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Background and previous work
 Design and development of isolated high voltage step-up DC-DC converter for energy storage
integration with grid is the main objective of this project. The proposed converter would provide
high DC voltage gain without sacrificing efficiency, simplifying the task of interfacing low-voltage
storage resource to a high voltage inverter DC link.
 A comprehensive literature survey of state-of-the-art topologies for this application was performed
and a current-fed isolated multilevel converter topology with voltage multiplier on HV side was
selected. The selected topology is shown in Figure (1).
 The selected topology features multilevel output through series and parallel configuration of
secondary voltage doubler structures.

Figure (7) Experimental results for parallel mode

 During series operation (Figure (2)), S5-S6 are turned-on, so the output capacitors C2-C3 and C4-C5
are connected in series making vm=4Vc voltage during this duration. For parallel
configuration(Figure (3)), S5-S6 are off, while S7 and S8 are turned on.
 This presentation highlights the progress made towards hardware development and testing of the
proposed converter.

Figure (8) Experimental results for series mode

Figure (1) – Selected topology Figure (2) – Series configuration Figure (3) – Parallel configuration

 Figure(6) shows the developed experimental setup for hardware verification of the
proposed topology.

Hardware development

 The full bridge side duty cycle Dlv = 0.8. Conversion ratio of 24V – 199.16V is achieved in
parallel configuration (Figure (7)) and 24V – 266.6V in series configuration (Figure (8)) .
 The series operation increases the output voltage, but reduces the transformer secondary
voltage due to half bridge capacitors charging to 1/4th the DC bus voltage.
 This may lead to commutation failure as the reflected secondary voltage is responsible for
changing the current during boosting/inductor charging mode.
 But, if proper commutation is ensured, the peak current during series mode is lower leading
to reduced primary winding conduction losses and improved efficiency.

Simulation results (battery charging mode)

Figure (4) – LV CF Full bridge PCB
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Figure (4) shows the low voltage (battery) side current-fed full bridge PCB layout and
assembled board. The board uses 2oz copper weight and copper planes for high current
design. Dimensions of this board are 130.6mm(l)X104.8mm(w).
The high voltage multilevel board shown in Figure (5) also uses 2oz of copper due to
realization of various interconnection of multilevel structure. The HV board size is
177.8mm(l)X134.6mm(w).

 The simulation for proposed converter is performed for BESS voltage of 20V and DC-link
voltage of 400V for 1kW rated output power to verify battery charging operation.

Experimental results (battery discharging mode)

 Figure (9) shows the gate pulses, transformer winding voltages, leakage inductor and boost
inductor current.
 Figure(10) depicts the voltage and current values for DC-link and battery terminals. 400V to
24V conversion at 1kW power can be verified from this result.
 Figure (11) shows the ZCS turn-off operation of Q1 at 1kW.
 Figure (12)-(14) shows the same set waveforms obtained at 500W charging power.

Conclusion and Future Work
Figure (6) Experimental setup
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1kW converter prototype is developed to verify converter principal operating waveforms.
Full load (1kW) testing of developed prototype is in progress.
Converter efficiency analysis, filter performance and experimental results for battery charging
mode operation will be carried out in final phases of the project.
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