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1. Introduction

The goal of this technical report is to provide guidelines for life-expectancy verification of lithium-
ion cells in the minimum time for a TSAT mission. Conditions, time relative to the life expectancy
requirement or goal, and associated risks are presented to facilitate a decision to include or adopt the
technology or a decisionto launch before there are sufficient data to conclusively verify life
expectancy.

1.1 Limitations of Scope

These guidelines are intended for life expectancy verification at the cell level.

The guidelines pertain only to life expectancy verification and do not address perform-
ance and structural margins, dimensional requirements, compatibility to pre-launch,
launch and space environments, manufacturability, testability, maintainability, reliability,
and compatibility with system safety. All of these factors shall be considered in assess-
ing cell and battery qualification.

The life expectancy verification of a specific cell design can be used in assessing life
expectancy verification of batteries made from those cells. In such a battery-level
assessment, the life expectancy of all individual battery components as well as any inter-
actions between components shall be considered. Appropriate battery and power sub-
system designs may result in different risk assessments at the battery or subsystem levels.

* These guidelines do not include verification of pre-launch shelf life or total service life,
which includes shelf life.



2. Approach

The approach is basically the same one used for the two previous space vehicle battery cell technolo-
gies, nickel hydrogen and nickel cadmium. Verification of life expectancy will be made for each spe-
cific cell design and each mission since life can depend on cell design and mission condition. Data
for different designs and mission conditions may be used in life verification assessments, subject to
the constrains described below. On-orbit data, data from real-time tests, where the time and current
profiles of cell discharge and charge exactly match those of the mission, and data from accelerated
tests can be used to develop models and projections. Accelerated tests can be accelerated in time
and/or in cell degradation, and results from these tests should be related to tests under real-time con-
ditions on a sound technical basis. Data from real-time and accelerated tests should include electrical
performance data and data from destructive physical analysis of tested cells. Model projections
should be based on real-time data, which is the most reliable data for life expectancy verification, as
well as accelerated test data. A decision to include or select a technology or design for a mission
before there are sufficient data to conclusively verify life expectancy may be made, with the expecta-
tion that continued testing after the decision is made should provide data that could subsequently
result in a lower risk assessment. In addition, the pursuit of a dual path with a more established
design or technology could be considered to reduce program risk.

2.1 Data for Different Cell Designs or Different Mission Conditions
Lithium-ion cell technology is still changing rapidly, and the requirements of different missions can
result in different degradation rates. A change in cell design or mission condition will require an
updated or modified analysis, where the life expectancy risk assessment can be less than or equal to
that of a previously established assessment.

A change in cell design includes but is not limited to the following:

- Positive electrode composition, raw material (including binder), loading density,
foil, or dimension

- Negative electrode composition, raw material (including binder), loading density,
foil, or dimension

- Electrolyte composition

- Separator composition or dimension

- Cell stack dimension or compression

- Cell case size

• A change in mission condition includes but is not limited to the following:

- Maximum or average discharge load
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- Number of discharges per time period

- Charge control method or limit

- Maximum, minimum, or average temperature by more than,3°C

A change in cell manufacturing location will also require an updated or different analysis.

2.2 Updated or Modified Analysis

An updated or modified analysis (relative to an established assessment) will result in a shorter life
expectancy assessment than that of the previously established assessment, with one exception
described below. Any analysis needs to have a firm technical basis and be grounded with orbital or
test data.

An updated or modified analysis can result in the same life expectancy compared to that of a previ-
ously established assessment if the following three conditions are met

There are orbital and/or ground test data that demonstrate that the direction of such a
change or difference results in longer or the same life expectancy

There are no orbital and/or ground test data to support that the direction of such a change
or difference results in shorter life expectancy.

Technical analysis of the specific change or difference, based on data and analysis of
degradation and failure modes and effects, supports that the specific change or difference
is expected to result in longer or the same life expectancy.
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3. Risk Assessments

Risk assessments using three types of information are described below: (1) using only real-time data,
(2) using a combination of real-time data and accelerated test data where a quantitative relationship
between accelerated and real-time testing has not yet been universally accepted by the space battery
community, and (3) using a combination of real-time data and accelerated test data where a model
quantitatively relating accelerated and real-time testing has been universally accepted by the space
battery community.

3.1 Assessment of Risk Using Only Real-time Data
When only real-time data, with appropriate time and current profiles, are used, the risks associated
with the assessment are the following:

If the real-time data demonstrate 60% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "medium"
or higher. Whether the risk assignment is "medium" or at some higher risk level depends
on the projected life margin and the data dispersion.

If the real-time data demonstrate 70% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "low-
medium" or higher. Whether the risk assignment is "low-medium" or at some higher risk
level depends on the projected life margin-and the data dispersion.

If the real-time data demonstrate 85% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "low" or
higher. Whether the risk assignment is "low" or at some higher risk level depends on the
projected life margin and the data dispersion.

3.2 Assessment of Risk Using a Combination of Real-time and Accelerated Test
Data for Model Projections without Universally Accepted Quantitative Rela-
tionship between Accelerated and Real-time Testing

If a combination of real-time and accelerated test data are used for model projections, the model pro-
jection methodology and use of accelerated test data have a sound technical basis, including all deg-
radation modes, but the quantitative relationship between real-time and accelerated testing has not
been established or has not been universally accepted by the space battery community, the risks asso-
ciated with the assessment are as follows:

5



If the real-time data demonstrate 50% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "medium"
or higher. Whether the risk assignment is "medium" or at some higher risk level depends
on the projected life margin and the data dispersion.

If the real-time data demonstrate 65% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "low-
medium" or higher. Whether the risk assignment is "low-medium" or at some higher risk
level depends on the projected life margin and the data dispersion.

If the real-time data demonstrate 80% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "low" or
higher. Whether the risk assignment is "low" or at some higher risk level depends on the
projected life margin and the data dispersion.

3.3 Assessment of Risk Using a Combination of Real-time and Accelerated Test
Data for Model Projections with a Universally Accepted Quantitative Rela-
tionship between Accelerated and Real-time Testing

If a combination of real-time and accelerated test data are used for model projections, the model pro-
jection methodology and use of accelerated test data have a sound technical basis, including all deg-
radation modes, the quantitative relationship between real-time and accelerated testing has been
established and is universally accepted by the space battery community, the risks associated with the
assessment are given below. An acceptable approach to such model projection is to separate the
eclipse season and solstice season components of life degradation by utilizing data from real-time
testing and from accelerated tests, with variations in eclipse and solstice usage.

If the real-time data demonstrate 35% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "medium"
or higher. Whether the risk assignment is "medium" or at some higher risk level depends
on the projected life margin and the data dispersion.

If the real-time data demonstrate 50% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "low-
medium" or higher. Whether the risk assignment is "low-medium" or at some higher risk
level depends on the projected life margin and the data dispersion.

If the real-time data demonstrate 65% of the mission life or longer without any cell fail-
ure, subject to the sample size considerations described below, and the projected life val-
ues are above the mission life requirement or goal, the risk assessment shall be "low" or
higher. Whether the risk assignment is "low" or at some higher risk level depends on the
projected life margin and the data dispersion.
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4. Sample Size

The sample size and failure probability function can affect the required test duration.

A baseline sample size was set at 20 as a compromise between lower test cost and more
meaning statistics. Other sample sizes can be used.

If the sample size is 20, the actual test duration without failure can be directly used for
the life expectancy assessments described above.

If the sample size, N, is not 20, the actual test duration without failure should be multi-
plied by a factor K for mission life expectancy assessments.

- The reliability and confidence level for a test with N samples without failure for
duration KT shall be equal to the reliability and confidence level for a test with
20 samples for duration T.

If the failure probability function is not known, the use of a Weibull function is suggested
to facilitate refinement of the failure probability function as more data are accumulated.
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5. Conclusions

Verification guidelines for establishing lithium-ion life expectancy have been established for the
TSAT mission. The guidelines cover three possible scenarios: (1) Real-time test data only; (2) Com-
bination of real-time and accelerated test data for model projetions without universally accepted
quantitative relationship; and (3) Combination of real-time and accelerated test data for model pro-
jections with a universally accepted quantitative relationship. For each scenario, the minimum
amount of real-time data versus a minimum risk assignment is defined for the TSAT mission.
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The Aerospace Corporation functions as an "architect-engineer" for national security programs, specializing in
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Electronics and Photonics Laboratory: Microelectronics, VLSI reliability, failure analysis,
solid-state device physics, compound semiconductors, radiation effects, infrared and CCD
detector devices, data storage and display technologies; lasers and electro-optics, solid-state
laser design, micro-optics, optical communications, and fiber-optic sensors; atomic frequency
standards, applied laser spectroscopy, laser chemistry, atmospheric propagation and beam
control, LIDAR/LADAR remote sensing; solar cell and array testing and evaluation, battery
electrochemistry, battery testing and evaluation.

Space Materials Laboratory: Evaluation and characterizations of new materials and
processing techniques: metals, alloys, ceramics, polymers, thin films, and composites;
development of advanced deposition processes; nondestructive evaluation, component failure
analysis and reliability; structural mechanics, fracture mechanics, and stress corrosion; analysis
and evaluation of materials at cryogenic and elevated temperatures; launch vehicle fluid
mechanics, heat transfer and flight dynamics; aerothermodynamics; chemical and electric
propulsion; environmental chemistry; combustion processes; space environment effects on
materials, hardening and vulnerability assessment; contamination, thermal and structural
control; lubrication and surface phenomena. Microelectromechanical systems (MEMS) for
space applications; laser micromachining; laser-surface physical and chemical interactions;
micropropulsion; micro- and nanosatellite mission analysis; intelligent microinstruments for
monitoring space and launch system environments.

Space Science Applications Laboratory: Magnetospheric, auroral and cosmic-ray physics,
wave-particle interactions, magnetospheric plasma waves; atmospheric and ionospheric physics,
density and composition of the upper atmosphere, remote sensing using atmospheric radiation;
solar physics, infrared astronomy, infrared signature analysis; infrared surveillance, imaging and
remote sensing; multispectral and hyperspectral sensor development; data analysis and
algorithm development; applications of multispectral and hyperspectral imagery to defense, civil
space, commercial, and environmental missions; effects of solar activity, magnetic storms and
nuclear explosions on the Earth's atmosphere, ionosphere and magnetosphere; effects of
electromagnetic and particulate radiations on space systems; space instrumentation, design,
fabrication and test; environmental chemistry, trace detection; atmospheric chemical reactions,
atmospheric optics, light scattering, state-specific chemical reactions, and radiative signatures of
missile plumes.


