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ABSTRACT

Modern aircraft design allows for short turnaround times by removing the failed
component and installing an operational one. The defective component is then ecither
repaired in the squadren or turned in to supply which then sends the defective compo-
nent to an Intermediate Maintenance Activity (IMA) for repair. The aircraft is unable
to be turned around for another flight if supply is out of stock of that component with-
out resorting to additional maintenance measures. This is when aircraft readiness expe-
riences a measurable deterioration due to supply not having the part on hand. Aircraflt
readiness, as defined in this thesis, is the ability of a specific F, A-18 to perform all of its
missions. A simulation mode] which mcasures the time that an aircraft is not ready
(downume) was developed to relate the turnaround time at the IMA and the quantity
of spare purts maintained by the supply svstem to this lack of readiness. The madel
developed showed that a decrease in the turnaround time of a part at the IMA, the in-
crease in quantity of spare parts maintained by the supply svstem cause a nonlincar re-
duction 1n aircraft readiness.  This model could be used to aid decision makers in
determining the eflect changes in spare parts guantities and IMA turnaround umes

could have on aircrait readiness.
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I. INTRODUCTION

A. OVERVIEW

Readiness is the ability of a system to respond to external factors and i1s measured
by the length of time it takes to make that response. Readiness is one of the pillars to-
dav s Navy is built on. This study was done to determine some of the factors that affect
the readiness in aircraft.

Readiness is a design characteristic built into the Navy's atrcraft. This is achieved
primarily by allowing malfunctioning svstems to be easily identified, removed and re-
placed. This concept works so well that sometimes this entire process can be accom-
plished just minutes prior to an aircraft taking off. A critical fuctor allowing this high
state of readiness to be a reality 18 having the part when 1t 1s needed. The Navy's ap-
proach is to store the spare parts and to repair the failed parts as close to the flight line
as possible. Navy pehey determunes the composition of spare parts carried as well as the
capability 1o repair those parts.

The Navy spends considerable time and money dealing with the issue of stocking
spare parts. The Aviation Supply Office (ASQ) is responsible for implementing the part
support policy for the aviation community. [t deternunes which and how many spare
parts will be carried. Budgetary and shipboard space limitations dictate an upper bound
on the parts nrovided. ASO works closelv with the [fleet in balancing the demand for
spare parts with these hmitatons.

There are two basic questions ASO answers in determining what type of parts sup-
port will be provided to a svstem. First, what tvpes of spare parts are needed to keep this
svstem functional? The variety of parts carried to support a svstem determines the stock
range. Second, how many of these spares should be carried?  The quantity of a part
carried to support a svstem determines the stock depth.

The Aviation Consolidated Allowance List (AVCAJL) was developed by ASO to
meet the demand in both range and depth for spare parts required by a ship or Marine
Alr Group. Determining the AVCAL 15 a complicated process involving projecting cx-
pected flight hours, and forecasting demand bascd on past experiences. Consumables
(failed components that are discarded) arc stocked to a quantity suflicient to satistv 837
of all units requested in a Y0-day period. The requests are based on a Poisson distrib-

ution.  Repairables are stocked to a quantity suflicient to provide 9070 protection
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against being at least one unit short. The demand is based on the Poisson distiibution
with the Raw Pool Quantity (RPQ) being used as the average. The RPQ is the number
of 1tems expected to be under repair at any given time. For a more detailed explanation
of AVCAL uallowance procedures see [Ref. 1: pp. 17-26].

The Shore Conselidated Allowance List (SHORCAL) 1s similar to the AVCAL but
is used in computing the range and depth for spare parts for Marine Corps Air aud
Naval Air Stations. The main difference is, AVCAL is based on a 90 dav cyvcle while
SHORCAL is based on a 30 day cvele when allowances are computed.

Both of these systems are designed to meet most of the demand for parts. Being
stocked to meet 100%, of the demand would be cost prohibitive. A shortcoming of de-
termining parts allowances using the ASO method is its lack of sensitivity to being out
of stock. ASO looks at the probability of being out of stock not the expected number
of units short. Being out of a part for one dayv carries the same weight as being out of
that part for three davs. I'rom the viewpoint of aircraft readiness this difference is sig-
nificant.

Another aspect of the problem is the lack of a standard by which to measure an
atrcraft’s readiness. Several programs in use include the Unit Status and Tdentity Report
(UNTTREPy, T'ull Mission Capable percents (FMC) and Subsystem Capability and Im-
pact Reporting {SCIRY The imipact of a part not being available on any of these meus-
ures has been studied by various organtzations in the last few vears, RAND carperation
developed a large scale model which locks at wartime resupply called  The
Dyna-METRIC Readiness Assessment Model The Center for Naval Analvas has two
models they developed called MIME and the Aviation Logistics Model. All of these
niodels are used primarily as research tools and are not used by ASO in deternaining a

stocking policy.

B. OBJECTIVES AND SCOPE
The objectives of this thesis are:

¢ Determine the major contributors toward. aircraft readiness within the scope of
this thesis.

¢ Develop a model that predicts the impact of aircraft readiness within the scope of
this thesis.

¢ Perform a sensitivity analvsis on the major contributors to determine the weight
cach hus on aircraft readiness.

()
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The objectives listed above are very broad and complex i nature. There are muns
factors that determinc atreraft readiness.  Thercfore, in order to do an in deptli study
within the constraints of this thesis, the scope was very specific. Supply stocking levels
and IMA repair capability were the only factors considered in this study of aircralt
readiness. The reader is cautioned not to generalize results bevond the scope in which
these objectives were looked at.

In order to solve a problem which spans across organizational level maintenance,
supply and intermediate level maintenance one component at once locaiion was sclected.
The CN15361"ASN130 inertial navigation svstem (INS) for the F A-18 was selected as
the component to be studicd for several reasons. It has been identified to be a top
readiness degrader for the I' A-1§ and 1t 1s supported by a dedicated test bench. The
TS-3846 ASM-00S Inertial Measurement Unit Test Set (INMUTS) ar the Intermediate
Maintenance Activity CIMEAY was destgned to repair only the INS. This had the advan-
taces of no competition by other svstems needing repair. Strike Ilighter Squadren 123
(VFA-1235) ot Naval Air Station Lemoore was selected since it is the largest sguadion
and largest demander of ASNII0C at Lemceore. This 1s due to VIPA-125's responsihility

for trainmn

a3

all west coast Navy and Marine Corps I A-18 pilots belore they report to
their operutiona: syuadrons.

In mecting the thesis objectives stated carher ail of the analvas were done on data
based on the ASNI30. Lach svstem on an aircraft has its own unigque characteristics in
parts support and mamntenance support. This wiji beconte more evident luter as the
chuaracteristics of this sustem are discussed. Por this reason conclusions reached con-

cerning this svstem may not apply 1o otier dissuniidr svsiems.

C. PREVIEW

Chapter TI will discuss VEA-I28s mantenance pracuces with regards to the
ASNI130, the supply policies 1 mieeting the demand and the INLA'S mamtenance prac-
tices in repairing the ASNI130. A method for quantiiving aircraft readiness will be dis-
cussed. This will be used as a measure of ¢ffectiveness (MOE) by which the impact of
being out of stock can be quantified.

Chapter TH will cover the data base for this thesis. Where the data onginated, how
it wus collected and some of ics inconsistencies will be discussed. This includes data from
VEA-125, supply. the IMA, the Navul Aviation Logistics Data Analvsis {(NAL DAY
svstem and the Analvtical Maintenance Program Analvsis Support System (AMPAS).

Costing data obtained for the parts from the ASO wi'l aiso be discussed.




Chapter IV will address the first two objectives of this thesis and present the model
formulation. The assumptions made will be clarified as well as their impact on the modcl.
A computer simulation will be developed to model the reality implied by the duta.

Chapter V will address the last thesis objective. A sensitivity analveis of the com-
puter simulation will explore the impact of varving the variables used in the model. The
cost of the feasible options discovered in the sensitivity analvsis will also be discussed.

Chapter VI presents a recapitulation of the thesis researcli as well as the conclusions
suggested by the simulation model. Finally, recommendations will be made based o the
conclusions on how aircraft readiness can be mproved within the scope covered by this

thesis,




II. PERSPECTIVE

A, MAINTENANCE ORGANIZATION

There 1s no widelv accepted definition of aircraft readiness in the Nuavy, A
squadron’s readiness is not necessarily equal to the sum of the readiness ¢ each aircrafl.
A fully ready squadron mav not need all of its aircraft to conduct one or two missions.
However, this thesis will focus on the readiness of cuach aircraft. The ASNI30 Inertiad
Navigatuon Unit simplities the study of an aircraft's readiness. If the ASNI130 is func-
tioning the aircraft i1s ready assunung it 1s not down because of some other defective
component. This means that the aircraft 1s 100% ready, Full Mission Capable (I'MC),
1 the ASNI30 1s functioning and 0% ready, Not Mission Capuble (NMCyif the ASNI30
1s not functioning. Other systems make this analogy more diflicult because, even if such
a svsten 1s down, the atreralt mayv be able to complete some of 1ts missions. This aircrali
would be Parual Mission Capable (PMC). OPNAVINST 3442.4K [Ref 2] contains a
Mission Essential Subsvatems Matrix which determines mussion capability for euch svs-
tem.

A malfunctioning ASNI30 1s most likely to be discovered by the pilot during pre-
fiight checks. If the flight is important the squadron may decide to remove @ working
ASNTIO from ancther wireraft and mstall it on the aireraft getting ready to launch. It
teres wbout five nunutes to remove an ASN130 and 1t can be installed in an aireraft with
pewer on and the pilot situng 1w the cockpit. This procedure is known  ax
canmbuaiication. Itis a frequenty used practcee which allows expeditious access to a part
which would otherwise take much longer to get through the supply svstem. The main
disadvantage of cunmibalization is that 1t takes twice as many maintenance actiions to
accomplish the same job,

Navy policy is that all maintenance conducted on aireraft will be documented. In the
case of cannibulization, the maintenance technician will remove the defective part and
write up a discrepancy on a Visual Information Display Svstem ~ Maintenance Action
Form. (VIDS MAIY. A copy of this form is shown as Figure 1.

If the fhight 1s not a high prieritv fiight or the decision is made not to cannibalize
another aircraft the pilot shuts down his aircraft and returns to the squadron’s mainte-
nance control and writes up a discrepancy on a VIDS MAT. The VIDS MAT serves

as a coanecting link between the defective component and all maintenance and logistios

tn
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Figure 1. Sample VIDS/MAF Used in Documenting ASN 130 Discrepancies




actions that occur to that component until it is fixed or determined to be Bevond the
Capability of Maintenance (BCM).

Maintenance Control assigns a Job Control Number {(1CN) to the ¥1DS MAT7 and
sends it to the proper repair shop. Each repair shop is capable of conducting muainte-
nance on specific Work Unit Codes (WUC) The WUC is used to relate maintenance
actions to a specific svstem. The WUC for the ASNI130 1s 73M 1800,

The squadron maintenance technician takes the defective component to a test bench
to verifv that the ASN130 is not functioning properly. This check takes approaimately
15 minutes. Once the malfunction has been verified a request is sent to supply for a
functioning ASN130 and the defective ASNI130, now called a carcass, is turned in to the
supplv svstem. The complexity of the ASN130 prevents any repairs from being made
by the squadron’s mechanics. Most other svstems allow many of the repairs to occur
at the squadron’s level of maintenance (O level maintenance).

The ASNI30U is a component with a high [uilure rate and a high interest level be-
cause of its criticalitv. For this reason, the air station supply departinent has a rotatabic
pool which tracks items like this. The rotatable pool is a backup inventory of parts the
air station keeps in a warchouse. The Petty Oflicer who runs the rotatable pool reccives
a request over teletype within minuies of the time the squadron sends the request. If he
has the part i stock he will send a truck to the squadron to deliver a functioning
ASNIL30 and pick up the squadron’s carcass. The Uniform Military Movement Issuc
Priority Svstem (UMMIPS) time standard 1s to {ill all requests within one hour 1f the
part is in stock. I after one hour che squadron has not received a new ASNI130 the date
and time are noted by the squadron’s work c¢enter responsible for replacing the ASNI30.
When supply finally delivers an ASN130 the date and time arc again noted by the same
work center. The difference in these dates and times is recorded as Subsyvstemn Capabihity
Impact Reporting (SCIR) supplv hours. SCIR supply hours are hours during which the
aircraft is not FMC due to waiting on parts from supplyv. SCIR hours can also accu-
mulate if the aircralt is not F'MC due to maintenance personnel not being able to [ix the
discrepancy, provided the part is available. These are SCIR maintenance hours. SCIR
hours are reeourded for each atrcraft for cach month. These hours are also recorded for
each Work Unit Code.

Sometimes the carcass is not turned in to supply the same dayv the failure occurs. A

failure may occur during the weekend when the rotatable pool is closed. A failure mav
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occur when the aircraft is on a training exercise away from Lemoore. There are numer-
ous other reasons to explain this occurrence that will not be discussed here.

Once supply has custody of the carcass they immediately turn it in to the IMA for
repair. At Lemoore the rotatable pool is located in the same building as the work center
which repairs the ASN130. Work center 62F is available to repair the ASN130 seven
davs a week.

At the work center the ASNI130 is {irst connected to one of the two IMUTS test
benches. A four-hour diagnostic check isolates one of 13 subcomponents as defective.
These subcomponents are called SRAs (System Repairable Assemblies). There are two
basic types of repairs that are usually needed. If the ASN130 is operating improperly due
to an incorrect signal a simple adjustment may correct the discrepancy. This is the case
about 65% of the time. If the ASN130 is operating improperly due to a malfunctioning
SRA a new SRA is ordered from supply to replace the defective one. In either case.
following repair the ASN130 is put back on the bench and retested to ensure proper
operation before it is returned to supply in a Ready For Issue (RFI) status.

Approximately 376 of the time work center 62F will be unable to repair the ASN130.
In this case the entire unit (called a WRA for Weapons Repairable Assembly) will be
sent to another maintenance facihty with greater capability. This 1s the depot level of
repair. The WRA is overhauled completely at the depot. As a consequence, the time and
cost for this level of repair is much more than that of the IMA.

i the ASNI30 requires a part (SRA) during repair at the 62F workcenter a request
1s made to the suppiv department for that part. Nothing is done to the ASN130 until the
SRA is received by the work center. This time is documented as time awaiting parts
(AWP) by work center 62F. The processing of the defective SRA follows one of two
courses of action. 1t may be sent to another work center to be repaired. This requires
special equipment and technicians capable of isolating and repairing circuits on the
SRA. Benches such as the AN TUSM-484 Hvbrid Test Set (IHHTS) or the AN USM-470
Avionic Test System (ATS) are designed to mect this requirement. Alternatively, a de-
fective SRA may be automatically BCM'd to the depot if the IMA does not have the
capability to repair it. This is the case for the Platform Assembly, which is the SRA
which fails with the greatest frequency. To reduce the AWP time the supply department
carries more of the Platform Assemblies in stock.

‘There are several other factors that may afTect the repair capability of an 1MA that

will not be important in the analyvsis in this thesis but need addressing. An IMA provides




maintenance support for an airwing if deploved abhoard an aircraft carrier or for a
geographic region if established at a naval air station. This support can often impose
such burdens on an IMA that it may be manpower limited or test bench limitcd.
Manpower limitations were not a problem during this thesis effort since two of the
squdrons had been deploved reducing the number of ASN130s that failed. The test
bench was also not a problem. The TMUTS is dedicated snlely ¢5 the repair of the INS.
Other test benches such as the 1ITS, ATS and the AN. USM-247 Versatile Avionics
Shop Tester (VAST) can repair many components ofl of many aircraft. This muliipur-
pose design reduces the number of test benches an air wing would require to support it.
This is important on aircraft carriers where space is a premium. But this design feature
comes with a price. A test bench can test only one or two components at a time. Fach
test can take up to ten hours. Additionally, the bench must be physically reconligured
to properly interface with cach of a wide range of electronic components. This interface
must then be tested. @ process that can take another cight hours. For this reason, afier
a bench is configured for a specific component a large batch should be tested. Foitu-

nately, this factor did not have to be considered for the ASN130.

B. MEASURE OF EFFECTIVENESS

The objective of this thesis is to find supply and IMA related factors which have an
impact on aircraft readiness. A measure of eflectiveness (MOL) had to be carefully
chosen. The MOLU chosen has to reflect a degradation in an aircraft’s readiness as well
as relate this degradation to actions by the supply deparunent and the INA. SCIR
supply hours was chosen as the MOE. As discussed carlier it is the number of hours the
aircraft cannot conduct its mussion because supply does not have the part on hand when
there is a demand for it. For the remainder of this thesis SCIR supply hours wiil be re-
ferred to as merely SCIR hours even though actual SCIR hours include SCIR mainte-
nance hours as well.

There are several parameters which provide inputs into SCIR hours. First there is
the demand for spare parts. This demand is a consequence of random failures of some
system on the aircraft.  Another obvious parameter is the level of stock maintained by
the supply department for each part. Higher stock tevels should cause lower SCIR hours,
everyvthing else remaining constant. A not so obvious parameter is the Turnaround Time
(TAT) of the IMA. The TAT is the time between discovery ofa component’s failure and
its return to an R status or the conclusion that it should be BCM'd. The TAT is the

sum of several other times. These are;
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1. Processing Time (PRO), the time between the date the JCN was assigned and the
componeint was turned in to the Aeronautical Material Screening Unit (AMSU ).
The AMSU is responsible for routing the failed component to the correct work
center for repair.

tJ

Scheduling Time (SCH). the time between receipt of the component by AMSU and
induction into a work center for repair.

3. Repair Time (REP), the time between induction into a work center of a component
and completion of a RFI'-BCM action, less any awaiting parts time.

4. Awaiting Parts Time (AWP), the time a component can not be worked on while
waiting for parts. This occurs between its induction into the work center and coni-
pletion of a RFI BCM action.

See [Ref 3: p. 7-82] for greater detail.

PRO and SCH times are a function of management and policv. REP time is a
function of manpower, bench availability and the exact nature of the failure itsell. As
stated earlier, manpower will not be a factor in the analvsis of the ASN130. AWD time
1s a function of stock levels of the SRAs and other work center’s capabiiities to repair
those SRAs.

The availability of the work bench was determined by dividing the time the test
bench was up (Up,) by the total time the test bench was available (Up, + Down,) to con-
duct repairs of the AS™N130. The following lormula wus used in computing the test bench

availability.

Up,

o= Up,+ Down,

Q2.1
A standard was needed for bench availability to measure its eflects on repair time. If the
test bench is significantly effecting repair time then it is a contributing factor to TAT
and possibly aircraft readiness. Later in this thesis, bench A4, will be examined for its ef-
fect on REP time.
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IIl. DATA BASE

A. SQUADRON DATA

Data was collected on VFA-125 {rom two diflerent sources. First, existing Mainte-
nance Data Reports (MDR) were coliected monthly {rom the squadron. The format for
MDR reports can be found in [Ref. 3]. The Maintenance Action by System and Com-
ponent Report (MDR-6) was used to collect data on WUC 73M 1800 (the ASN130).
This report gave information on the failures of the ASN130. Specific information of in-
terest included the aircraft tail number (buno) the ASN130 was removed from, the JCN,
the repair date and the Action Taken (AT) code. The JCN is specific to each discrep-
ancy. The first three characters identifv the activity from which the discrepancy origi-
nated. The next three numbers indicate the Julian date the discrepancy was first noted.
This is assumed to be the removal date of the failed component. Usually maintenance
technicians are able to start work on a JCN within hours of its origin. The last three
numbers of the JCN are to ensure discrepancies from the same activity on the same dav
are uniquely identified.

Two different SCIR repoits were studied next. The Monthly Equipment Mission
Capabihty Summary Report (SCIR-5-1) provided a breakdown of SCIR hours by WUC.
NMC hours due to supply for WUC 73MI1I800 were obtained from this report. The
Monthly Mission and Maintenance Data Detail by Burcau Serial Report (SCIR-5-3)
provided the NMC SCIR supply hours for each aircraft, AT code and JCN. The precise
origin of SCIR hours could be obtained this way. This was important for the mode! de-
velopment.

The reports discussed above were all produced at Lemoore from a computer data-
base which originated with the VIDS MATF. Copies of the VIDS MAF arc sent to the
Navy Management Systems Support Office (NAVMASSO). NAVMASSO enters the
VIDS MAF information in their computer database. The Naval Aviation Logistic Data
Analysis (NALDA) and the Analytical Maintenance Support Svstem (AMPAS) are two
computerized systems designed to process the NAVMASSO data and provide this in-
formation to the fleet via remote terminals. Personnel assigned to the Commander,
Naval Air Force, Pacific Flect have access to these terminals, and provided a computer

listing of all maintenance actions for WUC 73M 1800 at NAS Lemoore for an [8-month
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period. The NALDA system provided information similar to the MDR-6. The AMPAS
system provided information similar to SCIR-5-1.

The squadrons MDR and SCIR reports were only availuble from March to No-
vember 1987, The NALDA and AMPAS data was available from June 1986 to No-
vember 1987. Because of the uncertainty of deplovment schedules, data prior to March
1987 was not used. The daily failures of ASN130s were constructed from the data cov-
ering March to October 1987. During these 245 days, 120 failures of the ASN130 oc-
curred at VFA-125. Appendix A lists the daily demand for ASN130s {rom VFA-125.

Five months of data were analyzed to determine the precise origin of SCIR I wurs.
Most of the SCIR hours are associated with maintenance actions involving
cannibalizations. This was determined from the SCIR-5-3 report which related SCIR
hours to buno numbers and AT codes (such as cannibalization). This is not a surprising
result. Since cannibalization of parts normally occurs on aircraft that are down f{or an-
other reason it makes sens<e to use parts from those aircraft. This reduces the impact
of not having the part in stock. The fact still remains that lack of that part at that time
still reduces the capability of that aircraft.

Table 1 shows a breakdown of the AT codes for each of the ASN130 demands for
the five months described above. An AT code of R meant the ASNI30 was removed
and repluced from the aircraft. An AT code of T meant the ASN130 was cannibalized

from one aircraft and put on another aircraft.

Table 1. ORIGIN OF SCIR SUPPLY HOURS

Number Percent
AT code of T resulting in SCIR sup hrs 19 90.5
AT code of R resulting in SCIR sup hrs 2 9.5
AT code of T not resulting in SCIR sup hrs 7 9.6
AT code of R not resulting in SCIR sup hrs 66 90. 4

B. IMA DATA

Repair data was obtained about the IMA at Lemoore from the Repair Cycle Data
Report (MDR-9). Information used from this report included the JCN, Action Taken
code, Processing time, Scheduling time, Repair time, Awaiting Parts time, Total Turn-

around Time and Completion Date. Action Taken codes I through 9 at the IMA were
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used when the ASNI130 was BCM'd. There are nine different reasons for an 1MA to
BCM a component.

All 120 ASN130s that failed at VFA-125 from March to October were sent to the
IMA at Lemoore to be repaired. The TAT for 11 of the ASN130s appeared in the
MDR-9 as being repaired by work center 62I'. The other six ASN130s may have been
repaired by another work center. The TAT for those six ASN130s could not be deter-
mined. The TAT was essential in reconstructing the day ASN130s were returned to the
rotatable pool where they were then available for reissue. The average TAT for ASN130s
for the month was used in cstimating the six unknown TATs. Appendix A lists the TAT
for each failed ASN130. When estimated, the TAT appears in parenthesis.

The TATs for the 120 maintenance actions were divided into their various compo-
nents and summarized in Table 2. Total Davs lists the total number of dayvs associated
with each category. Number Process is the number of ASN130s that were processed
through each category. Average days is the average turnaround time of each category.
Percent of TAT is the average percent of the total turnaround time contributed by each
category. Many of the ASN130s spent more than one duy in each category. St me of the
ASN130s spent onlyv a few hours in a category for which 7ero duyvs were reported on the
MDR-9.

When a sensitivity analvsis is done later in this thesis on PRO, SCI and AWP time
it will be important to know the maximum reduction feasible in each of those categories.
There are a variety of reasons causing an ASN130 to spend more than one day in any
category. Assuming that thesc reasons could be resolved and that the maximum amount
of tme an ASN130 would spend in any category is one day, the results listed under the
column Min Davs would have been observed. Min TAT 1s the TAT possible for cach
category if Total Davs were reduced to Min Davs. For example, AWP time nught be
reduced from Total Dayvs down to Min Davs (best case) by having more SRAs in stock.
Table 2 shows that the most promising reductions in total TAT will occur by reducing
PRO and AWP timic. This information will be uscd fater in the thesis.

A sensitivity analvsis will not be done on REP time since the assumption was made
that man hours arc not a limiting {actor in the repair process. For that reason a not
applicable (N;A) will appeur [or repair time under some columns.

The technical representative for the INIUTS test bench provided a list of dates and
times when either bench was down. At no time during the period of this analysis were

both test benches down at the same time. Appendix B lists the A, for the two IMUTS
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Table 2. COMPOSITION OF TAT

Total Number Average Percent Min Min

Days Process Days of TAT Days TAT

PRO time 194 114 1.7 38.8 79 3.4
SCH time 30 114 0.3 6.0 26 4.3
AWP time 128 36 3.6 25.6 36 3.6
REP time 148 114 1.3 29.6 N/A N/A
Total 500 114 4.4 100.0 N/A N/A

test benches. During May and September larger-than-average down times occurred due
to a failure of a component on the test bench which took a week to receive the replace-
ment part for.

Supply data was obtained from Lemoore’s Supply Department and ASO. Compo-
nent purchase price, BCM cost and pool allowance levels can be found in Appendix C.
Daily stock levels for specific WUCs would have been helpful in the model validation
but that information was not available. The estimated stock level that appears in Ap-

pendix A will be discussed in the next chapter.
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IV. MODEL FORMULATION

A. INTRODUCTION

The squadron, IMA and supply svstem all have possible inputs that may eflect
SCIR hours. The demund rate for ASN130s is determined by the squadron. The demand
rate could be a function of a wide variety of factors such as flight hours and sorties. A
Masters Thesis by Steven Phillips concluded that there was a high correlation between
flight hours and sorties on failure rates [Ref. 4].

Cannibalizations also seemed to be a likely candidate for impacting SCIR hours.
Cannibalization. as discussed in Chapter 2, is the process of removing a part from a
lower priority aircraft to use on a higher priority aircraft when a part is not readilv
available from supply. The first model used cannibalization actions as a variable. A high
correlation between the number of cannibalizations and SCIR hours occurred. This was
expected since 90.5% of all VIDS MAFs due to cannibalizations resulted in SCIR hours
as shown in Table 1. A closer fook at the problem indicated cannibalizations were not

a cause of SCIR hours. The SCIR hours were caused by the supply repair svstem not
being able to provide the part when demanded caused SCIR hours. This same lack of
spare parts also causes cannibalizations. In order to reduce the impact of not having an
ASNII0 available from supply, mamtenunce would frequendy remove an ASN130 {rom
an aircraft which would not be flown in the near future to use on another wircraft. The
number of SCIR hours due to the lack of an ASN130 would not change but the aircralt
associated with those SCIR hours would be the lower priority aircraft. Since
cannibalizations were not a causal factor of SCIR hours, the number of cannibaiizations
was not used as a variable in later models.

The IMA has several factors which mav etfect SCIR hours. The IMA has an influ-
ence over the TAT and the BCM rate of the ASN130. Although TAT is influenced by
all of its subcomponents, it will be treated as a single variable. The sensitivity of TAT
to the component times will be examined in the next chapter.

One of those subcomponents, repair time. mav be influenced by the availabitity of
the IMUTS test bench. The impact of IMUTS A, on repair time is unknown however.
IMUTS A, was verv high most of the time while the repair time varied. A plot of
IMUTS A, and repair time is shown in Figure 2. No trend is obvious from this figure

so the availability of the IMUTS test bench will not be used in the model.
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Figure 2.  Repair Time vs IMUTS Availability for WUC 73MI800

The IMA has some control over the BOM rute. If an ASNI30 1s BCM'dL 1t s
shipped off station. A replacement ASN130 is shipped back. On the average it tokes an
additional 30 davs after the ASN130 was BCM'd to receive the replacement.

The stock level of ASN130s and the stock range and depth of SRAs needed to repair
the ASN130s are maintained by the supply department. The stock level of the ASN130
has a direct relationship with the probability of a demand being filled by a part from

stock. SRA stock levels influence the TAT by determining the AWP time,

B. PRELIMINARY MODELS
Several approaches were taken in the search for a model which accurately described

what was occurring in reality. The model needed to be able to predict SCIR hours basced
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on the factors contributing to stock shortages. A model would also have to be flexible
enough to show the impact of each of the variables on stock shortages.

A multivariable lincar regression was one approuch. The known SCIR hours were
regressed against the demand rate, number of cannibalizations, the IMA’s TAT and
BCM rate. The results of this regression gave the weight each variable had in relating
that variable linearly with SCIR hours.

The R-squared value, also known as the correlation coeflicient, is a number between
-1 and 1. A value of 1 implies that the variability of the X values can be explained 1007
by the Y values. This is another wayv of saving there is a 1 to 1 correlation. A high
correlation was observed with demand rate and number of cannibalizations. A low cor-
relation was observed with the IMA's TAT and BCM rate. This model did not appear
to relate the variables to SCIR hours with a high degree of accuracy. The R-squarced
value of 0.863 was computed using Gralstat in the IBM 3033 computer at the Navul
Postgraduute Schioel Cannibulization carmed the highest weight m this regression.

As explained at the beginning of this chapter SCIR hours were logged against
canmbahized aireraft 90.5%, of the time, With a Iinear regression model this would result
in a high correlation between the number of cannibalizations and SCIR hours. Tlowever
this correlation does not imply a cause and effect relationship. In this model it has al-
ready been stuted that cannibadizations do not cavse SCIR hours but rather the lack of
spare purls cause SCIR houry and mouvate cannibali-ations.

The disadvantage of this approach was that it could only show the weights variables
had but could not model how these varisbies actuually contributed to SCIR hours. Por
exumple. SCIR hours were caused wihen there was not enough stock to meet demaid.
There are reasons why the stock level s not suflicient which this model did not answver.
As a consequence, the regression model was abandoned.

A stochastiv model was also coinstdered. Queucing theory should be able to expluin
the periods where supply of ASNI130s wus insufficent to meet demand. Modeling one
ASN130 in the svstem was not difficult. A Markov transition matrix couid be casily
calculated which gave the probabilitics of being in all possible states. A state 18 g snap-
shot in time which shows were the ASN130 is located in the aircraft-supplyv-repair sva-
tem. lowever, the purpose of this thesis is to model all of the aircralt und ASNs 1 u
geographic location. The transition matrix becomes extemely large when all posuble
states that nught occur are wcluded. The wWentification of all the states would take a very

long time. The queueing approach was not used for those reasons.




C. SCIR MODEL FORMULATION

The combination of uncertainty and the complex interdependencies among variables
in the svstem combined with the need for finely defined time intervals were too compli-
cated to handle with lincar models or standard probabilistic models. This type of prob-
lem is best approached by a simulation. A simulation builds ar. .xperimental model of
a svstem, then varies specific alternatives which are evaluated in reference to how well
theyv fare in test runs of that model [Ref. §: pp. 905-9006].

This section will introduce the formulation of the computer simulation modcl. The
next chapter will use the simulation model developed to predict an outcome. That out-
come will be compared with the actual outcome in testing the simulation’s validity.

Basically the simulation model will count the times when the demand for ASN130s
exceeds what is available. SCIR time (in davs) is the sum of ail the daily shortages of
ASN130s. The demands for ASN130s will be generated by the simulation from a known
probability distribution  The supply of ASNI130s i« determined by the stock level in the
warchouse plus the number of ASN130s repaired. The repair of ASNI130s is generated
by the simulation of a known probability distribution {itting the actual repair duta.

SCIR time wili result when the demand for ASN130s 15 greater than the number of
ASN30s supply has in stock. The number of ASN130s that supply has on day 118 equal
to the quantity of ASN130s remaining in stock from the dayv before (1-1) plus the quan-
titv of ASN130s the IMA returns to the pool on that day (1) first thing in the morning
nminus the demand for ASNI30s on dav i, If the number of demunds exceeds the number
ol ASN120¢ in stock on a given dav. then the SCIR hours for that day are assumed to
be twentv-four for cach demand which cannot be {illed. Suppose that over a pertod of
three davs, demand exceeds supply by two ASNIL30s on day 1, supply exceeds deniund
on duy 2 und demand exceeds supply by one ASNI30 on day 3 then over that three dia
period there was a shortage of three ASN130s for twenty-four hours. In this model thut
is equivalent to bemg short one ASN130 for seventy-two hours. SCIR time (i days) s
the sum of all the dailv shortages of ASN130s. The following mathematical modc! de-
scribes this SCIR time.

n
SCIR = Shortage; (1)
e

i=1




where
Shortage, =0 i demand, < inventory, | + repdir, |

Shortage = (demand — imentory |+ repair) A demand, > inventory, | + repair, .

Denand, inventory and repair are in units of ASN130s Duailv shortage is in units of
ASN130 davs. SCIR is the sum ol shortage over n davs. It can aiso be viewed as the

number of davs thut the supply department is short one ASN130.

D. ASSUMPTIONS

Demands for ASNI130s, repair of ASN130s and the quantty of ASN13Us in supply
change conunuousiyv through time. However, the di ta used 1n this thesis only provided
the quantity demanded and quantity repaired of ASN130s for each juban date. This
means that there is no information on the time of day these failures or repairs occurred.
Although a failt.. or repair can. in reahity, occur at any time during the day in this
model it is assumed that they oceur at the same time ol Jav.

The simulation model iv influenced by several variables. If these variables {it known
distributions the simulation process will be simplified. Krown distributions have casiiy
caleulated meens and variurces. The density function can be casily desceribed math-
ermaticany and programmed.

The demand 1s the number of ASNI30s desired by the squadron each dayv to yepluce
the ones that fatled. Dutly demand is cqual to the nuniber af ASNL30s that fuiled on that
dav, This ds an integer variable with @ discrete probabiliny distribution. The TA T 15 also
an integer varichic which has a discrete probability distribution. When an ASNI30 1S
imducted into the IMA 1S either repaired or BOM'd. The variable BOM also has a
discerete distribuuon.

The disiributions assumed for use in this model are:

1. Duily demand of the ASNI30 [its a geometric distribution.

20 TAT of the ASNI30 for the IMA fits a geometric distribution.
2 BOM fits @ bernoulii distribution with the probability of 0.023 that an ASNT30 wilj

be BCM'J after induction mto the TMA.

Their validity will be discussed in the next section. Other assumptions used in the sin-
ulution mode] are:

1. After an ASNI30 is BOM'd its replacement is returnea from the depot and add
to the pool 30 daxvs late,.
2. Tailures of ASN130s oceur at the same time if more than one occurs on any Jdayv.

3. Repairs of ASNI130s oceur at the same timie 1f more than one occurs on any day.
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All repairs for that day are put in stock before anyv demand for them occurs.

n

. The number of ASN130s in VFA-125s part of the rotatable pool is three.

6. Repairs of ASN130s from other commands have no impact on the IMA’s TAT.
7. The IMUTS has no effect on repair time.
8

. The IMA did not have a shortage of manpower required to repair the ASN130.

E. VALIDATION

All statistics were computed by the statistical computer package Grafstat on the
IBM 3033 of the Naval Postgraduate School. Appendix A lists the failures (demands)
that occurred on a daily basis. There were 120 failures that occurred in the 245 davs
between March and October 1987 at VI'A-125.

The first hypothesis concerning distributions was that demand for ASN130s fits a
geometric distribution. A Chi-Square goodness of fit test was conducted. The hypothiesis
would be rejected 1f the Chi-Square test statistic exceeds $99. This 1s based on a 953°.
confidence interval and two degrees of freedom. The test statistic for the data is 1.580,
clearly less than 3.99. Thercfore the hypothesis is accepted.

Table 3 provides the Chi-Square summary statistics. The mean and standard devi-
ation of the data as well as the fitted distribution are lisicd. The Chi-Square value is
computed by summing the test statistics for each interva'. The Chi-Square Goodness of
Fit Table lists the number of observed data values, the expected number of values and
the test statistic for cach range of davs. Tor example, there was zero demand for
ASNI30s 139 out of 245 davs. An exact fit of the geometric disribution would have zero
demand 164,45 out of 245 davs. This difference contiibutes 0.181 to the Chi-square test
statistic.

The actual frequency of the number of failures was plotted over the geometric dis-
tribution shown m I'igure 3. The largest number of failures observed on anv day was
four.

There are two forms of the geometric distribution. They differ only in their range.
One form has a range from zero to infinity as in the case of failure times. The other hus
a range {from one to infinity as in the case of TAT (there were no TATs less than one
dayv). Since the statistical package used could onlv evaluate geometric distributions with
ranges from zero to infinity a transformation, subtracting onc day from each TAT value.
had to be performed on the TAT data to get it in the appropriate form for the hypothesis
test. There were 120 TATs in the data set, six of which were estimated. This was dis-

cussed in the preceding chapter. The statistical analysis was done on the 114 TATs which

rJ
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Table 3. CHI-SQUARE GOODNESS OF FIT TEST OF THE GEOMETRIC
DISTRIBUTION FFOR DAILY FAILURES OF THE ASNJ30

DATA FIT FAILURES (number of failures per day)

DATA FITTED GOODNESS OF FIT
MEAN : 0.4894 0.4898
STD DEV : 0.7925 0. 8542 CHI-SQUARE : 1.580

DEG FREED: 2

CHI-SQUARE GOODNESS OF FIT TABLE

LOWER UPPER OBSERVED EXPECTED TEST STATISTIC
-INF. 0.5 159 164. 45 0.181

0.5 1.5 62 S54.07 1. 164

1.5 2.5 16 17.77 0.177

2.5 +INE. 8 8.71 0.057
TOTAL 245 245 1.580

had known values. To validate the sccond assumption the following hyvpothesis was
formulated: that the adjusted TAT 1s a random variable from a geometric distribution.
The hypothesis would be rejected 1f the Chi-Square statistic 1s greater than 18.31. This
1s based ona 95 coniidence mterval and 10 degrees of freedom. The computed Clhi-
Square statistic of 4.5071 is less than 18.31 so the hypothesis is accepted. Table 4 pre-
sents the results of the goodness of fit test. The transformed data TAT - 1 is shown
plotted against the fitted ceometric distribution as shown in Figure 4. The largest TAT
- 1 value observed was 20 days.

Of the 120 units that were repaired, three of them were BCM'd. Therefore the
probability of a unit being BCM'd was assumed to be 0.02521. A Bernoulli distribution
is appropriate for a random variable which can take on only two possible values, An
ASN130 1s either repaired or BCM'd and thus can be considered to be a Bernoulh ran-
dom variable.

On the average, 30 days after an ASN130 was BCM d its replacement arrived. This

“ed to be constant due to the lack of data available to determine what type of

ribution the replacement time would have fit.
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Figure 3. Comparison of the Fitted Geometric Distribution With the Data for the
Daily Number of Failures of the ASN130; N =245

It is estimated that VFA-125's share of the ASN130s in the rotatable pool is three.
The actual stock allowance for the entire air station is 11 ASNI130s. This is shared
among all of the squadrons according to Navy policy for AVCAL covering several
squadrons. No private pool truelv exists.

To test the assumption that VFA-125's baseline stock level was three actual de-
mands, TATs, and BCMs were used. The last column in Appendix A lists the inventory
of ASN130s based on this assutuption. Starting on February 28, 1987, with an inventory
level of zero, three ASN130s were added to inventory during the next three dayvs when
they came out of repair. For every ASN130 short for a day, one day (24 hours) of SCIR

time accumulated for that month. This was done every dav from March 1 to to October
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Table 4. CHI-SQUARE GOODNESS OF FIT TEST OF THE GEOMETRIC
DISTRIBUTION FOR TAT - | DAYS OF THE ASN130

DATA FITTED TAT - 1 (Turnaround Time - 1)

SAMPLE FITTED GOODNESS OF FIT
MEAN : 3.386 3. 386
STD DEV : 4.134 3.854 CHI-SQUARE : 5.410

DEG FREED: 10

CHI-SQUARE GONDNESS OF FIT TABLE

LOWER UPPER OBSERVED EXPECTED TEST STATISTIC
-INT. 0.5 3 25.552 0. 248
0.5 1.5 16 20. 066 0.824
1.5 2.5 15 15.491 0.016
2.5 3.5 11 11.959 0.077
3.5 4.5 13 9.232 1.538
4.5 5.5 9 7.127 0.492
5.5 6.5 5 5.502 0. 046
6.5 7.5 3 4.248 0.367
7.5 8.5 2 3.279 0.499
8.5 10.5 6 4. 486 0.511
10.5 13.5 2 3.573 0.692
13.5 +INF. 3 3. 045 0.000
TOTAL 114 114 5.410

31. The predicted SCIR time (in hours) is listed along with the actual SCIR time in
Table 5.

Over eight menths 2124 hours of SCIR time were recorded. Using the assumption
that the starung inventory of ASNI130s was three, 2112 hours of SCIR time was pre-
dicted by the model. The model predictions worsened as starting inventory levels devi-
ated from three ASN130s. If the starting inventory was four ASN130s the model would
have predicted 1296 SCIR hours. If the starting inventory were two ASN130s the model
would have predicted 4848 SCIR hours.

A plot was made of the predicted SCIR hours against the actual SCIR hours to
further test the validity of assuming VFA130's initial stock level was three. A plot of the
predicted SCIR hours and the actual SCIR hours would lic along a straight line having

a slope of one und passing through the origin if the assumption were completely valid.
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Figure 4.  Comparison of the Fitted Geometric Distribution with the Data for the
TAT - 1 Days of the ASN130; N=114

This plot did not form a perfect fit so a least squares straight line was used. The statistics
for fit of the mode! and the data are summarized in Table 6.

A plot of the predicted SCIR hours and the data SCIR hours with the least squares
line is shown in Figure 5. The graph shows the data SCIR houis plotted against the
predicted SCIR hours have a linear relationship. The coefficients portion of the table
show a Y intercept occurs at 3.206 and the slope of the fitted line 1s equal to 0.994. The
R-squared value of .9734 indicates a high correlation between the predicted SCIR and
the actual SCIR hours.
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Table 5. COMPARISON OF PREDICTED SCIR TO ACTUAL SCIR HOURS

Month Predicted Actual Month Predicted Actual

SCIR SCIR SCIR SCIR
March 576 583.1 July 168 171.5
April 408 449.8 August 384 324.5
May 264 257.4 September 48 43.7
June 168 194.3 October 96 99.7

F. COMPUTER SIMULATION

A computer simulation was written in Turbo Basic version 1.0 as the model and run
on an [BM XT computable. This was done in order to test the parameters of the model
and their unpact on SCIR hours.

The random number gencrator used in Basic generates a uniform random number
between 0 and 1. The seed to start the random number generator was input from the
computer’s internal timer. Lach random variable value that was used in the simulation
was generated from a different uniform random number {rom this generator. Using
transformations found in  Ross, [Refl 6: p. 435] the uniform random variables were
converted to the appropriate geometric random variables.

The number of daily failures of ASNI30s was modeled as a geometric random vari-
able with parameter p = 04894 (p is the probability of at least one failure on anyv day).
Using a geometric distribution to model ASNI130 failures had one shortfull. Observations
of the real data revealed that no more than four ASN130s failed on anv given dayv. Since
the geometric distribution could theorctically generate more than four failures on any
day a transformation had to be made to simulate the actual fatlure data, I the compurer
generated four fuilures on any given day four failures and demands were placed on the
supply svstem. If the computer generated five failures on any given dav this was reduced
to three. If the computer generated more than five {ailures on any given dav that number
was reduced to four. The transformed failure data from the simulation was almost iden-
tical 1o the Chi-Squared statistics of the original data. This redistribution only occurred
3% of the time.

Why were no more than four failures obscrved in the data on any given day? The

specific reason is not known but there mayv be other mechanisms operating that put a

to
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Table 6. STATISTICS FOR THE LEAST SQUARES FIT OF THE LINE RE-
LATING PREDICTED AND ACTUAL SCIR HOURS

COEFFICIENTS
8 OBSERVATIONS R-SQUARED = 0.9734
2 VARIABLES
0.95 CONFIDENCE LIMITS
COEF ESTIMATE SIG LEVEL LOWER  UPPER
INTERCEPT 3. 206 8.836E-1 -48.18 54.59
MODEL 0.994 5.940E-6 0.83 1. 16

cap on the number of failures on a given day. For example, if maintenance control
notices a high failure rate of ASNI30s on any dayv they might change the order of
business to respond to this or it may simply be unique to this sample of 243 davs.

Because the simulation model was designed for conducting sensitivity analysis, the
user was prompted for an average TAT which was converted to the paramcter p (recip-
rocal of the average TAT) where p 1s the probability of a repair being finished on that
day. To comply with assumption number four any repairs completed on a given day were
added to the pool level from the previous day before filling anv demands.

After an ASN130 went through a repair cvcle (completed its TAT) it was BCMd
with probability 0.02321. If BCM'd its replucement was added to the pool 30 davs later.

The simulation model also prompts the uscr for initial stock allowance. [uitially a
stock level of three was entered to correspond to assumption number five,

The simulation was allowed to run for 30 davs before any data was collected. This
was done to aliow the model to reach equilibrium.

All of the random numbers that were gencrated as well as the daily failures, TATSs,
daily repairs and daily inventoryv Jevels were stored in arrays. This allowed {or some of
the parameters to be held constant while a sensitivity analvsis was conducted on another
parameter. For example, if variations in TAT were being examined the same demands
and initial stock level were used for each TAT value. During each run in which the eflect
of increasing the stock level was being examined the same demands and TATs were used

for each level. This was done for an increase in the pool of one, two and three ASN30x,
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Figure 5, Comparison of Predicted SCIR Hours To Actual SCIR Hours

Appendix E has a sample computer output for the last 30 davs of the simulation of run
number five.

Statistics were computed for each month as well as for the entire 8-month run. The
information was then cither displayed on the screen or sent to the printer. The monthly
summary included total number of failures, average TAT, SCIR davs for the month.
average TAT for the month and reduction in SCIR davs as a result of having the starting
pool level by one. two and three ASN130s. The eight-month run summary alse included
average TAT, total SCIR days, number of BCMs, and reduction in SCIR days due 0
one, two and three ASN130s in the starting pool. Over an eight month run the number
of SCIR hours that occurred were large. SCIR hours were converted to SCIR days to

reduce the scale. Twentyv-four SCIR hours comprised one SCIR dav.
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This chapter discussed number of dailv failures, TATs, BCM rate and stock level as
inputs to the model for this thesis. Cannibalizations and the IMUTS bench A, were not
included as variables in the model. The simulation model was chosen as being the most
uscful after considering both a multiple regression and a probabilistic model. The next

chapter will discuss the sensitivity analyses conducted using the simulation model.
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V. SENSITIVITY ANALYSIS

A. RESULTS

Data was collected for 90 eight-month runs. Lach run took about five seconds on a
personal computer. The average TAT was varied from one to nine davs in steps of 0.5
days. Data was collected at ecach of these TATs. Data was also collected for the average
TAT of 4.35 davs. the average for the actual data, to compare the simulation results with
the real world data. Five simulation runs for each TAT were collected. An average value
for each data point was computed and plotted. Appendix I has a listing of the output
of each computer run. Figure 6 plots the average SCIR against its corresponding TAT
value for four different starting levels of inventory. The curve marked normal in the
legend was obtained from the computer simulations using a starting inventory of three
ASNI130s. The curve marked Up | in the legend was obtained {rom the «omputer simu-
lations which used a starting inventory of four ASN130s. Curves marked Up 2 and Up
3 were obtained from computer simulations starting with five and six ASN130s, respee-
tively.

The curves in Tigure 6 show a nonlinear growth in SCIR time as TAT increuscs,
This implies that a change in TAT from four to three davs will not produce the same
reduction in SCIR time as a change in TAT of six to five davs. This could be important
to a decision maker in deciding if a reduction in SCIR time were worth the cost assodi-
ated wiath a reduction in TAT.

From March to October 1988, VIA-125 reported 2129 SCIR hours (88,5 SCIR
davs) for the ASN130. During that same time the average TAT of ASN130s at the 1MA
was 4.39 davs. The computer simulation predicted an average SCIR time of §9.2 davs
over cight monthis with an average TAT of 4.33 davs.

Reduction of SCIR hours can be achieved in two wavs, reduction of TAT or in-
crease initial stock level. They are not directly proportional approaches. The simulation
predicts reduction of SCIR davs from 90 to 40 by increasing starting inventory of
ASN130s by one at 4.35 davs average TAT. This same reduction in SCIR can be
achieved by maintaining the initial stock level of three ASN130s and reducing the TA'l
from 4.35 davs to about 3.1 dayvs. The question facing the decision maker is whether it
is cheaper to reduce TAT or increase the pool level. The decision maker is also fuced

with the question of how much reducing SCIR hours is worth.
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Figure 6. Simulated SCIR Days From 8-Month Simulations With Varyving TAT
and Stock Levels

B. COST ANALYSIS

The cost of spare parts must be addressed before anv conclusions are rcached,
whether it is berer to change the level of WRAS stocked or the value of TAT for the
same reduction in SCIR supply hours. SCIR time can be reduced by increasing the in-
itial stock level or by reducing TAT. By mnittally increasing the WRA by one at a cost
of S118.000 the SCIR time would be reduced fr-m §9.2 to 38.8 davs. This was obtaincd
from Figure 6 using an average TAT of 335 day A sinular reduction in SCIR time can
be achieved by reducing the TAT without increasing the WRA allowance. A reduction
in TAT from 4.35 to 3.6 would reduce SCIR ume from §9.2 to 55 davs. This reduction

in TAT could be achieved by reducing AWP to one dav. Table 2 on page 14 indicates
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that of 114 ASN130s (WRAs) processed only 36 required parts (SRAs). Therefore in-
creasing the WRAs stocked will have an affect on SCIR hours 100% of the time while
mcreasing the SRAs will have an affect on SCIR hours 32% of the time.  Additionaliv,
using Table 2, if the AWP time could be reduced [rom its current average of 3.6 duvs to
onc day by having a large st pplv of SRAs the TAT of the WRA would be reduced from
4.4 to 3.6 davs. In other words, the best TAT one could obtain by reducing AWP to its
minimum is 3.6 days.

How much would it cost to reduce the average AWDP time to one day is the onlv
question remaining in this exampie. An accurate answer would require a complicated
analysis by itself but a rough estimate will be attemipted here. Eighty percent of the
failures of the ASNI130s are caused by the SRA called the platform assembly, part
number §34100-5. This SRA cannot be repaired by the IMA and is automatically
BCM'd. The cost to repair the platformy assembly is S14,d400. To increase the pool level
of that part by cne unit would cost S36,809. Tt would not be Jifficult to spend more then
STIR.000 by increasing the allowance quantity of the platform assembly by three and
also increasing the aillowances of some of the other SRAs that [ail frequently. Appendix
C Dists the cost information and allowance levels of the ASNI30 and its SRAs.

Another possible way to reduce TAT would be by a reduction ir processing time
{PRO). That is the time between discovery of the failed component and its induction inte
AMSU. If PRO time were no longer than one duy, the average TAT that wus ohserved
in the data could be reduced from 4.4 to 3.4 davs. This could be done at a fow cost by
education or increasing the hours for parts turn in at the supply department. Often the
maintenance technician is not awure of the relationship thut enists between his turning
i a broken part in an expeditious manner and the part’'s TAT. The exact cost to reduce
PRO time is not known but it is likelv to be less than the cost of reducing AW time.

The expected payvoll should be the same.




VI. SUMDMARY, CONCLUSIONS, RECOMMENDATIONS

A. SUMDMARY
The following objectives were addressed.

¢ Determine the major contributors towards aircraft readiness within the scope of
this thesis.

¢ Develop a model that predicts the impact of aircralt readiness within the scope of
tiis thesis.

¢ Perform a sensitivity analysis on the major contributors to determine the weight
each has on aircraft readiness.
Those objectives were addressed in the scope of looking at only the supply svstem and
IMA's impact on aircraft readiness. SCIR supply hours were used as the MOE to define
aircraft readiness since SCIR time was recorded for a specific component out of steck.
This thesis looked at the ASNI30, which is the Inertial Navigation Svstem for the
F A-18 and the impact of the supply stock levels and the IMA TAT for the ASN{30
The ASN130 was selected because of 1ts high failure rate and NMC effect on the [T A-18
when it does [ail.
A description of how the real world svstem worked was given in Chapter H. Chapter
1 discussed the origin of the data and how it was processed. Chapter 1V presented the
simulation model formulation. It was noted that SCIR supply hours accumulated anv-
time the demand for ASN130s exceeded the current pool inventory plus any ASN130¢
that might have been repaired m the IMA that dav. The results of the sensitivity ana-

lvses on TAT and initial stock level of the rotatable pool were presented in Chapter V.

B. CONCLUSIONS

The following conclusions were reached in this thesis. These are ASN130 specific.

The availability of the IMUTS test bench at the IMA had no effect on the TAT
as long as at least one bench was avaitable. No conclusions can be made on both
test benches being down since this did not occur during March to October 1987 at
NAS Lemoore

¢ SCIR supply hours were related to demand. TAT, the rotatable pool’s stock level
and BOM rate.

® To reduce SCIR supply hours, increasing the rotatable pocl's stock level of
ASNI30s (WRA S appears more cost effective than achieving the same SCIR re-
duction by reducing AWP time by increasing the number of SRAs.

A simulation modc] appears to be the best approach for this tvpe of analvsis.




¢ This model can be used for other WUCs, however the factors allecting SCIR time
may vary. For example, the test bench nonavatlabiity may increase repuir tinae
significantly.

C. RECOMNIMENDATIONS

The following recommendations are made as a result of the analvses in this thesis.

* A model based on demands, such as the one developed in this thesis, should be
considered by ASO and NAVAIR to test spares policies and their impact on air-
craft readiness. A modcl of this type would also be helpful in minimizing costs of
spares while meeting some acceptable upper bound on SCIR supplv hours. The
current AVCAL model is designed to only measure the probability a part will be
in stock when needed.

¢ The aviation community should develop a program of education on what {actors
are mtluencing shortages of spare parts. Some of these fuctors include processing
time (the time between failure of the component and turning it in to the supply
departmentt and AWP ume. This would allow muaintenance personncel to under-
stand the mnpact they have on alreralt readiness.

¢ Reduction of Processing time 18 a low cost alternative which should improve air-
craft readiness. Lducation of maintenance personnel and increasing the hours tic

rotatable nool is open could help make this possible.

tudy should be continued to improve the knowledge of factors that affect SCIR
tume. Other arcas to be considered would include studving the maintenance of the
ASNIL30 on aireraft of squadrons deploved on an aircraft carrier for comparison to thic
study which constdered a shore-based squudron. Other ' A-1S svstems should be studicd
to identify the mmpact that other fuctors such as test benceh availubiiity could have en
SCIR amte. Finadly, recerding the dwly stock lever in the rotatable pool would be liciplul

i future studies to aid 1 validatuon of the simulation.
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APPENDIX A. DAILY DEMAND AND REPAIR DATA

The following data is a reconstruction of the number of failures and repairs on cach
dayv from YIFA-125 and the IMA’s MDR reports. TAT noted in () was incomplete. In
those cases the TAT was estimated from the average monthly TAT. An @ alter the TAT
means that ASN130 was BCM'd at the end of its TAT. Its replacement will show up n
inventory 30 dayvs after the BCM date. The estimated inventory level available to
VIA-123 on February 28 was 0. There were 3 ASN130s in the process of being repaired
which were added to the inventory at the completion of their TAT. The inventory is es-
timated by adding any repairs of the day to the previous” davs inventory then subiracing
anv demands that may occur during that dav. A ncgative inventory denotes an accu-
mulation of SCIR supply hours. This is where demand (fatlures) exceed supply (repairs)
+ the previous dayvs inventory level. A (BCM Replaced) appeariiy to the right of the
estimated inventory indicates that the replucement for the ASNI3U which was BCMd

has been added to the inventory.
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March
Estimated
Day Demands TAT Repairs Inventory
1 0 1 1
2 2 9,10 0 -1
3 1 2 2 0
4 1 4 0 -1
5 0 1 0
6 1 (6) 0 -1
7 0 0 -1
8 1 1 1 -1
9 0 1 0
10 0 0 0
11 2 1,2 1 -1
12 v 3 2
13 0 1 3
14 0 0 3
15 0 0 3
16 0 0 3
17 0 0 3
18 2 5,6 0 1
19 1 5 0 0
20 0 1 1
21 0 0 1
22 0 0 1
23 2 3,3 1 0
24 2 2,5 2 0
25 3 1,6,27 0 -3
25 4 2,2,3,7 4 -3
27 1 4 0 -4
28 1 1 2 -3
2 0 3 0
30 3 3,3,3 0 -3
31 1 3 2 -2
28 Failures 25 Repairs

24 SCIR days (estimated)
576 SCIR hours (estimated)
583.1 SCIR hours (actual)
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April
Estimated
Demands TAT Repairs Inventory
2 1,1 0 -4
2 1,5 6 0
1 4 1 0
0 0 0
¢ 0 0
0 0 0
0 2 2
0 ¢ 2
4 4,5,(5),10 0 -2
0 0 -2
0 0 -2
0 ¢ -2
1 7 1 -2
0 2 0
0 0 0
0 0 0
0 0 0
1 4 0 -1
1 6 1 -1
1 3 1 -1
0 1 0
0 1 1
1 5 1 1
0 0 1
0 1 2
0 0 2
1 2 0 1
0 1 2
1 7 1 2
1 3 0 1

17 Failures

20 Repairs

17 SCIR days (estimated)
408 SCIR hours (estimated)
449.8 SCIR hours (actual)
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May
Estimated
Day Demands TAT Repairs Inventory
1 1 3 (0] 0
2 0 0 0
3 0 1 1
4 0 1 2
5 1 10 0 1
6 1 5 1 1
7 1 11 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 1 5 1 0
12 0 0 0
13 3 1,1,8 0 -3
14 1 4 1 -3
15 1 7 2 -2
16 0 1 -1
17 0 0 -1
13 0 2 1
19 0 0 1
20 2 1,9 0 -1
21 0 2 1
22 0 1 2
23 0 0 2
24 0 0 2
25 0 0 2
26 1 2 0 1
27 1 2 0 0
2 0 1 1
29 0 2 3
30 0 0 3
31 0 0 3
14 Failures 16 Repairs

11 SCIR days (estimated)
264 SCIR hours (estimated)
257.4 SCIR hours (actual)




1 June
| Estimated
) Day Demands TAT Repairs Inventory
1 1 8 0 2
2 1 14 0 1
3 0 0 1
4 1 4 0 0
5 1 6 0 -1
6 0 0 -1
7 0 0 -1
8 2 1,2 1 -2
9 0 2 0
10 0 1 1
11 0 1 2
12 0 0 2
13 0 0 2
14 0 0 2
15 0 0 2
16 0 1 3
17 0 0 3
18 1 4 0 2
] 19 1 8 0 1
20 0 0 1
21 0 0 1
22 1 1 1 1
23 0 1 2
24 1 6 0 1
25 0 0 1
26 2 3,17 0 -1
27 0 1 0
28 1 2 0 -1
2 0 0 0
30 0 2 2
13 Failures 11 Repairs

7 SCIR days (estimated)
168 SCIR hours (estimated)
194. 3 SCIR hours (actual)

[N
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July
Estimated
Day Demands TAT Repairs Inventory
1 0 0 2
2 1 21@ 0 1
3 0 0 1
4 0 0 1
5 0 0 1
6 0 0 1
7 0 0 1
8 0 0 1
9 0 0 1
10 1 5 0 0
11 0 0 0
12 0 0 0
13 0 1 1
14 3 2,6,6 0 -2
15 0 1 -1
16 1 4 1 -1
17 0 0 -1
18 0 0 -1
15 0 0 -1
2 0 3 2
21 1 1 0 1
22 0 1 2
23 0 0 2
24 1 3 D 1
25 C 0 1
26 1 108 0 0
27 1 1 1 0
28 0 1 1
25 1 5 0 0
30 0 0 0
31 C 0 0
11 Failures 9 Repairs

7 SCIR davs (estimated)
168 SCIR hours (estimated)
171.5 SCIR hours (actual)
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August
Estimated
Day Demands TAT Repairs Inventory
1 0 0 0
2 0 0 0
3 0 1 1
& 0 0 1
5 1 1 0 0
6 1 (2) 1 0
7 0 0 0
8 0 1 1
9 2 1,3 0 -1
10 0 1 0
11 0 0 0
12 1 1 1 0
13 0 1 1
14 0 0 1
15 0 0 1
16 0 0 1
17 0 0 1
18 1 1 0 0
19 3 (2),2,4 1 -2
20 2 1,5 0 -4
2 1 5@ 3 -1 (BCM Replaced)
22 0 0 -1
2 0 1 0
24 0 0 0
25 1 1 1 0
2 3 1,(2),5 1 -2
27 1 4 1 -2
2 0 1 -1
29 0 0 -1
30 0 0 -1
31 0 2 1
17 Failures 17 Repairs

16 SCIR days (estimated)
384 SCIR hours (estimated)
324.5 SCIR hours (actual)
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September
Estimated
Demands TAT Repairs Inventory

1 3 0 0

1 6 0 -1

0 0 -1

0 1 0

0 0 1 (BCM Replaced)
0 0 1

0 0 1

0 1 2

0 0 2

0 0 2

0 0 2

0 0 2

0 0 2

1 2 0 1

0 0 1

2 1,1 1 0

1 1 2 1

0 1 2

0 0 2

1 1 0 1

0 1 2

0 0 2

0 0 3 (BCM Replaced)
0 0 3

1 (2) 0 2

0 0 2

0 1 3

c 0 3

0 0 3

0 0 3

8 Failures 8 Repairs

2 SCIR days (estimated)
48 SCIR hours (estimated)
43.7 SCIR hours (actual)
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4 SCIR days (estimated)
96 SCIR hours (estimated)
99.7 SCIR hours (actual)
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APPENDIX B. IMUTS AVAILABILITY AND REPAIR TIME

The following data was collected to compare IMUTS availability to the average re-
pair time on a weekly basis. The two IMUTS test benches were available a total of 280
hours a week. During two periods the IMUTS was down for AWP.

Week of IMUTS IMUTS Average
hours down Availability Repair time (days)
March 87
2-8 6 97.9 1.0
9-15 6 97.9 1.5
16-22 0 100.0 0
23-29 0 100.0 1.3
April 87
30-5 6 97.9 1.3
6-12 6 97.9 1.8
13-19 0 100.0 1.7
20-26 0 100. 0 1.3
27-3 0 100.0 1.3
May 87
4-10 0 100.0 1.0
11-17 140 50.0 3.0
1§-24 96 67.5 1.5
25-31 0 100. 0 1.3
June 87
1-7 0 100.0 2.0
8-14 0 100.0 1.5
15-21 0 100.0 2.5
22-28 0 100.0 1.0
July 87
29-5 0 100.0 1.0
6-12 0 100.0 1.0
13-19 0 100.0 4.0
20-26 0 100.0 1.0
27-2 0 100.0 0
August 87
3-5 6 97.9 0
10-16 (¢ 97.9 1.0
17-23 0 100.0 1.5
24-30 0 100.0 1.3
September 87
31-6 0 100.0 1.0
7-13 72 74.3 1.0
14-20 96 65.7 1.0
21-27 0 100.0 0
October 87
28-4 0 100.0 0
5-11 0 100.0 1.5
12-18 0 100.0 1.0
19-25 0 100.0 0




APPENDIN C. ASO COST INFORMATION

The part number, unit cost to purchase a new unit, the BCM cost which is the cost
to repair the unit and the number of units NAS Lemoore is allowed are listed below,
The number of units used in repair of the WRA are listed under Number Used. This wus

the number used over a five-month period.

PART NUMBER UNIT COST BCM COST ALLOWANCE Number

WRA Used
8709010-1 118,000 14,400 11

SRA
879140-1 6,104 5,060 1 0
§74366-5 8,821 2,690 1 0
879135-1 11,273 6,240 1 4
879100-1 2,584 2,520 2 0
874960-6 8,823 5,470 1 1
879090-2 2,207 2,140 1 0
§79085-3 4,203 4,090 1 1
874905-2 10,757 3,240 1 0
874859-4 10,640 2,600 1 0
8790604 3,385 2,610 0 0
879070-5 5,208 7,380 0 0
879120-2 6,433 6,250 0 0
854100-5 46,809 14,400 9 26




APPENDIX D. COMPUTER SIMULATION

The following is a hsting ol the Turbo Basic program for the simulation model. [t

was run on an IBM XT compatable computer.

' FedededesedevrfevededevedededeSede Yoo dede e e de e e e e e e e e ok SedededededededeSedededevede e dedededede e dedede i dedte Yo de e e e
LK . P
:* Programer: Chris Hase Date: Feb 1988 *
<t o
'* Language: Turbo Basic Version 1.0 ¥
7 B
'#* This program is a simulation that emulates failures of *
"* components, their induction into a repair center and then ¥
"** their return tc inventory to be used again. #
T The turn around time (TAT) is also a geometric random W
'“ variable. A bernoulli random variable is used in #
"% deciding if a component is BCM'd. If the compenent is *
"+ rot in stock then SCIR days accumuliete until an item is w*
:* repaired and returned to inventory. ¥
"% Input parameters: initial stock level ¥
: = TAT R
'*  Qutput Number of failures for the month (Failures)

s Monthly failure rate (Failure rate) *
T Monthly average TAT (Ave TAT) *
' Monthly SCIR days (M SCIR) **
T Monthly SCIR reduction due to 1 more in stock (SCIREDI; *
" Monthiy SCIR reduction due to 2 more in stock (SCIREDRZ) **
"y Montiily SCIR reduction due to 3 mere in stock (SCIRED3)
'y 8 Month Average TaT (Ave TAT) *
"o 8 Mouth Tetal SCLR Days (Total SCIR Davs) *
i & Month Total BCMs (Total BCMs) *
' 8 Month SCIR reduction due to 1 more in stock (Fool up 1) *
" & Month SCIK reduction due to 2 more in stock (Pool up 23 =
' 8 Monti SCIK reduction due to 3 more in stock (Pool up 3) ¥

edfedeeTeeyee s

¥ k

b Dimensioning Arrays g
'

¥’ ot

1

! e de et deve v v Yo de e vrar Tedle dt Yoo Tt e Yo v v v e Ty vedeae v e e v e v e ke ve e at v de v e vt ok Stk veve e de vt e e

DIM randomno! (450)
DIM randomnol! (450)
SDYNAIIC

£
tn




DIM inventory%(450)
LIM repairs®%(450)
OPTION BASE 1

DIM daydemand’%(450)
DIM bem%(450)

DIN tat%(450)

INPUT "Enter the initial stock level of the rotable pool ",dummy%
INPUT "Enter the value for average TAT ", avetat!

p! =1 / avetat!

inventory%(0) = dummy%
failrate! = 0.4894

SO TN N T S S TSN S S s oot st bl ot ottt e bt ot e ot ato no nbmate s ote e ol el af by oo Foata ot
oo e T T e e e e Ve e e e e Y e e e Yo de A ot dle e vt e e de v S e e e Yoo S e e de S de e ek St e e e e ey

RANDOMIZE TIMER

15 FOR I% =1 to 450
randemno! (I1%) = RND
u! = R\ND
IFu <=.0

2521 THEN bem%(I1%) = 1
IF u! > .02321
-

THEN bem®(I%) = 0

randomnol! {1%) = RND
NEXT I%
PRINT " "
PRINT " Failures Repairs Inventory"

20 month% =1
demandcount®% = 0
counter’ = 0
scircount®% = 0
poulupl’ 0
poolup2%
poolup3%
totalpoolupli%
totalpoolup2s,
totalvoolup3’
monthcount? =

nun
[ N ew]
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tmonthtat® = 0
monthfail% = 0

P desesevent Vedtde e e vesk e e de e de e dese e e Ao ey e e Yo e e e e e Ve e e e e de dee e et Ve de e ot

¥ Main loop for total number of days 3

et et nte o e oo o nte st ot o S oo e b el el oot ot o sttt Seyes: vt
ST ey e e e e e e e e e e e e e e e e e e e e e S e de e Ve e e e sl e e e e e e de e Tl e et

FOR dav% = 1 to 270
dummy 1% = Nl(uOu(randomno'(davo)) / LOG (1-failrate!))
IF dummyl®% = & THEN dummyl®% = 2
IF dunmy19 > 4 THEN dummy1° =3
davdemanc®(day%) = dummyl%
monthfail®% = monthfail% + dumnyl%

N

counter® = ccunter® + 1

IF dqvﬂom”rdi’day%) = 0 THEN GOTO 30
crod to daydemand®i(day%)
randcount = demandcount® + 1
nter‘e = counter’ + 1
%) = INT(LOG(randomnol! (demandcount®)) / LOG(1l-p!))+1
htat% = tmonthtat® + tat’(demandcount%)
w.{counter%) = 1 THEN
mcount’ = bemcount® + 1
F bemcount® > 4 GUTo 25
tat%{demandcount®) = t
”5 END IF
repairs(davi+taiti(demnsndcount® ) )=repairs’{day%tratf{demandcount®))+1
NEXT J%

"
-

at’%(demandcount%) + 30

-

30 11\el*hvvo~0_.03=inventory%(day%-1)+repairs%(day%)-daydemandk(day%)
mopcthcournit® = montheount® + 1
IF inventeoryviiday%) < 0 AND day’ > 30 THEN
dunnv3t = ‘LSMlh\o toryldavs})
scirccunt’™ = scircount% + dumny3’,
totalscirent% = totalscirent® + dummy3%

4

pociupl® = poolupl®% + 1
totalpeolupl® = totalpoolupl? + 1
IF dummys

>

3% >= 2 THEN
poolurho = poolupl% + 1
totalpoolupl% = totalpoolupl®% + 1
END IF
IF dummy3® >= 3 THEN
poolup3®% = poolup3% + 1
totalpoolupl3® = totalpoolup3f% + 1
END IF
END IF

e dedededevedededede dedede?

e~ v a——————
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PRINT " ":; daydemand%(day%)," ";repairs%(day%),inventory%(day%)
IF monthcount% > 29 THEN
monthtat! = tmonthtat% / demandcount5

| IF day% > 30 THEN grandavetat! = grandavetat! + monthtat!
PRINT USING " Failures = Ave tat =##. #4" _
monthfail%,monthtat!

PRINT USING "M SCIR days =# SCIRED1 #4# SCIRED2 ## SCIRED3 ##";_
scircount’; poolupl%; poolup2%; poolup3d’
monthcount% = 0

scircount% = 0
poolupl% = 0
poolup2% = 0
poolup3f% = 0
tmonthtat% = 0

{ month% = month% + 1
monthfail% = 0

PRINT " "
FRINT "TAT"
TOR I% = 1 to demandcount%
PRINT tat%(I%);
NEXT I%
PRINT " "
PRINT " "
PRINT " Failures Repairs Inventory"
demandcount?% = 0
END IF
NEXT day%

PRINT USING "Ave TAT =i#. 4# Total SCIR days =i#f#i#f Total BCM's =##'""; _
grandavetat! / (month% - 2),totalscircnt%,bcmcount?

PRINT USING "Pool up 1 = s Pool up 2 =4 Pool up 3 =ikt
totalpoolupl%; totalpoolup2’%; totalpoolup3%

PRINT " "

| SRS U SUCINC IR I SR SO SO SO U T TP T NN S S S TR SO TR R I J UL )
(S

Lo

Al

P tese ot ot O e Yo N Yoot Yoo ve T v Yo Te v Ve Teve ve b ve v ve Yo vk ve e ve Yr ve S ve ve vt ve v e de ve vk ve s v e ve e ve SevereTtvevest

INPUT "Do you wish to run this program again (y/n)? ", rerun$
runagain® = ASC(rerun$)
IF runagain% 78 THEN GOTO 99
IF runagain% 110 THEN GOTO 99
inventory%(0) = dummyl%

PRINT " "

INPUT "Do you wish to enter a new repair rate (y/n)? ", rerun2$
runagainl® = ASC(rerun2$)
IF runagain2% = 89 THEN




L

INPUT "Enter the new velue for average TAT ",avetat!
p! =1 / avetat!

END IF

IF runagain2% = 121 THEN
INPUT "Enter the new value for average TAT ",avetat!
p! =1 / avetat!

END IF

FOR I% =1 to 450
repairs%(I%) = 0
inventory%(I%) = 0

NEXT I%

inventory%(0) = dummy%
bcmecount? = 0

scircount%
poolupl%
poolupl%
poolup3%
totalscirent%
totalpoolupl®
totalpoolupl®%
totalpoolup3’
grandavetat! = 0

0

i
coo il

v
[N eNeNe]

INPUT "Do you wish to generate & new set of random numbers (y/n)? ",
reruns$
runagain4’ = ASC({rerun$)
IF runagaind% = 89 THEN GOTO 15
IF runagains®% = 121 THEN GOTO 15

GOTO 20

59 END




APPENDIX E. SAMPLE COMPUTER OUTPUT

The following is a sample computer output for the last 30 days of & nine-month run.
Onlyv statistics were kept for the last eight months. This was done to allow the demands,
repairs and inventory to reach a steady state before the statistics were computed. The
columns list the number of failures, repairs and inventory level on cach dayv of the
month. All months were 30 days long. Statistics computed for the month included
number of failures, failure rate, and average TAT. M SCIR days is the number of units
where demand (failures) exceeded supply (repairs). SCIRED!I would be the number of
SCIR days that would be eliminated as a result of one more unit in the pool allowance
level. SCIRED2 and SCIRED?3 are the additional reductions in SCIR days as a result
of two and three more units in the pool allowance level. Statistics for the entire eight-
monihs are shown at the end of this appendix and include average TAT, total SCIR
davs, total BCMs and total SCIR reductions as a result on one, two and three more

units in the pool.
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Failures Repairs Inventory
0 2
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Failures

= 16 Ave TAT = 5.94
M SCIR days =

11 SCIRED1 = 8 SCIREDZ = 3 SCIRED3 = ¢

TAT For failed items this month
225653141162 19117 83

tatistics for the eight-month run

Ave TAT

= Total SCIR days = 137 Total BCMs =
Pool up 1

5.49 1
=78 Pool up 2 = 35 Pool up 3 = 15
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APPENDIX F. SENSITIVITY ANALYSIS RESULTS

A run represents 144 monthly computer simwulations that used the same average
failure rate as the original data. Only the TAT and inventory levels were adjusted.
SCIR is the number of days the ASN130 was out of stock. Column Up [ is the reduction
of SCIR days due to an increasc of one ASNI130 in the pool allowance. Columns Up?2
and Up3 are the additional reductions in SCIR davs duc to increases in the pool allow-
ance of two and threc ASNI130s. Column SCIRI is the total SCIR davs as a result of
increasing the pool allowance by one ASN130. Columns SCIR2 and SCIR3 are the total
SCIR davs as a result of increasing the pool allowance by two and three ASN130s.

Even after reaching a steady state after running 144 monthly computer simuiations
there were slight variations in the average TA'T as compared to the input value due to
variances caused by the geometric distribution.  On the lust page of this appeudin the
data i1s averaged from the five sets of runs. Column Ave TAT is the average TAT from
all five runs. Column Ave S is the average SCIR davs from those runs. Column Ave Sl
is the average SCIR duys from those five runs as a result of increasing the pool aliow-
ance by one ASNI120. Columns Ave S2 and Ave S3 are the average SCIR davs from
those five runs as a result of increasing the pool aliowance by two and three ASN13s.

These values are plotied in Figure 6.

Run TAT SCIR Upl Up2 Up3 SCIR1 SCIR2 SCIR3

1 8.96 419 142 96 63 277 181 118
8.47 374 133 89 54 241 152 g8
7.99 328 123 76 50 205 129 79
7.49 292 111 70 47 181 111 64
6.99 249 97 61 L3 15¢ o1 48
6.52 216 88 56 36 128 72 36
6.03 180 76 51 2 104 53 2
5.5 146 68 43 19 78 35 16
5.03 125 64 36 4 61 25 11
4.48 94 51 28 9 43 15 €
4.35 87 49 26 7 38 12 5
4.02 69 45 18 4 24 ) 2
3.52 46 30 14 2 16 2 0
2.96 32 22 9 1 10 1 0
2.51 21 14 6 1 7 1 0
2.02 17 11 6 0 6 0 0
1.50 5 4 1 0 1 0 0
1. 00 0 0 0 0 0 0 0

N
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Results From the Average of Five Runs

Ave

412,
367.
323.
286.
246.
210.
178.
146.
120.

OO FONNOFPOEIOONNFEFWN

>
<
]
w
i

- NN
W g oM hn
(o)} OWww

8«

O PFOPODERPTOCORNO &

Ave 52

151.
128.
107.

ONOPHIOVEP RO HFONIN &

Ave

87.
73.
58.
46.
35.
27.
19.
13.

OO0 WN

W




[ 5]

h

LIST OF REFERENCES

Mitchell, Mark L., A Retail Level Inventory Model for Naval Aviation Repairable
Irems, Masters Thesis, Naval Postgraduate School, Monterey, CA, March 1983

Office of the Chicf of Naval Operations, OPNAVINST 5442.4K, Adircraft and
Training Devices Material Conditivn Definition Mission Essential Subsystems Mairi-

ces and Missions Description, Washington, DC, October 1986.

Office of the Chief of Naval Operations, OPNAVINST 4790.2D, Volume 111, Naval
Aviation Maintenance lrogram, Washington, DC, October 1986.

Phillips, Steven )., The Lftects of Fiight Hours and Sorties on Tailure Rates, Masters

Thesis, Naval Postgraduate School, Monterev, CA, March 1987.

Wagner, Harvev M. Principles of Operations Rescarch, 2nd Edition. Prentice-1{all
g \ )i yop

Inc., 1975,

Ross. Shelden M., Tneroduction to Probability Modeis, Academic Press, Inc.. 19SS,

56




3

tn

¢.

10.

INITIAL DISTRIBUTION LIST

Defense Technical Information Center
Cameron Station
Alexandria, VA 22304-6145

Library, Code 0142
Naval Postgraduate School
Monterev, CA 93943-3002

Oflice of the Chief of Naval Operations (OP-814)
Navy Department
Washington, DC 20350

Defense Logistics Studies Information Exchange
UL So Army Logistics Management Center
Fort Lee. VA 23801

Commaunding Officer

Aun: Maintenance OfTicer
Fighter Attack Squadron 123
Nuval Air Station, Lemoore
Lemoore, CA 932406

Officer in Charge

Arreraft Intermediate Maintenance Department
Naval Awr Station, Lemoore

Lemoore, CA 3240

Commanding Oflicer

Navy Aviation Supply Ollice
Atn: Code SDBA-A
Phifadelphia, PA 19111

Assoc. Professor Alan W, McMasters, Code 34Mg
Naval Postgraduuate School
Monterey, CA 93943-3000

Commander Mark L. Mitchell, Code 55Mi
Naval Postgraduate School
Monterey, CA 43943-3000

LT Chris Hase

c¢.o Wavne Tecm
Route 1 Box 37
Summerdale, AL 36580

57

No. Copies

[ae]

n

]







