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Decentralized Control Method with Open-Phase Fault-Tolerant
for Battery Charger for Electric Vehicle
Keita Ohata™, Hiroki Watanabe, Jun-ichi Itoh, Keisuke Kusaka (Nagaoka University of Technology)

This paper proposes a decentralized control method with an open-phase fault-tolerant of multi-cell-based power

converter for electric vehicles (EV) applications. Some cells are connected in series to the closed phase when an

open-phase fault occurs. In this case, the inductor current is controlled by multiple individual controllers, which

causes control interference. The proposed decentralized method adds a current droop control to prevent the

interference of the current controller. The battery charger with the proposed method continues to operate without

interruption during the open-phase fault. The validity of the proposed method in the mode of open-phase was

verified in the simulation. Moreover, the validity of the proposed method in the mode of normal (three-phase

operation) is demonstrated with the 7.2-kW prototype.
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Fig. 1 Proposed battery charger for electric vehicle.
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Fig. 2 Main circuit of conventional decentralized control®,
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Fig. 3 Proposed decentralized control with open-phase fault-tolerant.
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Yq: Droop admittance (Virtual)

(@ Without current droop control.  (b) With current droop control.

Fig. 4 Equivalent circuit of input side at open-W phase.
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Fig.5 Input / Output waveforms in mode 1: Normal (three-phase

operation).
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Table 1. Specification of wireless communication module.

Manufacture Oki Electric Industry
Frequency band 920 MHz
Product name Coordinator: MH920-Mod<1><0S>
Router: MH920-Mod<1><0W>

Module size 239 mmx 409 mmx5mm
Maximum number

of connection 100

Table II. Experimental condition.

Quantity Symbol value
Input voltage Vin 200 Vims
Rated output power P 7.2 kW
DC-link capacitance Ceonv (,140895 m':)
Output capacitance Cout (,1408(3)5 mf)
Input inductance L (%g an'_'é%)
Switching frequency (PFC) fswero 45 kHz
Switching frequency (Res. DC-DC)  fsweco0 85 kHz

Angular frequency of Pl controller

forinput current @OncRr 10000 rad/s
Angular frequency of Pl controller
’ fo'ra%utpu voltage @DAVR 50 rad/s

H: Unit capacitance constant of output capacitance
based on converter capacity
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Fig.6 Input / output waveform at each cell in mode 2: open-W
phase.
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Fig. 7 Input/output waveforms when detected output voltage value of cell #1 is added to +1 % error.
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Fig. 8 Input current and output voltage waveforms in mode 1: Normal, step reference response, Vou' = 350 V to 400 V.
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