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ABSTRACT

The inventory model used by th2 U. S. Navy for aviazion
repairable items was analyzed and found to be deficient in
two major ardas. The method in which inpu% data is used is
found tc ke cverly ccnsezvative. The undesclying thecratical
model was idsntified as an M/M/oo0 guszueing amcdel. The
assungticn ¢f unlimited repair capacity in this model is no=
valid for applicaticn to Navy maintenance activitizs,

Ap alternate invertory mod2l is daveloped which substan-
tially imprreves on these d2ficiencies. The propcsed model
theorizes twc parallel rspai: processes diffsrentiatsd by
tha existence or absence of awvaitiag pactz time. Each c¢f zhe
repair processes is medelled with an ¥/M/1 quzueing mcdel.

Simulaticn with da*ta ottaired from the US3 RANGER 1983
daplcymert suppcrts <+he contention that the prooosed model

does a supsrior Job c¢f estimating invantory rajuirementes.
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A. SUPPOSTING NAVAL AVIATION AT THE RETAIL LEVEL

1. Eairable Items are zhe Kay z2 Sucgess

f* ' T

Twerty four hours a 4day, in most cortnzrs ocf <he

(3]
i

wezld, zircratt of “he United S+ta<=2s Navy arz teizng lavnche
and reccver<d as they unde. zak2 <%hs missicns in suppczt of
pa<icnal objectives. The =2ffectiva acqupl shmens of cackh
missicz iz 1gzpendept upon having sufficient anumbsrs of
{ airzrafs z=3dy %o fly and to perforam at z=neir fullsst capa-
Eili<vy. T¢ suytrcort this goal, <hz Navy has buil+ an
2xtansive system of amain%erance facilities and

Th=ir ¢rly rpurpose is +¢ ensuse that <he rsadines

v2i Air Force is kep- high.

te «key ccrcept in ainimizin the Jdouwnztime of

23 aizcecaft is the philosophy cf "z=mcve and replacs".
ray is designed +o maxiaizs <the availabili-y of

3
£+« by quickly identifyin
d s

airc:c @ any maliurcticning unit,
removing i%, and rapidly inszalling ano+ther unit <ha* has
been posi+ticred a+ the support base Zor <+«ka< purpcse. The

¢ning urit ray <hen be Iisposed oI oz repaired, as

s zechnology has advanced, +the level ¢f ccnplexity
(and thes assccia*2d ccst) of the avionics and weapon sys=zms
has been increased. This has 1led syszem vplaaners and
designers tc the decision *c repair as wmuck of =2ach uni+ as
can pcssitly be dorne, and *o supper- +his repair a+ ~he
main+enance crganizaticn closest to “hz operating si=e.

The rszpair «¢£ tha repAairabls mailfuncticrning

-

[+
=]
$e
% 4
v

thezcefnrzth callaed "NRFI repai-ablss", m@m2aning "ac=

H
D
(<]
jo N
]

ot
4]
n
-~
L]

£or issue" =cepairaktle unizwg) btsccmes a ri+ical

L
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Identifyirg the
certifyinc +¢hs
neeled +c¢ repl
challergirg log
if par«s need:
atlure cn an

l=f+ in a deg:

faunlt, fixing or replacing suburnizs, 2nd

item RFI (ready £cr issus) befcre I+ is
ace an item on arother aircraf+t becomes 13
istics task. If the -epair takes too locng, oOT
d te repair i+« arce not available, <he nexz

1
aircraft may cause “he sntire aizcraf* “o bz
aded mode, and <he capabili<ty =¢ perfccu

w

denied. Providing an adaquate suppcr*t sveten

the NRFI -=2pairables, ard £cr =mreirzaining

o
[}

inventcoies *c m=29< zxpact=zd mands, Is zhe

readiress.

The sys

tha< pericdical

ten =wcday has scme sijnifican=s prcbhie

]
lv cause concern a= vacious levels 0f panage-
v

r=n=. fach snip and air s+«atzicn sappo=-=inpg Haval 2vie=ion
h3as expsrienczd sirtuations in which the availzble supper=
has seemed iradequa<e€. These paricds nay be charactezized by

+he cccurrence

repair lirnes,

cf @gany inventccy sanortages and backed-up

Flss+ zxercisss, sudden unan+icipated commic-

m23n<s, OT nsW surveillancs targe+s hava all caused incceased
2 o

demané That seems *¢ s«raia =h

durzticn cf =

ex+-acrdigary measu

écwned aircraft

extre quartiti=s of critical its
suppcrt ac+ivitiss, It becomes &
those in comman

+hev realize tha<~ the new mission, 2

may ke a clos

raquirzd bty +he cperating forces if

a warT.

syst2m o +the liai+, As =he
his heavy demand pezind lzag*herns, acr=
T2s ars nurdertaksen: cannit

t
aad cf NRFI items
o

S
d wh2n this si-ua%tion =2xists, especially wher

X e,
e rTealizazion %0 <tha lavel of ccrmi*men+
+

v
hey had =0 meobilize for

12
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The inventory level and repair capability is
supposedly designed to support full mobilization operaczions.

Q

The shcrtceccaings displayed wher actually requir=3 =«

n

approach +hat operational +tempo are cause £9r sericu
+*

concern. The 3inatility <=zo anticipate demandg, and bl
adequat2ly provide a system to meet this demand, =xis-s zc
some ex*ent in arny military logistics systeam. Pajlures ace

randon, and the atili+ “o forecast accura=ely is <he
subjec¢t <¢£ ccnsiderable reseaxch. HYoweverx, “the =<suzgse
problea is not one of predictirng failures <£cr any givex
iewm, kut rather cf anticipating incr2ased demand acress <hs
entire inventory, ard therebpy providing <erough main<enzrnce
capacity (with associated sub-uni<s and piecz par:s cr arn
expanded inventozy s¢ that +the aircraf= can bs kspt flvin
and the missions fulfilled <£orz th 3uration ¢f <+he theavy

d2mand pericd.

B. HCW BUCH INVENTOBY?

1. Hepairable Inventory System Objeczives

As *he currert system has 2vclved, managem<srt ¢f t<he
repair facilitiss and <he suppoz+tin supply ooin+s has
tecome increasingly mcr2 coapiex. Cos“s of ianventosies, +tes<

facilities, technical documenta<=ion, and <che =raiaing ard

retenticn of maintenance pecsonnsl have all been grcwing
with th2 costs of the systems %o b2 supported. Each cf thsese
areas has t¢ compe*2 wi*h each c-her and with other rrcagrams
for fundirg in a scarce <zesource 2avironment. I« is abso-
lytely vital then that planners and aralys+ts ke ablza *tc¢ make
tradecff dacisicns tetween <tha vwvarious lcgistic elements
requiring €unds arnd to buill “he overall sys%em %c prcvide
the needed support at +th2 lowest cosct.

13
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Analysis techniques £or evaluatirg level of rezalr
(Ref. 1], and lcgistics support [{Ref. 2], have bLeen 3s-ab-
lished by <the Departzent of Defense, In sach 2 vl
system estimates must be made of inventory raquirce
is

o
maintenance capabilities long before the irst syste
azise,

cperaticnal in the fleet. Significant problsms car
however, if the planning assumptions fcr funding ~r pangpcwe:
are inccrrect, <c¢r if the operazors of <he system ar:z igro-
ran* ¢f the planning and do +thiags their cwr way. 3c*h of
these situations affect the curcent method oo magirtzining
the rerairatles invertories so vital t¢ mission succsss.

The current procedures used £or sszadblishing the
allcwances «<f repairable items to be stockad a% 3
support site do not cernsider the capacis or configura<icr
¢f <ke vraintenance ac+ivity, <*he isvels of sub-componants
and piasce parts being stocked, or any c¢ost-tradsofi ¢l
éeterminirg what is the bes+ mix for adeguate s )
Despite these shortcomings, <+he axisting systsa has beeuy
rade tc werk through th2 d=2dicated 2fforts of macy =1i1p
and wxaintenance perscrnel, both military d ¢civitiia
These personn2l have had to ccpe with pericliic
paterial shcztages, extraordinary 2xpediting, 234 numszcus
stopgap measures ian crder to provide support. I« is panda-
tory that <those whe design <h3 syste r2¢0
shortcomings and work <+owards imprcvamern-=, Jus=< szuch an

€ffcrt has teen undsrway for the last five years.
2. RI¥sIOP

In 1974, the then Deputy Secrs*ary of Def=ense, W. 2.
Clements, directzd “hat a study be undar-aken *o exapine <he
stockage pclicies +that had eovolved withiz <+he varicas
sarvices and the Defense Supply Agancy. Tha< s=udy was
issued in 1676 and became kncwn as RIMSTOE, an acronym ot

tha DCLC Fetzil Inventosy Managament and Stockage Pclicy. Its




n

purpose was 0 examine the way “hat retail level surpcr* wa
+*

actually Ekeir frcvided by +he ailiracy services, and
attempt *c sat sone overall uidelines that <chculd b

(LI ¢ ]

@

follcwed fcr <these inventcries. Quz of RIMSTCE canm

o

specific policy guidancs in the €form of DOD Dire
4140.44, and DOD Instruct=ions 4140.45 (for consumable i*euns)
and 4140.46 (repairalkls itenms). Sone of the recommerdations
for repairatle inventories, as listed in DODI 4140.46
{(Ref. 3], wers

Levels of reparable itams shall be determin=zd as a furc-
¢icen ¢f maintenance replacements and_shall 5= <=gilorad
“c individual item characteristics relatsd =o c¢ndi+ic:as
axi c*'rg at +he individua irtezasdiate level sapply
pCng- LI

The following levels will be computed for each -zgpa-
ratle _iter to_ k2 stcgcked a~ =he inzarmzdia<e level 27 a
demand-suppocted basis:

() Repair Cycle level (RCL)

{2) Crder axd Sh*opi1 Time Level (OSTL)

(3) Safe%ty Le (SL). The SL iz a functiorn of +th2_ prcb-
abriddigs o *hat ths <wepalr ~ cycle =zime wilg be
exceeded, the ocder and shipping <=ime will D=
sxcseded “ke maintenance replacemént -a*s will be
higher +fan feracestedy and & _number o€ mainterzrice
:eglagements,, ant:c;pa:ea for _ repai az the
activity, will requics rssuppi frem_ ex+e-nal
scurces. The SL considers <ha Jegree cf rick of
stockout and is compu=ed as

SI = t x s(RLD),
where: + = safety l:zvel parame+ser
s(RLLC) = Starda:zi a~v*§~;on cf ma;gtegance

:eg &Cemen urirg tns leadtinmg
which i35 the weighted average of
RCT r3pair cycle time) and 0ST
(order and saipping time).

Tte safe<+ level paramater * will be selectzd bx tha

DeD Compcnen conce:nedg arLd may not exceed *hree

gtardar dev1at10ns ot maiatendancs replacemen<

durlng leadtinme.
(4) Cperation Level (OL)
: (S) EReplziishament

15
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Tre Navy has used this guidance as a springkoard fer
examining current izventory support proceduces and has been
successful in obtaining fundizng through <he Prcgranm
Cbjec+ives Memorandum (POM) process for initia+tivzs ftased
upon this review, 1he basic approach, howevar, has been to
put additional band-aids on “he current system in a%tempts
to maka2 it work betver, rather than stac<ing cver fzom
scratch tc¢ +ry tc develop a system that will 40 a better job
cf estimating the system neseds. The purposs of <his +
was *c *take the 1latter aprroach, searching for & better
methcd to dc the job.

A number of artr=2as ¢f investigation are explozed in
+his thesis, The «cnrrent model £or compu<ing irvertcery
levals assumes that there will n1c+t be arLy capac:it
constraint. An alterpate modsl is propcsed ¢ a%terpt O
explicitly deal witk capacic constraints. The currsn+
ble
in *he aviation 3-8 datz collection system, and whaz it i

m

system uses only a small aumber of data elemernts avail

(]

allovwed to use is cernsored ra*her sevarely. The effec+s of

n

censcring such data is examinagd, and the use o©of cther
availatle da%a elements is explorazd.

Tte follcwing sequernce will be used in presenting
the analysis in the res+ of <ths <thesis. Chapter II
discusses tte ©[present system and tha underliying model a+
scms depth and analyzes thz theoretical assumptions <c¢f the
model. Chapter III froposes an al+srna*s model. Chapter IV
compares the existing and proposed models, ard includes scae
eéxamgples ¢f how <*hey Lshave. Chapta2r V presents a sisula-
tion using zeal Adata cbtaine=d from the USS RANGER (CV-61).
Chap*ter VI provides a summary of resul:ts, conclusicas, and

recomgendations for continued resea-ch.
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I1. THE CURRENT MODEL

A. AILOWANCE DETIBRMINATION

Allcvances c¢f material to be stocked at any giver avia-
+ion suppcrt point are largely determined through a grecess
called AVCAL (Aviaticn Consolidated Allcwance Lis<), which

is managed by <the VNavy Avia~ion Supply Office (ASC),
Ehiladelrhia, Pennsylvania, The process of gensra<+ing 2
codplete AVCAL is quite complex, but the basic undarlying

mod=21 used fer repairable items is fairly straightforwa:zd.
V. Egzscasting Usags

First, all availablz maintenance and supply da+a cn
r=2paizatle usage for the previous support paricd are ga<h-

erad. 7Ttis data may come from a2 variety of sources. In the
case ¢f an aircraft carrisr, for sxample, analysis will
include gathering and comparing data rfrcm thz Aviation 23-M

data tase (maintained by “he Navy Maintenancs Support 0¢€€ice

(NAM3C), Mechanicsburg, Pennsylvania), supply usage da+tz
grovided bty the ship, and usage rates that have been devel-
cpad fer specific items as <+the rasult of various lcgis<tic
confzrences. Once *this data has beea azccumulatsd and vali-
dat=214, it is <converted in“o aggregate usage <zTates by
¢ividing total demarnd by “he total number of flying hours
tha+ genera=ed <the demand. These <rates are “hen used to
forecast depand for <the nex*t support pericd by mul+iplying
them ty the total number 2f flying hours +hat WSPD's (Weapon
System Planniag Docusents) call €or. Separate forecasts are
gensrated Ly +4his prccess for <+he expected nuntez cf
successful repairs (Equation 2.1 and for actions where
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tepair has Leen declared beyond the capability of “he lccal
rainterance activity (BCHM) (Equation 2.2).!

12t

- NR =2 actual number of succesefu l¥ repaired uri
from <he reporting period a bacse;

NB = actual number of uni<ts d2clared BCM, from the
:eportlng pericd data base;

FH = 1gg.hcurs accomplished during the reporting
PH' = heurs forecast for a future
%pc L pe:zcd'
NR' = repair fcrecast, in numbaz of units; and
NB' = ECM forecast, ir number of unizs.
Then
' FH'
FH
and
'
NE = NB - — .
= {2.2)

B B - W G B - -

variakle rag
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tvarjable notaticn will use the follcwing ‘ormat. "y
will ind? ~Caze a count of some ag¢tion;  for examg e, _"NR" Is
+ha ccunt cf “he nunter of repairs iu::ng an inferval. "g "
is +the expected number in a rocess  (aiso called <He

gecti Eip eline uanti‘z) “pR"™ s the expected number of
urnits in the

repa ine. "Q " jindicates an allowance
guantitx that prev de= n apgrog*z!*e degree f safety level
. frotection to a process: is the” pro ected 3 antity
coap gted by invsntoty model to _suppor: a spec fie *egai
pipeline ouant ty at a given safety level, "

variatles’ suge*~=cri pted ‘with a prime (' lndica°e ‘ha* ‘Ke
3sents a forecast, ra<her than an observation.
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2. Rerajir Turpajgcund Time

In the case of repairs, additional data s gathared
on the average leagth of time that an item is iz <he
cycle. 17This 1is alsc done through the use o0f <he 3-M datz
kasa, with da+ta elements collected as shcwn in Figure 2.1,
Cata for each of *hese is taken from the avia*icn 3-M Visual
Informaticn Display Systam/Neintenance Accior Fora
(VIDS/MAF), the basic source docum=2nt fcr most aviazicn
painterapce data repcrting. All of <he -ime data fcr mzas-
riang the rzpair cycle turnaround time (TAT) is ccllec+ted as
ar integer number of days, simply ty ro=ziag the differarce
in julian Jates between key =2vents in “he rerair fprccess.
Total TAT fcr each repair actisn is simply the sum of =he
four elzment “imes. Each of the our TAT elemezn* liimi“s is
applied tc cach repair acrtior ia <he 3a=a bass; <ke linis
£¢z tctal TAT is applied against th2 average TAT fcr all
acticns cf a given item.2?

At this point, a few observations about <his prcesse
are apprcpciate. In crder +*o levelop an effective invernnery
syst2m, it would ses&m nscessary %0 a&asur: *he vrericd of
tim2 ketween the ramcval of an RFI izam £-cm inventcry, 2nd

the rTec=ip* of a replacement. By using the *imes fzoem <+

o
1]

r2pair cycle, ¢two importarnt assump=ions arze being wade.
Fizst, it ie assumed tha= the removal of the ¥RFI uni+ €rom
an airccaft occurs cn the same date <hat the RFI uni+% is
issued. This psay be generally <crue wken «h2 sugpcrted
customer and <thz2 supporting supply da2par*ment aTe lcca+ed
rear each cther, and whan they adherz to <h2 stated philns-
ophy ¢f "cne-for-one" exchange. Thers are, however, amany

2Exccedural gquigda grovided to, the opezazing  forces
tefere tec the TAT 1 m ts "eonsezaiassh, Tke limicts are
nct ccenstraints in *he technical sens2. They ars =-unca*:on
valnee that are applied so_  thas anl TAT eledent ckservation
rea%er thar the specified limi<« s reduced t0 <that lipmie
efore being used for allcwance ccmputation.
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A.

B.

Key events in the repair process ar

[(}]
[
0
th
(o]
'd
i~
(e}
W =
(1]

L1 : Date of removal of the NRFI unit frem
aircraft.

L2

Date of receipt c¢f the NRFI unii a* the
IMA (intermediate maintenance activity).

D3 : Work start date at tha IMA work center.

DAt1: Date work stogs because unit nust_eawait
the arrival of matzrial before completiorn
of the repaic, Unit i1s dsclarea to be in
Wawaiting parts" (AWP) status.

DA2: Date unit cleacs AWP (matz2rial received).

D4 : Repair ccmpletion dazs.

&)

The repair turraround time elements are de
bty the above dates in the followizg manner:

TAT element From da<e 7o da<s
IP : In-prccess +ine D1 D2
SKLC: Schedulizng time D2 D3
REEF: Fepair *ide | D3 I
¢ss AWE tipe | DA1 DA2
AWEF: Awaiting rarts tine DAY DA2
NOTE: Although AWP time is shown abcve as
teing " defined b¥ da<es DAl and DA2,
in réality a2 unit may go AWP a numbe:
of <=imes; ipn that evenz, to*tal AW?
zime for a unit is comput2d by summinag
the *imas report=zd for zaca cccurrenc?

of AWP status.

Data collected through the aviazion_ 2-M systen
is ligited to 2 maxzdum value as folleows:

TAT elemert Limi= (days)
In-preccess tinme
a

: i 1
D: Scheduling tim 3
K: Fepaig tige . 8
F: Awa_.ting Earts time 0

0

2
TAT: Tctal time 20 (unit average)

Figure 2.1 Repair Turnaround Time Blements.

20




ins~arces +where +this assumpcion is nect valid. Supply
departm2nts are frequently called upon fer off-cstazion
suppert ir which they may b2 <raquirad to send material %o
activities hundreds or *tousands of miles away. In ¢hese
cases, tle remcval date ard the issue date may te very
differeant, depending c¢n the situation. Additionalily, *hare
az2 classes of items for which the ‘"on2-for-ore"™ exchaags
gcinciple is waived Dbecause of the naturs of +he repair %o
be underxtaken. For example, remain-in-place (RIP) iters are
specifically exeaspted.

The second implicit assuamption is +hat 2 uanpit will
ts available frcm inventory is soon as it is mad:z RFI.
Again, +his may bte valid for nany items, but “+he adminiszrza-
+ivz2 prccess of ideptifying the item to a rational stcck
number, updatirg reccrds, and storing zhe unit is net auto-
matic., Unfertunately, the data base does nct include thess
supply =ires, ard the exact extant of the effact is unkncwa.
Aowever, i+ is fair +o assume thut =he vyrperiod measured by
the 1zrepair cycle 1is a conservaziva estima=e for aczual
cff-+the-shelf tine experisnced by -he supply ac=ivi+y.

Existing policy provides <ha< turrazournd < ime
elaments for severy repaic action and fcr svery repairakle
izem ke <coamrared to limi:s, or maxinaum allcwable values,
E=2fore beirg ccnsidered in +he allowarce dazecaination
process. The use of these 1limits presents a 4
tzoblem in *he develcpment of an 2ffactive inventory.

The limi%s currenzly in use waere shown in F
ard weze 1zvszloped a+ ASO in a study conduczed in 1577
[Ref. &4]. In that study, TAT daza <£or a small grcup eof
items ware ccllected. The TAT elements wer2 assumed inde-
perdent, sc each elzment was analyzed separately. An Inpu-
data cenecr, or limit, was dat2rminsd atr approximately <he
rinetieth percantile of the cumula=nive dis<ribution func:sion
for the data element timas. Tha times given in PFPiguze 2.1
were the rzesul:ts.
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Tk2z reascn fcr the use of limits is nox prov
available Insztructicns or other documentation. y
there have teen two informal r2asons provided in disc
with senior personnel. Fi-st, =that it is n=2c¢
protect agaipst erroreous valuas entecing the data t
significan*tly increasing average the TAT. This is a l:
rat2 ccucsrr with the 3-M systen. The other reascn :Is tc
"mot reward +the btad actersh, Lack of proper managemen+ of
avia«ic¢n <xepairables could concz2ivaply cause lerngthened
TAT's, and cansegquertly larger allowances. Tc¢ what exzer=
the currzent limi+s prevent +his is unknown.

In gither case, however, it is -easonablz to quszs-
%ion th: wvzlidit+ty of ths current lizgi~s as appiied +c
items. Cnz rroblew is +“hat iantarmad
+ias (IMAs) routine

[ YR ]
(l’) ~
(g}
W
ol
[
'l
(5]
'l
ot
[t

avicnics, zctor bla: 2
taking <nly & sm=2ll sample of ix=213, 3
togs=hez, it is possitle tha*t there are classes
certain +ypss of <regpair processes a
by <he limi<s *han are others.
Even 1¥ we acczpot the pramisz “he+t all i-=e
e

m v
2 13 zacther wey in which
unde

+he sams universszl mean TAT, ther

these limi*s inhibi+t p-oper support. If =zh= ndeclvizg
distribu+ica of eacn TAT 2lement Is exponen+ial, accac=aace
of ¢cnly +*he bortem ninety peccan% of the data has “he effect
of reducing <“he mean tc 90% of its original value. This
pcint car te easily shewn. Lat S b2 the lsvel of Adata
acceptsd (¢.9., 0.90). Then solve £or the valus T <ha< will

rrovide <that level using:

[}

S- ST/\ e_)j dj
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Solving for T gives:

T:-%m&ﬁ%)

Nax*, find the mean of *he dis«ributior tha%t is c=2nsored at

point T as fcllows:
T
/u_=jxje jdy + (I-S)T/'
o

which sclves as:
-7
P [1-0TMe > ]+(/—S)T.

Substituring:

1+ 3T = 1 - Zn(i-5) and

(1-s)7T = ':\‘L(/-S)A(/—s)/

yia2lis:
M 4\—’ ['-c"")("«e«(l—s))j- (1-5) Do C/'s))
i
ﬁ(,: A—S/‘
and “he prcporticn of the original aean (1/)) represeaved by
is:
4 ade
t - 5 .
/x

Set+ing the TAT liaits a+* <h2 90th pe-cenviles has

c®

he effact cf only accepting daza within 1.3 s=ardac-d devia-

o

ions c¢f the truz mean of the underlying 3istwribu<ion. {The
0+
value aprroximately 2.3 times the mean, ar 1.3 s*tarndard

O

h perzcentile ¢f an exponan<+ial distributicen sccurs at a

deviaticrs greater thar <the Gg@mearn, since <+he m2an andgd
gs~andard deviaticn aze the came.)

The RIMSTOP repaicable iastruction, [Ref. 3], sreci-
ied that <he repair cycle “im2 <could be gprctected at a
lev2l nc greater thar three standard deviations, wvhich wculd
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than +«he 98th percsn<ile. I+ i3 Zngces-

*+he TAT obsarvations for <he undeclyinig

veing the currsznt values. Azain, ~=h:

sys<em of daveloping allcwances uses a 3dslibszazelv
vative app-oach.

allowance f<r an

rulss acsz ia us2 *o gra2zmine i€ ary
is jus=ifi=zd. Tatle I o-ovides +*hass
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TABLE I
ng Allowance Model Range Rulsas
T Cycls Reguirsment (LRCK)
fcr an LRCR 2llowance, an Z<=e€a a
cast {or tne =2xpec+ted rnumbeT of u:l
pair cycle of 2+ lzast 0.111. T
to a2 finimum of two rspaizs paz ve
max-pum OI <TW2nty days averags TaT,
comrcinaticen of "T=piairs x averzags T
cr raaser zhan 49 davs/ys
/morth) .
fcr an  a=z4ri+ion allowance, 2n ize
cne of =he foliowing:
Uni= prica Minimum fcracast
BCY raze
All 1 per 3 monzths
(.333/mcrth)
> $50030 1 per 6 acnths
(.167/acrzh)
< $5000 1 pex 9 mcnzhs
{«. 111/30n1Th)

| 9

published by ASO [Ref. S5].
operators

S
in +the field have poin=ed ou= <ha<
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thes€ range rules are no+ always zoasis%ent Wwi=h  g.0d

Suppczrh, I+ has be¢er noted <haz i+ is =0 & <Ccustomzz's
advin*tagys <c 2nsure that a mecderats dsaand <cCspaizabls wizh
lcw TAT has a* least <two BCM's duriag a y22r in 2risc o
assyre -hat an allowanc2 of a+t lzast one is maintained a-~
the sta<icn. Al*ernately, it might bz <o <heir advarntage =0
lsngthen +h2 TAT in some way, again +o ensurz =hat an allcw-
ance c¢f cne is Justified. A zero allowance fcrees every

£allare +o bsaccme a situa%ior degrading =&n aizcrzi=

ircrzassd suppert is grovided if z2n i-<2m satisiies -Le Tarnge

Tul=s.

E.

final allc¢warc2 gquan+ity, given vzlida<

1)

b)

MCDELS USING THE POISSON DISTRIBUTION

1. Ihg Currsa=s ¥cdsl

o

The follecwing procsdure is ussd for 2z-2rgining =hs

2
A forscast for <tha expsc=2d numb

z ¢ 1nltsz in  =he
spair cycle a+t any givsa «time is cecmpu=23l using <h:

z
fozzcast from Equaticn 2.1 as Sclleows:
1

= = leng~h of €crecas+ paricd;

NR' = to*al fcrecas<t capairzs ovar (0,t')

TAT = average_experisznced <urnazguad tinz-e
(2fte? limits appilied); and

PRY = forec¢ast rnumpber of uai<s in %h= _
repair pipeslins.

(2.3)

This quan+i*+y 1is used as -h2 paramets- in a Pcisson

dis+*ritution to £ind +he number of units (QK) =hat ne2d
te s%ocked so *+ha*t =he CDP 0f -he distribu<ticn a= QR is




(al
-
)]
¢
O
’_J
l 4
Q
g
tn
()]
th
4]
t
~
’_‘
L
<
aQ
[
—~
[e]
=
(o]
H
L)
[
ot
[
B
11}

0
of
v
n

closes*t %o
c.go) L]

1) Firnd the smallsst Qu =-hat satisfies:

G _ipp
- O.70 ¢ Z e (PI?)A

(=0 - (2.4)

2) Let Q1 = Qu - 1
3) Ccmpute the proctection lzvel &Iiforded by ¢l arnd
Qu.
4) If the prectection leve
<rkan that a+t Jua, le* CR =.¢
¢) A Juan=zity of cne is
lzvel (CL), 2nd this b=

d) Segaza*+ely, a aquan<ti*ty cf naztarcizl to sSuppor= excscted
r (

iticns frox <he rfepair cycle

his guan+ity is de<ermined usin ~he BCM <srecas* for
+he enduyrance rericd (= fzom Zgquation 2.2 (Reurnding ;
nces is a- =he 3.5 lavel, excep= fcr <he j
W

o
—
L g -
(=
D
[y
W r
ot
(3]
.‘
o
'
(9]
jo]
Te]
(=1
[1']
3
s
’»‘
o b
<
'l
n
»
[o V]
Qs
1]
fe]
!
O
ot
o
i}
r'
m
(@]
w3
[Te]
=
(Y
2t
o
o
Ia]
‘<
ct
Q

Allowance = LRCR + NB'.

2. The EIMAIR Pirpeiine Mcdzal

As rrevicusly irndica%=2d4, RIMSTOP provided an imp2tus

for examining “he existing repairable model, aad a rumber of
deficiencies were found. It was =secogaized <ha+ +he quan-
) *ity precvided as an aterition allowazce, which was
theoretically provided to suppor: wartime mebilizaxion
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(2]

arations with resupply delayed or cut of¢, wzes ir I3

c
suppecr+ting <he number of items in the wholesale <c—=snuorly

$a

peline during 7ormal cperations. Additicrally, =ke 2<-:zi-

(a2 ¢

ion allcwance was being compu=24 de*scmiris=ically.
Consequently, efforts vwere mads startiang in 1978 -c ct+air
fundirg thrcugk the BPOM process; £fioset, s =suppcrt  *hs
number c€ items actually in the wholasale resupply pipsiine
sc =hat the endurance level would not ce drawr dcwr, ani
sa2corély +¢ rrovids protec+icr %0 <his wnnlesal: pioelinz =c¢
acccunt for the stcchastic nature bozh of the fail
cause the BCM's, ard of the resupply =zime i=zsal
€fforts to cbtain funding coircilded with tkz develcpmen= cf
a model +*c re ussed iz computing allowances undsr <h g
anidelines. This mciel is callzd the RIMAIR pipelinz ac
The FRIMAIR pipeline medel at%empts %o alle

v
¢f “he shcr+comings recognized in ths pravicus mcdsl. -
irciudes +he addition of stock <o the 2tsri<icn pertica 2%
the allcwance t¢ support +he =2xpacted czdsr arnd shiroing
time experiznca du:ing peacetime, and the addi<icn <z¢ =
whclesale r=zsupply pipeline *c <h2 cz2pali: cycls pipiline et
“he purttose of prov:dlng Peisson pro<ta2cticn *c ~h: 3r-icos
9f va

stigaticns into <he use

nva2 v
dzpth tschniques for providing c[2=<er overall r[pac-fcrracnc:
1 3

fer the Adcllazs ignves+*sd in wnvantory ace lso teinc
gpursued. As of March 1983, howesvar, ncne >f the RIMATIR z244i-
tives have actually teen added =o any activity'z AVCAL, ani

caly ths atiritien vertion addi<ivas hnave bzen agpcreved
fundsd. Sig Zficantly, however, <tha basic mclel, witth
est2tlished limi+s o¢n TAT obsarvarioas &rd the use <cf <he
Pcisser distributicr for +he ccaputation c¢f <the sa
level, has gct been changed.

The computaticas involved with “ae RIMAIR pipeline
modzl ars more coumplicated <han wizh =he current wmedal
tecauss ¢f the way that the war+time mobiliza*icn regquiremsrn+

27




is cceputed. Shortly after <he AMSTOP ianstructions were
published, ©DoD provided additional guidance on the ccmru+a-
tior cf *ha+ mobilization requirszment in <ke form of DCLINST
4140.47, [Ref. 6]. The actual pipelire model develcred a-<
NAVSUF +ook this into account, and consequently Dbecam2
consideratly more difficult to deal with. Fer <he furpcse of
this thesis, however, 12 is the urderlying zepair prccess
m0d=1l *ha+* is being examined, and thz coaplicaticns ¢f the
mohilizaviorn additive will bs ignozed. A greazly simpplifiszd
Fipeline model rssults, which can be explained as fcllcws.
a) Ccmpute the expected repair pipeline guanatity (PR') as
in Equation 2.3 above:

2) Ccnpute the ferecast wholesals <=zsupoply pipelinz (PEY)
as fcllcws:

c) Cefine *he =otal forecast pipaline gJuan=ity (P') as =he
sum of thess,

P' = 2R' + [pB*,

d) Compute “he protected pipeline quantisty by using B' in
Equaticr 2.4 abcve. Pind “he guaantity QF =ha* prcvides
Frotection closest to 0.90.

2) The firal allewarce (QT) is <h2 quaati“y QP plus ons
fcr cpsrating level (OL), plus any additives +ha* gay
ke allcwed for wartime mcbilization (QM):

QT = QP ¢ OL + QM.
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This model has explicitly allowed for the whclesals
Tesufpgly c¢ycla, and grovides pro+action to *he er+tire pipe-
line, 1ot just %0 the <vepair pip=lina. Punding <o suppcre«
the allcwances tlat it provides should jrsatly enhance £flce:

supocre.

3. Exagple Allowarcss

a. The Current Yodel

The follcwing example is provided o illus¢ra+ed
how the current system works, £oliow=d by zhe charges wmade
as 3 raesult of using the RIMAIR pipeline methzdclogy.

1) Input data is ccllected, and the £cllewing data is
previded for a *hres mcath period (carenthes=as Indicasze
+he value used af+2r #h2 TAT limits arze applizd):

TAT =l2man+t daza, ia days

BCHMs: Ip SKD RER AdP TAT
3CH¥ 1 ] 1 1 - 2

BCM 2 0 0 - 1

BCH 3 1 1 7 10 19
Rerairs:

Rerair 1 0 0 1 - 1
kepair 2 1 0 7 31 (20) 39 (28)
Repair 3 Q 2 3 - 5
Rzpair 4 ) 4] ] - Q
necaiz S 1 1 1 - 3
Refair 6 1 2 1 - u
Repaic 7 4(n 0 9(8) 24 (20) 37(29)
Repair 8 0 5 (3) 0 - 5(3)
Gzpair 9 1 1 0 - 2
Rspair 10 0 3 2 3 8
Avezages:

Raw Q.E 1. 2.4 5.8 10.4
Limi«ed 0.5 1.2 2.3 4,3 8.3
22 x+ 2 - - & ¢+ Et -t X 2t 1 T E 3 X+ 13 F X 52T

are *he number ¢f days re-
corresponding TAT elzment
C*i0L.

oo

h macks for AWP column mean AWP status
net occur, as 2ppossd “o an i+am _gcing
o and ou*t of AWP s*atus the same 3ay.

b
by
4
erages are< based upon repairs ¢nly.
S
d
t
2) In addi+ion, *
a) Whclesale systz2an resupply tims (WTATD) is 26 days.

b) To+al flying hours (PH) were 1453 hours,

he followirg data is provided:
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c) Endurarnce period (+') is 60 days.
4) Program flying hours ace 850/mon+h, <“her=zfcro:s FH!
is 1700 hovrs.
3) Compute the LRCF as follows:

NR' = NR x {EH'/PHL
= 10 x (1700/1453),
- = 11.7 units.
PR®* = NR' x TAT/<!
= 11,7 x 8.3/60,
= 1.62 unirs.
g Ecisscn protabili«iass €or a wm2an o0f 1,62 aca:
; n f(a) F(2)
: 0 0.1979 ¥.1979
: 1 0.3206 d.5135
! 3 0.1402 J.918u4x*
4 0.0568 0.9752
5 0.0184 0.99136
6 2.0050 0.9936
* n = 3 provides protection clossst to 0.30.
Therefare
} = 3 gnits; ani
' LRCR = (P + 1,
= 4 uaits,

4) 1he a%t=rition allowance i1s computzd as f£cllows:

B '/FY

3 xx(‘§3071u€§),
3.51,

4 anits.

S) The firal allcwance (QT) is:

QT LRCR + NEB!,
4+
8 units.

e T 4 e

[ ]

E. The RIMAIR Pipelirna2 Model

The rrocedurs p-esented apcve is modified when
+he RIMAIR pipeline mod=l is used. Poisson pretaction is
applied@ to the at+trition pipeline as well as to the repair
pipeline. The RIMAIR model rproceduze is as follows:

1) Collect 214 limi* the inpu* data as in steps a.1. and
a.2. ateve,
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PP, P
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2) Compu<e the rerpair pipelina (P1') as i+ was decro
step a.3,

PR* = 1.62 uni-s.

3) The nurbker of i%ems <exp2cted 5 be in <=hs wholesala
Fipeline (PE') are computed as £ollows, usirc <hs BCYM
forecast developed in step a.4:

NB?
EB®

3.51 units;

NB' x WTAT/:!
3.51 x 26.0760,
1.52 units.

[ ]

4) Tczal zipeline allowancz (2') is:

e PR! + P3¢
1.62 + 1.52,
3.1% urnizs.

L)

Ecisscr protabilitias for a mean ¢ 3.14 arTs:

n £(n) F (n)

0 3.0433 0.0423
1 0.1359 2.1732
2 0.2134 0.3926
3 0.2233 0.6159
4 0.1753 0.7912
S 0.1101 0.9013%
6 0.9576 0.9589
7 0.0258 0.98u8
8 3.0101 0.9949

* n =5 provides protec+tion closest *to 0.90.
Therefors

5 uni=s.

QP
5) 1The firal allowance (QT) is chraired as fnllcows:
T D 4+ OL + QX
Q g 0k Q&? P
6 + QM units.

It can readily bes seen <that zhis compi+a=icn is
in agreemen< with *=hs RIMSTOP guidelines £or =-e+ail irven-
+0ory levels quo+ed ia Chapter 1I. Th2 varicus 1zvals are
equated in Table II For %h2 purpos2 of +his <hesis, i: will
te assumed zha* any scbiliza*isn =ndurancs quanti+y prcvided
will te the same regardless of whether the underlying peace-
tim2 mcdel tased on the current Poisson approach is used, or
whether +he model ©propos=2d4 in Chapter 1III <= adop+-éd.
Consequartly, Q¢ shall be assum=d tc¢ be zero, 2nd will nc+ {
ke discussed further.
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TABLE II ‘
Existing vs. RIMAIR Model Allowance Levels |
- RINSTIOP (1) Model Quartity computed
level variable S2xis%ting RIMAZIR
{ Repair ER* 1.62 1.62
cycle
Crder and EB* J.0 1.52 {
| skifging ¢ige 0 6==eee-- 0 eece-- ;
} Tctal pipeline B! 1.62 3.14 %
. |
Safety QEF - P! 2. 38 1.86 {
Creratirg CL 1.C0 1.00
Replenishment (2) (2) (2)
Endurance (1) NB! 3.00 -
Mcbilizaticn (1) QM - oM (3)
Tctal QT 8 uznits 6+QM uni+s
NCTIES: . , 3 .
(1) Mckilization ,_endurance i2vels axe addressed :Iin
CCCI 6140.47 vice ~he RIMSTO® Ins<ructiors,
{2) NAVSUE Las succes sfull% dafanded the "cre-~for-cpne"
Erlrc1gle as the rule for raplenishing repaicakcliss
Izcm the wholesale systeam. This =2g5tiblishes <he
:eglcnlahmen* uant iz as ocxe less than +the
allcwance in all caszs. '
(3)Althcugh  _documentaticn fcr the computaticn cf +he
aotilization guantlt is nro+ available it is
urdersteod that the2 final RIMAIR ajlowance will
act_te arny less “har ths cur-aze allowance, ari
will be higher in many cases.

- e e

' C. THEORETICAL EASIS FOR THE EXISTING HODELS

3|

1. A Queusirg System Nodsl

No justification for use of the Poissor distrikution
is rrovided iz +the 1litsrature available on th2 cuzram:
SYSteEt. Hcwever, a model pra2sented in elemenrtary queu2ing
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theory prcvides exactly the structur2 that is usei i: =he
existing mcdel, and ¢this will be pressnted here as a tasis
for cemparisen t¢ the proposed mod2al. This medel iz fcr <zhe

M/Y4/00 queue,

(0C31C32:33C3 :;: :j C -
2 g e B (B
Paramster Namse Assump*ions
> Arrival Tate Independent arrivals
corstant rate . .
Expo"°n°1a¢ in+terarrival
<imes
Service rate Exponen=izl service *inm=s,
/‘ (zerair rate) -uanb-cal for each server
Tach service iLs independsn-=
. . A
f’ Traffic ra%e e= /Iu.
? Mear number P = e
in syssen
(pipéline)
. |
T Mean *ime T =
irn syst2nm 4L
W Msar waizing i =9 ‘BK specif lca‘¢o“,
+tima €ze are encugh
Servers <o serve
sach uni+ as i+
enters.)
n(n) Piobakilicy €
¢f being in T(n) = e
state n ' -—1§
L

Pigure 2.2 H/4/00 Queue Characteristics.
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The M/M/co queueing model iassumes that the numbsr of
demands in ap ianterval is Poisson, repair *imes are exrcnzn-
tial, and that there azs "infinpnitsly mary" servars, In
practical <teras, the specificatiorn £for infinitely onany
secvers ray be assumed to be the same as sayi:zn +hat the
expectel waiting tire for any item eatering the system is
Zaro. Ccnsequently, the physical queu=2 may display charac-
teristice similar tec that of an M/M/00 systsm even 3if *here
is only one servsr when the vprobanility c¢f having <wc units
in the system at *he same time is effectively zero.

The states diagram at th2 +=o0p 2 Figure 2.2 gprcvides
the tasic characteristics +that will be used <“2 ccapaze the
M/4/¢cc ncdel with a mcdel +o be proposed in Chap+er 11II.
(Th2 curren< =model and the RIMAIR pipeline mcdel Ekctk uss

dis~ribe*ion in computing alliowarcss, sc =he

assump*ions <hat its use Iaplies aprly e

diagram, it is <asy %o de*=eraine *he
-

any given stats, n, 25 follows:

ATNcey = M T[c.)’

m () = 4\._77(0)/
menD = e T ¢o).

(A*-/A\ TT ¢y = X*n(o) + J/u. "7’(:)}

Ty = 35- (D
/&

— [}
/(2 3? Tf(!)’




ard ir qereral,

( X+ @M) T Cn)y
T Cner)

T (nsp)

Wi=h ths requirement *hat

*0 One,

(=0

and fcz n>0,

Tn) =

The mean number in the

took that ircludes
Kl2inrock [ Eef. 7],
[Ref. 9],

in Figuze 2.2 .

Ross {

cP. I» application, as

closes* t¢ “he
lavel.

+he sta<e probabilitlies are

TT (o) =

expacted <ize in sys*tem and oz=hel sSyst3
decived this c2sul¢t and from Little!

elemsn+ary gqueusin
frovide *hese rela“ionships,

An inventory model tamat has tie
lis~&d in Pigur2 2.2 would use Equation 2.4

systan ccagputes the guact

desired lavel,

= /\ T (na) + (ﬂf‘l)/* T (n+l),

!
— . 77-(.\
’\‘.’ (’ )’

!

(4]
- (n+))d (J T o).

all s+zte probabilities mus= sum

[d
YT = ,1;

+han d2tezairned <c b=:

e~ €

e b o
Lo (2.5}
no
o
system, average gJueue lsng=h,

paramsters can be
s formula (P= AT). Any
models, =such as
Ref. 8], or Turban and Mereditkh

and <h=zy ace lis+*ad

ir sclving for
indicated before, the existing
ity QP +has prevides Gpretecticn

+han adds one for cpecating
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2. Iazpljcations of Adegquately-many Servers

The Foisson medel has a nuaber of very nics f£:34uzes

tha+* prake it attractive, givan that the assumpticr of

adequat=2ly many servers is acceptabls. Firs=< cf al
is orly cre paramete: to *he distribu<ion, which =22k
+enance of a data bass simpls. This ©paraae

ot

g

forecast c¢f *he expected number of Items in the repa2ir pipe-~

line a* any given tinme. This is easily done wi<h
data Lase becauss be¢th *he nuabsr of ifsms rapaized
any given period ard <heir avsarage “urnaccurnd
readily available. Addi<icnally, 2xpanding =he sizs
2

Eip=lin2 tc include =he wheclssale <cesupply pif
accorrlished sipply ty adding th2 zwo pipelin= quan
Ano<her nice feature is that sazuraticn of

€a2n Lever c¢ccurl; ty assuaiag +hat <+thsze =are

adequa+t=sly many servers, Jemand car never czuse back:
e
-

vai+irg “tires, Fcrecasts for increased demar

{(wartim2 pokilizatiorn) are don2 siaply by mulz=iplying zhe

€expected nurker i the system by 2n appropria<te cans+ane<,

Because sz+iaraticn never occurs, there is always

steady~state solution available. This is nct zhe case wi+h

limi~ed~server gueueing model.
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III. A PROPOSED NODE

e s e o

A. PRELIRBRINARY RESEARCH

The preliminary work <£or the proposed model was acccm-
plished at the Naval Pcstgradua~e Schocl, Mcr*erey,

Califcznia as a class project for course c¢n Stceches=ic

n
=
t—

&
Mcdels given by Prof. Paul Milch. The T =s provided i

e
that study, (Ref. 10], are presented Lere bacause <ley
m

o))

provided a major step in the development of <hs pzcpcse
rodel.

The study was dcne €from July =5 Sap=embz- 1982 usiag a
data base cktained from NAMSO (davy Maintsrnance Surrscr=
Office, Mechanicsburg, PA) of daza coilszczed *=hrciighcur thz
Navy frcm J2nuary through Mazch 1982. Due =0 *hes rnazurs
th2 data rase, i+t had already Le2n poocesssd us
constraints listed ir Pigure 2.1. B=2cause “he =21%izs da%a
tasa2 included over 3(0,000 r=cords, th2 stidy wac dcre on
selscted classes c¢f repair actions and egquipaents In crder
tc keep it =0 a manageable size, The =gJuipmernts chosen wsre
radar naviga<ion uni+s -epaired ashere (2055 records), =-zda:c
ravigaticr units regpairséd aflozx (587), and hsl pefaRdobe
systems repaired ashcre (187). Despita the wiie dispari-y iz
these +*hree classes, the cesults wsare sx“Temgly sirgilar.

One ¢f +*he majcr findings of <hz study wa
repo-ted for <+the rapair aad awaiting parts processes were
not indsgperdenz. I+ was 2n10*21 <ha+~ 1longsr Cspaiz (5:3)
+imes +“endzd «o be associazed ith sigaificanz
Far<s (AWF) *ime, and +th2 mainteraance actions wi<h s
tize generally had no AWP times. This was 2xpec%edi bscauss
experience at Navy rerair facilitiss had shown tha
are nct hcmcgenecus; some *ypes 92f in-depth Tepair +end 0
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Cwe '“."“"“N“"J‘ a

take mcre tige fcor £faul+t isolz<icn, require mors parze, ani

*ake lcnger for chackcut <harn others in wkich arn 247

£Taen*

1
¢z the replaceaent of a gasket is all that is zequirsd

A second k=2y fiading was +that timss associza<ed wich ke
TAT <clzgents were no%t all dis+ributsd in an <extcnzn=ial
mannér. 1The distribution for ths RPR and AWP TAT clement
ware generally +oc exaggsrated o be expocrerntial; any €xgo-
nen+tial fi+r tc the lew end o -~h2 dis+tribu+«ion Zfailled <+c¢

i
accourt for +the large nrnumber of da*ta peoirnts in +h2 “2il,

Converszly, any dis+rcibu+ion €i< <0 <he =ail ceme far shore+
cf includirg thse large ruaber 2% cbs2cvartiens with TATs of

ZEILO €I cre day.

The depzzdence <c¢f <he KPR apd AW
cstablistmen~ of a new v a
distribu«icn nad the =same g=n2r
Jiscribu<ions, Eut cn iasp
into *wWc =2xponential distributions
This fcs%ered the ccncept 6% ~=rzatin
2] z2pair gprocesses, on:2 in which *ae rTepeir Ta%?

|
-
was very fas+t (on the order of onsz day), aad *he cther iz

'<

o
)2
=]
18]
n
[
)
t1
Jo
WD
[R]
.

which +*he rapair process <00k ter <o twent

kay zasult of %he 2azly project was =ha I1dsa ci

modelling *he repaic qguesue with a capaci=zy coas~raia+, This
1

was rnct explicitly brcugh+ ou* <hrough aralysis 2% <he Ada-a,
tus ra+ker was corsidared b2causa 2xperiesnce with Navy
Tzpair ac*ivities has provided many exaaples of iastances irn
which capacizy was 1limi<ed, fazzing inducted masesrial =c

wai+ for a *echnician or <es* banch
addresz:zd mcre fcrmally in the zescan tly ccncluded RAND CABAL
stucdy, [(Bef. 11], which is quotei

3
o]

W

t

¢

.

Witk tho excerpt icr o©£f£ VAST  (Varsa<tiles Avionics Sheg
Test), 1lcading on the most highly us=2d piace cf eqaip<
mant in each 2vionics shop rarély <exceeded 60 _ percen=.
Thie means +hat, iven full cpe:atlonal avazlabiii-y,
mos+ shops have sufficient wastime capacity. VASI, 21
“he c=tkez hand, shcwed a wartime uti l-za¢*oq zate ¢t 109
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esczibes the nev sapple data base, prtovides validaticn £

he urdeczlying assumgtions, p-esen~s +he thsors+i

z *he M/1/1 queus, definas <he prcpesed
a

o}
peraticral terms, ard provildes an 2x

39

psrcen* -- +the wartime wcrkloads exczzded VAST czpaci=y
by 60 percent.

.Under 4 sustaired wartime scs2nario with all azzcraf
£lying centinucusly at progzammed ra%es, ths bacglcy for
VAST &cntinues tcC grow. Thc impor=ant issue 1z “wha<
impac~ <his growing backlog will have on aircrzf+ zvail-
abllity. A aumber cf factors *+end to partially all=via=sz
the imppac* over a limited <ime horizon, The ¢r bcaczd
stcck cf gqre parts will be. consum=d as the nacklog
grews, s~ backlog does ne= Jirs c ly equa*te <o hcles it
aircrzfr (cr backcCiders against PPly) s To <he =xtan-=
tha+ backcriers carn be coascl;ida: ed oq the Zewss= rnugkas
cf ajircraf< *kroug “he cannlibalization of coaponen=s,
the Zapac+t is furtBer reduced, Finalily, priority C=spa:ir
n2nagsmint which con:izols the Lhduc 10n of ceomponijts
intc zhe VK$T shorp based on aizcraz rgeds, Wwill alsc
reducs *h: ilmpact...

In sum, the present VAST capaci=<y is prchaply suf#i-
cient cnly for <+hecse war<tiame scenarios wherz caso_a:c
alrcraft at: rsquired =o coe*a‘c at precaramved ra-ez >z
limitzd periodscf +inme, llcwed by perizis when <%he
carrizz Is abl:z %o stand dqwn zad tn1sg has *ime =cC Tk
cfft ths_  VAST backlcgq, If, howsvar, the carrcier is
z23uizzd =c opzsrate "its aifcraft for longsr pericds £
~ime when the average flying rat> is eqgual %5 2r ¢xcsz3is
~he programmed rate<§, as the VAST backleg gcows aizcerafs
capak_lisy will begin to lsgzads:, P::cr::g schzduling
toz  VAST Erov:ies Oniy & sSicct=*ta2rm remedy Zor e
caracityv shor+fall.

While +hes RAND ©rp20ple cnly discuss VAST in  *erms cf inads-
ga*2 c:racity, +*heir study was tc 30ome &X<zern- & “lkest case!
analiysis; <“te projec*ion for capaci+<y constrain=s £or z=hac
test tenches was based ~n comple=s bench availabilizy, ull
qualifi=2? marning, and adeqguz=ze piacz-par< suppCcrt. Givern
r2al-wec-13d support shor=comings, thszrs is a2 chancs  <tha=
non=-VAST facilities can also becom:z sa=urated.
Trke 1=zcdel eveleped in *h2 =zazlisr study hLas  baer
«panded upon in this *hasis, anl Is Illustra<sd Iz Pi,ura
3.1 ip i*s simplest form. The zzmaindes 0f =his chzap=ex




Czscription:

(1) All d=2rands
A, ani go <aru

(2)

Figure 3.1 The Proposed Model (Siamplified).

THE EANGER DATA EASE

Thk=z 3a%*a bacse used £
c

T +the study was obtained

2
and ccnsisted of maaintenance dati, supply syz<“=nm
+iom, and uncons+rained <“urnarouni
ex=rac%ed frem  <he 2pril-Oc=ober 1982 dEST
Deplcyment <¢f <“he USS RANGER (CV-61).
con*ains 18,278 reccrds for all matscial

IMA akoard FANGEFR during ~he cruisa,




B et s R it ‘ .“m

The wmcdel prcposed in the @2arlier s<udy assumad limi-ed
rapair capacity, unlike the nodel currently ir us: 2z =<h=

RIMAIR pipeline rmodel. In ordsr to evalua<e “he I:zpact of

tha% assump=ion, modera+aly fas< moving items werse arzlyzed;
slow aovers offer little hope of discrimiratirg be-ween
models even if cnly a single test facility Zis availatla.
Consequen+ly, only aviation repairabls itsms <ha= had exhib-
i*=2d twerty cr mcre acticns duriag RANGER's six-mcn-h cTuise
were sslect=4d for analysis. There werz2 79 such Itenms. The
follcwing summarias gressnt ths basic chacac=eristics c¢f <z
er~ire data tase, and contras~ <¢hem with —he charac=ecsis<ics
cf the s=l=c+2d =ample. (Appendix A provides mocs comtlez=

statistics cn the da*a.)

Table IIT pr
RANGER da+«a pass ar
supbly sSystem ifdsp+ifiecs: +a2 coganizance coi
pat2-3ial ccn*rol code (MCCYy, and <hs speciel mazerial idzn-
+ifica*ticr ccla (SMIC). Al“hoagh =he na=zicreal

{(NSN¥) is the primze iédentifier fcr ar
c

do2s no= arTy wuch Information ab

[$]
[oTREN o a
)

I o
j g
fu
o)
o
)
'l

wha< i< may be uszd for; ths zhzee 3
+3ble ars usuwally assccia=zed wi<h =h= NSY ir ozider =
this infcramation.

Ccmpla«e descriptions o0f zhe <odes ar2 providzd is
the agperdices of Naval Supply Systems Ccmmand (
F-485 (Bef. 12]. Brief desc-ipticns £5- the ccdes listad in
the tatle are as follcw:

2) The <c¢cgnizance code (¢o9) designa“es the irvertcry
ranag=: who ex2I1cises supply management ove- stecified

catcgories c¢f material (Ref. 12: Appendix 18].
1) '1R* designa=es ASO-mazagsd consumable mazerial.
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TABLE III {
BANGER Data Base Supply Data Suamary
Category/ Number of actions (%)
Key values Enzire RANGER Selzczed
Da~a base Szazl2
Co
13: ASO ccrsupabla 1149 { 6.3) 128 } 3.6
2K: ASO depg§-1=ve1 8171 (44.7) 135 6.5
rsgaircable
8R: AsgadepOt-level 1132 ( 6.2) 929 131.9)
O_hegspa;rable 881 4.8) g 0.0
None 6945 taeioy 3 ).og
TOTAL 18278 2834
®CC
D: f:eldtlegfl 1235 ( 6.8) W5 ( 3.6)
Tspairablaz
E: CLAMP rspairabis 5144 228.1‘ 1527 552.9‘
H4: Norn-CLAMP 3epot- 4350 (23.8 1252 (42.4
O’héEVEI cespairable 128 18 0 5.a
Noze 7221 53925; 3 5 510{
IoTAlL 18278 28&4
SMIC
CS: §-34 aircraf+ 1818 9.9 247 ! 2.6
CY: AWG-9 =cadac 994 5.4 633 ?22.0
Fad: A-6 aircraf+_ 760 4.2 156 ( 5.4 }
FEZ: EA-6B aircraf: 759 b1 175 €.1
F2: GFE prcgrag )6 3.3 242 § R.u
PF: P-WA alrcraf+ 11806 6.5 143 9
SZ: ASN-92 {CAINS) 454 2.5 331 (1.2
. irer+ial nav systen ) .
C=her 4363 (23.9) 937 534.33
) Kol X 7347 (40.2) 3 Je0
TOTAL 18278 2884
- J
2) YZR* aad '8R' designate ASO-managed Tsapaizakls
material.
3) *'Cther' rerpreserts a number 2f <.1er cogs with few
relatively few demands each.
b) Ths material control coda (MCC) <is designa*=sd by the
invsrp%cry manager +o segregats items in%*e manzgealkle

g-ou
1)

pings [Ref. 12:
'T?' designates

Apperdix 9.F].

a field-lavel rspairable,
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2) *E* designates an intensifiised-manzgement dzpcot-
level rapairable, managed under <he Clcssd-Lcop
Aeronautical Ma+tezrial PFrogram (CLAMEF).

3y *H* is a depoz-lsvel repairable =nct ctherwise
designated.

4) vC+ther* represants items with any o*her MCC
assignai.

¢) Th:z spscial ma%terial ccn=rol coda (SMIC) is assiagned *c
an i%tem *o ensurs its ‘*technical in<egzity (
Appendix 9.1]. AS0 gens2rally assigns SMIC ¢
paterial upder thsir ccgnizance <o -dentify the weapon
system *o which the item arpliss, to identify <te furc-

+icn if more thaxn one weapen sys+<em s involved, ¢z tc
idan+*ify a special progrsm *he -~*=zm
1) 'CS' i“ems apply %0 <thé S-3A an+tisubmarirs pezrzcl
ircrait,
2) 'CY' azapolies
F-1A.

t

2 <h3 2WG~9 rajdar sys<em cn <he

3) *FA' applies to the 4-06 az-ack aircrais,
Uy 'FE' applies %o <he ZA~-6B slec*rocric warfars

aizcTaf+

5) 'FZ' appies to a special projsct <or gcverrnameart
furnished squicaent,

6) 'FF' applies 2o the P~144 <ighter aircrai=.

7y *s2' applics +to <zhz ASN-92 (CAINS) Cazzisr
Airborne Inertial Navijazion Systen.

3) *Cther' repressnts aoze -haa fcr<y c%he- SYIC's,
each having ralatively low demand.

Pach of +the above codes alsc had many obsarvations lis<ed
fnonet f£cr the ~=ntirs RANGER da*a base. The 38% 1

*20one' fcr *the ccg ccdes indicatas <that 38% of <h2 1
turer's rparcts numbers isted on <tha VIDS/MAF main
data fcrms cculd not be matched 4o any NSN (every NSN
Navy Supply System has 3 cog, and vic:z-versa.) The s=sligh<+ly
higher quanti+ices listed as ‘'none' in the MCC and SMIC
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categcries include these 38% plus som2 o<her Items fcr whick
arn 8SN and cog were available, but for which that ccde was
not assigned. Scme maintenanca ac+tions listed as 'ncre' may
reflect acrtions for non-stock-numbared Ztems, Lu* ce-tairly
gany are the resul+ cf poor data entry procedures.

It is obvious <that the sample used fcr this *hesis
is not 2 representative sample, =nor was it intended <«c te.
The 7¢ items ir +*he sample experienced about 16% of <hs
total demand €for the RANGER Jeploym=a=, ye+ th=s 920 '8R!
acticns, fcr example, represant mcre <han 21% of <he 8R
actiocns in +te data lase. Oorly main%2nance 3c<ions ma«ched
0 NSX's are inrcluded in the sample, hcwever; it is likely
tha< +hs RANGEZR da*a basz includes Ja<a fo- items used ir

+h2 samdle, tut which were not c¢rz2di«=d o *the ccrrec= s<cck
oumber tecauce of dzata input problams. One misszed jigi=z iz
the Zc¢n3 tar= nuaber klock will cause a misma“ch <o cccu:c.

o

e
Curing develcpmen=s ¢f th2 proposed model,

sions wars made with +he idea +tha=z the model nigtt zc+ually
k2 applied in r=al-world situations. Choices availatls a-
decisicn g¢rcin+ts were consideced in accordance with *he
dazgzee of simplicity and practicalizy <that *hey cfferegd.
Thus, anaiysis Jas :estricted %o 1R D, 2R, aszd 3R cognizance
materias tecausa i+ is f rizgs 2¢ m=z=-eczial =<ha=

r thes2 categ
W

)
rrent 1nodel is used, and =0

2. L[2*2 3a3e TAI charac=zezistics

+
O
rh
et

Turnazrcusd  *ime analysis is at +he thszact
irventcry mcdelliing pccblza, nd it <Is important *“c
nize taa structure wi+hin which =<hs TAT ~elements are
Teportei. As stated bri2€fly in Chapter II, TAT and <he
e¢lenepnts <ha* make it up (IP, SKD, RPR, AWP) are reperted
into *he Ja*1 collection sys=<sa indirec+ly by use cf <he
VIDS/dAP scuzce documen=<: <he wvalues <fcz- the wvarious TAT

ug




elements are corputed by NAMSO based upon the de<es zhas
various key events in the main<enance cycle cccur, as
reccrded in Pigure 2.1.

There is an importan+ limita*ion inheren in <his
SysTten. Quick acticns, 4in which two or more of *he avents
cccur on the same date, will be compu=ed to take zero days.
I+ is 1unct possible tc have a <failzd i“em removed €rcm an
aircraft and conmplete the repair cycle in zerc zime, yet the
sample revealed that 35.2% ¢cf all =<urnaround timzs w

W

D

>

repor+ted as taking 0 days. The inability of <ixe @&

o
313

t
collection sys-em *“c¢ m2asure <tn2 bulk of the acticns any
more accurately than as zero or one day caused a consider-
able pr-ctlem when conducting iIndependence =ests and in
siazulating +he systegs. 1In scm2 application: of +hzi: alle
aacs model, ASO uses a airimum TAT of crne dav whsn +his
sitygaticn cccurs. Ar important poir< for fu*uce ccnsideca-
+icn, 2s *he maintenance da%a systea evolvsas, will ke ¢c
a=tempt ¢ rrovide greater rasoluticn in TAT's.

Table IV prassnts a comdarison ¢f tha TAT elemen=s
tepcrted irn the entire RANGER data base with these in zhe
sanple. Thece ar=s two impor*ant observations <o ke made

f-ou this TAT informa+tion. Firs+%, thes average time repcrrel
o]

rh

for mcs: c¢f the TAT elsments 2re low because many
cbserva~icns repcrted for the TAT 2lem2a:s were 0; =<hiz was
+hae cas: fcr 2427 cf *h=2 28884 in-process time observation:z
(84.2%), 2202 of the scheduling timz obsexvations (76.4%),
1790 cf +he repair time observa+ions (62.1%), and 1016 of
+he TAT clkservations (35.2%). The aforemen<tioned inabilisy
to measure timas ia less than whols day intervals may affzcs
any mcd:l ¢hat is very sensitivs *o estima*ion of +the repai:s
tate.

Seccrd, *here is a considerable amcurnt of +ire spen<
in a*%tenaprting to repair and ob%ain parts for uni+<s that acs:
latar BCM'd. The BCM ac*ion por+icn of %he table shows tha+
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TABLE IV

BECM acticr,
7.57 days.
course cf the

average,

and tha< these ac+ions
If +hese actions were sp
178 day deployment,
there

repair cycle on any given day <hat would la*ter be BCM'4.

46

read ou+
i

were Z44.7 non~RFI units on board ship ir

Data Base TAT Summary
A. A11 successful repair actions. !
Bn+ire data base Selec+sd Sawmple
TAT # Mean Standarzd Bean Standaczd
Element (days) Deviation (days) Devia+iz:z
days) (dzys)
IP 12524 0.72 13.1 2522 0.55 4.6
SKD 12524 1.29 4,6 2502 0.53 2.1
RPR 12524 1.67 5.6 2592 1.23 4,2
AWP 12524 1.93 7.2 2592 1. 31 c.4
AWD* 1763 13.69 14.3 334  10.79 1.7
TAT 12524 5.61 17.0 2502 3.62 9.1
B. All BCM actions. ‘
Entire data base Selected sarcls [
TAT # Yean Standard 4 Mean Standaz? |
Element (days) Deviation (days) Dsaviacicr
(days) (davs)
1F S754 1.32 1329 382 1. 26 8.0
SKD S7154 1.22 13.8 382 0.74 2.6 l
RPR 5754 1.86 14.8 382 2.07 7.1
AW 5754 3.17 10.1 382 S. 74 14.4
AWD* 894 20.42 17.3 95 23.08 20.9
TAT 5754 7.57 27.0 332 9.80 16.3 ]
C. All actions.
Entire da%a base Selectzd Sanmcle
IAT # Mean Stardazd % Fean Standazi
Elzment (days) Devza=lon (days=) Davia<icn
(days (lays)
1e 18278 0.91 13.4 28384 0.65 5.2
SKD 18278 1.27 8.6 2884 0.56 2.%
RER 18278 1.73 9.5 2884 1. 34 4,
AWE 18278 2.32 8.2 2884 1. 20 7.3
AdDx 2657 15,65 15.7 399 13.M 1%.3
TATZ 18278 6.23 20.7 2884 4.4y 11.2 %
* AWP average fcr <those actions tha<- experianced AWP.|
{
{
PR |
5754 ¢£f <the 1827¢ maintenanc2 actions Jocumen<ed reszul=sd in

had an of

£l
v ¥c]

avzrage TAT

avenly cver
E )
-

wculd wmean =has,




RIMAIR 2cédel will nct =ake %“hese i1tems into acclun<+ When

levalcpirg allowances *o suppor= %*ae rapair cycle.

Al=tcugh *he RIMAIR mcdsl igno-es <4he +ime <«ha-=
tno-s declared BCY spend in the repair cycle (hs 2% TAD,
*re ECM TAT could be included in either the -a2pair pirceline

(by assuming tha+ all inductions are az<tempi=d o<
2s zaz~ <c¢cf *ke ~2rder and shipping <ime. Igno

Ta te€rance cycls vise, especially for ani+ts held in an-ici-
Faticn cf or+airning gpactes, can sericusly hamper sugreozt for

“hgs¢ 1€nS.

+

3. Yaintapancs fata Characterizaszion

—————

Thte factors used <o classify mairtenance =ac*icrns

irto c¢ne vTerair prccess or ando*her should exizt within +he
main<erarce data base, wialch is dzscribed in ar=ax dz=alil ia
+he Naval Aviaticn Maintenaace PIcgTam (NAMD) zanuel,
C2NAVINST 4790.2t [Ref. 13]. The aviazior main*ernancs la%a
coliection system is used fcz markcur acccuating, jeccu-

gen<ing aircratt utilization, failur-e data tepor=:rng, aad

gany c*i€r pu-pcses. Some c¢f th2 daza elcments Gizsc=ly
£

concern cepair of fail2d componernis zzmcved Zrcam aizcraft,

n
and *lese data <slements hav~e bszen analyzed <o deza2rmirg if

they provide th2 capabilisy *“c distinguish beswseen =ha type
¢ne <repair procsss, vhich is conceptualized as a quick
*es<-ard-check <-ype <c¢f cepair, and the type *wc =<soair,
which is thecught ¢¢c te 2 morTs ia-dspth rzpais “has genazally

a
takes lcnger and requizes mcIe DAt SUpPpPOr-. The fe¢llicwing
dzta elsmen+ts ars “he ones tha* havz been ana )

]
F o
ke ]

n

(3

Y
example c¢f *he type of izformation provided by 2ach ccde
listed fcr cach categcry; complet: explarnations fo

"

- <ach o
the various codes are¢ *o0oo lcng for inclusion in this <hssis.
The intsres<ed reader is raferred +o =he descripticns *hat
ace provided in +the NAMP appendix indicatad.
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a)

b)

c)

d)

The ac=ion taker (aT) code classifies repair acticrnz as

to their result, and wkat raintenance acticn brcugh=

abcut <he result [Ref. 13: LRAppendix H]. For =xamvls,
1

AT ccds *'C?, fcr rereizr, 1is listzd as "Repeir includes
cleaning, disassembly, Zizspecticn, reassembly, lukrica-
tion, and replacement of integral parts; ..", @=Cc.; its
usé indicates trat the cepair was successful.

The malfunction (MAL) cod2 specifies the «ype of defszc=
fcund by <he paintenanca persorn attsmpting <repair
[Ref. 13: Appendix ). *290' fcr =2xample, is listed as
Wfails Jdiagnostic/automatic <=ests¥; guidance €:Ion
1

wil
tenanc: <techniciar whern wuse c¢f ~<his entzy is mcere

[=1

higher authcrity and experiencs ictate to a 3ain-
arrropriate thar aany othszr,

Tte type main*erance (TN code s3pecifies +thes mainte-
nanc¢e action or imspectic € ia zegcvaira
+he dzfective item frem its installa<icn [Ref. 13:
Appendix K]. T4 code '3* is Xisted as "Unscheduled
mainstenance. Used... for all main=~enanse actions 2xcep-

the fcllowing:". Pour de+ailed excaptions ars =<hen
2

listeqd: two +types of iIaspsctions, calibraticen for a
sgecific categery of equipanent , aril maizntznance of
transient aircrafs.

Ths when disccvezed (WD) cclz sp2c n

i
¢r mainterance action “hat 1ed o +he disc
defective i“*em. [Ref. 13: Appendix V]. WD code *W' isg
descrzited as "used whern a ne f2r wmaintenance is
éisccverad Jurirg in-shep repaic and/or disassembly €or
mainternance."

The category 'Other' is used for thsse ccdes <9

r2flect actions where ~he aumber of obssrvatiscs vas tcc few
to warrant inclusion in ths table. Por exampls, <there were
89 different MAL codes used for actions related to items in

<he sacgle; a number c¢f these were usaed only oncs.
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Taktle V provides a summary of <he da*a availacls in
c

tne RANGEF data base for these four maintenance c¢cdss arnd
contrasts this with datz used ir zna sanmple. This daza iz
rresented fcr two reasons. First, it helps to illustrate
the varie«y and richnéss that is available in “he aviation

3-4 daza tas2 for characterizing mairnterance ac+*ion
Althcugh thsre are reiatively fzw codes listed herz, +*hare
are hundreds of nalfunction (MAL) codes and many more in <hz
cther categeries.,
Tre seccnd re<ason £cr pressn<tiag +his daza i1s =-hat*
h!

these mairtesnance dzta ccdes skou provide a 1e

t‘

n

QO N
3t
n

el

3

f

d
¢ifferenvia<ing tepairs izto *he *heorized procec
Esocess +wc o0f +h2 moidel. This w
or.

(S

follewing sse=

C. ABALYSIS OF THE TAT ELEHMENTS

As was ncte =arliez, the =s=ablishmen: of <+he repai:-
systemp 2s tuéc parallel processes Is an important elemen+ of
this pcdel. The fcllowiag brocednrz was used <o daveloep
this ccnczpt., Fizsw, =<h2a lack 0€ Zindependernce of *he cur-ens
TAT slemen*ts is =zhcwr. Bised upcn thls resul%, a new vaci-
abl2 s=coyc+ture is javelovpeid, I+ i5 <hen shown “ha< the IAT

data fcr +*he =cerair ;zccessirg *=ime are not distrituted in
e pair process is analyzed wish
|

n
the result tha*t *here are aczually multiplas rsepai:x

cccurring simui+anseouvsly. A siaple model is <her hvpch~-
€sized which classifies all cepair ac=icns in“o twoe subsas,
depznding sclely o¢n <ke existence or absence of AWP <=ige.
These *wc urderlying processes ar2 shown to be independent
cf each c¢ther and t0o have expoaea<ial dis+tributions.
Finally, r<cevised TAT limits for use with the new variabdles

are present:zd,

u9

i Lt IO

Alanraieene g
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TABLE V
BANGER Data Ease Maintenance Characteristics
Cafegczy/ Fn=iz2 RANGER Selac4ed
K2y Valaes Daza baszs (%) Sampls (%) |
acticr Taken (AT)
A: Nc repai:z required 24103 (13.2 503 (17.4
C: §epait 8488 (46.4 1980 (68.7
Jd: Calitrated 1207 6.6 ) C.0
Cther Tepairs 398 2.2 19 0.6
KEEPAIR TCTAL 12503 (68.4) 2502 (26.7
1: ECM~repair nc< 2435 (13, 3) 134 ( 4.6)
autkerized
4: ECM~lack of parts 822 4.5 37 3.0
S: ECM-rails checkE*est 650 { 3.6$ 47 g 1.05
9 gcn-geycnd av*thozized 1212 6.6 106 3.7
€p>
CtherpEC!s 535 i 3.5§ 8 i 0.33
ECY T0TAL 5754 [31.%8 382 (13.2
Cther 2¢ziorns 18 ( 9.1) 0 ( 0.0)
TOTAL 18278 2064 ;
Yalfurc<ion Code (MAL) 1
070: Brcken physically 842 4,5 1095 3.6
1272 Ispcoper adjustmant 1691 3,3 555 (19,2
169: Incprrect vdbleage 571 3.1 225 7.8
242 Fails +o0 cperat? 2031 (131.1 127 4.4
«5S: Nc sutpu* 731 4.9 149 5.2
290: ATE test failurs 4901 (21.9 351 (12,2
374: Internsl failuca 311 4.4 118 4.1
799: No d1=2£sec* 1893 3.9 372 (12.9
€QU: Nc defzict,scheduled 1575 3.5 126 4.4
maintenance )
Cthezx 4222 (23.1) 756 (26.2)
TOTAL 18273 2834 !
Typ2 Maiptenance Pericrmed (TH) }
E: Unscheduled 15791 (8v.4) 2737 (S54.9 ]
C: Taily Inspection, 452 2.5) 132 4,5 |
B: Calefndar Insgection, 579 3.2 1 3.0 |
S: Conditioral lanspaction 1272 7.02 2 0.1 {
Cther 134 J.9 14 0.5 |
TOTAL 18278 2884 :
When LCiscovered (WD) {
C: Infliqh.£ 20 abort 4076 €22.3 1187 zu1.2g
H: Eetweén £lighes, 4083 22.3( 891 (3C.9
ky ground cfew ]
W: In 3hop 4320 323.6) 181 { 6.3g
Cthsr 5799 (31.8) 625 (21.6
TOTAL 132718 2884
50




1. Independence of th2 TAT Elamenzs
Chagter II gfrovidsd =he curs==er* procsdurs for
limi+ing TAT element chbse-vaziorns. The 1977 ASO s=udy *“tLa=

devslcped *he currert limits, (R2f. 4], assumed <«he TAT
elanen4s to ke independent. This i3 ot 2 valid acssunm
Chi-square tests of independernce with ao~-lzvals cf 0.0
<> ~he fcllcwing conclusions:

a) In-process <ime (IP) is indepsndant of -he cther +~hres
* e

g¢lamen<s. This was expectzd b2ciause I2 measures <he
time <reguired for adwminiscration ard <+ransgerzation
func*icns psrformed by the operaticnal l:zvel (squadrcen
gaizterance perscrn2l axd <he local suoply 2czivi-y,
arnd is not rela%zd =0 *he cepair process i-s=21°f.

b) Sciedulisng =ime (SKD), repair tim2 (3FR), 2nd awai<ting
racts <imes (AWP) ara act Independern= variazbles., These
*£zee wvarizhlss mzasurs the funczicrns wmos< clcs=zly
related <0 *h2 actual repair, and thsir rela%*icnship 4¢
sack c*her is nc¢t sucprisinag.

Tabls VI pcecvides <he z=s
a

l=s of <he Zndep2rndence <eszs
c Az

&<
31
B 3
]
3
i
[
1
a8
m
o
o}
n
Ih

ptevides a

using E=2ac
¢

part C cf the tatbls. Bot sets 0f %tes+ts iadicaze %hat =zhe
hypcthesis thka+t I? is independen:t ¢f SKD, RPR, and AWP
cannct be rejec+ad. The siganificance levels 2f <~he =ests
range £frem 0.207 +c 0.340. Thz +es*s for indzgendernce
betwser “he SKD, RPK, and AWP clemsnts are all rejec<ed a+

“he 0.01 level,
4 derived variable, «called repair-cycle <time (RCT),

is rcw  formally defired as <+he <csum of +he =ech

vepair, azd awaiting parts “imes for a giver ma

acticr.
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TABLE VI {
{
TAT Element Independence Test Results
A. Dsfini%tions ) .
Time pariod measuzsg,
TAT <lement 1 From Jr+il \
IE :Ic pIogess | T=moval | recesip~ at IMA
SKD:Scheduling ‘ r2ceipt az IMA ‘ WOIZk star<s
PER:Repaic work stacts completion
L2ss AWP +iae| ’
AWF:Awaiting pacts{ werk stoppage | work resumes
B. Chi-sguare tests for irndepsndsnce wzre cterformred
¢ +ke data elemen<s usiag SPSS, Dazta fcr <ha
glemen*s were grcupad intgc Ca%egories s¢ +hat rng
czll would have lsss_ than 37 fcC an expecsed
ckservation., Test Tesulis ace listed as follows:
Chi-sguare: VAR2_
=23t value
VAR1 (1. £.)
sig level




RCT = SKD + RPR « AwP

(3.1}

A test cf irdependence betwsen BRBCT azd IT yiel

square value of 3.5 with 5 Jegress cZ cm ard 2
significance level <c¢f 0.628, leading ¢ 2 conclusicn of
izdependercs: between RCT and Ip.

The use ¢cf RCT as 2 x=y variable Zz a siamp.s ncdel
is degendsn% upon +he ass2r=ion tha* iz is zxporer<ial., A
stazistical *es« ¢of <this asszerticn results in rzjec=icn of
the expcnen<ial dis+zibution. Thz mean of XCT s 3,793%; an
exporernzial dis<ribu+tion wi<h <his same 1sa2n woulld have
approxime+tely 32.7% cf i-=s i2ys, z2ni

KCT tas
2384 chserva*i

3
gcre <h2se categories: 7T1.(0% (2048 c°*
4)

0 : 2
10 days c¢r amcre. fermal tes= for thse exronen+ial dis-zi-
taticr was perfcrred i+h <=hs Lilliefnrs tesz for-
exponential dis<ribntions. Ths resulziag v=lus was 0. 383

*h o

e

with 30 degzees c¢f fresdcm, which leads tc +he zejzetizn of
Lypcthesis tha« the dis<rituziozn is =x
0.G1 lavel of sijnificance.

Similaz <conclusions
s-udy [Ref. 10].
pasts zach roughly appzoximated by a:n

Ve Tte

In tha*t s<tudy <n= 2

!

empizical distributisn 2f <he RANGTR RCT lsrnds
a

sinilar cernclusiorn; 18 =

fsocesses wi+h different mean =inm tg -
neously, theiz jeint distcibution could exhibi< +khe
characzeristics that “he RCT distribu<icrn does. The fac+or
¢z factcrs *+ha=z items in<=c ¢n= n: the

i
facilita<e classifying
e m t
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Table VIZI

tions brcken

grevicusly

JaLavenance

rumber »f czses

avsarage valu

daviaticr.

thera aze differences in

codes
averags &RCI
zapaized)

Z parzs) k&

o
0
Y
(31
[t
[}
[

tiate <he

. Fcr the AT ¢cde

“w 0O

had a 71=an

variable

¢iffzren~ia*+e be=ween

includes AWE
W3r2 Tun ¢n
r-ovides thne
trovides +he

the fprccess2s
tine within
RCT wi<hcu=+
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TABLE VII

RCT Values for Selected Data Elements

Catsgosy/ N
Key Values
Taken (AT)
¢ repair T2quired 533
€2ait . 1989
by :egat' actions 19
FEPATIR TCTAL 2592
3C¥-revair nce 134
au~hcrized
ECY-lack of rpar:s 37
ECM-fails chéckE=est 47
H:Eeyo* aythcrized 106
géCﬂs 8
ECY TOTAL 382
TOTAL 2384
urc+isn Coda (MAL)
: 3-ck2rn physically 105
: I[xgroper adjus+ment 555
: Irncrsrfaect vél=mage 225
: Fails to operats 127
: N¥c o1tput | 143
: ATE =es% £ailurs 351
: Inmtgrpal failuce 118
: ¢ Jzfect 372
: Nz d2fect,schedulad 126
miin-erancs
E3s 756
TOTAL 23884
Maintzanance Perforamed (TM)
Unscheduled 2737
Cally Inszpec*ion 130
Calendar Insgection, 1
Corditional Inspsct:iorn 2
€I 14
TOTAL 2834
Tisccvered (WD)
Inflight, no abo:ct 1187
Ectwean f;:ghts, 831
Ly around ctzw
It Shop 181
&L 625
TOTAL 2884

Mean
(dzys)
0.79
3.82
16.05
3.07
0.26
26.77
9.96
7.53
6.83
8.54
3.79
2.59
1.11
5.15
1.43
11.03
9.07
5.09
0.78
1.47
3.79
3.79
3.88
1.95
0.90
1.8
3.71
3.79
4,27
3.29
2.09
4.10
3.79
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R IR S I Pt ‘/“Jh“-"“s*-‘.

explairing the varialilicy of RCT when using “hs fcur pain-
tenance ccdes (A1, YAl, T4, anrdi WD) and the presencs 2
separat2ly =¢c =Ty *o expiain the variance. The *test r=vezlad
that all <c¢f <the «ccdes exc2pt TM were significan
explaining ths variarili-y. The sum of squares sxple
WD, evsn thcugh sigrnificant, wvas small compared tc <he sum
¢t sguarss extlaired for <he oth2ar thzee va
Cons=quently, when testing fcr +he signifzcance 5f the vaczi-
aples wher usad tog2ther in the ANOVA =est, only A7,
and AWP wers used. The result of this test is prec
+he bcttem of part 3, and indicates that AWP
single indica%*or for explairing the
Far<~ 8 o0f the “able shows
+he sams *es+ws, but using the sum SKD+RPR as <he variztlie =»

¢ exgplz2iped; <he reason fcr doing <his is =

ziakilizy ia a wvazriable =<ha+ i=xzcludes AW tims. The
rasults are similar: MAL, WD, and AWDP are the best iLndica-
=0ors when *zsted separat=2ly, but tThis “imz MAL =<uczs cut <o
te 3 slightly betz2r indica+or when “he =whrze variestles z-z

¢ summariza, th2 ANOVA':es:s r2vealed that <hz tess
variakles fcr use as factors o differentiate the rczraic
trocessss were tha MAL ceds, the AT cods, ard ths
existencz/atsencs of AWP. These wars 21l siqgnificant a< the
£.001 level whe+«her AWP <ime was includ=d in RCT c¢r no+«. The
AWP ccd2 prcvided the greatest abili+y <o explain varia*icas

in BCT, which includes AWP tinme, ad the MAL code prcvided

a
the greatest ability to explain variations in <*h2 REE+SKD
A m

times (i.es., RCT withou* including AWP <ime.)

Use of the MAL cede <fcr Jdifferen<ia=zing <cepair
processes is protably the mos= logical choice, bu<+ therz is
an inharent preblem. I« is 2asy %2 accep: tha<t the =yre cf
repair acticn necessary for a ni%t 3spends upon the exace
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salfunczion it thas. There are, acwever, 8y Alfilsrenc

ralfurc=icr codes used £or various :i<ems in the szmpl=. I=
is not prac=ical “o dz2fine a simple mecdel fcr =zach YAL ccie,
and grcuping codes became too complex a +ask wichin thz time
availakle. Conseqguertly, the existance oOr z2dserce 2% AWD,
- which is <hz second-kest discriminator, Was us<d ¢ d:fine

the twc revair processes shown in Piguzz2 3.1 .

The fellcewing defirnitions +ill be used fcr the tTwe
repair procasses, modifying Equa<ion 3.1

a) fcr actions wi+thcut AWP tine:

RC1=SKD+RPR ;

RCT = RC1,
b) fcr ac=ions with AWP tinme:

RC2= SKD+RPR;
RCT = RC2+ AWP.

I+ is desirable t¢ main=ain a 4istincticn petwesn the AWD
self and RC2, even thecugh it 13 =he 2xis+t=snce ¢ W

used to differentiate 3C2 bl
The propcesed model will assums
ailr prccess, which weculi no
scheduling and repair functions. AWdP <ime 235 zctuzlly “ime

cut 2f +he process, and +here is nc physical zeascr «t¢
expect a caracity corstraint on “ha AWP prccess. Statistics
for RC1 arnd RC2 are lis*=2d4 in Table IX . Paz+ A shcws *he
rusber 0f cases, avarage SKD+RER value, 3ard starndazd devia-
tion ¢f the SKD+RPR valuec for the two g-cups of main“nsranecs

actions defined ty the existence c¢r absance of AWP. T
thke hypothesis ¢ha* the groups arz from the same populazion
results In rejec*ing this hypcthssis at the 0.001 leve
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TABLE IX
Bepair Cycle Values for the Two Processes

SKD+RER otservations.
dard
conside-atly higher. Tes<ing the hypothesis zha* bo*k gro

A. Aralysis of the existernc2 or abseace of AWP “Zax2
prcvides the following values for (SKD+RPR):
Catagory N ¥2an Stanrdard
(days) Devia+ticn
. (da§S)
RC1: No AWFE tinme 2485 1.44 4.21
RC2: AWP occurrced 3ag 4.73 9.19
TCTAL 2384 1.90 5.19
in ,apgrox1mate t-test using sepaTa*te _variance
eT=imates yielded a value of 7.04 with 425.2 4d.%,
F=2.C0 .
8. aAnalysis 0% the existencs or abszncz of AWP *tims
prcvides the following values for RCT:
Catagory N Mesan Standac?
Deviatice
RCT $=RC1, RO AWP) 2485 .44 4,21
RCTI (= C2+AHP& 399 18.45 19.13
CTAL 2384 3. 10,03
An  epproximats <«~-=2st us;;g separat2 variance
estima<es yielded a value ot 17.64 with 404.2 3.7,
g=0.C0 .
C. Ccrrelaticns cf RCY ani RC2 with I? and AWP.
{ { It { AWD |
-.C130 { ne AW®P
FC1 (20855 {
£=.25 {
| | . 0189 { . 1733 {
I FC2 ' ( 3995 } ( 3996 ,
p=.35 p=.00
Farz B of the *able provides 4he samsz basic infecr
+ion as pazt A, but includas the AWP time Iin with

The resul+ is tha< +he maan ard s-

daviazion for the observations that 3iaclude AWET
n

(
|
—

ra-
the
an-

ups




ara from <+he same gpopulation is again Tejected. Fzzt C
pcovides ths Pearson correlation coefficient (R) «3s~ for
independercsz o9f 31 and RC2 from IP and AWP. RC1 and RC2 z:Ie2
accepted as being Independent fzoa 1P, but =es=ing RC2
results in =rejectirg *he irdepenisnce hypo+thesis, as

expacted.

rh

Tte follcwing <£igures illustraze +he bresakdown

w

o
~he decuompcsed cyclas. Figurz 3.2 p-ovidss <=h
C

i : ticn of zepair cycle days (SKD+RPR) fcr all acticehs

% ir *he selscted sample. These sams observations are pletnzted

; as =we¢ serarate distribations, baszd on AWP, in Pigure 3.3 .

! The Fl¢t cf£ RC1 :is seen *o have a very small teil, as

' gexpected. FC2 has @ leng %2il, and iacludzss ac¢st ¢cf <he
longexr acticrs. The z2duction in =*he @mean apd s=warndazad
deviation cf process one times over the aggTegate tigss is
“he resul=s ¢f rTemovinrg most cf <h

he slow moving Jdaintsrance
acticns. The fact trut the standard deviaticn is 1
high fecr ths distrihution +o0 be a zrue exvonzntial i«
ially édue <o a few very largs numbers, which az=
canscred whern data lipits are applizd.?

Fesults of fcrmally +<¢s+inpg tans distributicns ¢f &CH
ard RC2 with the Lilliefors gocdrness-of-fizt +z2st for the
rull hypo+hssis *hat each is an exporeazial distzibuticn ars

as f£cllcwe: variable RC1 has a +2st value= of G.078 wi+h 30
degrees c¢f fresdca, which results in +ha cenclusion <tha< +he

null hypcthesis canznct be rejected; variable RC2 has z =est

value of 0.083 wi=+ 30 3.¢£., wioich 2lso =rfzsulzts in =he
conclusicn *bat *he null hypothesis canno* bz rejecied,
3Al‘hcugh the data base ccn=ains observazions fcr RC1 or
FC2 that aré large ccmpared “o  “he mean (g.9.. 10-30 dazs),
there are also obsefvations in excass cf "S0 days.  These
da<a cbservatiQons are no= consmd r24 to be represeztativa of
+he actval uwnderl Kln repai process. Obsarvaticns 1liks
these, thch may havée resu1t=d from pocr daza <nty fproce-
duzss, <force tLh: use ¢f uapper laimits (constraints) L =he
da*a used tc¢ compu+e allowances.
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£(4) 0.50
T oa
0.45 + et €171 1-0 3 At
- N M2arn Selo {
- 2884 1.396 5,313 |
0.40
.35
0.30
- %
C.25
0.20
0.15
0.10
- *
.05
- *
- *h
- xk & *
0.0 + EEEEXEKERRE AR KKEX KK X
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Fiqure 3.2 SKD+RPR Empirical Mass Func+iom (all actionsy.
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- + 0
£(t) -
0.45 ¢+ - SammaTy - i
- - Process 3 Mearn S.D. ‘
: - One 2485 1.440 4.210
| - , Two 399 4,734 g.192 |
f 0.40 !
: i
0.35 |
- {
- |
- !
3 0.30 ¢+ o {
- %
0.2¢
- *
0.20
C.158
- %
0.10
- o
- *
c.0¢
- *
- % *
- £%
- CCCO %k%x%k %k x%k Kkk X%
0.0 + QOCOAC+++00+000+O++++++ O .
Ll DL R S it L B R ek ks 4 ime
0 s 10 15 29 25 30 >30 (days)
Time (3ays)
KEY: ¢ RC1 times for precess-ofie repaics f:o AWE
* RC2 times for prncess-two repaics (withnh AWP)
+ nul+iple cbservations

Piqure 3.3 Pmpirical Mass Punctions for RC? and BRC2.
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£¥

sed TAT limizs

————

2.

+er II discussed some problenms

m

Cha o 3
put recognized the nsed for scas limit *c be applied.
Analysis of the sample data ravsaled <ha= a

tirg limits had a very szrious effec* on %a2 s=-a=is~ics
generated by <+he data, particularly for :in-proce
The existing one day limit reducsd the mean value fcr ID
from 0.646 days *“o 0.158 days, a r=zduczicn of mcre <han 75%.
SKD, limited at 3 days, has its mean value red:
0.557 days *c 9.339 days, a 39% ceduc=zion. RPR ar

!
similarly reduced, ard *he final reduc+ion on TAT is fro

m
4.44 days dcwn *c 2.74 days, a 38.3% reduczion. Ev using
these values o ccmpute allowances, i+ s in fac* irglyiag

tha< th2 rsxt depioym=sn* will have 38.3% fe

W €
repair trecsss cn ary given day =han =he J=zplevacrnt tzing
used as a da%a base had,

Because these rsduc+ions s2sm qui<e s2vere, wcdifizid
iimits were develcped using apprcxima<tsly the 98th tercsan-

+ile oI *he 2mpirical distributions Ior =~he vacicus TAT
ntz. Table X Tesents the cCssu

Farz< A of the the talle shows saci TAT elea=n<=, *hs =2
limi+, the raw (unlimited) 2014 lim

rumber of oksezvaticrs in the saapls <h q

th2 percentags of observations limitzd. Part 3 provides <hs
same infcroma=icn, tut with cavissd TAT limi<e dev
thzough analysis of the samplzs daza. Tha <fssul% ¢c€ u C
+hose rsvised TAT lirmi«s is =<¢ rtreducs TAT foom 4.44 davys 42

N

2.80 3days, 9z a rceduc=ion of 14.4%, which s 2auch lzss
SevZiTE. These modified limi+s will be used when Jevelcping
allcwances with +*he proposed model, ard +Yeir eifsc*s on

bc~h *he existing and propcsed medels will be shown Ir %he
simulaticn resul<s. Their wus® is not mean* =¢ imply =hat

u
*hey ar2 ccroect values £or the avia<icn 3-4 syssemn 2as a
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TABLE X
Revised TAT Limits
A. ©Effect of sxisting limits on sampiz diza. {
TAT Exis*tirg Average Cases affec*ed
Elzgent Limit Raw Lini<ed 4 (%)
(days) (days)
It 1 day .6l . 158 125 4,33
SKC 3 day « 557 . 339 91 3.16;
RPR 8 day 1.34 . 886 93 3.46 [
AdE 20 day 1.90 1. 36 93 3.22‘ |
AWE* 20 day 13.7 9.85 93 i 3.31 {
TAT -——- 4,44 2.74 359 12.45)
$AWF averags for the 399 ac+tions thax had AWP
B, Effec- 2f new limi+s cn sampl2 da-=a. |
TAT New Avarage Czsas affectzd ‘
flzment Limit Raw Limicai # (%) |
(ays) (Cays)
Ip 6 days . 6U€ .3C6¢9 52 (1.84)
EC1 12 days 1.44 1.18 N
(Gni+s wi*hou= AWP} 53 2% 2485 (2.13)
RCZ, 35 days 4.73 4,45 ;
(uni«s with AWP) 3 0of 399 (2.031)
AWD* €0 days 13.7 13.5 A R
(tnits wish AWD) 7T I 399 (1.73)
TAT - 4 .44 3.80 120 (4.15)

o o st
whols tc use, byt rather +ha< scme zelaxza-ion of +the cazrens<
laaits 1s warran+ed.

4. IAT Analysis Sumpazy
I* has teen shown <that <he TAT elemon=<s aTte IC=
independent, tha~ repair cycle time is a0t exponential, and
*wo independent subprrccesses can be defined based upcn the
existence or absence of AWDP <«ime <ha%t are accep*ably
expcnen=-ial in distritution.
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The existence orT aksénc2 2% AWP ¢time is i=<sgelf 2
3

conditicr depends=nt tronr 2 numbsr 2f factors. The ccmplsxi=y
cf a malfunction, <hs inabili-y of test eguipment <°r =echri=-
cians tc isclate <the fzuls Or the nonavailabili-y of <h=

correct repair parts may cause an Itsm *6 g5 AAP. Nc siarls
invantcry mcdel carn take all of <has=2 in%o =&acccurn<t; =he
SPECTHRUM 1lerge scale sizula+tion syst2m Jevelopz=d a* <he
Naval Ai- Develciment* Center, Warminster, PA, s rrotarly
the crly system that enccmpass2s =zuch 3 lavzl of ¢
Howsver, any allcwance dsvalopmen= model Cf Ths o
SPECTRUM is *toc large for day-to-day uss., Ccnssqu
simple agpprcach of recegnizing ths  Lzhezsnt diflecsncas
betweer repair actions that caus

is the <closenx methcdé for 4d2£finizng *he =

g-0Cecss=¢s.

D. TBEORETICAL BASIS POR THE PROPOSED HODEL

1. M/M/1 Quesue Characteris=ics

Th2 M/M/1 queue s <he simplest slzsmen“ary gususzing
model which providas <he capgabillity ]
system as 14 apprcaches satura<ion. I= a2ssumes irn<eraccival
times ace expcenential, rCepalis *im3ss z2ze exponentlial, z2cd
“he-e is cnly one server. Iz poractical
have a rumker «c¢f *est bsnch2s or ==chrnicians capabls of
r2paizing an itenm, but o=her jobs, do
g~c. M3y =ceduce the efifective numbar oI sarvacs
Consequently, *he physical gusu2 mey 31isplay charac=etistics
eimilaz *¢ <hat cf ar M/%/1 systen

The state diagram ( Piguze 3.4 ) providss +«he tasic
chasacteris+ics *ha*t will be used t> compare +*he ¥/M/1 model
with *he existing mcdel. The s+a<*2 probabilities are easily

detzrmined from the s*ats transition Jdiagrem 2s fcollcus:
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A T(e) = prrer),

so
T ) = é@'v(d,
TrC) = eTr(o)}‘
5 (A+)u)*rrcr) 2 2T (e)+ /uF'(Q),
o
TRz o 7,
T =Q W),

Trcw) = e’--rrtu))
ard ir gernecal,

(Xr‘f&) min) = /\-n(n—l) +/,(_7T (n-ﬂ))

£0

T (nee) = p ()

T Cnet) = Pml T (o)
Wwith th2 specificaticn <hat all sta=e probablli<ies must
TC CnE,

PR

2 med) = 1,

Lo

77'(»\)://-6,)(3' O<p< 4
Since tks desired gzuan=izy Is <hsz Juantizvy
tha=< <“hs prckabili4y <hat fhers ars 2 oz less I the =v
2guals the safe+sy leval rpacame=2z (S1), ¢ is <cnunid

sum




! axd ¢ solves as

Q- L (1-80) _a

An Inver-..y nodel “ha~ satisfies the assuymp*icns
o)

lis*ed iz Fiqure 3,

4 St
Gguickly saturate +the system whern th=2 sezvics -z-e i1g lsss
1) I

than the arrival rate (¢

arnc2 rpzziol during whic! sazuzTasi B
¢ccyur, causing <whe number 0f uni<s awalizg 3service 42 baild
up. Th=z exniur mus<T <hen p2 fclloweld by a gericd

having

Gt
(= BT
"
=]

allowirg 2

ot
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ot
o

18]
O m
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13
]
0
D
0
n
oVl
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ot
s
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J/M/700 gueus poiel

[ N
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Q u
j$')
-
in
12}
)
te o
i
]
[}
=
113
3]
(D

c
always exough  s3cvers available *2
E)

ice o arrtiving units, This is 2c* *he ¢
S

1S S o]
[ SRS
w0
<
L 1
~N (o7
1]
in
1))
te

excaeds *he ssc-vice rata. A Jueueir
cons*raint was choser specilically to 1

When the M/M/1 gqueucing medel 3

19
a=ion where *he tumber of uni*ts <hat m2y Teguire s ica is
infipi+z, <he <expected number in +thsz syszen, P= P//—e ’
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increases without bcuvnd as the value of Q@ approzchas nnivv,

For 921, ~h2 is no s+*2ady s<ete solutica €2z +<he rnanzer
cf units in the systen.
In «ha actual situations =2 bs amcdelled, *however,

th2 gcgula=ziorn is fiaite, <hough generally lazgs W
rsspect tc <he number in an unsa+turated gueu=. This si-

n is mcre fcrmally cteferred <c as a M/M/1//K systar
irdicating =hkat *he arrival ra<=z, secvice ratz, anid
ssrver assumptions <¢f the M/M/1 gqueueiny mcdz2l  keld, tu-

1)

w.th thz addi<icnal specifica=ion thast =<heze 272 only K

units +that may fail 2nd 2n+téer =he systsm Zor -:pair. Tais
sys=ep has teen 3ralyzed separately <fzom <hz 9/%/1 moizl in
availapls literatuce, and ~he Zormulaz £t “hs  =zxpec=ad
number in <h2 system as zpproaches oz excsads uanl+y 2:ze
quize Jifferent. The foramule=s providad In Figuze 3.4 wzrz

cbtazinel fr-om Mczse [Ref. 15: p.

1
s+ P = number in +%he repair systen,
ic:

=
\

o3
o
D
[B]
[N
o}
ot
o
13
e
o
g
G
D)

e+ e e <<t
K-l e>>1..

¢

- 3 . .
The fcinmula Zfoz p<it s P+ € ¢ 13 2 sz2ccnd oxdaT a2prroxiga-

tiorn for the s+eady s=tate foraula uased in +he infiniee
apprcximaticr case. The formulasz fo: aporoachizg o<
sxceediny one ace sigrifican<ly diff2rzsr*. The numbe= of
i=2ms <=tat caa fail in ¢the <infini<s populaticn cass is
assimed to te 1afini cegardliess of +he number c¢f it:zas
“hat rave aliready failed, and <he arrival ri*e is ccns=asnt.
With a fini<e population, however, the number cf i-<emg <ha+
¢zl fail dacreasss as *the aumbsr in “ns Iepair £ys3<=em arcws
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and the numkter in the system ¢an nevar exceed =he pcrula-icn
size K. Ccnsequently, <he stzaldy state <forpula Ico @ =1
solves as P=K/2, and the limit as P—>o00 s P=K. Thz na=zure
cf ~he system to which the model is being applied, czirzazily
air sta<icns and aircraft carziarts, mak a2 c
tion mcdel <coonsiderably more appropriate +han <+he infinite
ropulaticp mecdel.

Cre addi+ional cecmmernt abcu:r 3pplying =his pedel *o
Naval Avia*icn activitiez is apcropria<e at <his poinz. I-
tas tesn assumed 4hat the secvics zazt2s is c¢ensgtanzt; ia tIac-
tice i< will vary scgewhat wi=h the ]

o
e, Scme units sxparience imprso

sarvic :d -e

rumber c¢f tacklegged units increass Dbecauss cf pricri=y
rapair. Scme icems requicing pisce-pacts obzarve shorter AWP
times wten cress-cannibalizastion wiza iwemsz alceady  AWD
cccucs, Theres is ir fact a degrsese ¢f extza Tsralr capecity
that teccmes avbparert duting azan demand oericis, Xesping
the sys*em below saturation unless 1+ s ohysically 9+
pessitls %0 impreve saervice times (as szsas ¢ D the case
with VASI). Regardless, <he point made =zrlizr in ~hs CAEAL
szuly, {Bef. 11: p.3€], <that ei<her *time nus< pe rrovids=d =2
werk ¢fZ  <he backliog or ceadinsss dzgzadatisn Wwill zesul-s

a

aus= ks <aker -0 heaz« by <*hcse who d=esign =he sys<team, ard

ty thecsz in ccmmand.

The EANGEIR data Dbase od=ained £o- analysiz did ro-
a

include the populaticns of *he i-<ems =ha+ faiizd. fFrca <xgz-
riance, i+ is known *hat the pcpulazicns may Tang2 Zrca 23
t2w as fcur, €¢r ar 2-2C specific iza2m, <=3 acr:z <than =
hrundred iz <h case whera *her2 are mulzizls ins=zlla-ic¢ns
¢n differen izcraf+ types. Conseguen-ly, az+temp<ing =c
es+ima<e K for the differen+ items baing s+udie was no-

considersd feasible. Additicrally, +<hes exac:t =
configu:aticns for some weapons syst
inforvma<i¢n. In order to perfora *h
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test the model, *hLarefere, 1t was n2cessacy 4o

approxiamaticas f£or “he aumber oF units in ¢hs

firs+* apprcximation ss*timates <the nu:

buildup In a satura+ed (e>1) queauein v
The second apprcximation was adap+ed €:

om *he fizs*
(buildup) apprcxima%ion to allow application when e < 1.
These aze presented here, and wers progranied in*to -ks simu-
laticn allcwance ccmpata*icn roiutines <o allow £cr <th=

computaticn ¢f "reascnable" zllow:ncs quanti=zies when ¥ was
not knewn azd @ vas in the r=g3ion (1-§,00) (§ smally

The buildup =rca“2 approxizatiorn was p
Newsll [EBef. 14], and ob-ains a soluzion €20 & =ra

Pl

sta<e by es=imatiag *the ra+te of buildup of =hs gua2uz 12 a-
ellc

infipits porulation. HKis formula was adapzed as fecllcws:
lec
M = servics rats;
b = depand zats, wizh A >p (p> Vs
T = expectaed *ime in system;
P» = expectaed nurbec in =-he queue a= <imaes O,
F-i0or *0 satuca=lior,
= AT
B(«') = Exracted backicg inczeass during (0,=!
= (A-p) X 2,
QB (*')= the nugber £czI Wwhich +tha valusz ¢f <h2
CCP of a Bcissor 1is%rzidu<ion wi-% mear
B{+') Iis _closest t¢ “he Zequized safz-y
(SL) ; 2nd
2(*") = number ip <he guey=s 2% tims =',
Thax
Q(¢)=F, » QB) (3.5)
This exrrassicn for <he buildup ra+=z is cnly =2
first-czder approxima+ion in +he case 5Z a fini-=2 pcrula<icn
bt=zcause the cbserved demand rzte fr>m such a popula%ion will
d2ccease as *he number cf items fzom <he popoulation waizing

)4
e}

“he gueue grcws. The failure 1r3t2 pear 1ai= mey cemairn

n

Pt




coastansz, tut <+he number of RJFI nunits will =z+t==24:ily
dacreacss, *hus lovwering <he observad demand Ca+e.

Thz seccnd approximation was adap«sd £rcm <ihe
approximation %o allow for computation ¢f allcwances

E1ildup T
in the regiecn (1-6,1 J, (& small). In this <Tegicn +he
tuildup approximation is not applicable bDbecause there is no
tuilcéup expected: Aéf~. The fini“e population approxima+~iorn
¢f +*he nunmber in *he rep2ir system £¢- small e P= ¢ + et,
grows <cs*tgadily worse as @ Eproach2s on: because <hizd
crder gnd zighe:z terms beccme significarnt. As p-evicusly
statred, <+<hs =expected aumber ia a systep with an infinite
populaticn increases without bournd as @ approacnass unizwy.
=z

The £ini+e popula*icn approximations fcr @ clecse =c  cze
h

would pzcvide values close %o K/2, byt th: valiue of K is no+
availiable. There is a n=ed Jdu-ing siaulation, acwevsr, *c

eszaklish allowarces £¢r 3 faw itemas Which have ¢ jus=t lass

+han cne. Consequer+tly, <hs followiag simpl= aporcximazion

for <he rumber in the system was davalopad.
In theory, ar inventocy modal atz+<2mp<3 =0 prcevids

allowancs jJuantity ty estimating *he dist

rumber sf units in the -2pair sys:tzm, =hen findiaqg

+i+y =u

O

q
h +hat zhe wvalue of =<ke CDF a< <ha*t quanzizv is
has

€qual tc the safety level. The approximation chssen £cco o
ina =he intacval (1-6,1] (€ small) w33 <0 aszume “he rumksr
¢? demarnds duziang a <=ransien* in<erval weZs Poisscn with
a2 X, tut <hat repairs were dezzz-ministic with ra=s= p -
The fcllowing formula was actually appliei:
1zt

T = mean experienced vrocess <ime;

¢! = length ¢f endurance period;

Pc = *he expected number In <he syst=zm at =ige O,

= Ax T3
SL = desired safety level;

n

A x %t

cexpec~ed numbzr of demznds in (0,='):
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QL(t') = the rumber £for which =h e value cf +he
CDF of 2 Ecisscn d:istribution with rtate
AX t' is closest to SL:
ER (=') = =xpe cted numbcr ¢t repairs in (0,2"),
= p@Xx t'
2(t') = desiresd allowance.
TLen

Qer)® P, + QL(¢) ~ER(€),

Equa+ior 3.6 will be referred o as +he determiniz<ic zepai:
apprcximaticn, and “he quantisy Q(=Y) will b=z used as =a
allowance when the €fcllowing conditions ars me*:

a) @ < 1,

b) CL(%**') > ER({t'), ard

c) C(z') <p/(1-p)-

The use ¢f Ax T as the expected aumber in *he =system as
time 0 is s=raightforward; It is <the number expected =¢c be
in “he <sys=em a+< any given =iam=. Arrivals are 2a Pcisson
rocess, sSo the numter of arrivals in <as p:3ri

o
dis+ribu*ed as 2 Pcissen random vacriable. A=zsu
©0 be ds*=srministic allews the expected ~umber »f treraics in
(0,2') tc be ccmputed siaply as g x =<', wi=h <he uxndsr-
starnding *ha* there is always scaething 2o th: syste:

n

b
Tspaired. when (% grzatec <+aas oOne, =he buildup

apprcxima<icn is used.

E. A CAFACITATED MOLEL

The irnventory mcdel propcsad for use with naval avia=iorn
repairable i+tems is provided in Figur2 3.5 . The f¢licwina
grovides a detailed lcck 2% how an alilswanc
with it.

e can be comru<ed
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Repalr Process One

s S i, i ety e e

T = RTT
(2) I
+->—-I SKD ‘ RPR | =>--
{ | |
(@) - - { x |
EaIn { (4 ]
>-=-=-=| (IP) -——D-=-% +=-=4--> FFT |
————— | | !
\ L
5 T 5 { +‘-(2 3CH
r=>-- -D>-=+ >
‘ SXD | RPR ‘ |
+=>=| { { =>= |
3 | —_ |
| | {
+--<---; AWP ,---<--
- t
T = KTZ + IWT |
Repalir Procass Two }
{
------------------------------------------------------ “
CLescric*tion: :
{1) all gyni+s enter the system, ani go <hru l
administrative prccessing, msasucsd by IP (
. |
(2) A numpber (NR1 + NBV) of thess anics enter |
rapair prccess ore, and ace servid with {
+*hé average RC1 <iaa2. |
|
(3) The =zemaining units (NR2 + NB2) ven<*er
CEOCESS WO are served ln  the ct=paicz
Facili+y with average <im2 2C1, 224 zpsnd {
an averags time A2 awaizting partsa. ;
(4) Upon completion cf the appropria<2 main- i
t2nance actlons, most of Ths units leave !
the repalr cyci2 rszady-Ior-issa= (Rrl), |
and are ceturied =o inven*ory (Nil ¢ NR2) !
!
(5) A percen<age of the itams zha< 1lgave <he !
Iepair pIccess (NBY1 + NB2) are d=zclazed |
teyonrd +he capability of ths local 1IMa 1
facilic to répair ( BCY ), and acs3 {
returned *o the wholesale sys-em. Arn R’FI |
xm;t is_ sent to the activi+ty <Ifzom <+hke {
#holesale system, 3aad put in Inven<ory. %
{
|
p—
Piqure 3.5 The Proposed Model (Opera+ional).
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1. Application cf -he M/K/1 Meogdel

Arplication cf *he M/M/%1 Jueue mcdel =<c  =<he avail-

aktle data neccessitates mak ing some 2sSSumpTicas zad
manifpulating *he equations listed in Figuze 3.4 . 3ivailable
data provide the irfcrmation needsd <5 compu=e <“h= orocess
rates as follows:
a) Cemand rate () :
le=
NR1? = numbter ¢f zepairs withou+t AW2;
NE?1 = numlter c¢f BCM*'s wi-hou:t AWdP;
NRZ = pnumbter ¢ repaics with AWP;
NE2Z = zumter ¢f BCU's with AWP; and
- = length ¢£ data collec+ticn veriocd.
Thsan
rrccess oze demands = A, = (¥B1 + NR1)
crccess two demands = A = (8B2 + NE2)/=;
<c+al dzmand = ) D N W
b) Tvice rats QM): average tiIa 21 <he systed 1z Xnouwn
om the TAT data base, 2llowi ~he service Z2<s¢ <o bs
ccppu*ed. The subscrip*zd vari Dles =, Xi, Ti) s=and
for +<he appropriate wvariacle in zizher grccess gne oF
twWe:
e = 1 (e

Ti
ﬂ1 = Xl s 1/Ti.
c) Traffic intensity (p)

]

W

.

0 +kz forecast €¢r the demand and servics =
dez2rmined, th2 allowance for <he Cepaiyr oro
as £cllcus:
a) Coempu*s the quanti<ies QLI (z*) (=h2 SL percentile of
the ruaker cf demands *o be received in (0,2Y), W
+' is the epdurance vezioi), and ZRIi (=') (the expected
numtsr of repairs in (O,t'),/ﬂ -,

15




b) Ccmpute the allcwance <£rom cae of the follcwing <+hIee

cases.
1) I£Pi< 1, and QLi(=*)< ERi(%'), wuse “he infinite
pcpulaticn formula (Squa<ion 3.3):

L C1-SL)

Q= -
Lan P 1. (3.7

£ €i< 1, GLi(%') > ERi(z'), use the deterministic
repair apprcximation ({Equa%ion 3.6):

Qi(e)= (A T) + QL (e)-ER () (3.8

3y If Pi) 1, use the bnu_liup 2pproximasion [(Equa=ion

3.5
le+
Ei(:* = 2xpectsd Jueu2 builidup ia (0,=°
( ) b (Ai'/“i) XJ:'; E 1 (0,
QBL(=*) = <h2 numbar for which 4hz value cf 3he
CD® of a3 DPcissen dis=zibunicen wici
ra<2 Bi(-') is clcsss+ =0 SL; and

Ql({'): AT+ QGCCe') (3.9)

These eguaticns allecw the propeszd model e b2 used iz <hs
simulaticn desvics the lack of popula*icn size InZocma=iorn
for the sample items.

2. Allowancs Computation Procsduzs

Dat2 needed %c compu=e an allow

anc
is esgen+tially the <came as <he data na2eded £c- <he Poisson
mcdel, Ltut must be analyzed d:ifferen+tly. The steps azs as
cllc




i) Gazher informaticn £rom +th=2 3-M data base; 2pplv TAT
gelsment limits where apvropriate.
b) Comrputs the following gquantities:
1) ¥RV - nuamkbtsr ¢f repairs wi<hout AWE;
2) NB1 - numksr of BCM's witkou+ AWP;
3) NE2 - numker of repairs wizh AWP;
4) NB2 - numksr of BCM's with AWP;
5) E(IP) - ¢xpected valu2 of admin (in-prccess)
time;
6) E(RC1) - expected value of SKD + RPR +imz fcr ell
acticns whkich had no AWP (¥R1 + NB1);
7 E(RC2) - exp2cted value of SKD + RER =ime fer all

aciors tha= had AWP +im=2 (NRZ + iB2);
8) T@AAP) - expec+ted valus cf AWEF for <+hose i=zems
<ha+ had AWP (NR2 + NB2);

3) T(0SsT) - sxpected valuzs of oZf-station crdsr ard
stipping =<ime rfor 1tems 3CA'd (NB1 + NB2);
1C) = - time pariod over waich “he cdatz was g

11) Fd - tlyirg hours Zor th2 da<a pericd +;
12) FH* - f£lying heur forecast.
c) Comrute “he flying houz for=2cast Zfac=mcr (F),

I = (FHA'/t') / (FH/%).

XN, = (NB1 + NR1) / *:
N = (NB2 4 NR2Y / =; arnd

>
]

A+ N,
a) Ccomgpute “he uncapacita*sd pipelins gquanztitv.
1) Admin:stra<*ive pipeline fozTacas+t (PBA
FA' = P x A x E(IP)/*.
2) Awaiting far~s pipeline fcrecas< (FP'):
EP' = F x A, x E(aWp)/=.
3) Wholesale resupply pipeiin2 forecast (PW'):
PW' = P x (NB1 ¢ N32) x Z(CST)/~.
4) Total uncapacita+ed pipeline €orecast (PT'):
BT* = PA* + DD' + Py
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a)

Ml s e SC

Ercvide Poisscen

safety level,

cyanti<y is QP.

Ccopuz
cne.

n

2)

3)

4)

3)

6)

¢ *he guantiry

Ccmpute regpair

ard the expec<+ed
~he Slth pe

QLI(x*) =

IRI1(%Y)
< 1,

witn rthe 1eq
If p,'< 1,

minis+ic T
Tquation 2.8

If p > 1,
Equa+ion

B1(s') =

281 (%")

protection

as vwas done ir Egua=

iulter

a Pcisscn
Fx A x !

/U:x ',
QLI(=Y)
paiz oz

(SL )

<Q

expectead

is
:

QC2ss 0onsz

by us=nyg

' - - . -
of czpaizs:

QM)

ln(1-sih)/la (") -

ulsemert

aad  ZE1(%Y)

evalrc appz
P 4+ CL1(+!
use the 2D

<32 number
«he CDF of
with rate
and

Px A x T;

21(%") = vc
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o

h) Repeat stzp g akcve using the appropriate variatiss Isv
s t

Frocess *vwo tO compute the repair proces
Q2).

i) Th2 £inal allowance is the sua of the indiv
ances (Q), plus the allowad operating levzl (OL)

ct
cne.

1) If neither the buildup approxima+icn rn2r <zhe
de*erninistic repair approximaziecn hadi tc be uszed
in computing the allowarncs fcr processes orne 3nd
twe, the £final allowanc2 (QT) is a s=eady stats
allowance, and is coaputa2d as fcllows:
lsz+

¢S = Q1 + Q2 + QF;
~hren
QT = Q5 + 0OL.

2) If either c¢f <h2 repalr processes used one 22 =h=z
acproximaticns, the2n The stszady stats allcwarncs is
nct availatle. The allowanc2 for *he <endurancs
Eeriod is:
ls

'0) Iad
S
..

= §o1(x) o7 Q1¢+ §o2(=") oz 228 + s

+hen
QT(~') = QS(='} + CL.
3. Ccmruting thg Safety Laval

The proposed model requizes <hi% safe*y level parzm-~

g~2rs be eszablished fcr <he uncapacizz=ed (23mia, AWP, anid
wholesales resupply) pipeline, repal- procsss cne, and Tecaic
Fz0CesSs *wWo. There are numerous ays %2 combine <he thrse
cafesy level se+tings to prcviie an ovsrall safety level

wal tc tlte specified safety level. The =simples<t mezhoil
suld k2 *c le* all chree equal zhe specifi=d level, ru-«
v gs

| J
flaxitility in varying *he safazy L= for “he =wo
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rzpair prccesses is extrsmely dssirablsz, Ccnsegqusn%ly, =h=

saf=2ty lsvel parameter for <he admin, AadP, angd
supfply pireline is set 2t +he specifiad safety lavel, 3anid

e cafzty levels for “he +wo r2pair processes ar:z ccatiaed

a
t0o meet the specified safety lavel bas=z2d cr <hz =Tozzl numter
£ days tha* items had actually been in sach procezs deziag

da*a ccllection period. The aumbe2r in <heé <TegalT

e
trocess is +h2 produc*t of ths dsmand za=e and the averags
ps iz ke crocess. Thecefcre,

t

SL = speciried safe lavel
SL1 = frocess one safe<y ley
SL2 = grccess twc safa+y level;

P1 = avarage number ia process cne
= A, X £(RC1); and
P2 = average number in pIocass WO
= A,X Z(R
Th2n thz following relationship must be sa+isfizd:

SL (P1s+P2) = SL1 - PL + SLZ P1.

SL is set ty higher au+hori+-y and P11 22¢é 22 acrz ztzaiield
from the da<a base; =0 specify SL1 o2 SL2 bifors =is o1l
ailowances may te ccmpu-zed. Pcr compu=ziticn cfpu.poses, 31
will te fixed at 0.90.

I« was found in %*2sts ¢f saaple i1+ems tha- z==-.lr
SL1 at atou= J2.97 or 0.98 gensrally gavs <he bzs<- Tsaul=-s -

=]
tazms of cvarall prctection. It was n23¢2sSsary =2 ad4ify b=

in cases «whzre *he 1linear =selaticnship 3stablishzi o
Q

[
e,
b
| 4
)
.
N
2]
"
'
(¥
"t

Equaticn 3,10 <cculd ner hold. Theze w

o
K
<]
L8
oo
b
i3
1y
tn
v
i
A
t
<

&
which nc main-2nance action Tesultzd ia AWD
s

level was se* +¢ 0.90 in *hese case
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the mcdel

data usz3 in

Tate

a)

91

ccmparisen,
Ga-her TAT data.

Qg

[T ]

21

fen]
i

<

n
—~—

31
432

[
i
w
h}

[

T v

e« o 2 & 0

GO
SIS 101010

1 (
ECls: IE RC1 Cc2 AAD TAT
2C¥ 1 Q 2 - - 2
BECM 2 c 1 - - 1
3cH 3 1 - 8 12 19
Rzrair da*a (zscrd=zzed):
Jépalir 1} Q 1 - - 1
legair 3 ¢ 5 - - 5
Sspair U4 ¢ J - - D
Iskaiz 5 1 Z ~ - 3
Sepair 6 1 3 - - 4
Repair 8 ¢ 5 - - 5
Xepair 9 1 1 - - 2
Fevalir 2 1 - 7 31 39
Regair 7 4 - 9 24 37
Fepair 10 C - 5 3 B
cmputs zhe Zollcwiag €from <h2 da=zz (
szd):

Ac~ion var Total (3ays)
diginistrative 12 _ 9
FTCccess onz 3C1 22
Preccacss Twc 5C2 29
Adaitirng rarss AAP 08
Co-der ard cship oS8T ==
Data period . ~ 29
f2recast period ! 60
Filying hours, 24 1453 honuzs
Fortecast flying FH 1790 houcs

heucos
Ccatu<e <he fore = factor (%):

)

(V9]

TAT

o

ari-=s,

ani+.

e o

o
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<) Ccmpute the exvdec ted numbsr 0f repaics Za (2,7'):
ER1(=') = fox o',

s
ERE1(9C) = .55 x 99
(39 4950 arnlcs.
- 3) Cemputs the protected nuaber ¢f demands iz (0,=):
la*
SL1 = 0.98;
+hen
L1(=? = 98<h percentils of <hs CDF cf 2
@i =h Poissgn (F x X\, x *') 3Istcirup<iczn;
F-A, - ' = 1.755_x .10 x 99,
= 15,795 unizts;

QL1 (3Q0) = 24 urits.
4) Prcject fu+ure “raffic inzensity (e,') as:
Q.' = F Xx X,//u,,
= 1.7%5 x .10 7 .55,

) Sclve fcr the pro%ect=2d number o Zepai cIccsEsEs

€. <1, ard EF1(99) > QL1(S0), <hereicze coagu=s 1

¢t

]
—
-

(In (1 - SL1)/1:(P,))
2{.02) /12 (.319 - 1,
2(135 L /in | IR

1173

21z Q% EEN,
P2 3 O)‘.L3§ZEégféfsf 223
SL x (P14P2) = SL1 x 21 + SLZ2 x 22,
.90 x 544 = .98 x .222 + S5L2 x .322,
and
SLz = 0.845 .
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h) Fepeat the above using <h2 appropriate variatlss feoz

EF2(%') = pMg*",

£C

ERZ(90)

BZ(=') = F Ay
50
B2(90) = 1.755 x .0444 x 90,
= 7.013 units;
¢L(90) = 84,5tk gercen:ile cf zh=
CDP of Poissorn(7.313),
9 unirts;
P.'=F x /\L//“ur
= 1.755 x .Quu4u/.182,
= 0.428; and
P»'< 1, and ETR2(90) > QL2(90), so £ind Q2 zs:

[}

22 (In (1 - SL2)/ln(?1')) -1

P38 A s - ﬁ

i

Z) Ccmru=s <he f£inal aliowance (QT) as:

RS = Q1 + 032 + (P,
= 5 ¢ _2.42 + 1,20 ,
= 3.62 => 9 uniz3; and
QT = QS + OL,
= 9 + 1,
= 10 unizs.
Teble XI provides 2 zummary of “he valui=s comtuze?
by <*his =mcdl versus <he RIMSTOP lsvels. Ccempaciscns
tstween +ths RIMAIR mod2l and %“hs propocsad acdel will b=

tzovided in Chapzer 1IV.
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TABLE XI %

RIMSTOP - Proposed Model Allowances

RIMSTQP Mod-=1 Examfple
Level Expression Quan<it+y

Reiai; cycle | 2.72 |
dminis<rativs PA! Q.18 t

EZCccess one P1! D.47

FTccess two p2! 0.75
Awaiting par=*s Pp* 1.33 ]
Ccder and | PW?* 1.52 !
skigpirg ¢imde 0 s==ee- |
!
Tc*al pigeline D 4.24 |
forecas ====== {
|
Prctected Q1 2.42 {
a.lcwarnces Q2 1.20 i
QP 5 ;
Tc+al pro+tected cs 9 !
gnaati«<y (ccuaded) ====== :
Safa=y Level QsS-pt 4,76 {
ODpsra*ing Level oL 1.00 %
Final allcwancs QT 10 %
{
!
)
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IY. COMPARING THE MODELS

A. QUEUE CHARACTERISTICS

1.

O

)

hecretical [Lif

(i
]

21ces

e ey

The 4/M/00 queueing model, which is <hz zthsersztical
kasis f<r +te RIMAIR allcwarc2 compuza*ion »0d:zl1, anéd <hs=
M/M/1 queuveirg model, which underlizs =he ©=r©spai: prccess

allowance ccmputaticr in the propcssd model, wezs prasented
1

sparately irn Chapters II and III, respectively. PFiguze a.
summacrizes their charactaristics. The 1/4/1 guzueing zodel
is distinguished frcem tha2 M/M/00 mcdel by the 1liamiz thax
exists o2n i-<s secvice capacity. The assamption ¢f 2 singl:
ssrvar intrcduces the possibilicy tha< a arit =n<ering <he
systzm will £ipd +he sezver busy, &ad <herszfoss miss wal-
for ss&rvice. Uze of th2 M/M/0c0 acd2l presumses +thit <hize
will always be an emr*y server, implying <thst Wai<ing =ips
will k= zerc.

a
yA
Tn2 diff2rence becc
n ate approachkes or =x n
unda2r these conditions, thezs is still no waizting <ime exfpe-
a
m

rienced in the M/M/00 system; whereas *he nuaber of uni<s
* St e [

awal+ting service In <The MN/%/1 sys+ grews sigrificarntliy.
(] e service ra=zs, “he M/¥/1

W i
hen the demand rate sxceeds
y B bscomes seaturated and <“h2 only nd <ha< zxis<s on
ber awaiting service iIn “lLe sys=sz
“he pcpula<icn itself.

This basic difference brings abcut every c<-her
differerce tetween “he systems. For the same “raffic
sity o, the anumber expected o be in the X/M/1 s=ystzm is

highes tecause c¢cf the prasence cf unizs waiting for servi

¢r *he same r=2asor, <the to*al time *ha+ a unit is excected

<0 be in +thz M/M/1 systen is higher.
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Farameter
Symkcl Name

A K

Se
M

rival
ate

»H
<
a4

T (n) Frob of,

Assump=tions
4/M/00 M/4/
Ind2pendent arrivals Sam=
ccnstant racze Same
Exponen+ial ) Same
ihterarczival *ia=es
rxponen<ial Exgpornzan=tial 1
servics “mes, sérvice <times,
idzar+tical for single ss¢rvsz
each serv:ir |
Each serv -ce is Samne
indsependent
= X ) |
y e = Vu e = }
|
>2=9 0<<Y B = ¢/ (1-9)
g = 1 ? nndefinszi
4 €
Q > 1 2 =» 00 )
cn |
7
e<<? P =p + ¢
on K ep—> 1 E = K/2*
K(K+2) (g=1) /12
e>>1 P = K - ¢
T = Py = V/ T = 1/ (u-\)
. A= p p
Wo=20 W =T- 1y
F |
%
Trim: €567 $ ] Mm=i- !
- ‘_"__6 g ->. 1 }n;: ‘ -
0 (t:a.s a*)
pop
, e # 1 W(n)=(l-e>?“/,-q"") i
ina
op K = 1 1) = =
P ¢ T@) = =

Fiqure 4.1 Queue Characteristics,

fi/M/00 vs M/M/1.

YT
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2. [Liffezences :ip Applicazio

11

Application of =-he dQdata base *o both modzls =<acz<s

B
With the sape information: demands per unit <ime and iverage
szrvice time. The major difference in the modsls shows up
in -he compuzaticn C¢I the service racs, P In *hz A/4/00
mod=1l, <=hs= rvice rata is +the reciprocal of <the average

se
z (P = 1/1), which is5 also =he

garvice tim m=2an =ine irn <he
sys-zun. In the M/M/1 model, however, <=ae me2n tire in Th?
system I1s *he zecigprocal of +*hs diffzrenc bezwean the

£ e
+c and *he arrival ra«s:, (P2 = 1/(P-A )}. Tisz

a
n is valid «cnly when the sezvice i3%e sxce:ds *he

expressic

demancé Cates. In erder to ccmbu*e allowznces, =“her=iocsz, i*
is necessary te &ssums that on =he avaTsage tns systeTw 18 ne-
saturatzd over t (*he da<a ccllec=ion periocd). This allows
the se

Ivice Tate to ke ccmpu=ed as p=A+1/T, and the ac=sueal
Pol +

gervics Tate used ir +he M/¥/1 nodel will te Qi

that in <Th: M/M,00 ncdel given <h2 sama values £cr demacnd
rats ()} 2rd average *time in *he systam (7). Coaseguern~ly,
=he *raffic in+tersity € is lcwzr in  <he M/4/1 formulaticn,
and the assump<ion that <he sys*em is not satura=ad ducina
*h2 demand p2cicd leads o a *raffic iazensity valus (¢)
+that is 1zzs than orne. By c¢ontzast, <he e valuz in <h2
H/M/06 Jusus can assume any vailus bscause <ie Jusue cannoct

Fzcome saturated.

The fact that Dboth modzls assume -ha< average vas+

[

1
experience did nct reéesult in satura<ioan is a ks=y rnint. T
a 1mcdel is developed withou= knowing any 1more abcuz <he
service facilii<y thar <he fac* =ha:t i+ nad nsver been zatu-
t24, a modeller would be kard pressed to deciis ¢n zthe
prcrriate model; be+*h of the queusing models d2-ailzd Lere
uld te used. The ksy differenc: batw e twc mcdels
n the ability *c forecast ~ns effacws of fiture depand

o a

i
c-eases. Use of -he 4/4/00 1w0del in £ s%ing ZImglies a
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telief +ha+ the sys<tem wi

matzer hcw much desard izcreases; use of the M/
allows fcr “bke pcssitilicy tha*t the sysiem ¢can pecem:s sazu-
rat=d if demand Increéasas sufficiently. I- was belief in

this latter condition, limited -epair capacity, -=he= led <*c¢

“he dev:zlcprent <¢£ thz prepesed nmedel

3. Thacretical Allowance Ccaparison

The allcowancss +*hat weuld be calcuia=z3 ty eac!

thecretical model, iven the appropriate 4rafiic
(2T pipeline quantity) and pro*ac-ion level are pzovideld in
Tables XITI and XIII . (Tabls XII wasz c-2mpua-ed by lizring
=he allowance quantity that s closas% “¢ the srecifizd SL.)
Thz differences genera*ed in an infiri<e vopula=io

increese Is c¢onsid s s
use the =same pipeline guan=i+y compu+2d as P= A T, as
2xplained in the previonus ssc¢=~ion. Tablsz XII indica*zs =ha-
“as M/M/1 mcdel will genec-a+e an allowanc2 ¢i 4 univs i€ <he

tipeline gquantity is 1.5 uni<ws (trafiic is=<easi=zy 0.60) an
T

“as pre=zecticn  lavel is 0.990. 3y c~maparzison, az I
cshows tha*t *ne2 3/M/00 ncdel will jJenezate an 3allcwarncs of
caly 2 uri*s when <he same pipslinz guanti4y and orctection
zv2l I1s used.

I1£ —he forecast facter (F) is used =0 zanzicina%s
increased d<mazd, +*hen “he 3diffzrance bezween *he allcwances
ccmputed ty the models beccmes largs:. IZ F=1.33, <ha
allewance ccmputed by <he M/M/1 model given <+he irput Jja*z
from the previous example would Dpe 9 uni=s: +the forecas*
¢raffic intensi+ty would be 0.80 (1.33 x 0.6J), which leads
to an average pireline guanti<y of 4 ani<s, and a pro<ectsld
quartity £ 9, The 4/%/00 model allowance would no* izcrease
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1

: thz 0.90 protection lavel allowancs fcrv = ~-:=7i'c

[V

-
- e

(1]

1
nsizy ¢f 2,00 (1.33 x 1.5) is still 3 ariss. Tre¢ =fIizo=
cf havi

ving adeguately many s=2r
assuping +that

h unitcs
cause allcwe
v

n 3
€irgle server is available.

4. Arplied Allowance Difrfar=nces

The RIMAIR ard tas prcp
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th
t
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T
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-
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N g
Q

=ion fprocedures <can te

conditicns are me=:
a. all ections are zepairs wizhou: AWP,

-

be rncnéeé cf the TAT cbserva<+ions is limi=ead,

[e]
.
ot
s g
[}

gvsrage IP value is 0.3,

[ST]
.
ot
o
1))

demand ra+<=2 ()\) iIs specifizd, and
e. ths M/%/1 system is not sa-uzatad.

2 ¢cttsr wcrds, direct coapatiscn can be maile crnly & <hs

ms SKD+R2R +imes afzer thz Jifler
elzmen<t limizs aze agplisd, and 211 o=ner TAT elzmernt chkser-
vaticre ace zero. In -his res=ricted z232, tnth mcd
the sam2 valuss fcr demarnd zats ()) 2nd
Ccz

P
ns=aguently, bo*h trccesses have the same exctzcoed
h £

rirsiine
(F), E=)\1T. The service ra“es will bz highar for +he M/u/1
quauc, as explained praviously. The M/%/00 mcdel has
ss-vice Tate () 2qual *o P, whils £0r +hs M/¥/1 gueue, €

C
can be sxpressed in terms 0f D as follows:

o]

P=¢/ (1-@

P/ (P+1)

“0
"




Using this

relationship,

t
for apy srecified level cf depani. Tabls XIV provides ~wo
examples.
The +*op examgpls

cacn moce<l when <he fo
experienced demazd razte. Therz 1s no

allswances generated whan the averzgs pipeline gquarn<ity is #
1.0 uni- ¢r less., As P2 incrsases, Ahcwsver, -~he p-ccoosed

10321 ccmpuzes allce:

W
computed ty th2 RIMAIR model. it P=5.9, =<he Ai€fzrznc= in

. « . i
allowance is 4 unizs: 8 i3 thz 21lcwancs compuzed by *h=

o
[ 1)
-
N
.
n
Q
o]
=]
i)
—
ot
W
(9]
o
g
ot
< r
W
&
ve
< O
g e)
(@]
in
I
o N
=3
(W)
oY)
i
o
.
L3}
(V]
(8]

X
O
i
W

G

Tt
[N
9]
-
|
=

o
of
X
V]

1

QD
0
1
§ -t
1
[$]
=
11
19}
O
1)
n

K

O
in
D
a G o
O
3 B8 0O
@]
=
ot
o)
(o)
=
—
W
e s
e M
o
Fi
<
h B L
H
23]
8
]
[o})
h
.4‘
-
oo
=
b

3

O
el
=
T
f
fon
o
t
of
W
=
=

ol
l')
"ws
O
gl
fe]
]
W
]

i
;‘

U
Q
r?
1]
joN)
1%
<
=]
(o
W
(B}
n
ot
e
[}
4
Ut
N
«
&
.
H
I
1
jo ]
'l
]

fcrmula had been used, <he allcocwznae
1

=
N
=
I
(€2 I TR /]
o
fu
<3
D
o
1]
w
]
©
¢}
3

higher: 23 Zcz P =

The bo*+<om =

[agg
’.4
h
in
IS
(o]
t N
[t
ot
b of
i
B
Y]
n
[
[
ot
n
O
th
=
i
._J
IS
Vo]
of
[&2
i

a
trozcsed modsl and ferecasting a 25% -aczeasge irn demand, zu-=
o3 |

=1

€
rance iaricd avz used.
€

2 enduranc

3
-y

Lili-y =<2 rrzojec= zegqu
*hanr <“he unbourded solutions Ia <hs infinis>
case, btu* =<hay are still not bounds? is 1

ber in *he pcpulaticn were knewn and =he finite pcrula-
n pedel used. Th2 allowances b e

T
o

erndurance period approxima<iors <caan grow wit=hcut tcund
cause *here is nc 1limi+- on %', 3nd it is Zimper*tant =¢ ncts
a

“ *hz2y dc¢ not previde steady state sclu*ions.
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[
haast - iy |
‘
TABLE XIV |
. |
Model Allowance Comparison [
{
{
L. Ccrparisch with no forecas+t demand increzse, {
!
Saf=ty Laval: SL = 9.90
Cempand Tate: | A = 0.50/ day
Endurance perziodi: t' = 3 monzths {
Experiznced TAT: T as lis=zd {
Forscast facter: P = 1,00 1
|
T 2 RIMAIR model | Prcposed modsl {Inctzeazs |
iays } 2 Allowancse : ! Allcwance | (%) |
R I B B - amis mmw mmm | cmme e w . - - - - ‘ ———————— l
Q.2 g. 1 3.1 0] ) 9.991 9 | ] {
d.4 Co 2 Je 2 0 1 2.197 S ] S |
0.€ G.32 C.3 1 | 2.231 1 \ 9 1
1. 0.t Ja 5 1 i 9.333 1 | 0 |
Z. 1.0 1.0 2 i 9.5)) 2 | 0] |
3. 1.8 1.5 3 i J.63) 4 { 33 1
4, 2. € 2.0 3 i  D.£97 5 { 69 |
‘ 6. 3.4 3.0 5 P EN 7 | 43 4
iC. .7 .0 3 | 0.833 12 | 52 '
bo23. 110.¢ 13.9 14 | 0.999 Tgx 3 ]
| 30. J1s.¢€ 15.9 22 { 0.938 22% J 1
!
* indlca%es cases whiar2 Zne d2zecsministic ssrvics !
apprcexinazion £cu the erdurance pericd was ussd. |
8. Ccotrazison 4asizng +he azbove input 2a+tz ¢ »nredic- |
prcCess ra%es and fecrecasting lacreassd damand. |
€L, I, =, and T as abcve. i
FrZecas+< faczen: F o= 1,25 {
Fcrecast dzemand: 3' = J.025/3ay {
Fcrzcas~ oz ¢©3 g' = T X g !
fcreca 7T E: Pr = Ix |
\
\ T 20y RIMAIR_ medel ( 2zcdcsed mciel |Increzzs |
{ 2ays ot llcvwamnce | ! Allicwarnca | (M)
I B R R R R I ' ------ e [ .- - '
‘ Jez 1.12°% 0.12¢ 0 1 2.1y 9 : 0 !
1 J.4 [.25¢ Se 25C 1 |  J.298 1 | Q |
D.€6 |.327¢ 0.37¢ 1 ] 3.283 1 ! ] |
1. |.62¢ Ju02E% 1 i J.375 1 { g i
2« 1Y.2¢8 1. 25 2 | J.625 4 {100 !
3. 11.83 1. 33 3 f 2.759 7 {133 1
4. {(2.5% 2«50 4 | 9.833 12 {209 |
6. {3.75 3.75 Y Je 938 9= | sS4 |
13. {6.2¢ 6.25 9 1. 042 10x% 11 {
| 20. [112.20} 12.50 17 1 1.13s < 3%% 35 ]
{ 30, {1€.7%) 1&.75 24 { 1.172 3 1xx 29 !
D . {
* indicates cases where =hz dsterainistic sezvicge |
approximation for *he endurance vreriod was ussd, !
*$indicates casss where th2 erauraace cerlod tuilldug ‘
ra<e agprexima+ticn wacs used. ‘
!
P |
an

e vbee
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B. SENSITIVITY TO INFUT DATA

1. L[Aa=3 Bass 2zctlens
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maaufac=urec's rfarts auabers ©o na+tional s+eck cuabars.
czcause ¢ <hzse preklems, A30 vpzrsonnel ars f:21uiced <

1anually massage the received dz+a pric:z <o =h= conpuza=ior
¢ 211cwaznczs. As a Dpinimum, TRy COBDAEATE &t 122sT “wWe zZa1is
c data coverircce sigilar usege p2rinds at siailar  si-ss
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establishing an itep's allowances once only whern +the i+em
first enters the supply system. Praqueatly identical allow-
ancas are eéstablished for a group of si<es, such asgs all
aircraft carriers, ard are considered fixed unless ex*racr-
dinary conditions arise. Allowances agre chanagad, cf ccurse,
primarily as uranticipated demand forces increassas. Pcor
ini+*ial provisicnirg, lover than expected reliability ot
maintainatkility, lack of repair pazts, &ard numercus c+herv
sitaaticns cause theses increases. Ths environmen+t remzairs,
however, to nirnimize change as much as possible.

Prorcsing the us2 of 2 new model reguires <=h
estimate c¢f its s:ffect cn “he es+ablished sys+sm be made. In

the cas2 of the model proposed in this <thasis, <he gffec=

could k2 sigrificant. The use of celaxed TAT limizs causes
higher allcwances to bs genera+ed £or o2any i-ens. The
inclusicn cf BCM TAT ina the pipeline also increasss z2llow-

ances, The use of the capacizy-corstsained model would causse
1

allowancs irncreases for items wiz P values above =eb

pa-

c
uni+. Ncns of +<hese effz:cts is necessarily bad; a fact,
establishing the validity o£f <hs proposed model migh% creaie
a velticle +hat would help Jjustify additicnal f£furds for
needed supgcr*. Certainly the =xisternce of ver real
capacity constraints cn +*he VAST syst2m is well dccumer+ed.
Estaklishing 3 lsgitipate cost for +the allowances nszdad <o
suppcrt this system at a mobilization <empc could previde
planners with irfcrgation for makin a bezte: cost~
effactivzness tradeoff on system supporc. It remaians *5 be
shecwn, hcvever, whether <he model is useful or a couise-<o0-
cruise or site~tc-site basis, or whether i+ is “00 seasi+tive

to small changes in irput da*a.
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2. Sslscted Bxarrles

The relative sensitivity o0f <he RIMAIE mcdel
compared to the rropcsed model can be demorstrated using the
sanple input data used previously. In order tTc¢ ccmpare
allowances on a £fair basis it is necessary £¢ use *hz sanme
input data in each acdel. consequently, the RIMAIR 20éel
will ke modifiad +to irclude BCM TAT and =o use the relaxed
TAT limits developed in Chapter IIX. The rzsul« cf 3dcing
this is shown in Taktle IV . Part A of <+he table prcviiles
the irput data, which is applicable “o all =xampies in *“lLis
secticn. Part B shcws the allowance computa+icn wi<h beth
+he criginal and revised inputs to the RIMAIR acdel, and <he
allowance compu+taticn for the proposzd model.

Icclusion of the BCHY TAT and use cf +the relaxed 7TAT
cons*raints Increases the pipelin guantity wused in <the
FIMAIF wmcdel fror 3.14 0o 3.98 units. The pipelinz is scums-
wha* tigher in +the proposed model bzcause of <the forecas:
factcr. 1If the forecast factor wer2 1,00, both modasls wculd
tave ths sarme <ctal pipeline; with 2 forecast factor grea*a
than cne, the nusber in *he repair processes of the preposzé
model grow faster <«han the for=2cast factcr because cf +he
ircreased a2umber of units awaizing servica, The @majer
differences bhetween ths allovancss computed Lty <the <wo
podsls, however, is the increased safs+y level guanti-
computsd ty *he prcpcsed aodel.

The follcwing =2xamples are provided %o illus*ra:s
the effect that differant input da*a wculd have cr *he
allowances generated by the RIMAIR modz2l and th2 prcposed
mod2l. Iz each case, the resul«s cf “he allowarces ccaputed
will e <ccmparead tc the allowarces shown 3in Table XV
Allowances compu*ed for the RIMAIR mod=2l irnclude 4he BCM TAT
and use tte relaxed TAT limits. Th2 example casss are:
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TABLE IV

RINAIR - Progosed Model Allovance Comparison

A. Irput data

TAT elemen: data da
IP RC2 é ok LT
BCHM 1 0 2 - - 2
BCH 2 0 1 - - 1
BCM 3 1 - 8 10 19
Repair 1 0 1 - - 1
Repair 2 1 - 7 31 39
Repair 3 0 5 - - 5
Retair 4 0 0 - - 0
Repair 5 1 2 - - 3
Repair 6 1 3 - - L
Rerpair 7 4 - 9 24 37
Repair 8 0 5 - - 5
‘Repair 9 1 1 - - 2
Repair 10 0 - 5 3 8
Act;cn Var Tonalédays) Mear
Adpirnistrative IP «692
Fzocess one RC1 290 2.22
Fregsss two RC2 29 7.25
Avai-ing rar+s AWD 53 17.00
Order and ship 0SsT - 26.00
Dat+a pericd T 99
Pcrecast pericd <! 60
Flying hotrs Fid 1453 hours
Fortecast flying FH' 1790 hcurs
ours
flying hcour factor P 1.75
3. Allcwance Compttation
RIFSTCE RIMAIR uodel Proposaed Mcdel
Level Vaz Orlg Revy % Vaz % uni+s
uni€s arits
Repair cycle ER' 1.62 2.03 PA'+P1'+ 2,72
P2t4+0D?
0s1 EB! 1.52 1.95* PN 1.52
Tctal pireline pe 3. 1u 3.98 pe 4.24
Safety QE-P* 1.86 2.02 QSs-p! 4,76
Operating oL 1.00 1. 00 oL 1.00
Total T 6 7 QT 10

*CST figure fcr revised RIMAIR model

includes BCM TAT.




a) The percentage <¢f successful r2pairs is inc-eased +o
100% (same TAT cltserved).
b) The percentage <¢£f successful =crepairs in dscreased to
46% .
c) Ttke €£lying hour facter (F) is 1.00.
d) The flying hour factor (F) is 1.25.
e) Nc AWP time is experienced.
These a-e <he type cf dif ferences generally observed when
sitas witk similar aviation support missions are ccmpared.
Th2se cases are "what if" casss, using the TAT da+«a frce *he
13 maintenance actiors listed in Table XV 40 compuze allcw-
ances as if +he ruaber of successful repairs were differen+
in cases a) and L) s 3as 1f +*he furur2 dzmand Zorecast ware
diff2rent iz cases ¢) and 4), and as if <+the piece-pact
suppcrt were improved in case =).

The case (a) assumrption, <na= all 13 ipduc*ions
resulted in successful repais, hnas zh2 same effect ¢n +he
allocwarces ccmputed ty both medels. Table XVI A prssenis
vhe results in the fcllowing format. The RIMAIR mcdel azd

<he prcecesed mod:zl are shown o2 zthe l2f<« and rtight side of
+ha table, =respzctively. Two S2<3 Of outpu~- ars prasencad
for each gcdel. Po: the RIMAIR model, <he outpu< £zom <he

u h
Table XV ezamples (in the coluan labeleé "Rev") and <h2
cutput that results from *he changs bszing illustrated by <h
current case (cocluar 1l1abeled "Now") are provided. The
cclusrs lateled "Orig" and "Now" ¢£or <he prcocposed model
represen* “he Table XV example ard the cucrent cassz, Tespec-
tively. Wishin each se~ of outpuz, <ha da%*a ase grcured +%c

help illustra“*e “he pipelines tha: are computed by <he
models, ard *he allowances that are gsnera%el by tha
gipaelines.

Table XVI A shows that <the allowance +hat wculd
result if all of the 13 units inducted had been success€ully
repaired weculd ke 5 uni=s using the RIMAIR model, and 8




TABLE XIVI

Nodel Comparison: Varying Repair Percenmtage

A. 100% cf items irducted are cepaired.

Variat

EE?

PR?
Pl
SL
CE
Cl
Tctal

B. Cnly 46% of items inducted

variatle Orig Now
pB? 1.95 4, 87=%
ER? 2.03 1. 13*%
E? 3.98 6. 01
S1 2.02 2.99
QP 6 9
oL 1 1

RIMAIR Model
le __Rev ___.Nov
1.95 0.0
|
2.03 2. 46
"3.9 2.46
2.02 1. 54
6 4
1 1
-5 -g---

RIMAIR Model

Var o] w
PA! .18 .18
PP* 1,33 1.33
PRY 1.52 0.0
PT' 3.02 1.50
->QP 5 3
Pl o U7 47
->Q1 2.42 2,42
p2¢ .75 <75
->Q 1.20 1.20
pe 4. 24 2.72
SL 4.76 4,28
Qs 9 7
oL 1 1
10 2}
are rapaired.
Provosed Model
Varc orig Now
PA! .18 .18
P2*' 1.33 1.33
PW' 1.52 .55
v 3.02 5.05
->QP 5 8
p1 < U7 <47
->Q1 2.42 2. 42
p2! «75 .75
->Q2 1.20 1.20
p! 4. 24 6.27
SL 4,76 5.73
{ Qs 9 12
oL 1 1




units if These allowarcas
toth two
in Table

rtesupkly

+he proposed modesl were used. ars
units less than the comparable allowances gencrazed
XV This is the
Fipeline.

The casa (b)

result of eliminating the whclesale

results are shown in Table XVI B. The
rumber cf successful repairs to is reduced “c 6 cf ¢the 13
units inducted (46%). The starred (*)
KIMAIF model actually dz2pend orn which
(high TAT, lcw TAT,
RIMAIK pipeline will be the same in
ancs ccmputed by the RIMAIR mcdel
total ¢f 10 units when the
allowance computed

quan=<ities for the
maintenance ac+*icas
3CMs;

cither cass.

¢r whatever) resultad in +hs *otal
The allcw-
3 units <“c a
The

increases 3

increases
¢f BCMs
msd21 also

numbez increase.
ky the proposed
unite, tc a to*al of 13. In bo*th models, the increase is due
to the larger whclesale resupply ©vipeline *hat results whern
fewer units are repaired locally.

If BCM TAT had not been included in the RIMAIR pipe-
*he allowances that

keen lower.

lins, would hav2 resul*ed wculd have
100% repair, zhe allowance woulild
In

allowance dspends

In +he case of

decrease frcm the original 6 <=0 5 units. the casz of
the firal

knowing specifically which of the main“2srancs actiors listed
in Tatkle XV A resulted in uni<s being declared BCH. If <he
with +he TAT had been declared BCHM, the

resulting allowance would be only 6 uni<s; there would ks no

fewsr rcerairs, however, on

units highest

increase fzcn ased

the c¢riginal allowance bscause the izcs
resupply pipeline 4is offset by a reduced
If <*ke 6 wurits with <+he highest TAT had been

however, <*he increased repair pip2line causes the

repalir ne.

|

- -4 n
[

4 g
w4
"

[+ » m
|
H
m
-

[
(14
(20
[=]

s}
(1)
7]

q
allowvance to increase to 8 units,

This halps *¢ illustrats the
in

need for including the
BCH
the

+he

TAT
tctal pipelina dces not change
allowance

+he pipeline. The expectad number o¢f uani+s inp

in thase =wo cases, bu<

computed varies by +“wo units because in the
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first case (vhere the allowance remains 6), +the BCY'd :-ems

had substan*tial TAT +ha+ was :igncred; in the seccnd cass
tallowance 8), <+¢hay had relatively little TAT, €C <he
daficiency was minimal.

Cases (c) and (d) illustra%ts the effec*t demand foce-
casting has on the allowances. In <+he first ¢f these,
presentsd in Table XVII a, +he allowance is computed
directly from the input data, without any forecasted demand
increase; the rpipeline quantities for each mcdel are <he
same. In case (d), a forecast factor of 1.25 is used.

The allowvances compu*ed by <the proposed model ars
still g-eater than ths allowances computed by *he RIMAIE
model in cases (¢) and (d), but +*he amounzt +that it i

n

grea*er has decreased. In cases (¢} (F=1.00), =he rproposed
allowance quantizty is reduced two in the urncapaciza+ed pipe-
line and +*wc more ir the repair cycle because +the traffic
inrtensities have been sigrificantly reduced. The cesu
allowance of 6 units is now only cn2 unit higher <han tha
allovance of 5 ccmputed by <he RIMAIR model. The redu

in allowance in the propcsed model that resul+s £rzca lc
traffic internsity can be used as an azgumern~ tha*t increzsed
repair capacity {or scme items would zesult in lewer allcow-
ance gquantities. In reverse, i< shows +the allcwarcs
increase necassary when forecasting higher d4a2mand cates
withou*t an Increase in repair capaci=y.

Increasirg +the forecast from 1.00 <c 1.25 zaises all
cf “he rates by 25%, as shown in Table XVII B. The z=xpec4ed
nuabsr in tha repair pipeline of <the ©proposed wmcdel
increases sligh*ly gcre <than this. Both models exhiti+
lower allowances <+than in the original case whera F=1.755,
tut each increased <the allowance one unit over +the cas=2
where F=1.00.
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; TABLE XVII
Bodel Comparison: Varying Porecast Factors i
A. Demand forecast factor (P) is 1.00. :
¢ . _RIMAIR Model : Proposed Model
Variatle Re Now { Vac Orig How
PA' .18 .10
PP* 1,33 <15
PW? «52 .87 {
FE? 1.95 1. 11 PT' 3.02 1.72
->QP 3
p1 «47 .22
p2! <75 .32
PK? 2.03 1.16 | =>Q2 1. 20 .32
pe 3.98 2.27 p! 4.24 2.27
SL 2.902 1.73 SL 4.76 2.73
GE 6 4 2S Q 5 {
Cl 1 1 QL 1 1
Tctal 7 5 10 6
B. D2mand forecast factor (F) equals 1.25 .
RIMAIR Model Proposed Model
Vac Rev ov var Oor.g Naow
PA! .13 .12
PP* 1.33 .94
pW! 1.52 1.03
pPE? 1.95 1.39 PT* 3.02 2.15
| ->QP 5 4
p1 .47 .29 {
p2* .75 .4
ER? 2.03 1. 45 ->Q2 1.20 .57
B! 3.98 2.83 DY 4o 24 2.88
St 2.02 2.17 SL 4.76 3.12
QF 6 5 QS 9 6
oL 1 1 oL 1 1
Total 7 6 10 ?
—
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In cases (a) and (b), both the RIMAIPR model (wizh
BCM TAT included arnd using revisad TAT constraints) 2and “he
propcsed model showed the same relative <change Lketween
allovances; in cases (c) and (3), the propos2d model 2xhib-
ited 1larger Jdecrz2ases in allowance because <the <+raffic
the

irtensities were lower. The last cas=2, case (¢), shows
effect whenr no AWP time is exparienced. Tabla2 XVIII provides

TABLE XVIII !
Model Comparison: AWP Eliminated {
RIMAIR Model ‘ Proposed Modesl
Var Rev Now ! var GZig Ncw
| EA! .18 .18
{ PP* «33 0.0
| BPW' 1,52 1.52
PB* 1.95 1. 11 , PT* 3,02 1.70 %
->QP 5 3
p1? L7 1.63
p2! .75 0.0
PR? 2.33 1. 16 ->Q2 1.20 0.0
B! 3.98 2. 27 p! 4. 24 3.33
St 2.02 1.73 SL 4,76 3.67
QF 6 4 { Qs 9 7
cL 1 1 oL 1 1
Total 7 5 10 8
|
p— |
the results, The proposed model again exhibi<s <the same

decrease in allcwance (two units) tha“ <+he RIMAIR model
dces., With no AWP time experienced, all of +the upizs are
assumed +c go thrcugh the same rspair proccess 3ir +he
gsopcsed mcdel, and <+he expec+ted number in <the systenm (at
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F=1,.755) is higher than it was when *“hsre were two s

.
th D
4 'O
» ar
3]
w
ot
[11]

ra3palr procssses occurring ir parallszl., This ig &

"
T
0o =
=
= e
o

P the prcpecseé model; the expected numper in the s 2m

<
m
ot

not ris= this much.
Tte rropcsed model 4id not wexhibit any more vari-
with

- ability in cases a), t), and 2) <than the RIMAIR nmodel
examined

revised irput data 3id. In cases ¢) and 4), which
tha e¢ffact cf forecasting, the changes in the proposed model
were larger, which is exactly what iz was daesigned €zz. Iz
the cass cf F=1.00, the proposed model compu+ed ar allowancs
tha+ was cnly 1 unit highker than the RIYAIR zllowance. A<
F=1.25, the prcpcsed model allowancs was s+ill ons aunic

higher. In *he criginal casz, howevar, with F=1,755, =he
proposed rodel computed an allcwance tha+t was +*hTee units
bigher, because +*he <+raffic ir=easi+ties in =<hs <Tszpai-
Frocessass wer2 iacreased sigrnificantly, withcut any exgpec+ied
increase in the repair ra<te.

These Zew examplss help to illustrate =<he ch
trougtt abcut in a siagle item whsn input fac=ors ar=
changed. In Chapter V, the complete =sampls o0f 79 itepms is
examined tc show <he cffacts some of <h2s2 same fac=crs Lavs
whan the modelz ar2 applied across parzt 9f +he inverntory.
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N A. USS RANGER DATA EASE

The deta base prcvided by NAMSO was used in 2 s:gula=iorn
to test <the hypcthases <that 2volved during “h2 modelling
Erocess. The processing dates for =ach ac<ion (i.e.

removal, induction, etc.) wers used to simulazz “he
gerfcrmance of <+he allowance levels Jsveloped t tcth +k
RIMAIF nodel and +he proposed andel.

Sisulating with real-world 3aza has beth adv ..ages znd
cricus drawkacks. The key advantage is thz* %he nm

that ws2re dJeveloped abou*t =h2 distributicn <¢- <he TAT

element timss 1id a2act have =0 be used irn genera=zing c-andom

rumbers, as wculd have +*o b2 dozne in develcpira =2

Mcate-Cazrle simulaticn. The only statistics <hat were 3rawn

from th2 data were *he averags TAT 2lement times z2d the

number c¢f ¢raasacticns of each <ype +that cccurred; all
c

revair cycle actions were assumed o happen
irdicated in the data basa.+

1
[u
fo ¥
fe!]
)
ot
o
e
8}

There are two disadvantages %¢ 1s5iag ceal-wo

simula*ing the perfcrmance of <he a3d21s3. Pics+, it doz2s no+

s g e ¢ e =

allow fcr multiple tests of any givarn hypothesis. Nc
dence interval for *he results can be obtained, w a
rep2a*ed trials of a Monte-Carlo sinulation wi+h diffs-enct

4%ho =sale T €S 1 i ¥as t zd b +
%1 uﬁ%-%va me ¥as 10 clud in he data

tim28 i nc* considered a serious 4
propceed mccel was tu{lt <o model <£h3
comdarisons between the *wo models 1arz2 ro
affected.

inc
kase. ime 1 was set de=zIministicall as 2¢
days, wh;ca vas comguted as +he expected value of_ wholssale
resuppl] tire when 8%X% of Pegulr-d it2ms are supplied in 15
days, 1nd ¢the ~ema1u ng 15 are d=1ay=d an addizicrali 74
days. Ttese times arcg *th NAVSU goa;s Zor whclszsale
rasupply ¢f aviation agtivi t;es. acf 2f zactual resupolv

aficie

2 re

acy becaus *hz
paif process and
« sigaificantly
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randcr numters would allow <*he cons-
intervale, Consequently, results from <t
tions mavy ke accepted as ar indica<tion of how cne
cerforms against the cthsr, but are in no way ccnclusi
Anc=tkz2r disadvantage of usiagy Zeal-world da+a ic =
is tiased. The ac+ual TAT's axperienced by <he
r2flect not only their own r=vpair capabilities, bu= al
nuaber cf RFTI urits in inventory. Therze are <hrae

priori+ies used ¢n mcst ships: low for acrpal stesk rerlen-

ishmernt, m<dium for high-demnzand spairaples when <he
to 25% 3FI on hend, arnd high £3r units needed :mmed
for irstalle%*ion. These la<<2r uaits
(expedi-icus re2pair units), 2aznd zll1 efiorts are
complet2 EXFEP's quickly. Crocss-cancibaliza

ccamer iz +his situation :if ther2 az2 any AWP uni-
which %2 cbk=ain parts, ard off-ship par*s =x

*9 “he maximum degree possibls. Th= iapcrtan* pol
fore, is ~ha-r RANGZR TAT data r=zflsce 2
rzquired ty roth dernand and Iaventory position. Th

tas2 providzs <ne demand history, DBbut <“racking iavanzcoe
)

position cver <ime is considerably aorzs difiic

It was no*ed =3 chapter II <that “he mcdel used fo
AVCAL's was 1ot <hz KRIMAIR model bu=z an ¢lder mzds
grovidzd Fcisscrn prec*ection =¢ <he —rC=3pair pipeline an
add=d an attri+icn pertion equal zo tae 90 day BCM f:zo

Althcugh these gquaztitias can be ob+ained, <hz 2u
uni<s ac*tually on board a« azy givar *ime wculd nct te
w

b2cause actual inventcry i2vels ray 10t have 2gresed wis
allowances, i.e., rart of *he invenzory was <cff ths
suppozting detachment operations and/or dates £cr rater

received frcm “h: wlclesale sys=em are not availatbrle

bot~cw 1line is +ha* thz ship has “0 wmenage with 13 givwv

nuxbex ri«s and <+*hs TAT cbsarvations must rTeflecs

te B o

u
*ly, +the sigulatiorn canno* £orecast how the

m O

ccasequ
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eight have done with differzent allowances; i+ can arnly
compare the performance of the allowancss co
RIMAIR and propcsed @models when applied <o the FANZER'S
daza.

B. MEASURE OP EBFFPECIIVENESS

The desired invertory goal s %o rovide 2z srpecifiled
pinimum aircraf+t availabili<y Zo:¢ ~he l=2&s<t invantcrv
investment possilble. This is noz pos
tion Lkscause ther2 is 1o siaple aet:

a

availability of ccmponea<s *c ircrais availabili-y.
Additicrally, <h2 uni* prices f£or <hke L1<wems warsz ¢+
included in the sample daza specifically =c avoid *he pessi-
Eilicy c€ a faw extremely high-priced Z=<ems izfluszucing the
results. In applicaticn, urisc price ccrnsilerasicns z:zn be

*aker iIptc acccunt by varying safety
cther wazhed) and would prcbably &hav
either <te RIMAIR or proposed model allowancas.

An Inven*ory eZfszctiveness goal can always te -eachz:i iF
enough 1tems are added o invan*coy. Budgets oI invsltcerv
Erocuremer= and zework are 1limi<+szd, however, so invsatcory

modzls must also be reasonably efficisnt in *s3tas ¢I zhe

rumter of units “hey stock *o <=c2ach the goal. The a<isure
cf effecrtiveness (MCE) €or =his siaula*ion, ~hzreiore,

should reward an allcwance mcd:zl tha*t comes close t¢ mesting

+he stockaas gcal (assumed +o be 90% iz accordancs wi<h cthe

safety level set+ing) and penzlizas a model <ha+*t c¢cmtu=zes
-

+0o0 Ltigh an allowarce i doing <his. The difficy

4]

s
applying such an MOE is ia deciding an apprcpriate balance
t2tween the reward and “he peaal-+y. In crdsr <+o ra
r2sults ¢f the simulation, then, both the achiev
tiveness £igures €fcr each 120dsl under a given se o]
conditicrs, and the tctal number of urnits compu*ed by *+he

fcr

medal allowances will be providesgd.
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C. SIBUIATION RESULTS

The simulaticrn zesults show +he colative values €3z 2
number cf pclicies “hkat ha. . been reccanenied, ize~, =he
KRIMAIE 2rd proposed models are compared in the fora ia which
they are presented in Chaptars II and III, rcespectively.
Comparisor is made betwesen the prozscted pipelirne and rapair
cycle quantities that each model coapu<es, wizlrout adding
any ofperating level ¢z aobilization adiitives, The RIMAIXR
mcdel is then wade comparabla to +he prepos=2d4 aodsl by
applying the revised TAT liai+s (Table () <5 +hz input da=za,
ard by ircluding <+he BCM TAT iz ths oipeline. 8ozth mcdels
are tten enhanced by stipulating 3 miafnum one day TAT €or
any actiorn <o help ccmpensate f£o- <he lack of <igme discziagi~

ticn ir the data tase. Nex*, =h=2 zasults o0f adding the
cpe-atiag livel cf cre each Is showa. IZxamplas ¢f line itzms
where each model seems “o0 per€socm bettas ars -hern rrasan<ed
and analyzed :Zn an at-empt =0 distiuguish cherac=aris*tics
tha+ msake one model cr the other rerfora better.

The las=t <=«wc simulacions 2xplsre <wC ifferen* asgpec*s
¢f *he medels. In <ha izs* of thess, Jiffec-znt safeny
ccmpared. The
z safzaty leve

b4
b

tings is shown. Finally, Lkc+k modelils arz used
to predict allowances wi<h flying khcuz £ S h
u

1.00 *0 2.00. The use of increasszd fiyirng
bty analysis cf tke RANGER®'s 3e&ploy2d opeca<ior-,
Y. Ezseiine 3iduylation

The baselina siaula“iosn rasulzs presentaed in <+atle
XIX fprcovide the <results of the RINAIR and the ©[prcepcsed
podels 3s they would pezform withou< <considering cpera<ing
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levels ir either mode¢l, withou<« sstting TAT %0 a siriazum ¢f
cne day, ard withovu* including ths BCH TAT ir the PIMAIP
pipslice model. Addi<iorally, each model wuses its cwn TAT
cons*raints. This ccaparison is presented as a "woost cacse"
analysis.

Each simulation *able provides the r[parame<ers used
in that sipulaticn ard the resules of the simulation, which
ar2 the summaries of *hae model verformance for the 79 samgle
izems. Infcrmaticn provided includas the number of simula<zed
issues made cff-the-shelf, <“hL2 number of EXREPs thet had =o
ke prcczssed tc satisfy the remaining demands, cff-<he-shelf
effectiveress, and the sum of +the z21llowances fcz 2ll ix=as.
The 'pzl<a’
addi+icral cfi-the-shelf issues prcvided by *he prepo
prcvided by <he RIMAIZ mcdel, and +he ad

h

£ wuzmits iz allowarce reguired <o make =

Q
0

lumn in Table XIX indicates +“he numker =€

(]

mcdel cver +hos
tional zumber o
issues.

The baseline =zesul*s aca bizsed zgainst <+he RIMAIR
mcdal tz=cause i+t is Lkaamper=2d by “hs current ccnserva+tive TAT
limi%s and ty thz zxclusicon cf TAT for items Jeclared BCHM irn
the pirelirns, Thie ig, towever, th2 basic modsl <haz will
scon te arplied +o AVCAL's ard other aviation cutfi<<ing. I+

. +

is surgzisizng nc*te that i+t would have provided less +«ha:n

1]

¢ €
half ¢f *he =z=ffa2ctivensss goal o J.90 protectiiorn. The

£
points made <ir Chap=-er II are <=C-2p2ated: the curran= IAT

[+

limits are +co astrictive, £failure %0 use BCM TAT in <+he
pipelins is a serions daficiency, and <he underlying
assuwmpticn cf unlimi+tad rs=pair capaci<y is ro= valid.

The proposed mcdal also falls short cf <+hke desized
perfcrmarce of 0.90, but to a lesser degree. The zcdel is
very <sensi«ive tc rerair rates, and the inability to measure
rzpair “imes in hours may affect thesz rzsults, Similarly,
*+he mcdel assumes that demand and r2pair *times are cons+ant;
sigrnifican® charges ir <*he rates over the ccurse of *he

deplcymen+ are likely =20 diminish the model's perfcrmance.
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TABLE XIX
Simsulation: Baseline Compariscn
Purp<se: To _provide baseline figures oa the R
model as it is presented ia Chapte
- ' and cn the proposed model as present
_ Chapter III.

Ea:angters:
Flying hour factor (F) = 1.00 .

TAT limits: Ip SKD PR RC1 KC2 AWE

days
éIHKIL 1 3 8 - - 29
trcposed 6 - - 12 35 60

Minimum TAT: 0 days for both models.

"}
a ina

@11
alal

[

Safety levels: 1Uncapaci
ngel¢

RIMAIR .90
0.90

zropnrsed max 0.97 nax

Cperating lzvels: no* included in alicwarces.

- .- e e - - - e e W e W @ @ w @ W @ @ @ W@ = e w -

: Mcd=zl
RINAIR Pr
2884

1257

n
e
Ps 1627 914
£

24 Delza

- -
=== ====

ectiveness 43.63% 68. 3%

- - -
=== ====

wance (units) 161 236 + 75

=== ====

Fur+«har ccompariscn ¢f <he RIMAIR wmcdsl with <h
gzoposad mcdel cn the basis present2d acovse is nct very
enligkt2ning. 7Tc achiev2 a mor= m=22ningful compac-iscn, <%
inpu+ data €for <he RIMAIR model is made ccmparable wish <¢he

rropcsed gcdel, and *the zesults at2 shown In Table XX . The
results cf four sepazate simulations ace presented in thaz
table. Pirst ars the baselins RIMAIR a20dsl results shecwn i
Table XIX . Next ars the results of adding ths BCM TaAT
* the pireline before computing +ths RIMAIR allowarnces. Th

ot
O I3

]

"M




TABLE XX
Sisulation: RINAIR Baseline Improvesment

Purpcse: To provide baselina figures_on the RIMAIE
modél that will be ccmparable =0 thcse of

Paraamszters:

Flying hour factecr (F) = 1.00 .

TAT lieits: 1P SKD RPR RC1 RC2 AWP
days) -
rigiral 1 3 8 - - 20

Revised 6 - - 12 3% 60

— o o

Piciguz TAT: O days.
Safety lavels: 0.90
Cperating levaels: not iacluied.

desults:

Criginal W/BCY TAT W/revised Wish
as?line iaclud=d TAT cors. bash
Derands 23384 2884 2834 2884 |
Issuecs 1257 1459 1482 1973
CXREP's 1627 1425 1402 121
== T2 ==== =x®T=== T=2=s=
Effec+iveness U43.6% 50.4% 51.4% 58.7%
== === T==xsS= =Ex==== s==s==
Allcwarc: 161 184 183 206
SES=Z=2=2= 4+ + ¢+ =2SEB== SS==2==
Delea fzc¢x original RIMAIR model:
Issu=s - +202 +225 +416
Allowarncses - + 23 + 22 + U5

Corclusion: Izcluding B¢
¢censtzalnes %
&

AT and, 6 usirg =he TA
icpsd in_  chdpter 1II
IR medel results an

improve the
re used in

S

third gives the results 2f using the ravised TAT limits., The
fcur+k gives the restlts of combirning botk of these eahance-
a¢nts. Pelow the lis*ings £for <+he la=ter three simula<ions
ars the diffsrances tetwesen thz ra2sults using <+he revised
inputs and “he origiral RIMAIR baseiins zesulcs.
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Trte effect <¢f changing the TAT c¢onstrainzs 2nd

including the BCM TAT in ¢the pipeline is qui*2 subsrar+ial.
The 33X isprcvement in effec*ivaness is <he benefiz acthie

by using as much information as possibla abous *hz urdzr-
lying fprccess in Adeveloping =allowances. Bo+h of <hese
changes should te implemented when the BRINAIR wmcdel is
applied tc the AVCALl process. All further s:imulaticrs ia
this «chapter include <these =2nhancemen*s <to =he origi
RIMAIE acdel.,

Tte next takle presents <he effacts of usirg a
piniaum Vv day TAT with Ltoth <he RIMAIR model and zthe
propcssd model (Table XXI A1), and provildes the resulrts of
including operating 1levals of ong unit %0 z2ach allicvarnce
g2ne-atzd by the models (Tablz XXI B). Again, €fcr cach of
these cases, thz dJdifferenc2 that th2 changz makes in sach
20d2l is precvided as th2 delta gquan<i+y.

Use c¢f a aminigum one day TAT helps koth modzles arnd
will ke used <Zor te+th in <the following simula%ions.
Inclusion of the operating lavel, howevsar, raises <he z£ffec-
tiveness of both &wmcdels past the 0.90 gcal, and =he
addi+icnal units added *o iInvenzory =xhibi= "dininisihed
teturns” in *o2-ms of improved 2ffactiveness. The <fperating
l=vsl will net be included in <hs allowances ccmpu=sd in =he
following simulations.

Tte cperating level =2sulz is very sigrnifican< for
tWwo reascns. It supports the <c¢ontention tha*t inclusicn of
the operating 1level unit helps <o mask the ability of the
underlying model to provide an appropriate allowancs irn
suppcrt ¢f the zapair pzocess. siag a good rdarlyin:
modsl, with safety levels adjuszed +o provide <+the desired
cverall effectiveness, ssams to be a more rational appzoach
than using a poor model and adding 1 uni< %o each allcwance.
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TABLE XXX
Simulaticn: Sinimua TAT and Operating Level

. A.Puzpose: To show the effecs of set+ing 2 minimum
! TAT of on=2 day.
Factameters:
Flyirg hour factor (P) = 1.00 .

Minimum TAT as shown for both models.

Safe*y levels: Uzncapacita+ed Rzpaiz procass
pipeline One Two
FINATR

.90
Frcposed 0.90 max 0.97 aax 2,90
Orera%ting level quanti+ties are not irnclud:zd.

- W @ @ e e w W W@ wm W@ w@ @ @ W@ @ w e W e S . w W > - -

Fesults:

RIMAIR Model ,Proposad Mvod=l
Minimum TAT Deli-za dinimam TAT Dzl=za
days 1 day ¢ days 1 day
Dewmands 2584 2884 2834 2834
Issuss 1673 1790 +117 1970 2169 +19¢9
BXREPs 1211 1094 9314 715
==== ==== = === ====
l 2ffsce. 58.0% 62. 1% 68.3% 75.2%
==== === ==== ====
Allowances 206 213 + 7 2306 256 + 20
zZT2I=2= ==== SE=E=:= ===2=
B Ecgciu;ion; Inzlading a pinimum of one_ 3day :AE
helps both med=2ls coasideraply, " wi*h
relatively lit<ls 2xtza invesimant in
inveatory.
B.Furpose: T¢ shew the effact of adding “he OL
of ona esach o the allowances.
Besults:
RIMAIR Model Propecsed Modal
Ne OL W/0L No OL W/0L -
Demands 2384 2884 2384 2884 |
Issuas 1790 2679 +889 2169 2734 4615 !
EXREPs 1094 295 715 100
BIETR ==== z==Re= ==
Effact. 62.1% 92. 9% 75.2% 95. 3%
=== === zZZIES SESI=
Allowancss 213 292 +79 256 335 + 79
-k -+ === = sS=== BTE=EEX

B Ccnclusion: Including_ the operatin level- halss )
both modéls achleve better <han 90%
simulated effac+tivensss.




It Is approgpriate to mention that many rspaicable
izems carried i3 AVCAL have <+the operating levsl zuzcma<i
cally added to <their allowancs. This will defini<ely |
increase cverall effectiveness, but i+ is no+ liksly to |
provida cos« 2ffective results wvhsn applied <c ¢th: invertcry
as a whole. Ths: berefi* of adiing +taz unit cperating leval
to allowances fer high-leaand items is significanre, tux

there may be many lcw-demand ita2ms for which “he additicr of
a uait+ opera*ing level may nc- improve 2f£feczivercss a+ 211,

Further analysis shcul? be done <+o dJde<ecmine tcth <he
tenefi+s and “he costs of autcomatically adding <he cpera%ing
lavel, especially when it is appiied <c <he pmedium- and
lov-demand it2ms in the izven=ovy.

Exaggzles ¢£ specific items <for which 2ach =mcidel
gs2ntad in Tables XXII and XXI . Ihe
he inclusis>z of oSCM TAT in the RI%AIS
€2 ¢c€ +he revised TAT limics, 2ané “ke use cf a cne

best arz p:
T

day orerating level. 1In <he example p-ovidad in Table XXII,
the prcpcsed model ccrpu+tss an allowance of 2.40 for prccess
cr2, wiich includes alaos*t :two units £o9r safzty level., The
adminis<rative, AWE, and cesupply pip2lize 3llcuarce
ircludes alacst another uni% ¢f safaty lavel. Th2 ex+tza uris
safaty leval c¢b=ained by computing =has allowarnce ir <his
panner instead cf with <ne PIMAIR model 2nablzd arn 244di-
tional 18 dzganis tc be £illied off-the~shzlf; <his s

a
28.6% imprcvemen* over *h2 results ob=iired by the enhanced i
RIMAIF model. This i<em has charac<azis=ics +*ha+ are

exactly what the prcposed moda2l was dasigrned £or, as mcs+

uri«s gc through 2 quick <repair and ~hen return %¢ ¢
shelf, Thie example i3 bu* one o0f maay 43i¢2ms in which
sstting ¢the safety leval fcr rapair prccess one +o 0.97

grovided ar ex+ra unit or two in safe%y level, and the <cxtra
uni= sadas a significant diffecence in the abilitvy <tc mee=
the Jdemand.




TABLE XIXII
Simulation Allowance Coamparison #1
Ccapariscn cf simvlation results fo- NIIN®* 00-140-1775
Iten data: 94 actiens avg. IP = 0.06 3days
1 BCH (w/AWP) avg. TAT= 8.0Q00 days
93 repairs av3d. TAT= 3.89 days
71 acticns w/o AWP avg. RCI1= 1.39 dzys
23 acticns w/AW? avg. RC2= 2.65 qays
avg. AAP= 8.87 days
RIFSTCE FEIMAIR Mod=l Proposed Mcdel
Level Quantity Quanti«y SL
Regair cycle 2.032 2.07S
Adniristrative .032
Erccess cne .S535 .970
PICCESS WO . 342 . 786
Avalting Par-<s 1.146
Ozder arl 0.191¢ 0.146
shipping time
Tr+al pipeline 2,223 2,221
Safs*+y 1.728 - 2.779
Tctal § 5
ZXREPs (¥) 31 (33.0%) 13 (13.8%)

*NIIN is the Ne+tiopal Is2m Idenczificacisn Number
~hat unjquely identifies_ 2ach_item caccied in
zry pecr=icdn cf the faderal suppiy ca=zalog.

+0ST figure for RIMAIR model includes 3CM TAT.

Cf «+h2 79 items in the sample, i2 only one case 3i”
the crcpesed modal yield a lcwar allowance <han *he RIMAIR
mcd2l; +his item is presented in Table XXIII . The fp-crosed
scdal computed an allcwance of 0.44 £or process cne, and 0
for process two. Adding fiva for the r2maining pip=line 1and
rounding yields +he final allcwance of 5. The RIMAIR mcdel
adds tte entire pipeline togetha2r, and “his resul*s in 6 as
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TABLE IXIIX
Sisulation Allovance Cosparison 62

Comparison of simula“cion resulzs £o52 NIIN (J-933--7399

Item data: 23 acticns avg., I?2 = J,J09 days

. . - s e e —

23 acticns w/o aAWP av3y. RC1= 1.9 days
RI¥STCE RINAIR Yodel Przoposed ¥odel {
Level Quanpti+y Quantiey SL |
Regair cycle 0.0 J.265
Adminisirative «012
Exccsss cne 253 €.903
Process two a9
Asaltiag Parszs 2.9
Order and 3.623* 3.360
stipping tinms=
Tctal pipelins 3.623 3.625
Safexy 2.377 1.375
c+al ) 6 5 {
EXREPs (%) 6 (26.1%) 9 (3%9.1%) '
*0ST figurs fcr RIMAIR model includes BCY TAT.

<he

ira
possitle deficiancy in <r=2a%ing zthe ©répair preocasses as

tha allowances quan*ity. This is the 2xample for shcw

separat2 frcm the administrative, Awp, anrd whclesale

gip2lines. Lack of the ex*ra uni: o< safety lsvel caused 3

addi+«ional EXREPs when +the propos2d modal was used, 17.6%
worse *han <“he RIMAIR a1odel.
The differerces causad by applying the Fp-oposed

scdel to zach i“em in the entire invsantory are showr in

Table XXIV . The 2£ffect on <+~he en+ir-e sample is described

in +*erme of <the nusber of aiditional units of allcwazce

computed by the propcsed model, <the aumber of items in <h2

~ - Mr - “w..!.f’




categcezy, the number of EXREPs avoided by having =L< 23di-

tioral units, and the average number of EXREPs avcilad rcer-

TABLE XXIV
Sisulation Allowance Comparison Summary
Celta | % 1<ems | # EXREP's l Avsrage # EXREP's
{vnice) | i avoided avoidéd per uni+
-1 1 } - 3 , -3
) 41 0 0
+1 32 | 285 | 8.9
+2 | 3 | 48 l 8.9
+3 { 2 { 49 i 8.2
Tctal 443 uni=s | 379 { 8.8
NCIES: ‘
1) "L2i+a" rapresants_+he propos=24 model allicwarcs {
rirus the RATMAIR allowaics, !
2) "# items" regpresents the puabsz of <he 79 lin {
iters in the sample <ha* navs ths d2lta quaz- |
tltK as the différence between *he prcpessd and {
RIMAIR allowancss. ‘
3) 1Ike n2ga+iva sign 4in_ <he "ZXREPs avoided" and {
“Avzrage¢ EXKEIPS" _columns I1ndicates <tha® zio= {
prorcszd model allowanceg alliowed more EXREDs
than the RIMAIR model alicwarnces dif.
|
|
i )
uni+« of increase, These summary c-2sul<s indicate <ha=~ ncre

than half c¢f the items wers provided the same allcwancsz by
«he proposed model as by the RKIMAIR mod=2l, 3nd all tu+ S of
the 7¢ items had allcwancas withian orn2 uni+, Considering <hs
fact tha< +he 79 i+=2ms analyzed 3in thn2 sampls Ceprzsen- 167
cf the +totel denand experieac2i on <th2 RANGER <crtu b
increasing +*he allowances the f=w additional units recam-
manded by the proposed model s=ems a small "cost"™ fcr the
Tesulting performance improveman<t.
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2. Simylating Proposed Model Safezy Levels

Tte flexibili+y provid=2d by +th: preopcsed nmci:sl fer
o] b

setting safsty lsvel combirnations e 3 liabili=y.

a
It is nct intuitive what settings will provids thz Dbhes:
cverall suprert. The search for process ore safety level

a
settings was made simple by constraining +¢h: uncarpaci*ated

pipeline ard overall rspair preccess 1levels =¢ (.90 +to
compare mcst clesely with the RIMAIR models., 7Thara is addi-
+ional rtesearch that caa be decne in =his area, %o
a*+erpting +*o find the optimal paramszter =s2ttings fcr e
givan application.

Tabls XXV shcws +the resul*ts of succsassive simulation
runs 3in which the maximum safe=<y lzvsl sz%ting ¢z =sespair
E-ocess ¢ns was varied. Incrzasin vel

improves <he performanrce of th2 mecdel, d=spizz -he £fa
evacy izcre2ased process-cne safe+y lavzl 1s ralarnczd wizih 2
€2 in pJrocess-4wo safezy lzvel in crdar <o 1
al of 0.90 .
e rasgylts provided in Tab
suppcrt £cr +h2 validity of <he pro
effaceiveness of the invantcry inc
safety level increases. This supports %he conternticn tha-
suf€icient suppozt fcr rcepair process cne is essantial £
“he success ¢f the system as a wh
The process-cae traffic i

icems in the samcle are graphed ia Pigucz 5.1 . Oorly €fecur

o
rn

the izems have @, above 0.4; <tae high was 0.5323 for VIIN
C0-80u4-5803, based on 96 process-cne acticns wi*h an average
RC1 value cf 2.11 days. The madian o, value was ounly C.176;
the mirimum wes C.053 . Consequan+tly, <“he allowances did
nct ipcreass muck when the safaety levels were increased in
Table XXV ; some wculd have incresasad substzn+ially if =he
t-caific intensities had bean in *he n=2ighbcraccd of 0.9 .
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TABLE XXV
Simulation: Proposed Model Safety Level

Purpcse: To show the resul<s of varying zthe safe
lavels €f¢r process orns 1iI <hie opocpos
model.

Parame+ecs:
Flying hour factcr () = 1.19 .

TAT cornstraints: 1IP SKD iPR ]C1 RC2
(days)

Piaigum TAT: 1 day.

Safe*y levels: (0.90 for the 2413i:, AWP, I&s
pipelins; 0.90 overall f£fc
repair processes.

Results:
Maximum safe<y level £for piccass o
0.9¢C 0.95 0.986 J.97

Demands 2884 2884 2384 2884
Issuszs 1889 2C25 2126 2169
ZXRETs 995 £59 778 715
Effect., 65.5% 70.2% 73.2% 75.2%
allow. 220 237 T249 256
Dzl+a from next lcwer ca?a; )

Issues +136 +31 +03

Allcw., + 17 +12 + 7

3. Fcrecasting Ircr2ased Dzmard
The s+a*ed opurpose €sr dsvaloping a

aodel was tc <o previde more realistic cCeguire

as<s £cr periods c¢f increased 1=2mand. The

resen*2d4 s~ far, however, hava not shown +his.

provides an excellen*® opportunity =c

o

ase

heir deployment included a +hic+een week perioc
ns in «he Irdiar Ocean dur-ing which <he
a ae

né was 25% highez than feor the deplcyment as

_——-—.————_——-J

The RANGEPR
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Figure 5.1 Erocess One Traffic Intensities.
Figure S.2 provides a graph <% <hs aggregate demand sxrveri-
enc2d by %hs 79 sample i<2ms 3ucing -he derlicyment and high-
ligh*s <hs Indian Ocean period. Th2 Iadian Ocsan per=icn ¢f
the Jsplcyment =cs2presenv24 acp-oximata2ly 65% of +he dzmand
L £p Y
fcz +he szt ire dsplcymen+« (1870 of 2884 3demands). Bscauss
+his is suct a subs<antial pertion of th2 depleoymsant, us2 of
a <Sorecast factcer (F) 0f 1.2%5 aay te apuiopriz+te whe:x
computing allowancss wizh rates based on  *<he entice
dzplcym2nt perici.
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flying hcur forecast factor was used. The resules of varicu
t*ting cf +his factcr, for bo<h the RIMAIR and the prcposel
mod=21ls, are provided in Table XXVI .

Ircreasing +tha flying hcur forzcas+s iaprcves +he
effectiveress achieved by bo*th models, burt the =z£fz2¢+ of
"diminisking revurns" <for increased 2ffectivensse per uanis

added to inventery can be seen in ho+th models, hu+ is mere
géx*refe in “he fprepcsed modei. It is possiple *+ha*t use of
he firi<e pcpula+ticn appreoximazions would ZIZmpreve ~<he
results in *he propcsed model, bu= <his cannot bz tested,

The facet tna+ the provosed modesl was able «c achiave
0.857 effectiveress whea using & ferescast facter ¢ 1.25
(which is +he <fac*tcr for the RANGER's 4aeavy demznd pazicd)
is very sa+isfac-ory considering the model was se+t fcr 72.99.
Even with k=2 Denefi+ o0f inciuding <he 3CM TAT, 228 using
xed IAT limi=s, -he RIMAIR

A
e 2odel could oroviiz crlv
zffectiveness a¢ +“he same s==<=i

svidance

13
Vo
.
¢3
91
m

3%
szrongly favers <he fproposed model as being =z het<aer model
the unde s

ndeclyiag c2pair process <than 2
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TABLE XXVI
Simlation: Porecastipsg Increased Demand
|
Purpose: To show the resulis of varying <he flying |
- hcur fac+tczs for both acdels.
Parassters:
TAT limits: Ip SKD RPR 8C1 RC2 AWP
(qaysé
Ecth mcdels 6 - - 12 35 60
Finipgus TAT: 1t day.
Safety levels: 0.90 for th=2 RIMAIR model; €.90
for _*the admin, AWP, ard resuveply
pipeline; 0.9 “ovérall fcr *he
rspair processes; and 0.97 £e:z
rapair procsss cn€ ir th=a prepeosed
pcdsl. |
|'
Resulxts: . IMAIR Mcd=2l |
Flyizag hour foreczs=< factc: (F) |
1.19 1.2 1.40 1.60 2.00 ;
Demanis 2834 2884 2884 2884 2884 1
Issuss 1951 21903 2289 24 36 263¢ g
EXFEEs 9133 781 595 448 249 %
Effct.  §7.0%  12.9%  79.4%  du.5t g1.uw
Allcw. _234 _253 288 318 _3¢s {
|
- - - w = - - . @ W @ e @ e w w @ w ® @ w W = - - - - :
. Ppropessd Modsl {
®lying _hour £orecast factor (F) {
1.1C 1.25 1.40 1.60 2.00 {
|
Degands 2384 298u 2364 2884 2884
Issues 23090 2473 2579 2702 2722
EXREPs 58u ¢ 1 305 182 92
==== =z=== Tm=== ==== ===
Zffec+., 79.8% 85.7% 89.4% 93.,7% 96.8% ' -
Allcw. 281 329 374 438 589
Delta Eketween modsls az the ;ama F factc;: ) )
Issues +349 +370 +2990 +266 +157
Allcw. + 47 + 70 + 86 +130 +203
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VI. SUMMAEY, CONCLOSIONS, AND BECOMMENDATIONS

—— ——— - S — — =

A. SUMMABY OF RESULITS

The support prcklems experieaced by Navy activi<ies

during fpericds c% heavy demand for aviation -epairzbles mpay
cw

be par=<ialiy dque <*o the model being wused fczr ccrpuTing
invantcry allowances, The curraat aod2l z2nd s RIMAIR
modzl <~hat is soon *o be implem2ntzd <shars some s2:zicus
deficiercies, ©The deficiencies fall 1ia *wo genar2l ca+=2j0-
ries: *the method of using iapu= daza, and the mcdsl which
r2sules ficm assuming an ualiai<ed-capacizcy repai:- procass,
Analysis ¢f <+he da+ta fo-om thes 1983 dJeployment cf  <he ISS
RANGER (CV-61) 1lad =<c developm2r+ of &z alterna<2 mod21 < ha+
corrscts scne of “hese deficiencies. 4 |

Ecth the current and RIMAIR models

3-M paintenar

cz data base sx=ensively £

ancz2e, This dJa+a base has a rwuabec ¢
e T

hamper the 2ffec-iveress of any mod=l. Ths twe
ar2as addressel in this *hesis are =n2 lz2ck 0f «im2 3d:zcrim-
ina%icr in 4ke measurament ¢f -epaiz turnacournd <iae and zhe

upper limits (cons+traints) <ha+ are z2pplied <+c¢ wurnaccounid

i
time cbzzrvations bsefore using <hem for allcwance ccmpu-a-

The lack of TAT discriminacioa 1s inherent irn +the

cu-rert mechanized data collecticn system ia <hat +h 1
tha+ ac=icns occur is recorded only with the resolutic
day. The result is that 35% of the maintenancz ac
the sample were recorded as zaking zero days =0 ¢
€

This ocbviously understates +h2 ac-uali <*ime re




processing, resulting in undsrstar3:d allowarnces. The cajia-
E1li+y =xis<ts <+«¢ ccrrsct this: man~hours ard flick=-ltoucs
ace beth documen+*ed tecause *h2 re2d o provide thz< lzvel
of ~ime discriminacicn was Tzccgnized.
Rapair-processing-hours could likevwise be provids3l. Uss cf a
cre-day ginipum TAT is a simple way %0 ccnpsnsate <£cr the
problem; +his proved *o have a pcsizive effect during siau-
la+icn. The effectivernsss of <he RIMAIR model wvwas Ipprcvad
7% wren the cne-day miniaum TAT was us2li; *hs pronosed modsl

showed a 10% improvenen=.

The curren% gedel and ths RIKAIR mod=sl bo<k use TAT
iimits +ha< are cverly ccnserva=zive ani shich cauase fczzcas*
pto)

ir times (and <he asscciated -zpali:- pipeline guan<ticies)
u

Ti2nced. The current* limics az2 s> savsrz +that +hsy io%wiri-
th2  apili+y ~f +h2 iavantocy wmodzxl o previise zizguzes
suppcz*. The RIMAIR mcdel perforazacs iliupzevid mer-z <harn 177
in rthe sirulation when relax=2d liai-s were applizd,

The current gcdel and “h2 RIMAIR mcd:l both use <hs
Pcisscrn Jistributicr *o coacu%2 allowancs quaatities, usino
“ne zevai:r pipaline guan=i+y or =ue <2tal pipeline gunanti-y,
raspectively, as ths discribution par-an
using *he Prisson distribution in <winis
@ented irn ary availarls paper, stuldy, o
assumg=ion “ha+t <he rerair process is an /%700 Jususing

process 12ads +c eszxactly the same dis<zibution f£cr  <+he
rumbszr 2f urnits in the Jusue, however, and i+ is <herefers
assumed that <he ¥4/%/00 qu2ueing mcdzl is *hs und=ztlyiag
20321 c¢a which tte currert and RAMAIK aodels ara based, Tkis
mcd=21 iz act appropriate foz use with the existing Navy IMA
rzpair faclilities bacause tha assuap%tion of uniimiszd zepaic
capacity is a0t valid. Th2 limi<zd capaci+y cf +he VAST
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E. CCHECIUSICNS

1. Ihe EINAIR Mgdel

The RIMAIR mxodel is a betrtter model “har <hz 1nod2l

curz2ntly iz use in cthat it provides some measurts ¢f rrcsec-
*ion fcr atwricticn items. It 1

(II

jzficient in <he exclusion
¢f 3CM TAT in *hs pipeline., The mazn2r =a which “he Bc

distributicn is used tc computs allowarnces 2lsc causes
allowances to be understa=ed b2causs 2f the implici+« assymp-
«ion thas “here are always adsjuazely Rany Servars

available, regardless ¢f foracas< increzaszs in depand. las+,
<he currsrt methed £c¢r truncating rscorded zucaazcund “imes
sgericusly reduces the estimated averajy2 TAT values which are

rod=21 inputs.
The RIMAIR acd2l was uszd i3 zhe simula<ion Wi<hcu=

+h2 one urnit cpsrating level so *that the ability 2¢€ ~-=ie
urdeczlying med=i, wnich uses <he Pdisson dis<zibuzisn te
Fzevide prozecticn “c +h:2 pipeline quantizy, could ke =xam-

ined. The <result was *hat <“hs RIMAIR mcdel cnl
allowaaces sufficisnt *to fill u43.6% o the 2884

d
Y
4
the sampls from off-the-shelf 3IFI amatsroial. This poor
performance is maskad when <he orns unit opsratiag
applied. Tha addi+«ion of <+he on2 unit opsrating
the allcwances for the high-dsmaz2d i<ems was =
pcevide sffectiveness above 90% Zcr both models. The zu*e-
n

ma+-ic additien of a upit opezatiag lsvel +o allowa

pediuvm- znd slow-moving it2ms may nc< be warcanted, hewever.
2. Ihz Epopossd Yodel

Thke prorosed model attempts to correc*t the rwajor
problems wi+th *he RIMAIR amacdel by including BCM TAT in the
rapair c¢ycle time and by explicizly ccnsidering 1limi+s on
tha available rerair capacity. While <h2 malfunc+ion code iz
probatly +*he best discriminator to iniicate <the ccoplexity
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of the repair an it2m undergoes, the exis+<srce or at
AWP <imz was fcund *c be a2 accaptable substituse., Tws sspa-
rate repair processes wars Jdaefined by =he axis<-er
absance cf AWP time. Allowances computcsd by = E
modsl wsre cenerally equal to or grsa<er than *he allo
v gznsra<zd by the RIMAIR model. This is the expec<s=d
. cf assuming limited repair capaci-y.

Allcwances generated by ths proposed mcdal preovided
tetzer psrfcrmance in simulations fo:r forecast demand razes
up =0 25X higher ¢+han <he obssrved izmand rta-e. D=zg
cecformance was obtained when dempand iacreases of 43% or
higher were forecas* tecause *hs dJemand cz<2s o
app-cached cr exceeded <h2 capacity of =he =r=zpair prccsss.
This result zavealed *he necessity for using finitz pcre
tion fcrmulae fcr calculating queus size whsn =hs =raffic
intensi=y agproaches cr =xce2ds uynizvy. Lack 2f porulaticn

zs for =he sample :i+eas siganificantly haaper=zd *“his
r2scarch e€ffcr+; further stulies should irclud= i+ in tae
data tase.

C. RECCHHMENDATIONS

1. [aza Bass Prcklems

Ccnsiderable work is curzen<ly being dcne ¢n  <he
aviaticn 3-M data ccllection system <+o improve ths accuracy
and ccmpleteness of +he data base. Addi+«icnal wcrk is
tequired to ensure da%a necessary £c- proper supply supper*
is ccllzcred. The current system records da%ses apprcgroiate
to manaqing a unit's physical 1ocation in +he mainterarnce
system, tut this is nct necessarily th=2 informaticr raquired
£5r measuring sugport factors. Da:a for off-the-shelf *iame,
repair capacity, repair rate, and zxpacted waizing tize aze
all neeled if iaprovements ar2 to be made in *he suppert
sys<es. Additiorally, it is important to record the changes

129




that cccur in <hese facters as demard increases in :srizr =z
forecast achilizaticn <requirsmants. Th
imprcvemsents in the data base are recomaended based on zhe
lessons learned in researching this thesis. Firsc, =zhe
tase wused fcr allowance compu+tazion mwmust be expa
include time off~the~shelf for RFI cepairable componern
no+~ jus+ the maintenance time associa<ed wi<h NRFI unizcs,
second, the data base must ke able <o discrimina‘e
gzocess =imes in hours ins%e2ald of Jdays. Thizd, <hs=
collection system must record information abou= vr=pair
capacities, repair ra%*es, and wai=ing =imes.

T a
adequate support fcr the cperating forces is *c ke ac

-

e exis+ting *urnaround limits wmust be ¢k

=4

Thare are many #ays =5 detect atypizcal cbssrva=ziors in a
dara tase; th2 invertory models 1a use £or ccrsumable izszms
have dsmand £il%ers +c <west <h2 aza observa-iceus. Tact
demand cksarvation can be acceprad o s2jeczed 2s an cu=lier

£
'l
'
ih
[()
(3}
&
]
K}
h
1
O
=}

if -he demand observation is sigaificantly

"

*he item's recen* history. There is no reason
filtver f¢r retail rtepairable itams, which aze
associa+zsd with readiness, cculd aoc: be dsveloped.
The il=a tha* TAT linizs shculd ze:cv a
grals is rot acceptatle if €fer no oth2ar c-2ason “hart <ha* =he
current TAT 1limi«s are <ccutinely =2xc £
tacause cf cperating policy provided by
Cparators ar2 frequen+ly required <+¢c provide off-sta%i
supocre, thareby exceeding the orne day in-p-ocesss +*inme
limit. Operators are requirad <o at<empt *time-ccasuaing
fault isola*ion and repair for extremely difficulr galfunc-
tions in crder +o minimiza “he number of wuni%*s ratuzned <o
wholesale tTepai:z depots, and they are alse frequenzly
rzquired tc hold AWP mazerial <*hicty lays, six*y davs, c¢r=
longer 121 atta2mpts to obtain piece~-pacts that wmay 2ac* be
available. The orpera=crs* reward £or pec-foraing <+hese
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+asks, find <ha-

0of the da+a zeflec=irng wha=

and doirng them well in

many casss, is <o

som2cre at ASO disregarded much
really cccurrad in order *o comply wizh “he mandatzd ligizs.

2. Ncp-homogepecus Repair Processes

The data base showed thar therse were significanc
differences in the times necessary <+o perfora varicus “yres
cf repairs, particularly with -espsct o “he <+«yre of
salfunc=icn that occurred. I- may 52 pessibla <o sigrifi-
cantly ieprcve c¢n the <zTesul*s obzained in this ~+hesis i€

salfurcticn codes can be subclassifiz3 into oroups +that
wculd facilitats *he identification cof ~he <hacrized
typs-cne and “ype-twc repair proccessss. Al+tarne+tely, =zackh
inventer item might hava only =wvwo l1€urc+=ion

codes ncrrelly applicsd to it,

also provide <=hz capability <o iden=iiy

Frocesses. In =ither casz,

appsars tc rrovide a @aore

The absence c¢r exis<ence cf

a function c¢f both the mallunction

3
suppcrt that exists at an activiwy

Consequently,

vary
activity +¢ another. Ths percen<tage 2f aalfunceicr

3
the percentage of iwsms likely =
b

gcobatkly consijeranly for “he sa

cre tyrs cenerated ty similar £1:igh+t operations

vary as muckh. Rddi<«icnally,

galfunc<icns and =he

~hs idzatifica~icn ¢f
impact “hey have an
and readiness could aid level of capair analysis
iden+*ify cther maintainability problesns.
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3. Further Stuly

Further study of <ne Navy's intermediatz n
system and the supply support it reguires 1is bet
recongended and vitally needed. Int3rmedia+e main<erance
dces not r=sc2ive auch visibilicy primarily because indi-
vidual activities are swall ccompared to th2 d2per rewcrk
es. In aggregate, hcwever, <+hey are larger <thar the
cts 2rd ar2 wore closely -2latsd <o day-to-day avia+ion
diness. Study of ths maintenance system, the inverntery
els, *the managemernt interface, and the applicaticns and
implicazions 2f 1modern information techrnclogy are alil ofpen

is *hesis at+tempted to examine a small porrica of
the system, 2and in decing so raised many more ques<icrs *han

rl

it cculd a=nswer, Th2e models 2xamined and prepessd ac-e all

very simple. They can be improved in 31 number of ways., I= is
hoped that +hey will ke.
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APPENDIX )
USS RANGER SASPLE DATA

Ths following <*akles provide moce <compics+e infcrma<ion
about the sagple data used in the thesis.

IABLE Title

XXVII Sample l%em List

XXVIII Special Material Idarn=ifiza+tion Code
IXIX When Discovsred Cod2

XXX Typ< Main*enance Code

IXXI Action Taken Code

XXXII Malfuncticn Code

XXXIII In-Erocess Days

XXXIV Schsduling Days

IXXv Repair [lays

XXXV Awaiting Parts Days

XXXVII Turnacound Time

XXXVII Repair Erccess One Cycle Time

XXIX Repair Frocess Two Cycle Tinme

IL Crosstatula*ion of BCM and AWP Ac*-iorns
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Action Taken Code
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