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What is a Rare Event Failure?

u A low probability failure that causes significant 

damage to operational effectiveness

u For the purpose of this presentation we will assume that 

a rare event failure:

Å Is the result of some previous fault or combination of faults 

in the system that is not obvious prior to launch

Å Can be found and is not òbad luckó or òrandomó 

Rare Event Failures Drive Cost and Schedule in Space Hardware

Source: http://forum.kerbalspaceprogram.com



Expensive Parts lead to Expensive 

Reliability Paradoxes

u Space products cost more

u Budget pressure creates desire to utilize 
less expensive commercial parts

u So we wind up trying to control quality with
TESTING and modeling

u Testing is great, but é

1. Part and device testing consumes some of the life of the 
product, making it less reliable

2. And we often test similar components to failure, which 
teaches us stuff about the components we broke, not 
necessarily the one we actually use

3. The actual reliability of an individual part or assembly 
may have more to do with the interactivity of the parts 
than the quality of the parts themselves.

After we break the part, we can tell you how strong it would have been

Source: Electrical -Forensics.com



We have dataéSo we build models

u We test lots of parts, and hope that the part we put in 

the space hardware behave like the family of parts we 

tested

u We overlay assumptions about distributions and failure 
statistics and hope we chose well

u We use mathematics to model with the intent to predict 

the future

Source: Lego.com
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Source: http://tomztoyz.blogspot.com/

Source: comicsalliance.com
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But our models also suffer from our perspectives, assumptions and biases



The problem with 

predictions é.

u òIt's tough to make predictions, especially about 

the future.ó

ʄYogi Berra

u òThe best way to predict the future is to create it.ó

- Peter Drucker



How you use data depends on where 

you are on the evolutionary scale

òData isnõt as 
important as 

gumption and 
skilló

òTest in the 
Qualityó

òUse Statistical 
Methodsó

òLeverage Data 
Analyticsó

òModeló

Source: https://www.reddit.com/r/batman

Note: Analytical processes evolve faster than the space 

communityõs willingness to change/Adapt to the new processes



This Presentationé.

u é.Will review several methods by which to use common 

event data to predict rare event problems in space 

hardware

u é.Will describe novel methods in which data analytics 

can supplement our knowledge of system -level 

performance

u éWill be approximately 45 minutes long, presented by 
an engineer devoid of public speaking skillsé

u Please do not operate heavy machinery within 30 minutes 

of viewing this presentation.

u If you feel yourself getting sleepy, 

please fall away from your neighbors.

Source: medicaldaily.com



Starting Simple
éHARVESTING PROCESS DATA

Source: enterprisefeatures.com



The Purpose of Testingé

1. Screening:

u Determine the minimum nominal characteristics of 

a component or system in a way that does not 

damage the system

2. Associative Testing to Failure:

u Test a sample of parts or systems to destruction to 

determine their limits, and then associate that 

behavior to the parts or systems used in space.

Testing gives us data that we can use to model performance



Rare Events Failures in Space Hardware
éBecause the Maytag repair person wonõt travel that far on a service call.

u We buy really expensive parts, with the presumption 

that they will be very reliable.

u And they areé.until they arenõt.

u Space rated hardware typically is built to higher 

standards, and avoid known bad materials

u Outgassing

u Dendritic Growth

u Radiation hardened

u Etc.

When you care enough to buy the very best.

Source: Wikimedia Commons
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óWHILE WE WERE TRYING 

TO FIGURE OUT HOW TO 

MAKE GOOD PARTS, THEY 

WERE FIGURING OUT 

HOW TO MAKE EVERY 

PART THE SAMEô

Former Ford executive talking 

about how they lost market to the 

Japanese

To prevent rare events, we 

must first reduce variation

Source: Cardomain.com

Source: Carsforsale.com



IEEE 1413 Guide for 

Reliability Analysis

Source: Elerath, & Pecht (2012). IEEE 1413

- Suggests that there is no 

single òbest wayó to 

perform analysis

- Rare events are tied to 

the intended use of the 

hardware

- The key is documentation 

so that the strengths and 

weaknesses of the 

methods used may be 

understood
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Variation: Common and Special Causes

Â Common Causes

Â The process has a stable and repeatable 

distribution over time.

Â òIn a state of statistical controló

Â òIn statistical controló

Â òin controló

Â Special (Assignable) Causes

Â Special Causes make the overall process 

distribution change

Â òThe process output is not stable over 

timeó

Â òAffect the process output in 

unpredictable waysó

Â òCan be beneficial or detrimental to the 

process outputó



Rare Event Special Cause

u Basic SPC can detect events
in the frequency range of 3/1000

u Pros:  

u Typically utilizes data already
available in production

u Can be tied together to provide 
system view of quality

u A powerful indicator of variance -induced failure

u Cons:

u Requires stable process 

u Largely dependent on distributions used

u Difficult to assess failures at occurrence rates <10 -3

Source: Alibaba.com
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A Normal Curve allows us to 

predict likelihood of occurrence
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This òpredictiveó capability is useful for modeling

Å99.9999998 % of  parts/assys within  

6 stdev of the mean

Å99.73 % of  parts/assys within  3 

stdev of the mean

Å68.26 %  of  parts/assys within 1 

stdev of the mean

ÅThe Vertical Scale is the cumulative 

probability of occurrence



SPC data informs rare events

u Straight Probability ðFor a stable and controlled 

product and process, the probability a data point 

will be outside the control limits is P = 0.003

u Cumulative Effects ðthe data from an SPC chart can 

also be used to model Bayesian relationships 
between data and rare event occurrence, scaling 

geometrically with increased number of parts and 

accumulated knowledge of rare events in a system 

(This will be discussed in a later section)

Testing forms the first line of defense and SPC allows test 

data to be harvested to make predictions 


