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ISS Power Systemary Grid
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Gateway Power System

Simulation Model

• MATLAB ® Simulink ™ based

• ISS Component Library developed by PCKA

‒ On-going effort to update Simulink model for modular 
hardware.

Gateway architecture presents new challenges for control 
and integration

• Distributed battery management

‒ Uniform battery SOC

• Fault coordination with Bi-directional flow

‒ Trip timing changes based on power flow

EPS model integrated into Gateway in a Box (GiaB)

• Allows for in-depth analysis of power system and overall 
vehicle performance.

• Supports Gateway Level 2 Testing and Verification activities. Acronyms:

Bat: Battery

BCDU: Battery Charge Discharge Unit

DDCU: DC-to-DC Converter Unit

MBSU: Main Bus Switching Unit

PDU: Power Distribution Unit

PPE: Power and Propulsion Element

PPU: Power Propulsion Unit

SBSU: Secondary Bus Switching Unit

Halo
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Heritage Power System Control

• Analog controls for regulators 
and switchgear (I2t, It)

• Nominal and Off-nominal P.Q.
standards

• Power generation with field 
excited synchronous generators

• Separate control for real and 
reactive power

• Limited energy storage, but 
mechanical energy storage with 
rotating inertia and spinning 
reserve

• Aircraft and spacecraft followed 
terrestrial power systems

• Desirable power system 
attributes include: Power 
generation growth, Reliability, 
Safety, Interoperability

• Each desirable attribute has 
down-side including: Sensitive to 
diverse power generation, Large  
generation margins, Peaking 
inefficiency, Intensive operator 
involvement
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Lunar Surface Technology Research (LuSTR)

Award Information

• Expected duration: 2 years

• Anticipated awards (inaugural 
solicitation): 10-15 awards valued 
at up to $1-2M each

• Oversight: Annual reviews and 
semi-annual briefings at LSIC 
meetings

• Award instrument: Grants

• Release Date: July 15, 2020 

Eligibility

• Organization submitting proposal must be an 

accredited U.S. university 

• PI must be a professor at the submitting university; 

co-Is are permitted

• ≥ 60% of budget must go to accredited U.S. 

universities

• Up to 40% paid teaming with other universities, 

industry and non-profits encouraged

Technical Characteristics:

• Unique, disruptive or transformational lunar surface technology development: in situ resource 
utilization, sustainable surface power, extreme access, extreme environments, surface excavation and 
construction, and lunar dust mitigation

• Low to mid Technology Readiness Level (TRL): TRL 2-5

• Post-award infusion opportunities

University-led efforts to develop and mature technologies that address high-priority lunar surface challenges
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LuSTR Opportunities

Topic Area Description

Flexible Power Distribution for 
Difficult-to-Reach and Mobile 
Applications

Sustainable 
Power

The goal of this topic is to promote the development of wireless 
energy transmission technologies to enable exploration in 
environments where conventional means of power generation, 
storage, and distribution are impractical. 

Advanced, Radiation-Tolerant Power 
Electronics

Sustainable 
Power

The objective of this topic is to enable the reliable insertion of 
silicon carbide power components into lunar surface applications 
while withstanding the hazardous space radiation environment.

Low-Temperature Batteries Sustainable 
Power

The objective of this topic is to provide reliable, high-performing 
primary and secondary battery technologies for sustained operation 
in low-temperature lunar conditions.

Advanced Power System Control for 
Interoperability

Sustainable 
Power

The objective of this topic is to develop the advanced power control 
technologies needed to enable the operation of interconnected 
systems with distributed and diverse energy sources.

Key Dates
Solicitation Release 07/15
NOIs due 08/12
Proposals due 09/09
Selection Notification Feb 2021
Award Date May 2021

The Solicitation: https://tinyurl.com/NASA-2020LuSTR
Email questions to: hq-LuSTR@mail.nasa.gov

For its inaugural release, 4 of 6 LuSTR topics fall under Sustainable Power!

https://tinyurl.com/NASA-2020LuSTR
mailto:hq-LuSTRl@mail.nasa.gov
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LuSTR Topic 6 - Advanced Power System Control for Interoperability

Objective : Power control technologies and methodologies to enable interoperability of microgrid systems with 
diverse source and storage subsystems, formed through performance specifications that reduce reliance on static 
criteria and rigid compliance enforcement.

• Power control technologies and methodologies for regulators and interface converters that enable integrated 
and collaborative versus competitive control.

• Power control technologies that adapt to changing system operations providing a continuous system 
specification. This would include operation during degraded system conditions such as safe return after loss of 
mission continuity (Lazarus mode).

• Power control technologies and methodologies that utilize an integrated approach for system protection using 
regulators to reduce fault energy and provide fast detection, isolation, and reconfiguration of electrical network 
elements.

• Power control technologies and methodologies to reduce the influence and destabilizing effects of 
nonlinearities such as constant power, change to constant current, and fold back, and system bifurcation modes.

• Power control technologies to enable federated control methods to increase system reliability and mission 
success.

• Power control methodologies employing digital twin technologies to enable diagnostic, prognostic, and 
contingency analysis for autonomous power system operation.
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LuSTR Topic 6 - Advanced Power System Control for Interoperability

Power control technologies and methodologies for 
regulators and interface converters that enable 
integrated and collaborative versus competitive 
control

• Analog control provides only ability to specify
static definition for regulator control to achieve 
system stability

• Static definition forces competitive nature of
current power system control methods

• Digital control changes perspective enabling 
dynamic and adaptive methods

• Data architectures provide infrastructure to 
enable collaborative control

Power control technologies that adapt to changing 
system operations providing a continuous system 
specification. This would include operation during 
degraded system conditions such as safe return after 
loss of mission continuity (Lazarus mode).

• Load management, dynamic/adaptive regulators 
and switchgear provides specification opportunity 
to rethink degraded system operation

• Power Quality standards need to enable energy 
extraction to provide continuous system 
operation even under worst case conditions 
(Lazarus mode).

• Power electronics drives most loads (motors, etc.) 
providing ability to tailor operation as system 
degrades
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LuSTR Topic 6 - Advanced Power System Control for Interoperability

Power control technologies and methodologies that 
utilize an integrated approach for system protection 
using regulators to reduce fault energy and provide 
fast detection, isolation, and reconfiguration of 
electrical network elements.

• DC systems with active rectifiers or power 
converters provides capability to rethink 
approach to fault current management

• AC systems with doubly fed electric generators 
provides similar technology benefits to AC 
systems to enable new approach to fault current 
management and multiphase AC benefits

• Adaptive and digital switchgear provides ability to 
have fast detection with integrated control of 
sources to limit fault current energy

• Differential zones for hot and return provides fast 
detection and isolation for all but in-line failures

Power control technologies and methodologies to 
reduce the influence and destabilizing effects of 
nonlinearities such as constant power, change to 
constant current, and fold back, and system 
bifurcation modes.

• Power electronics at source, interface, and loads, 
with digital control, provides ability to rethink 
approach to managing system nonlinearities

• Energy based understanding of power electronic 
control for specification enables integrated design 
of distributed energy storage to enhance system 
control and stability

• Active and digital control enables negation of
negative impedance and ability to control 
bifurcations under all operating conditions
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LuSTR Topic 6 - Advanced Power System Control for Interoperability

Power control technologies to enable federated 
control methods to increase system reliability and 
mission success.

• Dynamic and adaptive control needs to have 
inherent ability to manage faults and failures 
within the power control data system

• Distributed energy storage for power system
provides redundant power capability improving
design potential for backup/redundant power to 
enable distributed and federated control system

Power control methodologies employing digital twin 
technologies to enable diagnostic, prognostic, and 
contingency analysis for autonomous power system 
operation.

• Adaptive and dynamic control will require the 
ability to understand system degradation for N-X 
conditions to enable fast reconfiguration without 
operator intervention

• Spacecraft, more electric propulsion for aircraft, 
and future terrestrial microgrids will be expected
to provide continuous operation without operator 
oversight

• New autonomous operation for all power 
applications will need understanding of digital 
twin incorporation of technology data, design 
data, manufacturing data, and operational data to 
provide digital twin performance for control


