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Novel Topology of Multilevel Current-Source Inverter Using Inductor Modules
Yosuke Iwata, Toshihiko Noguchi, Tran Thi Lam Quyen (Shizuoka University)

This paper proposes a novel inductor module based power converter topology applicable to multilevel current-source inverters
(CSIs). Component counts of the proposed and the conventional circuit topologies are compared, where the proposed circuit
allows significant reduction of the component counts. Several simulation results show that the proposed circuit can properly

generate five-level and/or seven-level current waveforms with a simple circuit operation.
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Fig. 4. Inductor module.
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Table 1 Switching states of 5-level inductor module based CSI.
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i 1 0|0 1 1 0 + Holding mode
\ 1 10]0]1 0 1 +1/2 Charging mode
| 0 1 0 1 1 0 +1/2 | Discharging mode
" g olt1]of1r] o] 1 0 Holding mode
J% o TJol1 o] 1 ]0] o Holding mode
0 1 1 0 1 0 —1/2 Charging mode
1 WWHHZTY > CSI 2 ~FkNCSI I1fol1lo0] o 1 | —1/2 | Discharging mode
Fig. 1. Parallel H-bridge CSI. Fig. 2. Multicell CSI. O] 1 |]1]01] 0 1 —I Holding mode
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(a) Current holding mode (i, = +I). (b) Current holding mode (i, = 0).
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(c) Charging mode (i, = +1/2).  (d) Discharging mode (i, = +1/2).
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Fig. 5. Operation modes of inductor module based CSI.
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Fig. 6. Generalized multilevel inductor module based CSI.

2 AR R

Table 2. Comparison of component counts.

Circuit configuration H_;)r ?rd:éeé g | MulticellCSI P"’;‘(’)ﬁ;“gglmr
transistor 2(M-1) 2(M-1) M+1
Diode 2(M-1) 2(M-1) M+1
Inductor 0 M-3 (M-3)2
Gate drive
Power supply (M+3)2 (M43)2 3
DC current source (M-1)/2 1 1
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Fig. 7. Numbers of output levels and transistors.
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Fig. 8. Numbers of output levels and inductors.
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Fig. 9. Numbers of output levels and gate drive power supplies.
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Fig. 10. Control block diagram of proposed 5-level circuit.
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Fig. 11. Simulation waveforms of proposed 5-level circuit.
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Fig. 12. Proposed 7-level CSI with inductor module.

ENSHER 0, BWEE V., X7 XERIuZERL
TW5b, BRI, 5 L-LOBEREN 42 E@YNH LT
WHZ ERbMnd, o, AREBEEXT 4 VF Xy v X
WL TEDODIRVIELE & 7> TRY, FFFZ ILiX2 A
RO LD ITHITE TV D,

<3.2> TULRILHABDO I aL—Y 3 VR

RERREAZE 12 17T, 7 LV AOEE, A0
—HTHDLIHTY A N—HIZ 2 DA L E I BEY

© 2016 IEE Japan



1-85

IR 28 SRR RTERIE TR

K3 TV VE T HEY 2— )L CSILDAAL v F v 7 IRRE
Table 3. Switching states of 7-level inductor module based CSL

Q[ @ | @ | Q| Qu | Qu|Qo|Qu[ Pl L L.
1 0 0 1 1 0 1 0 + hold hold
o | 1o | 1] 1 o | 1 | o | s | U8 hold
charge
dis
1 0 0 1 0 1 1 0 +21/3 charge
charge
1 0 0 1 1 0 0 1 +21/3 hold charge
0 1 0 1 0 1 1 0 +/3 hold dis
charge
dis
0 1 0 1 1 0 0 1 +1/3 charge
charge
1 0 0 1 0 1 0 1 +1/3 charge hold
0 1 0 1 0 1 0 1 0 hold hold
1 0 1 0 1 0 1 0 0 hold hold
0 1 1 0 1 0 1 0 —1/3 charge hold
1 0 1 0 0 1 1 0 —1/3 dis charge
charge
1 0 1 0 1 0 0 1 —113 hold dis
charge
0 1 1 0 0 1 1 0 —21/3 hold charge
0 1 1 0 1 0 0 1 —21/3 | charge dis
charge
1 0 1 0 0 1 0 1| -3 dis hold
charge
0 1 1 0 0 1 0 1 -1 hold hold
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Fig. 13. Control block diagram of proposed 7-level circuit.
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Fig. 14. Simulation waveforms of 7-level proposed circuit.

BIEA N —=FOFH AR U—EEEL, 5 LU
DEEEHNC, REEROBERBAZHA L, EIZ, v
N E—RE LT ERICOWT HRE L, TERER &5
SR D W A AT o 1o, IRERIEK TR D RWE AT
MR TEHZ &, HOBROL AV EEHELLTHS— b
R4 7EROMEENE 3 BT ETHDHI LN broT,
F,5L UL T LA VOV I 2 L—3 3V EIT,
TR OB R 2 TR LT,

X Ak

(1) McGrath B.P., Holmes D.G.: “Natural Current Balancing of Multicell
Current Source Converters,” IEEE Transactions on Power Electronics,
Vol. 23, No. 3, pp. 1239-1246 (2008).

(2) T. Noguchi, Suroso: “Review of Novel Multilevel Current-Source
Inverters with H-Bridge and Common-Emitter Based Topologies”, IEEE
Energy Conversion Congress and Exposition, Vol. 5, pp. 4006-4011
(2010).

(3) Ml HF-BHAFZ: L F 72V a—LEANEYLT LA
NERTGA >N —F OERERGE], FhR 26 428 Bl B R/
1 - R ) A R T2

© 2016 IEE Japan



