BRI GE0 (000000®: 5
IEEJ Transactions on 0 0 0000000000000
VoL.@@® No.@ pp.O-00@ DOl @.@®/icejciss. 00@.@

A - S = °1 . L HASELTLESY
FFHX:ME.\T ARV ~ Ver. 2013. 06. 18

w3

Y2 SO A AN I N S0 LA
YT DC-AC = 28— B D AL F 3 F R IAEHR T

wEE T OB ER KE  m*

HT  fE

Switching Loss Reduction Method

for Isolated DC to Three-Phase-AC Converter with an Indirect Matrix Converter
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This paper proposes a zero voltage switching (ZVS) method for a bidirectional isolated DC to three-phase AC
converter with an indirect matrix converter. The phase shift control method is applied to a primary side converter

and a secondary side converter to achieve ZVS and to generate a zero voltage period at the DC-link. A grid current is

controlled by the three-phase converter with pulse density modulation based on delta-sigma modulation. From the

experimental results, the proposed method reduces switching losses of the whole converter with the bidirectional

operation. It is confirmed that the prototype circuit achieves a maximum efficiency of 95.0 % with the discharge and

charge mode. In addition, the grid current total harmonic distortion is lower than 5.0%.
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Fig. 1. Conventional DC to three-phase AC converter.
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Fig. 2. Proposed isolated DC to three-phase AC converter

with indirect matrix converter.
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Fig. 3. Logic Circuit of primary converter with discharge mode.

(a) Operation modes

A

~

Primary Sun
converter
gate signals pr

Three-phase Su
Converter S
te signal.
gate signals \ g
Primary v
transformer voltage

e
s

vV

~

N
)
)

< £

OO —0o - O —0 —~0 —O —

Yy VvV VY

zZVs

vy
-

Drain-source RZVS
v[l]’ RN

voltage 0

v
-~

Drain-source iap
current

\ 4
~

Drain-source v, AN
voltage 0 oo > ¢

Drain-source j,
P >
current 0 >

(b) Operation waveforms during half period of one switching cycle

Fig. 4. Discharging operation at primary side converter.
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Fig. 5. Logic Circuit of secondary converter with charge mode.
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(b) Operation waveforms during half period of one switching cycle

Fig. 6. Charging operation at primary side converter.
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Fig. 7. Control block diagram for proposed circuit.
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Table 1. Switching table for SVM.
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Table 2. Experimental condition.

Element Symbol Value
Rated power 3 kW
DC voltage Ve 400 V
Three-phase AC voltage Vae 200V
Carrier frequency of inverter e iny 40 kHz
Turn ratio of transformer Ni:N, 1:1
Phase-shift of primary inverter [ 0.907 rad
Overlap of secondary inverter [ 0.057 rad
Interconnected inductance L(%Z) | 3 mH(5.0%)
Snubber capacitance Con 20 uF
Snubber capacitance R 60 kQ
Drain to source capacitance of MOSFET Cg 400 pF
Leakage inductance L 0.4 uH
Magnetizing inductance L, 4.58 mH
Dead time of primary inverter tar 300 ns
Overlap time of secondary inverter 1, 200 ns
Dead time of three-phase inverter 13 100 ns
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(a) over view

WWWa}nsfor}rﬁer voltag FHIWW wmw NW‘WH
H. ............. H ...... H}. | .H. el U PRI

-link voltage v1,,,A 5

v

U-phase current 7, 20 A/dlv ; 200 },lS/d]V

(b) Extended Fig. 9. (a)

Transformer voltage v, 500 V/le

U- phase current i, 20 A/d1v 10 ps/div

(c) Extended Fig. 9. (b)
Fig. 9 Operation waveforms for soft switching.
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W-phase current 20 A/div :

(a) With discharge mode
Fig. 10. Input and output waveforms of

(b) With charge mode.
proposed converter at rated power.
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o _Gate-source voltage of S,, 25V/div 1 |yttt :1', : DC-link VOltagf 500 V/div
ke n 1 i o N . .
—— m&nﬁ*,ﬁmm%mﬂmwﬁ~ : W
Drain-source voltage of S, 200V/div . .. . 1| . ]. . : :
m.“g”“;”gu_;_i_”;ukﬂ :
Gaﬁe—sour(}e voltage of S:b,, 25V./div +] ' ' ' '
Orb. oo e e F 0.5 Drain-source voltage 500 V/idiv 1ot
: : : : : : : : '“v“' hd :
; : : : : : : :J" : : 1 :
..... ) B D S T U N AN D S :
: / * Drain-source voltage of Sy, 200V/div : ML Drain-source current 10 A/div JJH'V‘ : 9
S S HT ] AP Aoded OF- ooy : : IUPERAY 1R BRI
: : : : 400ns/div : : : : : : 2 ps/div

Fig. 11. Waveforms at primary converter with discharge mode.

Fig. 12.  Waveforms at secondary converter with charge mode.

DC-link voltage 500 V/div :

DC-link voltage 500 V/div

..... “LE'WM

5/'? —

E Turn-off +{rmeet i

: Drain-source cyrrent 1:0 A/di\:/
O - DoAY AAAA . A : ]
: : : : : 2 ps/div

[ Zerovoltage R AR SRR Zérovolfage -1 0

Zero M "
voltage /'

(a) With discharge mode

(b) With charge mode.

Fig. 13.  Waveforms of U-phase upper side.
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(a) Grid current THD against load
Fig. 14.
6.0 [ Total loss P =1.0p.u.(3 kW)
i 1 : primary converter
i 2 : secondary converter
50r 3 : three-phase converter
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Fig. 15.
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(b) Efficiency against load

Comparison of grid current THD and efficiency with each power flow.
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Loss analysis of semiconductors
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