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Relevance of Reliability

Current trends:

• Automated/autonomous driving

• Electromobility

• Interconnectedness

• Increased use of electric components

•OEM expect component data from sup-
pliers

=⇒ High reliability of electrical compo-
nents is required! [ISO 26262, FIDES [1]]

Do you know this traffic sign?
How do we measure reliability?

Failure rates are considered in the unit of 1 FIT, i.e. 1 failure in 1 billion =109 ! hours of lifetime
seem to be acceptable for the intended application.

Failure Rates
Here constant failure rates (exponential distribution), alternative Weibull distribution

The total failure rate
λtotal = λphys · Πpm · Πprocess, (1)

decomposes into a physical failure rate λphys modelling mainly different physical stresses
w.r.t. a use profile and into dimensionless factors that represent an audit. The factor Πpm

models the quality management on the part of the manufacturer and Πprocess encodes mainly
the maturity level of the manufacturing process. Note that λphys depends on the audit as well,
since it depends also on Πruggedising, modelling the reliability design.

Methods for Determining FIT Rates

There are 3 important approaches to determine failure rates:

(i) return of experience (REX), i.e. exploitation of data from field returns (so-called field data),

(ii) standardized catalogues for failure rates [MIL-handbook, Siemens norm, FIDES [1], . . . ],
with or without audit,

(iii) laboratory exposure tests, using a time-lapse by overstress, if possible.

Each has its (dis)advantages:

(i) Determine λtotal by a statistical evaluation of field data

+ Realistic use profile

+ Specific for each manufacturer, the quality management is taken into account

+ Large sample sizes a sufficient statistical confidence is feasible

- Is field data known or available, resp., for this component? Are there issues with confi-
dentiality? How to estimate dark figures (i.e. the number of samples whose history are
hidden due to customer behaviour, negligence, etc.)?

- For suppliers that are new to the business sector low FIT rates are not within sight due to
the lack of sufficiently enough samples.

(ii) Determine λphys by a handbook, e.g. [1], then λtotal by an audit

+ Most easiest approach, works possibly if no (own) data is available.

- This approach is designed for specific technical areas (e.g. FIDES originally for aviation
and aerospace).

- Newly developed components are difficult to handle, only by possible analogies.

- In these standards the focus is mainly on constant failure rates.

- No statements on the statistical significance are possible.

(iii) Determine λphys or λtotal, resp., by exposure tests in a laboratory

+ This approach seems to be the most widely accepted, although this might be based
largely on the assessment of experts.

- Expensive in time and money (in particular, if a certain statistical significance shall be
guaranteed), different physical failure mechanisms are to be examined.

- Accelerated (“time lapse”) overstress tests are required. The question remains, if these
overstress tests represent still a typical and realistic situation as for the original stress.

Statistical Models using Method (i) REX

• Family of N (∈ N) identical, independent, newly manufactured specimens

• Tracked over a given time horizon T (> 0), yielding the collective n = N · T (> 0)

•Random (variable) number X (∈ N0) of observed legitimate failures (w.r.t. a failure mode &
failure criterion)

•Given dark figures dn and dx for numbers of specimens and failures, resp.

Suppose we would like to estimate the unknown parameter Θ of a binomial distribution [3], where
the other parameter n is given: (alternative exponential distribution)

Point estimate, w/o statistical significance,

Θ̂ =
X dx

n
=

X
N T

dx dn [FIT = # failures/(109h)]. (2)

Interval estimate [Θ, Θ̄], with statistical significance (confidence level) 1 − α (typically 90%) s.t.

P
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= 1 − α, with d = qB(Θ,n)
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n
, q the corresponding quantile. (3)

We consider an upper bound of the confidence interval Θ̄ as estimate for λtotal or λphys, resp.
(depending whether all or only random failures are taken into account).
Taking statistical censoring into account [4], which is relevant if, e.g., failed components at ti,
i = 1, . . . , X, are not replaced at once:
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(4)

From Real-World Manufacturing Data to Failure Rates [5]

Consider an electronic, automotive component in a cable harness. Let be known:

• the number of components per cable harness branch,

• the number of each of these branches per cable harness,

• the manufacturing figure of a car series (suppose each has one cable harness),

• the number of these cars in a region (with similar climate) and with similar use profile,

• a recourse (regress) list.

Warranty period as monitored time horizon: 3 years for automotive devices

If we add the ny (# components manufactured/year) for the years y0 to yt(erminal), then we have
to keep in mind that, e.g., the production of the year y0 − 2 enters with 1 year into the monitored
collective, whereas nyt−1 enters for two years {nyt−1, nyt} to this collective.
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Summary and Outlook

•Determination of FIT rates challenging Advice: consider at least 2 methods as pillars

• In case of different rates by these methods, use worst FIT rate - like the weakest link in a chain.

•How to handle the costs (money and time)?

•How to increase the statistical precision? - In particular for overstress tests [2].

•Combination of FIT rates in networks like vehicle electrical systems (cable harnesses)?

• For an application example and more details please visit my talk on Thursday, February 20,
12:10 - 12:30, HS 2 !


