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Configuration and Operation Principle of Multilevel Current-Source Inverters Using Inductor Modules
Yosuke Iwata, Toshihiko Noguchi, Tran Thi Lam Quyen (Shizuoka University)

This paper presents a comparative discussion of new multilevel current-source inverters (CSIs) based on an H-bridge CSI with
inductor modules. Component counts of Typel and Type2 circuit topologies are compared, where the Type2 circuit makes a great
reduction of the component counts possible. The simulation results show that each of the circuits can exactly generate the same
multilevel current waveforms. However, the Type2 is more effective to achieve more simple implementation and higher

efficiency than the Typel.
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Fig. 1. Parallel H-bridge CSI. Fig. 2. Multicell CSI. Fig. 4. Inductor module based CSI Type2.
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Fig. 5. Inductor module.
Lc:ad Load
#1 5L~A LK HZEY 2—L CSITypel D Qsiﬁ K Qi Ko
AA T2 TIRRE l
Table 1. Switching states of 5-level inductor module CSI Typel. (@ ERRRFET—F (,=+) (b) &EHRFFE—F (,=0)
Sl o e Talololola i (a) Current holding mode (i, =+1). (b) Current holding mode (i, = 0).
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Table 2. Switching states of 5-level inductor module CSI Type2. . ¥ Q
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(c) Charging mode (i, = +1/2).  (d) Discharging mode (i, = +1/2).
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0 1 1 0 1 0 —12 Fig. 6. Operation modes of 5-level inductor module CSI Typel.
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Table 3. Comparison of conduction switching device count.

Operation modes of Inductor module | Inductor module
inductor module CSI Typel CSI Type2
i, = +| (Current holding mode) 4 3
i, = 0 (Current holding mode) 2 3
i, = +1/2 (Charging mode) 4 3
i, = +1/2 (Discharging mode) 4 3
Total 14 12
*£ 4 SR E O
Table 4. Comparison of component count.
Circuit Inductor module | Inductor module
configuration CSI Typel CSI Type2
Switching device M+3 M+1
Diode M+3 M+1
Inductor (M-3)2 (M-3)2
Gate drive 4 3
power supply
DC current-source 1 1
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(a) Simulation waveforms of inductor module CSI Typel.
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(b) Simulation waveforms of inductor module CSI Type2.
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Fig. 8. Simulation results of 5-level output operation.
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Table 5. Switching states of 7-level inductor module based CSI Typel.

Q| Q| Q| Q| Qs |Qs| Q| Qs|Qu|Qul| th))
0 0 1 1 0 1 1 0 0 1 +1

1 0 1 0 0 1 1 0 0 1 +21/3
0 1 0 1 0 1 1 0 0 1 +21/3
0 0 1 1 0 1 1 0 1 0 +21/3
0 1 0 1 0 1 1 0 1 0 +1/3

1 1 0 0 0 1 1 0 0 1 +1/3

1 0 1 0 0 1 1 0 1 0 +1/3

1 1 0 0 0 1 0 1 1 0 0

1 1 0 0 1 0 1 0 1 0 0

1 0 1 0 1 0 0 1 1 0 —1/3
1 1 0 0 1 0 0 1 0 1 —1/3
0 1 0 1 1 0 0 1 1 0 —1/3
0 0 1 1 1 0 0 1 1 0 —21/3
0 1 0 1 1 0 0 1 0 1 —21/3
1 0 1 0 1 0 0 1 0 1 —21/3
0 0 1 1 1 0 0 1 0 1 —1
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Table 6. Switching states of 7-level inductor module based CSI Type2.

Q | Q| Q| Q| Qui | Quz | Qus | Qua | HT
1 0 0 1 1 0 1 0 +1

0 1 0 1 1 0 1 0 +21/3
1 0 0 1 0 1 1 0 +21/3
1 0 0 1 1 0 0 1 +21/3
0 1 0 1 0 1 1 0 +1/3

0 1 0 1 1 0 0 1 +1/3

1 0 0 1 0 1 0 1 +1/3

0 1 0 1 0 1 0 1 0

1 0 1 0 1 0 1 0 0

0 1 1 0 1 0 1 0 —1/3
1 0 1 0 0 1 1 0 —1/3
1 0 1 0 1 0 0 1 —1/3
0 1 1 0 0 1 1 0 —21/3
0 1 1 0 1 0 0 1 —21/3
1 0 1 0 0 1 0 1 —21/3
0 1 1 0 0 1 0 1 —I
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(a) Simulation waveforms of inductor module CSI Typel.
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(b) Simulation waveforms of inductor module CSI Type2.
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Fig. 9. Simulation results of 7-level output operation.
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