. .- . + . .- . . "
-+ .: * e . ) - _+_-

National Aeronautics and Space Administration = - " T - *
'NASA Physics of Failure (PoF) Handbook
Update
June 3, 2024

Nancy J. Lindsey, 370 Staff Engineer (GSFC RMA SME)

For the PoF Handbook Development Team: Jeff Dawson (GSFC), Nobel Sindjui (GSFC), Doug
Sheldon (JPL), Nancy Lindsey (HQ/GSFC), Anthony DiVenti (NASA R&M Technical Fellow), and
many contributing authors

OFFICE OF SAFETY & MISSION ASSURAMNCE

©® OSMA

www.nasa.gov



National Aeronautics and Space ?
Administration u I n e

www.nasa.gov

* Why Physics of Failure ?

* Physics of Failure (PoF) Handbook
( NASA/S P-20230004376) NASA Methodology for Physics of

Fallure. Based REMOENRY, Asacients
* PoF Use & Examples -

* How can the Community Contribute?

* Questions

https://ntrs.nasa.gov/citations/20

D S M A Assurance Standards

DOFFICE OF SAFETY & MISSION ASSURAMCE



nautcs and Space Why Physics of Failure (PoF)?

Currently Operating Spacecraft

Free Flyer NASA Mission Life versus Design Goal Detense Mission Life versus Gesin ol

o 1
[ e

y b
wo o1 KT T I .*?F**( i

RNZLIR rﬁ“ N ’! AT TEN L AN
A ;J"l '"‘ _Eii;ﬂﬂ;%'wmﬂ LHTHI

N

I Wﬁﬁwwf@’wg@ PG G WYY O EGY S
¢

-
Unrealistically conservative estimations of life are being assumed based on our highly conservative predictions.
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National Aeronautics and Space PhySiCS Of Failure (POF) Use & Examples \

Administration

WWw.nas o AN
1. Frame Overall Analysis goal and Mission Use Case Approach/ResuIt v

seek/evaluate data available(susceptibilities
(process or mechanisms), exposures/stresses,

in-situ/planned use/design configuration). lJ 18 e .
. 1) Estimate failure probability of Payload with history on ) Bayes’ estimation
2. Match data with appropriate PoF similar missions of 7,127,352 hrs and no failures I = m =
o
methodologies to derive a likelihood of ) E(A) = 1.33 x 10 [Parts Count Failure Rate].
failure from the specific data. .' p= % —3.01 x10° hours
I L
- Z 11 T = 7,127,352 hrs and the number of failuresr = 0
3. Create model(s) that captures system and | &
is compatible with PoF method. N n
& & s4r o 1
. [/ 4 I L: ABayesian T pAT 3.95x10 (hours)'
"“G:T.%’ flfl" yalldjtf I'fl nEOdEL Isa td'g'tgl me Wllth q 3 2) Estimate failure probability a structural failure mode 2) Fatigue Analysis estimation
sutticient detalls Tor the system being analyzed. ‘% in a PWB/ PWB part on a Sounding Rocket or life with 1
[ [ Il . planned stress exposure . Board: disconnect/failure in 1.71E3
5. Evaluate likelihood of failure result for E >/ hours T ———— ———
accuracy and relationship of the specific data | & ¢ el e open SesEt
driven likelihood to other results or data. 5 is3 interconnect-open ER =
o D4 solder—-open 7.06E-02
6. Determine if all plausible failure i y P67 | interconnectopen =
. . H LSZ2 interconnect-open 1.74E-02
scenarios/modes have been evaluated and if ; X Jres interconnectopen 1.4GE-02
H < D& solder-open 1.42E-02
all data has been used ; -
7. Aggregate 'results an'd any reference 'data Part hours to P
that may still be applicable to determine . Romear 1
- o . failure 6.62E1 Damage Ratio: 15114073
overall likelihood distribution or point @ Dumage.  15114870w001
estimate for the goal (mode/scenario e Oys dortemn: 27650
likelihood of occurrence. E Mo ree: o0z0543
8. Communicate findings and Uncertainties 51 3) A mission system is planning to use a proven and 3) Assuming that the terrestrial and radiation failure mechanisms
;A/ith customer and iterate as warranted ' well-known terrestrial component (Ps =0.8 at the are independent or disjointed, and would use a fault tree or a
i mission duration) in a space application, and it has Bayesian network to find Pf:

been determined via radiation susceptibility testing,
that the probability of failure from radiation, Pf,
equals 0.7. What is the full Pf?

9. Share handbook Case Studies; corrections (1-Ps) + Pl — Pfrawor = 0.2 +0.7- (0.7*0.2) = 0.76

1

1

1

| and update recommendation with Handbook
| Custodians.

1

. (P(F|T, R) = (P(F|R)*Pfx *1-Pfr) + (P(E|T)* Pfr * 1-Pfk) +(P(F|(R|T))* (Pfi *Pfr)*(1-Ploters))
3 (P(E|T, R) = 1*0.7%0.8 + 1#0.2*0.3)+ (1%(0.7%0.2)*1) = 0.76
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Nalona Aernantes o COMMuUNity Engagement for R&M Physics of Failure
www.nasa.gov (PoF) Handbook Advancement/Continued Evolution

Reliability, Maintainabiity, and Availabilty 1A U se PO F M et h (o) d ) i n M iS ) i on WO r k
ledge P

RMA: PoF Handbook on NASA RMA Knowledge Portal

(https://rmakp.nasa.gov/display/RMAKP/5.+Specialty+Topicst#tabs-6) and SharePoint
(https://nasa.sharepoint.com/teams/Reliability930/Shared%20Documents/Forms/Allltems.aspx?csf=1&web=1
&e=yqhHiB&CID=cc906f35%2D982a%2D46f7%2Db770%2D1afb8a5c99fa&FolderCTID=0x012000C152158E956
F544CAFS8CF887EDB162DE&id=%2Fteams%2FReliability930%2FShared%20Documents%2FRM%20Training%20
Development%20Area%2FPhysics%200f%20Failure%20Handbook)

5. Specialty Topics

Specialty Topics

This igher level topics/
Engi it could impact, inf
larger scale topics come up during project/cents cussions from time to time, often they are set
aside as they require more in-depth analysis or discussion than can be applied at that level

“This section s therefore intended to make you aware and gather additional data on existing initatives,
gather thoughts for additional initiatives (through feedback forms on this topic - ensuring to annotate that is
a new intiative or data or a comment), and solicit volunteers/participants across the RVA community. Feel

o+ pensO’
m free to reach out to points-of-contact directly.

Tony Diventi Additional information on R&M initiatives from OSMA can be found here: OSMA Reliabilty and
Maintainability (R&:M) or provide feedback, comments, corrections via the R&iM Feedback Form to enable

R&M Technical Fellow the continued readiness and continuous relevance of the data provided within this site.

Nancy J Lindsey

Deputy R&M Technical RMADigtal Transformation  MAI Iniative  MBIA  PUD & Spacekeeping Long Duration Relabilty
Fellow

SMA: Continue to share existence and solicit feedback/participation in the community of practice via
conferences and discipline peers. Gather data/Case Studies

Phyiscs of Faiure Handbook | TBD

“The scope of ths handbook s o ntroduce basic Physics of Falure (POF) concepts.

GSFC RMA
Assessment Branch

HQR&M

Engineering: Share on other virtual/collaboration platforms. Conduct research and synthesize experience data.
Establish a formal Community of Practice or become a branch from another one like NSET? Or NESC? Gather
data/Case Studies

KSC Reliability
OSMA MBMA
NASA SMA DT

NEN

SVSSRI “This book i intended to be a iving document, wih updat

feedback or addtional data and post your
SMA Tools

NASA/NEPP: Share on other virtual/collaboration platforms. Maintain handbook as a formal NASA handbook.

Add Methodology to STEP/SATERN. Conduct research and synthesize experience data. Gather data/Case
Studies

7
Industry/Academia/Partners: Share with and gather data/Case Studies at Conferences.

We are counting on All of NASA and beyond to participate/
support continued research and data sharing!
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Empirical and Deterministic
analyses are not necessarily
mutually exclusive and can
either independently or in
combination inform the final
likelihood of failure assumed for
a system. Considering this, it is
important for the analyst to
evaluate the magnitude,
independence, and
dependence of each likelihood
given by each physics of failure
methodology on a case-by-case
basis, so that statistical
techniques, such as Fault Trees,
Bayesian Networks, or
Conditional Probability can be
applied once or multiple times
until all likelihoods are
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A. Encompassed
States

B. Complimentary .
States

C. Interrelated
States

Legend: O @ Probability/Likelihood ©; Experience X Commonality

o>,

(AuB)’

P(A|B) =

P(ANB)
P(B)

Conditional Probability

[
©E - &

Pre=1-(1-Pc1)-(1-Pc2)-...(1-Pen)

Fault Tree

Bayesian Network: P (E) =24 P(E,C1...Cn)
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