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Introduction

Power Hardware-in-the-Loop (PHIL)

PHIL platform developed to test DC power hardware for the lunar habitat
application. A real-time simulation controls DC source-loads and the
BCDU DC/DC converter in a microgrid test environment.

A hierarchical control for a lunar habitat DC microgrid is implemented in a real-time simulation model.
The control scheme and real-time simulation model are tested on a hardware DC/DC converter using
a Power Hardware-in-the-Loop (PHIL) platform.

Lunar Habitat
Simulation Model

Experimental results demonstrate the dynamic performance of the DC/DC converter operating under
a hierarchical control scheme. The real-time simulation model and PHIL platform are subjected to
varying environmental conditions to best characterize system performance.

Real-Time Simulation
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Hierarchical Control Method Conclusions

Tertiary Control (System Controller)
Objectives:

Hierarchical control manages battery SoC via BCDU: " PHIL platform successfully integrates power hardware into lunar habitat

DC microgrid development.

¢ Optimal battery energy management
e Schedule load power sharing based on battery SoCs

» Keep the max power capability provided by the batteries

All battery SoCs Weights of battery
total load current load sharing

Secondary Control (System Controller)

= Tertiary Control: Battery SoC is passed into system

controller to determine BCDU control set points. = Performance of controlled hardware BCDU equivalent to real-time

simulation models. Hierarchical control provides additional functionality
for preserving SoC over time and varying environmental conditions.

Objectives:

Secondary Control: Droop controller’s current set point
determines average duty cycle value of the converter.

« Keep average voltage equal to a setting value =

* Enhance load current sharing of the distributed batteries

Setting voltage of
Battery SoC BCDU-2

Setting voltage of  Battery current
BCDU-1 BCDU output voltage B

BCDU-1 BCDU-2
Primary Control (Droop Control) Primary Control (Droop Control)

Primary Control: Average duty cycle value sets PWM
waveform to converter for power transfer.

" Hierarchical control methods can be further developed in DC PHIL platform
to expand the lunar habitat microgrid model’s capability.

Objectives: Objectives:

* Ensure a stable system operation » Ensure a stable system operation

e Control voltage and current sharing

e Control voltage and current sharing
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