
S
pa

ce
ke

ep
in

g
A

ss
ur

an
ce

On-orbit Servicing and Assurance 
Engineering

Nancy J. Lindsey
Reliability & Maintainability Deputy Technical Fellow, NASA HQ/GSFC

With the support of NExIS, JAXA, ESA, and Trilateral Reliability Task Force Participants



Agenda

• Historical Perspective 
• Current Spacekeeping Strategies
• Risk/Safety Support
• Conclusion

Nancy J Lindsey: Trilateral Reliability Task 
Force Lead

2

How can 
Assurance  

Engineering 
support 
On-Orbit 

Servicing/ADR?

2

Mission Assurance Standards and Capabilities Division
OSMA HQ-GD000

Presenter
Presentation Notes
The Reliability Trilateral team has expanded its mission support insight efforts from PMD/mission extension to also focus on how can RMA best support designers/planners/decision makers in formulating servicing (or ADR) missions/operations. Therefore, we not only want to understand the policies and brainstorm how we can support these efforts within RMA, we want to validate and understand what our stakeholders’ need and other Assurance disciplines (e.g., Safety). Yes, we are talking about what evidence would support the “assurance case” or “trade space” or “decision making” for lack of a better description.




Historical 
Perspective on our 
Current Condition

• Currently over 128 million objects 

• We have been ending satellites to space for over 60 years

• Thus far we have put 11,140 satellites in orbit. As of 8/19/21 Approximately 3,372 
are active. 

• In 2020 alone 1,283 satellite were launched. 

• Constellation of 1000s to 42,000 are planned.

3

Presenter
Presentation Notes
Currently over 128 million objects  (Space Debris in Motion – YouTube)
We have been sending satellites to space for over 60 years, so far we have put 11,140 satellites in orbit. Approximately 3,372 (as of 8/19/21) are active. The rest are inactively floating.
In 2020 alone 1,283 satellite were launched. And constellation of 1000s to 42,000 are planned. (http)s://www.youtube.com/watch?app=desktop&v=eeQnv_Iwttw)

The oldest known piece of orbital debris is the 1958 Vanguard 1 research satellite, which ceased all functions in 1964. One of the newest is a refrigerator-size ammonia reservoir released into its own orbit in July 2007. (Orbital Objects Information and Facts | National Geographic)

Additional Details: 
For half a century, humans have been putting satellites into orbit around Earth to serve a variety of functions. 

The Soviets launched the first, Sputnik 1, in October of 1957 just to prove they could. Four months later, the U.S. responded with Explorer 1.
Since then, some 2,500 satellites have been sent aloft. These include Hubble and the ISS, the Russian Mir space station, the 27-satellite Global Positioning System, Iridium, GOES, Voyager, and hundreds of others that provide communications, broadcast television and radio signals, and help scientists predict weather, among many other purposes.
These man-made objects circle Earth in orbits that range from as near as 150 miles (240 kilometers) to 22,500 miles (36,200 kilometers) away. Satellites travel extremely fast—17,000 miles an hour (27,400 kilometers an hour) or more—to keep from being drawn back into Earth's atmosphere. Most satellites around Earth are found in the LEO range but other are in GEO.

NASA says 27,000 pieces of space junk; first was in 1958. What is being done now? | Tech News (hindustantimes.com)
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Current Spacekeeping Strategies

• Code of  Conduct 
(Policies/Requirements)

• Design for Servicing/ADR
• Servicing
• ADR

• Mitigate Debris generation in deployment and operations
• Minimize on-orbit break-ups caused by propellants, 

batteries, pressure vessels, self-destruct, wheels, or any 
other stored energy by Passivation and design 

• NASA/DOD/ESA/JAXA Disposal minimum probability 0.9 
requirement

• Limit natural-decay time from LEO NASA/DOD/ESA/JAXA to 
25 years

• Retrieval of unusable satellites (or relocating to non-useful 
regions) within 5 years while mitigating debris generation

• Allowances for > 100 years of orbital storage/disposal
• Conduct Servicing or Assisted Debris Removal (ADR) while 

mitigating debris generation and/or collision/explosion risks
• Conduct Servicing while avoiding damage to client or 

servicer. 

Presenter
Presentation Notes
“Spacekeeping.” much like housekeeping except the House is our orbital space. Therefore, spacekeeping 

Encompasses: space debris monitoring, space debris/ spacecraft removal from orbit, on-orbit spacecraft refurbishment (servicing), and space material recycling.  (www.rcktmom.com) OR
Actions to maintain and sustain an operational orbital environment, such as Space Debris Monitoring, Space Debris/Asset Removal, Fragment/Collision Prevention, and Space Asset Management (Recordkeeping/Care/ Servicing/Refurbishment). (NASA/SP-20210024973, Tri-Agency Reliability Engineering Guidance: Post Mission Disposal and Extension Assessment)
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Current Spacekeeping Strategies

• Code of  Conduct 
(Policies/Requirements)

• Design for Servicing/ADR
• Servicing
• ADR

Designing a cooperative client or target by:

Serviceability spectrum from NASA's Exploration & In-space Services (NExIS) 

Presenter
Presentation Notes
A Cooperative client has design features that enable in-space servicing, assembly, and manufacturing 

Why is Cooperative important for Servicing?
In-space servicing, assembly, and manufacturing are rapidly developing through multiple government and commercial efforts
Cooperative Servicing can simplify these missions as well as reduce risk and cost
Cooperative Servicing applications?
Closeout photos
Rendezvous aids
Visual Fiducial (RRM3 and JWST and MMS)
Cooperative Service Valves for fluid system (RRM3)
LRUs designed for replacement  (HST)
Robotic Arm Grapple Fixtures  (HST/RESTORE – now OSAM) 
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Current Spacekeeping Strategies

• Code of  Conduct 
(Policies/Requirements)

• Design for Servicing/ADR
• Servicing
• ADR

NASA has a long history of servicing and is continuing to 
advance those techniques:

Now OSAM-1
(planned for 2024)

Presenter
Presentation Notes
SolarMax: Successfully repaired in 1984 through the cooperative features incorporated into the MMS spacecraft design that added five years to its life
HST: Five different servicing missions took advantage of the cooperative interfaces for ORUs, built-in EVA aids, and interfaces for the SSRMS to keep HST running far longer than envisioned
ISS: The showcase example of the success of in-space assembly, the ISS continues to utilize cooperative human and robotic servicing aids today for payload changeout, upgrades and repairs, and visiting vehicles
Orbital Express: Technology demonstration mission in 2007 that used cooperative servicing aids to perform rendezvous, docking, refueling, ORU changeout.
MMS: Launched in 2015 with cooperative decals to aid in autonomous rendezvous, if required, which were provided by SSPD


Reference: https://nexis.gsfc.nasa.gov/osam-1.html
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• Code of  Conduct 
(Policies/Requirements)

• Design for Servicing/ADR
• Servicing
• ADR

ESA/JAXA are advancing ADR techniques with ClearSpace-1 and 
CRD2:

Presenter
Presentation Notes
ClearSpace-1 will be the first space mission to remove an item of debris from orbit, planned for launch in 2025. The mission is being procured as a service contract with a startup-led commercial consortium, to help establish a new market for in-orbit servicing, as well as debris removal.

ESA - Earth’s first space debris removal mission

The Japan Aerospace Exploration Agency (JAXA) has scheduled Phase I of its Commercial Removal of Debris Demonstration Project (CRD2) for sometime in the year 2023. CRD2 is one of the world’s first technology demonstrations of removing space junk from orbit. (start at 57 sec)

https://newatlas.com/space/rocket-lab-space-junk-mission-jaxa/
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Risk/Safety Support

Goal: Do no harm to Earth, 
the space environment, 

assets involved, and other 
assets

Objective (O1): 
Perform service 
w/o damaging 

client

Objective (O2): 
Perform service 
w/o damaging 

servicer

Objective (O3): 
Perform service 
w/o generating 

debris

Strategy (S2): Avoid 
Collision

Objective (O4): 
Relocate client 
to correct orbit

Strategy (S1): Avoid 
disabling client 
Functionality

Strategy (S3): Avoid 
Bumps

Strategy (S4): Define 
operations to mitigate debris

Objective (O5): 
Return 

client/servicer 
to operations

Strategy (S5): Maintain De-
orbit and Casualty 

Compliance

Strategy (S6): Release Client 
or Dispose of stack

① ② ③ ③④ ④ ⑤⑥③ ④ ⑤

Presenter
Presentation Notes

As with any space mission servicing and ADR are complex and potentially risky undertakings. There is a risk to the client, to the servicer and the orbital environment but the rewards can be great (additional use of a costly system, increased availability of orbital space, reduced potential for conjunctions, reduced debris, and reduced risk of cascading conjunctions (domino effect), or Earthly large debris impacts. Therefore, when performing these missions the goal must be to do no harm, and 

Avoid disabling client functionality
Avoid collisions
Avoid bumps
Define operations to mitigate debris
Maintain De-orbit and Casualty Compliance
Release Client or Dispose of stack
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Risk/Safety Support

• Avoid disabling client 
functionality

• Avoid collisions
• Avoid bumps
• Define operations to 

mitigate debris
• Maintain De-orbit and 

Casualty Compliance
• Release Client or Dispose of 

stack

NASA/ESA/JAXA have or plan to:

i. Perform Do No Harm  FMECA/FT of Servicing/ADR operations
ii. Inspect Client/Debris from Ground, Telemetry, or On-orbit to determine 

current state (Attitude, damaged/dangling equipment)
iii. Conduct Aging (systems/material) analysis of Client/Debris
iv. Conduct Maintainability Analysis
v. Develop Operations and Capture plans 

With knowledge of: 

a. Grapple capture methods/limitations
b. Debris/Client’s design (serviceability) and current state
c. Operations critical events and fault tolerance
d. Doing Nothing Cost/Risks and insurance limitations
e. Servicer capabilities including fail-safes/overrides
f. System/part failure rates and expirations
g. Existing serviceability technology of client/debris

Presenter
Presentation Notes
Assurance engineers help missions to Avoid disabling a client’s functionality

Failure Analysis  (FMECA/FT)
Scenario Analysis  (failure of mission, collision, Debris generation (Bumps/operations))
Life/Aging analyses
Inspections of Client
Maintenance Analysis

This involves operations, quality, reliability, parts, and materials, along with mission teams – and could result in the knowledge of an acceptable risk (cutting MLI for servicing)
This does not exclude software.
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Risk/Safety Support

• Avoid disabling client 
functionality

• Avoid collisions
• Avoid bumps
• Define operations to 

mitigate debris
• Maintain De-orbit and 

Casualty Compliance
• Release Client or Dispose of 

stack

NASA/ESA/JAXA have or plan to:

i. Perform Operations Process FMECA/FT or STPA Hazard Analysis of 
Servicing/ADR operations

ii. Perform Probabilistic Risk Assessments (PRA) of all or critical events 
(rendezvous-capture) 

iii. Inspect Client/Debris from Ground, Telemetry, or On-orbit to determine 
current state (Attitude, damaged/dangling equipment)

iv. Develop Operations and Capture plans 
v. Estimate via testing/modeling debris/break-up results from bumps/ 

collision and perform Causality Analyses

With knowledge of: 

a. Grapple capture methods/limitations
b. Debris/Client’s design (serviceability) and current state
c. Operations critical events and fault tolerance
d. Doing Nothing Cost/Risks and insurance limitations
e. Servicer capabilities including fail-safes/overrides
f. System/part failure rates and expirations
g. Client/Debris material aging

Presenter
Presentation Notes

Assurance engineers help missions to Avoid collisions (damaging to both and maybe more) and bumps (relatively localized or client only) that could damage or generate debris.

Failure Analysis  (FMECA/FT or STPA (process)) Hazard Analyses 
Scenario Analysis  - PRA (failure of mission, safety issues, collision, Debris generation (Bumps/collisions))
Life/Aging analyses
Inspections of Client
Maintenance Analysis
Causality Analyses--- estimate the risk of uncontrolled debris impacting the Earth. (cascade)


This involves testing/R&D, operations, safety, quality, reliability, parts, and materials, along with mission teams 
This does not exclude software.
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Risk/Safety Support

• Avoid disabling client 
functionality

• Avoid collisions
• Avoid bumps
• Define operations to 

mitigate debris
• Maintain De-orbit and 

Casualty Compliance
• Release Client or Dispose of 

stack

NASA/ESA/JAXA have or plan to:

i. Perform Operations Process FMECA/FT or STPA Hazard Analysis of 
Servicing/ADR operations

ii. Inspect Client/Debris from Ground, Telemetry, or On-orbit to determine 
current state (Attitude, damaged/dangling equipment)

iii. Conduct Aging (systems/material) analysis of Client/Debris
iv. Conduct Maintainability Analysis
v. Develop Operations and Capture plans 
vi. Estimate via testing/modeling debris generation results from operations

With knowledge of: 

a. Grapple capture methods/limitations
b. Debris/Client’s design (serviceability) and current state
c. Operations critical events and fault tolerance
d. Doing Nothing Cost/Risks and insurance limitations
e. Servicer capabilities including fail-safes/overrides
f. System/part failure rates and expirations
g. Existing serviceability technology of client/debris

Presenter
Presentation Notes

Assurance engineers help missions to Define operations to mitigate debris that could damage any asset at a later time (orbital speeds make even the smallest fleck of paint damaging (E.g., ISS 2016 Window damage - https://www.dailymail.co.uk/sciencetech/article-3587882/What-happens-tiny-fleck-paint-hits-space-station-Tim-Peake-reveals-crack-ISS-window-debris-collides-craft.html).

Failure Analysis  (FMECA/FT or STPA (process)) Hazard Analyses 
Scenario Analysis (nominal and failed mission  Debris generation (Operations/Bumps/collisions))
Life/Aging analyses
Inspections of Client
Maintenance Analysis

This involves testing/R&D, operations, quality, reliability, parts, and materials, along with mission teams 
This does not exclude software.
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Risk/Safety Support

• Avoid disabling client 
functionality

• Avoid collisions
• Avoid bumps
• Define operations to 

mitigate debris
• Maintain De-orbit and 

Casualty Compliance
• Release Client or Dispose of 

stack

NASA/ESA/JAXA have or plan to:

i. Assess De-orbit Probability, Duration, and Survivability 
ii. Perform orbit analyses of stacked and unstacked configurations (orbit 

parameters and impact location)
iii. Inspect Client/Debris from Ground, Telemetry, or On-orbit to determine 

current state (Attitude, damaged/dangling equipment)
iv. Develop Operations/Disposal plans (maneuvers/release)
v. Perform Causality Analyses

With knowledge of: 

a. Stacked and unstacked mass and maneuverability 
b. Debris/Client’s design (serviceability) and current state
c. Operations critical events and fault tolerance
d. Doing Nothing Cost/Risks and insurance limitations
e. Servicer release capabilities including fail-safes/overrides
f. System/part failure rates and expirations
g. Client/Debris material aging

Presenter
Presentation Notes
Assurance engineers help missions to De-orbit and Casualty Compliance (Ps = 0.9 and TBD) and ensure Release Client or Dispose of stack
To avoid creating more debris or useless structures.

Probability of successful event calculations and natural decay time-span after relocation.
Orbital analyses
Inspections of Client
Maintenance Analysis
Causality Analyses--- estimate the risk of stacked or unstacked  debris impacting the Earth. (cascade)


This involves orbital analysts, operations, safety, quality, reliability, parts, and materials, along with mission teams 
This does not exclude software.



Conclusion

• Provide Risk/Safety Support

• Enhanced Failure Analysis 
• Heightened Scenario Analysis
• Complex and Continual Asset Assessment
• Serviceability and Maintenance Analysis
• Situational Debris Generation Modeling

and Testing

• Assure Servicer Viability and Quality

Nancy J Lindsey: Trilateral Reliability Task 
Force Lead
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How can 
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Engineering 
support 
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13

Mission Assurance Standards and Capabilities Division
OSMA HQ-GD000

Presenter
Presentation Notes
How can Assurance  Engineering support 
On-Orbit Servicing/ADR?

By providing multi-disciplinary support.

Reliability and Safety assist with Enhanced Failure Analysis  and Heightened Scenario Analysis
Mission operations assurance teams (CSOs/MAMs/QEs/OAs) conduct orbital asset assessments
Reliability and design/SEs assess an assets serviceability with design and maintainability analyses
ODPO and R&D (materials) assist with debris generation estimate from events postulated by REs/Ses
As always SMA best practices and personnel (QA/CSO/Parts/RE/etc) are engage in servicer implement for success

The Reliability Trilateral team will be codifying assurance support and knowledge sharing needs that at the next Trilateral meeting.

This is a multi-disciplinary assurance effort along with a value assessment.



Nancy J Lindsey: Trilateral Reliability Task 
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Questions

Nancy.J.Lindsey@nasa.gov
301-789-7856
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How can Assurance  Engineering support 
On-Orbit Servicing/ADR?

By providing multi-disciplinary support.

Reliability and Safety assist with Enhanced Failure Analysis  and Heightened Scenario Analysis
Mission operations assurance teams (CSOs/MAMs/QEs/OAs) conduct orbital asset assessments
Reliability and design/SEs assess an assets serviceability with design and maintainability analyses
ODPO and R&D (materials) assist with debris generation estimate from events postulated by REs/Ses
As always SMA best practices and personnel (QA/CSO/Parts/RE/etc) are engage in servicer implement for success

The Reliability Trilateral team will be codifying assurance support and knowledge sharing needs that at the next Trilateral meeting.

This is a multi-disciplinary assurance effort along with a value assessment.

Video courtesy of https://nexis.gsfc.nasa.gov/osam-1.html (public)
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