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Experimental Verification about the Conduction Noise of a Three-level V-connection Rectifier-inverter System
Huynh Dang Minh*, Takahiro Araki, Daisuke Sato, Yuichi Noge, Jun-ichi Itoh (Nagaoka University of Technology)

This paper discusses the conduction noise of a transformer-less three-level V-connection Back-to-Back(BTB) system. Comparing to
conventional three-phase-connection BTB system, the V-connection BTB system has not only a higher efficiency, but also smaller size. In
this paper, the conduction noise of three-phase-connection BTB system and V-connection BTB system are measured. As a result, the
conduction noise of V-connection system is the same of that of three-phase-connection system. In addition, the leakage current of each
system is also analyzed. Based on the leakage current analysis result, the magnitude of the leakage currents of V-connection BTB system is
higher than that of three-phase-connection BTB system. It is because the impedance of the S-phase’s ground line is lower than the Y
capacitor’s impedance.
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(@) Three-level three-phase-connection BTB system
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(b)Three-level V-connection BTB system
Fig.1. Main circuit configuration
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Fig.2. Control block diagram for three-level V/-connection
rectifier-inverter
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Fig.3. Circuit diagram of a three-phase connection rectifier- inverter system for conduction noise measurement
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(a) Three-level V-connection BTB system (phase S is not grounded)
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(b) Three-level V-connection BTB system (phase S is grounded)

Fig.4. Circuit diagram of a VV-connection rectifier- inverter system for conduction noise measurement
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Fig.5. Experimental configuration
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Table 1. Experimental conditions

V-connection | Three-phase

Input AC Voltage (line -
to-line) & phase current 200V, 3.5A
DC-link voltage 600V \ 350V
Power supply frequency 50Hz
Switching frequency 16kHz
Load RL load

(30Q, 5mH)
IGBT module SK150MLI066T (Semikron)
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(a) Three-phase connection BTB system
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(b) V-connection BTB system
Fig.6. Operation waveform of the BTB system

MBI =FFE#E BTB & 25 AT 3 U F— NERORE
LLTY arF BN LI EEOMSTEBETH D
X 7(b) & € 8(b)%tt$§‘f50 FERED, VSl BTB v X7
I D HEE b LlilSMszZlMHu v — 7 IS ELE
#é%@@,@@ﬂﬁﬁ_%wf ZIFFAETH D,

4, RNEROEBICLIHBTHFEETRERRD
ET

ATl =S BTB A7 AB LNV #5# BTB v &
T LD EERERR L RETT 5720, RVERD
fRAT 24T 9, IRNEBMITER e —71CX W HlEL, A~
I RNTETFIAPITED %‘%ﬂiﬂzﬁﬁﬁ%ﬁ%

X 912 =FRfEHR BTB v A7 Al A IRAVE R OBLELR

R, Y T o LY}IL“%Y}%“E@Y}IL X, arF oy
Pt —h s @F"ﬁf‘iﬁmff;’

B 10 12 V #ft BTB v A7 Al B IRAVEE T A A
%#ovﬁﬁamy%TA@%éism&ﬂﬁ#:%/%
— NEIRE L 25,

X 1112 =AHFE# BTB & AT A OV T O i SR AR
RE2rd, B @k, e—=Fr 7 no0RNERR
icm heatsink & B DVFIER B> 5 DOIFAIVEDR icm joad 1L 1.6

MHz & 41 MHz IZE— 27 BMEET 5, K’ T(QDOHEE 5
JE& T % &, IMAVENT & M 1R O YV — 7 L
TLHRWEES B L TnD, &6, BRIk Hilwh

T O b HEF IR B & — ﬁw‘é L7=M->T, =4
FERE BTB AT AIZHBWT Y a7 o328 L
A, MEEmTEEORARKIIE — 7 BLOARD

2100 1.6 MHz
g O 5.3 MHz
3 T o
880 “M - ™ A‘m‘ '
S it
S e ‘Wﬂk ™ r.‘
é 60 Wi, |l ".,4
o hi
o
40
0.15 03 05 1 3 5 10 30
Frequency [MHz]
(a) Without Y-capacitor
>1100 |
om 1.5MHz
= © 4.3 MHz
5] i
2 g9 1 A ED 6.9®MHz
< el J | il R W
.E AL Fhr ,qn \,I‘ T
B d ‘-.*" W ‘|| ™ \
2 60 i RN
< T )
8 IAT S
40
0.15 0.3 05 1 3 5 10 30
Frequency [MHz]
(b) With Y-capacitor
Fig.7. Conduction noise of the three-phase connection BTB
system
by 1.2 MHz
21000 e
@ T Y
S, tHP W’v"-i‘" Wl W 6 MHz
3 by Wl | @
‘s 80 Ht i T9MHz
g 'U‘IA.I l‘*v@r \
% ‘ .f'?NW x'm\
2 60, R
o
o
40
0.15 03 05 1 3 5 10 30
Frequency [MHz]
(a) Phase S is not grounded
.;100 1.5 MHz
& D21 mHz
S, O | 4.5MHz
% ' |
'S 8O ot 82MHz
£ i ra—
é 60 T ‘\."*‘ay‘-..",':ﬁ“ L
g ‘
o
o
40
0.15 03 05 1 3 5 10 30

Frequency [MHz]

(b) Phase S is grounded

Fig.8. Conduction noise of a VV-connection BTB system
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Fig.9. Measurement point of leakage currents of the three-phase
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Fig.10. Measurement point of leakage currents of the
V-connection BTB system
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Fig.12. Harmonic analysis of leakage current of V-connection
BTB system
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