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Problem Statement

On October 13, 2023, NASA’s Psyche Mission launched a
satellite into orbit to survey the asteroid 16 Psyche. 16 Psyche
asteroid represents a unique target for scientific exploration as
the first predominantly metallic surface object NASA has sent
a spacecraft to study. Located in the main asteroid belt
between Mars and Jupiter, Psyche orbits at approximately 2.9
astronomical units (AU) from the Sun, where solar irradiance
is only 161.83 W/m? compared to 1361 W/m? at Earth.

While this mission is limited to orbital observations, future
missions may involve asteroid surface exploration to expand
scientific understanding of the asteroid.

Project Scope

The objective of our project is to research and create a simulation
environment for various solar energy technologies in order to
design a power system capable of providing consistent, reliable
power to all spacecraft functions for future Psyche missions
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Simulator Options

Power Simulator The primary simulation tool. Users specify solar array area, PV cell type, battery
chemistry, and orbital distance to run a real-time 48-hour power profile. The engine computes solar
irradiance at 2.9 AU, applies temperature-dependent PV efficiency corrections, integrates battery state-of-
charge via coulomb counting, and enforces a 15% minimum SOC floor per NASA Li-ion standards. Output
includes four interactive charts and 15 performance metrics (average power, energy balance, battery
cycle count, system health score, and more).

Component Sizing Tool An automated design solver that determines the minimum solar array area and
battery capacity required to satisfy a user-specified power load and energy margin. The solver accounts
for eclipse duration, battery recharge time, and lifetime degradation, converging on a minimum-mass
configuration. Output includes mass and cost breakdowns for the array, battery, and power electronics
subsystems.

Cost-Benefit Analysis Computes lifecycle cost (development, qualification, and launch at $50,000/kg)
and a composite performance score for any saved configuration. A TRL-based risk multiplier adjusts costs
for technology readiness level, and development time is estimated from historical NASA mission data.
Users can visualize cost-performance trade-offs across multiple configurations on a single chart.

Mission Timeline Simulates power system performance across all five mission phases: cruise (2.5-3.5
AU), orbital insertion, low orbit, high orbit, and extended mission. Each phase applies phase-specific
power loads, solar distances, and eclipse fractions, generating a continuous power budget and battery
SOC profile from launch to end of mission.

Optimization Runs a multi-objective optimization over the full technology database (8 concentrator types,
10 PV cell types, 8 battery chemistries) to identify the Pareto-optimal configurations that maximize power
output while minimizing mass and cost. Results are displayed as an interactive scatter plot with selectable
trade-off curves.

Compare Configurations Loads two or more saved Power Simulator configurations side-by-side for
direct metric comparison. Color-coded indicators highlight the best-performing configuration for each of
the 15 metrics. Results can be exported as a batch PDF report or a multi-sheet Excel workbook.

Compare Scenarios Performs the same side-by-side comparison for Component Sizing and Cost-Benefit
scenarios, enabling direct trade-off analysis between design alternatives across mass, cost, performance,
and risk dimensions.

Accuracy Comparison Runs a reference Psyche configuration through four model variants — baseline,
with battery degradation, with radiation damage, and with all models active — and quantifies cumulative
error reduction from £18% to £5.5%. Results are validated against Dawn mission flight data at 3.1 AU, the
closest analogue to Psyche's orbital environment.

Help & Documentation A six-section in-app reference covering: (1) Getting Started, (2) Power Simulator
guide, (3) Component Sizing guide, (4) Cost-Benefit Analysis guide, (5) Comparison tools guide, and (6)
Mathematical model descriptions with formula references. A downloadable Quick Start Guide PDF is also
available from this page.
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This work was created in partial fulfillment of Arizona State University Capstone Course EEE489. The
work is a result of the Psyche Student Collaborations component of NASA’s Psyche Mission. “Psyche: A
Journey to a Metal World” [Contract number NNM16AAQ9C] is part of the NASA Discovery Program
mission to solar system targets. Trade names and trademarks of ASU and NASA are used in this work
for identification only. Their usage does not constitute an official endorsement, either expressed or
implied, by Arizona State University or National Aeronautics and Space Administration. The content is
solely the responsibility of the authors and does not necessarily represent the official views of ASU or
NASA.
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Simulation Engine Architecture

e core simulation engine was implemented in JavaScript to enable
client-side execution without server dependencies. The engine
architecture consists of several interconnected modules:

Technology Database Module: The technology database contains
specifications for 32 different technologies across three categories. Initial
implementation used an external JSON file, but production deployment
issues necessitated embedding the database directly in TypeScript code
to ensure reliable loading in both development and production
environments.

Orbital Mechanics Module: This module calculates the spacecraft's
position relative to the Sun and 16 Psyche throughout the orbital period.
The simulation accounts for the asteroid's 4.2-hour rotation period,
determining eclipse duration and sunlight exposure for each time step.
Solar irradiance is calculated based on the inverse square law at 2.9 AU
distance.

Power Generation Module: Solar power generation is computed by
integrating concentrator efficiency, photovoltaic cell efficiency, and
temperature effects. The module implements temperature-dependent
efficiency models where PV cell performance degrades at higher operating
temperatures according to empirically derived coefficients specific to each
cell technology.

Battery Management Module: The battery subsystem simulates charge
and discharge cycles based on power balance. The model includes
coulombic efficiency, depth of discharge limits, and state of charge
tracking. Battery capacity degradation over time is calculated based on
cycle count and temperature exposure.

Environmental Effects Module: Long-term degradation is modeled
through three mechanisms: (1) radiation damage from solar and cosmic
radiation using fluence-based degradation curves, (2) thermal cycling
fatigue from repeated temperature excursions, and (3) micrometeorite
dnpact probability based on flux models for the main asteroid belt.

Conclusion

This project delivers an interactive power-
system simulation tool designed to explore
future energy solutions for the NASA Psyche
mission environment. By integrating solar
concentrators, photovoltaic technologies, and
energy storage systems, the simulator enables
meaningful side-by-side comparisons across
historical, current, and emerging technologies. E
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capabilities, enhance usability and make the i)
tool accessible to both technical and non-
technical audiences. The simulator supports
education, concept exploration, and early-
phase mission analysis by translating complex
engineering principles into an intuitive and
interactive format. Future efforts will focus on
public deployment and live demonstration,
ensuring the tool remains accessible, reliable,
and impactful beyond the academic setting.
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