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Experimental verification of suppression method for the rise of DC voltage during the stop of
inverter while in the motor regeneration for Electric \ehicle

Wataru Aoki*, Student Member, Goh Teck Chiang, Member, Jun-ichi Itoh, Member (Nagaoka University of Technology)
Akio Toba, Member (Fuji Electric Co., Ltd.)

In the power conversion system of electric vehicles, the inverter is shut down when the system failure is detected in the cause of a drastic
load change or protection reasons. However, in the case if the inverter is shut down during regeneration mode, the DC link capacitor
voltage is increased dramatically, which will potentially break the inverter. In this paper, the authors propose a halt sequence to overcome
the over voltage and over current problems in the case of system failure. The proposed method consists of two phases, in the phase I, the
DC link capacitor voltage is controlled in charging and discharging modes on space vector modulation of the inverter. Then, the phase |1
performs a short circuit operation in order to avoid the regenerating current from the motor flows into DC link capacitor. The experimental
results demonstrate that the DC link capacitor voltage can be suppressed to less than 80% of that comparing to conventional method.
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(IPMSM, Electric vehicle, Short circuit current, DC-link voltage fluctuation)
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Fig.1 System configuration of adjustable speed drives with small
capacitor in DC Link for EVs.
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Fig.2 Relation between voltage command vector and vector of

the motor current in phase 1.

(a) Discharge mode.

(b) Charge mode.
Fig.3 Operational modes in phase .
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Fig.4 Operational modes in phase II of the proposed halt sequence control method

Table.1 Switching pattern at phase 1.

Direction of
current
iv iW Spu Spv Spw Snu Snv Snw
ON | OFF | ON |OFF | ON | OFF
ON | OFF |OFF |OFF | ON | ON
ON | ON |OFF | OFF | OFF | ON
OFF| ON |OFF | ON |OFF | ON
OFF| ON | ON | ON | OFF | OFF
OFF | OFF | ON | ON | ON | OFF
OFF | ON | ON | ON |OFF
ON | OFF | ON |OFF| ON | OFF
ON | OFF | OFF |OFF | ON | ON
ON | ON |OFF | OFF | OFF | ON
OFF| ON |OFF| ON |OFF| ON
OFF| ON | ON | ON | OFF | OFF
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Fig.5 Configuration of the experimental system.

Table.2 Motor parameters used in the experimental.

Rated Motor Power 5.5kW
Rated Voltage 400V ms
Rated Current 10A s
Rated Speed 1500rpm
Number of Poles 6poles
Winding Resistance 0.215Q
d-axis Inductance 4.3mH
g-axis Inductance 10.2mH
x DC link capacitor voltage V.
300F 25 V/div.
250 + +
110[V]
200 3
""""""""" 2ms/div

Output current iy, iy, iw
1 p.u./div]

2 Lk 2ms/div
(b) Output current waveforms.
Fig.6 Experimental result without the halt sequence

control method.
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Fig.7 experimental result with the short circuit control
method.
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Fig.8 experimental result with the halt sequence control

method.
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