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Preface
The purpose of this study was to analyza tha oparational suit-
abllity of the Commoa Strategic Rotary Launcher (CS3L). fhis was

accomplished by daveloping 1 simulation aodal of the C3RL that maasurad

avallability and sortie generation tlne, The waodel will be used by

AFOIEC to analyze the data obtalued durlag the test program. SAC, taa

ultinata user of the model, can also use the nodel to 2xperimeat with

diffecent nanagement policles befors and after tne systam becomas fually

operational,

The model was used to datermiae the 2ffact of several variablas oa

avallability and sortia gensratioan time. Specifically, the modal was

ased to answar the followlag rasearch questions:

1. What is the 2xpectaed availability of the C3RL whea used on the
B-52 and when used on the B~} aircraft?

of
of

crews, numbar
and fraquency

2. How much 2ffect does the number of Lload
munitions Llift tratlers (4LTs), level of repair,
launcher iaspections have on sortie gesnaration tinz2?

3. How much effect does the frequeacy of launchar inspections have
on availabllity?

We wish to acknowledge thosa peoplz that have provided us with
guldance and assistanca in prapariag this thests. first, a1 word of
thaaks to our advlisors, Lizutenant Zoloael Charlas £. Sb2ling aad 1ajor
James K. Faldman aad also to Liz=utenant Coloael Joseph W. Colenaa. de
would also like to tnank our spoasors at AFOPEC, Major 3urton 4cleazie,
captains Fred dulem, <Ricnard Price, aad lhusk Wolfi2 wno were very
halpful. Finally, 20xaan would lik2 t5 thank h“ar husbaad Daaa for 4ais

patience and uaderstandiug throughout th2 whole effort.

Sarah J. 3jerstad
loxaan A. Qylar
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Apostract

, The Comnon Strateglc 1Rotary Lauacher (CSRL) 1is 3 nultipurpose

launcier that will be used oa the B~52 and 3-1 alrcraft. This _study '

i
<A ' Oy A . , - .
> A A ! > 4o L

davalops 3%(SLAM§simulJtion modal of the CSRL and uses two measures ot
effectiveness, availability and sortiz z2neration time, to datarmine the
operational suitability of tne CSRL. Analysis of varianc2 and regres-
sion analysis were used to detarmine what effect the aumber of Lload
cra2ws, the nunbar of muaitions lift trailers, the fraqueacy of launcher
Lnspections, aad the la2vel of repair hgye on the sortle generation tiae.
D R R A v e
The repair concept for the 324M launchar was used as a baseliane. The
results of this study {ndizate that a unit increase in the aumber of
10ad craws {(crews range from 3 to 12) would decreas2 the geaeration tima
F (T DIV D PV
1-5%; an iacrease ia the nunber of “tPs- would not significantly decreasa
the generatioa time; lacreasiug the fraqueacy of inspectioas [rom oace a
year to twlce a year would dacrease the tlme by 3-5%; aad allowlag
flight line repalr and exchange of fallazd nissiles would dacreasz the
tine by 2-57%. fheses results have ba2n grapnically raprzsentzd in a
contour nap which shows tha various comoinatioas of th2 abova factors
which ara neaded to achlzve a1 spacifi{z geaeratloa tin2. Thls study also
datermined what effact tne fraequenzy of launchar iaspectioas n3d oa
avallabilitey, fhe results indicats that frequency of Laspections do2s
have 1 small 2ffact oan the availability of the <C3RL; 1iacr2asing taz
frequency froa oaca 1 year to twica 1 year lacreases the 1iverage parcaa-

tize of availabla launchacs by lass than 27%.
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4 SIMULATION MODEL OF ['1£ COMMON STRATEGIC RO[ARY LAUNCHER
FOR AVAILABILLITY PROJECTIONS

I. 1Iantroduction

Background

Cne Aircraft Loglistics Analysls Branch at the Air Force Operational
i;i Test and Evaluation Center (AFOCLEC/L3G4A) s wupdatiag the Logistics
' Conposite “oda2l simulation of the B-1 strategic bomber which will be
used to derive 3ortie Generation Rate (SGR) aad the Fully “issloa
{. Capable (FMC) rates as part of the 8-1 tastiang effort. The Common
- Strategiz Rotary Launcher (CSRL) is a separate subsystem which will be
used on the B-52 and the B-1 ai{rcraft and will impact the SGR and FMC
hii rates. AFOTEC/LG4A has requested the development of a simulation model
for the CSRL that can ba used to derive JSRL avatlability valuas as an

input to the B-1 LCOY simulation nodal.

P Thesis Jbjective
‘ The objective of this thesis s to analyze the operational
suttability of the Common Strategiz Rotary Launcher (C3RL), a2 vitl
T. subsystem to be used on the 3-52 and the B-1 aircraft. This will be
4 accomplished by devaloping and iaplementing 1 computar simulation aodal
for the CSRL.

lne orimary m2asura of oparational suitability is availability.
Accordiang to AFR 300-13, “"availability is a measur2 of the degree to

which aa {tem ts In an operatiounal aad comnitabla state Jhen tae alssion

{s called for a1t 2 random point Ln time.” For the C3RNL tnis definttion

D U T
LR R R L AT TR B
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of availability was translated into a more specific measure of amerit.

For our model, avaflability is the percentage of the total launchers
that are in working order. If a2 launcher has failad in storage, 1t is
aot ivailable, evan though the failure has not yet been detected (=ither
through annual inspections or sortie generation exercises).

According to the test program outlfne (1:7), one of the crit-
tcal operational issues for Ol&% is the carrier aircraft sortie gener-

ation:

“the carrler alrcraft sortle geaeratlon capability is highly

dependent on the operational suitability of the CSRL. The

ability to ganerats 1 sorti: within the time spectfied {by SAC]

will directly affact [SAC”s]| ability to meet wartine missicas”.

To evaluatz the ability to neet wartime missions a second measure of
merit has been defined. Sortie generation time is the time required to
get all aircraft ready to launch. The sortie ganeration time 1{is a
function of availability, but it is also a fuaction of the number of
crews, support equipmeut, level of cepair, load times aad repair times.
It not only measures how many launchers iare available, but how loag 1t
takes to get tne launcggrs in a usable condition (i.e. 1loaded oato an
airerafe).

Zvaluating Aavallability and generatioa time can b2 accomplished by
davaloolnz and 2xecuting 1 simulation nod2l of the CSRL systew wusing
Slmulation Language for Alternmative Modaling (SLAM). Joth quantitias
ar2 measured at random polnts in tine in the modal and satisfy tne
AFQOTHEC rejuirements,

A wilng of 16 afrcraft Is modeled over on2 y2ar using a1 sc2nario
spectfled by AFOTEC, The maintenancz for the CSRL is modeled in a way
sinllac to the concept for the Short-Range Attack Missile (SRAM) rotary

launchar, Zxistinz SAM support concepts and resource requirements
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served as a baseline for mod;llng the CSRL. The CSRL is modaled for usz
on the B-52 afrcrafrt. Yowever, the only changas for analysis with the
B-1 are with two components; the power drive unit and the power drive
unlt controllar are considerad part of the B8-1 atrcraft systam, rather
than the CSRL.

In addition to the analysis performed in this thesis, the CS’L
nodel was developed so that it could be usad by both AFOTEC and SAC for
future analysis.

Currently AFOTEC uses simulation mod2ls to analyze the data
obtained during the test prograa. This model was Jdesigued to use the
outputs from the test program (as defin2d in tha draft test plan) as
inputs to the model. Normally, AFSC devalops the model and AFOTEC
receives {t sometime during the test program. By having the CSRL system
modeled prior to the start of the test program AFOTEC caa 2xercise the
model to lientify critical aresas of performance bafore tasting beglas.
This will signal areas that AFJTEC should fully avaluate during testing
so that aany deflc(enqtes can be corrected befora the system |{is
{nplemented. If necessary, AFOTEC can mnodify the test plaa based on ths
{mpacts predictad by the wmodel.

SAC caa use the nodel to axperimnent with different mnanagemeat
policies before and after the syst2m becomes fully operational. This
should be an iterativa procass. is nor2 data hecomas avallabla, the
nodel can ba updated.

Aad finally, the availabllity n2asuras derived from the CSRL model
can be used as laputs to the 8-32 and B-1 Loglstics Composita Models to

2viluate the oparationil readiness of tnose systams.
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Research Juastfions

The effects of several controllabla variaples on availability and
aircraft generation time waras evaluated while simultaneously consideriag

the effects of several astimatad ralfability and mafatainab{lity
parametars. Specifically, tha analysis focused on how the number of
load crews, the number of aunitlons lift trallers (MLTs), the lavel of
repalr (2-lavel vs. 3-level), and the frequency of lauacher inspections
affects the measures of operational suftabilircy. Sinc= there are many
raliability and maintainability parameters whlch‘are estinated and waich
could affect the results of the analysis, these parameters wers included
at various levels. These paramaters f{aclude fallure rates, 1load time
for the launcher, time to exchaage a missile, and remove and replace
tines for the ralay assenbly and missilas intaerface unit. [he rationale
for choosing these factors is detalled in Chaptar IILI.
The specific quastioas to be aaswarad la this research are:

1) What is the expected availability of the CSRL whem usad oa the
8-52 aircraft; wnen used on the B-1 aircraft?

2) What is the sortia geaeration tim2 when used oan the 3-532; whan
usad on the B-1?

3) dow mach effect does the aumber of load crews have on the
geaeration tina?

4) {fow nuch effect does tha wumbar of ML[s n1ava oa the geaaration
tina?

5) How much effact does the lavel of repalr have on the senaration
tima?

5) Adow much effect 1oes the frequency of launcher L{nspactions aave
on the genaration tima?

7) dow much effect does the frequasacy of launcher iaspectioas have
on the avallability?

4
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Jverview

The ramaiader of this thesis consists of five chapters. Chaptzr (I
gives some background information on the CSRL and discusses in detail
the operational enviroamant simulated ia this research affort. Also
included in this chapter are a2 Jdascription of tha support and test
aquipment critical to the CSRL. This chapter does not try to tie the
operational environmeant to the model, this is reserved for Chapter 1IV.

Chapter III discusses the ratfonala for choosing the resaarch
questions. It also Jdiscusses some factors which may affect availability
and generation time, but w2re aot iancluded in this study.

Chapter IV describes the mnodel developed for the CSRL, the
assumptioas made {n the moda2l, the flexibility of the moda2l, and the
data sources. It also discusses tha steps taken to verify and validate
the SLAM model and the computer results.

The analysis and results chapter, Chapter V, describes the research
designs w«hich were usad in the slaulation aad the statistical results.

The final chapter . discusses thza conclusfions reached during the
course of this reszarch and the recommendations for Ffuturz analysis.
The first section of this chapter reports the significaant results ob-
talned £roa Chaptar V. The recomma2adation s2:tion shows how the CS3RL
model can be further devaloped to 1nalyze othar factors affecting avall-

ability wnen the approoriate diata becomes availabla.
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iﬂ IT. Operational Background ]
i ,

This chapter gives a brief description of the CSRL operatioanal

eaviroameant, There are three major a2vents that affect the CSRL: annual

Lol :
A_'-..‘.“.A"A 1

inspections, alert status, and sortie generation exercises. These three

eveats as well as the support and test equipment that are expected to be

limiting factors in the availability of the CSRL are desgcribed.

CSRL Description

The Common Strategic Rotary Launcher (CSRL) 1Is a multipurpose
launcher that accommnodates cucrent and projected cruise mlssiles, short-
rang2 attack missilas, and gravity weapons. The CSRL will be compatible
with thr22 distinct strategic bomber airframes: B-52, B-1B, and ad-
vanced tachnology boaber. [he C3RL has eight w2apon stations that can
carry any ce:tlfted w21apon. This allows uniform loads of any weapon as
wall 1s unrestricted mixed loads. (13:1)

The CSRL consists .of a lauacher shaft, forward and aft launcher
support fittings, weapon ejector assemblies, and avionlcs components.
The C3’% fnterfacas with the afrcraft electrical, hydraullc,

eaviroamantal, avionics, and w21p0ns control aand monitor systems. A

diagram of the CSAL i3 shown in Figure t. (13:1)

Support Equipment. The Z3W ts over 22 faet long 3ad waea loaded

with 3 ALCY missiles (t walghs 25,300 pouads. Tae liuacher regquiras

son@ missive and expensive support aquipment to transport it. 1
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Amoug support equipmenti the munitions lift trailer (MLT), due to

its low reliability, 1is currently the biggest constraint when loading 3
the pylons. A modified ML[ is planned for use with the CSRL.

Test Equipment, The launcher, along with the pylons and missilas,

are tasted w«ith the Electronic Systams Test Set (EST3). g£ach wing has
thrae SSTSs and 2ach one is wired to test two of the three types of

equipment. Each type of aquipment has a primary ESTS and a backup ESTS.

r; Operational Environment

Figure 2 shows 1 plcture of the operational =enviroameat of the

CSRL.

log LAUNCHERS
LOADED LAUNCHERS
TESTED VIA ESTS

1
: e LAUNCHER
v AIRCRAFT
J AVAILABLE © > Y
: AIRCRAFT & £ 3
° 1
| Figure 2. CSiL Operational Environment (3:43)
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Unlike other subsystems on the B-52 or B-~1, the CSRL will not be
operatad or flown during peacetime operatioas, Ine lauachers remain i
fully loaded in the weapon storage area (WSA) until removad for one of

the following three reasons:

1) annual inspection, i
2) uploaded to an alert alrcrafe,
3) sortie zaneration exerclsss.

Each of tha activities 1s further described balow with the approxi-

" mate length of the 2veat iadicated in parzanthesis.
Annuil Inspections. Zvary lauacher and missile 1s {aspectad
- aanually. -
.' When the launcher 1s due for an Lnspection 3nd an Elactronic System
Test Sat (E£STS) is available, tha lauacher Is traansported from the WSA
; to the Iatermediata2 Maintenance Facility (IMF) (.5 nour). -
o The laspection <crew consists of a team chiaf plus thr2e other
i members with AFSC 463XX,
; Once in the facilit}. the launcher is loaded into the tast frame (1 o
u hour), the warheads are ramoved froan tne missiles and the missiles ara
iownloaded from the launcaer (1 aour per alssila). Tha zapty lauachar
Ls connected t5 tha 3STS (.5 nhour) and tha 2apty tast is performed (12
' nours + rapair time), Whan problams 1re detactad, the tast {s stopped
while rapalrs ars mada. Th2 1issiles arz tested separataly on aanotnar
. ESTS (3.5 hours per aissils + rapalr tla2). fhe alssilas are then
' r2load2q onto the launchar (1l hour per nissile). Th2 lauacher is dowa-
lozded from the frame 1nd 1 postload lnspaction 1is performed (2.5
noars). Fiaally, th2 launcher is transportad back to the W3A (.5 hour) K
. dil2ss needed for an alart aircraft,
; 9
)
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Alert 3Status. Flve aircraft remain oa alart status at all times.

Approximately every three we2ks one alert aircraft 1Is excaanged for
another. A launcher (which is not due for aa l{aspection within 90 days)
i{s r2moved from storage and transported to the flight lin2 (.75 hours).
The load crew consists of 2 tz2am chief plus four otner nembers with
AFSC 462XX, who have trained togaether for at least thcee weeks.

fhe launcher and two pylons are loaded onto the aircraft (1 hour
per lauanciher, 1 hour per pylon). A systams interface tast (3IT), which
tasts the status of the lauachers and the amissilas, 1is performed (1.5
hours). Lf the launcpners and nissiles are working, the crew perforas
the postload work (1l hour) aad downloads the other aircraft. If not
Jorking, the launcher 1s ramoved and traasportad back to the IMF and
another lauancher is transportad to the flight line.

Jnce a week, wnile oa alert status, a SIT test is parformed by the
aircrew to ensure alert status {s matatataed.

Sortie Generation txercise. Sortle genaration exercises are con-

ducted on a no-notice basis quarterly by the base and annually by H{Q 3AC
(0R1). This exercise {s similar to bringing an aircraft up to alarct
status except that all 1ircraft are brought up to 1lart status. All
lagachers In storage and ia the [YF are uploaded onto aircraft.

when a launcher is aot operational, {t is c2turn2d to the IMF and
rapairad, whila another launcher is uploaded in its place.

When 3 anilssile {s found to b2 noa-operational, =ither tha eatirez
launcher 1is r2turned to the TMF to exchaage the failed wissila or the
launcher is laft In 2 degraded status. This dezision is a1 judganent call

by tne coaniandar based on th2 orograss of the ex2ccise thus far.
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III. Variables ia the Analysis

(¥

There are many factors which affect the avaflability aad the
generation time of the CSRL. [his chaptar discusses the factors 1la-
cluded in the analysis and why. It also discusses those factors wnich
were considered for ifnclusfon but wer2 omitted.

The factors selected are: number of load crews, available support

2quipmant, 1level of r2palr, frequency of launcner inspections, repair

rates, me2an time batwean failuras, mnission schedule, avallable tast

2quioment, aumbar of spara parts, aad the aumber of miintananca

oarsonnel. [he following paragrapns Jiscuss these factors {ndividually.
’ The numbar of load craws Jas identified by SAC as a limiting factor

and Ls therefora included In this analysis. T'h2 load cr2w {s a1 team of
. five members that have train2d tozather for at l2ast three weeks before
0

becoming qualifiasd to load the launchers aad pyloas onto the alrcraft.
Although a typical base is authorized 12 load cra2ws, at any givea time
only 3 to 9 ars fully qualified and available for duty.

Jf the support equipment, tne munitions lift trailars (HLIs) were
identified as the 1limiting resource and have been 1iancluded Ia tne

1aalysis. Fhe MLIs have had 1 poor raliabdbility. Althouzh 3 typizal

. base 1s assigned 12 or 13 MLIs, oaly 3 or 9 are usually worxking at a
tine.

. [he curreat nalnt2naace policy for tha 5RAYM launcher do2s not allow

' for repalc of the lauacher or for a2xchange of 1 fiilad nissil2 oa ti2
tlight 1lina, Whan a tfallure is d2tectad, the laincher n1ust be
downloaded from the afrcraft, transportad Lack to tas I{F and repaired.

P s{aca 1 polfcy changa, which would allow fligiat line nmaintanancz2, {s

11
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under consideration (3) this analysis evaluates the impact of the lavel
of repair (2-levai vs 3-levzl). With two levals of maintenance, th2
launcher caa be repaired at the I[4F or at the depot; with three 1lavels
of maintenance, the launcher can be repairsd on the flight liae, a1t tae
IMF or at the depot. Depot repalr refers to shipptag a falled componant
of the launcher to the d=2pot for repalr and using a spare componeat to
r2palir the launcher at the base (2ither on the flight line or {in the
IMF). In simulation models, depot repalr ls represented by including 2
tine delay bafora the falled component i{s avalilabls as a spare part.

rhe SRAM launcher aand tae ALCY unissi{les undergo aamn {iaspection
annually. The mnalatenaace plan for the ISRL also calls for an anaual
Laspection. Siace fallures which wera undetected in storage would be
tdentified and repaired during aa iaspaction, the 2ffect of lncreasing
the number of Inspectioas would b2 to Increase availability. This s
facluded as 1 factor 1n ordar to find out how auch of an iapact the
fraqueacy of inspections nas on availability.

Any avaluation of . the factors nentioned abova nust take 1ato
consideration the cffects of astimatad raliabllity and malntailnability
paramatars, Speclficilly, these are load :tlne, repatr tine, 1ad mean
tine batweea fallurz (MTB87) for the sevan major suosystaas of the
lauacher and the missiles,

Although the timne to 1oad the 3RAM lauucnar is usad as a2 Disaline
estinate, the CSRL is considerably larjer than the SXAM aad nay taks
nora tinz2 thaa 2stinated. Tharatore, this factor was iacluled {n the
alalysis.,

The time to removs and re2place a fall2d missile and the tin2a to

raaov2 and replaca the wissila fatarface uanit (MIU) and the calay
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assaabler are othar paranatars which were iacludad in the analysis. The

11y and the relay assembler are the only two comnpon2nts of the sevan

F‘ najor subsystems of tne CSRL which could pe repaired on the flight liae.
E The final parameter studied {s the a2an time batween fallure for
LZ the launcher. Sinca there are r2liablz estimates for the MIBF for
FI nissiles, this parameter was 2xcludad from :onsideration. 1IBF 1s

axpected to have the most significant impact oa availability aand gener-
ation time. [In addition, th2 intaraction of M[8F with other factors may
r have an impact. for example, tha leva2l of repalr may aot aave mnuch
impact on the ganeration timne {f the MTBF {s high since there would be
E few faillures to r2pair. 3ut if the M[3F is low, there nay ve a signifi-
cant differance {n the tinme.

Available tast 2quipment, naumber of malnteamanc2 personnel, and
spare parts wers considered for lacluslion, but ware aot iacluded for the
reasons listed bHelow.

Fhe electronic systams test set (2STS) 1s the liniting factor for
3 tast equipment. This  was includad In th2 model as 1 coastraianlng
P resource, but was not avaluated at various lavals. [he number of &3[Ss 0
:_ Is linftad ov the desizn of the I4Fs which hiave alreadly baan

constrictad., Mduring normal oparations the crew work 2 3-hour shifts for

®
5 days a3 week; therefore, the maxinum %STS onerating tine would ba 15
nours a day. dowaver, ©decaus2 of low raliabflity and neriodic &S3[S
k.
. inspections, the £3[3 ls only availaola 3 t> 1) anurs a day. Taz oaly
@

way to taerease the avaliability would be to increase the ra2liabilicy.

\lthough that nay Doe posslbla, this analysis Jo2s aot =2valuate the

1vailability of tne <3513 sincz only the C3RL was odalad. Siac2  tae

. the22 OSC5s at a typlecal bSasa ar2 gseld to test th2 launchers, pylons and

a 13
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nissiles, any aaalysis on this would have to include the pyloas and

'
daa e

nissiles as well as the CSRL to be meaniagful,.

fhe aumber of maintanance personnel was aot iacluded as a con-

a4 e e

stralat or 3s a factor for evaluation, because this was not considered a

limitlng factor 1In discussioas with SAC parsonnzl. Jowever, this F"»]

resource could be added to tha 1o0del in the futura.

Spar2 part stockaze lavzls for the MIU aand ralay assambler wers not

o g

evaluated becausa the maint2nanc2 concept for the SIAM launcher Ls to

i

»l

repair it ian th2 I[4F, rather than to vemove and rc2place failed 1
componaats on the flight line. For thls reason, thar2 was no baszline
data to use for the number of spares. The C3RL nodal {s set up so that
spares could be addad for future 1nalysis. This is discussed further ia

Chapter VI.

[ Bt S0 e 2

To summarize, tnere are four factors to be exanined 1in this
anilysis - aumber of load craws, aumbar of MLTs, levzl of repair, aad

the frequency of inspections. These will he avaluated while also -

.
st - S
IR |

n2asuring the effects of .four estinated realiabllity and wmaintainability

v
.
b

paranet2rs - lo2d time for the lauacher, ra2aova i1nd replace time for the

nissile, r2movz and raplac2 time for tne AL 1nd r2lay 3ssembler, aad

MT8F for the launcher.

R e A R VAT TR S AU SR U A L L P S e e R B P PR T R RN P T S PR T e
i L B R M sy b TP Wi IV I TPRE TP TR PRI ST IDRE P PO SO T S S i A T U L R PUL . LR Uik, YOl TR TURR LRI SR S Sl Vil SO TR Sl YO vl




IV. Jdodel

Tha flrst section of this chaptar briefly descrioas tae SLAA

siaulatioa language and how it was used to develop the CSRL model. The

second section glves aa overview of the C3RL nodal whila the tnirld

section gives a more detailad narrativa descriptioa of the nod2l and

describes thna Lnteraction of tha FORIRAN and the SLAM natwork sections

e

of the CSRL model. The last four sections discuss the assunptions made,
the Fflexibillty of the model, the data sources, aad verification and

validation of the nodel.

SLaM Background

Rather than present a detailed description of 5LAM, this sz2ction
provides a siaplified description of SLAY that is ascessary for .uader-
standing tne development of tne CSRL aodal. Furthar detall conceraiag
SLAM can be found in Pritskec 12ad Pegden (14) and 3anks 1nd Carson (2).

SLAM is a spacial purpose FIRTRAN-based sinulation liaguaga whizch

allows aa aveant-schednllng and/or a process-intzraction orientation

toward nodaling (2:99). The type of oritantiation oa2 uses depends on the

#. leval of coaplaxity needed to mod2l tne system 3al tne 2xteat 5 wnich
tae nodal will have to b2 ambellished for future uses (14:315).

The avent~scheduling oriaantation conc2atritas o1 2vants ani how

they affact the stat2 »f tha systen. Yhis a2thod 1523 3 TOLRAN 10del

@

[ to schadule a2avents to occur ial thea procz2ss tae 2veats it the rijzht
- -~ ) .

i tina, FIRTRAN subroutines are usad to coantrol the chinges 1ssociatzad
4. with 2ach 2vent type, wnlch nay 2ntail nanipulacing files, collacting

statistics, and/or priating statis r2ports (14:73). Tnis {5 callad a
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discrata-aveat modal becausaz chaanges {n the mod2l ocecur at discrata
poiuts in time.

The procass-intaricticn approach concentrates on entities and the
sequanc2 of events and activities they undergo as they flow through the
system. fhe »rocess=2s are reprasented by the nodes and branches of 12
n2twork. Consequently, a1 n2twork nodel represents the processes that an
entity goes through 2as it passes through the systam. (14:73) The
symbols used to descrive tne processes in the natwork are lacluded 1ia
Table A.l in Appandix A.

The ability 1a 3LAM to comdolne tne FORTRAN and nstwock models "with
interactions batw2en each orientation gr2atly 2nhances the modellny
power . . . (14:74)". The lntecraction of the FORTRAN and network models
allows events to alter the flow of antlities in the natwork uodal and 1t
1lso allows entities in the network to inftiats 2vents in the FORIRAN
model.

The SLAM modal developzd for the CSRL employs hoth orientations
toward modaling. The ‘@vents ar2 the ORI and the quarterly generation
exarsisaes, tha annual launcher laspections iad the exchaaza of launchers
on alert alrcrafe. [hase avents ara scheduled in the FIRIIAN progran
1ad  4nen callad, cause the launchers to flow tarougn the appropriata
szagmnent of the SLAM networx. The lauachers ara nodaled as eatities and
the a2twork represents the pcocess the laanchers aust 30 through £for
2ach  avent. This type of nodel is called a discreta-2vant n2twork

siaulation.

4od2l Overview

[a Chaptar [I 21 micro vizw of the ISRL oparatioail z2nvironment was

preseat2ad and was diagraned la Ftgura 2. To suamarize, the dlagran
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showed that at basa leval tne launchers could be in one of thrze
locations for a variety of reasons. While at the base the C(SRLs can
either be in storage, on the flight lins, or in tha IMF. fher2 ar2
sevaral reasoas launchers traansfar locatioa. fhase includz but arz aot
linited to: repair of launcher conponents, raquired inspection, and
genaration 2xercises. The model subdivides the launcher Iinto the savea
major subsystams so that the MIBF for esach of the components can be
checked during tasting (refer to Tabla C.1 for a listiag of the
subsystams). The lauachecs thdat arz in storaga (and have aot fatlad) or
are awaiting inspection ara considerad available. The aext section uses
flow charts to show th2 major decision structures iavolved {n the day-
to-day operation of the CZSRL. Jnly tne significant decision structures
wera included; for nore specific details on the nodel refer to Appeandix
B where the FORTRAV and 3LAM n2twotk codas 1 risted, The anetwork flow
dlagraas 4are also Included 1a App2adix B. The coaputer used to impla-
meat the sinulation model is the VAX 11/730: nowevar, it has also been

run on th2 IBM 4321 computer.

darrativa Description

The 253L model is 2 composite jiscrat2-event network slaulatlon
taat conslsts of two parts; 3 FIALAN nodz2l aad 3 3SLAYM network 20d:21.
The FORTAN modal iataracts with the SLAYM a2twork moda2l to slaulata the
SSRL systam. [he FITAY z0d2 <coasists of two najor Darts3;
initializrtion and assiganaant of launcazrs, and 2veat scheduling. [he
a2tworkx 10d21 coasists of five wajor sectioas that rapraszat the
diffaraat 13ctivitizs tnat tae launchers 30 through during alart,
Jenaratioa ax2rcises, and launcher {usp2ctions, [he fiva wmajor sectivas

ara: cn2cking for €atlad coapsazats (1K), repairing failad compoazats

17




(RE°), sgenerating aircraft (GEV), performing oost generation work
(PSTG), and performing annual launcher iaspectioas (ALD).

In the tnitialization and assignaeat section of tie FORTRAN model
the 15 launchers are created and asslgned failurz tinmas. Zacn lauacher
nas savea major subsystems aad eignt nissilas; therefore, all seven
conponents and elight nisslles arz assigned failure times. Jheanavar a
coaponent fails the launcher i{s coasidared unavailable. €aca launcher
ts then assigned an annual faspaction tfaz with onz lauacher schedulad
avery thrae waeks so that the work load is evanly soread througaout the
year,

fhe first flve launcners that are not ine an annual Llauncner
inspection withia 90 Jdays are put oa alert afrcraft with the remaiaing
lauachers put fa storage. [he launchars stay in storage (ST3) or oa
alert (ALT) uatil scheduled for ths aaxt z2vent. Tiais is shown in Figursz
3, Flowchart for Main Progranm.

Fhe next part of the coda, as illustrated in Figur2 4, schedulas
the events for the CSRL .for the simulation tima specifiad by th2 user,
The ~2vents are schedulad {n decreasing order of importaace so that aay
conflicts can =aslly be rasolved. For axample, Lf taer2 was 1 coafllict
p2twe2n an  aanual lasacher Llaspection and an JR1 tne formar would bha
daferrad uatil after tha geaeration exercise wis complatad. The first
aveat schedulad is ths ORI which oczcurs raadoaly evary 1) to 15 months,
Th2 quartarly inspactioas ()INSPs) are scnedulad aext, one par gaactar
but 1ot ovarlapplag the JOR[s siaz2 tals would not ocz2ur i1 reality, The
launchars ar» than schedulad for an anaual lauacher faspactioa (ALI)
corresponiiaz to the Lnsnactlon tines assignad earlier, unlass tnz

iaspection tiae coafllcots with 1 zenaration axarciss, La whlch zase the

13
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inspaction is reschadulad until aftar the genaration 2xercise. rlhe last
avent scheduled 1s the wea2xly status check of alart alrcrafe, This
event (EXCH3) exchanges failed launchars and launcnars that nave be=a on
alert for 90 days with launchers from storage or the [MF,

Ia addition to laittaliziag the moda2l aad schaduling evants, the
FORTRAN code perforus the availadbility checks and priats the results.
Since availability is tne auwaber of lauacaers in working order at random
points in time, the availability checks are conduct2d randomly once a
nonth. The availabillity of launchers {a storage and on alert alrcraft
are cneckad. The model dozs anot count launcherg with uadztacted storage
failur2s as baing available. The aumber of avaflable launchers s
computed to ba the percentaze of the 16 launchers that are actually in
working order.

After scheduling the =2vents to occur the FIRTRAN code <calls the
SLAM input coda which processes the events ia chronologicil order. wWiea
an event {s schedulad to occur the FIX[RAN cod2 is callad to remove
lauachars from one file 'and placa tham f{ato another file in the n2twork
waere the procassing of ths 2veat continues. For 2xanple, wh2a an ORI
fs schaduled tae FORATRAV codz2 rzamoves tnz2 lauachars that are in  storage
tron file 2 1ad puts tien iato file 5 whara the aeatwork prucessas the
launchers and upgrades them to alert status,

Wnen an ORI or quartarly insoection 2xercise occurs 211 11 aircrait
not on alert waust b2 rz2adlad and uograded to 1lert status, dota
inspectinas 3ra collactivaly raferred to as geanacratloa 2x2rcises. See
Flgure 5 for the flowchart for generatloa 2xarcises.

Juring 3 zeneration axarcise tha laiuanchers aad two pylons are the

last it2ms loaded onto the alreraft. rhese ar2 aot loaded uncil all the

21
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other equipment has been loaded aand verifled as baing operational. Jnce
the aircraft {s re2ady and a load crew and a3 MLT are available the : -:ﬁ
lauacher 1s loadad and a2ach of the pyloas ara loadzd onto ths alrcraft.
Che launcher which holds efght missiles is loaded into the boab bay of
the aircraft and the pyloans Jnich nold six nlssiles eacn are loaded oato ;

the wings of the aircraft. 9Jncz tha launcher or pylon {s loaded the MLT

Ls then returned to the storage ar=a or to the IMF for loading of tae
next launcher or pyloa. O9Jnc2 fully loaded on the aircraft a 3I[ test is
pecrforamed to datact any failuras on the launcher or the amissiles. The
SIT test caa detact nultiple fallures; therefore, ail Ffailures are
repairad vefore raleasiag the launcher for the aext evant. A SIT tast
is 31lso partforned on tne pylons but this is aot nodeled. The pylons are
partially modelad duriag gensratioa axercisas bacausa thzy tie up two of
the critical resources for tha CSRL (load craws ind MLTs) wnich affect

the sortia 3zeneratlon rate for tne C3RL. Jtherwise, the pyloas do not
tonstrain the 3eneration or the availavlility of the CSRL and 1ire not

nodealed.

If a faflure 1s detacted on the launcher 2ad thz componeat |is
repalrablz oa the flight line, it will be repaired oa th2 spot. I[f tae
compoa2at can not pe rapalred on the flight lina, tha launchar or pyvlon
will ba transported to tha [4F, loade2d onto the =25[S (whan one is 1
ivailablz), repaired, 1ad raturazd to the flight line to be loided onto

an alrcrafe. 3 )

"

Tf a nisstle nas {ailad, one of two thiags caa happen which is l2ft R
to the JIlscration of the wlag connaader. Zither tha wholz lauacher

(ineludiag alssilas) is raturaned to thz [4F o exchaaga tne fiilad

LN VY ST Y L

aisstle or tae launcher {s laft tn a Jegradad status. The {lrst oontioa
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kL2

would oaormally occur early La the exercise while the last option would

probably occur later ia the exarcise, The modal assum2s that this

change 1in deciston would occur hialfway through tha axerczise aftar 3 of

16 launchars nave dz2n loaded. This seams lik2 a ra2asonible assumption

but may lead to an lnaccurata pradiction of avallability and thus

wartime capapility, since at the ead of the generation =ax2rcise 12all

lauachers and missiles are axpected to b2 fully operational.
Jnce tne launcher aand pylons are fully loaded onto the aircraft and

all have passed the SI[ test, the natwork calls the FORTRAN gaaeratlion

report (GENRPT) subroutine which computes the time it took to gJgenerate

the alrcraft. This ls the process followed to genaratz all aircraft for

aither aa JRI or a quarterly inspection exercise (QLWSP). The tine to

geaerata 2ach aircraft and tha total tin2 to ganerate all 15 aircraft

are usad Dy the inspection t2am to ratz the oparational readiness of tha

unit.

P

fFigure A4 shows the tlow chirt for the annual launcaer {aspection

(ALD). Jhen 1 lauachar ls schzduled for tts innual inspsctioa it 13

transported to the IMF where it walts for aa EST3 to bacoma availabla.
Althongh {ft s not nod2led, th2 {aspection caa aot stict untll tas
inspection craw is availabdla, This is not modalad hecause laincner

Laspactions will occur during anormil sorking nours <h2a an fasnactloa

crew will be avaflabla, Onca the 303 f{s availablz, tnre launcaar is

loadad onto tha tast frane, ta2 Wwirh2ads ara2 c2aoved fcon tne nissiles,

tha ailssiles are dowsnloaded irom the lauacher 4ad 1a eupty test 1is

oecforned to chack for aay fallirc2s on taz lauachar. [ha nissiles are
also  goln3g tarough taetr anauwal laspectlion osa inother =303 (tals Ls aot

10d212d because nlssile lnspections iarz not coastraining). Any failares
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that are detacted are then r2nalred. Once all rapairs are complated the
nissiles are then reloaded oato the lauacher, tha lauacner {s Jownloadeld
from the frame and a1 luaded tast or postload inspectioa 1Is perforazld.
Azain, auy failures that arz datected are repalrad. T[his conplates tne
annual  lauacher iaspection and the TS3IS is raleasad for use for other
HOLK.,

The next avent, =Exchangz2 (EXCH5), 13 shown in figure 7. The SXCHG
aveat occurs evary week unless thera {s a generatioan =2xercise in
progress. Evary week the launchers on alart aircraft are checked to sae
Lf they are still ooeratlonal oy perforaing a SI[ test and tney ar2 also
checkad to s2e if their 99 day alart time has expirad.

If the launcher is operational and it has baen on alart for 30 days
it 1is exchanged with a launcher from storage that is aot schaduled for
aa annual lauacher inspection withia the aext 33 days. fhe new alert
launcher and two pylons are transported to the flight lin2, 1loadad oato
the airccaft, and checked for failures (a SIT test Is parformed). It
the launcher 2and nissiles are operational a postload chack is
accomplishad and tne old launcnzr aad pylons are taken off 41lert and
seat to tne IMF for a visual recertification befora going back to
storage, Otharwise, the falled lauicher {s ranoved 174 transportad oi1cex
to the I[MF while another launcher is transported to thz flight line.

If the lauacher or aissiles are found to b2 .aon-operatioaal tne
launcher will be downloaded a1nd s2at to rapalr after 11othac laigncher is
pat on alert.

Ltn2 tar2e  aajor avaats acfactiag  the  I3RL wz2ra noda2l2d  {n
sufficlent datail 1ta order to orovides an a2xparinental frawzawor< for

which to test the critical factoes 2ff2cting avatlabllity aad sortiz
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generatioa time. However, certain assumptions were mnade that may affect

the actual predlction of availability and sortiz generation tlne.

Assumptioas

In addition to the assumptions mentionad {n the development of the

nmodal, the following assumptioas wera necessary to Limit the scope of

the CS)’L systen {a order to focus oa the aajor factors affacting avail-
ability aad sortia generation time. TChese assumptlons caa b2 changed by
r; modifying the computer code if further analysis requires such changes.

The major assumption La this model is that all other crasources (ie.

spare parts, flight Iine support equipmant, and munitions) basides the

oanes a2xplicitly specified in tha model ar2 noncritical. That is, they
are avalflables whea needed and will not affect avalilabiltty or sortie
geaeration tinma. i
)

A secoad assuaption is that all componant fallures are of =2qual . 1
{mportance. [(his sz2ems reasonable siac2 lauachers only hava two states ]

== available or uaavailable. Therefore, no singl2 component recelves T

priority malntenance.
Sinca there {s no data availablz on the different fallure rates,
storage varsus operational, they w2rz nodelad as being eaqual. Siace
storage faflures remain undatected, whz2reas operational fatlures are 1

datectad and s2at to rapiale the diffarent ratss Jould affect tha truz
availability measara. Jncz2 th2 Jata heconas availabdbla it could :asily o
b2 iacorporated 1iato the anodal wnich would give 1 more accucate
oradiction of avallability.
Another assumption Lavolves the loail crew. [he load crew Ls tully

nodalad during g2a2ration a2xerczises when four crews ars availanle arouad

ol

. P
A h bbb beche S i
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tne clock. There are 2 12-hour shifts during 3eanerations. dowever,
ri during aormal operations the crew is 2ot modelad becausz it is assumed

that 13 load crew will be available when na2ded for loading launchers oa

alert alrcraft or for loading launchers raquiring annual {Laspectioas.

This 13 a raasonable assumption hecause during noraal operacions the
crew are scheduled for two eight-nour shifts for five days a w2ek which
coincides with whea 1Ll the repair work and {anspaction work 1s
schedulzad.

évea with the 1limfting assumptions the scenario (s st{ll
representative of a normal day-to-day operatioa is well as 1 typical
generation oparatlion and will oe sufficient to m22t the objactives of

this study.

Flexibility

The CSRL aodel {s inherantly flexidla due to the SLAM laaguage and
tha modular way it was written, The SiLAM code was separated into
sections according to .the function being performed. The Cfunctions
includa: checking f0t.failed comnpoaeats, repairing failed components,
Janerating aircraft (ORI and QINSP), performing post generation work,
and parcforning lauacher iaspections. Tae FORIRAN prograa wis Dbrokea
fnto subroutines according to the 2veats taat tne lauancners go through.
3acause of 1ts nodularity tae (3L 22dz2l caa be casily axpaanded by
3ddiang =2vents to the 7)IR[RAV coda, These aveats cin oe schadulad ¢to
occur 1t specific or raadom tlaes ia tnz2 fnitialization subroutine
(TitLe). Lf new policies raquire increm2ating axistiag r2sourcas or
1d4lng additional ra2sources, thesa resources can b2 lncluded Ln tae SuLad

coda.
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Thera are several 1{ntzcnal ontions that zaa 52 Llaitlalized to
different values bafor2 1 run. Th2s2 iacluda leJeL of r23alr, fraguaacy
of launcher inspections, aumbar of craws, aunbar of ML[s, oaumber of
ES[S3 as wall as aay of tha 2stinatad paramatars, A1l of the 2stinated

parametars can also be made zlobal variablas in order to faciiitate tne

oY e

axparinental desiga.

; In additioa to changing input paramaters and resourcas, the modal
kt is flexible 2nougn to a2valuate measur2s of effectiveness other than tha
ones chosan for thls study. For exaaple, the model could aviluate the
| fully mission capable (FMC) rate anld the partlally alssion capable (PvC)
U rate of the CSRL by changing the ganeration repsort (GENRPT) subroutine
in th2 mafn progran to calculate and priat the naumber of lauachers
loaded {n a specific amount of time:

E 1. with 2ll nissiles fuactioning,
{ 2. Jitn at laast five aissiles functioaing.

[a addition to the standard SLAM output file, tha model creates two
il user defined output filas that aid {n the 1nalysts of the model results.

s The first output file contains the genecation tines for eacn lauachar

and the availability values taken raandonlv., This file is useful for
moni toriny the status of tha 3enaration exercisas. Tha secoad output
fila records the avarage avallability of the lauacners for the
simulacion time aad th2 averaze jenecatioan time for the lauacaecs. [als

tile {s nore useful than tne iveraje 1vailability and genaration values

calculatad by SLAM bacaus2 it do2s not walgnt ctnz statlstics over tiae,
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This section briz2fly dlscussas the sources for tha Ilnput data for
the model. Most of the data came from four sources: Boelng Documeat
No. D435-19350-1, Reliability/Maintainablility Allocations, Assessm2at

and Analysls Report - CSRL; AFLC D055 Jdata for S3AM vMissilz Work "alt

- Code (BAJOD), from 1 Jct 33 to 31 var 34y SAC malntanance parsoanal

familiar with the 52AM rotary lauacher systam; and AFITEC persoanel

‘ familiar with both the SRAY rotary launcher and the specifications for
ol

tae CskL. None of the sourc2s distiaguished patws2a storage faflur2

rates 3and operational fallur2 rates. [he Activitias Taole in Appendix ¢

Lists most of the data and the Jata sources used Lla th2 model, The oaly
4at1 not iacludad ia thils taolz are th2 nean tine batween failure (MIBF)
rates for each subsysten. Fhe valuas usad arz2 the predicted and
1llocated values from the Boeinsz raport. The 332ing report only zlves -
one MIBF for the 2lectroalc and =2lactrical systams, sianca tha Missile
Iatarface Uatt (MIJ) aad the relay assemblar can be repaired oa the
flight Llige, a AISF for 21ch component was cialculatad by usiag the -
3oeing ATBF aad the perceatage of fallura2s for =ach componzat obtiined
fron ths DJ55 data, The MIBF rates used {a tha modal are suamarizad {n

the "1{3F Tabla (a Appendixk C. Ia addition, coam2ats nave bdean iacluded

. {n the moda2l ia Appendix 3 which llsts taz sourca for tha partlicular

Jata used.

@ s ; :
} varificatioa and validation

The utlility of thls reszarch effort izpends nsavilv on tae valldity
2 of the simnulatlon andel and o4 the assumntions on wnicn tt is  hHised,
lo . |
. dul2cods  a2thods  have heen Jevalon2d to 1id in  th2 vartfizatlon 1ad
L vilidation oroc2ss; nost 1c2 informal supjactive coapirisons, wiaile 2
; | 31
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few are formal statistical procedures (2:375-377), Verificatioa and
validation were conductad simultaneously and two st2ps wers usz2d to
validate the projections of avallability and sortie generation times for
the C321L. First, the SLAM simulation modal was examinad to verify that
it operated as intended. Then the simulation rasults werz exanined for

val{dity. The following sections describe both staps in furtner detail,.

Verification

In order to varify that tne simulation moda2l benaved as intanded
two of the 3SLAM output optioas were us21; trace and summary report. Tae
3LAM trace routine lists the saqueac2 Iin whicn activities are performed
and portrays the decision, variable assignments, and oranching that
occurs at nodes, The trace was used at tha beglaning of the simulation
and at tines when major avents occurrad in order to verify that the
simulatioa was startiag out correctly aad contiauiagz to oparate
properly. The traces were taorougnly 2xamined from various simulation
ruas 3and it showed tha§_the sinulation model accurately raflacted the
processing of the lauachers tharough the various activities. Therafora

it was concluded that the nodel performad as desigaed.

Jaltdation

Ia order to wvalidate the model Lt ls necessary to 2axamina tne
simulatioa rasults and compar2 ft 4ith reallty. Zoanarlag tne  aodel
results with reallty can ve 1ccoaplisaed using supjactive tasts ind/or
objectiv2 tests, Subj2ctiva tests raguira the judgenents of 2x«perts of
the 3yst2a, to drtarmiae the validity of the acdel aad its output.
Jojective t2sts are aore coaccate aad arz usad td compac2 the systen”s

1:tyal performanc2 witn the perfoarnincaz produced by tne modal. Since
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the C3RL is not yet operational, the valldity caanot ve checxked with

objective tests. Therefore only subjective tests Jere used to validate
the model results, (2:335)

The degrase of validity when using subjective t2sts 1is highly
dependeat on the acceptance 0y futruce usars of the modal, of the
assumptions made and the axtaat to which the results agree with
parcaived expectations. Chroughout tha Javelopment of th2 model, the
notential users of the model (AFQTEC) w2re conferred with to easure that
a realistic mod2l was being puilt using reasonable assuaptions aad
reliabla data, The users concurred with the assumptions. The logic of
the modal was also chezk2d by using extresme valuzs for critical imputs.
These include reliabilities, aumber of crews, aumber of MLTs, and type
of manageunent policy.

The avallability measure sezmed to oe accurataly portrayed whea the
critical factors 42rz2 increased or decreased.

The sortia ganeratiqn tines whan compared with expactations were a
little high with variitious of certain factors. This could b2
attributad to coaservative sstimates by malntanance personnel on tne
tlne to oerform certaia tasks on a4 systam not yat op2rational. However,
te sortle generation tlines did iancrease or decrease as  expected wh2n
critical factors were chaanged.

lhe rcasults fron varying the laputs for the most part vialded
raasonablz outout, consistent with 2xpectatious. [her2fora, ta2 nodal

is coasidered valild.
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V. Analysis and esults

Research Design

The purpose of this rasearcn Is to evaluate how virious factors
effect availability and generatioa time whila simultanzously coasidering
variations 1in saveral estimated reliability and saiantalaabliity para-

meters. Jsing regressioa analysls, the relationships batween avatila-

ag

bility and generation time (dependent variables) and the set of factors
and interactions (independent variaples) are quaatified.

fha four factors evaluated are: tne number of load crews, the
numbar of munitions lift trailers, the level of repalr, and the fre-~
queacy of launcher Inspections. [he astimatad parameters 2are: time to
load the launchars, tliae to exchange a alssile, tim2 to remova and
replace 1 compoasnt on the flizht line, and the mean timz2 between - 4
fallures for the seva2a subsystams. Inese 4fBFs are combined Lato one R

paramater by calculating the MTBF of the launcher:

P

7
L/MEBE, = 1§ L7487,

whare

‘1’L‘BFt {5 tne YTRF of subsystanm i
= structure 1
= power drlve uait

= power drlve unit coatrollsr

nissfila faterface nnit

relay ass2ablar

other 2lectroniz/a2lecteical

2lactroals coatrol systa2a
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[/ )
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It {53 difficult to judga, wvithout somne pralinlaary analysis, wnicn

P
fa

of the 2{ght fictors aad 23 possiblz two-vay interactions significantly .T:l*

f7pact availability and zenecation tinme. With so nany vpotentlal {nda-

peadeat vaciaolas 3 stapwise regression procedure would de aecessacv., A

NN S
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stepwise regression procadure, wiulch s notorious for capltaliziag on
chance, ideally should have 4) times aore cases than the nauabar of
i{ndapendant variables,.(16:32) gven Lf the lataractions could ve
aarrowed down to 3, tiarough judgement and logic, the rzgression would
raquire 649 (=13x43) runs.

By dividiag the 2xperimental design lnto two parts, the aumber of
ruas aeeded for the regression is reduced, siacz the number of factors
aad intaractions sinultaneously analyzad is reducad 3ad the aumber of
cases per independent variabla is reduced from 4J to 2J.

The initial set of runs ls based upon 31 fractional factorial design
which aevaluates 3 factors it two levals aad 29 first-order (two way)
intaractions, From this dasign, thos2 factors and {nteractions which
significantly affact the Jepandeat varlablas warz identiffed.

Once the 1independant varlables which will nost likely eaatar the
ragression equation nave been ideatified, a regression procedure witnout
the stapwise optlon can b2 used to devalop 3 functional relatlionship
batween the dapeadent and iadependeat variabdles. Without the stapwlise
optlion the razrassion procadura {deally snould havz 20 tines aore cases

than tne nuabar of Landependeat variables. (15:91)

Structural dodel

The structural modz2l is zompos2d of thr22 typass of varlablas which
include response variables, control variables, and stochastic varlaoles.

The followinz tabla lists by type the varfablas uszd in the uodal.
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fablae 1

Variablas Used ia Model

}espoasz: . Control Stocuastic
% of launchars avallabla| # of craws i _failur2 rates
Jeneration tim2 v # of MLTs i ,load tiaes
malntenanc2 policy egC2move/replace times
'frequency of iaspection repalr rates

random avall checks
{aspz2ction tines

*
**launcner components and missiles

lauachac conponents saly

Initial Run

The initial run was us2d for thrae purposes:

1) To test for autocorralation In the avatlabllity checks,

2) [o evaluate the warm~-up period nseded to avoid {nitialization bias,

3) To determnina the number of observations ueeded ia each rua.

The tattlal run wis for 22,003 hours (approximately 9 quartsrs) aad It
checkad availability 57 gines and zZeneration tine 11 tinmes,

The oaxistence of autocorralation neans that aa obsarvation is
r2lated to the previous observation, Since tne number of obsacvations
aeeded {s calcul2tad using the assuaptlion of independeat obsarvatioas,
the preseace of autocorrelation has the effect of ovarstatiag the saaple
size, In simulation autocorralation caa bz raduced by increasing tae
anonnt of siaulated tlae batwea2a ovservations. (2:434%)

[5> t2st Tor autocorrelatlon, the SP33 regression nizkage oa the A3D
Cybar conputar was us2d. 3y caquesting 1 plot of availaotlity (AVALL)
versus tlme (INDOY) the program calculated a Durbin-Jdatson statistic,

Initislly, avallability was checiked randonly batw22n ) and 250 nours.,

fne Jurbin-vatson stacistic was ,931 wialzh was cla2arly in the
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unaccaptabla range. Taklng obsarvations half as often decreased the
aunber of observatloas to 29 and lacreased tne Jurbin-watson statistlc
to 1.405. The accaptahls range for this statistic with nore thaa two
varlables and 22 observations Is 1.5% to 2,42 (11:539). This indicatzl
that with ooservations takea randomly between 9 and 1,3U0 hours, auto-
corralation is aot a problanm.

To avold having the observatioas biased becausz of ialtializing the
fatlures at time zero, a warmup period of 723 aours was used. Arftar 720
nours the network has complatad saveral cycles. fne status of tne
lauachers oa alert alrcraft has bazn checked four times aad rzpairad, if
necessary, and the first launcher has gone through aan annual inspection.
From the results of the trialrun, the desf{gnated warmup period is con-
sidered mor2 thaan adequat2 bacause the initial values obtained for both
availability and generation tine were naither the high, nor the low
results.,

Sinca avallavility and generation exarcise tiae are stocnastic
processes aud ar2 checkad at random polats in time, the iaitial run was
used to calculate the aunbar of obsarvatioas necessary for 2nalysis.
ma aumbar of observations 1ceded Ls based oa tha wvarlation La the
obsarvations of tine iLaltial rua and the coarfideaca that the samplz n121n
s a good estimate of tne population wmeaa. This can de calcaiated using
the following formula (2:%39):

adaver of observatioas: ¥ = [ts/;lZ
where
t i3 the t-statlstic for coafidenc2 l2val a aad n-l dagraas
of fr2edom

s the standard deviation of the sanpla2
the nalf width of tha coafideac: interval

(A YR )
-
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A coafideace interval of + .22 for availability aand an tatarval of
+ 4 hours (~ 10% of 39.5 hours) for generatlon tine were usad Ia
deternining the naumber of observatioas needed <for analysis. [hase
valuas w2re coasiderad adaquate for aa infti{il study eoffort when
considerlag tha uncertainty of tne 2stimated parametars aand the amnount
of computar tine needad to achisve these results.

fable 2 contaias the calculatlions for avallability and generation
time. o achlave the chos2an coufidencz fatarval, the simulation time

ntust be 1 yeiar or 3,740 nours for Zeaeration time, DHut it aust be 115

waaks (29 x %) or 1,433 hours for availability,

Tabla 2

Calculations for Nunber of Jbservatioans

Avallability Ganeration [imne 1
|
!
=23, a= .1) a=tl, a=.1) f
= 1. = 1.37
19,29 = 131 t19,1) 3
| X = 37.93 X = 37.93 I
, s = .032 5 = 39.5
i
‘ T = ,02 1= 4
I 12 , . 2 f
o= 1(1.31)(.232) Vo= 1{1.37)¢8.3) |
(.72 A :
\] = 29 \I = ) !
——— e—— — . - —_ ——

fractional fFactorlal

Factorial dasigns are usetul wnan ther2 is nore thaa oae factor

which atfects the rasponse viriable, Inls type of design will meisure
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tha offects of the main factors 2nd taz iateractions aaocay these fac-
tors. Wwith 38 factors, 1 full factorial desizn would rejulira 23 or 255
combinations or ruas of tiae nodeal. dowzver, it is not necassary to
include all of thase comblianations to obtaln enough iaformation to aaswer
the rasesarch questions posed {n Chaptar I.

A reduced factorial desfign is called a fractional factorial, 3y
aot 1including 31l possible combinations, "loss of ifanformatioa rasults
from main affects and intecactions being entangled [confounded] with
other maln effects and iataractlioas” (17:1). But 4ith properly choszn
conbiaations these eatanglzments caa be linited to higher order interac-
tions. This 1s acceptable because "in naay experiments, Interactions
amoag three or more factors can be consider2d anegligible” (13:2).

Sinc2 the higher order intaractions in this system snould be negli-
gibla, this design is a one-fourth of a 23 factorial. (his will provide
informatlion on the main factors and tae first ordar iataractioas.

lhe design us2d was published as part of tne National Bureau of
Standard Applied Mathematics Saries (18:2). Thz datatls ar2 provided in

Appeandix D.

R2sults

The fractional factorial dasign was doa2 usiang the 3'10P2V statisti-
21l package on the ASu Cybar Computar, k2 data, iaput progran 13ad
output tabla are lacludad as Appendix E.

At thz 994 confidence laval there wer2 taree nin effects which
1ffect2d the 3vailablility: lavel of rapalr, fregueacy of laspectlons,
and M[8BF. Ia addition to tass2 three n3aia etffacts, th2 (nteraction of
th2 auavber of crew, 2aad tha frajuaacy of faspactions affectad avalla-

billty,
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At the 99% confidence lavel there were five naian effects which
affactad generation time: uaumber of crew, leval of repalr, tiae to load
the launcher, time to ra2mova and replace componaats, aad M[8F. In
addition to the main effa2cts, th2 gzneration time is affazted by the
tateractions with the numbar of zrew aad: lavel of repalr, frequeacy of

{nspection, tiana to exchange a failed nissile, 1ad MTBF.

Re2grassion Analysis

Ine fractional {actorial design Indicated that there are four
potential {ndiependent varfables neadjad to 2xplain availabdbllity; aine
nzaded to explain generatioa tine. With 3 potaatial fndanendent vari-
ables 1nd 20 zases par indapa2ndeat variaole, 180 ruas are needed.

The following are the factors that wsere varied and the namas zivea to
then for the rest of the analysis:

nunbar of load craws (CREW)

level of repair (LEVEL)

frequency of iaspections (LN3?)

time to load tha lauachar (LOAD)

time to remove aand repliace a componeat (TI:P)

tima to axchangz 2 nissila {4L3L)

aean time betwe2n failures ({[BF)

Whea two tarms iateract, the effact of tha first term {s depandant
1poa  the laval of the second tara and vica versa. Thlis type of rela-

tionshlp 2an b2 reprasentad de 1 2ross-produzt t2em.  (12:232) From tha

pr2vious variablas, th2 iataractioa variinlas wara calzilatzd:

CAXLEVL = craw x l2v2l

CAXTNSP = zraw x Lnso

CaX1SL = craw x nuisl

CWXMIBF = craw x atof
49
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The naames used during the rest of the aaalysis for the depeadent

-

variables are:

averaze percentaga of available launchees (AVAIL)
sortle generation time (3ENTIM)

LA dat e o

[he regrassion 2nalysis was done using the SPSS statistical package

on the ASD Cybar Computer. Tha input data, 1laput program aad sunmary

L output tables are included in Appendix &.

E” To determine If a linear ralationship batwsen the indepeadent 1nd
\ depeadent varlables was appropciate, a scattecgram fuaction of 3PS3 was
used to produce plots of each iundepandent variabla with the d=zpzandant
; varlables. All the plots indicatad linear r2lationships except the plot

d
f of AVAIL vs. MIBF. [o obtain linearity, a=2w variables were craated by

uslng logarithmic traasformations:

L4(MTBT)
L31)(1TBF)

UNMIBF
L3MTBF

Tha scattergran functlioa wis csrun and the plot of AVAIL vs. LGMTBF

appeared to have 31 linear ra2latioaship.

Availability
Avalladility can be 2xplained with the following equation:
AWALL = 1.034 ¢ ).395(LS108F) + J.31a(Li5?)

where

Jariabla D2iialtion Riaga
AVALL 3 of liaacnars 4vailable B
Ladrss log of tne +4i3df Ln years 15,001
Ti3? 4 0f tines 2aca launcher

ls {nspectzd per yzar 4,201

“LOMIBF will be n2zativa tor this rang2 of MI3F.
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this regression eq

of the variation in avallability caa ba explained vy

uation. Althougzh the iaitial results indicated that

LEVEL and CWXINSP weres significant, these did not anter the regression

equation.

Geaeration Time

Generatioan time can be 2xplalnad with the following 2quation:

GENTIM 74

where

Variabla
GENTIM
CREW
LOAD
MI'BF
LEVEL
CWXINSP
CWXMSL

CAXMIBF
cAiLEVL

fhis ragzress
tion tiaa, Alth

nificaatr, 1t did

919 = 2.733(CREW) + 2.051(LOAD) ~ 37.194(MI3F)

= 5.317(LEVEL) = 0.171(CWXINSP) + 2.143(CWxX¥5L)

+ 1.029(CAXMIBF) + 0.377(CWXLEVL)

Defiaition Ranga
generation timz in nours
# of crews 3,12
most llkaly time in hours to
load 1 lauacher 1.3,1.5
mean time betwzen failures {n
years .15,.51
leval of repair (flight line
repalr =3, otherwisz =2) 2 or 3
# of load crews x trequency
of inspectlioas .33,2.13,
# of load crews x nost likaly
tima to exca’ag2 1 mnissila t.5,3.5.

+ of load cr2ws x 1[3F
# of load crews x lavel of
cepalr

Lon equation 24xplalns /5. of the variation ia e2a2ra-
ougn th2 initial results iadicated taac Co42 wis sig-

not 2nta2c the rajression equatioa. [he 2asiast wiy to

avaluatz aow muca eftect 2ach of the factocs belaz evaluatad has, L[5 to

=~
~
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take the partial Jerivative and compute its value by hotdlag thae other
factors at their high, most likely, and low values:

dGENTIM
JCREW = =2.798-0.171(INSP)+2.143(MISL)+L.629(MIBF)+D.377(LEVEL)

9 LEVEL

-3.31740.377(CREW)

dGENTIA
d INSP

-0.171(CREW)

fhesa effects are summarized in Tablas 3 and 4.

Table 3

Effacts of Ualt Chaages in Iaput Lavels

Change ian GENI[I¥/Ualt Changa la Factor
high m2dium low
CREW -1.3 -1.2 -0.5
LEVEL -2.3 -1.5 -0.3
INS? -2.9 -1.7 -1.4%
Tabla 4

Gffacts of Potential Changes ia Iaput Levals.

pot2atial changa chaagz {n g2atinm ]
i
{ fron to hizn nadium low ‘
CREW 3 12 -7.2 ﬁ -4.) -2.9
LZVEL 2 3 ' -2.3 -1.5 =-J.3
INSP 5 2.9 -3.0 -2.5 ! -2,
i _1

fne rasults of tnls ragression can b2 ca2praseated grapnically with
1 contour .aap (13:513). The map showa {n Figure o =nows the contours

for varlous coabinatloas of aumber of cra2w, fr2gueacy of 1ianspections,
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lavel of repalr, and MIBF which are neaded to achieve a 35 hour avarayge

k generation tinme.

-

Figure 9 shows how to read the graph wnen the MI8F is .3 years (or
2,539 hours), fhe MISF line fntersect four coatours, whica m2aas thece

are four possibl2 combinations wnicn yield the same ganaration tiae.
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[he combinations from Figure 9 are summarized {n Table 5.

h rabla 5

1 Combinations Yielding a 35 Hour GEN[I4 (MTaF=.3)

h CREYW
INSP

LEVEL

1 2 3 4

12 11 L:

WD
(¥
[ Bl AV

2 3

Contour Maps caa be drawn for any level of GEN[IM, and <caa be
useful wnan dealing with the question "what is needed to achleave 2

specific generation time?”
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VI. Conclusioans and Recomunendations

Conclusions
The research questions posed ia Chaptar I can b2 answered from the

analysis Ln Chapter V.

1) What is the expected availability of the CSRL when used on the
8-52 aiccraft; whea used on the B~1 alrcrafe? The average percentage
i; of launchers in workiag order at any givea timne, using the failure rates
pradictad by Boeing, 1is .902 for the 8-52 3ad .317 for ths 3-l. with
less optimistic fallures rates (Boaing”s allocated rates) the availa-
L biltty drops to .746 for the B-532 aad .343 for tne B-1. The B-1 fis
nigher because the power drive unit (PDU) and the POU controller are
considered a part of tne aircraft, tather thaa part of th2 launcher.
EE 2) Jhat is the sortie genasration tima when usa2d oan the B-52; when
- used oa the B-1? Uslag the maintenance concept and the curvent rasour-
ces for the SRAM launcher as a baseline for pradiction, the average
hﬂ sortie generation timé. predicted by tne model 13 aporoximately 39.5
hours for the 8-52 and 37.3 hours for the B-1. However, as mantioned Ia
the validatiou sectioa, the generatioa times appaar to be apbout 1J-274%
® too algh. Although the aviailability of the 8-32 wis lower (ciaused oy
tha PDU aad PDU controller), this do2s anot hava nuch 2ff2ct ia the
J2aeration tina. This {5 b2causae failurss oan the 2D0J coatrollar caa de
@ . datected and repaired (Lf n2cassacy) every time tue aircraft is {lown,
- shareas fallures on the other subsystams are detact2d only duriag the

Zeneration exarcises or laspactinons,

® 3) dow nuzh effact do2s the nuabar of load cr2ws hava on the

zeneratlon tima? Of 111 the factors {n this aaalysls, tha auabar of
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can hive tha most significant Llmpact. For avery unit in-

load crews

there is 2 1-5% decrease in the

crease Ln the aumber of crews, genara-

tion time. This decreas2 is more pronounced when the MTBF is low and/or

when the maintanance concept Jo2s not permit fligh¢ line repair.
4) Jow much effect doas the number of MLTs have on the generation

tine? The results of this analysls indicate that increasing the number

of avallable MLTs above eight does not significantly reduce the genara-

tion time. Although a launcher might have to wait for an MLT at the

weapon storaga area, 1t may have to wait for a load crew or for a 3-52,

if an VLT were avallablz and the launcher wera transporta2d to tha fllight

line.
5) How much effect doas the lavel of rapair have on the gzaneration

tima? Changing to a 3-leval aainta2naace policy causes 3 2-6% decrease

{n the generation time. The maximum decrease occurs when there are only

alght load craws.
6) dHAow mnuch effect does the fraqueacy of launcher lanspactions have

on the generation time? . Increasing the frequeacy of inspections from

onca a year to twice a year dacreases the time by 3-5%. Decreasing the

frequency to once every two y2ars incrzases the time by 1-3%.

7) low nuch affect doas the fraquancv of lauachar Inspections have

on the availlability? The regression equation indicates the frequeacy

of 1ianspections nas an effect on the availability, out this effect 1is

very small., lacraasiag the frajdeacy froa onca a1 yair to twize 2 year

increasas the averaze pecrcantage of availabla launchers Yy lass thaa 2%,

Ia sumnary, tas auabar of load crass has the nost ifapact on 3enar-~

ation tin2, [rade-offs can ha aade among the number of crews, the leval

of repalr aad tha frequency of Luspections In order to 1achieve a

spacific 32neration time. Avallanility can be explained almost 2ntirely
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as 1 function of MTBF, with the frequency of inspections having a slignt

fmpact.

Recommandatioas for Future Analysis

hl There are three areas which warrant more analysis - the number of
b MLTs, spare parts, and the frequeacy of Laspections.

The fact that the aumber of MLTs did anot affact the geaneratlion

r; times, even though people who work with the system feel they are 1
; limiting resource, may iandicate that the MLTs were not modaled correctly

or that the transport time estimates ara too low. This area could be
® re-evaluatad.

The 1Inclusion of spare parts for the two componaats which cin be
removed and replaced oii the flight llna (MIU and relay assembler) could

be added with minor changes to the network. The spare parts could be

nodeled as entitias which would be held in 2 queue node uatil needed; a
Match node would match the spare with the launcher whan a failure has
occurred; the entity ré?resenting the failed spare would flow through a
dacision node which would represent whather the spare was to ve repaired
at the dapot or at ths IMF; after reoalr it would be cout2d back to the
quaue noda,

The C3RL was modelad so that whea the launcher was {nspected, the
nissiles were inspected also. Tne fact that the frequency of perlodic
inspectioas nad mora effect on the geaeration time than the availability
(whicn only c¢hecks the status of the launchers) 1iadicates that tae
fnspections nad more of 1a impact on the alssiles than oa the lauachers.
The analysis could be rapeated testiag the affacts of laspectlag the

nissilas twice a1 year, but oaly imspecting the launchers once 1 year.
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Appendix A

SLAM Yetwork Symbols

T ——r—

SLAM Network Symbois and Statements
for Discrete Modding

List of vanables /functions from which assignment
values can be obtained.

RESQURCE | Mou/m0  FL} ) Fu2 RESOURCE /RLBL (IRC), IFLs,

Nodes for Combined Modeling

Nama Symbol Statement Venable Function Defininon
e . ACCUMULATE. FR, SR,
N g e e . Constant A constant real vaiue
ACCUMULATE 7 SAVE M. TNOW Current time
DuS_#e08 & CONO ACTIVITY (NL°A. DUR, ATRIB(N Arntribute | of current emtity
ACTIVITY IO PROB or COND. NLBL. . 8Sih Vaiue of state vanable |
— oo Value of the dervative of state vanable !
GN e ASSIGN, VAR=VALUE, XX Vaiue of global variable |
ASS| o —— VAR:zVALUE. M. NNACT(H Number of active enties in activity | at current time
T 0w COLCT. TYPE or VAR. 1D, NNCNT() The number of entmes that Nave compieted actrvty |
coer . NCEL/HLOW/HWID. M: NNGATIGLBL) Status of gate GLBL st current ume 0 = open. 1 « closed
e NNRSC(RLBL) Current number of units of resource type RLBL svaslable
- NNQIH Number of emmes in file | at the currem nme
CREATE ———l CREATE, TBC. TF. MA. MC. M. STOPAL) Soecrfies the end of an actmity upon & cail 10 subroutine STOPAL)
. i ¥ An integer globsl var:sbie
GOON @ GOON. M. USERKFI) A sampie obtaned from the user-wrdten function |
m /7 MATCH, NATR. QLBL/NLBL. REUN Spectfies the compietion of an actvity upon retesse of node |
MATEH T 2 T ™ ) e
OLoL —_— by e R - .
| o~ ¢ Definitions of some important discrets event variahiss.
" EIAR QUEVE (IFL). 1Q. QC. BLOCK
QUEUE g‘_’\ . or BALK (NLBL). SLBLs. Varisble Definition
o A osseT SELECT. QSR, SSR, 840CK ATRIBN) Bufter for the ith grinbute veiue of an entry to be nsened or re-
SELECT or BALK (NBL). QLBLS; moved from the file Rorsge sres
MSTOP Set by the user 1 -1 10 510p 8 smuistion run before tme TTFIN
NCLNR The tile number of the svent calender
,, - S NCRDR The unit number from wiuch SLAM rput sistements are reed
vAmA‘I’lONS - Normalty set to 5 to denote the cardreader
NNRUN The number of thee current simslation run
NNSET The dimension of the errays NSET /QSET
AMINA TERMINA 3 NPRNT The urwt numMber 10 wivch SLAM output @ t0 be wrtien. Normally
Te TE _...".,—. TE. TG . ot 10 6 to denote the Hineprinter
. NSET/QSEY  Equivalenced arrays empioved by SLAM for stonng file envrvas
ae *ad- NTAPE The unit number of 8 scratch tape
— ALTER, RLBL/CC.M:
ALTER L_c ,-/ o TNLWN The veiue of current simuisted tme
— TNEXT The time of the next scheduled decrete event
AWAT i M ewm.fu’ RLBL/UR o e ) The ith glabal veriable Time persistent statistics wilt *¢ eoflected
— T LBL i X1} 15 specified on the TIMST input statement
CLOSE G CLOSE, GLBLM,
cnEE ;_TF . FREE. RUBL'UF, M: Random Sampling Functions
o GATE/GLBL OPEN or DRANO(S) A pseudo-random number
GATE oy oo ©L70  CLOSE. FLs. EXPON (XMEAN 1S) A sample from an exponertial distribution
0 UNFRM (ULO.UHLIS) A sample from 8 unifarm distnoution
OPEN Nasl OPEN. GLBL. M. WEIBL (BETA. ALPHA (S} A sampie from 8 Wesbull destribution
m_”\\ PREEMPT (FL)/PR, RLBL TRIAG (XLO.XMODE XHLIS) A sample from a triangutar distribution
PREEMPT |\ '’¢: "‘——..m . SNLBL. NATR. M: RNORAM (XMN STD.IS) A sample from 8 normal distribution
- RLOGN (XMN. STD. IS) A sample from a iognormai dist 1bunon

ERLNG (EMN XK IS)
GAMA (BETA ALPHA.IS)
BETA (THETA PHLIS)
NPSSN (XMN.IS)

A sampie from an Erlang destribution
A sample from & gamma distribution
A sampile from a8 bets drstribution

A sampie from a Posson dstnb Jtion

DETECT  Tvvw vomiviid o) ;‘;‘LC;XVWV“”&

-

—~.
ENTER A ENTER.NUMM;
—
Kl
EVENT A EVENT JEVNT M,

—

SLAM Library of Subprograms

Subroutine COLCT (XVAL. IQLCTY

_ Sutroutine COPY (NRANK, IFILE. A)

Sutwroutine FILEM (FILE. A)

Function NFIND (NRANK_ IFILE. NATR. MCODE. X. TOL)
Subroutine RMOVE (NRANK. FILE. A}

Subtroutine SCHOL (JEVNT, DT, A)

Subroutine STOPA)

e A




™

T Y v~

Appeadix B

CSRL 4odel and Jutput

This appendix contains the CSRL simulatioa nodal Jevaloped for tais
study., 3oth the {nput and output fil2s are listed.
The first section lists the £SRL FOR[RAV code which is composed of

the following subroutianes:

INTLC EVENT AVAIL

eXCds NEWALT POUCHK
ORIGE) QTRSEN ANINS?
AVGPRT CAKMIS C4AK3Cd

All of the subroutines are explained in the FORTRAN code.

The naxt section lists the CSRL SLAM code aad the CSRL SLAM a2twork
diagraams. Fhe SLAM coda2 haas been mnodularlzed Into the ¢following
functions:

sinulation control statements - begianning
definftions of varlablas, flles, and re2sources
storage (SI3) and alert (ALT) quaques

repair aztwork (RE?)

nissila exchang2 natwork (EXCHG)

Zeaecation network (GEW)

post generatiqn networx (PSI[3)

annual launchar inspectioa (ALI) network

shift na2twork

sinulation control statemeats - z2ading

I'm2 last sectlon lists the sigzalficant output generatad by tae I3RL

nod=1. The nodal generat2s thre:2 output files; “cscl.out”, "ecsrlall”,

and “csrlavg”. [ha “"csrl.ont” €ile Ls 1 SLAM z2aaratad output file
“aich coantaias the followiag:

statistics for tine-necrsistant variablzas
fils statistics (juequa and awatt files
aztiviey statistles

r2sourca statistics

mate statistics (shift control gata)
table and/or plot of AVAIL vz TNIW

-

WY UL S W
.« .

Jaly the statistics for itams L, 4, and 5 aca lncludad 11 this appaandix.

NP SRRPA R, S . S JP, J SP N A S AP SRS S PSP R S IR I I caeel e afata e Tar.

e e s aa

A

e

P




- -—— T Fhati Ty

The ‘"esrlall” and "csrlavg; files are output files generated by the
FORTRAN code. The "csrlall” fils coatalas tha generation times for 2ach
launcher and the availability values takea raadomly. Thls appendix only
lists a sample of the output contalned in tnis file. [ne "csrlavg" file
coatalns the average ganeratioan time and average avallability [or the
simutation run time.

To ruan the CSRL model oa the VAX 11/730 computer at AFI[, the user

must filrst create the tws FORTRAN files "csrlall™ and “csrlavz”, and

o compile the FTORTRAN model. The complle command {s givea below:
£77 =-c csrl.f&
The run command for the CSRL modal is as follows:
> slamls -1 ¢sel -m ¢csrl.o -o csrl.outsk
wiera
csrl is the SLAM iaput code,
ii csrl.o s the compiiad FORTRAN code,
csrl.out 1s the output file the SLAM code writes to.
If the last option (-0 csrl.out) is omittad from the run command, SLAM
Wwill writ2 to a file called SLAMOJI.
|
D
J
>
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S ohdk ekt ik ki kikkiehkkihkiiioelchkkil ki iohicicloklick ik

% %*
* Main progran for csrl slam a2twork *
* e
* Contents of Output Files: &
* CSRLAVG - this coataias the average avallanility and *
* the avarage generation times x
< CSRLALL - thls contains the 3ze2aeration times for =ach *
* laydacher, and the availability values taxen =~
* raadomly *

S S dese dode & X dede dede Sedede Jedeste dedede dede e Se e ek i Se Je Jede e desede de e sede de dedesee Jedede dededede fesede fede e ke X e le le oo e
program main

dinension nset(12909)

common/scoml /atrib(130),dd(130),3dL(120),dtnow,ii,nf2,astop,nclnr
,acrdr,aprnt,narun,anset,ataoe,ss(100),ss1(100), ta2xt, tnow,xx{100)
comnon gset(12399)

esquivalence(aset(l),qset(l))

equivalaace(sinend, xx(3))

nas2t=12209

ncrde=5

open(3,flle="csrlavz”,status="0ld")
open(d,file="csrlall”,status="0ld")

nprat=6

ntapa=]7

opan(7,status="scratcn”)

zall slam

stop

end

JeJieie fe ook S dede Roe kAt Rt de ke lede Jede e e X R R SRRk K R dede Rddie de s K X KRR AR ERIAe xR X K
* INTLZ *
Zodededede dede Sodk R Ko e Ak KK IRk K K fede K fR et dededede de de Je e R e e A ek Kk Ak K R s Jeve e dedede dedk e e sewe ke ke k

—

subroutine Intlec |
coamnoa/sconl/atetb(139),dd(139),ddL(120),dtnow,ii,mfa,astop,aclar
l,nccdr,aprcat,anrun,nasa t,ntap2,ss(192),ssl{100), taext, taow,xx(107)
commoa/ucoml/nogan, totgan,avgen

connon/ucom2/avaetr, totavl,avavl

aquivalanca(sinend, «x(3))

ekfth il il il il kklde kiR ket kiR il ek eiti Nl ek i ki
% yarlables: “
* oilnsp = JI iasp time 1lnsp = jtrly fasp tins *
* qeotr = qtrly fasp ctr ali = 1aadal launcner iasp tine*
% acik = avallability cieck tin:z sinend= sin =nd tla2 = xx(3) *
* altehk = alert time for scnilng iveak = avall., tia2 for scallng =
#* ogyr = time at bag of yr hzqtr = tln2 1t vbe3g of qtrs *
® k,l = ctrs xx(L) = nean fallura for {ta parcs
* totgen= san of g2uecation tiazs totavl= sun of ivail. checks *
% aogea = # of generatioans avotr = 4 of avail, chezws B
* 3vgan = avarage 3ganeration tine avavl = avarage avaitaoility -

kracxkRxlelvdillelleleiendelede e ikl ekl

kel iiekle
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.....
-------

real siaend,oinsp,qinsp,ali,avcink,altchk
iatager k,1
qiasp=J3.0
oinsgp=J.)
qetr =0.0
bgqtr=0.9
L=0
=)
ali=0.0
acn«=).0
avchk=3.9
1l tchk=0.0
totgen=0.9
noz2a=).0
avgan=J.,9
avete=).0
totavi=3.9

avavl=).0
%
et asslga lauacher #,sdbsystea aand alssile fallures for 15 launciers
P
do0 19 i =1,10
atrib(l)=i
do 20 3=5,13
atrib(j)=tnowraxpoa(xx(13),1)
29 continue
do 25 j=14,720
atrib(j)=tnowraxponixx(j),1)
25 continue
ik assign annual lauacher i{aspzactlion avary 3 weagsk¥¥
w=k+1
atrib(2)=k4cxx(7)
kX a1ssign 5 launchers to alart afrcraft that area”t due an 1anuil
kk ianspectioa for 90 days(file 3) - assign the rast to storag2
ledese (Eila )%k
if(l.1e.5.2nd.2trl0(2).g¢.2150.)) thea
atrio(4)=tnow-xx{(7)*1
kit 1teib(4) is the tiae the launchar waat oa alarx¥sx
1teid(5)=3.9
1=1+1
call filea(3,atrid)
alse
ateib(35)=0.)
call filem(2,3atrid)
andif
1) coatinue
Zekdori and assigning atrlbs to launchars ¥iirx

Tleliiee
schadula eveats kil
XXk
scna2duls to priat averagas *kx
call scndl(7,simend,atrld)
scieduls first ori Jurinz s2cond quactar ***
olnsp=uafra(2159.3,4323.),9)
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¢a’ L schdl(4,olasp,atrid)
schedule subsaquent ori”s 10-15 months apart *¥¥
tf(olnsp,le.sinend) thea
olnsp=oiasprunfrm(7320.0,193930.9,5)
call schdl(4,olnsp,atrib)
30 to 30

andit

schadule quarterly inspection X%
if(qinsp.le.sinend) tnen
qinsp=bgqtr+unfrmn(0.7,2159.9,96)
avtlag=190.9
call chksch(qlasp,2vtlag)
call schdl(5,gqinsp,atrid)
qetr=gqetr+l.0
ngqtr=qctr*21%59.0
30 to 40
endlf

schadule annual launcher iaspection
k=0
1£(ali.le.sinend) then
k=s+l
1f (k.gt.100) then
priat*,“aor2 thaa 1J0 inspactioas scheduled”
20 to 60
endif
ali=k*xx(7)
2vtling=2).9
call chksch(ali,evtlng)
call schdl(6,all,atcld)
20 to 35V
endif

schadulza check and 2xchange of alart lauacher wea2kly (158 hrs)
launcher is exchangad aftar 90 days or if failure has occuredx#*

if(altcak.l2.simnend) tnea
altenk=altchk+153.9
call scndl(3,altchk,atrid)
%0 to 5D

2adlf

schedule randow 2vailahility caecksss®

i{f(avenk.le.sinend) tnen
avenk=aveaktuafea(d.),1339.9,3)
call schdl(l,avchk,atecia)
3o to 79

eadic

[his sactlion will nriant the eveat calz2adar by delating

ol 1.

aext=anfa(aclar)
if(aext.,23.J.0) 30 to 9)
call copy(-next,l,atrib)
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* priat®,“eveat code = ~,atrib(xx(25)+1)
x printx “eveat tinz = “,atrib(xx(25)+2)
* next=nsucr(next)

e 20 to 80

* 90 continue

Xdcisse s2t up output fila *&%*

weita(unit=9,tac=100)
120 format(lx,lx, TNOW",3x, AVAIL",3x,”+# OB37,2x, TITAL",3x, TNOW",
+ 3x, 7+ GEN',lx,’GENTIM’,lx,'#OBS',' [DTALY)
wrlte(unit=3,fmt=112) xx(39),xx(40)
1L format(lx,2x,2£5.4)
return
and

kX kie ikl xkhk ik ki kit ikicielkelliesenkfohkhhakexnix

* ayveat <
Skt el i e odede do de de e el dede e ek duide de Je Js Jo le e le Jo e el de e S de e e deke ke deok deke e kv Rk i ke fo ko R e R F
suoroutine event(l)
comaon/sconl/atrib(109),4d(190),dd1(139),dtnow,li,ufa,ascop,aclar
1,ncrdr,aprnt,narun,ansat,ntape,ss(100),ss1l(109), taaxt, tnow,xx(10J)

equivalence(simend, xx(3))
go to (1,2,3,4,5,5,7,3),1

1 call avail
ra2tura

2 call genrpt
ra2tura

3 call 2xchg

rtaturn

call orlgaa

raturn

call qtrygen

return

5 call aninsp
raturn

7 call avgprt
c2turn

3 call cakais
c2turn
and

o

(92}

il o lede ledeicdedede ek e ek el e ke kil ke s ekt e ide ke kil Rk okl adeth R klek ke Xk

s \VAIL (2vant 1) x
Nl kil kiRl ik ikt RRRihiiek kel kil
* This subroutiae chacks the status of th2 lauachers ia storage *
s (£L1l2 2) aad on al=rt(file 3) to s2a if aay have fatled; it *

%

% cialculates taz percent avallabla.
ot Sele de de e el oo de fede e Sede e deveilee Jek e e e de de iede Jede de e e e e de e e e dede delelele e e ede el el ek els e e e e
sudroutiae avall
coanon/scoml/atrib(199),dd(130),34L(1)0),dtnow, L1, afa,mstop,aclar
l,accdr,apent,anrun,nasst,ntape, ss(139),ss1(100), tnext, taow,xx(1)9)
coaad’a/ucomn2/avetr, totavl ,avavl

wt
(1)
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: 3
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4 . 4
» 4
: 2quivalenca(sinend,xx(3)) 1
i if (tnow.le.720.9.0r.xx(12).8¢t.0.3) 30 to 5) 3
L &xxkkx Deternine availabilty of launchers iln storage #*&x%¥ o
r‘ 1 next = mmfe(2)
. xx(l) = 0.0
. 19 if (next .eq. 0.2) go to 2
b Fedek kel have accessed last entry - searca eads 1
L call copy(-next,2,atrib) -
X do 12 i=14,20 ]
1f(atrin(i).1lt. tnow) 20 to 17
* i{f component has failed 1{ts not avall, cnecik a2Xt lauacher
12 continua
¥ no fallures for this launcher - increment # avail
xx(1)=xx(1)+1.2
17  aext = asucr(next) )
g0 to 10
20 coatiaue
* detarmine avall of launczhers oa ALT
aext = anfe(3) ]
30 if (next .eq. J.0) zo0 to 49
ficiieiek have accassed last entry - searcn ands )
call copy(-next,3,atrib)
do 32 1=14,20 |
L€(atrib(i).1lt. taow) zo to 37 :
32  coatinue j
xx(1)=xx(1)+1.0 1
37 naxt = nsucr{next)
g0 to 30 T
49 continue 1
* computs % avail -
xx(2) = xx(1)/15.9 o
x update average avail 1
avetr=avetrdl.) ) )
totavl=totavli+xx(2) 1
avavl=totavl/avectr
arita(unit=9,£fmt=209) tnow,xx(2),avctr,totavl
203 format(1x,£f5.9,2x,£5.3,2x,£3.2,2x,£7.3)
39 zoatiauz
raturn 1
2ad
tevede fode fe deleSe fe eede dodede dee Nk e Bt Se e dede folotesle e e e vk e sl Jese o Je desedt s e Jeveds Jeie e de fe e e it Jede fo e de e e dedee )
% SENRRT (avant 2) <
% fe Jede K e sede ke o e do sevevesede Se fede e e de de iee de it e S Seve e e de le e ie e e i dede e e deve de et el e e Sede s i ke desese e
This subroutine calculatas the tiqne {t took to ganerite 2aca -
# alrcraft aad comput2s the avarags tina to Z2uerat2 11l aircraft, & .
Joleledeie Jedle Jo dode fe le Je fed Sk Ao el dede e Kok R e dede fe.8 s e ek Ko de de dele e fe de de se dededede dede e de Rjele e e lsie ek .
sunroutine gearpt {
common/scoal/ateib(130),dd(139),3d1(123),dtnow, Li,afa,n5top,aclar
l,acrdr,aprat,aarua,aaset,atape,ss(1J2),3sl(139), taaxt, taow,x<(10) oo
comnon/uconl/aogan, totg2n,aviean '~ﬂ
aquivalence{sinend,xx(3)) St
Lf (ateib(3) .eq. 1.0) thaa j

bS
x
3
Py
%

IR0 SENERALLIN
yeatin=tnow-xx(22)
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andlif
tf (ateib(3) .2q. 2.9) then
Xtk k QUARTERLY SZAERATILOA
gentim=tnow-xx(21)
endif
PE(xx(3).gt.12.9) then
* update avecaga geatla

nogen=nogen+l.)
totz2a=totZen+rgentin
avzen=totgen/10g2n
andlf
write(ualt=9, Emt=300)ateio(l), thow,xx(3),zeatlm,nog2n,
+ totgaa
300 format{lx,27x,£€3.9,1%,£6.3,2x,£3.90,1x,£5.1,2x,13,1%x,£6.1)
return
2nd

3 g Aot dede Je ke fe Sede Jede dede st e Sk edk Mk dede de i e de dede e e k Je de de de oo e dedenie sede de de ede e Je e e e Jededese e oSt Jo dode e e e
* £XCHG (event 3) x
Kk kKR kk ik hR R ANk ik khkik ikl ki hhkkikkkkkh ik ik
[his subroutine chacks to se2 how loang aa aircraft has bzen on 3
alact; Lf more than 90 days, {t goas to storage and NEWALL is *
called. If l2ss than 30 days, it is checked for failuras. All *
the launchars are checkad for pdu fallures. *
Zede oo dte X o Je NN fededodede deve o de e v e e de ek dedede Sk ke dededode ek e de i ke kdededede ke ke ke el ke ek ik ek
subroutiae exchg
2ommoa/scoal/atelb(120),dd(120),441(120),dtnow,11i,0fa,mstop,nclar
1,ncrdr,nprat,narun,ansat,ntapa,ss(109),ssl(100), tnext, taow,xx{109)
aquivalence(sinend,xx(3))
Lf (xx(12).ge.1.0) g0 to 39

no¥ ®

W

* wh2n GEN i{s in progress EXCHG is not performed
call pduchx
* chack for pdu faflures
nocngd=0
% check alt tine for alt a/ec & chack all alt a/c for fatlures
5 aax t=nafe(3)

if (aext.23.2) go to 1)
call raove(-next,3,atrclb)
alttin=tnow-atrio(4)
if (altein.ge.2015.0) toen
atrib(5)=7.9
nochgd=nochzd+l.0
zall filea(l3,atecid)
2lsa
catl filen(13,actrid)
<altf
30 to )
1) coatinaz
Ltf (nocnzd.lt.1) 10 to 39
1> 20 t=1,a0cngd

& raplace avary a/c coming off alt with a a2w oaz
call aewalt
22 coatinuz2
3) continie
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return
and
Je Je ¢ e e dede dede-de Je 3¢ Je e de e de e e e e e e dode se e Fe e Jodk de e e e Sodede St dedede de dededdede se deie dededk Kt le ek de i ke ke e ded e rde e
4 * {ZWALT -
Jededeie e dedede R e dodd ke dede Jode e el de X e le deie ol e de st e e dede dode e de dodk e Je e e S e de e de K e de edede e de e ek e X
[ * This subroutine finds 3 launcher Jalch {s not duz 3a anaual k
s * inspection in the aext 30 days 2nd removes it from storagze(file 2) &
* aad places it on alert(file 3). % :
de el Sede dodele e Jete e de dode e Se de do dede dede Jo e e e Se Jo it Je e ese Kok Se oo dede Je e X e K e de e S Rtk e KX e deiededede et Kede K
h subroutiae aewalt
{ comnoa/scoml/atrib(120),4d4(130),dd1(190),dtaow,ii,nfa,nastop,nclnr
1,ncrdr,apeat,narua,nnse t,ntape,ss(100),ssL(130), taext, tnow,xx(109)
- aquivalzance(sinend,xx(3))
{=)
- * check storage for new alert 1i/c
| aaxt=mne(2)

1) continue
call zopy(~-next,2,atrid)

] tf (atrip(2).gt. taowr2160.0) tnen
call rmove(-aext,2,atrib)
: * found lauacher not du= ALI in 90 days for ALT duty
:. atrib(4)=taow B
atrib(5)=3.9
call filaa(3,atrip)
go to 20
endif
{=1+1.0
if (L.3¢c.1%) 30 to 29 T
* ervror check- at nost should chack 13 launchers
next=nsucr{next)
go to 1V
29 coatinue
caturn
ead .o
Jedefele dofede ke dedese dedodedede de el e dedolede el Jove e e dode e lede et de o de ke e Seldede e sedededede R de e de e dek ek i dode ek ok
* POUCdL *
kdeicdede de oot de tele ek de ke de e Jede e de dedede dededede lededede et dedode v Jedo Jode e N de dedede Koo ek ke e de ke dede R de o dodelede
* This suvroutiae chacks for pdu failures by reaoviag the k
* th2 laaacher from storage(file 2) and puttiag Lt ian the aatwork *
*  (fil2 14), ~
Slekilele kxR iielidlef ikl ikl ek kileielele e ke desedloles eilede ekl ek ikt ik

subroutine pduchx
comnon/sconl/atrin(170),44(190),dd1(1)0),dtnow,ii,nf1,nstop,nclar
l,acrdr,aprut,ancua,naset,utipe,ss(ldd), ssL(1IJ), taext, taow,x4(19J) ._fQ

equivalaaca(sinand,xx(3))
* chacks launchers ia storage for pdu failuce
naxt=aafa(2) L
17 Lf (next.eq.0) gd> to 30 )
zall copy(-next,2,atrib)
L€ (ateib(l6),at. tnow) then
nextsnsucr{next)
39 to LI

2132 cee

wi
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@
i * failure datectad - sand to REP
i call ramove(~next,2,atrib)
atrib(3)=1.0
[ § atrib(3)=5.9
[ call filem(5,atrid)
Lg xx(22)=tn%3 coatiaue
[ xx(3)=0.0
= go to 50
40 priatk, “¥ikkk*no launchers {n storage whea ori called”, tnow
50 coatiaue
ratuen
end
Sesde e o dedesolod dode dede e Je dete e dede lede de Jok g ede e de e e de e dek Jedede e de ke dest fedede X de e Ko dee dodede ek de deok dedese kkk ko
* JIRGEN (event 5) x
- e sededede Xk X ot vode X dede de ek dei Jedede sede X Xt ek de e de e s Yo de de de K vede X doddede de Je i ke e 26 e e oo e K e de de de dede ek e

.“ i This subroutine starts tha gaaecation by placiang the lauacher *

* in fila 5. %

kel oo kodie e R RR ekl ok Rk kR k ki kxR RKIAK XK kT dde Xk
. subroutine jtrgen
- common/scoml/atrib(130),dd(190),4d1(100),3taow,11,nfa,astop,aclar
P. 1,acrdr,nprat,aurun,nasat,atape, ss(137),ssl(1l00), taext, tnow,xx(13J)
y

2quivalence(sinzad,xx(3))
A xx(12)=1.0
; xx(21)=tnow
’ xx(3)=0.0
k=nnq(2)

if (k.eq.d) 2o to 49
do 20 i=1,k
call rpmova(l,2,atrib)

atrib(3)=2.)
atrib(5)=5.9 .
call filem(5,atrid)
29 contiaue
xx(21)=tnow
xx(3)=2.0
g0 to 50
39 printse, “¥ekkx o laudnchers in stocarze [Or qlrleawxiiik”
50 coatinue
caturn
end
Fksedededehie ol it el ek lelele e ikl ekl e kiRl ikl k
* ANINS?  (aveat 9) o
sedeJededede e e deiedo dedede K Rl de e e X e ieeve Je e e Xt St o A el e de ik X et redene o e e lete ke et feseden ook el e e
~ This subroutine fluds tae lLauacn2r whlch L35 du2 iaa laspectioa ®
* 3ad puts Lt in the Laspaztioa part of the az2tworx(fila 4). *

ledeleieicledoiete R fede Rt et de e el el e e de le lee le de Je Ko le R R e ek ederle ok e kel de e e e e dede Ko e KR de dede e de e dee
subroutine aniasp
commoa/scoml/atrin(1)2),d4(139),43L(13)),dtnow, 11, nfa, nstop,nclnr
l,acrdr,aprnt,nnrun,naset,ntape,ss(1J9),ssl(1J9), taext, taow,xx(19))
aquivalanca(siaznd,«x(3))
Lf (xx(12).32.1.9) 30 to 3V
* wh2a GEN 1s In pcosress, ANINSP is not perforaad
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* flai the launchar due an 2anaual laspeztion and s2nd it to aniasp
araak=afind(1,2,2,0, thow,5.9)
% searches for ALIL tine = taow + 5
if(arank.eq.0.0) go o 49
3o to 43
40  nrank=nfind(1,2,2,-2,tnow,5.9)
* searches for ALL time < taow
L€(arank.2q.0.J0)g0 to 45
% sanding launcher with atrib(2) = tnow to be inspacted
43 call raova(arank,2,atribd)
* ramove from storagze; assiza next insp time based lasp policy
atrib(2)=atrib(2)+{16%*xx(7))
atrib(5)=4.0
do 44 1=5,13
ifr(atreib(i).lt. taow) atrib(i)=tnowtexpon(xx(13),1)
nissile nas failed & was detected & repaiced during all

5t

S ol |

% assizno next fallura
44 continuz
call filea(4,atrib)
* send to ALI
go to 50
V. 45 priat®,” #xki¥kno launcher in stg with aniasp =", tnow -
i 59 contlinua
returcn
- and
) ledededede fededode e dedededeieie el dee e de ke dede dedede ek e R dedede de ke kdede e de ke R ededededode e ke dek dedeiedodede Je ekt ok
g *x AVGPRT (avent 7) *
hE ke de e lesedede e K dedd eve X icfode de ledede it de Je dodelede e Rde X deiede ks kRl ek ke Xk kisiaiek R kiek ek Rtk .- w
* Chis subroutine prints tas averages for geasration tine aand *
1 & availaoility. It also prints a counter for run # and a code. *
- Je 3¢ e e so S0 Jeie Je de Je Se 5 Je S0 0 e de Se e ok o Jode se sede o s e se Jede se ke Je e Ko Je Jede e kedede Je K ledede ek e ek desededede ek K Sok dedeienk
3 subroutine avgprt .
= comaon/scoml/atein¢l1d0),dd(100),ddL(1I0),dtaow, i1, nfa,mstop,nclar o
" 1,ncrdr,nprat,narun,nnset,ntape,ss(100),ssl(13J), tnext, taow,xx(19J) Ll
Pﬂ comnon/ucoml /nogen, totgen,avgea
’ connon/ucom2/avetr, totavl,avavl
2qulvalence(sinend,xx(3))
ctr=ctr+.J1
write(unit=3,fmt=200)
200 format(lx,”# JB3°,1x,” RUd4 CIODE™,1x, AVGEN",1x, AVAVLT)
writ2(uatt=3,fnt=390)ctr,xx(39),xx(4)),avgen,avavl
300 format(2x,t4.3,1:,25.4,1%,£5.2,1x,€5.4%)
caturn
and
sededfededededelede s hkiedede el ki kie s ool n e leknnxrxel vk xRkl
% CHAKMIS  (eveat 3) “
Sede kel e e lede e et R le et ek kK eveledede h ededede e e ke de e ek dede s el ks n ke ik ek de ke
* This subroutin: checks for nlssilza Ffaflures aund counts ao4 *
% naay nead r2palr. *
ledede fede ko Jotede e fedete e ool de e s dedede e e e e e dee e e e e dede ek ke ke ek i sk ki e ek o w ek x
subroutine cakais
comnon/scoal/ateib(179),d4(13)),dd1(17)),dtaow,1i,nfa,astop,aclar -
l,ucedr,apeat,narua,naset,atape,ss(139),s8s51(10), taext, t104,xx(133) o
a0
e el SRR SR S SRR PR e T RPN




ekt

19

flekkifkileloxdefkchnklilikeni ik nnaki X kkiekini kR ix

% cHLscd x
Sdedesedeievcion e le ok delo it e de ek X die e dese el e ke dedede dede RIS e oo dede Jede e Rk e kil ke e ke de ek e ikt ek kKK
e This subroutina checks the aveat calandar for schedule conflicts. *
* Evaats are reschedulad based ou 2 conservative estimat2 for the *
* longest geaneration time. ivents are schedulzd so that nothing =21lse ¥
% occurs during a GEN exerclse. *
Jeleicledele e le ke h ket leveve ke K add ki kiR kil Rkl ik etk ddohic ke ki k
sudoroutiane chksch(tine,2vtlag)
common/scoml/atrio(ly0),4d(130),d4d1(190),dtnow, L1, nfa,nstop,nclar
1,accdr,nprnt,anrun,nas2t,ntap2,ss{109),ssl(100), tnext, tacw,xx(100)
equivalance(simend,xx(3))
aext=amfe{nclar)
19 i{f(next.2q.0) go to 2)
call copy(~aext,aclar,atrld)
wkxkx  if evt code is .l2. 9 thea it is 1 systam l12flaed code so
kiakkk  ge want to lgnora Lt for schdl conflicts
if(atrib(xx(25)+1).1e.0.0) go to 13
evttin=atrib(xx(25)+2)
{f((eveetim,le, timat+avtlag).11d. (tlinetavtlag,. L2, 2veelnts9.9)) then
time=evittin+>1.0
aadif ’
15 tf((evttin ,l2. tine) .and. (tine .le. evttim+50.9))then
tina=evttin+5l.9
aadit
13 n2xc=usucr(next)
go to 1)
2) contliaue
cz2turn
2nd
91
o N e e T

equivaleace(simend,xx(3))
do 10 i=9,13
count # of missile fallures & reasslign failure time
1f(atrib(Ll).1lt. tnow) then
atrib(22)=atrib(22)+1.0
atrib(1l)=tanowtexpon(xx(13),1)
andif
continua
return
ead

fhikhkkekkkkhk
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;*k*kxk*kx*********k***k*kaé*****kk*k***k***kkk********k*kkkkkkk*kk*

3 t41S 1S [d& CS]AL 3SLAdM INPUT Covi x
.

; Variables xx(8) & xx(25) nust be Llaltialized ia intlc stat beforex

; runniang the C3RL 3LAM aodel. =xx(3) = simulation end time; must *

s+ be set to the value declared in the [NI[ stmt (this {s used to *

; schedula avaats for tn2 eatirs siaulation time). xx(25) = AAfR *

s+ whicha 1s the second value declared oa the LIMIIs card. d

o Jedde Jede Sede fe Je e dede de e de ookl e e dededede ok i Kk e de de dede e de R Kk e ket d e e ded e dede o e e dedokde e el e

gen, gjerstad and oyler,csrl,19/06/34,1,yes,no0,yes,no,yes,72;

linits,21,23,300;

intle,xx(1)=3.2,xx(2)=0.0,xx(3)=0.3,xx(4)=0.0,xx(5)=0.2,;

tntle,xx(5)=2.0,xx(7)=504.92,xx(3)=20000.),

xx(12)=0.0,xx(13)=11300.0;
intle,xx(14)=120232.0,xx(15)=23090.0,xx(156)=13674.0,
xx(17)=43015.92,xx(13)=33744.0,44(19)=41971.0,xx(20)=23034.9;

intle,xx(25)=23.0;

record, tnow, tine,0,0,640.9,720.92,,yes;

var,xx(2),a,availability,d,1;

tinst,xx(l),launchers avall;

tinst,xx(2),availabillty;

/ tinst,xx(3),avail in zeon;

timst,xx(3), tima complated;

e twork;

3 Xlledeklellikhiekie kil kel ikl NN xkkickinkxkliedk

s

3

3

! .
*

H Variaolas:
H xx(1) launchers avallable (in storage & oa alesrt alrcraft)
3 xx(2) % of launchers available

xx{3) # of launchers avallabls at =2ad of generation
xx(4) tonow, ased to calculate aad of ganz2ration
xx(5) time to coaplata genaration exercise
xx(5) walatenanca policy (1= flt line remove & replace,
' 2= no flt line rapair)
; xx(7) time b2tween annual launcher ilaspectioas
xx(8) slaulation 2ad time, usad for scheduling = simend
xx(12) flag for zeneratioa axercises
0.2 no0 genaration a2xarcises in progress
1.9 ganera1tion 2xercise is {a progress
xx(13) misslle amean failure rate = 11300.7,used for atrib(6-13)
est, from AFQTZIC
xx(14) to xx(20) neaa fallure rates - Boasing =2stlimatas
xx(14) structure weia = 123232.0
xx(15) power drive uait = 23990.)
xx(16) power drive uanit coatrollar = 19374%.)
x<(17) nissila {ntzarface unit = 489156.9

ws we ws we we ws we we e we ws ws
[/ ]

ws ws ws we

; xx(13) ra2lay assambly = 833744.0
; xx(19) othar 2lactronfc/alactrical = 4197(.0
; xx(20) 2lectronic control system = 23335%.0
: xx{21) quartecly laspaction tine
5 xx(22) orl inspactioa tliae
H xx(23) tine asts ts avallabls for us2
s xx(24) time ests 1s unavailable for use = 24,0 - xx(23)
3 £4£(235) aatr
62
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b
A

- we

Atributes:

A bl bl

(1) launcher number
{2) tise of lauacuer yearly lnspectioan oa £S5TS
(a launcher is Laspectad approx svery 3 w#ks = 304 hrs)
) 1s a code f{or type of generation
} is the time an lauacher went on alert
) is the fila a launcher should be returuned to after rapair b
0.0 - stg queue 4.0 - 1a repaic
3.0 - alt queue 5.7 - done (in gea network)
(6) time of failura for nissila
(7) tiae of Failure for alssile
(3) tine of failurz for alssile
(9) tima of failure for nissila
(10) tine of fallure for aissile
(11) time of failure for aissila
(12) time of failura for alssila
(13) tine of failur=s for missila
(14) tiane of structure failura
(13) tiwe of powar driva unit failare .
(16) tine of PLU controllier fallure )
(17) time of alssile interfac2 unit failura
tine of relay assembly failure
(1Y) time of other electrical/elactronic failure

-t we we

@ W wE we We we WE ws we Wi W we

W ~NT U wWN -
¥
A

" we W e we we we

-
~
p—
ov

~

: (20) time of environmneantal control systaa faiifura

’ y .
; (21) # of failures ‘found at one tine oo
H (22) # of noa~working missiles during generation )
H

(23) # of falled missilas la2ft uanexcnaaged during geaeration

L
1 wiiting for alt for missile exchg

2 - ia storage queue until schzadulad to go 2ls2winer=
3 - sent from storage to alart (alt)

4 - sent from storag2 to annual inspectioa (ali)

5 - seat from storage to g2neratioa 2xercise -9
5 - waitiag for alt for =lectronic repalr L
7 .
3

s we S ws we we we

.o

- shift cloct zate

- crew
) - 23ts o
1)- waiting for alt )
11~ walting for nlt
12- wailting for alt .
walting for nlt for structure repair R
14~ pdu queue ’
15~ waitliag for
16- waitiag for

..

-s we we ws we @s ws
—
—
A

sts (dunny aftar ganeration axercisz)
st

v
w

. . f s
o dea’asa
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17- walting for ests

13- repair queue

17- waiting for ult for =2cs repalr

20- walting for mlt for waia repair

21- waiting for mlt for relay assenably repalr

s

Qandon Numbar Streams:
1 - failures
2 - repalr times
3 - load times

- transport
avallabilicty clock
- laspections

- a5ts shift clock

~ N W &
\

€I we we we WS WE ws we we ws we e

Zvents:

1 - availability check 5 - orl exercise

2 - generation report 6 - annual launcher inspection
3 - exchaages alert launcher 7 - avarage geatim & avg avall
3
<

we e we we

4 - orl zxercisa - checks mlssile failuras
s Jedefefedode K X Kododedese Sodesede lede dede SedeSde Je st lede X de e deike e X Je ko de Jede e Jode dede e e de dedede de e oo e dede s dede dode e Ko e

-

rasource/crew(4),3;
tasource/mlt(9),21,20,1,19,13,12,11,10,5;
rasourca/ests(1),15,17,15,9;
zatz/shft,op2a,7;

Storage Network - The lauachers are stora2d here until schedulad
for a geaeration exercise, an annual iaspection, or uantil they
are asadad on alarct,

wo wr we we e

stz yueua(2);

Alert Network - 5 launchers r2maln on alert., FEvery weak thay
ar2 checked (evt3) for repairs and for leagta of tine on alert.

s we we w»

alt queue(3);
b
3 Repair Network

3 The repair natwork identifies the tyve of failurz and whather {t can
; be repairad on tie flignt line, If so, thna launcher 1s rapaiced or a
ysingle missile i3 exchanged, the launcinar is uploaded, aad returas to
; the ooint where the Systems Intarfaca lest is perforaed (z31). If not,
;it aust be raturaed to the IMF aand repaired.

y

chk queue(l3);
act;
Joon, l;
act/l,,ateto(l4).1t. tnow,renl;
act/2,,ateib(l3).1¢t. tnow,ren2;
act/3,,ateib(l7).1t. tnow,raps;
act/4,,ateib(l8).1t. tnow,rep5;
act/5,,ateio(l?).1lt. tnow, cand;
azt/5,,atris(29).1t. taow,cap?;
act;

ek 2veat,3; detacaines # of nissila fallures

goon,l;
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o
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pdu

ok

repl

asl

rep?

rep3

reph

rp4a

rpla
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act/7,,atrib(22).gt.0.0,3nls; there are failzd mnissiles

act;

queue{l4); checkad oncz a weak

act/8;

goon,l;

act/9,,atrib(16).1t. tnow,rep3;

ACL,,,0K}

goon, l;

act/10,,ateib(5).2q.3.),alt;

act/ll,,atrib(5).eq.5.0,done;

act/12,,atrib(5).eq.0.),stg;

goon,l;

awalt(l3),mlt,1;

act/13,unfrm(1.25,1.5,4); Trcansport time back to LAF.
goon;

act/14,tr1ag(5.0,8.0,19.2,2); 4ownload and upload missiles
goon;

act/15,trtaz(1.9,2.4,2.9,2); structurz r2pair, DU36 data
assign,atrib(l4)=taowtaxpon(xx(14),1),atcibv(21)=atrib(21)+1.0;
free,alt/1,l;

act,,,chk;
assign,atrib(15)=tnowt2xpon(xx(15),1),atrib(21)=atr{b(21)+1.9;
3ooq;

act/16,triag(3.5,4.5,6.0,2),,cnok; repalr
assign,atribd(l6)=taowraxpoa(xx(13),1);

gooa,l;

ict/17,twrlag(3.5,4.5,6.0,2),atrib(5).2q.0.9,sty; repair
act/18,triag(3.5,4.5,6.9,2),,chk; repair
asslgn,atrib(17)=taocw+2xpon(xx(17),1),atrib(21)=atrib(21)+1.9;
goon,l;

act/19,,xx(5).g2.2.0,rpha;

act/20,triag(3.0,6.0,9.9,2);remove and replace missiles for access
go0n; :

act/21,triag(1.0,1.5,2.0,2),,chk; r/r MIU, wag
await(20),nlt,1;

act/22,unfrm(1.25,1.5,4);

goon;

act/23,tr1ag(3.0,6.9,9.9,2);

7000}

1et/24,ertag{1.9,1.5,2.9,2); r/r celay assblr, wag
free,alt/1,1;

act,,,cnk;
assign,atrib(13)=tnowtraxpon(xx(13),1),atrio(2l)=atrib(21)+1.9;
goon,l;

act/25,,xx(5).g2.2.0,rp3a;

act/25,tr123(3.2,5.9,9.0,2) ;remova aad replace missiles for accass
goon;

act/27,tria9(1.5,2.0,3.9,2),,cnk; remove aad r2place relay ass.
awalt(2l),nle,i;

1ct/23 ,unfea(l1.25,1.5,4);

goon;

1ct/29,tria3(3.9,5.0,9.0,2);

goon;

act/30, trtag(1.5,2.9,3.9,2);
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reps

rep’7

as3

gmis

3asl

Lvas

gns2

fraa,nlt/1,1;
act,,,cnk;
awalit(6),mle,1;
act/3l,unfrm(t.25,1.5,4%); back to IMF
goon;
ace/32,trtag(3.9,5.2,9.0,2); remove and raplace aissiles
goon;
act/33,triag(19.3,13.8,15.8,2); repalr elactrical
assign,atrib(l9)=taowtaxpoa(xx(19),1),3erib(21)=atrid(21)+1.0;
frae,mlt/l,1;
act,,,ciK;
await(19),ale,l;
act/34,uafen(l.25,1.5,4); dack to LYF
goon;
act/35,triag(3.0,6.9,9.0,2); r2aove and replace aissilas
go0q;
act/36, triag(3.5,4.5,5.0,2); crepalr 2cs, 2st from DI56 1ata
assign,atrib(20)=tnowraxpon(xx(20),1),atrin(2l)=atrio(21)+1.9;
frea,mlt/1,1;
act,,,chk;
Missila sxchange
This network 2xciaanges a falled nissile on the fligat llae.

2oon,l;

act/37,,xx(3).g2.3.9,lvas;

act/33,,xx(6).eq.1.J,zasl;

act/33,,xx(5).eq.2.0,gms2;

gooa;

act/40, triag(xx(33),xx(34),xx(35),3); tine to exchaage | missile
assigo,ateib(22)=atrib(22)-1.9,1;
act/al,,atrio(22).2t.9.0,3nasl;

act,,,chk;
assiga,1trib(23)=aecin(23)+1.0,2trib(22)=atrib(22)-1.0,1;
act/43,,atrib(22).2t.9.0,1lvms;

act,,,cak;

awalt(l),nlt,1;

act/44,unfen(l.25,1.5,4); traasportiag to/from to iaf
gooa;

act/45,trtaz(2.5,3.9,3.5,3); 24chg | asl, est froa 3AZ nase
assiagn,atrib(22)=atrib(22)-1.0,1;
act/49,,atrib(22).9t.0.9,93;

act;

free,mlt/1l,l;

act,,,chi;

Gena2ratioa letwork

This zroup of n2tworks is us2d to estimate the tine to ganerate

:all 16 atcerafe (represzating the ORI aad tae quarterly readiaess
sinspections.

. e .,
CHRM S Ydv T

zan

CH T St DU MO SLI N TR O U B AP I T I G IR S T

quede(5);
act(1)/47,triag(1.0,2.9,4.7,4); waiting for b-52.
await(3),craw/l;
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awld

320

tal

awll

fm2

awl2

g21
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awalt(10),nlt/1;

ast/43,triag(.75,1.9,1.25,3); astinate from 3AC base
z000,2;

act/49,,,awll;

act/50,unfrm(1.25,1.5,4); Jelay for alt, astimate from SAC bdas2

free,alt/1,1;

term;

await(ll),nlt/1;
act/51,trtag(l.0,1.25,1.5,3); pylon
goon,2;

act/52,,,awl2;

act/33,unfrm(1.25,1.5,4); delay for alt, estinate from 3AC pas2

free,nlt/1,1;

tarn;

awalt(12),mlt/l;

act/54,tri2g(1.7,1.25,1.5,3); astimate from SAZ base
goon,2;

act/55,,,92l;

act/56,unfen(l.25,1.5,4); delay for nlt, est. from SAC base
trez,alt/l,1;

tera;

goon;

act/57,1.5,,chk; SIr

At this point an aiccraft is finishad and the nuaber available

; (xx(3)) can be incremaanted, the time to g2aerate Ls computed in
; event?,

dona

fel
as10

asl>
avt2

pstg

aslo

P N e S LA RS R e e RS AT A TR SR I S SR St T T S O T
DRI PR - . T ety a8 T e D P P P R N A Y T T S PP S
LI I e L DI W P . W N, . ) " SR TN S ) L TR T N W X Vol A AT LI VLA il APl Yl WL Sl Wl Wl W S 5. . .Y i L G A

goou;
act/58,treiag(.75,1.9,1.5,3); postload, 2st. from SAC base
frae,crew/l,l;

assign,xx(3)=xx(3)+1.0,xx(4)=taow;

gooa,l;

act/59,,xx(21).gt.xx(22),as153;

act/00,,xx(22).gt.xx(21);

assign,xx(35)=xx(4)-xx(21);

act/6l,,,evt2;

assign, xx(5)=xx(4)-zx(22);

avent,2;

000}

12t/52,,,0st3;

post geaeration

gooa;

act/593;
assign,atelp(5)=0.7,2telb(21)=0.7,ateib(22)=0.2,atrin(23)=0.9;
2ooa,2;

act/54,,,s5tg;

act/63,,4x(3).1e.10, tra;

act/56,,4x(3).3¢t.190;

assign,xx(12)=0.9; generation exarclise is ovzr
awalt(l3),ests/L,l; dalay other work
act/67,34.9;

free,ests/1,1;

tacm;
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ali
fe2

aw’
w2

fe3
aw7a

awls

get

fed

aw9
awl7

1sal

1522

R T ———— R ————

anauil launcher iaspection

queue(4);

act/68,,,aw’;

free,ests/1,1;

awite(7),safe,l;
awalt(3),ests/l,1;
act/69,,anzat(shft).eq.1.0,fe2;
act/79,,angat(suft).eq.2.9;

wait for 2sts

zoon;
act/71,triag(.75,1.0,1.253,6); upload to asts
gooa;

act/72,triaz(5.9,8.0,12.7,5); Jownload missilzs

Zoon;

1ct/73,triag(12.0,12.5,13.),6);
frea,ests/1,1;

awatlt(7),shfe,l;
await(l5),ests/l,1;
act/74,,nagat(shft).2q.1.0,fel;
act/75,,angat(shft).2q.0.0;
gooa,l;

2npty test

walt for ests

act/76,trlag(l.9,2.4,3.4,2),atrib(14).lt. tnow,3sal;
acet/77,triag(3.5,4.5,5.0 Z),atrib(la) 1t. taow,33a2;
act/73,triag(3.5,4.5,5.0,2),atrib(15).1t. tnow,asa3;
act/79,triag(h.4,7.4,3.9,2),atrib(l7).1t. tnow,asas;
act/8J,trlag(5.2,5.2,7.7, 2),1trtb(13) Lt. taow,335a3;
act/31,triag(1d.3,13.8,16.3,2),atrio(19).1t. tnow,35a0;
act/32,triag(3.5,4.5,6.9,2),atrio(20).1t. taow,2sa7;

act;

free,ests/1,1;

await(7),shft,l;
awale(l7),ests/l,1;
act/83,,angat(snit).eq.1.0,fe4;
act/34,,nngat(shftr).2q.0.9;
goon;
act/35,eriazg(6.2,3.3,12.9,6);
Soon;
act/3o,tring(2.5,3.9,3.5
70013
act/37,trtaz(5.2,3.3,10.90,0);
goon;

1ct/38, triag(2.0,2.
freae,asts/l,l;

act;
as3ign,1trib(53)=0.9;
azt/33,,xx(12).23.9.9,5t3; 20 to 3tg,
act/99, ,42(12).eq.1.9, 3eq; e 2Rere
assign,atrib(1ﬁ)=tnow+3xpon(xx(l4) 1),1
act/9l,,,32¢t;
asslgn,atrib(l5)=tnow+expou(xx(13),1),1;
act/9l,,,32t;
assleon,atelin(ls)=tnowtexpon(xx(15),L),1;
act/Il,,,zet;

walt for asts

upload and 33T
»h )5 loaded t=st

load warneads

5,3.9,6);dowuload from fram2 aad postload insp.

no g=2a ia prograss
s2 in pcograss, 30 to 32a




v

asasd assign,atrio(l7)=tnowtaxpon(xx(17),1),1;
act/91,,,get;

3sa5 assign,atrib(13)=tnowtexpon(xx(1%8),1),1;
act/9yl,,,get;

1526 assign,atrib(l9)=tnowtexpon(xx(19),1),1;
act/9l,,,32¢t;

2327 assign,atrib(20)=tnowtexpon(xx(20),1),1;
act/91,,,g2t;

3 shift aetwork

create;
gtsd close,snft;
1ssign,xx(23)=unfrm(3.0,10.9,7),xx(24)=24.9-xx(23)};
k’ act/92,xx(24),xx(12).eq.0.7;
g act/93,0.9,xx(12).eq.1.0;
ogt4 opan,snft;
act/94,xx(23),,gt4;

.
’

! 3 dedede e fede dedede de dede el Jed e dvde e de e Sedede et Je Sede Jede Je See e e Jedeste de e Jete fee X Jo ki Se e e ot Je Je e dedede
r. eada= twork; N
p H simulation time for CSRL model = 20,001.0 nours = 333 days

H = 2.23 years
init,0,20001.9;
montr,clear,723.0;
fing
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IS IS FROM TdE C3RL.OUT FILE

slamnm suyummary report

curreat tlas . 2000e+05
statistical arrays clearad 4t time .723Je+03

sxstatistics for time-perslst2at variablest®

mn2an standard nuinimum aaxinum time current

value deviation value value {aterval wvalue
[ lauachers avail 14.191 2.377 .00 16.99 19231.000 15.00
, avallability .3387 .149 .00 1.00 19231.000 1.90
avail ia gean 10.631 1.730 SO 11.00 19281.000 11.00

tine complated 3045.945 2213.792 .00 7353.07 19231.990 7353.37

*%rasource statistics¥*

rasource resource curreat 4verage standard maxiaum current

number label capacity urtil deviation util util
1 craw 4 .6 467 4 0
2 alt 9 .09 .551 3 2 -
3 ests 1 .13 .341 1 J

rasource rasourc2 curreat average niniaan aaxiaum

numbar label available avaflabla available avallable
1 crew 4 3.9352 0 4 1
2 alt J 3.9143 1 3 .
3 ests 1 3654 J 1

P S s
PEIPEIPR IV S
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PLOI OF AVAIL VS TNOW

scalas of plot
a=availability .300et+D9) . 500e+09) .1002+21
J 1) 20 30 40 50 60 79 39 99 120 dups
tina

.1230e+34 + + a +

.19202+04 + + a

.256Je+d4  + + 3 +

_ .32002+04 + L 3 +

[ .38402+04  + . a +

L44302+04 + + a +

.5120e+04 + b a o+

.57602+34 + + E

04902404 + + E
. L7040e+04  + + a
[ .7680a+04 + + a +
. .33202a+04 + + a +
. .39602+04 + + a +
- .96002+04 - a ’
. .1025e+05 + + a
. .1033e+05 + + a
E 11522405 + + a +
\. L12152+05 + + a
v .12302+05 + + i+
2 13442405+ . a N
b .140324¢05 + + a +
- 14722405 + 3 a
h .15362+05 + + a +
' L16002+05 + + a +
- L15642405  + + a +
o L17232405 + a +
1 17922405 ¢ l— a
' .135%2425 ¢ + 2! ¥
o .1920e+5  * . a +
; L19342+05 + + a ,
g " 13 20 3 40 50 s) 7y 30 20 10 ;
’ tine .
' aialaun  .75003+00 3
th maxlaam . 1200e+3)
L o
o
- i
. N
. C
o ¥
P 89 5
®
r Y
t,ﬂ 1
S R A B R I I N IR TN S PPN I NP I IO NN E I ISP RIENENENERERENER PO




) e
TdIS IS A SAMPLE OF [HE "CSRLALL" QUTPUT FILE
. TNOW  AVAIL # OBS TOTAL ]
1 FAF L# DNOW  # 3EN GENTIH #08BS TOTAL - 7
.0000.0009
733, .3%13 1. .313 o
364. .375 2. 1.633 Lo
- Q2. 989, 1. 3.2 0 i) };
: O 12, 935, 2. 13.4 ) .9 "
i W 4. 937, 3. 15.7 0 0 h
013, 933, 4. 16.4 b} .0 1
O 14, 991, 5. 19.4 0 %) '
D3, 9%, 5. 22.0 0 )
0 3. 993, 7. 26.1 0 )
) L0015, 993, 3. 25.3 ) .0
. 1.0 1. 1009. 9. 27.9 J %)
.0 9. 107i. 19. 29.3 9 .0
2.0 15. 1004. 11. 32.2 1 32.2
2135. .375 3. 2.563
2767.  .313 4. 3.375
2.0 6. 3046. 1. 14.7 1 32.2
® L0 1. 3047, 2. 16.) 1 32.2
.0 7. 3056, 3. 24.5 1 32.2
O 3. 3369, 4. 8.5 1 32.2
O 3. 3062, 5. 31.3 I 32.2
.0 4. 3064, 6. 32.6 1 32.2
2.0 10. 3065. 7. 34.5 1 32.2
E 3.0 5. 3970, 3. 138.7 1 32.2 -
1.0 12. 3371. 9. 43.2 1 32.2
‘ 7.9 11. 3073, 10. 42.2 1 32,2
2.0 15. 3077. 1l. 46.2 2 73.4
3925. .938 5. 4,313
. 912, 4313, 1. 13.3 2 73.4
o .0 10, 4315, 2. 15.9 2 73.4 .
O 9. 4313, 3. 5.1 2 73.4
L) Ll 4317, 4. 16.3 2 73.4
) 6. 4326, 5. 26.3 2 73.4
L) L6, 4326, 6. 26.5 2 73.4
, A7, 4332, 7. 31,7 2 73.4% \
® 2.9 14. 4332, 3. 32.3 2 7304
D 3. 4333, 3. 32.7 2 73.4 )
1.0 13. 4333, 19. 33.6 2 73.4
2.0 15. 4333, il. 37.3 3 115.2 .
4513,  .375 6, 5.133 :
.’a
TUIS IS IdE "CSRLAVG" QJIPUT FILE ]
. : .1
# OBS RUN CODE AVIEN AVAVL -
L01) .0032.9090 37.33 .3921 ]
2 "if}
o
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Appendix C

[nput Data

This appeadix 1lists tha iaput data and data sources used 1in the
modal, Tha data has been saparatad {iato three parts; MIBF rates for

the sevaan lauacher subsystaas, activity Juratlon, and decisioa

structuras, labla C.1 lists tne MIBF rates, ~f[aplz C.2 lists tne types
of activities and duration of tne activities, and Table C.3 lists tae

conditions usad for routlag launchers tnrough the actworXk.

fable C.1

MIBF by Subsystem

Subsysten 1 2redicted Allocated
Structure ) i 120,232 50,9909
i Powar Drive Uailt (PDU) { 23,399 { 2,829
: i
E PDOU Controller { 12,000 ; 5,900
Electrizal/Electronic i
|
dissile laterface Unlt (A4IY) 43,9215 : 21,753
Relay Assembler 33,744 37,933 |
Jdther Zlactroaic/ilactrical 41,971 ‘ 41,971
! Environaental Control 3Systam 23,934 ! 5,129
| - L l
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fhe activities tavle lists the evesnts and the duration of tiue

f‘ events that the lauachars go through in the network. The data and data
sources are displayad in Table C.2 by activity number ln the order Iia

which it occurs in the n=twork. This tasle also lists the distribution

. ‘ used for the data, gzives a coda for tha type of avent that is baing
processed, and gives a brief description of the event. T'ha codes usad

for the type of event ara:

- Zga2naration exerciss
-~ layancher inspection
- rapair

= trafler activity

L TR i ]

The following are the sources for the data us2ad in tae model:

BOS6 - repair times for the SRAM launcher froam the AFLC data base
(1 Oct 83 - 31 Mar 3%); used triaagular distributlion.
3o2ing - estimatas from Boaing Document No. D405-10350-1, Relia-
o
' bility/Maintainability, Allocations, Assessment and Analy-
=
- sis Report - CSRL.
j* SAC - axpert opynion from maintenance personnel familiar with
h‘ the 3SRAM launcher; wusad trlangular distribution with
pessinistic, most likely 2ad optinistic time 2stinatas.
- WAS - educated guess fron maintenance personnzl.
*
*
®
° 92
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Can "a=te o T, e

Act/Code duration

13/22T unfem(1.25,1.5,4)

Table C.2

Activities Taole

Description

Iraasport time back to ILMF

143 triag(6.0,%8.0,10.0) Download and upload missiles

152 triag(1.9,2.4,2
16] triag(3.5,4.5,6.
17/13R  triag(3.5,4
20/263 tri1g(3.9,6.
21} triag(l.0,1.
232 triag(3.0,5.
24/27%  trlag(l.0,t.
237310 unfra(l. 25 1.5
29/32R tr1ag(3.0,5.0,
INR triag(l.5,2.9,
33’ trlag(lO.S,lB.
34T  unfrm(l.25,1.5)

5,
.5,
]
5
0
5,

9.
9.
2.
3.
2.
)
9.
3.
3

35R triag(3.2,5.0,9.

35 triag(3.5,4.5,5
40% trta1g(2.0,2.5,3
44T  unfrm(l.25,1.5)
45R triag(2.5,3.0, 3
473 triag(l1.9,2.0,
435 triag(.75,1. 0,1
59/53¢1 unfrn(l.ZS,l.S)

51/54G triag(l1.0,1.25,1.5) upload pylon
56T anfem(1.25,1.5) delay for MLT
573 1.5 SIT test
535  triag(.75,1.0,1. 5) postload work
573 34.9 Dummy, delay other work Ln IMF
7ta triag(.75,1.9,1.253) upload to ests
72A trizg(s.9,3.9,1J.0) download missilas

.9) rapair structure

) cepalr of POU

) repalr of ?DU controller

0) r/t alssiles for access

) c/c ALY

) r/r nissiles

) r/r relay assembler
transport time back to IMF

0) r/c wissilas

0) r/r r2lay assemblar

15

»15.3) r2pair electrical

transport time back to IMF

N r/r missiles

Q) repair ECS

.5) tine to exchange | wissile
transport tiaz to IMF

5) axchg 1 missle

4.0) waiting for B3-52

.25) upload launcher

dalay for MLT

73A triag(12.9,12.5,13.0) 2mpty test

75A teiag(l.3,2.4,3,

77A triag(3.5,4.3,5.
734 trtag(3.),4.5,6
794 triag(6.4,7.4,3.
30A trtag(5.2,5.2,7.

31A teiag(10.3,13.3
32A trt23(3.5,4.5,6

354 triag(é.O,%.O,l0.0) upload and 337

30A  triaz(2.5,3.),3.5) loaded tast

377 trfag(5.0,3.9,12.9) 1oad warheads

33A triag(2.2,2.5,3.9) download & postload inspection

924 xx(24)
3335 0.9
247 xx(23)

e T e T
Ll A TR T R PR

4) rapair structura

0) repair 2?DJ coatroller
.2) r2pair POU

9) repair ALY

7 repailr relay assaablar

Source

5AC
SAC
D356
D055
DJ50
SAC
WAG
SAC
WAG
SAC
SAC
WAS
DJ55
SAC
SAC
D056
SAC
SAC
SAC
SAC
SAC
SAC
SAC
SAC
AFOTEC
SAC
SAC
5AC
SAC
Boelng
D)39
D155
D056
DJ5%
D355

,15.3)  cepr other 21lectroanic/electrical DJ595

.0) rapair ZC3

shift off or 2sts Jdown
no shift down tine Jduring 3EN
tin2 snift and ests worklag

93

2955
SAC

Boaing

5AC
5AC
SAC
3AC
5AC
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Table C.3
k‘ Condition Tlabla
Act/Code Condition Reason
. 1FS atrio(l4).lt. tnow structure failure
h 276 atrib(l5).1lt. tnow PDiJ controller failure
3IFG atrib(L7).1t. tnow MIJ failure
4F3 atrib(ld).1lt. tnow ralay assambler faflure
5FG atrib(19).1lt. tnow 2l2ctrical/electroaic failure
6FG atrin(20).1t. tnow ZCS fallure
773 atrin(22).gt.0.9 missile fallure(s)
J I%5 atrib(16).1t. tnow oDy failure
1JF atrib(5).eq.3.0 ratura launcher to ALT
115 atrid(5).eq.5.0 return launcher to GEX
123 ateib(3).eq.0.0 retura lauacher to SIS
o WA atrib(3).2q.0.9 repr PDU, ratura to SI53
{ 13FG repr 20U, check for other
failures
19/25¥%G xx(6).32.2.0 r/r anissiles in IMF
206G r/r alssiles oa flignt lina
37G xx(3).32.8.2 leave failad missile
333 xx(6).eq.1.0 a«cng misl on flight line
39G xx(6).eq.2.0 exchg mist fa IMF
41/43/46G atrlb(22).gt.9.9 loop to exchg all misl fallures
595 xx(21).gt.xx(22) ORL in prograss
569G xx(22).gt.xx(21) QILNS? in prograss
5573 xx(3).1e.19 axercise still la progress
555G xx(3).gt. 12 2itarcise is ovar, tle up =3T3
69/74/33G nagat{shft).2q.1.0 work shift closed, wait
71/75/34G angat(shft).eq.d.) work shlft opan contiauz work
76 €5 atrldb(l4).lt. taow 1ssiga next structure failuare
77FG atelb(l3).1t. tuow 13siga next POJ failure
73F3 atrib(ld).1l¢t. tnow 3ssign n2xt 2D coatroller fail
7373 ateib(l7).1t. taouw assiza aext MILJ £ailura
3UFG atrib(13).Lt. tnow 1sslin aext ra2lay a2ssmpir fail
317G atrino(i3).lc. tnow 13sign electrical/alactronic
32FG atrib(20).1lt, taow asstqga aexct KC3S failure
33/927G xx(12).2q.0.9 no 33 in progress, go to I3/
aormal snifts
3/I3FS %x(12).23.1.3 sced ia prograss, 4o ta 3iN/
24 hr shifts
94
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Appeadix D

Experimeantal Desiga

This Appendix contains the fractional factorial rzsearch design
used in this research effort. The information was obtained from the
National Bureau of Standard Appliad Mathematics Saries (13:22). The
codes used for the one-fourth of a 2‘3 factorial design are given in the
tahlz below:
fable D.1
Factors Used in Factorial Deslgn
Factor  Code Code Dafinition Low digh B
1 a nuaber of crew b 12
2 b aumbar of MLTs o 12
3 c maintenance policy J-level 2-level -
4 d inspection frequeacy 257 nrs 504 irs
5 e lauuchgr load time* .75,1,0,1.25 1.9,1.5,2.0
6 £ ranove/replace aissile 2.9,2.5,3.5  2.5,3.0,4.0 ]
7 g ramove/replace relay*
1ssembler 1.0,1,5,2.9 1.9,2.0,3.0
3 h failure ratz allocatzd pradictad
for 2xample, 1b means tne aigh values are used for nundber of crews and

nunber of YMLTs, whila holding all other factors at low values.

ifne low, medium, and high values are given for the

tetangular Jdistridution,

SR e e e e e ., e T e el e e e T e el . o -

- R I R L R ST SS B S
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Table D.2

Fractional Factoriil Design

The followlag combinatioas of factors were usad ia the analysis of the

CSRL:

(1) cedzh abeg abdh
abcfgh 1bdf fh cdfg
bcdeg sen ade acegh
adafh acefg bcd2fgh bef
afgh cdaf abcefh  avdefg
abca avdegh eg cdeh
bedfh bfg adfgh acft
adg ach bed bgh
SR :

pdefh beafg

acdeg aeh
cfgn df

ab abcdgh
bdgz bch

acdfh afyg
ce degh

abefgh  abedef

aciefgh

bde

abfn

cefh

bcegh

aocdfg

dn

agh

bef

abcdeh

defg

.......

- A

a e a_a
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Appeadix I

B40P 1ag 3P33 Input/vutput

This appeandix Lists tha lapat data, Inouat prograas ind colevaat

>utput for the twn part stitistical anmalysis. T[he oelder ot dreszantition

s glven ova2lou:

L. 3P33 Autocorrelation awalysis
}
: 2. B8MOP Fractional Factorlal Destiin
i; 1. ANOVA for seneration Hine
! 0. AVIVY for Avaliability
{ 3. a2wvrassion \nalvsis
2. 2R2uression for senaration line
D, R227r2ssloa Eor Availability

37




CLLS 03 [ 3PS5S INPIT PROGRAM, INPUT FILE AND 0JrC2UT JSED [0 CHECK

FIR AJDICIRRELALION AMONS [ AVALLABILLITY J33ZX7ATIONS.

VINO NAME AVALLABILLTY

JAYIABLE LIST JdOd, AVALL
INDPS LT FORMAT FRAEVIELD
Lawdl 1anbit CAQUs

1 OF CASES JAXAOAN

ALIRESSIN AL TAON=SPEP WSS/ vARTABLES=TVOW, AVAIL/
LESRTSSIIN=AVALL WwIDd CHOW/RESIDUALS

SPATISTICS ALL

DA Li,2

A4 THNPUT DATA

y,. FINLSA

(L5 I35 THE Vled D IR A DICIRIABLATION WididN [4g OB3EVALLONS Fur
AJATSABILITY ARE TAYEN DN [HE AVARAGE JF EVERY TWO WESKLS.
JARIABLE RAN STAINARD 0LV CASES

b tNOW 19375.3333 5473.1153 57
AVALL I11.4336 77.3069 57

NJ 8RR OF CASES 2LOTITED >7.

VON NZTYANY RATID . 74353 DURBLN-WATSIN TEST .93193

IS 15 [HE OJIPJL WdEV OBSERAVATIONS Aje TALEN DN [Hi AVIRAGE OF
EVERY FOUR WERKS,
vARIARLL 1EAN SCANDARD DEV JASES
INOW 13371.1379 5512.)433 29
AWVATL 916.2414 32,1034 249
NJMBER OF CASES fLulrdo 29.

52 DJUVBIN=WATSIN [dST 1.50519

[B%]

VO NEUMANN RATTY 1.35

93
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r4IS L[S Td& INPUIL DATA, éMDP IJPUL PROGRAM AND QUTPUT TABLE FIR THE

FRACTIONAL FACIORIAL AVALYSIS.

01 .0000.0000 44.79 .7610
02 .0011.0011 33.40 .9139
3 .2000.0131 37.59 .9298
04 ,0011,0110 43.35 .7231
25 .2019.0111 393.47 ,3276
J6 .00J1.3100 46.23 .7456
07 .0010.0010 43.26 .7390
03 .0001.0001 37.25 .9232
09 .0000.1111 33.14% .9232
19 .3J11.1100 51.73 .7059
11 .0000.1010 45.19 .733%
12 .0011.13001 40.16 .9211
13 .001J.1000 47.03 .7300
14 ,0001.1311 39.40 .9243
15 .5013.1101 39.17 .9254
16 ,0001.1110 47.10 .7434
01 .1001.1101 37.15 .92%5
02 .1010.1119 41.57 .7193
03 .1001.1200 41.93 .7512
34 .1010.1011 36.39 .9364
05 .1011.1019 33.56 .7336
06 .1000.1001 36.43 .9320
07 .1011.1111 36.56 .9298
03 .1030.1100 40.46 .7544
03 .10J1.9010 33.03 .7412
10 .1310.9001 35.35 .9237
11 ,1001.9111 34.84 .9254

0l .0111.101) 47.48 .7143
02 .J190.10J01 37.25 .9320
03 .IL11.1111 40.65 .9156
04 .2100.1100 49.34 .7500
05 .2101.1101 33.34 ,9139
06 ,J)110.1110 43.93% .7768
37 .I191.1000 47.73 .7544
08 .0110.1011 37.93 .9276
09 .0111.0111 39.46 .31a7
12 .0100.9119 45.77 .7511
Il .Q111.3000 43.37 .7423
12 .3100.0011 36.98 .9233
13 .2131.901) 43.31 .7330
14 .0110.0001 37.39 .9331
15 .J0101.9111 37.64 .9139
15 .0112.3100 50.77 .7221
01l .1110.0111 35.22 .9331
92 .1101.0100 38.56 .7325
03 .1119.0010 37.95 .7346
04 .1101.0001 34.77 .9265
d5 .1100.2000 42.35 .7467
06 .1111.0011 35.02 .9173
07 .1109.0101 36.43 .9331 T
04 .1111.0000 41.55 .7423
09 .1119.1000 43.35 .7270
10 .1101.1011 36.39 .9364
11 .11193.1101 36.45 .9293

NN DD NN NN DR N = bt gt ot ot et ot s et st b et bt e
SR S P P R B RS SRR R 0w W W W W W W W W W W W

2 12 .1919.0100 41.20 .7599 12 .1101.1110 40.61 .7599 -
213 .1011.0191 35.19 .9336 13 .1120.1111 34.96 .3320 -eioe
2 14 ,1209.0110 41.52 .7138 14 .1111.11090 41.60 .7357
2 15 .1011.0000 43.90 .74%12 15 .1100.1910 42.23 .7346
2 1% .1009.0011 35.07 .9331 15 .1111.1001 35.62 .9173
INPUT FILE FOR GENERATIOV [INMZ
/20BLEM PITLE IS “THESIS .
/I4PUT VARLABLES ARE Y,
FORMAT I3 “(7X,4F1.0,1%,4F1.0,1X,65.2,6X)".
INIT IS 1.
/VARIABLE JAMES ARE A.B,C,D,E,F,3,1,3ENTIM.
/DES LGN M IS “3G,1 .
INCLUDED ARE 1,2,3,4,5,6,7,%,12,13,14,15,15,17,13,
23,24,25,26,27,23,34,35,36,37,33,45,45,47,43,
56,57,38,07,68,73.
/58D

Y

...................................




‘ SOURCE

MEAN

gmc‘am IO 5w >

(@]

P

A
BD
co
AE
BE
CE
DE
AF
BF
CF
DF
¥
AG
8G
CG
G
EG
FG
AH
84
CH
DH
RS
el
Gtl
PREIIRE

w
b

..............

T —

ANALYSIS OF VARIANCE FOR  1-3T
DEPENDENT VARIABLE - G2INTIM

SUM OF  DEGREES OF MEAN ¥
SQUARES  FREEDOM SQUARE
104042.17043 1 104042.17043  59503.82
373.65041 1 373.65041 216.53
.02039 1 .22039 01
12.02975 1 12.02975 6.33
. 26930 1 .25900 .15
17.11313 1 1.11313 5.79
2.79629 1 2.79629 1.50
6.47531 1 5.47581 3.79
774.11732 1 774.11732 442.77
2.72967 1 2.72957 1.56
9.33513 1 9.335138 5.34
1.39533 1 1.89538 1.03
3.03553 1 3.03558 4.50
.59305 1 53395 .50
.03499 1 .03499 .02
54135 i 64135 .37
.42491 1 .42491 .24
1.09357 1 1.09357 .63
1.37245 1 1.37245 73
5.98473 1 5.33473 3.42
.20365 1 .20355 .12
2.00677 1 2.00577 1.15
2.27440 1 2.27440 1.30
84771 1 .84771 .43
1.67575 1 1.67575 .96
.32533 1 .32633 .19
4.15399 1 4.156399 2.38
.40235 1 .49285 .23
19106 1 10106 .06
.20004% 1 .20004 .00
73.94154 1 73.34154 45.15
1.73593 1 1.73508 1.02
1.13577 1 1.13677 .55
693453 1 .59345 .40
.00231 1 .09231 .00
.0133% 1 .21336 )1
4.30611 1 4.30511 2.75
47.20551 27 1.74835
190

............... -
.....................

- Y T W e Y T v W W w

TALL B
PRI8B.

0.0000
.J000
.9133
0142
.5980
.0233
.2163
L0649
0.2009
.2222
0237
L3070
0412
.5342
.3386
.5493 -
.5260
L4359
.3834
0753
.7355
.2935 -
.2641
.4922
.3363
.6639
L1344 S
.6351 N
3113
.9961
.2009
3213
L5271
.5341
3713
.9319
1039




INPUT FILE FOR AVAILABILIIY

/PROBLENM [ITLE IS “THESIS”.
/ INPUT VARIABLES ARE 9. -
TORMAT IS “(7X,4F1.0,1X,47F1.0,7X,F5.4)".
UNIT IS 1. )
/VARTABLE NAMES ARE 4A,3,2,0,8,F,5,4,AVALL. .
/DESIGN FIM IS “33,Y". 4
4

INCLUDED ARZ 1,2,3,4,5,6,7,8,12,13,14,15,16,17,13,
23,24,25,26,27,23,34,35,36,37,38,45,46,47 ,48,
50,57,58,67,63,73.

ANALYSIS OF VARIANCE FOR 1-ST
DEPENDENT VARIABLI ~ AVAIL

SOURCE SUM OF UEGREES OF MEAN F rAIL
SQUARES FREEDOM SQUARE PROB. ]
MZAN 43.54855 1 43.543855  291045.12  0.3200
A .30009 1 .00009 .50 L4440 E
B 20000 1 00000 .00 L9579 - -4
c .00050 1 .J0059 3.33 0790 [
D .00053 1 00053 3.57 0698 -
) 00009 1 .90090 .02 .9005
F .29003 1 .02003 .21 6526
5 .00007 1 .20007 .30 L4370 S
H .53491 1 .53491 3574.92  0.2200 .
AB 00204 1 03004 .28 .6026 4
c .00009 1 .00209 .57 L4569 }
BC 90096 1 .00005% .42 .5224
AD .00063 1 .00063 4,21 L0499
30 00034 1 .33004 .24 .6293
foh} .00030 1 .00930 2.93 .1655 S
AE .00000 1 .09009 .0 .9910 1
BE .00016 1 .00015 1.07 . 3092 i
ol .00015 1 .00015 1.92 .322) o
IE L0009 1 .J0009 L0) L9732
AF .20008 1 09008 .55 L4543
3F .00015 1 .00015 .97 .3322
CF .00002 1 .00092 .13 L7223 )
DF .09004 1 .D0004 .25 L5215 ©
aF L0011 1 .00011 .72 L4022 :
3 .00007 1 90097 .49 .4399
BG .00046 1 .09045 3.06 L0917 Sl
3 .00011 1 .J0011 71 L4057 P
5 .00007 1 00007 45 .5083 ‘
o] .00912 1 .J0012 .79 L3313
FS .00025 1 00025 1.65 L2031
Ad .00027 1 .309027 1.33 L1359
34 .90019 1 .N0019 .79 L4099
cd D014 1 L0014 .94 3405
od 00005 1 .20926 L4l .5233 :
£4 00000 1 90009 .00 L931) o




.J
o
.1
FH 29299 1 .30000 .02 .3932
34 L00015% 1 .00016 1.95 L3151
ERROR .00404 27 .30015 |
fALS IS [MHE INPUL DATA, THE SPSS INPUTL PROGRAM, [HE SCATTERGRAM INPUT ;.,j
PIOGRAM, AND T[HZ RELEVANT OUTPUT FOR THE REGRESSION. e
Lt
AL 3. 1. 257, 1.20 2.5 4350.9 36.2% .9331 -1
3, 1. 257. 1.39 2.5 2433.0 39.37 .8465
3. 1. 2537, 1.99 3.0 2430.0 43.24 ,3377 8
3, 2. 257, 1.00 3.5 2430.0 44.31 .3537 ]
3, 2. 504. 1.3 2.5 2430.) 43.36 .3542
3. 2. 504. 1.50 3.0 1.5 2430.9 45.9% .3356
19. 1. 257. 1.20 2. 1392.0 492.32 .3133
12. 1. 257, 1.29 3. 13J2.0 38%.9% .3125
19. 2. 257. 1.20 3. 1802.) 43.338 ,3037
19. 2. 304. 1.00 2. i302.0 40.62 .7544
19. 2. S04. 1.90 3. 1302.) 42.92 ,7577
12. 1. 750. 1.00 2. 2078.0 41.37 .3102
12. 1. 750. 1.90 2173.9 41.13 .3194

2178.0 47.01 .3361
2173.3 32.33 .3432
2178.0 41.62 ,3257
4350.3 35.75 .9342
4350.0 49.59 .9232
4350.0 37.60 .9309
4352.0 37.31 .9320
4350.0 39.35 .72134
4350.0 41.11 9173

12. 2. 759. 1.00
12. 2. 504. 1.50
12, 2. 594. L.59
0238, 1. 257. 1.9
.93 3. 1. 257, 1.00
04 3., 1. 504. 1.20
.05 3. 1. 504, 1.30
06 8. 2. 504, 1.50
7 3.

. e e

. . .
S VMO U MOV UVMOCUOGUVMOUNOUVUMWUNGUO UL UVMUVMO CUVWLO WV Lo WV

. e

2. 504. 1.50

PO b= b= = DD b DN DN W b B = PO N O R NN e O RN N D e N e e N N
. s v s e o o o . . . e « e o e & » e e s = e s 4 e e
LLUOUVUO VUYL L WVWIOUVOUVOUVMOOCOUMO UVUOUVOUVO LOWVWODOWVLUVLEGOD VO VOO

W L NI W W oW W W W DWW WERWWER WNWWRN WA WWNN
.

2
2
.08 3. 2. 1008. 1.50 2. 4350.0 43.42 .9200
.09 3. 2. 1003, 1.25 3. 4350.0 42.05 ,9243
.10 8. 2. 1008. 1.25 3.5 3.0 4350.0 43.23 .9276
L1103, 2. 750, 1.23 2. 4353.9 43.39 .9375
.01 3, 1. 504. 1.00 2.5 1.0 33853.0 35.35 .3991
¢ .02 8. 1. 504, 1.00 3. 3865.0 36.23 9046 o
= .03 3. 1. 504. 1.00 3.5 1.5 3366.9 37.52 .9221 T
f 04 8, 1. 257. 1.00 2.5 2.0 3365.0 39.59 .3101 T
.05 8. 2. 257. 1.00 3.0 1.5 33656.0 42.12 .9243
’ .06 3. 2. 257. 1.50 3.5 1.0 3865.0 40.52 .927%
.07 3, 2. 257. 1.5) 4. 3356.0 42.57 .9254 1
.08 8. 2. 1008, 1.50 2. 3366.0 39.23 .3904
& .09 3. 2. 1003. 1.50 3.0 2.5 3365.0 42,38 .3393 -
.10 8. 2. 1008, 1.00 3. 33656.0 42.13 ,3953 ]
: L3, 2. 1008, 1.90 2.5 2.9 3366.2 41.95 .3939
L 3. 1. 1003, 1.5 2.5 1.0 3279.0 42.74 .3914 L
- 02 3, 1. 1003. 1.50 3.0 2.0 3270.0 41.51 .9002 T
. .03 3. 1. 1008. 1.00 3. 3272.0 45.30 ,3371 o
= .04 3, 1. 504, 1.00 2.5 2.0 3279.0 37.36 ,8953 S
[ .05 8. 2. 504, 1.00 3.0 1.5 3279.0 39.43 .3904 -
;. .05 3. 2. 304, 1,50 3.5 1.0 3270.0 41,71 ,9913
07 3. 2. 504, 1.50 5.0 1.3 3270.0 43.22 .8914 -7
.03 3. 2. 257. 1.50 2.3 2.7 3270.0 42.03 .9123 o
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.09 8, 2. 257. 1.25 3.0 2.5 3270.0 42.93 .3969
.10 8. 2. 257. 1.25 3.5 3.9 3270.V 42.17 .902%
. L1 8. 2., 237, 1.25 4.9 1.5 32790.0 45.99 .9090

rl .0l 8. 1. 257. 1.00 2.5 1.0 2527.0 39.74 .3598

.02 3. 1, 257. 1.00 3.3 2.0 2527.0 40.02 .3717
. .03 3. 1. 257. 1.00 3.5 1.5 2527.0 43.54 .3454

:i .04 8. 1. 504. 1.00 2.5 2.0 2527.0 42.39 .3235

o .05 8. L. 504. 1.50 3.0 1.5 2527.2 42.37 .8224%

.. .06 3, 1. 504. 1.50 3.5 1.0 2527.0 41.42 .8564

.l .07 3. 2, 504. 1.50 4.0 1.5 2527.0 50.17 .8353

, ) .03 8. 2, 1003, 1.50 2.5 2.0 2527.0 47.23 .3202

. .09 3. 2, 1903. 1.25 3.0 2.5 2527.0 47.39 .3136
.10 3, 2, 1008. 1.25 3.5 3.0 2527.0 50.54 .8231

L .11 3. 2. 1003. 1.25 2.5 2.0 2527.0 47.32 .8311

' .01 8, 2, 257. 1.20 2.5 1.0 1347.0 45.73 .7588

- .02 8. 2. 257. 1.20 3.3 2.0 1347.0 43.04 .7533

F“ .03 3. 2. 257. 1.00 3.5 1.5 1347.0 47.19 .7500
.04 83, 2. 504, 1.00 2.5 2.0 1347.0 43.43 .7339
.05 8, L. 504. 1.00 3.9 1.5 1347.0 42.72 .7292
.06 3. 1. 504. 1.50 3.5 1.7 1347.0 49.38 .7193
.07 3. 1. 504. 1.50 4.9 1.5 1347.0 45.94 .7379
0% 3. 1. 1008, 1.50 2.5 2.0 1347.0 49.17 .569%
.09 3, 1, 1008, 1.50 3.0 2.5 1347.0 50.01 .6513
.10 3. 1. 1008. 1.50 3.5 3.0 1347.0 51.89 .5741
118, 1. 1008, 1.25 3.0 1.5 1347.0 47.41 .7143
.0110. 2. 257. 1.00 2.5 1.0 4350.) 35.53 ,9287
.0210, 2. 257. 1.00 3.0 2.0 4350.0 37.35 .9298
<0310, 2. 257. 1.70 3.5 1.5 4350.0 37.52 .9112
L0410, 2. 504. 1.00 2.5 2.0 4350.0 36.29 .9287
L0510, 2. 504. 1.50 3.0 1.5 4350.9 38.21 .9276
.0610. 1. 504. 1.50 3.5 1.0 4350.0 37.09 .9254
L0710, 1. 504, 1.50 4.9 1.5 4350.0 37.60 .9Y243
.0810. 1. 1003. 1.50 2.5 2.0 4350.0 37.99 .9178
.0910. 1. 1008, 1.25 3.0 2.5 4350.9 33.06 .9173
L1010, 1. 1008. 1.25 3.5 3.0 43530.0 33.41 .3178
LLLE0. 1. 750, 1.25 2.5 2.0 4350.0 41.43 .9353 _
L0112, 2. 504, 1.00 2.5 1.0 3356.0 35.09 .3090 .
02100 2. 594, 1.0 3.0 2.0 3866.9 35.94 .9145 h
L0310, 2. 594, 1.00 3.5 1.5 3366.0 36.55 .3145 -
<9417, 2. 257, 1.00 2.5 2.0 33%6.0 35.19 ,3187
.0513. 1. 257, 1.20 3.0 1.5 3365.0 36.53 .9156 )
0619, 1. 257, 1.50 3.5 1.0 3306.9 36.50 .9191
07100 1. 750, 1.50 4.7 1.5 3866.0 45.02 .3762
«0819. 1. 1308. 1.50 2.5 2.0 3396.9 35.31 .39353
.0910, 1. 1003, 1.30 3.0 2.5 3365.0 37.12 .8991
L1017, 1. 1209, 1.90 3.5 3.9 3366.7 36.35 .3860 o
L1110, 1. 1008, 1.0 2.5 2.3 3366.0 34.95 .3959 )
«I110. 2, 1303, 1.50 2.5 1.9 3270.97 41.04% .885) T
L0210, 2, 1093, 1.50 3.9 2.0 3270.0 41.67 ,3338
.0310. 2. 1003. 1.09 3.5 1.5 3270.0 43.14 .9057
0419, 2, 504, 1.00 2.5 2.9 3270.0 36.9% .8914% R
25197, 1. 594, 1.00 3.7 1.5 3270.0 33.23 ,8772 S
D510, 1. 504, 1.5) 3.5 1.9 3279.J3 37.77 .3893 : J
0710, 1. 750, 1.50 4.0 1.5 3270.) 43.13 .3735 )
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L0310, 1. 257. 1.50 2.5 2.0 3279.0 37.22 .9139 ;
L0910, 1. 257, 1.25 3.0 2.5 3270.9 33.52 .3936 4
L1010, 1. 2537, 1.25 3.5 3.0 3270.0 37.71 .9237 i
| L1110, L. 257, 1.25 4.0 1.5 3270.0 39.44 .8969 -
L0110, 2. 1008, 1.50 2.5 1.0 3273.0 41.04 .3350 _
L0219, 2. 1208, 1.50 3.9 2.) 3279.0 41.67 .3333 1
L0319. 2. 1003. 1.90 3.5 1.5 3273.9 43.14 .9057 _
L0410, 2. 504, 1.90 2.5 2.) 3270.D 36.96 .8914 )
. L0510, 1. 304. 1.00 3.0 1.5 3272.0 38.23 ,3772 -]
1 . 0610, 1. 504. 1.50 3.5 1.0 3270.9 37.77 .#393
L0710, 1. 750. 1.50 4.0 1.3 3272.0 48.13 .3735
L0310, 1. 257. 1,50 2.5 2.0 3279.0 37.22 .9139
L0910, L. 257. 1.25 3.0 2.5 3273.0 33.52 .393%
010, L. 257, 1.25 3.5 3.0 3279.0 37.71 .9237
N J110. 1. 257, 1.25 4.0 1.5 3279.0 39.44% .3963 J
. LL1D. 1. 257, 1.20 2.5 1.0 1347.D 39.59 .7473
L0210, L. 257. 1.20 3.0 2.2 1347.0 41.57 .7231
JI310. 1. 257. 1.00 3.5 1.5 L1347.0 44.50 .7445
L0410, 1. S04. 1.00 2.5 2.0 1347.0 43.75 .7335
L0510, 2. S04, 1.00 3.0 1.5 1347.0 43.29 .7423 ;
L0610, 2. 504. 1.350 3.5 1.J 1347.0 44.60 .7565 1
) LO710. 2. 504, 1.50 4.0 1.5 1347.0 47.39 .7473 T
L0810, 2. 1793, 1.50 2.5 2.) 1347.0 51.93 .7377 ]
L0910, 2. 1903. 1.30 3.0 2.5 1347.9 49.00 .7357 R
L1019, 2. 1003. 1.30 3.5 3.9 1347.0 44.55 .7204%
L1119, 2. 1203, 1.25 3.0 1.5 1347.0 45.96 .7336
_ LOL12. 2. 257, 1.00 2.5 1.D 4353.0 35.34 .9293 =
0 .0212. 2. 257. 1.00 3.) 2.2 4359.0 35.33 .39309 =
: L0312, 2. 257. 1.00 3.5 1.5 4350.0 34.80 .9276
- L0412, 2. 504, 1.00 2.5 2.) 4350.0 35.53 .9353
~ L0512. 2. 504. 1.50 3.0 1.5 435).0 35.6% .9342
- L0612, 1. S04, 1.50 3.5 1.0 4350.7 36.23 .9254
- L0712, 1. 504, 1.30 4.3 1.5 4353.0 37.20 .925% Sl
‘ .0312. 1. 1903, 1.50 2.5 2.9 4350.0 356.21 .9167 s
L0912, 1. 1003. 1.25 3.0 2.5 4353.0 38.30 .3101 1
L1012. 1. 1003, 1.25 3.5 3.9 4359.0 37.68 .9167
JLLL2. 1. 759, 1.25 2.5 2.9 4350.0 33.83 .9421
L0112, 1. 594, 1.90 2.5 1.0 3356.0 34.35 .9063 1
L0212, 1. 504, 1.00 3.0 2.0 3865.) 35.16 .9063 ]
> L0312, 1. 594. 1.00 3.5 1.5 3366.0 34.15 .9211
L0412, L. 257. 1.00 2.5 2.0 3365.0 34.95 .3991 X
.0512. 2. 257. 1.90 3.9 1.5 3356.9 353.35 .9173
L0612, 2. 257. 1.50 3.5 1.0 3365.0 37.35 .9200 L]
L0712, 2. 257, 1.50 4.9 1.5 3365.2 37.91 .909) o
L0312, 2. 1003, 1.50 2.5 2.9 3366.0 37.30 .3953 S
. 209172, 2. 1993, 1,30 3.9 2.5 3356.) 39.55 .9032 ]
JI012. 2. 1008, 1.09 3.5 3.0 3365.D 39.95 .3762 :
L1z, 2. 1308, 1.00 2.5 2.9 3366.) 39,37 .3737
JOL12, 2. 1003, 1.50 2.5 1.0 3277.9 33.27 .9046
2212, 2. 103, 1,50 3.9 2.0 3270.0 39.73 .9013
o L0312, 2. 1993, 1.90 3.5 1.5 3279.0 33.79 .3332 T
) L6120 2, S04, 1,00 2.5 2.0 3270.0 35.31 .3332 ]
. L0512, 1. 534, 1.00 3.0 1.5 3270.0 37.43 .3393
. L0512, 1. 304. 1.50 3.5 1.9 3279.0 35.97 .3794 A
- B
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07120 1. 739,
20312, 1. 257,
.0912. 1. 257.
i L1012, 1. 257,
Jt12. 1. 257,
L1012, 1. 257,
.0212. 1. 257.
L0312, 1. 257,
< L0512, 1. 304.
I 20512, 1. 504,
L0612, 1. 504,
0712, 2. 504.
0312, 2. 1008.
L0912, 2. 1903,
- L1012, 2. 1008.
ol JL12. 2. 1903,
112, 1. 257,
L0212, 1. 257,
0312, 1. 257,
412, 1. 504,
L0512, 2. 504.
) 20612, 2. 504,
L0712, 2. 504.
.0812. 2. 1003.
.0912. 2. 1003.
.1912. 2. 1003.
L1112, 2. 1008.

IUN NAAE
VARIABLE LIST
I42JT FORMATY
Liedr MEDIJHM

—— R r—p— R T ———

1.5 4.9 1.5 3270.0 42.34 .3993
1.50 2.5 2.0 3279.9 36.47 .9139
1.25 3.0 2.5 3279.0 35.64 .3090
1.25 3.5 3.0 3273.2 37.13 .999)
1.25 4.0 1.5 3270.0 37.29 .3947
1.00 2.5 1.0 2527.0 37.43 .3305
1.00 3.2 2.0 2527.) 37.2) .8575
1,09 3.5 1.5 2527.0 37.52 .3596
1.90 2.5 2.9 2527.) 35.91 .3455
1.50 3.0 1.5 2527.0 337.13 .3443
1.53 3.5 1.0 2527.0 33.19 .33520
1.50 4.0 1.5 2527.0 49.956 .3542
1.50 2.5 2.0 2527.0 43.25 .3279
1.25 3.0 2.5 2527.0 43.01 .3377
1.25 3.5 3.0 2527.0 41.92 .3257
1.25 2.5 2.0 2527.9 40.03 .3377
1.20 2.5 1.0 1347.0 39.25 .7390
1.20 3.0 2.0 1347.0 33.33 .7473
1.00 3.5 1.5 1347.0 49.12 .7314
1.99 2.5 2,0 1347.0 41.14 .7204
1.00 3.0 1.5 1347.0 42.67 .7171
1.50 3.5 1.0 1347.0 45.95 .7599
1.53 4.0 1.5 1347.0 42.17 .7473
1.50 2.5 2.9 1347.0 43.39 .6941
1.50 3.0 2.5 1347.0 49.49 .0303
1.50 3.5 3.0 1347.2 42.34 .6545
1.25 3.0 1.5 1347.0 44.756 .5963

[dI3 IS [dE SP335 RASRASSIN INPUL FILE

CSRL ANALYSIS

CR7TW,LEVEL, INSPT,LJAD, ISL, COMP, ATBF,5EN L4, AVAIL
(4X,F3.0,F3.0,F5.0,85.2,2(1,F3.1),tX,F6.1,¥0.2,F6.4)
CA}DS

/IR EaE e o S Beten e Avee Jhem

i N OF CASES JNKNOWN
RECUDE LEVEL(i=3)
oM IR INSP=547.5/(N3P[
COMPYY IR HIBF=AL8F/3730.0
019 1 CWXLEVL=CREN*LEVEL
2012412 CAXINSP=CRAT W [N5P
) U Te CALMSL=CREIAMLSL
COMRUTE OWXMIBF=CRIW* M CBF
ZIAPUTE LGMIBF=L31)(MI3F)
LEGRESSION VARIABLES=CRIW, LEVIL,LOAD, MIBF, CWXLEVL, CAXI¥SP,
CWSASL, CAXADSF , SENTLA/
RIGREISIN =320 JILT 223W TD CUXMIBF/RISTOUALS
) STATISILSS ALL
JOLLINS 2,3,3,11,22
SCALTIR3 1M AVAIL WITH LGML3R o
QIFESS LA VARTABLES=IN3?,LGIT8F,AVALL/ B
RESRTSSION=AVAIL WITHA LIMLBF,INSP2/RUSIDUALS o
: STACLSTICS ALL .
) BN BRE 2,3,3,11,22 1
QIAN [A2J0 DATA )
FINT34 -
s
135 ]
! |
s e e T T T T T T e T T e T




RN MAME SCALTZRGRAM OF RESIDUALS

VARLABLE LIST Y,YdAT,ES [DUAL
[N2UT FORMAT FIXZD(26X,2F13.7,F15.7)
| v OF CASZS UNKNOW:
SCATTZRGRAM RESIDUAL WI[H YJ4AT
SCATIER3R44 Y9AT WICH RISIDUAL
RTAD L[W2UT DATA
FINLSi
i VALLABLE MZAN STANDARD DEV CASES
CREW 13.000) 1.6375 130
LEVEL 2.5000 L5014 130
LOAD 1.2473 .2229 130
. MTBF L3471 L1191 130
» CWXLEVL 23.0111 5.35416 139
CHXINS? 12.3213 6.7405 139
CHXASL 33.7509 7.1323 139
CWX4LRF 3.4594 1.3235 130
GENTIM 40.7539 4.0560 139
) MULTIPLE R 3570 ANOVA DF  3JM SQUARES MEAN S). ¢ )
R SQUARE .7515 REGRESSION 3. 2224.305  27%.033 64.583
STD DEV 2.2732 RESIDUAL 171. 734.335 4.293 303. .00D
AdJ R SQJARE L7400 COZFF OF VARIABILIIY 5.122
. VAR iABLE B S.E. B F 513 BE[A  ELASTICLIY ]
C
CREA -2.733 .573 23.639  .000 -1.12273 -.63333 :
LIAD 2,051 .756 7.333  .007 L11246 16230 ]
AL3F -37.194% 3.200 20.575  .290 -1.03935 =-.31677 T
LEVEL -3.317 1.945 7.471  .027 -.53560  ~-.32612 o
SAXINS? -.171 . .026 43,551 L0990 -.23311  -.J5163 T
N CULMSL 143 .32 20.195 .900 .25975 .10734 ‘
CAXMTBE 1.529 .307 4,072 .045 .53239 .1337) ‘
CWXLEVL 377 .193 3.313  .052 67579 23105 ;
CONS[ANT 74.919 5,974 157.300  .09) ;
-
.‘~]
) SIEFEICLIENTS A4D CONFLDENCE [NLEVALS.
!
VARIABLE 3 )5 °Cr C.L.
SREW -2.7373 -3.3135  =1.5572 )
LOAD 2.0513 L3591 3.53435 o
) . 4C8F ~37.1942 -53,3793 -21.0033 )
LEVEL -5.317) -3.155% -1.4771 B
CHXINS? -.1703 -.2219 -.1197 ;;
W30 L1429 L0302 L2937 =
SWXATer L.929% 0356 3.2233 T
SWXLEVL L3755 -.0J39 .756) )
) CONSTANT 74.9192 53,0279 36,7195 |
o
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VARIABLE Asad STANDARD D&V CASES
ise 1.2372 L6479 1390
LGMTBF -.4915 L1732 139
AVAIL .33593 L0739 {39
DEP. VAR... AVAIL
MWLLTeLe R L3744 ANOVA OF  SUM SQUJARES
R SJJARE + 9434 REGRESSION 2. .905
SID OEV L0165 RESIDUAL 177. .043
ADJ R SQUARZI  .9433 COcf¥ OF VARIABILILILY 1.92CT
VARIABLE B S.2. 8 3 SL3.
INS? Jl5 .092 56.203 .J0030
LGMIBF .395 07 3247.372 )00
COJSTANT 1.034 .024 506332.553 J
SOCFFICLENTS A4D CONFIDENCE [INTERVALS.
VARIASLE 3 95 pCr C.I
Lise .IL55 L0113 L9133
LGMIBF .3943% .3311 L4034
CONSTANT 1.9342 1.0256 1.0427
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AEAN

BETA

.13757
.96349

37. ¢
.453
.N00 SIS,

1569.792

.N99

ELASTICICY

.02235
-.22534
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