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An Experimental Verification of a Simplified Five-level PWM Rectifier using 12 switches in
Synchronous PWM control
Yuichi Noge, Student Member, Jun-ichi Itoh, Member (Nagaoka University of Technology)

This paper evaluates a reduced switch count five-level PWM rectifier in a high frequency power supply system. The rectifier
proposed by authors is combined a diode clump type topology with flying capacitor type topology. The proposed rectifier only
uses four switches per leg in spite of five-level converter. This paper describes the feature of the proposed topology and the
corresponding methods of the high input frequency. Finally, the performance of the input current control of the proposed circuit
using synchronous PWM control is confirmed by experimental setup. In addition, the high frequency 800Hz operation of the

proposed circuit is confirmed experimentally.
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Fig. 1. Configuration of the proposed circuit
Table 1. Switching patterns for the proposed circuit

Diode Flying Proposed
clamp capacitor circuit
Switch 24 24 12
Diode 60 24 36
Capacitor 4 30 13
Voltage Impossible Possible Possible
Control of C

Fig. 2. Control block diagram

OTHDBFAET D,

()L YV B 2 BN

RREK TIIANEBRBIEICL > TAL v F L T F—
CVEGIVRZDMNENDHY . — Xk v U T EHITANF
— U ERYY B2 DHIEZE (LT R x) & 6H
T5&, VKX ENPAET D,

EMIRRMEE) 0 R 2 CIE, Fx U TR 26.7kHz D3
&, BRI R C 1 % v U 7JEW 37.5us 205, ;KT 2
JEHASy 75.0us £ TEAbT 5, BIERFRIX M SIEERE L 72
D, ANBRICOTHRELELD, ZOHDBEERZITER
JE U, & v U TR U, Ol NARSEE BT E DR A
DO — hEHE LTHEND, E— NEROEEE fea (3(1)
AcTERIND,



fo= L s 1)
{/f,1/ 1}

ZOE— MNERITEFRERL LY B, BEESOAE
U7 7 MOEREIREN: EORMEEEL 5,

(3:2) U7 FILEEDWHE

FEY 77 MVERICERT 20T AEWET D120
d-q FERZE ONTAR 2 M3 5, Fig.7 ICHiE SR O A <9, &
R E §, [HZl & 35 &, Vo & Voo DNARZEAO [rad]iZ(2)
LTEREND,

AG = Tan’lﬂ

VR L [ER——————— @)

S

fin IXHIBEIERAN O d-q FEREEHRHEE D DR ATRETH 5.

ZOAGEBEIREE LD ML LA IR T S,

(3:3) BEYYBZBOY LT VT ENER

G D BV HED OV HAOAAL v F o TRE— %
Xx U7 EHEIERBICEIV X D (LU IERESImEL] 0
BHz) 2T, A v F AR E LR SETICERE
KT %,

Fig.3 ITHRIEL) 0 B x K DI KR 277, Fv V7 1
JAHNCBWT, A Sy, S, ON -0V ¥ —r & H AL,
W, ADJEEmPENEMNCE) 0 o 5 & RIREZ, B
PEHERSZAVT, v U 7ML IEREMIC S5, Sy ON D
+OV REZ— I DR TWD, B0 2 HAZIT-1/2V,,

REBE SNLVANEAELTWD, ZOBEEBE/ NILAD
%i,@V@ﬁ%ﬁ@%&?yk§4A_iD&m¢ét
» 15us EHL, ETXHERD,

4. [EEA PWM &0 & A

SEIR LIEEESETIEICLY, ANEROTHLEE—
NEFIIERCX 2, Lo LIEFH PWM il % 6 9 5 55
A, BIREERE ¥ U 7 AEROLR 3 OFHKTRVE
TETIXAA v F o T8 — AT FEFRPE D & AR A4S A3 %
95, £ZCER 1 BAMICBT AL v F o 7mE%E 3
DFBOEHLHCRET D2 L TR ELSE5, [FH
B PWM fHil{81 2 A2

Fig.4. (2[R PWM HIEIZR O & 75 77, $EE B LRI
JERE FIZBWC AN BRI ZAT 5 729, BREBEOAE
T 5, ZOBEFAEDOEREHIBRFESITE VKD,
EIREEE oz BT 5, B L7z ﬁﬂ&ﬁi/%x%%
< &tel=, 100Hz DE— 27 L LR IZEVRENL, B
%H%ﬁ@@m@mm%F

Fig.5 | %PWM%@@%%@ BRI E, Tkt
r#&%ﬁlmﬁ%twa4y%/7ﬁﬁ%m¢o%ﬁ
BB OBE E oy £, T2V ABERET S,

IV AEEEN Y R 2 R, %%&)/7%@@?6t@1%&
D ATV REFTSH, v U7 JEREEHEL L 22~26kHz
LT, ZO®EE, TRASANERY 7L ERES
DL ENE, ERBHIEZROFEFHE L 2 A v F » THEKD
TERBICEIOVRED, XY UTOIUE 70y 20MHz
Z, WELZXY U TEAEECREL, RKOBAHOF ¥

€——> 40us/div

Input Current [5A/div]

iy B o

Output Voltage [250V/div]

Carrier Period

Input Voltage [250V/div]

=]

il
e Voltage Polarity I(

§\ d .
g~| 1 e e o I B oy o T AT L

S5 LT
Y] T R ) S i e R 1 | S S L L B T gy S

Fig.3. Asynchronous polarity switching (experiment)
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Fig. 4. Synchronous carrier generator
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Fig. 6. Operation waveforms when the input frequency is 800 Hz.
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(b) Synchronous PWM control (THD 3.08%)

Fig. 7. Input current harmonics when the input frequency is 800Hz
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Fig. 8. Relationships between the power supply frequency and the input

current THD
Table 3. Experimental parameters
Output power 0.9kW
Input AC voltage 200V
Input frequency 400~800Hz
Switching frequency 22~26kHz
DC output voltage command 350V
Load resistance 130Q
Input inductor 2mH
Flying capacitor 47uF
Clamping capacitor 100puF
DC link capacitor 220uF




