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Reliability, Availability, and Maintainability Terms

Preface

Given the plethora of terminology in the areas of rdiability, availability, maintainability,

and reated disciplines such as logistics and qudity contral, it isimportant to use this
terminology in astandard and consistent manner. This document supplements the use of
time-honored standards such as MIL-STD-721C, adding numerous terms, more in-depth
treatment, and using diagrams and equations where needed to explain concepts.

Various sources have been consulted to insure that these definitions are consstent with
dandard usage. Variant definitions are given where there isno single sandard. A
complete list of referencesis provided at the end of the document.

Reader comments are welcome, sent to deollins@compuserve.com.

Defined terms, and cross-references to other termsin this glossary, are in boldface.



alpha - Accessibility

A

a Greek letter dpha. May symbalize the shape par ameter for aWeibull distribution
(though b is more common); the significance level in hypothesistesting; or the
probability of atypel error.

Abs The name for the absolute value function in many computer languages, i.e., Abg(x)
returns the absolute vaue of x.

Abscissa The x-coordinate in atwo-dimensona Cartesian (rectilinear) coordinate
system, normdly plotted on the horizontal axis of agrgph. The y-coordinae is the
ordinate.

Absolute value The magnitude of a number, without regard to sgn. Symbolized with
verticd bars | x [ =xifx2 O, | x|=-xifx<O.

Accelerated test Or “accelerated life test”. A test or testing process that attempts to
uncover latent failures by operating equipment under conditions more severe than
would be encountered in the intended environment of use. Thistesting is “accel erated”
in the sense that less test time is needed to detect a given number of failures or falure
modes. For example, equipment might be operated under temperature extremes,
vibration levels, or duty cycles beyond its design point. Note that accelerated testing is
intended to detect normal failure modes fagter, not to uncover failure modes that
would not occur in norma operation.

Acceptable quality level The maximum percentage or proportion of defectiveitemsin
abatch, tested by sampling, which can be accepted as a process average.

Acceptance number  The maximum number of defective itemsin a batch, tested by
acceptance sampling, that will alow the batchto be accepted without further testing.
Compare r g ection number. Acceptance number is dways less than rgection number;
if, for aparticular sample, acceptance number < number of defects < rejection number,
then further ingpection and/or testing will be required to make an accept/reject
decison.

Acceptance sampling Sampling from incoming batches to determine whether to accept
them, according to a sampling plan. See aso acceptance number.

Accessibility The ease with which operators and service personnel can access controls,
components, etc., required to keep a unit operational or repair it after afailure,
Normally applied to physica accesshility, but could dso relate to non-physcd issues
such as the ease-of- use of a computerized interface to test equipment.



Achieved - AMSAA method

Achieved Asin “achieved rdigbility”; an attainment verified by measurement under
stated conditions, compare predicted.

Active maintenancetime Theamount of time spent, during a corrective maintenance
action, on diagnosis, adjustment, part replacement, etc.; as opposed to preparation time
(gethering toadls, traveling to the Site of the failure, etc.) and ddlay or logistics time
(waiting for parts or tools to arive at the fallure Site).

Agereplacement policy The policy, for replaceable components of arepairable unit, of
replacing the components on failure or when they reach a predetermined age,
whichever occursfirst. Compare failur e replacement policy, block replacement

policy.

Age-specific death rate See hazard rate. Thisterm is used primarily in actuaria and
medica sudies.

Age-specific failurerate See hazard rate.

Aggregate A vaiable, or the value of avariable, defined asthe sum of other varigbles.
For example, when subjecting unitsto severa different environmenta tests, “total
failures’ would be an aggregate variable summing the number of failures on individud
tests.

AGREE Aadvisory Group on Rdidhility of Electronic Equipment. A joint
industry/defense group et up by the DoD and the éectronicsindudtry in 1952. Their
report, subsequently published as MIL-STD-781, is credited with helping to establish
relidbility engineering as adiscipline.

Alignment 1. The process of adjusting a mechanica or eectronic component in order to
restore correct or optimum functioning to aunit. 2. The condition of being digned
correctly.

Alternative hypothesis The hypothesis that contradicts the null hypothesis. For
example, the null hypothesisfor the t-test isthat my = m; the dternative hypothesisis
that my* m for atwo-tail test, or either that ny < m or my > m for aone-tail test.

American Society for Quality Or ASQ. Theleading qudity improvement organizetion
inthe U. S. ASQ publishes books and journas related to the management of quality
and reliability, and sponsors various certifications in these areas. Their web Ste can be
accessed at www.asg.org.

AMSAA method Named for the Army Materid Systems Anadysis Agency; one of a
class of methods cdled power law modds. A method for analyss of rdiability
growth, described in MIL-HDBK-781 and MIL-HDBK-189. This method assumes
that failures during a development phase are modeled by a nonhomogeneous Poisson



Analysis of variance - Analysis of variance

pr ocess (nonhomogeneous because the failure rate will change as aresult of design
changes). The intensity function (rate of occurrence of failures) for the processis
assumed to be afunction of theform | b t°1, wherel >0and b > 0 are parameters
determined by estimation, and t is cumulative test time. The graphicad Duane method
issSmpler and more commonly used, but the AMSAA method dlows for statistical
estimates such as goodness of fit and confidence intervals, which the Duane method
does not.

Analysisof variance Or ANOVA. A method for testing the null hypothesis that
severa samples are drawn from populations with identical means. Though thetest is
for equaity of means, it operatesindirectly, by comparing variances. Thetest is
normaly carried out when there are more than two groups, since for parsthere are
sampler testssuch asthet-test.

The most common ANOVA procedure, caled one-way andysis of variance, isfor
testing one experimenta factor, applied to severa groups. It relies on the assumption
that groups are randomly and independently sampled from normal populations, and
that the populations have equa variances. These assumptions may be relaxed
somewhat if the groups are large; if the assumptions cannot be satisfied, the Kruskal-
Wallistest can be used instead.

Suppose we have basdline data from five tests of a certain type of unit. Each test runs
for afixed length of time with afixed number of units, and the test Satidtic isthe
number of failures that occurred. Two design changes are proposed and implemented,
with subsequent retesting. The data are as follows (Ep is the basdline data, and &, E;
are the test data with the two design changes):

Ey E1 =
Test 1 2 1 2
Test 2 3 0 2
Test 3 2 2 2
Test 4 4 0 0
Test5 2 0 2
Ei mean X, = 2.60 % =060 | x,=1.60
E sample variance s =0.64 s =0.64 s’ =0.64
E sum of squares 3.2 3.2 3.2

Note that the sample variances (and therefore the standard deviations) are equal,
satisfying the assumption above. The “sum of squares’, é (Z - xij)2 =ns’,isthe
j

variance multiplied by the number of data pointsin the group.

The bassfor ANOVA isthat the variance of the entire set of data hastwo
components. The variance within each group, and the variance between the groups,
relative to the “grand mean” of al the data. If we accept the null hypothes's, the



Anderson-Darling statistic - Anderson-Darling statistic

between-groups variance is due to sampling error, and should gpproximately equa the
within-groups variance. The test Satigtic isthe F ratio, the ratio of the between-groups

variance to the within-groups variance. The computations are as follows:

Degrees of freedom | Sum of squares(SS) | Mean sum of
sguares (variance)
Betweengroups | 2 10 5
Within groups 12 9.60 0.8
Tota 14 19.60

The betweengroups degr ees of freedom (df) isthe number of groups minus 1,
within-group df is é (n - 1), the sum of the df for each group. The total sum of

quaresis é (?(- xij)2 for dl the data points without respect to grouping (>=< isthe
ij

grand mean of dl the values); within-group sum of squaresis the grand sum of the
group sums of squares. It can be shown agebraicaly that
Tota SS = Between-groups SS + Within-groups SS
which dlows computation of the between-groups SS, given that we have computed the
other two. As a check, the between-groups SS can aso be computed as né (Q - Z)Z ,

I
where n isthe number of groups.

Finaly, the ratio of the mean between-groups SS to the mean within-groups SS gives
usthe F gatistic, 5/0.8 = 6.25 (the means are the sums of squares divided by the df).
For asgnificance leve of 0.95, consulting atable of the F-digtribution for 2 df in the
numerator, 12 df in the denominator, the valueis 3.89. For a significance leve of
0.975, the F-digribution vaue is 5.10. Thus we can rgect the null hypothesis at the
97.5% level and conclude that & least one of the design changes made a significant
difference. Determining which design has the most sgnificant effect requires further
pairwise testing of the means. Seet-test, Tukey’'s paired comparison procedure.

See dso factorial designs, fractional factorial designs, two-way analysis of
variance.

Anderson-Darling statistic A goodness of fit test used for assessing thefit of an
empirical CDF to either another set of empirical data, or an exact CDF. Its use and
computation vary depending on the context. For testing the fit to a Welbull
distribution, a common usage, the Satistic is computed as

A* =- 23 F(t){log F(t) +logl1- F(L)]} - n

where E isthe empiricd CDF, F isthe modd Weibull CDF, and ty, . . ., t, arethe
observed fallure times. For smal samples, a correction factor is suggested:
A’?OFF = a+£9A2
e ng



ANOVA - Arrhenius model

A, greater than the valuein this table is required to reject the null hypothesis (that
the empirica CDF is drawn from the model CDF) a the given sgnificance leve:

a (significancelevel) | Critical valueof AZ,,
0.10 0.637
0.05 0.757
0.025 0.877
0.01 1.038

ANOVA Analysisof variance.

Apportionment The process of dlocating an overal reliability objective for a product
or system among its components. This process may be applied recursvely—for
example, if asystem has ardiability objective of 0.99 for amisson time of 100 hours,
and conggs of three identical modules in series, module rdiagbility of 0.9967 is
required. This can, in turn, be apportioned among the components of the module.

AOQ Average gutgoing guality.
AOQL Average outgoing guality limit.
AQL Acceptable guality level.

Arithmetic mean Theresult of dividing thetotal of aset of numbers by the cardindity
(number of members) of the set. More precisely, for aset of n numbers x;, the
aithmetic mean is

cax=/n.
e1 g
For a set of numbers x;, where each x; occurs with frequency fi,, the arithmetic meen is

ei= 7]
For example, the arithmetic mean of {1,2, 2, 3, 4, 4, 5}, computed with either formula,
is 3. See dso aver age, mean.

geénfixiglgaéfi%
4]

Arrheniusmodel Named after Svante Arrhenius, Swedish chemist. A mathematical
mode for the influence of temperature on failure rate for eectronic components:

Where | isthefailurerate, K is Boltzmann's constant (1.38 x 1022JK ™), E (eV) is
the process activation energy, T isthe absolute temperature, and k is an empiricdly
determined congtant.



Arrival rate - Attributable risk

Arrival rate Therate a which some event occurs, typicaly used as a parameter of the
Poisson distribution, and symbolized | . For example, we might modd the arriva of
trucks at a warehouse as a Poisson process, with the arrival ratel  being the number of
trucks arriving per time unit; if the occurrence of faluresis modeled as a Poisson
process, arivd rateis synonymouswith failurerate.

ASQ See American Society for Quality.

ASQC American Society for Qudity Control, now called American Society for
Quality.

Assumptions Conditions that must be satisfied in order for an analysis to be vdid. For
example: use of thet-test with smal samples assumes that the parent population is a
least gpproximately normal; atwo-sample t-test assumes that the parent populations
of the samples have the same variance, as does the standard analysis of variance
procedure. Such assumptions should be listed, and vaidated, in a complete analyss.

Asymptote A draght line which becomes tangent to a given curve, and whose
perpendicular distance from the curve decreases to zero, as the curve goesto infinity.
For example, thegraphof y=1- € *hasas asymptote (is asymptotic to) y = 1:

0.6

0.41

Asymptotic 1. Approaching infinitdly closdly to agiven value; see asymptote. 2. (Said
of two functions) approaching one ancther infinitely closdy astheir alguments tend to
infinity, or some other vaue;, symbolized ~ (read “is asymptotic to”). For example,

Stirling’ s gpproximeation is asymptotic a infinity to the factoria function:
nN~+J2pnne", N® ¥

Attributablerisk A messure of the amount of risk atributable to a given factor being
sudied. This might be an absolute measure, or a proportion. For example, supposein
sudying the effect of using certain equipment in a given climate, we find thet the
normd failure rate of /2000 hours goes to 2/1000 hours. Then the attributable risk is



Attribute data - Availability

1 failure per 1000 hrs., or .001 (the difference between the two rates). Thistermis
primarily used in the literature on medica risks.

Attributedata Data measuring the presence or absence of an attribute, such as
“operating” versus “falled’. The datais a count, by attribute, of the itemsin asample
or population. Attributes are often binary, but in general may be n-ary, such as colors,
item part number, etc. Compare variable data.

Autocorrelation Also called “serid correlaion”. A tendency, in aset of data points
taken in sequence, for points close together in the sequence to be closer to one another

than to points farther apart in the sequence. The example time series beow illugtrates
autocorrel ation.

WWMA\
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In this case, the autocorreation reflects a trend in the data. Autocorreation analyss
may also be applied to the residuals from ar egr ession modd; autocorrelaion implies
that an assumption of the modd, that the resduals are independently distributed about
the regression line, is not met.

Autocorrelation is caculated based on a particular lag, or interva between the
observations that are compared; e.g., lag 1 implies that an observation is compared
with the one immediately following it. Thelag k sample autocorrelation coefficient is
caculated as

al-v) .-y

re =—

é’il(yi-?/)2

This coefficient will be between - 1 and +1 and isinterpreted smilarly to a
correlation coefficient.

Availability A measure of the degree to which aunit or system is operationa when
required. The most common measure of availability is the probability that the unit is
operational. For non-repairable systems, thisis smply the reiability. For repairable
systems, the long-term availability = MTBF/(MTBF + MTTR). (Seedso MTBF,
MTTR.)



Availability function - Average outgoing quality curve

Availability function A function A(t), which yields the probakility that a unit, operating
gncetimeto = 0, will be operationd at time t. Such afunction would normally exist
only for atheoreticad mode, though an empirica approximeation might be constructed
for ared device or system.

Availability, instantaneous The probability that aunit isavailable & agiven timet.

Availability, steady state Or “long-term availahility”. The probability that a unit will
be available when availability has reached a steady Sate. In terms of the availability
function, thisisthelimit,ast ® ¥ of the availability function A(t), if the limit
exigs. In practice, steady state availahility is measured as MTBF/(MTBF + MTTR).

Average Inordinary language, “average’ is often used to refer to a“typicd” member of
agroup. As used by engineers and daigticians, “average’ most often refersto
1. The arithmetic mean of agroup of numbers.
2. The expected value of arandom variable described by a probability distribution.
These two definitions are equivdent in the following senser If adiscrete (finite or
countable) set of numbersis sampled repeatedly (using sampling with replacement),
and the probability of obtaining each number is computed, a probability digtribution is
obtained. Asthe number of samples becomes larger, the expected vaue of the
digribution converges to the arithmetic mean of the numbers.

Since “average’ may be used in various contexts to denote any measure of centra
tendency in agroup, more precise terms should be used where precision is warranted.
See arithmetic mean, geometric mean, harmonic mean, mean, median, mode, r oot
mean square.

Average outgoing quality The long-run proportion of defective items of a given type
shipped by a manufacturer, or produced by a manufacturing process. Usualy used in
the context of acceptance sampling. See aso aver age outgoing quality curve.

Aver age outgoing quality curve A graphica representation of outgoing versus
incoming quality, for aparticular sampling plan. The AOQ curveis based on the
same andyss asthe oper ating char acteristic curve, which graphs (for agiven
sampling plan) P4, the probability of accepting an incoming lot, versus p, the percent
defective in theincoming lots. Depending on lot Size, P4, is computed using the
hyper geometric distribution (smdl lots, sampling without replacement), binomial
distribution (for large lots, approximates the hypergeometric), or Poisson
digtribution (gpproximation to the binomid for largelots, smdl p). Average outgoing
quality is computed as

A0Q= pp, N1

where N islot szeand nissamplesize. For n — N, thisis gpproximaey pP,. The
graph below shows a sample AOQ curve for N = 5000, n = 30, and acceptance
number 1. Incoming qudity (proportion defective) is on the x-axis, and outgoing



Average outgoing quality limit - Average outgoing quality limit

qudlity (proportion defective) is on the y-axis. The maximum point on this curve isthe
aver age outgoing quality limit.
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Average outgoing quality limit  Or AOQL. The highest vaue of aver age outgoing
quality that will be tolerated without taking some action to bring the value back below
AOQL. See aso average outgoing quality curve.

Remainder of glossary pages have been removed
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