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CHAPTER I

INTRODUCTION

In determining the quantity of a par t to be initially provided to
a support level (supply and maintenance) , there are five or six important
provisioning parameters, the values of which have to be initially estimated
before deployment of the end item/system and before consumption experience
is obtained: maintenance factors, r~placemeat teak distributions,
maintenance task distributions and condemnation rates for reparable.
and turn around times (both supply and repair) . In this report and
(2) , I shall trea t the estimation of each parameter for the most part
independently, but I should lik, to indicate in this section how these
parameters for a part are inextricably entwined with each other as wall
as with those of other components , sub— and eupra— included. This
section should engender caution not futility.

When a part of a system fails, sometimes it is replaced; sometimes
it is replaced when it does not fail and something else does; somet imes
when nothing fails. The maintenance factor indicates this replacement
rate. What percentage of these replacements should be done at organiza-
tion, DSU, GSU and Depot support levels? It depends upon the resources
(men, parts, test equipment) at each level. But the costing of various
resource allocation schemes and subsequent replacement policies depend

upon the replacement rates and probabilities of different modes of
failures. The frequency of replacement of a part at a given support level

also depends upon the frequency with which a reparable next high assembly

is repaired (and may need this part replaced) at this level. In turn, this
level of repair analysis is also a resource allocation problem, combined
with a repair versus throwaway decision; and this problem depends upon
failure and replacement probabilities of th. part. within the reparable
assembly. The level of repair analysis vii] render prescriptive

0 
main-

tenance task distributions and condemnation rates — maybe; thes. values
depend upon the MTD’s of higher indenture levels. Also predictive

0 
M~Th’s

A How thing. should occur .

How thing. would occur
2
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and condemnation rates depend greatly on the surplus or deficit
of spares and parts at various levels (if a part is not available, the
assembly may be sent to another level) and on human error and caprice.
The times to repair and to order a necessary part at various support

levels also impact on the where to repair and where to replace decisions.

Conversely the time to obtain a part from a higher level may be long if
the part is not there due to other poor provisioning parameter estimates,

and time to repair can be longer due to poor estimates of facility re-

quirements.

Logistics support analysis attempts to cover all these system support

problems in the organized manner, but many of the interactions are not or
cannot be considered. Maintenance support models and simulations are

useful tools for evaluating alternatives but suffer the need for a great

number of inputs, the values of many (particularly costs) being question-

able. And in essence, the task distributions, failure rates, and turn-
around times in these simulation models don’t reflect all the field

maintenance problems and over—usage, under—usage and misusage of the end

items.

This report shall discuss some innovative techniques for estimating

task distributions and condemnation - washout rates. Turn—around times

are not discussed, since we have nothing new to say at this time. Sugges-
tions for improving the maintenance factor estimates are presented in
Orr (2.]. In the current report I try t~. concentrate on the three concepts
presented in the last mentioned report - system block analysis for initial

estimates , family measures of central tendency for groups of parts, and

methods of updating estimates with practical sources of data — for the
two task distributions and washout rates. Since the values of these three
parameters depend greatly on the particular maintenance support environ-
ment, the usefulness of the block and family approaches is somewhat

diluted . For the most part the new ’ approache s are only outlined and

are intended to stimulate more thought along certain avenues and to

point out blind alleys and high toll roads.

First , current practices are reviewed.

3
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summary of Current Practices

DARCOM Headquarters , DRCMM-MP distributed questionnaires designed
by IRO to th. six Commodity Commands. Ten respondents from each coimnand

familiar with their current provisioning parameter estimation practices

completed the questionnaires. Tables 1.2 , 1.3, 1.4 su arize the con-

sensus opinion, on various aspects of the methodologies for washout rates,

maintenance task distributions, and repair cycle times; summaries of
the responses on maintenance factors are presented in another 110 report

(a] .
A ge~seral statement (with exceptions) that might be made for all

three parameters is that the initial estimates are engineering judgements
of provisioner. — with and without back up data — and that any updating
is not part of a formal procedure in most cases. Ironically most
respondents felt the initial estimates were adequate or good (probably

meaning as good as coul d be expected under the circumstances).

4
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TABLE 1.1

ode Parameter: Maintenance Task Distribution, Washout Rate or Repair ~T4m

Subject: Initial Estimate/Event

1 Estimate procured from contractor as part of the Provisioning Technical
Documentation (MIL—STD 1552) with supporting test data or other
empirical data to backup the estimate.

2 Estimate procured from contractor as part of the Provisioning Technical
Documentation (MIL—STD 1552) without supporting data to backup the
estimate.

3 Estimate procured as described under Event 1 and then modified by
technicians of the Army Provisioning Activity.

4 Estimate procured as described under Event 2 and then modified by
technicians of the Army Provisioning Activity.

S Estimate furnished by technicians of the Army Provisioning Activity,
based on engineering j udgement and backed—up by documented test or
other empirical data.

6 Estimate furnished as described under Event 5 except without
documented backup data.

7 Estimate derived through application of practices other than those
described in Events 1 through 9. (Please provide explanation on
reverse side)

5 —
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TABLE 1.1 (cont )

Code Parameter: Maintenance Task Distribution,~ Washout Rate or Reriefr T’im..~
Subject: Updating Practices/Event

(Note: The term “data” used below refers to recorded , quantitative
information required to update the initial estimate at the National
Maintenance Point level (NM P ))

8 Data is obtained through a Sample Data Collection (SDC) Plan
(Ref.  TN 38—750)

9 Data is obtained through routine feedback of records independent of
or supplemental to SDC activities.

10 Formal procedure applicable to local NM? is used to update initial
estimate with actual experience data.

11 Initial es~ ‘ate is updated with actual experience data without
application of a forma l procedure.

12 Data suitable for updating is not obtained.

13 Previous estimates documented in Selection Worksheets or equivalent
data files (e.g., PMDR) are periodically revised to reflect updated
values.

6
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CONSENSUS OPINIONS AVSCOM MICOM ARMCOM TACOM ECOM TROSCOM

I MOST UTILI ZED METHOD 6 1,2 6 5,7 6 6

OF OBTAINING INITIAL

ESTIMATES.

II MOST UTILIZED METHOD 10,13 13 11,12 12 12 1]

OF UPDATI NG INI TIAL
ESTIMATES.

III AVERAGE QUAL ITY OF dequate Good Adequate Good Adequate Adequate

INITIAL ESTIMATE.

/

IV BIAS OF INITIAL None Slightly None High None None

ESTIMAT E High

TABLE 1.2: CURRENT WASHOUT RATE METHODOLOGY
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CONSENSUS OPINIONS AVSCOM MI COM ARMCOM TACOM ECOM TROSCOM

I MOST UTI LIZED METHOD 6 1,6 5—6 6 5—6 6
OF OBTA INING INITIAL

ESTIMATES.

II MOST UTILIZED METHOD 12 13 12 8—9 12 11
OF U PDAT ING IN ITI AL

ESTIMATES.

III  AVERAGE QUALITY QF A~equat Good Poor Adequate Adequate Adequate
INITIAL ESTIMATE.

/

TABLE 1.3: CURRENT MAINTENANCE TASK DISTRIBUTION

8 —
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CONSENSU S OPINI ONS AVSCOM MICOM ARMCOM TACOM ECOM TROSCOM

I MOST UTILIZED METHOD None 1,6 5 6 6 7
OF OBTAINING INITIA L
ESTIMATES.

II MOST UTI LIZED METHOD None 13 12 No 12 11,13
OF UPDATIN G INITIAL onsensus

ESTIMATES.

III AVERAGE QUALITY OF Adequat Good Poor Good Adequate Adequate

INITIAL ESTIMATE .

/

IV BIAS OF INITIAL None None None— High None None
but some

ESTIMAT E low

— .- TABLE 1.4: CURRENT REPAIR CYCLE TIME METHODOLOGY
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CHAPTER II

MAINTENANCE & REPLACEMENT TASK DISTRIBUTION (NTD, RTD)

2.1 Block Analysis for Initial Estimates

As discussed in Chapter I and as evident in the example below, it

it best to estimate MTD ’s and RTD ’s together , since the task distribution

amongst parts and assemblies in a system configuration are interdependent.

2.1.1. Basic Procedure

The procedure is an inductive top—down analysis of an entire

system. Assume one is at the inductive step for analyzing the maintenance

on certain assembly. Let CA be a reparable component/assembly contained

in a next higher assembly NRA. Let C
i
’s be components (reparable. or

consumable parts) in CA.

Make a checklist of the normal steps in maintenance for repar-

able CA , making decisions based on known maintenance codes and task assign-

ment. from previous analysis, and assigning detection probabilities. That

18,

1) At the lowest maintenance support level, can one detect

which C~ failed without removing CA? Assign a

probability.

Ii) If a particular C~ fa iled , can it be replaced at this
level?

S iii) If “no” to i) and ii), send NRA (or end item) to the

level which can remove CA (It could be the same level).

iv) At the appropriate level, af ter removing CA, can one
detect the C~ responsible for failure? Assign a

probability .
v) For a par ticular C

1 , 
can it be replaced at this level?

If not, send CA to the level for replacing C~ .

vi) If “no” to iv), send CA to lavel with complete repair.
Steps 1) to vi) are to be done for each component. When the level at

which CA repair is done depend. on which C~ fails, determine the relative
probability of C~ failing and the conditional probability of repair at a —

10
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level given that C~ fails.

Th. fundamental steps in th. inductive analysis are :
a. From the probability values in the steps above , from the

maintenance codes, and from the RTD of CA obtained from higher level
analysis, determine the MTD of CA and the RTDS’. of the C~ ia.

b. For any C
i 
that is a reparable, repeat the process. Thus

if C
i 
is a reparable, use the RTD of C~ along with other input, to obtain

the RTD’s of par ts in C
1 and the MTD of C~ .

c. Initialization of analysiè — the NTD of the end item/system ie

determined by probability of failures of maj or sub—systems and where, upon
failure, they are probably repaired.

2.1.2 Example
_ _ _ _ _ _  — —

~~~~~~~
S —  I

~~~~~~~ (A 
I

(
~) (

~1L) GD S

\
~~~~~~
)

—

~~~ N~~ t Ii,~~~, ~~~~~~~ NHA~

In diagram C1, C2, C4, C5 can be replaced at ORG support level
(field organizational unit)

Reparable C3 can be replaced at DSU
CA can be replaced at DSU

CA can be completely repaired at GSU

1. Let Probability (detecting at ORG the failure of Ci) 
— .50.

2. Therefore, the replacement fraction rf at ORG of the RTD of

components C1, C2, C4, C5 is given by:

rf
ORG

(l) — rf
0~~

(2) — Tf
ORG

(4) — rf
ORG

(S) — .50

3. With probability of .50 (approximately) , undetected failures
necessitate CA being removed at DSU.

4. Let Probability (upon removal of CA, detecting at DSU the failure
of C1) .90.
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5. Since 50% of the time, the component failures in CA have not

yet been detected when CA arrives and is removed at DSU, and since 90%

of these are then detected , the replacement fractions rf at DSU are given

by:

rf 0~~
(l) — rf DSU (2) — rf DSU (4) — rI DSU (S) — .50 x .90 — .45

Since for C3, any failures detected at ORG (50% of time) are nevertheless
replaced at DSU,

rf DSU (3) — .50 + .50 x .90 — .95

Since all the components C~ of concern can be replaced at DSU , the repair
fraction Rf for CA at DSU Is just the probability of detection, i.e.

Rf
DsU

(CA ) — .90

6. In all other cases, the CA is sent to the GSU where all failures

can be detected and CA can be completely repaired. Therefore 10% of the

undetected failures at DSU of the 50% undetected ones sent from ORG are

S 
replaced at GSU, i.e.

rf GSU (i) — .10 x .50 — .05 , i — 1,2,3,4,5

and naturally the repair frac tion for CA is 10% , i.e.

Rf GSU (CA) — .10

7. Combining the results we obtain “unadjusted” task distribution
S *percentages as follows:

ORG DSU GSU

RTD (for C1, C2 , C4, C5) .50 .45 .05

RTD (C3
) .95 .05

MTD (CA) .90 .10

However , the values in steps 4., 5., 6. are for an assumed replace-
ment fraction of CA at DSU — 1.00. If from higher level analysis of

*Nots that even though compon.nts ar e being replaced at ORG to “repair” the
CA, the CA itself is not removed and a spar. is not required at ORG ; hence
th. effective MTD(CA) (in term. of deter mining pipelin , spare.) is non—zero
at the DSU and above .

19
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replacement actions one knows that

rfDSU(CA) 
— .8 and rfGSU(CA) • .2

then 20% of the values in the DSU column of the above table are .hif ted to

the GSU level, since only 80% of the times is the CA removed and worked

upon at the DSU. Adjusted percentages are:

ORG DSU GSU

RTD (for C1, C2, C4, C5) .50 .45 x .8 — .36 .14

RTD (C
3
) .95 x .8 — .76 .24

MTD (CA) .72 .28

Subsequently any analysis f or the task distributions of the sub—

components of reparable C3 will have to be adjusted for the percentage

breakout (.76, .24).

2.1.3 Problems and Issues

In the preceding approach , the degree of ref inement deemed
worthwhile is completely up to the analyst for a particular system. The

report of a study of MTD’s (and turn—around times) by the Maintenance

Support Center [I] covers most of the issues in formulating the WrD problem.

Although their methodology can be improved, they recognize that NTD’s should

be part of maintenance task analysis and should vary by theatre. Keeping

in mind that it is foolish to be too sophisticated while many of the inputs

are uncertain, one may consider the following refinements. They are

listed in some order of importance.

a. The washout rate of reparable. was not covered in the

example. It should be straightforward to adjust the MTD and RTD percent-

ages to account for a washout percentage.

b. Adjustments for planned or unplanned overflow — this

shifts MTD (and to a lesser degree, RTD) towards higher support levels.

It could be some flat % , e.g. 10% of ORG percentage 1. shifted to DSU.
Then 10% of DSU percentage 1. shif ted to GSU, etc.

13
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c. Scheduled replacements — these are determinIstic and

usually planned to be done at a certain level.

Example
ORG DSU GSU

RTD (random) . 50 36 14 replacements

RTD (scheduled) 100

RTD (final) 75% 18% 7%

d. Probability of detection — this could vary by components

C1 but this seemingly becomes too complex*. However, the probability of
detection should Increase with support levels, as in the example.

e. The interplay between the impact of component RTD on

CA RTD (bottom up analysis) and impact of NRA RTD on CA RTD (top—down

analysis) could be inf initely regressed, but this approach is not amenable
to analysis.

2.2 Family Concept for Initial Estimates

The idea is to group parts and assemblies which may have similar RTD ’s
(similarly for similar MTD ’s). Any reasonable thought on how maintenance is
done or should be done will reject this idea. Maintenance task analysis

is by system and has little or no basis on past percentages for the com-

ponents considered separately. Moreover, the maintenance environment

varies by system and theatre.

2.3 Updating of Initial Estimates

The task percentages can only be updated by observing replacement and

repair actions by components by maintenance support level. This detailed

data is available on a routine basis only for aircraft systems. Other end

items require the DARCOM approval of a sample data collection (SDC ) plan
to study RAN values in a field environment. Moreover updated MTD’s and

RTD’s are predictive percentage. which arise on the particular system from

the peculiarities of its maintenance environment; this value may be of

*However, one may wish to incorporate this sophistication, if the probability
of repair at each level depends on which C~ fails.

14
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value in re—provisioning but of less value in rendering prescriptive task
distribution percentages for future new systems.

Consequently no plans should be made for updating on a routine 
S

basis over all end items.
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CHAPTER III

WASHOUT RATES FOR REPARABLES

3.1 Problems and Issues

This chapter summarizes the current extent of exploratory innovative

ef for t  on washout (attrition, condemnation) rates of reparable component/

assemblies (CA) . Expansion of the idea merits a separate study project.

An accurate washout rate (WR) estimate is important; support requirements
for high cost reparable. are sensitive to errors in WR; an estimate of
42 when the actual WR is 1% is as bsd ¼vr worse) as overestimating a
maintenance factor by 4 times.

For the three concepts focused upon in this report, the issues are

not clear cut .  A system block analysis can give only part of the initial
WR estimate. A family concept of grouping CA ’s is straight forward but

probably not as promising as its “cousin” concepts — regression and

cluster analyses. A practical method of updating WR estimates would be S

based on observations of condemnations at the depot level, if the depot
condemnation rate is representative of the washout rate in general.

There are three basic question., the answers to which influence a

particular washout decision on a CA:

1. Can it be repaired ?

2. Should it be repaired?

3. Will it be repaired?

Question No. 1 is mechanistic and depends upon catastrophic failures

(fusion of circuits) , cumulative disorders thru neglect, accidents
(dropp ing) , destroying the assembly thru repair mistakes. Question No. 2

is economic (or should be) and depends upon costs of repair (parts , labor) ,
turn—around times, cost of repair assembly. Question ?~o. 3 is humanistic

and depends upon available talent, capr ice, organiza tional SNAFUS, changes
in policy, to mention a few. Another related question : if the next higher

assembly is washed out , will the CA’s within be cannibalized and salvaged?

For reference, I list some factors caueing washout , some more likely

16
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than others.
a. Too many components are down. This is unlikely by chance

except in cases of linked failures.

b. A component which cannot be removed is beyond repair. With

proper design this should be unlikely.

c. Chassis failure. Components should be cannibalized .

d. The down components cost more to replace than the component/

assembly. This may be likely for simpler CA’s.

e. Repair mistakes.

f. Accidents, catastrophes.

g. Misplacing CA

h. Increase in failure rates; age

I. Unusual failure mode; unidentifiable cause. Unlikely.

j .  Labor involved is not worth it.

One can see that there are many fac tors and situations divorced
from system block structure and probabilities of component failures. I

will address in Section 3.3 a method of obtaining bounds on washout rates

by block analysis if rational thinking is applied to question No. 2.

3.2 Family Concept and Other Statistical Techniques

The washout rate for assemblies should decrease as complexity

increases. (One does not throw away a missile syatein,)* This is due
to increased cost of the CA, increased modularization and redundancy,

i.e., it is economic to repair the CA. Also, due to localization, there
Is less impact on the whole assembly/system of repair mistakes or accidents.

One can hypothesize what a curve of WR versus a measure of complexity

CPX might look like. Let [4~J~J 
symbolically represent a CA comprised

entirely of consumable. (X) at its next Lower indenture level; Let

~~X iIi)denote a CA comprised partly of consumables and reparable. (R);

Let ~~JRJ.~J~~ represent a CA consisting entirely of reparable. at its

imediately lower indenture level.

*Except by pushing a button.
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Figure 3.1 Washout Rate vs Assembly Complexity Measure

R.gion I consists of xj~x]i~ type CA’s and there is some decrease
in WR wi th complexity CPX. Region II has more dramatic decreases in WR
as more and more reparable s mak. up a CA. Finally Region III flattens
ou~ to some los, WR for complex CA’ s comprised entirely of reparable. which
are pulled out and repaired rather than working on the CA as a whole.
The over layed curve depicts expected statisti cal fluctu ations and also
the possibility that the steep slope may vezy well be a staircase.

Assemblies could be grouped into families by some yet to be determined
measure of complexity. The measure should distinguish to some degree
the three types of CA’s and associat.d regions. Subregions should
be identified to obtain at least 10 families; thee. subr egions may be de-
fined by criteria other than complexity (see next page) .

&qreesion and Cluster Analyses

These methods require a good deal of data points of washout
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rates versus exogenous variables. The potential is there, since each

reparable and each assembly of reparable. within each fielded system can

furnish observations over d i f fe rent  periods of time. Clusters of WR

values within d i f ferent  domains of a set of exogenous variables can

yield initial estimates and confidence limits on WR . Possible exogenous

variables:

a. Age

b. Average cost of component./coet of CA

c. Average repair t ime/cost of CA

d. Measures of complexity of CA

e. Cost of CA

f .  Number of previous repairs

g. Measures of modularization

h. Measures of redundancy

A regression equation could also be determined for WR vs variables

using the same data. I am wary of this overly quantitative procedure.

For example, a least square linear f i t  thru two clusters is misleading.

3.3 Block Analysis for Bounds on System Washout Rates

This procedure can give ball park estimates on “system” washout

rates. This is the rate deriving from rational economic decisions re-

garding system failures. Capricious, uneconomical, erroneous decisions
and repair mistakes, accidents and losses add to the washout rates but
are indirectly system oriented. As in Chapter II , we have an inductive
procedure , in this case building upon washout rates for simple assemblies

to obtain rates for more complex blocks of assemblies.
Suppose a CA is as below, with its component reparable. R1 having S

washout rates w1 c,q 1
(Ri) (

~
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Then it is reasonable, for rational economic reasons , that an upper

bound on the WR of CA be given by

u.b. (wCA) — mm (w1, w2 , w3
) e.g.

That is, if R1 
by itself has w1, then in a more complex system CA , costing S

more , an upper bound on CA would be w1.

Another heuristic relation on WR bound s is exemplified for multiple

failures, e.g. if R4 and fail together in

u.b. (wCA) 
— max (w4, w5) 

~
, e.g. v

5

The rationale here is that R5 together with R4 is a more costly

assembly than R5 
alone, so wCA cannot be higher than w5. Also it is

implied that R4 , R5 failing together do not constitute a great increase

in repair difficulty. In analyzing the impact of the R4eR 5 double

fai lure in conjunction with other components, the bound value should be

weighted by the probability of double failures.

For a situation where X below represents a consumable complex in

CA,

(~ ) ( . R~) ~~~ 
R
3) 

(A

develop a washout rate vm (X) for the complex alone considered as a

reparable. Then

u .b. (WCA ) — mm (v (X) , v1, w2, w3)

Elemental Analysis for Simple Assemblies of Consumables

The inductive process above must be built upon washout ra tes for
CA ’. of the type ffLx j x j  x~ . For a starting point, let’s figure if

25% of the cost of CA fails in terms of components, it is economical

to condemn CA. This supposes that (if CA is repaired for the first time),

20 —
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replacements are double the cost of original par ts , bringing the repair

cost up to 50% ; we also suppose that turn—around time increases 50% for

multiple failures over its average for single failures, thereby implying

a cost of “ha l f”  a CA , fo r a total cost of one CA. We do no~ consider

S single fai lures , because they have been analyzed in the original repair

vs throw—away decision to make CA a reparable.

For example for CA consisting of 8 components , each having a

fai lure probability of .01 and all 8 costing about the same , then 2
S 

failures constitute 25% of the CA cost. Hence

Prob (2 failures/given there i. a failure) — washout probability

(8) (.01) 2 ( 99) 6
— 

2 
— .034

1 — ( 99) 8

A washout rate of 3.4% is realistic. There is potential here for ref ining

the approach extensively.

3.4 Updating Washout Rate Estimates

The updating procedure should be consistent with methods in [2. ) for

updating maintenance factors and replacement rates per part for consumables.

One must observe repair and replacement actions for a repairable at the

depot level. From the maintenance and replacement task distribution one

infers what the total repair and replacement rate (R+r) per part should

be across all support levels. R+r is updated per the algorithms in

Section 4.1 or 4.4.1 of 1. The replacemer~t rate per part r is updated

with the same type of algorithms. Then from the new estimates (R+r)

and r , we form a new washout rate for the CA

— (assumes all washouts eventually arrive
(R+r ) at the depot)

If a family concept has been implemented, this new rate will be

stored in the CA ’s appropriate family file. As in (.4, we reconmiend

that stored estimates be combined with new technical estimates as
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S 

follows

Var(wT
) Var (w

F)
w(o) - Var (wT)+ 

Var (wF) 
•W

F 
+ V ar(w T/ + Var w~) 

.w

where W
F 

= family estimate washout rate

W
T 

— technical estimate for new CA

Var(.) variance of estimate

3(0) — initial estimate at time “fl ”
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CHAPTER ~V

RECO!QfENDAT IONS

In this chapter 1 briefly outline some reco~~ended courses of action

on aspects of the MTD, RTD and washout problem s, based on the f indings of
this report.

a. Task DistributIons — Initial Estimates

(1) Block Analysis — A general conceptual method is available;

the degree of refinement is up to the user on an ad hoc basis since dis-

tributions are dependent upon the particular maintenance support environ-

ment. It is recommended that the DARCOM sponsor send this report under

cover letter to at least two subordinate commands to review the appropriate

sections.

(2) Family Concept — This method is not applicable due to the

dependency of the task distributions on the particular system and support

environment.

b. Task Distributions - Updating

It is diff icul t  to extrapolate task distributions to future

systems so updating is of limited use. The type of extensive data needed

for analysis is available on a routine basis only for aircraft systems.

c. Washout Rates — Initial Estimates

(1) Block Analysis — Some ideas for a general concept have

been discussed.

(2) Family Concept - Factors influencing the rate have been

delineated. Regression and/or cluster analyses is recommended.

(1) and (2) should be investigated in a new IRO project.
d. Washout Rates — Updating

More work should be done to develop a technique which is con-

sietent with the updating methods for replacement rates [ ] and which

imposes at most the same data requirements. Investigate in same proje~ t
as above.
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