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Abstract

This study investigates a bidirectional quasi-Z-source inverter (Bq-ZSI) system with bidirectional power

transfer capability and a modified space vector modulation scheme for reducing the ripple of the inductor

current. By replacing the diode in the impedance network with an active switch, the power flow can be

bidirectional. The average inductor current of the Bq-ZSI network is negative in the regenerative braking mode,

thereby regenerating the power. In addition, modified space vector modulation scheme is applied to the Bq-ZSI
to control shoot-through time effectively. A 5 kW prototype is built and tested to implement the proposed
system. Experimental results show that the Bq-ZSI system is capable of regenerative braking of the induction
motor and that the modified space vector modulation method is efficient.
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Fig. 1. Quasi-Z-source inverter.
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Fig. 2. Bidirectional quasi-Z-source inverter.
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Fig. 3. Waveforms of the inductor current, capacitor current,
and capacitor voltage in one switching cycle.
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Fig. 4. Operating modes of the Bg-ZSI during the
regenerative braking. (a) Mode 1(shoot through state) (b)
Mode 2(zero state) (c) Mode 3(active state I) (d) Mode
4(active state II)
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Fig. 5. DC link voltage controller™.
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Fig. 6. Simple boost modulation.
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Fig. 7. Modified space vector modulation.
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Fig. 8. Control block diagram.
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m,m 500 rpm/ div

TABLE I
PARAMETERS AND RATING OF THE INDUCTION
MOTOR
Parameter
Rated output 3.7 kW]
Rated voltage 380 [V]
Rated current 7.8 [A]
Rated frequency 60 [Hz]
Rated speed 1730 [rpml]
Pole 4
Efficiency 34 %
R 0.833 [£2] Lis = Li 3.3 [mH]
R: 059 [2] L 90 [mH]
V., :100V/ div | =
V. :100V/ div
L I;:5A/div
fal T N A N NN
RYAV IVAVAVAY.
vV Vv - vV Vv
| . 50 ms/div

Fig. 9. Experimental waveforms under motoring mode
capacitor voltage, input voltange, inductor current, phase
current.
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Fig. 10. Experimental waveforms of dq current in
stationary frame under regenerative braking mode.
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Fig. 11. Experimental waveform of inductor current under
speed reversal.
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Fig. 12. Expansion of the waveforms of the inductor
current and the dc link voltage under regenerative braking
mode.
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Fig. 13. Experimental waveforms of the inductor current and the dc link voltage (a) simple boost modulation (b)
modified space vector modulation.
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