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Series system reliability estimation method
based on element data reconfiguration
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® For system reliability estimation, convert unit life data into system
life data by means of Monte Carlo sampling, based on the
relationship between system failure and unit failures.
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® Avoid unit reliability error enlarge through the conventional series

system reliability model.
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®Pyramid test — A few system-level test + a large amount of component

test.
Full structure Gain experience in assembled aircraft
simulation and approve for development
..Q. “’l
A

Simulation and validation on complex
geometries, with assemblies

Component level

Use of validated models on
components and assemblies

i,’ / g =
- / Material model validation
’ ‘ at coupon level

Physical tests H Simulation ‘
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®System reliability is calculated by means of series system reliability model:

R. :E[(ni —r.)/n,

R1 R2 R} t-------- Rn +——
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® Owing to small sample size, estimated unit reliability contains large error.
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® Either Bayes method or multi-source information fusion does not work well.
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®Series system reliability model:
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®Using such a model, unit reliability errors will be accumulated into

system reliability error.
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 Convert unit life data into equivalent system life

« data, prevent unit reliability error to enlarge.
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Error propagation
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 Unit reliability error will enlarge through series system reliability model.
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 Preventing unit reliability error propagation and expansion is
significant for system reliability estimation, in condition of only small

sample of unit life data are available.



« System reliability Rs(t) — unit reliability R(t):
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 True unit life cdf (red solid) and erroneous unit life cdf’ s (block dotted)
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GipiRBERE, Unit cdf’ s and system cdf’ s calculated by series system
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Fig.1 Unit life cdf’ s Fig.2 System life cdf’ s (black-true; red-erroneous)
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Unit-system life data transforming and reconfiguration
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Conventional way to estimate system reliability:

¢

1. Estimate unit reliability according life data

2. Calculate system reliability by means of system reliability model — Error
enlarging
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Unit-system life data transforming and reconfiguration
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« Estimating system reliability based on equivalent system life data

obtained by means of unit life data reconfiguration.
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* Principle: Series system life = Minimum statistic of unit lives
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« Convert unit life sample into equivalent system life sample.
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« Reconfigurate unit life sample into system life sample:

¢ te1, tez,...tem — tszMin{te1, tez,...tem }
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eUnit life data: (a;aazazas) . (by,by,bsb,b:) and (¢,c,c5C,.C:)

®Equivalent system data: (tg;. tso. tsz. tos. tss)

‘tS|=Min{ai,bj,Ck} (|=1,2,3,4,5)
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« Estimate system reliability according to (tg;. tc,. ts3. tos. tss) , avoiding

unit reliability errors propagation.



3. Zfl Example
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* A system consist of 10 units, each unit has a life sample of size seven.
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How about the result?
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Conclusions

« Perfect mathematical model does not necessarily bring about perfect
result, such as for the series system reliability model to estimate system

reliability according to unit reliabilities.

« Does not exclusively rely on mathematical model, does not simply apply

series system reliability model,

« Estimating system reliability based on equivalent system life data
(reconfigurated unit life data), error propagation and accumulation from

unit to system can be prevented.
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