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\\\\ ABSTRACT
N )

The Aviation Readiness Requirements Oriented to Weapon Replaceable
Assemblies (ARROWs) model was specifically designed for Readiness Based
Sparing (RBS) of aircraft. This raport examines various approaches to
predicting availability of aircraft that are provided by the medel and
compares requirement quantities computed by the Availability Centered Inven-
tory Model (ACIM) for the SH60B and the Multi-Ttem Multi-Fchelon (MIMF) model
for the Fl4A to those computed by ARROWs for high cost, mission essential,
organizational level removables when using the same assumptions. We recommend
that ARROWs be estsblished as the RBS model for ajrcraft and that analysis of

availability predictions be continued to enhance the credibility of these pro-

jections so that the ultimate goal of sparing io availabilitv can be achieved.
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EXECUTIVFE SUMMARY

1. Background. We were tasked to develop a Readiness Fasec Sparing (RRS)
model specifically designed to compute consumer level requirements. MNevelopment 1
of this model, known as the Aviation Readiness Requirements Oriented to Weapon
‘Replaceable Assemblies (ARROWs), began with a data analysis and background research.
Concnrrent with thig effort, the Retail Inventory Model for Aviation (RIMAIR)

was develcped to comply with Department of Defense and Chief of Naval

Operations supply policy. While RIMAIR is not a RRS model, we demonstrated it's
eb1l1ty to produce results comparable to other RRS models when minimizing

the average customer waiting time of high cost, mission essential, organiza-

tional level removablec for a specified cost obiective. For sparing to
availability, ARROWs was developed to offer a varietv of assumptions for

predicting availstility based on downtime generated hy crganizational level
removables. The assumptions can be categorized into historical and analvtical
approeches to predicting availability., The historical approach uses in{ormation
‘rom past maintenance actions for organizaticnal level removables to determire

the impact of these {items on aircraft availab{i{litv, while tte analvytical approach

ig purelv mathematical. These different approaches allow the model to adapt tc

the changes in the data base that occur during the Jife cvcle of an aircraft and

5

take advantage of additicnrnal information as operational experience accumulates.

o

indenture Shop Replaceable Asserblies (SFAs" and consumehble plece parts,
.. tbiective, To exarire availability prolecticrns and requitement quantities

g The RTIMATR computations are also available in AFPRCWs for application te lower
‘ ruputed by the ARROWs model for high cost, mission essential, srganizationa)

leve)l rermcvables,
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2. Approach. Real wvorld observations based on standard ASO stockage were
compared to model predictions, A Center for Naval Analvses (CNA) simulation
of aircraft operations was conducted to provide a basis of comparison for

RRS stockage techniques. Requirement quanéities computed by the Availability
Centered Inventory Model (ACIM) for the SH6OR and the Multi-Item Multi{-Echelon
(MIME) model for the Fl4A were compared to those computed by ARROWs using
comparable assumptions, Data for the SH60B were provided by CACI. Data for
the F14A were provided by CNA and CACI,

4. Findiags.

a. Benchmark. Availabilitv projections for the requirements computed by
the Navy Aviation Supply Office (ASO) for the 198¢ USS FNTERPRISE deployment
vere developed using the ARROWs model and a CNA simulation., These proiections
were compared to historical availability for high cost, mission essential Fl4A
iters, as provided by CACY from Naval Aviation Logistics Data Analysis (NALDA)
data. The Fleet-wide average Full Mission Capable (FMC) rate, based on NALDA,
was 70%. The ARROWs historical approach predicted 61% while the analvtical
approach predicted jfust 217, The CNA simulation produced 657 FMC. The cause
of the differences between predicted availability and real world observations
ig not known and requires further study.

h. SR6OB. Both ARROWs and ACIM project & cost of $4.8M to achieve the 847
FMC goal used for sparing. The requirement quantifties are the same for 997 of
the candidates for stockage. The predicted FMC rate generated by the ARROWs
hi{storical and analvtical apprcaches were 842 and 737, respectivelv., The CNA
sirvlation predicted 797 FMC.

¢. Fl4A, ARROVs projects a cost of $47.7M to obtain 47,617 PMC (using the

¥IMF analvtic approach), while MIMF proiects $47.8M to obtain about 427 TMC

i1




according to CNA. The CNA simulation predicted 62X for thie same invaentory,
while the historical approach predicted 79% FMC. The requirement quantities
are the seme for 94X of the items stocked by both models., MIME stocked 40 B
zero demand items not stocked by ARROWs because of an asgum.d attrition rate

of one unit every 400,000 flying hcurs for such items, Using impact factors

i i it ol

in the availability optimirzation increased the proiected FM( rate only one

percentage point.

S. Recommendations., We recommend that the Yavy:

a. Eptablish ARROWs as the RBS model for aircrafe.
b. Use ARROWs in lieu of ACIM when support of the SHAOR transitions to ASO. 1
c. Reevaluate the use of subsystem average impact factors on the SK60R

’ when a sufficient historicel data base 1s accumulated tc allow ure of 1tem

specific values. i

d. Use ARROWS in lieu of MIME in anv future at sea tests of RES. i

e. Conduct an analvsis of predicted versus real world availabilit: using

data from t-e 1986 USS ENTERPRISF deployment.




I. INTRODUCTION

Operational Availability (AO) ig the primary measure of material readiness

for Navy weapcn systems and equipment. Some systems and equipments require

- the application of readiness based sparing techngiues to achieve the Ao

objectives specified by their Chief of Naval Operations (CNO) sponsor.

Specific guidance on the use of readiness based sparing is provided in

reference 1 of APPENDIX A. 1In short, it must be approved by CNO on‘a case

by case basis and {8 limi~ed to tha2 computation of consumer level regquirements,
In the past, the Availability Centered Inventory Model (ACIM) has been used

for Nava! Sea Systems Command (NAVSEASYSCOM) systems and equipment. Application
of ACIM to Naval Air Systems Command (NAVAIRSYSCOM) systems has been limited to
the SH60B. This aircraft only requires spares to support organizationsal level
maintenance at the consumer level and hence 18 similar to NAVSFASYSCOM systems.

Application to other aircraft requiring spares to support organization and

_intermediate maintenance has not been validated.

The need for a readiness based sparing model] specifically designed for
aircraft resulted in a FMSO tasking to develop the Aviation Readinesc Require-
ments Oriented to Weapon Replaceable Assemblies (ARROWs) model. The model is
designed to compute consumer level requirements; i.e,, Aviation Consolidated
Allowance List (AVCAL) quantities. Development of ARR(Ws began with a dats
analvsis and background research. The results of the data analveis were provided
in reference 2 of ATPENDIX A. These results indicated the theonretical distribu-

tion best suited for representing the repair and resuppl~ pipelines depends on

the assumptions made {n computing afircraft availability, Tn particular, avail-

ability computatione that consider cannibalizsticn require g rore precice




distribution, The required precision is provided by forecasting

the variance of the pipeline distribution  COther approaches to computing
availability only require forecasting a mean. Availability computations were
found to be sensitive to forecasting inaccuracies for a small number of critical

items. Fowever, correction of these inaccuracies had little effect on the .

optimality of the rest of the inventory. Thus, there 18 no need to constantly
reoptimize to maintain an optimal inventorv.
The results of the background research were provided in reference 3 to
o

APPENDTX A. The background research examined existing models and delineated

the technical framework on which ARROWs would be built. Specifically, the
assumptions rade in computing availability allow use of a steady-state Poisson
distribution to wode! the repair and resupplv pipelines, The Poisson distribution
regiioel on'v & forecasted mean which is readily available from existing data
elements. Redundancy 18 not considered; i.e., stockage is computed to keep

all components within an aircraft operational. The optimization considers
esgentiality so that each item's impact on an aircraft's mission(s) is considered
in making trade-offs between items. Multiple indenture Jlevels within an

aircraft are addressed in such a way as to provide flexibility in the treatment
of lower indenture parts used bv intermediste maintenance in the repair of
organizatiorel level rewmovables. Lower indentured Shop Replaceable Asgemhlies
(SRA8) mav be spared slong with organizational level removables to an avail-
adility goal, to support an Awgiting Parts (AWP) time specified for a higher
level assembly on which ttewv are installed or with any of the computational
procedures evailable in Retail Invertory Model for Avistion (RIMAIR) which is

discussed below.
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Concurrent with the ARROWs data analysim and backgrounrd research, we
daveloped RIMAIR to eliminate the dichotomy between the material availahility
(£111 rate) goals and stockage criteria promulpgated in OPNAVINST 444),12A.

Ve designed RIMAIR to comply with DOD instructions 4140,.45, 4140.46 and 4140,47,
RIMAIR computes consumer level tequirement; that consist of an operating level,
~epair cycle lesvel, order and ship time level, resupply delay time level,
endurance level and safety level. The model 1is perameterized‘and offers
alternative range and depth criteria as discussed in reference 4 of APPENDIX A.
Range selection may be hased on item removal rates or the depth computation;
i.,e,, items not computing to a positive deptﬂ are excluded from the range,

The deptt criteria determines the safetv level. This may be based or & fixed
protection against stockout or optimizing to a fill rate, Average Customer

Wait Time (ACWT) or cost goal. We added the ACWT optimization to RIMAIR to
comply with OPNAVINST 4441.12R subsequent to reference 4 of APPENDIY A, We
released RIMAIR to the Navy Aviation Supply Office (ASO) {n August 1983 for

use with the TECH-EX AVCAL system and in June 1985 for use with the FMSO
designed Uniform Inventory Control Program (UICP) AVCAl system. RIMAIR is
included as part of the ARROWs model for application to lower indentured SRAs
and consumable piece parts.

Concurrent with our efforts, CNO tasked the Center for Naval Analyses (CNA®
tc evaluate aviation allowance policies and produce recommendations for
{inproving the support provided by the AVCAL. ¥nown es the Aviation Parts
Allowance Poliev Study (reference 5 of APPENDIX A}, the analvsis recommenced
ar. at seea test of RBS, C(NO endorsed the test which was conducted durirg the
1677 crudse of the USS ENTERPRISF, Stockage requiremenrts for high cost,

missior essential, Fl4 organizetional level removatrles (Weapcns Replaceable

Agcemtiies (WRAs) and high -~oet consumables) were cemputed usirg CNA's




Multi-Ttem Multi-Fchelon (MIME) model. The remainder of the AVCAL was produced
using standard ASC techniques. The finsl results of the test are not vet
available. Preliminaryv resuits, however, appear tu be favorable. ACIM, MIME,
PTMATIR, and ARROWs can all be used to spare to a readiness goal. We demon-
gtratec (in references 6 o2ud 7 of APPENDIX A) that the RTMAIR ACWT optimization
can produce stockage requirements c.mparable to those produced by MIME,

The mode] produced the same requirement quantity for nine out of every 10
candidates when run to a cost goal. This means the optimization routines are
making very similar stockage decisions even though they have different obiective
functicns. RIMAIR minimizes the expec-ed backorders for the candidates. The
ACWT that results can be used to manually compute availebility. MIME maximizes
availability directly using different aseumptions. Although the stockage
decisione are very similar, the predicted availabilitv is different because of
the Jifference in assumptions. Thus, RIMAIR will not produce results comparable
to MIME when sparing to an availability goel.

RTMATR, however, was not designed to be a RBS model. That function belongs
to ARROWe which, while minimizing organizational level removable's expected
backorders, offers a variety of assumptions regarding availability. These can
be categeorized into historical and analytical approaches. The historical
apprcach takes advantage nf information on how past organizaticnal maintersnce
actions affected availabilitv. The snalytical approach 1s that used by CNA's
MIME mode). The 1impact of organizational level removables oun aircraft avail-
abilitv 18 irplied in the calculations.

The remainder of this report examines availability predictions produced by

the ARROWs model] and compares AFRROWg requirement quentitiee to those generated

bv ACIM snd MIME. An coverview of ARROWs {s provided in APPFENDIX B and e 1




discussion of the various methcds for predicting availability may be found 1in
APPENDIX C. The mathematical background for the ARROWs computations is con-
tained {n APPENDIX D. ARROWs/MIME and ARPOWm/ACIM comparisons are contained in

the main body of the report,

I1. APPROACH

The criteria used to evaluate ARROWs and the data uvpon which the evaluatior
was based are discussed below.

A, EVALUATION CRITERIA. The evaluation of ARROWs ability to spare to

availab:lity has two purposes: (1) establish the credibility of the avail-
abilitv projections, and (2) establish the credibility of the stockage
requirements computed for high cost, mission essential, organirational leve)
rercvabtles. Organizationsl level removables have a direct impact on avail-
ability and the high cost, mission essential items account feor the bulk of
the cost to support an aircraft. For example, the cost of the high cost,
mission essential Fl4A items included in the MIME test was $47.5M. Initisl
implementation of RRS will only address this tvpe of {tex. Requirerments for
lower indenture SRAs and plece parts will be examined Iin the future.

The credibility of ARROWs availability proiectione is best determined by
comparing ARRCWs predictions to resl world observations. A res) worid obser-
vation cf RBS {s being provided tv the MIME test, which ir pot vet completed.
Thz results of that test should provide a basis for evaluating predictiens

produced by RBS technicues. Real world observations hased on standard 20

atockage are readilyv available and are discusred in the BFNCHMARY PRSITTS
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pert of Section III, FINDINGS. 1In addition to real world observation, the
ARROWs predictions were compared tc results produced by a simulation model
designed by CNA to evaluate the effects of spare part stockage on the readiness
of aircraft, This simulation model is described in reference 5 of APPENDIX A,
Recduse ARROWs offers a variety of assumptions regarding availability, {t
is capable of producing a variety of stockage requirements when sparing to
availebility. To ectablish the credibility of these reguirements, they were
compared to those computed by other models with compatible assumptions. The
only model rurrentlv used to spare an aircraft to availabilitv is ACIM. A
comparison between ARROWs and ACIM requirements is provided in the SH60B

AUEULTS part of Sectiorn 1IT, TINDINGS, The MIME requirements computed for the

rr

<2z reat of RBS were not determined by an avajlahility goal. Rather, the
cost of the standard ASO stockage requirements was ascertained and MIME was
used with this cost as a goal., MIME did produce an availabilityv projection for
this funding level which was compared to that produced by ARROWs for the same
cogt using cowpatible assumptions. Similar pr-ojections would indicate tothb
models prcduce comparabhle cost when sparing to availability and thus permit a
cemparison of the requirements produced by the cost goal. This compariscn {is
y.ovided in the Ti4A RrSULTS part cf Section III, FINDINGS.

R, DATA. Data were obtained for two aircraft, the SEF60R and the Fl4A. The

SHF60P was selected because ASO 18 to assume responsibility for computing
atockage requirements ond requested & comparison between RIMAIR/ARROWs and

ACIM, The Fl4A war selected hecause it was used in the MIME test on the

I'SS FNTEFIPRISE. Data sources for the two aircraft are discussed below.




1. SH60B DATA. Candidate item data were provided by CACI., Included were
405 high cost, mgeaion esgential itemws wh§chrpfcyioyoly had requircmcn;a
c&-pufeé by ACIM. Item &ata proQided by CACI included part number, Best
chlac‘ncnt Factor (BRF), population and unit price. Essentialitv was not

provided so all items vere assigned an Item Mission Essenciality Code (IMEC)

-of five and availahility was in terms of an FPMC rate. Each item was assumed

to have an average resupply time of 12 days to be cona;stent{y;gyyACIM.i
Averaécrinpact factor? vereiconﬁﬁtcd for three distinct '"subsvstems',
avionics, airframe and engine. Impact factors translate predicted item down-
time into aircraft downtime. Their use in predicting availability with the
historical approach is discussed in APPFNDIX C. The ratio of the number of
subsysten failures to the total number of item fajilures within the subsvstem
produced values of .67 for avionics items, .92 for airframe items and .22 for
engine items. An aircraft meanr calendar time between failure of 36.6 hours
and mean time to repair of .9 hours were used to be consistent with ACIM,

2. Fl4A DATA., Candidate item data were provided by CNA, The data were
for the 70! high cost organizational level removables used in the MIME test on
the USS ENTERPRISF. The data included stock number, Maintenance Replacement
Factor (MRF), Rotatable Pool Factor (RPF), Turn Around Time (TAT), population,
unit price and aircraft flving hour program. Population and flving hour
pregram data were for the Fl4A and arv other aircraft to which common items
had application. Data for common items were summarized across all applications
to obtain total pipelines for the deckload. CNA provided their own essentialitvy
coding. Items were identified as rendering the aircraft ef{ther Not Mission

Capable (NMC) or Partially Mission Capable (PMC) upon failure, There were

635 NMC iteme which were assigned an IMEC of 5 and 66 PMC items assigned an
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TMFC of 4, An average resupply time of 90 days and a wean time to repair of
three hours were assumed to be consistent with the MIME taest.

Impact factors based on Naval Aviation Logistics Data Analysis (NALDA)
data were provided hv CACI. The impact factore were computed for Work Unit
Codes (WUCs) within the aircraft with at least 50 hours of downtime betwesn
October 1983 and March 1985, the time period over which the overlap of all
maintenance actions for the Fl4 was observed. Separate Mission Capable (MC)
and FMC factors were included. The MC impact factors were based on
maintenance actions that rendered the airccaft NMC. These were used for NMC
(IMEC 3) {items. The FMC impact factors were based on maintenance actions that
rerdered it Not Fully Mission Capable (NFMC). These were used for PMC (IMEC &)
items. The WUC fac:iors were cross-referenced to stock number with the result
that 5827 of the candidates had !tem specific values., The .emainder of the

candidates uesed values averaged across sall WlCs.

ITI. TFINDINGS

The data obtained for the evaluation were for the SF60R and Fl4A. The
findings tor these two aircraft are presented below. A separate BENCHMARK
RESUTTS section addresses predicted availability versus real world observation
for the standard ASO stockage policy.

A. PRFNCHMARK RESUTTS. TARLF ] compares real world historical availability to

USS ENTERPRISE deplovment. Hietcrical availahilityv based on iust the high cost,
mission essentisz] F!4A {items included in the MIMF test was provided by CACIT,

mocdel predictions computed using requirements cormputed by ASO for the 1986 i
NATDA data from October 1983 to March 1985 were used to determine the percent 1




time these items vere up. The Fleet-wide average FMC rate for these items was
70X, The value for a carrier would typically be 10-15 percentage points higher
—¥ﬂlﬁ thd Floctravcragc; The FMC rati predicted'hy ARROWs using the historical
spproach with item specific impact factors and a 45 day average resupply time
‘vas 6;:. A full fledged CNA simulation of ajircraft operations predicts 652 ¥MC
gvith a 45 day resupply time. The pure analytical predicfion froduccd an FMC

rate of just 217,

TABLE I

AVATLABILITY OF HIGH COST MISSION ESSENTIAL
F14A ORGANIZATIONAL LEVEI. RFMOVARLES
BASED ON STANDARD ASO STOCKAGE

™C
Real World Observation 70%
CNA Simulation of Aircraft Operations 65%
ARROWs Rigtorical Approach Prediction 61%
ARROWg Analyticel Approach Predictior 217 :

In comparing the rates, note that the rea] wcrld obrervation and CNA
simulation allow for cannibglization. The ARRC+'s historical approach uses
{mpact factors that can be influenced by cannibalizatior. However, the NALDA

data from which the impact factors were derived showed verv few cannibalization

hWours. There was little difference hetween impact factors computed with and
without these cannibalization hours. The 617 TMC rate {ncludes the cannibali-
zation hours but would not change {f those hours were deleted. The cause of
the difference between the real world obgervation and the predictions produced

b the CNA simulation and ARROWs {8 not known anc recuires further research.

Y
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While further research may be required to fine tune the historical approach, it
appears tc be promising, particularly in comparison to the analytical approach
which is very conservative.

R, SH60B RESULTS. FIGURE | shows cost versus FMC rate based on requiresents

computed bv ARROWs for the SH60B, PMC rate is predicted using both the . -
histortcal and analvtical approaches. The PHC rate produced by a CNA simulation
of SFE0B operations is also shown. This 18 the availability predicted for the
third month of wartime operations. The curve produced with the hiatorical
~ approach is the same as would be produced by ACIM, 'This is verified by notiong
that both ARROWs and ACIM project a cost of $4.8M to achieve the 847 FMC goal
used for sparing. Aigso, the requirement quantities produced by both models
at this point are aimost identical as shown in TARLE I17. The requirement
cvuuvicies differed for only four of the 405 items. ARROWs stocked an avionics

{tem not stocked by ACTM and one additional unit of two airfreme items. ACIM

stocked one engine item not stocked by ARROWg,.
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AVIONICS ATRFRAME ENGINE TOTAL .
Candidates 7 | 124 263 18 405 .
Stocked by ARRCWs 97 223 10 330
| end ACIM ] ]
ARROWs = ACIM 97 221 10 | 328
ARROWs = ACIM + 1 0 2 0 2
ARROWs = ACIM - 1] 0 0 0 0
Stocked by ARROWs 1 0 0 ]
Only
!Stocked by ACIM Only 0 0 1 1

TABLE II

ARROWS VERSUS ACIM SH60B REQUIREMENTS

TOTAL. ARROWs COST = $4.8M  TOTAL ACIM COST = $4.8M

The curve produced with the analvtical approach is lower than the historic
curve but the difference diminishes as cost increases. Use of this curve to
spare to tnhe 847 goel would have incressed cost several hundred thousand
dollars. The FMC rate predicted by the CNA simulator lies half way between
the historical and analytical approaches.

C. Fl4A RESULTS. FIGUREs 2 and 3 show cost versus availgbility based on
requiremente computed by ARROWs for the Fl4A., FMC and MC rates are pradicted
using both the historical and analytical approaches. The FMC and MC rates
predicted by a CNA simulation of Fl4A operations are also shown. These values
are for the third month of wartime operations. The curves produced with the
snalytical spproach are the same ss would be produced by MIMF., This 1is verified

bv noting that according to CNA, MIME predicts about 427 PMC for the inventory

12




built for the USS FNTERPRISE. ARROWs predicts 42,61 ¥MC for an inventory built
to the same cost goal. The cost goal used to generate the inventories was
$47.5M. The MIME requirements cost $47.8M, ARROWs cost was $47.7M. This

cost is for items pecular toc the Fl4A as well as items common to other aircraft.
ARRMWg prorates the cost of comeon items. The cost ghown in FIGUREs 2 and 3

18 the cost of Fl4A peculiars plus a prorated share of the common item cost.

The cost to produce 42.6X FMC on the Fl4A was $44.6M. The other $3.1M is a

share of the F14A common {tems regarded as supporting the other aircraft in

the deckload.
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The requirement quantitlies rroduced by ARROWs and MIME are very similar as
shown in TAELF II1. ARROWs stocks all but 40 of the items stocked by MIME.
These 40 items all had zero MRFs and RPFs. However, CNA used an attrition
rate of .00025 for tne MIME computations. 7This equates to using one unit every
400,000 flying hours. ARROWs was run using the zero rates which makes stockage
of thege items impossible, There were no items stocked by ARROWs that were not
stocked bv MIMFE, The requirerments for the items stocked by both models were

the same 947 of the tire.

TARLE I7I
ARROWS VERSUS MIME Fl14A REQUIREMENTS

TOTAl ARROWs COST = $47.,7M  TOTAL MIMF COST = $47.8¥¢

AVIONICS ATRFRAMF | FENGINE TOTAL
) {

Candidates 142 522 31 701

Stocked by ARROWs ' 14C 450 28 624

ard MIME

ARROWs = MIMF 115 435 28 584

ARROWs > MIME 21 7 0 28

ARROWg = MIME + | 16 5 o 21

ARROWS < MIMF 4 8 0 12

ARRO'lg = MIMF - ! L 8 0 12 ;
14

Stocked by MIMF o 27 3 40

Only

7ero Removal Items l 0 37 3 40

Note: GSix items could not be identified as avionics, airframe or engine.
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The contrast between the historical and analytical approaches is greater
for the Fi4A than 1t was for the SH60B. This can be at least partially
- attributed to the impact factors. The SHO0BR used subsystem averages which
reflected less overlap of item downtimes for avionics and airframe items than
their FléA 1tgn specific counterparts. If the Fl4A had been spared to an
.availability goal, the analytical approach would have generated a cost much
greater than the historical approach, if the goa. cculd be reached at all.
- The maximum value with the analytical epproach was 78% FMC. The results of
the CNA simulation were about halfway between the historical and analvtical
approaches just as with the SH6OB,
The CNA simulated FMC rate of 621 18 less than that produced using ASC
quantities (65%) because the ARROWs quantities were evaluated assuming a 9C
day resupplyv time, while the ASO quantities were evaluated assuming a 45 dav
resupplv time., Decreasing the assumed resupply time from 90 to 45 days increaser
the simulated FMC rate for the ARROWs quantities to 687 which would mean a three
percentage point gain over current ASC quantities for the same cost. Note that
the CNA simulation considers cannibalization and, as discussed in the RENCHMAPRY
RESULTS part of Section III, ARROWs histcrical predictions were not affected
hy cannibalizetior hours. The reason the ARROWs historical prediction exceeled
the CNA simulation results 1s not known,
There 18 l1ittle difference hetween the TMC and MC curvea. This 18 because
the PMC items identified bv CrA had little impact on evailagbility. Onlv about
97 of the total proiected afrcraft downtime was PMC time, This 18 as would he

expected from the data since ahout 97 of the candidates were P¥C {tems. Until

good IMEC coding is available, MC proiectione will be of Tittle use,




FIGURF 4 shows the vemsults of using impact factors {n the availability
optimirzation. The stockage decisions are based on selecting the item with the
greatest reduction in sircraft dowrtime instead of item downtime. Thus {items
with 8 greater impact on aircraft availability are weighted more heavily.

Thia 1s intuitively appeasling but the results show there is little overall
improvement in predicted availability for a given cost. The maximum increase

in predictec FMC vate was three percentage points. At the cost go;l used

for the MIME test, the increase was about one percentage point. The invertory
generated is 'different. This can be seen in TABRLE IV where the new requirements
are comrpared to the ¥P requirements and show manyv more differences than those
computed without using the impact factors in the optimization. Onlv 777 of

the recuirerents for items stocked bv both mndeis were the same. A greater
improvement may have resulted 1f item specific values were available for more

of the itews (427 used the aircraft average).




I

v 440014

uotieztwrido ur sio1ded 1deduy Fursn Ino1tm oeoxddy (edtaoIsty

UOFIRZIWIJup Uyl saolzoed jovdw] Jursn yovoaddy [EOTIOIS]H

SNOITIW N1 150D
1] - 74 oL 99 e9 ss o3 14 oy €

XA AN A

(O Ao A il

EPP.1 €,6 60 1

ot T4

1 T T T T T L4 T T

o

pu—— et
—————
et Wt S

19

JQN

- ec

Ot M Wt |

-1 &»

s -~ o3

4.@

HOILAYZIWILdO HI $H0LIJU4 L1OULKI SNISN

Jldd JW4d UPT4d d3133rodd SMOoyAY

80!
Jus x

-




Sp-espRpe Wy WP PR Spe WUE VI SRV V. WY, C3F VK.V 3V 3 RF 4V, g L7V " §

TARLE 1V

ARROWS VERSUS MIMF F]4A RFOUIREMENTS
USING TMPACT FACTORS IN OPTIMIZATION

TOTAL ARROWs COST = $47.7M  TOTAL MIME COST = $47,8M

AVIONICS ATRFRAME ENGINE TOTAL
i
| Candicates , 142 522 31 ' 701
!
Stocked by ARROWs 136 449 28 619
and MIME
AKROWs = MIME 1 - 83 - 369 : 22 . 479
ARROWg > MIME 28 44 5 77
ARROWg = MIMF + 1 21 42 4 67
APROWS < MIMF 28 36 ! 1 63
ARKOWg = MIME - ] 23 35 i 1 60
Stocked by MIME 4 38 3 45
(nly
Zero Removal Ttems 0 37 3 40

Note: Six items could not be identified as avionics, airframe or engine.

IV, SUMMARY

We developed ARROWs to serve as the RBS model for computing AVCAL require-
ments. Tt offers flexibility 4in projecting availability using different
assumptions. It mav be applied to all the aircraft at a site because it con-
siders commonalitv, Different computations can be applied to different types
of 1tems. For example, hiigh cost, mission essential, organizational level
removables can be spared tc achieve an availability goal while low cost, non-
misgion essential items can be spared to achieve an average customer vait time

objective., Lower indenture SRAs can be spared to maximize availability along
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;ﬂ o wvith the organirzational level removables or to support awaiting parts times
| specified for individual WRAs. Consumable piece parts can be spared to an
nvcragé customer vaiting time or fili rate oﬁjéctive or.just to ;chiev;.a 7 n
specified level éf projaction against stockout, The requirements for individusl
*f T {tems can be coqncrlinod. Thus qinimuus can bde 1nput7for items stocked in the
. past that experienced some demand to reduce inventory churn. Maximms can be

input for items with weight or cube limitations., ARROWs is a consumer level

stockage model. (However, it can be used in conjunction with othar models

bt it 2

that address higher echelons of supply to perform pseudo multi-echelon analvsis).
We examined ARROWs application to high cnst, mission essentipl, organiza-

tional level removablez. These items account for most of the cost to support

an aircraft. Availability predictions for these items varied considerably
vhen the zssumptions were varied. The ARROWs historical approach predicts
much higher availability than the purely analvtical approach hecause of greater
overlap of item downtimes. The CNA simulations predicted higher availebility
than either approach when used to evaluate the standard ASO stockage; but all
predictions were less than the real world observation, When evaluating
inventories gensrated by the ARROWs availability optimization, the CNA simula-
tior predicted availability halfway in between the analytic and historical

approach predictions.

The CNA simulatic~ considers cannibalization. The ARROWs higtorical
approach uses impact factors that car be influenced by cannibalization hours;

however, this was not the case with the data used in this studv. The cause of

TS o " N T

the differences between the predicted availability and real! world observation,

as well as between the CNA siculation and ARROVs predictions, is not known.

Further research 18 required to refine the predicticons.
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The historical approach appears to be very promising.

Furthsr analvsis of
the predictions should be conducted using data from the 1986 USS ENTERPRISE

deployment. With a sound historical data base, the historical approach should

produce the most realigtic prediction possible without resorting to a more
complex simulation of flight operatione.

Without & good historical data bsie,
average impact factcors must be estimated. Those should still provide & more
practical tooul for sparing to availability than the purely analytical app-oach
which 18 very conservative and costlyv.

identical to ACIM,

Application of ARROWs to the SH6ANR showed 1t can produce results almost
$4.8¥ for both models.

The cost to achieve the availability goal of 84% FMC was
were

the sgme for 99Y of the candidate {tems.
b iuA
cust

The requirement quantities generated by the two models

Application of ARROWs to the

shoved it can produce results very similar to MIME,
groal of $47.5%
with

In optimizing to a
ARROWs cost $47.7M and predicted an FMC rate at 42,67
MIMF'g analvtical approach and MIME cost $47.8M and predicted about 427
eccording to CNA,

The recuirements generated bv the two models were the same
for 947 of the i{tems stocked by both.

MIME stocked 40 zero demand items
becauge CNA sssumed a minimun MRF value of

.00025 for these items, whereas

ARROVs did not consider these items for stockage,
Using {impact factors to influence stockage decisions increases predicted
aveilability up to three percentage points. At the cost goal used for the
MIMF test, the increase was about one percentage point in the FMC rate.

567 of the candidates had item specific impact factors.
wvere used for the rest,

Only

Adrcraft averages
Obtaining 1tem spec'fic values for more {tems may
result {n a greater predicted {rprovement.

However, the gtockage decisions
are wore censitive to inaccuracies in the impact factors than the availabilitv
predictions where errors mav cancel. ITmpact factors are dynamic and will

22




change over time so that stocking items with the greatest impact on aircraft
downtime in the past does not guarantee an increase in availability in the
< o .. .- future. A better way must be found to avaluate any predicted improvement

before use of impact factors in stockage decisions can be recommended.

.A ‘;V. RECOMMENDATIONS
| We recommend the following:
o .+ Establish ARROWs as the RBS model for aircraft. It is specifically R "*tfi
designed to operate at ASO where AVCALs are built and includes
the capabilities of other models such as ACIM and MIME,
. Use ARROWs in lieu of ACIM when support of the SH60R transitions to
ASO. This will save the cost of bringing ACIM in-house at ASO,
. Reevalyate the use of subsystem average impact factors on the SH60B
when a gufficient higtorical data base is accumulated to allow use
of item specific values. This should allow for a better avail-
ability prediction.
. Use ARROWs in lieu of MIME 1in any future at sea test« >f BS, ARROWs
can be run at ASO on the ASO datu base. This would afford ASO the
opportunity to gain coperational experience {n generating RBS require-
ments as part of a test.
. Conduct an analvsis of predicted versus real world availability using

data from the 1986 USS ENTERPRISE deplovment. This will provide

{nsight into tha cause of the discrepancy betweer predicted and real

world availability.
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APPENDIX B: ARROWs OVERVIEW

Aviation Resadiness Requirements Oriented to Weapon Replacesble AB;Embiies
(ARROWs) is designed to be & Readiness Based Sparing (RBS) model that offers
flexibility in both predicting availability and in aprlying diffo:entrgtpqgago
_objcctiQ;a tordiff;£ent subsets of items within an aircraft. At a minimum,
the high cost, mission essential, organizational level removasbles can be spared
to sn availabilitfrobjoctive'il in the MIME at séa test, VARROWB canVSe applied
to one or all the aircraft in a deckload since it coneiders the commonality of
parts between different aircraft. The aircraft in a deckload can be optimized
one at a time to either & cost or avajlability goal. The model determines the
stockage requirements required to schieve the goal specified for the first
aircraft cptimized. Stockage decisions for items common to the next aircraft
optimized begin where the first aircraft left off. The third aircraft picks
up where the second left off and so on. The cost and benefit of increasing
stockage of a common {tem are prorated to reflect the aircraft being optimized.

Low cost or nonmigsicn essential organizational level removables can also
be spared to availability, if desired, or can be processed using the Retail
Inventcrv Model for Aviation (RIMAIR) procedures. The RIMAIR model {8
inclided as part of the ARROWs software package. The RIMA ' Average Customer
Wait Time (ACWT) optimization provides a stockage obhjective closelv related to
availability. 1Its application to the low cost items eliminates trade-cffs
between high cost items with scrubbed data and low cost items whose shear
number prohibits effective data scrubbing. Fven when optimized separatelv,
however, the impact of these items on availabilityv is computed. The user has

access to availabilitv based solelv on the high cost items that were spared

to avaiiability, or all items.




Lower indentured Shop Replaceable Assemblies (SRAe) and piece parts may be

treated in a variety of waye. The SRAgs may be spared directly to availability

if the user believes the integrity of the SRA data i3 high enough to permit

trade-offs betveenrthe SRAs ancd higher cost Weaponé Replaceable AQsemblies {
{WRAs). Where SRA data inteprity ia questionable, they can be spared indirectly . ;
to availatility. Awaiting Parts (AWP) times may be specified for the WRAs. ?
"hege AWP times are then used in the availability optimization to compute the ;

WKA requirements. Thev also drive the requirements computations for the SRAs

v wizhin a given WRA. The SRAs are optimized to achieve the specified AWP time,

DV U P

flehough the AWP optimization does not involve trade-offs between WRA and SRA
) stockage, tte resulting mix is at least coherent; i.e., the AWP time upon which

the WRA calculations are based is supported by the SRA stockage.

sparing SRAs either directly with the availahility optimization or
indirectly with the AWP optimization requires the imput of an indenture
gtructure to identifv the parts hierarchy. The integrity of the indenture
structure is critical and it is validated for completeness. If an adequate
indenture structure ig not avaeilable, the RIMAIR ACWT optimization may be
applied tec the SRAs. This 1s similar to the AWP optimization except that
trade-offs are made between all the SRAs &t a site as cpposed to just thosé
installed on a particular WRA., This means the AWP times used in the WRA
computations may he over or under supported by the SRA computations.

Piece part requirements may be computed using any of the RIMAIR procedures
described in reference 8 of APPENDIX A, Vhen pilece parts are identified

with4n an indenture structure, the results of the RTMAIR computations are used

in the availabil{t~ and AWP optimizations. This means the expected backorders




RIMAIR f41]1 rate and ACWT optimizations. The minimum equals the meen war

"repair and resupply pipelines plus an endurance delta plus an operating level

for the piece parts are considered when computing the aversge time & repairable
assexbly spends awaiting parts when it fails, Piece parts may also be con-
sidered without regard to any indenture structure, although their effect on
the repairables will not be computed.

All ;hg optimizations available within ARROWs compute requirements between

specified minimur and waximum quantities. These quantities are fixed in the

minus one rounded to the nearest integer. The maximum equals the smallest
quantity that provides 99% protection agsinst stockout based on the mean war
repair and resupply pipelines and endurance delta. The constraints are
variable in the AWP and availabilitv optimizations. The uger specifies
minimum and maximum protection against stockout. Theae protection levels
generate quantities based on the mean war repair and resupply pipelines and
endurance delta, The protection levels may be varied by Cognizance Sywbol
(Cog) code and Item Mission Egsentiality Code (IMEC) within aircraft, The
above constraints may be overridden for an individual item. A minimum or
paximum may be input on the items candidate record. The option also exists
to specify the requirement for an item. This absolute constraint sets both
the minimum and marximum equal to the specified value.

Constraints can have a significant impact con the results as shown in

reference 7 of APPENDIX A. How thev are used ieg a matter of policv, Thev

have tne potential, though, to solve some practical problems. Minimum
constraints can help reduce inventory churn that results from changeg in
stockage requirements from one deplovment to the next. An {tem stocked on the

rrevious deplovment that experienced some uesage can have its stockspe on the




next deployment assured with a minimum constraint of one. Similarly, items that
have built up higher than average demsnd based levels at a particular Unit
Identification Code (UIC) may have these levels perpetuated into the future

ty setting the minimum constraint equal to the Requisition Objective fRO).

The maximum constraint can be used to assure specific item raquirements do not
exceed weight or cube limitations. The ahsolute constraint can be applied

whén an aifcraft wust be reoptimized hecause of é configuration chlngé. |
Stockage r2quirements for items not affected by the change can be fixed if

they have already been agreed upon at an Aviation Consolidated Allowance List
(AVCAL) conference.

Ve derigned the ARROWs softwsre package to function in an on-linpe
interactive environment., A technical description of the approach taken in
wevesopitig the software may be found in refereunce 9 of APPENDIX A, BRriefly.
~atctl rrecedures for validation, computations and statistics generation are
inftiated from & user menu, Parsmeter entrv, error correction and the review
o1 interim statistics are also menu driven but are acconplkshed on-line. Tasks
muet be performed in a specified order. Parameters must be entered first,
then the candidate data are validated. RIMAIR computations precede the AWP
optimization which is followed by the availability optimization. When multiple
aircraft are being optimized to availsbility, they may be processed in any
order. However, the first ajrcraft will establish recuirements for common
items that act as minimum constraints on subsequent aircraft. Common items or
the last aircraft will begin the optimization with stockage levels reflecting

decisions made for the other aircraft. The final cost of all but the last

aircraft can Iincrease somewhat because of decisions made oo subsequent aircraft,
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When 8l]l aircraft have been processed, final cost and availability statisties

are produced for each aircraft., Toral cost and supply performance statistics

R for the UIC are also provided. The total UIC cost is stratified to show

" Peacetime Operating Stock (POS) and war reserve dollars ag well as costs .
associated vith the operating level, repair and resupply pipelines, endurance 1
delta and safety level. The supply performance measures are fill rate and

Aversge Customer Wait Time (ACWT).
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iare not available, setting each organizational level removable's IMEC ecual to

APPENDIX C: AVAILABILITY PROJECTIONS

ARROWs projects availability in terms of Mission Capable (MC) and Fully

¥igsion Capable (FMC) rates. An aircraft is considered MC 1if all the -

“organizational level removables with an IMEC of 5 are functioning. An FPMC

aircraft is one with all IMEC 3, 4 and 5 1items functioning. TIf accurate IMECs
5 wili produce‘; FMC rate only.

Projecting availability starts with the computation of expected backorders
for organizational level removables. A backorder is a demand for material
that wust be satisfied by expeditious repair or direct turnover requisitioning.
This happens wvhen the number of units being repaired (repair pipeline) or on
order from the supply system (raesupply pipeline) exceeds the stockage require-
ment. The computation of backorders therefore requires the mear repair and
resupply pipelines, an assumption about the distribution of the number of
units in the pipelines at a random point in time and the stockage
requirement. The mean repair and resupply pipelin~s equal the rate at which
an item fails and is repaired times the time it . -3 to repair it, plus the
rate at which 1t fails and 1s attrited times the time it takes to requisition
it from the supply syatem. A Poisson distribution 18 used tc determine the
probabili{ty that the number of units in the pipeline exceeds the stockage
requiremant; 1.e., that there are one, two, three or more backorders. An

itex's expected backorders is obtained by multiplving thase prohabilities bv

the associated number of backorders and accumulating over all possible values.




Expected backorders divided by an item's removal rate yields the avarage
supply delav per removal. This combined with the time it takes maintenance to
remove and vreplace the item is the total item dowmtime. Multiple 1item
removals can be generated by an aircraft failure. Fow the item downtimes
overlap determines how long the aircraft is downm.

ARROWe offers two approaches to determining the overlap of downtimes for
organizational level removables. The first approach uses historical
intorration. Past maintenance actions are examined to determine overlapping
item downtimes. Time during which an i{tem has Bole impact is combined with a
percentage of the time its impact is shared with other items. The result is
the aircraft downtime associated with an item which is less than or equal to
the total item downtime. The percentage of total {iter downtime that is
clic.ént. Jowntime is called an impact factor. A more detailed explanation of
'=~rac* facters is provided in referernce 10 of APPENDIX A, Impact factors are
used within the model to prolect the amcunt of aircraft downtime that will be
generated by the candidates for stockage. This 1is done by multiplving the
total projected item downtime per removal times the removal rate times the
impact factor for each item and accumulatinp. The projected aircraft downtirme
{8 used tn compute aircraft aveilabilitv as discussed in APPENDIX D,

Tmpact factors based on past raintenance actions wil] not be available for
new aircraft which 'ack a historical data base. In this case, an average
{mpact factor must be used. One approach is to assume that vhen an aircraft
failg 1t 1s down ‘or the average time 1t takes to remove and replace an item
plus the average supply delsv time to cbtain a replacement; i.e., the average

total item downtire. Tivide this aircraft downtime ecually among the

C-2
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ity

avarage number of items used per aivcraft failure.

Then the average impact

down for each item.

factor 1s one divided by the avarage number of items used per failure because
that 18 the percent of the average total item downtime that the aircraft is

This approach assumes that all 1tem downtimes are completed

in the average total doyntinc for one item so that there 1s a high degree of
overlap betveen the items used per failure.

The value assumed for the number
of items per failure determines how much shared downtime is beiny generated
overall.rFor exgmple, a valuerof 1.1 réaults in an average impact factor of .9
which reflects little shared downtime.

A value of four produces an average
impact factor of .25 indicating & high degree of shared downtime.

may be refined by stratifving the average impact factors bv functional arees
within the aircraft.

This approach

The second approach to determining the overlap of item downtimes 1is purely
analytical.

The organizational level removables are considered to be
statistically indepeundent.

Aflrcraft availability 18 computed as the product
of the availabilities of individual items as discusged in APPENDIX D.

The
overlap of item downtimes is determined by the mix of item availabilities.

For example, if twc, items are each avsilable 907 of the time, then the
compination 1r avai{lable 812 of the time. Fach is down 10T of the time of
which one percentage point is ghared downtime,

The combination is down 197
of the time of which one percentage point is shared downtime,

of items increase, the amount of shared downtime will increase.

Ag the number
However, the
item availabilities must also increase if the availabil{ity of the combination
18 to remain constant. Increasing item availabilities decreases shared
dowvntime,

The net effect 18 & slight increase in shared downtime.

For
percentage points will be sghared downtime,

example, if a combination of 1,000 {items is dowr 9% of the time, about three
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The purely analytical approach allows for some shared downtime but the
amount is small resulting in low availability. The main ume of the analytical
approach is to establish minimal levels of availability vwhen the historical
approach cannot be applied for lack of data, When sparing to an availability

goal, 1ts use will increase cost and must be carefully controlled,
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APPENDIX D: MATHEMATICAL BACKGROUND

1. Prcdictigg:A§lilability.r.Tho fornui;s Qsed to Eouputé pfeaictcd
_ avnilhbility tr; presented below. A brief explanation of each one is provided.
nE " Rigorous derivations may be found in references 2-and 11 of APPENDIX A,

a., BRistorical Approach., This approach uses impact factors tc determine

the percent of item downtime that ig aircraft downtime. The number of hours
 of itew downtime generated vhen an item is removed from sn aircraft is

determined as follows:

IDT, = (RRT, + EBO,/R,)
vhere

IDT1 = number of hours of item i downtime per removal
’ RRT1 = number of hours to remove and replace item {
. EBOi = expected backorders for item { on aircraft

Ri =« number removals per hour for item { on aircraft

The total nupber of hours of aircraft downtime generated bv item removels
in & month {s found by multiplying each item's downtime bv 1its impact factor

and accumulating across items as follows:

D=1
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N
- ADT = L (720 # R, * IDT

* 1F,)
1= i

i

l '

) wheqc

[}
|

ADT = number of hours aircraft downtime per month
= o . *,T.I'fi = jmpact factor for item { . . - o : - i - .
N = number of items affecting aircraft

720 = number of hours per month

If N represents all NMC items, then ADT is the number of NMC hours per
month, If N ig the number of NMC and PMC items, then ADT is the number of
WF¥C hours per month, Thus computation of a MC or FMC rate is determined
hv the cet of items over which the predicted hours of downtime is summed.
Computation of the MC or PMC rate is accomplished by dividing the downtime by
the total number of hours in a month, and subtracting from 1.00. After
substitution and reduction, this yields the following formula for airecraft

availability known as type 1A in ARROWs:

N
{R * R, * 1T + EBO, * IF )
iEI RTi 1 Pi i 1’

A(lA) = 1 -

Number of Aircraft

The A(1A) formula considers the aircraft to be down only as a result of
{tem removals. The reliabilityv of the aircraft 1s a function of the total
projected item removals. The maintainabilit, is reflected in the remove and

replace times specified for esch item. A more general expression which can be




used to allow aircraft failures that do not result in the removal of any item

is uptime divided by uptime plus downtime. This formula for & rcraft

= "availability known as type 1B in ARROWs i8: = - o B ‘ ' ‘-5ﬂ
—1
_ MCTBF ne

A(1B) = oeTsF + WITR ¥ PADT * ¥ FATLURES REGUIRING PARTS

vhere
- "~ MCTBFY = number of hours of calendar time between fajlures that render - *”*f':%
aircraft NMC for MC rate, or NFMC for PMC rate
MTTR = number of hours of maintanance time to restore failed aircraft
to an operative condition given any items needed to complete
repair are available

MIDT = number of hours of supply time to obtain items when required to

complete repair

% FAILURES REQUIRING PARTS = percentage of aircraft failures which require

maintenance to obtain items from supply

MCTBF, MTTR and I FAILURES REQUIRING PARTS are sll input to ARROWs as
parameters., The MCTRF and MTTP explicitly specify the reliability and
maintainability of an aircraft, If the MCTRF reflects aircraft failures not
requiring maintenance to obtain jtems from supply, the 7 FATLURFS REQUIRING

: PARTS should have a value less than 1.00, MTTR should reflect the overall
average maintenance time required to remove and replace an item or otherwise

repair the aircraft. MLDT is computed as follows:

D-3




L EBO * IF
_ 1=l

IR
i=1

'Hithout the-use of 1ﬁpact factoia, MLDT ia fhi average nu;bor of hour; of '
backorders time associated with each rempval of an average item. When inpactV 
factors are used, an adjustment must béfnado"io'éhht'tH;”HLDT 18 tﬂerivcfagei-
number of hours of aircraft supply dovnfino associated with each faflure of the
aircraft, The adjustment consists of nulfiplying the MLDT by the ratio of the
sum of item removal rater to the aircraft failﬁre rate, This can be done by
encering & ~ FAILURES REQUIRING PARTS that has been adju;ted.yithhthis ratio.

b. Apnalytical Approach. This approach is the same us that in the Multi-Ttem

Multi-Echelon (MIME) model. 7Tt assumes that all items are statiptically
independent and that the aircraft availability 1is the probability that all the
{tems are operational at a random point in time., The probability that an itew
is operational is computed using & variation of the uptime over uptime plus

downtime approach for the individual item. The formula used in ARROWs known

as availability type 2 is:

Ay = = (

=1 1 + ANU

vhere

ANU = gverage number of nonoperational units at a random point in time




The nonoperational units consist of those being removed and replaced by

maintensnce and those backordered by supply. This is computed as follows:

- *
ANU (RRT1 R1

+ EBOi)/l Adrcraft

I1f a positive MTTR parametsr is specified, it is used as RRTi for all

items. If not, the values used in computing availability type 1A are used.

2., Availability Optimization. The availability optimization e

multi-indentured and allows trade-offs between SRAs and WRAs in maximizing
availability predicted with the historical approach. As used in this study,
the optimization only considered trade-offs between organizational level
removables; {.e¢.,, the multi~-indentured capabilities were not utilirzred and are
pot described here. A brief summary of how the model computed requirements for
organizational level removables is presented below.

Maximizring availability predicted with the historical approach is
accomplished by minimizing the total number of backorders for organizational
level removables. Backorder reductions for stock increasses starting at the
vinioum and stopping at the msximum quantities for an item are computed using
8 total mean wartime pipeline. This pipeline consists of repair and resupply
segrents. The repair segment includes an AWP time portion that considers the
impact of lower indentured SRA and consumable piecs part stockage. The
resupply pipeline segment considers the impact of stockage at higher echelomns
of supplv. Backorder reductions are wveighted by the {tems essentiality. If
impact factors are used in the optimization, the essentiality weighted

backorder reduction {s multiplied by the {item's FMC impact factor.
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The essantiality weighted backorder reductions are divided by the ftem's
cost to determine the ranking of each potentisl stockage level of sn item.
All po:quIII stﬁckgg; levels for all items are sorted by this ranking. The
resulting list of item stock lavels is used to construct a cost versus

availabilicy éutvq,{or'tho,agrc:df:.ivtbgfqpfyg sterts at the inventory
consisting of minimum quantity for all items. Successive backorder reductions
result in increased availsbility for sn increass in”co!tt ﬁTFQ f;nalrpgipt of
'éh;rcur§n is f;f ;ﬁc inventory consisting of the msximum quantity for all
items. Any point on the curve may be ;clcctud. The ranking of the last unit
of stockage associated with the selected point is used to select : rzjuirement
quantity for each item. This is done by comparing the ranking of each
potential stockage level for sach item to the ranking associsted with the
selected point. The stockags level with the smallest ranking which is greater
than or equal to the selected ranking is the requirement quantity for each
item.

3. Backorders for Common Items. The computation of axpected dackorders

for items common to multiple aircraft is based on the total pipeline of the
item at the site. Computations that require backorders associated wvith a
particular aircraft ave sccomplished by prorating the total backorders. The
proration is based on the pipelines for the individual aircrsft. The
backorders sssociated with a particulsr aircraft are computed by multiplying
the total site backorders by the ratio of the aircraft pipeline to the total

site pipeline.
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