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Lithium-ion Space Heritage
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Custom Cells and Batteries
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NASA Orion — Crew Module Battery
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Modular Battery Development

Several (non-space) applications
developed with COTS cells, following
similar design pathways

Performance-based cell selection,
driven by application needs

Module Designs for Scalability

BMS architecture design to support
large systems/arrays

Design in safety through best
practices and demonstrated testing
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Flexibility and Safety Foundation of Solutions

[1. Cell Selection }

- Performance characterization, validation, tracking

- Flexible designs for rapid integration and scalability
Yo .\

3. Battery Management System
- Proven designs for performance and safety

y N
[2. Design Modularity }

4. Safety/Anti-Propagation }

- demonstrated design safety and thermal management
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Right Cell for Right Application

LEO missions favor cells that have the following characteristics:
Capable of high charge and discharge rates
Capable of high cycle count
Stable voltage performance under load

GEO missions favor cells that have the following characteristics:

High cell specific energy
Leading to high battery mass efficiency by using less cells

Low capacity degradation
Under cycling and storage conditions (Time at SOC and temperature)
Cells spend a large fraction of their time in orbit not being cycled

Always have to beware of Counterfeit Cells...
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Characterization Testing

Cell robustness established Capacity Loss in 100% DOD Cycling @ 23°C
through 100% DOD testing —Type 1 —Type2 —Type3 —Typed —Type5 —Type6
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LEO Mission Life Testing

30% DOD LEO Cycling - Comparison of End of Discharge Voltage
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Life Characterization and Modeling

Models necessary to establish cell Life Expectancy as a Function of DOD
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Space COTS Battery Line

EaglePicher defined a “Family” of Space COTS batteries
All 28V Nominal — 8s Li-ion 18650 Cells

Nominal 1kWh Size — 8p, 10p or 12p Nominal 6kWh Size — 63p

EAGLEPICHER 10
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Internally Derived Specification

‘Envelope’ experience from
previous missions

Support LEO and GEO Missions

Spacecraft Battery

Technical Specification

EaglePicher Technologies
1215 W. C Street, Joplin, MO 64802
www _eaglepicher.com
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Document Date: May 5, 2021
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Modular (Pack) construction
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Battery Configuration Options

Increase Voltage
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COTS-based BMS

Resistive Cell Balancing
Current, Voltage and Temperature Monitor and Reporting
Heater Control

Battery Isolation (optional)

EAGLEPICHER 20
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Qualification Test Plan

Ground bonding
|solation

Capacity

Electrical Performance
Impedance DC/AC
Temperature/TVAC
Shock and Vibe
EMI/EMC

Shipping UN/DOT 38.3

EAGLEPICHER
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Baseline Schedule

Engineering Development Units complete — Delivering to customers
Critical Design Review (internal) Q2 2022

Qualification Complete early Q3 2022

Flight Units Delivered Q3/Q4 2022

EAGLEPICHER
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Conclusion/Summary

EaglePicher has an extensive heritage in space applications
Over 2 Billion Cell-hours operating in space, Over 14 years operational on Mars
Deep knowledge-base on how to design for long endurance, high reliability missions
Developed internally designed Family of Space Batteries with COTS cells
Low cost, configurable solutions
Can be stocked for quick delivery
Flexible assembly line processing to reduce processing time and increase reliability and
repeatability

Fully Qualified in Q3 2022
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Thank You!
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