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Pure Sinusoidal Output Current-Source Inverter Using Inductor Modules
Yosuke Iwata®, Toshihiko Noguchi (Shizuoka University)

A novel topology of a current-source inverter (CSI) is proposed in the paper, which can deliver a pure sinusoidal current
waveform without sacrificing its efficiency and its equipment size. The proposed circuit has a hybrid structure, and combines a
switching-operation based multilevel CSI and a linear current amplifier with a low-amplitude current output. The former
multilevel CSI employs multiple inductor modules to generate a staircase-shaped multilevel current waveform, while the latter
linear amplifier merely generates a compensating current to reform the multilevel waveform to the pure sinusoidal waveform.
Because the most part of the output current is created by the switching-operation based multilevel CSI, the system efficiency
hardly deteriorates. In addition, the system does not require a large LC filter because it directly delivers the pure sinusoidal
current to the load.  Several experimental results show that the proposed circuit can properly generate the pure sinusoidal current
waveform with a simple circuit operation.

F—T— R EBRBAN—H, A VFITHEVa—)b, SAFLYL, MRRY—, V=TT

Keywords : current-source inverter, inductor module, multilevel, topology, liner amplifier
1. FAMNE

—WIZ, EBHERBIIDEE LT H1DITAAL v TF v
7@¢_%o<m,x4y%/7_;ofibémﬁ& oI
PR T DD LC 7 4 VR BB LT 500, —J5, -|/3§¢§ 5% ey
PR a2 ERR A AT 5 2 R TE S

B, RO TARENRHEZ AL TWD, EHEHRE o ol W%
W 2 MO BRIT, K&/ LC 7 4 V& Z 318
ERBIECT 5 2 L7, MR ERBIE & AT B ke X1 DCHEHIRE Y 2—A (7Y K CSl
HThd, “NEERTIEDOT Fa—Fn1oL L Fig. 1. Hybrid CSI with DC current source module.
T, EEEPWM EIRBRZET 55600, LrL, 2ok Bt
WL ERIED A A v F o 7 KA RN S & 5 R A% T
4%, LEmoT, FROMELFAMCRETE 5% A V¢>$ %
NEWBERFET L2 nkdbhd, b9 —DDTF N ' .
0 —FF, v AFLLEIRERAT 5 2 & T THD %2 -1l 13 1%@?#%31i4>
FEYBHZLThD, v NVTF L-ULEARZE A EMC / o
A REARIHT 2 DIZIEFIZHZNTH 203, B/ RIS —bt
R T L) RN B D, ARTHE, RO s
R T 5= DFH LWFETH D, AL vFr s M2 T4 yvaR—rnt7VFCsl
LY =T IR AL S YT AL T Y v FA A= 2D Fig. 2. Hybrid CSI with fish-bone structure.
FH AR —%48ET 5, ZRETHANAT U v A -

VN A OEE N ER D %o R ST MmN BETH -7,

N — R \
o - N J5E Wi, Vo U FREREARE LTS U F 7 2E
@®-00), ]z 1XX 1 » DC BIRIFTEY = —/L S 2 0 AFETIE, HT =

Va— Ve M LT e R KRR T 5, ek
T4y vaR—rHARBTFoND, LrL, ZAbD

I ERERBOES S EL R L ET, I 2L —v
TEREREEIL L VAT 2 &1, EERESCA v _
W2 KB EARNREMERFEZ (T o2, £, BEMREK
BB, Wk — b R4 7TEEREML, %< Ok - * R e

\4

h4

h4

-
L(I)ad
-




modules

jZ Iim jl Inductor
Qu Lm%m Q

. =
Istair-p Istairn

IDC’T\ ‘ l_“_l *

=21/3]

Linear currentsource
with low amplitude

B3 RET D5 LIHIESKE I ) ERGA v — %
Fig. 3. Proposed 5-level hybrid CSI with inductor module.

1K Qm

ILm

IN Qme

X4 A FIHEY2—)b
Fig. 4. Inductor module.

#F1 5 LULRREFED AL v F o REE
Table 1. Switching states of 5-level inductor module based hybrid CSI.

Q1| Q2 | Qs | Qs | Om | Omz | Qp | On io Mode
1 0 0 1 1 0 1 0 +21/3 ~ +1 H
1 0 0 1 0 1 1 0 +1/13 ~+21/3 C
0 1 0 1 1 0 1 0 +1/13 ~+21/3 D
0 1 0 1 0 1 1 0 0 H
1 0 1 0 1 0 0 1 0 H
0 1 1 0 1 0 0 1 -1/13 ~-21/3 C
1 0 1 0 0 1 0 1 -1/13 ~-21/3 D
0 1 1 0 0 1 0 1 -21/3 ~ -1 H
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Table 2. Comparison of component counts in 5-level topologies.

Circuit configuration DC-source Fishbone . Proposed
module inductor module
transistor 8 10 9
Diode 11 16 9
Inductor 2 4 2
Gate drive 5 5 4
Power supply

Liner current source 1 2 1
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Table 3. Comparison of component counts in generalized cases.
Circuit configuration DC-source Fishbone . Proposed
module inductor module
transistor M+3 2M M+4
Diode (BM+7)/12 3M+1 M+4
Inductor (M-1)/2 M-1 (M-1)/2
Gate drive (M+5)12 M 4
Power supply
Liner current source 1 2 1
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Fig. 13. Simulation waveforms of proposed 5-level circuit.
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Table 4. Switching states of 7-level inductor module based hybrid CSI.
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