F—CH Y, £+ kHz 2> 535 MHz 2MER S 1L 2 v F U TIMEMRT D PDM E51%, FAZ-L T~
b, LTERST, ZOVAT AEATICHERT D012, BUICL VBN, HABBICE G EBED/ LA L
ZEMCBNWCT—EBNERGBE LT, ZELLENE Bor 7o TRENFEL, BABEMTS—KERLD
FALSLTWRICEBRTIVNERDH L, 22T, ZEH= FIT, ELICHAEROUETIEE L TR ML
ANTERAF LB 2B REICHRT 5V AT A afiE ZEFASVM) % i L7= PDM 8 B AE kL5425 9 5, SVM %
THE, ZEMIANEREORIZIT 100kHz L7 E R WAL v F U T RE =V EAERTHZ Ik v HER
ZAIIL, mEME B (50Hz 7213 60HZ) DARJE 3 2 H )9 CEBEOMNMER/NCT D2 ENTE, HOKFICY 5
DR TR E IR DN T L 70 D, RT3 S B R THEERLSTIENTE S,

LLT, BB EA A= ENERER SN D Back-to-back AEXOEHIX, BERANIO~ ) v 7 A3 =X
(LLF, BTB) VAT ABERMEHENTE, LrL, 2 WCRBWTC, TV T ~EHE AW HEF ERET D
DYATAMFIZFAF =Ry 77 L LTCERa TV SVM %I LZHIE S K& it L, REEOA AL
FALTEY, Zhickh KEEReHEMOBR TFERL, — ATz EEH D,
Ji, v U v Rar =2 3EMarT oY EEH LA F9, 2B TR ET DU AT AR & BRI RIZ O
WEBEEORF-RLREIERETHY, ML, BwFEL THAT 5, ®iZ, 3 =T PDM HIfEIC>WT, FIZ-
DBLENSHE IR FEO—STH S, LrL, ZhETZ VIR AW R ERET S SVM AR L7 FAo
DEIREEEANTO Y v 7 A3 /—HF 2D T B a iR ~%, 2L T, 4 ZBICRERIC L 5 2 >OfilEEL
e SN2 EHNLEF D OMBIRY 720, B LIEZEROBERZTT, ZhHDOREEND, 2 >OHIH
AT THE, G E T A7 AT, W E R %t FEICOWTHERF 21TV, HABEEERS L OHROK

1/6



FICLVRERFEOEAMERR L0 THET 5,
2. [EIFRERL

(2-1) PRTLER K1 ICEETLIEEMGED
vx%Aﬁﬁﬂ%%ﬁ & JE I ﬁ# EONTEITI
= e AT & Dxfa@” ZELND, %15
L7-4 j]’%;ﬁn‘ﬁ @f}u#éf_ i, BAES =0 -
R i 7B 1A s ﬁ%%&&éol@io_,_@$ﬁﬁ@

ZRO AT 100kHz LA EOE AR 2 48E LR Y, MM
AR AEMET S & 50Hz, F721% 60Hz OIERFER &5 &
WMEHETD, ML, FA 4 — FREHRBOH IR =
VT UV ERERL, BELEEREGSTHLLA V=X |Z
LVRARKEBERT DL ENEZBND,

LL, 2084, A NN—FIZAL vTF o THENF
5, FIT, FEEMGESZBEMOE LR L LT,
PDM il & F v 7z & B AR - RS =4~ b Y w7 R =3
UNR—RICHEAT D, £ LT, Liiso I EREECK L
TANEBEERFORENZLICERTH L, ZOLEHE
WIZATTEEOYFW % 1 2L A L LT, PDM %
WHT ST, AV R_R—FDOAL v F o THEFNL
ZL7?“E)H5¢F'EJOD:I Lo v AWEEEaIITE, B

[EAA v F 2 T @ZVS)NBEKTE D, ZHIZLY, @Ehg
WD D, PDM HIEIEIC W TR EIC TR 5,

(2-2) HBF-=HTFYvHIRaIN—4 2 IZH
H-ZM~ N v 7 Aa N "—ZOREHELE~T, ZOFH
Bix 6 HOMFMAA » F THERINTND, ZiuE, A
NBEBZRTH Y, BHMAAL »F TIEIATEEN AR
PEDRFIZIEA A » FITHEEDI MDY FEL A A — FTE
BEET 50T ThHD, £, ZORERITZMR-2Z
MEELEHREBTHY, B 7 ICEBRa T )&
T, WERDEFER-A N —F VAT AL L CERE T
Bix1oLpdize, HEHEANNEL 5,

(2:3) HHE-ZHASAUEFALY I MY v I RO~
3 Alal, SEOHIHEALE X D - MR- ML v F 1 L
Jh= b w7 A R—=FIZONTHHNEIT ),

B 3ICHMH-ZMA v F A L7 b b vy AT nR—H
DOEIEERZ =T, HHE-ZHA XAV b~ R v X
AUN—=BIEA F— FEEfiigs & A =2 D 2 DD
LRI THER SN TWD, —R, ZOREKIEXBTB VA7 A
LRICHR TH DA, BHIKY o7 I BEa T o 26
LCWielew, /ML, BFEMTHD, £z, @ilmFEFH
2oL, BM-Zf~v M)y 7R3 "—=F gL
CHEGRIBITIINT 523, 6 DOEITE) A A~ F D I CHilfE
TE 57, BfFEafBElT 52 LN TE S,

7eB, HY 7 MICIXRERKE LT, ¥1F—RE
INETRX e RV, REBESITHERISND 2 T AT
EHHELTWD,

3. HEIRE

(3-1) PDM#lffiiz  PDM (Pulse Density Modulation)

High-frequency
power source

Transmission side Receiving side

Commercial grid

E> Power

converter

Wireless energy transfer
Input voltage Output voltage

iy o>~

High-frequency Low-frequency

Fig. 1. Contactless power transfer system.
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Fig. 2. Single-phase to three-phase matrix converter.
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Fig. 3. Single-phase to three-phase indirect matrix

converter.
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Fig. 5. Control block diagram using delta-sigma

conversion.
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SVM.
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Table 1. Experimental conditions.
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(a) Input and output operation waveforms.
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(b) Extended each operation waveform.

Fig. 7. Operation waveforms of the proposed circuit in

the experiment with PDM using delta-sigma

conversion.
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Fig. 8. Harmonics analysis of output voltage and input
current with PDM control using delta-sigma

conversion.
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Fig. 9. Operation waveforms of the proposed circuit in
the experiment with PDM control based on SVM.
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Fig. 10. Harmonics analysis of output voltage and input
current with PDM control based on SVM.
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