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This dissertation has proposed a bidirectional chopper with a single full-bridge auxiliary converter
(BCSAC) for battery energy storage system (BESS) applications in electric vehicles. The BCSAC is a
particular case of the bidirectional chopper with an auxiliary converter (BCAC), composed of the
conventional bidirectional chopper (CBC) as the main converter, a single—phase full-bridge converter
equipped with a floating dc—capacitor as the auxiliary converter, and an inductor. The auxiliary
converter functions as an active power filter that cancels the AC voltage produced by the main
converter, which reduces the switching-ripple current in the inductor. Meanwhile, the application
of a single auxiliary converter of the BCSAC aims to mitigate the significant power loss and cost
issues that comes with the usage of an auxiliary converter with multiple cells in the BCAC. To
further minimize the produced power loss, the BCSAC operates under the following conditions: 1) The
switching frequencies of the main and auxiliary converters are the same, and 2) The dc—capacitor
voltage is half of the dc—voltage—source voltage of the high-voltage side

The BCSAC is able to achieve a reduced switching-ripple current in the inductor, which consequently
lowers its volume, while achieving high—efficiency performances. Theoretical analysis conducted on
the switching-ripple current has shown that the BCSAC can reduce the switching-ripple current to
4/9 of that the CBC. Additionally, based on the comparison that has been made in this dissertation
focusing on its application in electric railways, the inductor volume can be reduced by 38.4% and
10.5% to those required by the CBC and three-level flying capacitor converter (TLFC). Overall, the
BCSAC is smaller in volume than the BCAC and lighter than the CBC and TLFC. The chopper volume
analysis considers the volume of the inductor, capacitor, power devices, and cooling systems of the
chopper. Further, loss analysis has been conducted, which includes the conduction losses of the
insulated—gate bipolar transistor (IGBT) and free—wheeling diode (FWD), switching loss of the IGBT
reverse recovery loss of the FWD, and inductor loss. The results show that although the BCSAC
produces slightly higher power losses than the CBC and TLFC, it is significantly lower than those
produced by the BCAC with three cells. As such, high efficiency performances can be achieved.
Experimental results using a 2 kW down—scaled model have validated the theoretical analysis results
of the switching-ripple current, as well as the operations and controls of the BCSAC in the steady
states under positive and negative currents, and the transient states during the initial charging
procedure and under a step change.

Additionally, the application of phase shift to the carrier waveforms of the main and auxiliary
converters in the BCSAC is proposed to further reduce the produced switching-ripple current.
Theoretical analysis conducted on the switching-ripple current has shown that the BCSAC with phase
shift (BCSAC-PS) can reduce the switching-ripple current to 1/4 of that the CBC, which is
significantly lower than that produced by the BCSAC (i.e., 4/9 of the CBC). Consequently, the
inductor volume can be reduced by 62.3% compared to the CBC, which is also 38.8% smaller than that
of the BCSAC, where the reduction is comparable to that achieved by the TLFC with phase shift with
phase shift (TLFC-PS). Overall, the BCSAC-PS is smaller in volume and lighter than the CBC and BCSAC,
and comparable to the TLFC-PS. Further, loss analysis has shown that the BCSAC-PS can achieve high
efficiency performances that are better than the BCSAC, even though it still produces slightly
higher losses than the CBC and TLFC-PS. These results verify the advantage of phase shift application
Experimental results using a 2 kW down—scaled model have verified the theoretical analysis results
of the switching-ripple current in the BCSAC-PS.

Finally, a supplementary application of AC component-based control is proposed in the BCSAC-PS to




allow the achievement of the DC-capacitor voltage control when there is no power transfer between
the voltage sources. Consequently, the stability of the chopper operation would be improved.
Experimental results using a 2 kW down—scaled model has verified the operations and controls of the
BCSAC-PS during the steady and transient states. In the steady state, the inductor current and DC—
capacitor voltage can be regulated to their respective reference values with no steady—-state error,
where the DC component—-based control is used when the DC inductor current is not zero and AC
component—based control is used when the DC inductor current is zero. In the transient state, the
initial charging of the capacitor voltage can be completed using both the DC component— and AC
component—-based controls without any overvoltage or overcurrent problem. Additionally, the DC
component—based control can stably operate during a step change of the high-voltage-side voltage
while the AC component-based control can stably operate during a ramp change of the capacitor
voltage, without any overvoltage and undervoltage problem. Finally, the two control methods can be
smoothly operated in coordination during a step change of the inductor current.




i FSCEEIT. FI3C 2000 52 & B 300 EA 1 ETORMT S0, B LIFIEI 800 #EA L IR L T IE a0,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800

Words (English).

HE  WCEET HLRIVP—FURII (T2R2) I TA =Ry MARSIVET DT, AR ATRERHFIFH DN A TIER L TEE W,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).



