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APPENDI X A

MAI NTENANCE TASK SAMPLING FOR USE W TH FAI LURE SI MULATI ON

A. 10 Scope.

A.10.1 Purpose. This appendix outlines a procedure for the selection of
a sanple of corrective maintenance tasks for maintainability denmonstration
when the tasks result from failure sinulation.

A 10.2 Application. The procedure described herein is applicable only

when failure sinulation is to be used to generate maintenance tasks. The
procedure is applicable to the equipnent level and it is assumed that

system level nmaintainability requirenents have been allocated to the

equi pnent |evel for demonstration. The mean estimates for equi pment may

be enployed to determne achievenent of system maintainability requirenents
If sanpling of preventive maintenance tasks or servicing is permtted, a
procedure and tables simlar to that illustrated in this appendix for
corrective maintenance nust be devel oped for each type of task (i.e., preven-
tive maintenance, servicing).

A 10.3 Sanple Stratification. The mmjor objectives of stratification in

this standard are to: (a) allow for the selection of naintenance tasks in such
a manner that the selection sinulates the failure frequency of the test unit in
actual operation, (units with low MIBF's will be selected nore frequently

than units with higher MBF s), (b) insure that a proportionately representative
sanpl e of task types/times are selected. Proportional stratified sanpling

may be used for selection of maintenance tasks to be denonstrated using the
fixed sanmple size test methods described in Appendix B, Sequential test nethod
shal | enpl oy sinple random sanpling

A 10.4 Stratification Procedure. The following example illustrates the
procedure for tasks which would be classified as corrective maintenance
Preventive maintenance or servicing tasks should not be conbined with
corrective maintenance tasks for the purpose of task stratification. For
system | evel denonstration of maintainability requirenents, the procedure
should be applied to each contract end item equipnent and through appropriate
t echni ques, the achievement of system maintainability requirenents may be
demonstrated. Maintenance tasks may be performed concurrently or serially
provi ded that provision has been made to record the expended maintenance
time for each maintenance task. The requirement to be denmonstrated shall
determ ne the manner in which the data shall be analyzed. The foll ow ng,
Table I, illustrates the application of this procedure to a radar equi pnment
consisting of: Antenna, Receiver/Transmitter, Frequency Tracker, Radar Set
Control, and Drift Angle Indicator:

Super sedes page 19 of 27 March 1973


http://www.abbottaerospace.com/technical-library

M L- STD-471A
10 Jan 1975

a. colum 1 - Identify the major units which conprise the equipnent.

b. colum 2 - Subdivide each unit to the functional level at which
mai ntenance for the denonstration is to be performed in accordance with
the approved maintenance plan. This level may be an assenbly, nodul e,
printed circuit card or piece part.

c. colums 3 & 4 - For each functional level of maintenance identified
in Colum 2, identify in Colum 3 the type of maintenance task or tasks
to be performed and in Colum 4 the estimated nmean maintenance time for the
task.  The maintenance task time shall include the time to perform each
el ement of maintenance time as defined in ML-STD721B. The mai ntenance
tasks and estinmated maintenance time would be derived from a maintenance
engineering analysis, a maintainability prediction effort, or from historical
data.  The same maintenance task, such as "remove and replace" of a nodule
may result fromdifferent faults within the module. Colum 3 would identify
the maintenance task and not the fault or failure which results in the
occurrence of the task.

d. colum 5 - Determine the failure rate (F/10°hr.) for each nodul e,
printed circuit card, etc., for which the maintenance task was identified
in Colum 3. The failure rates used shall be the latest available from the
associated reliability program If there is no reliability program the
failure rates may be selected or extrapolated from sources approved by the
procuring activity.

e. Colum 6 - Determine the quantity of items in each mjor unit
associated with each task in Colum 3.

f. colum 7 - Determne the duty cycle for each item associated
with each task in Colum 3 (e.g., operating time of a receiver to the
operating tinme of the radar; engine operating hours to aircraft flight
hours ).

g. Colum 8 - Goup together the maintenance tasks identified in
Col um 3 which have bot h:

(1) Simlar maintenance actions. NOTE: A maintenance action
is an element of a mmintenance task. Although the estinated nainteneince
time for different maintenance tasks may be simlar, the actions may be
different, that is, one task may involve significant diagnostics and
anot her involve mninmum diagnostics but significant access tine.

(2) Simlar estimated maintenance times. The maintenance tines

in each group shall be within a range that shall not exceed the snallest
value in the group by nore than 50 percent.

Super sedes page 20 of March 1973
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Task grouping shall be limted to within major units identified in
colum 1.

h. colum 9 - Determne the total failure rate for each task
grouping identified in Colum 8.  The total failure rate is equa
to the sum of the products of Colums 5 x 6 x 7 for all tasks within
the group

i. colum 10 - Determne the relative frequency of occurrence
for each task grouping by dividing the sumof the total failure rate
(sum of Colum 9) into the individual total failure rate for each group

j. colum 11 - Fixed Sanple - A sanple of maintenance tasks

equal to at least four tinmes the sanple size specified for the

selected test nmethod (Appendix B) or as specified by the procuring activity,
shall be allocated anong the task groups in accordance with the relative
frequency of occurrence of the task group. Exanple: Assume the test nethod
to be enployed requires that a sanple of 50 maintenance tasks be denonstrated,
? Fﬁnple of 200 tasks (4 x 50) shall be allocated among the task groups as

ol | ows:

Goup 1 - .177 X 200 = 35 tasks;

Goup 2 - .178 X 200

36 tasks;
Goup 3 - .016 X 200 = 3 tasks;

Goup 7 - .013 x 200 = 3 tasks,
This allocation is shown in Colum 11. The nmintenance tasks allocated
to each group shall be randomy selected and identified from the popul ation
of maintenance tasks applicable to that group. The total nunber of maintenance
tasks which nust be identified for the equipment nust be equal to or greater
than four tires the denonstration sanple size (i.e., greater than 4 x 50 = 200
for this exanple) in order that the nunber of tasks identified with each group
is sufficient such that the allocation of tasks to each group (i.e., 35 tasks
for Goup 1; 36 tasks for Goup 2, etc.) maybe randomy selected fromthe
popul ation of tasks identified as applicable to that group. The maintenance
tasks which have been randomy selected shall not be returned to the sanple
pool, \Wen a task group consists of nore than one nodule or assenbly, etc.
such as group 2 of Table 1, the maintenance tasks assigned to the group
(Colum 11, 36 tasks for this exanple) shall be allocated to the nodules,
assenblies, etc., within the group in accordance with the relative frequency
of occurance of naintenance for each nodule, etc., within the group. The
procedure would be the same as that used to determne the relative frequency
of occurrence of the task groups (Colum 10) but would be applied to the

Supersedes page 21 of 27 March 1973
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nodul es, etc., within the group. This is illustrated below with the allocation
shown included in Table I, Colum 11, Goup 2.

Denonstration

Tot al Rel ative Popul ation
Goup 2 Failure Rate Freg. of Qcc. Al location
AlTF-A 23 217 7.8 »8 (.217 x 36 = 7.8)
B-1F-B 21 . 198 7.4 »7
C-Anplifier 21 . 198 7.1 »7
D- Mbdul at or 18 .170 6.0 »6
E- Power Supply 23 217 7.8»8
106 1. 000 36

k. Colum 12 - The nmintenance tasks to be denonstrated (50 tasks
for this exanple) shall be allocated anong the task groups in accordance
with the relative frequency of occurrence of maintenance for the group.

Exanpl e:
Goup 1. .177 x 50 = 8.85 »9 tasks;
Goup 2: .178 X 50 = 8.90 »9 tasks;
Goup 3: .016 x 50 = .80 »1 task,

Goup 70 .013 X 50 = .65 » 1 task

If a task group consists of nore than one nodule, assenbly, etc., such as

group 2, Table I, the maintenance tasks to be denonstrated from the group (colum 12,
9 tasks for this exanmple) shall be allocated to the nodul es, assenblies, etc.,

within the Goup in accordance with the relative frequency of occurrence of

mai nt enance for each module, etc., within the grow.  This is illustrated bel ow

with the sanple allocation shown included in Table I, colum 12.

Rel ative Freq. Denonstration
Goup 2 of Qccurrence Sanple Size
| F-A 217 1.95 »2 (.217 X 9 = 1.95)
| F-B . 198 1.78 »2
Anplifier . 198 1.78 »2
Modul at or 170 1.53 »1
Power Supply 217 1.95 » 2
9 total

Super sedes page 22 of 27 March 1973
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TEST METHCDS AND DATA ANALYSI S

B. 10 Scope.

B.10.1 Purpose - This appendix contains test nmethods and criteria for
denonstrating the achievement of specified quantitative maintainability
requirenents: Some of the test nethods included are identical to test

net hods contained in previous versions of this Standard. Table |A indicates
the correspondence of the test methods included in this Standard to those
included in past versions.

B.10.2 Application - The following matrix (Fig. B-1) summarizes the mgjor
characteristics of each test method as well as the quantitative requirenents
which nust be specified for each test method. The data analysis method
included with each test method provides the decision criteria for acceptance
or rejection of the item being demonstrated.

B.10.3 Sanple Size - Each of the test plans contained in this appendix includes
an equation or other directions for determning a mninum sanple size of mainte-
nance tasks. Any departure from the mninum sanple size requirenent can affect
the statistical validity of the test procedures. Some of the test plans in

the appendix require a prior estimate of the variance of the distribution of
interest for the calculation of sanple size. Such prior estimates, subject to
governnment approval, can be obtained from data on simlar equipnment provided
simlarities in mintainability design, skill levels of maintenance personnel
test equipnment, manuals and the maintenance environnent are considered in the
estimtion process. Equations for predicting the variance when prior estimates
are not available are presented in DDC document AD- 869396, Maintainability
Prediction and Denonstration Techniques, Vol. Il, cited in para. B.10.6, which
can be used, provided the information needed for the prediction is available

The 85th - 95th upper confidence bound on the predicted or estimated variance
shal| be used to Insure preservation of the desired risk values. Average observed
val ues of the variance have ranged from o2 = .5 to o< = 1.3.

B.10.4 Task Selection - Selection of tasks to be sanpled when enploying fault
simulation will be made in accordance with Appendix A of this standard. The
Procuring Activity shall have the option of surveillance over and/or participat-
ing in the random selection of tasks conprising the demonstration popul ation
(Colum 11 of Table I) down to and including the specific faults to be sinulated
This shall occur at a specific conference at a time established by the contractor
consistent with the Mintainability Program Plan schedule. In the event that
tasks so chosen can result in events detrinental to safety of personnel or
property, appropriate redesign action nmust take place; in the event that secondary
failures result, they will be documented and their inpact on item maintainability
assessed. A report of such findings shall be made to-the procuring activity.

Care nust be exercised in selecting and sanpling tasks to insure that a true
sinple random sanple is obtained when sequential tests are enployed. Departures
from sinple random sanpling, such as proportionate stratified sanpling, can
effect the validity of the test procedures presented herein, however, this effect
is considered minimal for the sanple sizes required by the test procedures which
are not sequential tests. Sinple random sanmpling shall be used for sequential
tests.

Super sedes page 26 of 27 March 1973
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B.10.5 Test Selection - In general, the test index to be demonstrated

Is the primary consideration in selecting a test procedure. Considerable
savings in sanple size can be obtained by use of sequential test procedures
in preference to fixed sanple tests. As a general rule, however, the
sequential test should be used only when prior know edge (e.g., fromthe
prediction) indicates that the equipment may be nuch better (or worse)

than the specified val ues.

B.10.5.1 A cross-reference of the test nmethods in ML-STD-471A to those
which were nunbered differently in the original issues, ML-STD 471
(and Notice 1) are listed in Table IA

TABLE |A TEST METHOD CROSS- REFERENCE LI ST

ML-STD-471A ML-STD-471

Test Method 8 » Test Method 1

Test Method 9 Test Method 2

A 4

Test Method 4 Test Method 3

Y

Test Method 10

v

Test Method 4
Test Method 11

Test Method 6

v

26a
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The justification for use of the log-normal assunption for corrective
mai ntenance tinmes is based on extensive analysis of field data which have
shown that the log-normal distribution provides a good fit to the data.
However, in those cases where it is suspected that the |og-normal assunp-
tion does not hold (e.g., equipnents with a high degree of built-in
di agnostics) then a distribution-free method should be enployed to in-
sure preservation of specified risks

B.10.6 References - Details and additional references for the test plans

(1, 2, 3) presented in this appendix can be found in RADC Technical Report

69-356 (AD 869 396), Volume II, entitled: “Maintainability Prediction

and Denmonstration Techniques.” Copies of this document may be obtained

;;gm the Defense Docunentation Center, Caneron Station, Alexandria, VA
14,

B.10.7 List of Symbols - The followi ng synbols and notations are comon
the test methods 1 - 3 contained in this appendix:

X = the random variabl e which denotes the maintence characteristics
of interest (e.g., X can denote corrective maintenance tinme, preventive

mai n)tenance tinme, fault location tine, manhours per maintenance task,
etc.).

Xi = the ith observation or value of the random variable X

n = the sanple size

n
X = the sanple nean (i.e., Y-%—Z (Xi)
€2_ E[(lnx-ﬂ)z:’: the true variance of 1nX
< = E(X) = the true nean of X

at= Var ( X) F'Ex"‘”z]: the true variance of X

Q% = the sanple variance of X (i.e., @ - 11r-r£ (Xi-iz))-

i=]
< 2
,11_ > Xi -nY)
i=1

&% = the prior estimate of the varianceof the maintenance tine

xp= the (1-p)th percentile of X (i.e.,X 05 = 95th percentilw of X)
M = X50 = the nmedian of X

Y = 1n X = the naturallogarithmof X

Y = the sanple nean of Y

@ = E(1In X) = the true mean of 1n X

< 2= the prior estimte of the variance of the logarithmof main-
8 tenance tines
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s” = the sanple variance of in X

Zy = Ehe standardi zed normal deviate exceeded with probability p
i e,

2
1 -2
N 2
Zp
Z Z(1-p) - Standardized normal deviate exceeded with
probagilities =and (1- b) respectively.

= = the producer’s risk, the probability that the equipnment wll
be rejected when it has a true value equal to the desired
val ue (Hg).

B = the consuner’s risk; the probability that the equipment will be
accepted when it has a true value equal to the maximum tolerable
val ue (Hy).

Hj =the desired value specified in the contract or specification
and is expressed as a nean, critical percentile, critica
mai nt enance tine.

Hp =the maxinmumtolerable value. Note: Hy <H,.

Wen X is a log-normally distributed random variabl e:
.___-L——-——"—‘ - —-L——— 7 . (
f:(X) Z TE xJaim @ A& 2 (,lgru X — 69) ) OLX&oe

If Y=1in X the probability density of Y is normal with nean @ and e

variance
Yy~ w(e &%)

Properties of the |og-norml distribution

RCRS

nean = =
2 (&e+6:‘) a2 )
variance = d = £ € -/
+ (=4
nedi an = M= £
(6 -&2)
node = M= £

(29-# :%P.5;>
(1-p)th percentile = Xp = £

29
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Tabl e of standardized nornal deviates

P

.01
.05
.10
.15
.20
.30

il

2.33
1.65
1.28
1.04
.84
.52

B.10.8 List of Symblos. The followi ng synbols are common to the test nethods
4, 8 - 11 contained in this Appendix:

Xci

'=Mai nt ent enance downtime per corrective maintenance task (of the
ithtasﬁ.

xpmic g@#nﬁenance downti meper preventive maintenance task (of the

&'ﬂg:ind

Ac
Apm

ask).

== Number of corrective maintenance tasks sanpled.

Number of preventive naintenance tasks occurring

Consuner's risk

= That val ue, correﬁﬁondLng to risk, which is obtained from
a table of normal distribution for a one-tail test.

= Nunber of expected corrective maintenance tasks occurring
during a representative operating time (T).

= Nunber of expected preventive maintenance tasks occurring
during a representative operating time (T).

= |tem representative operating time period

Total maintenance downtime in the representative operating
time (7)

= Mean downtines of sanple. (Corrective, Preventive, and conbined
Correctivel/ Preventive Mintemce Times.)

Sanpl e cal cul ated maxi num corrective maintenance downtine.

:= Specified nean corrective maintenance tinme

= Specified mean preventive maintenance tinme

Supersedes page 30 of 27 March 1973
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Speci fied mean maintenance time. (Taking both corrective
and preventive maintenance tinme into account. )

A requirement levied in terms of a maximum value of a
percentile of task times (i.e., 95% of all corrective
task tines nust be less than 60 mnutes) usually taken
as the 90th or 95th percentile.

Speci fied My, of corrective mintenance downtines
Speci fi ed My, Of Preventive mintenance downtines
E(1n X;) = Expected value of the logarithns of corrective
mai nt enance tasks.

Log to the base 10 of X,i, X,-

Natural logs of Xo1, X4«

Medi an val ue of corrective nmaintenance tasks.

Medi an val ue of preventive maintenance tasks.
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TEST METHCOD 1

B.20 CGeneral - This test provides for the denpnstration of mmintainability
when the requirement is stated in terms of both a required nean value ()

and a design goal value (u,) (or when the requirenent is stated in terns of

a required nean value () and a design goal value (p) is chosen by the
contractor). The test plan is subdivided into two basic procedures, identified
herein as Test Plan A and Test Plan B. Test A makes use of the |ognorma
assunption for determning the sanple size, whereas Test B does not. BOIP
tests are fixed sanple tests, (mninumsanple size of 30), which enploy the
Central Limt Theoremand the asynptotic normality of the sanple mean for

their devel opnent.

B.20.1 Assunptions - Test A - Miintenance times can be adequately described

by a lognormal distribution The variance, s*, of the logarithms of the
mai ntenance tines is known fromprior information or reasonably precise
estimates can be obtained. Test B - No specific assunption concerning the
distribution of maintenance are necessary. The variance d*of the
mai ntenance tines is known fromprior information or reasonably precise
estimates can be obtained.

B.20.2 Hypotheses - H: Mean = y, (1-1)
H: Mean =y, (W>H,) (1-2)

[llustration: H: p,= 3,mn.

H: W= 45 mn.

B.20.3 Sanple Size - For a test with producer’s risk aand consuner’s
risk b, the sanple size for Test A is given by:

2
n = (zauo + %Bul) ( '62 (1_3)
(M1 - Hg)? ©

whereg2is a prior estimate of the variance of the logarithns of maintenance
times. The sanple size for Test B is given by:

Za + ZB 2
n = 111 - 110 ( 1' 4)
T

where s a prior estimate of the variance of the logarithms of maintenance
Zo, and Zg are standardized normal deviates.

B.20.4 Decision Procedure. Cbbtain a random sanple of n maintenance tines,
X, X, ..., X, and conpute the sanple nean,

(1-9)
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and the sanple variance

n 2
¢ - 5. X .ax (1-6)
i=1 °
_J
Test A Accept if X < o + Z o¢ ‘/—— (1-7)
Test B: Accept ify < My +Z o yd (1-8)
Rej ect ot herw se.

B.20.5 Discussion - By the central limit theorem, the sample mean ¥
is approx1' mately normal for large n with mean E(X) &nd vari.anSe var (D).
In Test A under the log-normal assumption Var X = d° where d

e(20+& )( -1) = {e -1) thus the sample sxze“can be_computed using
a prior estimate of&2, In Test B, a prior estimate of d? is assumed to
be available to calculate the sample size, A critical value C is chosen
such that A + 'Z‘,g\’oar X=cC =] - Zaﬁar X. If 4 =<y o Then

P (OC) =xand if i =4}, then P (X=C) = B

B.20.6 Exanple - It is desired to test the hypothesis that the mean
corrective maintenance tine is equal to 30 mnutes against the alternate
hypothesis that the mean is 45 minutes a=b=.05.
Then Hg: 4o = 30 m nutes.

Hy: e, = 45 nminutes.

Test A Under the log-normal assunption with Prior estimate of -2 .6

the sanple size using equation 1-3 is: ng= [1.65(30) + 1, 6{‘)]
(e*® -1) = 56 (45-30)

Test B: Under the distribution-free case with a prior estimte of L.
900, (or d = 30), the sanple size using equation 1-4 is:

2
3,29 . 43

%I
g2
B.20.7 OC Curve - The OC curve for Test B for this exanple is given
in Figure B-3. It gives the probability acceptance for values of the
mean naintenance time from 20 to 60 mnutes. The OC curve for Test A for
this exanple is given in Figure B-2. It gives the probability of acceptance
for various values of the mean maintenance tinme. Thus, if the true value
of wis 40 mnutes, then the probability that a denonstration will end in
acceptance is 0.21 as seen fromFig. B-2.

Super sedes page 32 of 27 March 1973
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TEST METHOD 2
TEST ON CRITI CAL PERCENTI LE
B.30 General - This test provides for the denonstration of mainability

when the requirement is stated in ternms of both a required critica
percentile value (T,) and a design goal value (T,) [or when the requirenent
Is stated in terns of a required percentile value (T,) and a design goa
value (T,) is chosen by the contractor]. If the critical percentile is set
at 50 percent, then this test method is a test of the nedian. The test is a
fixed sanple size test. The dexision criterion is baed upon the asynptotic
normal ity of the maxinumlikelihood estimate of the percentile value.

B.30.1 Assumption - Meintenance times can be adequately described by

& log-normal distribution. The variances 2 of the logarithms of the
maintenance times 1s known from prior information or reasonably precise
estimates can be obtained.

B.30.2 Hypotheses - Hy: (1-p)th percentile, Xp = To (2-1)
or P £X>Tbl = p
Hy): (1-p)th percentile, X = T, (2.2

or P [ X’Tl] =B, (Ty>To)

|llustration: Hg: 95th percentile = xp = x.05 = 1.5 hours =
Hy: 95th percentile = Xp = x.o5 = 2 hours =

B.30.3 Sanple Size - To nmeet specified a and b risks, the sanple size
to be used is given by the fornula 2
24255\ ~, [Zx+ Zg |
n=_____~ |2 (Round up to next integer)
2 InT; - 1nT, (2-3)

wher e
o 2is aprior estimte Ofﬂ'a, the variance of the logarithms of the
mai nt enance tines.

Z,is the standatised normal deviate corresponding to the (1 - p) nomal deviate
percentile.

B. 30. 4 Decision Procedure - Conpute

¥=1 =n
n L, in Xy (2-4)
2 n 2
8° =1 X)2 - o 2-5
n-1 [El (an X;) W (&9
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1 zp?- 1/2
* = sin +
X InT, + Zg¢S| n  IGTIN) (2-6)
Accept ify« 2,8 < x+ (2-7)
Rej ect ot herwi se.

B.30.5 Discussion - This test is based upon the fact that under the o+ Zéj
log-normal assumption, the (1l-p)th percentile value is given by X P

Taking logarithms gives In X, = @ + Z 6, and using maximum likelihood

At

maximum likelihood estimate is lnXp a Y + Zp SV’n-x InXp is approximately
normal. To meet the producer's and consumer's risk requirements, a

critical value X* is chosen for the sample estimate of the (1l-p)th per-
centile xp. Note ¥ = 0 an estimate for 0 .

B.30.6 Example - The follow ng hypotheses are to be tested at a=b= 10
T, 1InT,= .4055

T

H: 95th percentile = X,= 1.5 hours

H; 95th percentile = X, = 2.0 hours 4 1InT, = . 6932

A prior estimate of &% s equal to 1.0 using equation 2-3.

2
ne={2 + (1.65)2) (1) (2.56)
c( 2 ) (In 2.0 - In 1.5)°

n= 187

or

The critical value %*“ is given by equation 2-5

X* =1n To* ZxS|1 +
n

2
= 1n 1.5 + 1.288[’-}5.7 + %%lj 1/2

X* =.4055 + 0.1437S

or

B.30.7 OC CQurve - The OC curve for Test Method 2 for this exanple

is givenin Figure B-4. It gives the probability of acceptance for
various values of the 95th percentile of the maintenance time distribu-
tion. If the true value of X ,is 1.7 hours, then the probability
that a denmonstration will end in acceptance is 0.57 as seen from
Figure B-4.
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TEST METHOD 3
TEST ON CRITICAL MAI NTENANCE TIME OR MANHOURS
B.40 CGeneral - This test provides for the demonstration of maintainability

when the requirement is specified in terns of both a required critica
mai nt enance tine (or critical manhours) (Xpl) and a design goal value(xp )
0

(or when the requirement is stated in terns of a required critical maintenance
tine (xpl) and a design goal vaIue(xQ9 is chosen by the contractor). The

test is distribution-free and is applicable when it is desired to establish
controls on a critical upper value on the time or manhours to perform specific
mai ntenance tasks. In this test both the null and alternate hypothesis refer
to a fixed time and the percentile varies. It is different from Test Method 2
where the percentile value remains fixed and the tine varies.

B.40.1 Assunptions - No specific assunmption is necessary concerning the
distribution of maintenance time or manhours.

B.40.2 Hypothesis - Hy: T = (3-1)
O (pypo)

Hy: T = Xpl (3-2)
For specified aand b:

Illustration - H: 30 min = X, = 50th percentile (median)

H: 30 nin = X, = 25th percentile

B.40.3 Sanple Size, n, and Acceptance Number, ¢ - The normal approximation
to the binomal distribution is enployed to find n and ¢ when p,is not a
smal| value. Qtherwise, the Poisson approximation

equations for n and c are as foll ows:

For 0.20 <py<0.80 (py =1 - Q)
2

z28[PQ, *+ ZafPeQg (Use next higher

i i nteger value.)
b1 - Po _
= (3-3)
r — e
n [P8PoiP1% * ZaPid Po (Use next | ower
c = )
L Za[P0% * Z8JP101 i nt eger(sf/z)l ue. )
For pO<O.20

For this case n and ¢ can be found fromthe follow ng two equations
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c e—wPO (’”Po)/
_ A4
A = o - -

Table B-1 provides sanpling plans for various a and b risks and
ratios p,/p,when p<0.20.

B.40.4 Decision Procedure. Random sanmples of maintenance tines are
taken, yielding n observations X, X, .. X . The nunber of such
observations exceeding the specified time T is counted. This number is
called r.

Accept Hif r Ec. (3-7)
Reject Hif r > c. (3-8)
B.40.5 Discussion. In the developnent of the decision criteria and

sanpl e size, equations for this test,the normal or Poisson approxim-
tion to the binomal distribution is used.

B.40.6 Exanple. A nedian value of 30 minutes is considered acceptable
whereas if 30 minutes is the 25th percentile then this is considered
unacceptable.  The followi ng hypotheses result: (a=b= .10)

H: 30 minutes = X, = 50th percentile median

H: 30 minutes = X,,,= 25th percentile

Then Z a= Z b= 1.28, p,= .50, p,= .75 using equations 3-3 & 3-4.

(.25)
and, r
(1 .98y € vJr 75vf 22) + 1. .28 ¢ 7Y VT coN (:m—I .
,e U o/ -~ A v - "~ o N\ ~ N7 1‘14
°’23| 178 128 ‘*-—
L i

B.40.7 OC Curve - The OC curve for Test Method 3 for this example is
given in Figure B-5. It gives the probability of acceptance for values

of probability p, varying from0.3 to 1.0. Here Xis (1-p) th percentile.
Thus, if the true value of the given critical maintenance time is 40th
percentlle i.e., if the value of pis 0.6, then the probability that a
denmonstration will end in acceptance is 0.61 as seen from Fig. B-5.
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TEST METHOD 4
TEST ON THE MEDIAN (ERT)
B.50 General - This nethod provides for denonstration of maintain-

ability the requirement is stated in terms of an equi prent
repair time (ERT) median, which will be specified in the detailed
equi prent  speci fication.

B.50.1 Assunption - This method assumes the underlying distributlon of
corrective maintenance task times is |ognormal.

B.50.2 Sanple Size - The sanple size required is 20. This sanmple size
must be used to enploy the equation described in this test nethod.

B.50. 3 Task Selection and Performance - Sanple tasks shall be selected
in accordance with the procedure outlined in Appendix "A". The duration
of each shall be recorded and used toconpute the follow ng statistics:

Dc “~
Log MITRy = > (Log Xey) Al

i=1 (4-1) | ogari t hms

R ) >' wll be

3 nt ( )2 to the
= log X base 10
1=1 ci - (1og MITRy)? (4-2)
ne J

repair. It is

Where: MITR.is the neasured geonmetric mean tine epair
this docunent.

t to
the eauivalent to the Mgg ' used in other plans included in

B.50.4 Decision procedure - The equipnent under test will be considered

to have net the maintainability requirement (ERT) when the neasured
geonmetric nean-time-to-repair (MITRG and standard deviation(S) as determ ned
in 50.3 satisfies the follow ng expression:

Accept if log MITR,£log ERT + .397(9) (4-3)

where: |og ERT = logarithm of the equipment repair tine

| og MITR,= the value determned in accordance with para. 50.3
S = the value determned in accordance with para. 50.3

B.50.5 Discussion - The value of equipment repair tine (ERT) to be
specified in detailed equi pnent specification should be determ ned
using the follow ng espression:

ERT (Specified) = 0.37 ERT,_ (4-4)
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wher e;

ERTj ¢ = the maxinum value of ERT that should be accepted no
nmore than 10 percent of the tine.

0.37 = a value resulting from application of “student's t*®
operating characteristics that assures a 95 percent
probability that an equi pment having an acceptable
ERT will not be rejected as a result of the maintain-
ability test when the sanple size is 20, and assumng
a popul ation standard deviation (s)of O0.55.

B.50.5.1 Derivation of Criteria - The following are brief explana-
tions of the derivations of various criteria specified herein, and
are intended for information purposes only. The acceptance
criterion, log MTTRg<&1log ERT # 0.397(S).assures a probability of
.95 of accepting an equipnent or systemas a result of one test
when the true geometric mean-tinme-to-repair is equal to the specified
equi pnent repair time (that is, a probability of 0.05 of rejecting an
equi prent or systems having a true MITRG equal to the specified ERT).
This was derived by using conventional methods for establishing
acceptance criteria. The conventional nethods for determ ning
acceptance based on the neasured mean of a small sanple (that is,
sanpl e size less than 30), and when the true standard deviation (s)
of the population can only be estimated, is to conpare the neasured
mean with the desired nmean using the expression:

(x - x5) ’nc;l
vE—735

wher e: -
"Z X3 - X .
= Ef_i____l_ or the standard deviation of the sanple
n
C

]

X = the sanple or neasured nean

X, = the specified or desired mean

n, = the sanple size

x; = the value of one measurement of the sanple

The decision to accept the product will be made when the test results
give a value of t, as calculated from the above expression nunerically
less than or equal to a value of t obtained from "student's t"

42
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distribution tables at the established level (that is, 0.99, 0.095,
0.90, and so forth) of acceptance and the appropriate sanple size.
The "student's t" distribution tables (for a single tailed area)
give a value of t = 1.729 at the 0.95 acceptance |evel when the
sanple size is 20 (that is, 19 degrees of freedon). The table for
single tailed area is used since only values of MTR,greater than
the specified ERT are critical. An equipnent with any value of
MITR,| ower than the specified ERT is acceptable. To_ apply the
expression for "t" to the maintainability test, let X = log ERT

(specified), x log MITR. (neasured), S = the neasured standard
deviation of the logarithns of the sanple of neasured repair tine,

and nF = the sanple size of 20. The neasured MITR;is then conpared
with The desired ERT by calculating the value of t using the expres-
sion bel ow

4 = (log MITRG ; log ERT) r—19

The equi pment under test can be acceptable if the value of t calculated
fromthe expression above is equal to or less than # 1.729 (the value
of t fromthe "student's t" distribution tables at an acceptable |eve
of .95 when the sanple size is 20). Therefore, the equipnent should

be accepted when:

19 (log MTTRg - log ERT)

< £ 1.729.
S £/

Upon rearranging and sinplifying this expression, the acceptance
criterion is obtained as shown bel ow.

log MTTRG - log ERT £ 5’—3.—%-8—)-

log MTTR;£log ERT # .397(S)

(NOTE: Reference - "Introduction to Mathematical Statistics,”
P. Heel, J. Wley and Sons, Inc., 2nd Edition, 1954, Pp. 222-229)
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TEST METHOD 5
TEST ON CHARGEABLE MAI NTENANCE DOMTI ME PER FLI GHT

B.60 General - Because of the relatively small size of the
demonstration fleet of aircraft and administrative and operational
differences between it and fully operational units, operational
ready rate or availability cannot be demonstrated directly.
However, a contractual requirenent for chargeable downtine per
flight can be derived analytically from an operational requirenent
of operational ready rate or availability. This chargeable downtine
per flight can be thought of as the allowable time (hours) for
performng maintenance given that the aircraft has levied on it a
certain availability or operational readiness requirement. The
requirement for chargeable downtine per flight will be established
using the procedure in B.60.3. Chargeable downtine per flight

can then be denonstrated using the procedures in B.60.5.

B.60.1 Definitions - The following definitions apply to this test
nmet hod:

A = Availability - A neasure of the degree [expressed as a

probability) to which an aircraft is in the operable and comittable
state at the start of the mission, when the mission is called for at
an unknown (random) point in time. In this standard, availability
is considered synonymous with operational readiness. The aircraft is
not considered to be in an operable and committable state when it is
being serviced and is undergoing maintenance (see ML-STD 721B).

TOT = Total Active Tinme in Hours.

Active Tine = That time during which an aircraft is assigned to
an organi zation for the purpose of performng the organizational
mssion. It is tinme during which:

1. The aircraft is flying or ready to fly.
2. Maintenance is being perforned.

3. Mintenance is delayed for supply or admnistrative reasons.

DUR = Daily Uilization Rate - The nunber of flying hours per day.
AFL = Average Flight Length - Flying hours per flight.
NOF = Nunber of Flights per Day.
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TEST ON A COVBI NED MEAN PERCENTI LE REQUI RVENT

B .90 General - This test provides for the denonstration of maintainability
when the specification is couched in terms of a dual requirenent for the
nmean and elther the 90th or 95th percentile of maintenance tinmes when the
distribution of maintenance tine is |ognormal.

B.90.1 assunptions - For use as a dual mean and 90th or 95th percentile
requirenent the mean nust be greater then 10 and less than 100 units of

time; the ratio of the 90th percentile maxinmum value to the value of the nean
nust be less than two; the ratio of the 95th percentile maxi num value to

the value of the mean nust be less than three.

Maxnmum Ratio of Percentile to Mean

90th Percentile Value 2
95th Percentile Value 3
Distribution assunptions are as defined in B.90.

B.90.2 Discussion - The test nethod actually denonstrates the 61st percentile

val ue of maintenance time in conbination with either the 90th or 95th

percentile values of maintenance tine rather than the mean value of maintenance
time in conbination with either the 90th or 95th percentile values of maintenance
time. However, because of the particular characteristic of the |ognorm
distribution once a 61st percentile value of maintenance tine |ess than X and

a 90th or 95th percentile value less than X has been demonstrated, for al

practical purposes a mean value of less than approximately X and a 90th or
95th percentile value less than X, have |ikew se been denonstrated

A dual requirenent on maintainability, assuming a |ognomal distribution of

repair times, of a maxinumvalue of the in conjunction with either the
maxi mum val ue of the 90th or 95th percentile of repair time (to be referred

to as M,) results in the definition of various conbinations of g's and €%

which are acceptable to the dual requirenent. (A conplete technical description
of a lognormal distribution is provided by know edge of gqé& &, hence, all possible
| ognormal distributions acceptable to the requirements are defined through
definition of all possible acceptable values of gand %) ) See Figure B-8A

whi ch defines the acceptabl e conbinations of Q& @ or a Mean of 30 mnutes and

a 95th percentile (M,) of 60 mnutes.

For the lognormal distribution it is also possible to structure a dua

requi rement made up of the maximumvalues of two percentiles (for exanple, the
61st percentile of repair tinme shall be a maxinum of 30 minutes and the

95th percentile of repair time shall be a maxinmum of 60 nminutes). This

dual requirement also results in the definition of various conbinations of
acceptable values of gand @~ See Figure B-9B. If a dual percentile
requirenent could be structured such that the set of acceptable val ues of

gand ¢ defined were almost identical to the set of values of gand & ¢ defined
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for a given dual Mean and percentile requirenent then a demonstration

of that dual percentile requirement would in reality also denmonstrate
the attainment of the dual Mean and M, requirenent. For this
particular instance it has been found that under the assunptions |isted
above, alrmost identical acceptable values of gand o are provided for a
conbi ned Mean and M, requirenent and a conmbined 61st percentile (where

the value of the 61st percentile is taken equal to the specified value of the
Mean) and M, requirement. See Figure B-8B which defines the values of

gand @ acceptable to a dual 61st percentile (where the value of the 61st
percentile is taken equal to a specified mean of 30 minutes) and 95th
percentile (where the maxi mum val ue of the 95th percentile, M,,iS given

as 60 mnutes) and Figure B-8C which is the superinposition of Figure B-8A
on Figure B-8B

Therefore, tests performed to denonstrate the attainment of both the
percentiles in question actually denonstrates the attainment of values of
q &e which are alnost identically acceptable to a dual requirement of the
Mean and M,. It follows then that an accept decision relative to both
percentiles woul d al so approximately signify an accept decision for a dua
Mean and M, requirenent.

Since both percentiles can be considered independent for practica
purposes, the same sanples can be used for demonstrating both percentiles,
therefore, if desired the tests may be run sinultaneously.

B.90. 3 Procedure - Sanple tasks shall be selected with respect to the
procedure defined for variable sanple/sequential tests. The sanme sanple
tasks may be used sinultaneously in the denonstration of both the Mean

and M_requirements. Table 1*, Table 2*, Table 3* (which are based upon
the sequential probability ratio test of proportion) define the accept/
reject criteria for the values of the required nean, M, (when defined

as the maxinum 90th percentile value), M, (when defined as the maxi num 95th
percentile value), respectively. The nunber of observations greater than

and less than the required values of the Mean and M, shall be cunul ated
separately and conpared to the decision values shown in the tables applicable
to the two requirements. \Wen one plan provides an accept decision, attention
to that plan shall be discontinued. The second plan shall continue until

a decision is reached. The equipment shall be rejected when a decision

to reject on either plan has occurred regardl ess of the status of the other
plan.  The equipment shall be accepted only when an accept decision has been
reached on both plans. If no accept or reject decision has been made after
100 observations, the following rule shall apply:

NOTE: *Tables 1, 2 & 3 are appropriate to Test Plans A, Band B,
respectively.
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Plan A - Accept only if 29 or less observations are nore than
the value of the required Mean.

Plan B,- Accept only if 5 or less observations are nore than Mpax, *
Plan B, - Accept only if 2 or less observations are nore than Myax,-

It is recognized and accepted that truncation wll somewhat modify
probabi ity of acceptance characteristics as described in the followng
section.

B.90.4 The OC Curve - The operating characteristic curve for the test
procedure may be determned by mapping the probability of acceptance for
various selected points on a diagram of the acceptable and unacceptable
regions such as Figure B-8D. (Note that any point can be identified

uni quely by the coefficient of Q where Q = in (required Mean), on the
ordinate and the coefficient of JQ on the abcissa - let the coefficient of
Q be denoted as (C) and the coefficient of JQ be denoted as (K) - for

exanpl e, point B on Figure B-8D can be uniquely located at C = 3/4, K = .4).
Each point is also representative of a particular |ognormal distribution

possessing uni que percentiles for the values given for p,(required maxinum
value for™ Mean) and M,, respectively.

The probability of acceptance relative to any point is equal to the
conpound probability of passing the percentile test relative to
(Test Al) and passing the percentile test relative to M, (Test Bl or B2).

Let P,, P, P,be the probability of passing test A, B, B,
respectively for any given unique conbination of gand s(a particular point).

P., P., P,may be determined by calculating Y,, Y, Y,fromthe
fol | owing equations:

-8 (1-¢) ( 7-1)

Ypy X

_1ln -CQ
Yp1=Ypo = —T%gx— (7-2)

and entering Figure B-8E (for Test Al) with the cal cul ated value of Y,
and Figure B-8F (for Test B) or Figure B-8G (for Test B) with the

cal culated value of Y,or Y, The corresponding value of probability of
acceptance, P, and P, or P, (whichever of the B tests are appropriate)
is read from each Figure and P, and the appropriate P, or P,value are
nultiplied. e result of this mJIMt|pI|cat|on is the proBBablllty of
acceptance of a unit having a particular gand scharacteristic defined
by (O and (K).
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Repeating the above for a nunmber of points as in Figure B-8H
defines an operating characteristic map relative to a given dual
requirement. Note that probabilities of acceptance always decrease
as the point is located upward or to the right and always increase
as the point in consideration is |located downward or to the left on the
figure. Hence, sufficient know edge of test characteristics can be gen-
erated by evaluating relatively few points.
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TABLE 1

el . AR

Observations Exceeding the Value of the Mean

(or 61st percentile value)

of Tasks A . # of Tasks
OBSR (N) ceept Reject OBSR (N) | Accept | Reject
o 5 09 17 X
3 6 56 13 50
7 7 o7 2 21
8 b 58 13 )
9 7 59 L] 21
10 50 ] 22
1l , 61 3
Ly 0 7 62 15 22
N 0 § 64 ¥ y
15 1 8 65 15 ,
16 y 9 o T =
17 4 4 67 e ?LL
18 1 » g8 186 3
19 2 9 69 17 2U
20 ‘ ]0 0 y e
21 2 4 79 )
22 2 10 72 17 Y
23 ] 11 23 18 25
24 3 7 )
25 4 11 75 18 4
26 . 76 19 26
27 y 4 77 2 27
29 9 12 79 20 27
30 $ 13 80 ] o8
31 5 81 y
32 5 13 82 20 ",
33 $ 1 23 71 28
34 6 b |u ‘ 29
35 7 14 Q6 27
36 : 13 86 22 29
37 4 87 y 20
38 i i 88 )
39 8 15 89 22 20
40 g 16 90 23 31
41 8 9] ¥
42 16 92 23 4
- U3 : 17 93 24 31
yy y oy ) 39
us 9 95 2y ¢
46 10 17 96 25 32
47 j L6 97 4 33
48 10 ) 98 ! y
49 11 18 99 25 1
50 $ 19 100 26 33
5] 11 F
52 12 19
o3 4 20
o4 C ¥
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. 1
Observations Txceeding ' max

- 90 Percentile

! 1
éBCS)§ '{';:;ks Accept | Reject éggg '{%?ks Accept Reject
2 Y4 52 Y
3 A 53 5
4 54
5 55
o 56
i 57
8 58
Q 59
10 (18]
11 61
12 62
13 A £3 4
1u 3 Al 1
18 65 2
16 66 A
‘1'7 - 67
19 63
10 69
20 70
21 71 \
29 72 5
23 73 3
24 7Y 4
25 75 _
20 0 yiN
27 A 77
23 18
29 79
30 80
21 81
32 _ B2
33 3 a3 y
34 4 84 2
35 4 85 3
3€ 86 3
37 87
33 88
39 89
1uo 90
i1 qQ ) 4
112 92 6
i3 93 7
i A oy A
‘45 0 95
U1 1 96
Q7
™ = 38
50 100
NB S Y _;
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TABLE 3
Plan (BZ)
Observations Exceeding !, - 95 Percentile

3

ol

QO3
ool
wno
SO Fh
=

# Af Tacke

i VYU4d Laoks

Nccept Reject OBSR (N) Accept Reject

2 52

1 BE]

T 3

(4
JJ

56

r "
Q/f {

58 4

[Ce] [Pb] BN ] [ar] [Sa] E=g [9% F O QPSS

53

60

61

62

63

64 —_—

g9

g6

67

co
[sTe1

89

10

Fond £ | O hag-

71

72

73

74

15

28

2 77

3 78

[ S 79

80

81

82

83

BY

Qc
SENS.

86
a7

88

K

80

91

92

93

o WO
O |
] [ K=
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TEST FOR MEAN MAI NTENANCE TI ME ( CORRECTI VE

PREVENTATI VE _COVBI NATI ON OF CORRECTI VE AND PREVENTATIVE) AND Mwax
B100. Ceneral - This method is applicable to denonstration of the
following indices of maintainability: Mean Corrective Mintenance
Time (p), Mean Preventive Miintenance Tine (u,), Mean Mintenance Time

(includes preventive and corrective naintenance actions) (,,), and
M. (percentile of repair tinme).

B100.1 Conditions of Use - The procedures of this method for denonstra-
tion of u, are based on the Central Lint Theorem No infornation
relative to the variance (d’) of nmintenance tines is required. It may
therefore be applied whatever the form of the underlying distribution,
provided the sanple size is adequate. The mininum sanple size is set

at 30. The actual sanple size (if greater than 30 are required) shall
be determned for each equipnent to be denonstrated, and shall be
approved by the procuring activity.

The procedure of this method for demonstrating M, is valid for

those cases where the underlying distribution of corrective maintenance
task tinmes is |ognornal

B100.2 Quantitative Requirements - Application of this plan requires
identification of the index or indices of interest and specification of
quantitative requirenents for each. Wen denonstration involves p,or p,
or a conbination of both, consumer’s risks will be specified. \Wen
denmonstration involves Mmaxe , the percentile point which defines the

specified value of Mpay, Wil be specified. A mninum sanple size of 30

corrective maintenance tasks is required for demonstration of corrective
mai ntenance indices. A mininum sanple of 30 preventive maintenance tasks
I's required where denonstration of preventive maintenance indices by
sanpling is permtted and is to be acconplished by this nethod.

B100. 3 Task Selection and Performance - Sanple tasks shall be selected

in accordance with the procedure outlined in Appendix "A " The duration
of each shall be recorded and used to conpute the follow ng statistics:
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—_ n

Xe = Xci

1=

Nym
Dy =fe :(:: # fpm ;(-pm

.x.-p/c = f f
v = Antilog n N
maxc 2 2
(Base €) In X¢i an(ln, +) - In X_.
2:"-:'1 ! 4-'\{} 1=1 Yo él et
Ne

-1

Ne

Wiere yis the value of the independent variable |og-normal function which
corresponds to the percentile point at which w“agc has been establi sh.
For the two most conmon percentile points, 90% <and™— 95% yis 1.282 and 1.645
respectively.

B.100.4 Accept/Reject Criteria - 4 table of the normal distribution function
shall be consulted for values of AHfor a one-tail test) which corresponds to
the specified livel of consumer risk b.The follow ng table provides val ues

of ABwhich correspond to the nmost commonly used val ues of b.

TABLE V

/AFvs. b
¢ L)
0. 84 20%
1.04 15%
1,28 10%
1. 65 5%

Accept/reject criteria shall be conputed for each specified index in accordance
with the foll owi ng sections:
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B.100.4.1 Test for_Mean Corrective Mintenance Tine () - The accept/reject
value for pis: X, # gde Q. = Std. deviation of sanple of

,'l"‘nc corrective maintenance tasks.

Accept if p (specified)
Reject if p.(specified)

B. 100. 4.2 Test for_.Mean Preventive Mintenance Time (y,) - The accept/

value for p is: xpm/ — .
i T:Q ’d\pm = Std. deviation of preventive
Tpm mai nt enance tasks.

Accept if p, (specified) Xpm ;}s%
Tlpm

Reject if p,(specified) Xpp # e
Jipm
B.100.4.3 Test for the Mean of all Mintenance Actions (u,) - The accept/

reject value of p, is:

- /4 Npm (fe 6\0)2 # ng (fpm ﬁfpm)z
XP/C n, npm (fc 4 fpm)Z

Z 2
o _ L4 npm(fc "i\c) /(fpm "i\pm) Accept
I'f up/c (specified) Xp/e ne g (£, # fpm)z
_ (fo &) 40, (£ Bop)® Rej ect
If u, (specified) X,/ 7## moe T * P I > |
P n, npm (fc £ fpm)

B.100.4.4 Test for M - The accept/reject value for Mmaxccis:

-
n e
M - Antilog |I* ) ¢ :)32 - (£ 1nX -)2
max, (1In Xo4 (1n Xei) n Kei
(Base e) |i-7 =1 1=1
/ fle
nc ‘WJ Ne -1
_ -
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Accept if Mmaxc (specified) = M‘maxc

Reject if Myay, (Specified) < M'maxc

73


http://www.abbottaerospace.com/technical-library

M L- STD- 471A Test Method 10

10 Jan 1975  TESTS FOR PERCENTILES AND MAI NTENANCE
TIME (CORRECTI VE PREVENTATI VE MAI NTENANCE)

B110. General - This_nethod enploys a test of proportion to demonstrate
achi evenent of Moy, Moms Mnax, and Mmax,, when the distribution of

corrective and preventive mai nt enance repair tinmes is unknown.

B110.1 Conditions of Use - This method is intended for use in cases
where no information is available on the underlying distribution of
mai ntenance task times. The plan holds the confidence level at 75% or
90% ask may be desired and requires a mninum sanple size (N of

50 tasks.

B110. 2 QJant|tat| irements. - Application of this method required
specification of » Mpax,q (95th percentile) or Mmaxpt (95th

percentile) and sel ect ion of 75% or 90% confidence |evel.

B110.3 Task Selection and Performance - Sanple tasks shall be selected
in accordance with the proceudres of Appendix “A” The duration of each
task will be conpared to the required value(s) of the specified index

or indices (M, Mo, Myaxey and Mmaxpm)  and recorded as greater

than or |esser than each index.

B110.4 Accept/Reject Criteria - The item under test shall be accepted
when the nunber of observed task tinmes which exceed the required value
of each specified index is less than or equal to that shown in the
Tabl e (B-10A or B-10B) corresponding to each index for the specified
confidence |evel.

B110.4.1 Test for the Median - Table B-10A below is a test of the nedian

for corrective and preventive maintenance tasks. The acceptance |evel
I's shown for two confidence levels and a sanple size (N) of 50 tasks.
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Tabl e B-10A

Acceptance Table for 'I\Z;t orﬁ;m

Sanple size =

Confi dence Level

75% 90%
Acceptance Level
22 20

B110.4.2 Test for  Mpay, and Mpaxpm - Table B-10B is a test for M
h C

and lhaxm at the 95th pefcentile. The acceptance level is shown for
two confidence levels and a sanle size (N) of 50 tasks.

Table B-10B

Acceptance Table for Mpay.i OF Mpay
oo

Sample size = 50

Confi dence Level

75% 90%
Acceptance Level
1 0

NOTE: Reference - "Introduction to Statistical Analysis" by Dixon &
Massey, Page 230, McGawH |l Conpany, 2nd Edition, 1957.
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B. 120 General - This nmethod provides for maintainability demonstra-
ti on when the specified index involves ppmand/or  Mmax,. and when all
possi bl e preventive maintenance tasks are to be perforied.

B.120.1 Conditions of use - Al possible tasks are to be perforned and
no allowance need be made for underlying distribution.

B.120.2 Quantitative requirenents - Application of this plan requires
quantitative specification of the index or indices of interest. In

addition, the percentile point definin Mnayx must be stipul ated
when Mma.xpn [ spof [ nterespt. : o P

B. 120. 3 Task selection and performance - Al preventive naintenance
tasks will be perfomed. The total population of PMtasks will be
defined by properly weighing each task in accordance with relative
frequency of occurrence as follows: Select the particular task for

whi ch the equi pnment operating tine to task performance is greatest

and establish that time as the reference period. Deternmine the fre-
quency of occurrence (fpm) of all other tasks during the reference period.
\Wiere the frequency of occurrence of a given task is a fractional num
ber, the frequency shall be set at the nearest integer. The total
popul ation of tasks consists of all tasks with each repeated in accord-
ance with its frequency of occurrence during the reference period.

B.120.4 Accept/reject criteria -

B.120.4.1 Test for Hpy the nean shall be conputed as follows:

él frmt (Xpmi)

s

Were: f is the frequency of occurrence of the
ence per‘fggfl

Um(ActuaI) =

jth task in the refer-

k is the nunmber of different PM tasks.

meiis the total nunber of PMtasks in the popul ation.
Accept if: Wpy (required)Z wpg (actual)
Reject if: upy (required)& wpgm (actual)

76


http://www.abbottaerospace.com/technical-library

M L- STD-471A
10 Jan 1975

B.120.4.2 Test for Mpax__ - The PM tasks shall be ranked by magnitude
(lowest to highest value). The equipment shall be accepted if the
magni tude of the task time at the percentile of interest is equal

to or less than the required val ue of Mma-xpm’
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