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Preface

The purpose of this study was to analyze the operational suit-

ability of the Common Strategic Potary Launcher (CS.kL). £his yis

accomplished by developing i simulation aodel of the CSIL that measured

availability and sortie generation time. The nodel will be used by

AForeo to analyze the data obtaiaed daring the test program. SAC, tae

ultimate user of the model, can also use the nodel to experiment with

different nanage~ment policies before and after the system becomes fally

operational.

The model was used to determine the effect of several variables on

availability and sortie generation time. Specifically, the model was

used to answer the following research questions:

1. What is the expected availability of the CSUL when used on the
B-52 and when used on the B-I aircraft?

2. ;low much effect does the number of load crews, number of
munitions lift trailers (ILTs), level of repair, and frequency of
launcher inspections have on sortie generation time?

3. qow much effect does the frequency of launcher inspections have
on availability?

We wish to acknowledge those people that have provided us with

guidance and assistaace in preparing this thesis. First, a word of

thanks to our advisors, Lieutenant Zoloael Charles E. Eooling and 'lajor

James K. Feldman and also to Lieutenant Colonel Joseph 4. 0ole naa. Je

would also like to thank our sponsors at NFOCEC, lajor 3urton Icienzie,

:aptains Fred Aulem, ticnard rtce, and "hu:K .uolfe no were very

helpful. Finally, loxaan -ould LIKe to thank .her husband Dean for his

patience and uaderstandaI throughout the whole effort.

Sarah J. 3jerstad
loxian . Oylar
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Aos trac t

rhe Connon Strategic totary Launcher (CSRL) is a multiourpose

launcher that will be used on the 3-52 and 3-, aircraft. This .-vi4 y

develops aA(SLA4) siulatilon modal of the CSRL and uses two measures ot

effectiveness, availability and sortie generation time, to determine the

operational suitability of the CSL. Analysis of variance and regres-

sion analysis were used to determine what effect the number of load

crews, the number of munitions lift trailers, the frequency of launcher

inspections, and the level.of repair have on the sortie generation tiae.

rhe repair concept for the SUM launcher was used as a baseline. The

results of this study indicate that a unit increase in the number of

load crews (crews range from 3 to 12) would decrease the generation time

1-57.; 3n increase ia the number of ftfs would not significantly decrease

the geaeration time; iacreasILIg the frequency of inspectioas from once a

year to twice a year would decrease the tine by 3-5.; and allowing

flight line repair and exchaage of failed missiles would decrease the

tine by 2- ,. fhese results have nan grapnically represented in a

contour utiip which shows the various co-Minattons of te above fa'ctoCs

which are needed to achieve a spezifiz geaeration tine. rhis study also

J,. termined what effect tae frequenzy of launcher ias.ectioas 13d on

availability. fhe results Lallcate that frequency of inspections Joes

have a small effect on the availabil~ty of the CSL; incr:astirg t'ae.

frequency fro., once a year to twize a year increases the average perzan-

ta7e of available launchers by less than ZY..

x

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



N SIIULATION 40DEL OF MEI£ CO.M1MON STRtEGIC OCARY LAU4CqER

FOI WAVILABILIrY PROJECTIONS

I. Introduction

Background

Tne Aircraft Logistics knalysts 3ranch at the kir Force Operational

rest and Evaluation Center (AFOrEC/L34A) is updating the Logistics

Composite lodal simulation of the B-I strategic bomDer which will be

used to derive Sortie Generation Rate (SGP) and the Fully tissiol

Capable (F.IC) rates as part of the 3-i testing effort. The Common

Strategic Rotary Launcher (CSRL) is a separate subsystem which will be

used on the B-52 and the B-1 aircraft and will impact the SGR and FC

rates. AForEC/LG4A has requested the development of a simulation model

for the CSRL that can be used to derive .SRL availability values as an

input to the B-I LCOA simulation nodal.

Thesis Objective

The objective of this thesis is to analyze the operational

suitabiLity of the Common Strategic 0,otary Launcher (CSRL), a vital

subsystem to be used on the 3-52 and the B-I aircraft. This will be

accomplished by developia- aad i'nplemnenting a computer simulation .aodal

for the CSRL.
0

rae primary ma33ura of operational suitabiLit 13 v i ailability.

k .ccording to kFQ 100-13, "availibility is a 'eIsur:- of the legree to

. which an Item is in an operational and comnitabla state ihen te mission

is called for at a random point in time." Por the C3,0, tnis definition

%I
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of availability was translated into a more specific measure of nert.

For our model, availability is the percentage of the total launchers

that are in working order. If i launcher has failed in storage, it is

aot available, even though the failure has not yet been detected (either

through annual inspections or sortie generation exercises).

Nccording to the test program outline (1:7), one of the crit-

ical operational issues for or&g is the carrier aircraft sortie gener-

a tion:
1b

"the carrier aircraft sortie generation capability is highly

dependent on the operational suitability of the CSRL. rhe

ability to generate a sortie within the time specified (by SAC]

will directly affect [SAC's] ability to meet wartine missions".

To evaluate 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 generation time is a

function of availability, but it is also a function of the number of

crews, support equipmeiit, level of repair, load times and repair times.

It not only measures how many launchers are available, but how long it

takes to get tne launchers in a usable condition (i.e. loaded onto an

aircraft).

=.valuating availability and generatioa time can be accomplished by

developing and executing a simulation nodal of the CSRL system using

Simulation Language for lternative Modeling (SLAM). 3oth quantities

-ire measured at random ooints in time in the model and satisfy the

* kFOTEC requirements.

N wing of t6 aircraft Is modeled over one year using a scenario

specified by kFOlEC. The maintenance for the CSRL is modeled in a 4ay

similar to the concept for the Short-Range kttacK Missile (SRkM) rotary

launcher. cZxisting SIAM support concepts and resource requirements

-cr2



served as a baseline for modellng the CSRL. The CSIL is modeled for use

on the B-52 aircraft. towever, the only changas for analysis with the

B-i are with two components; te power drive unit and the power drive

unit controller are considered part of the B-I aircraft system, rather

than the CSRL.

In addition to the analysis performed in this thesis, the CSkL

model was developed so that it could be used by both 4FOThC and SAC for

future analysis.

Currently AFOrEC uses simulation models to analyze the data

obtained during the test progran. This model was desigLaed to use the

outputs from the test program (as defined in the draft test plan) as

inputs to the model. Normally, AFSC develops the model and AFOTEC

receives it sometime during the test program. By having the CSRL system

modeled prior to the start of the test program AFOTEC can exercise the

model to Lientify critical areas of performance before testing begins.

This will signal areas that AFOTEC should fully evaluate during testing

go that any deftciencies can be corrected before the system is

implemented. If necessary, AFOrEC can modify the test plan based on the

impacts predicted by the :odel.

SAC cin use the nodel to experiment dith 'jifferent mnagement

policies before and after the systcm oecomes fully operational. rhis

should be an iterative orocess. As iore data becomes availble, the

nodel can be updated.

and finally, the apaLlability Teasuras derived from the CSIL model

can be used as inputs to the 3-52 and B-I Logistics Composite lodelc to -

-valaate the operationil readiness of tnose systemas.

3



Research )uestions

The effects of several controllable variables on availability ind

aircraft generation time were evaluated while simultaneously considering

the effects of several estlmated reliability and maintaInabil1ty

parameters. Specifically, the analysis focused on how the number of

load crews, the number of nunitions lift trailers (MLrs), the level of

repair (2-level vs. 3-level), snd the frequency of launcher inspections

affects the measures of operational suitability. Since there are many

reliability and maintainability parameters whicn are estinated and which

could affect the results of the analysis, these parameters were included

at various levels. These parameters include failure rates, load time

for the launcher, time to exchange a missile, and remove and replace

times for the relay assembly and missile interface unit. rhe rationale

for choosing these factors is detailed In Chapter III.

The specific questions to be answered iL this research are:

1) 4hat is the expected availability of the CSRL when used on the
3-52 aircraft; when used on the B-i aircraft?

2) .4hat is the sortie generation time when used on the 9-52; when
used on the B-1?

3) low mach effect does the number of load crews have on the
geaeration tine?

4) 'low nuch effect does the iumber of ILLs !ve on the geaeration
tLne?

5) How much effect does the level of repair have on the Zeneration
ti me?

i) iow much effect ines the frequency of launcher inspections hAve
on the generation tine?

7) 'low much effect does the frequency of launcher tispectiots have
on the availability?

'4=
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Overview

The remainder of this thesis consists of five chapters. Chapter [I

gives some background information on the CSRL and discusses in detail

the operational environment simulated in this research effort. klso

included in this chapter are a dascription of the support and test .9:2
equipment critical to the CSRL. This chapter does not try to tie the

ooeritional environment to the model, this is reserved for Chapter IV.

Chapter III discusses the rationale for choosing the research

questions. It also discusses some factors which may affect availability

and generation time, but were not included in this study.

Chapter IV describes the model developed for the CSRL, the

assumptions mnade in the model, the flexibility of the model, and the

data sources. It also discusses the steps taken to verify and validate

the SL4LM model and the computer results.

The analysis and results chapter, Chapter V, describes the research

designs which were used In the sinulation and the statistical results.

The final chapter. discusses the conclusions reached during the

course of this research and the recommendations for future analysis.

rhe first section of this chapter reports the significant results ob-

tained fro Chapter V. rhe recon-ieadation 32--tion shows how the CS .L

model can be further leveloped to analyze other factors affecting avail-

ability when the approociate data becomes available.

5 -
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11. Operational Background

This chapter gives a brief description of the CSIL operatlonal

environment. There are three najor events that affect the ^SRL: annual

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

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

limiting factors in the availability of the CSRL are described.

CSRL Description

The Common Strategic Rotary Launcher (CSRL) is a nultipurpose

launcher that accommodates current and projected cruise missiles, short-

range_ attack missiles, and gravity weapons. the CSPLL will be compatible

with thre3 distinct strategic bomber airframes: B-52, B-lB, and ad-

vanced technology bosber. the CSIL has eight weapon stations that can

carry any certified 4eapon. rhis allows uniform loads of any weapon as

well as unrestricted mixed loads. (13:1)

The CSRL consists .of a launcher shaft, forward and aft launcher

support fittlngs, weapon ejector assemblies, and avionics components.

The C3RL interfaces with the aircraft electrical, hydraulic,

environmertal, avionics, aid wecoons zontrol ind monitor systems. k

diagram of the CSRL is shown in Tigure 1. (13:1)

Support Equipment. The C SL is over 22 feet long 3ad when loaded

wtth 3 ALCI missiles it weighs 25,)00 pounds. The launcher requires

sone ivissIve aid expensive support .equipmeat to tran'sport it.

.6 f
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Among support equipmnant, the muni tions I if t tra iler M~lT), due to

i ts low reliability, is currently the biggrest constraint when loading

the pylons. 4 modified 4iLr is planned for use with the CSRL.

tst Equipment. rhe launcher, slong with the pylons and nissiles,

are tested Aith the Electronic Systems 'rest Set (Rsrs). Each wing has

three zsTrss and each one is wired to test two of the three types of

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

Operational Environment

Figure 2 shows a picture of the operational environment of the

CSRL.

STRE

MISSLES EMPTY

LAUNCHERS. ...
LOADED.. . . . .. . . . . . . . . . . . . . . . . . . . .



UnliKe other subsystems on the B-52 or B-1, the CSRL will not be

operated or flown during peacetime oDerations. rne launchers remain

fully loaded in the weapon storage area (WSA) until removed for one of

the following three reasons:

I) annual inspection,

2) uploaded to in alert aircraft,

3) sortie generation exercises.

Each of the activities is further described below with the approXi-

mate length of the event indicated in parenthesis.

knnual Inspections. Every launcher and missile is inspected

annually.

'4hen the launcher is due for an inspection and an Electronic System

Test Set (ESTS) is available, the launcher is transported from the WSk

to the ltermediate Maintenance Facility (IMF) (.5 hour).

The inspection crew consists of a team chief plus three other

members with kFSC 463XX.

Once in the facility, the launcher is loaded into the test frame (I

hour), the warheads are removed fron the missiles and the missiles are

lownloaded from the launcaler (I nour per missile). The ecnpty Launcher

is connected to the -STS (.5 hour) and the !apty test is performed (12

nours 4- repair time). When problems ire detected, the test is stopped

while repairs are made. The -nissiles are tested separately on anotner

ESTS (3.5 hours per ,issil.a + repaLr tine). rhe nisSiles are then

reloaded onto the launcher (I hour per nissile). [he launcher is down-

loaded from the frame and i postload inspection is performed (2.5

hours). FInally, the launcher is transported bac< to the WXk (.5 hour)

d-il!!ss needed for 'n alert aircraft.



lert Status. Five aircraft remain on alert status at all tines.

kpproximately every three weeKs one alert aircraft is excqanged for

another. A, launcher (which is not due for an inspection within 90 days)

is removed from storage and transported to the flight line (.75 hours).

rhe load crew consists of a team chief plus four other neabers with

kFSC 462KX, who have trained togetner for at least three weeks.

fhe launcher and two pylons are loaded onto the aircraft (1 hour

per launcher, 1 hour per pylon). A systeas interface test (sir), which

tests the status of the launcners and the missiles, is perforned (1.5

hours). If the launchers and nissiles are working, the crew perforns

the postload work (I hour) atid downloads the other aircraft. If not

aorking, the launcher Is removed and transported back to the IM and

another liuncher is transported to the flight line.

Once a week, wnile on alert status, a SIT test is performed by the

aircrew to ensure alert status is maintained.

3ortie 'eneration Zxercise. Sortie generation exercises are con-

ducted on a no-notice basis quarterly by the base and annually by iQ SAC

(,oR). rhis exercise is similar to bringing an aircraft up to 1lert

status except that all ircraft are brought up to alert status. Nil

lanchers In storage and In the ['IF are uploaied onto aircraft.

When a launcher is not operational, it is returned to the [IF and

repaired, while another laincher is uploaded in Its place.

When a nissile is foind to be noa-ooerational, either the entire

launcher Is retiried to tee ElF to exchange the failed missiLe or the

launcher is Left in a degraded status. rhis decision is I judg-2nett Call

by the coi.-iinder bised on the orogress of the exercise this far.

10 '.



III. Variables in the Analysis

There are many factors which affect the availability and the

generation time of the CSRL. Chis chapter discusses tne factors in-

cluded in the analysis and why. It also discusses those factors wnich

were considered for inclusion but were omitted.

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

equipment, level of repair, frequency of launcher inspections, repair

rates, mean time between failures, mission schedule, available test

equipment, number of spare parts, and the number of maintenance

personnel. Fhe following paragraphs discass these factors individually.

The number of load crews 4as identified by SAC as a limiting factor

and is therefore included in this analysis. rhe load crew is a team of

five members that have trained together for at least three weeks before

becoming qualified to load the launchers and pylons onto the aircraft.

Although a typical base is authorized 12 load crews, at any given time

only 3 to 9 are fully qualified and available for duty.

Of the support equipment, the munitions lift trailers (ALrs) were

identified as the limiting resource and have been included in the

iaalysis. Che 'ILrs ,ave had a poor raliability. klthough a typical

base is assigned 12 or 13 M4Ls, only 3 or 9 are usually worKing at i

t im e.

rhe current naintenance policy for the 3(A-W lcuncher ioes not allow

for repair of the lauricher or for exchange of i fiLied nissiie on the

flight liLne. When fil lure is detected, the I auncher lust he

downloaded from the aircraft, trinsported b'acK to the !IF and repiired.

i[nce a policy change, which would allow Flight line niuntenance!, is

.. ~~~ . . . . .]
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under consideration (3) this analysis evaluates the impact of the level

of repair (2-levei vs 3-level). 4ith two levels of naintenance, the

launcher can be repaired at the IAF or at the depot; with three levels

of maintenance, the launcher can be repaired on the flight line, it tile

IMF or at the depot. Depot repair refers to shipping i failed component

of the launcher to the depot for repair and using a spare zomponent to

repair the liuncher at the base (either on the flight line or in the

1MF). In simulatioa models, depot repair is represented by includln: t

time delay before the failed conponent is available as a spare part.

fhe SaAM launcher and tae ALCI nissiles undergo an inspection

annually. the maintenance plan for the CS:tL also calls for an annual

inspection. Since failures which were undetected in storage would be

identified and repaired during an inspection, the effect of increasing

the number of inspections wodld be to Increase availability. This is

included as a factor in order to find out how auch of in impact the

frequency of inspections nas on availability.

kny evaluation o* , the factors nentioned above nust take Into

consideration the effects of estimated reliabilit a-nd maintainability

paraieters. Specifically, these !re load tne, repair time, and mean

time be tween failura (1Tr8?) for the seven m3jor suDsystens of the

launcher and the missiles.

Xlthough the tine to load the ;k M lamincner is used is a baseline

estinate, the CSRL is considerably lir-er thin the S.ki- and nay take

more tine than astinated. rheretore, this factor was Incla,ed in the

Aalysis.

The time to remove and replice a failed missile amil the time to

remove and replace the nissile interface unit (1I0) and tne ral v

12
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asseanbler are other parometers which were included in the analysis. The

lIN and the relay assembler are the only two components of the seven

najor subsystems of the C.3QL which could oe repaired on the flight liae.

The final parameter studied is the nean time between failure for

the launcher. Since there 3re reliibl3 estimates for the MTBF for

nissiles, this parameter was excluied from considerition. ITBF is

expected to have the most significant impact oa availability and gener-

ation time. In addition, the interaction of ITBF with other factors nay

have an impact. For example, the level of repair may not hnave much

imoact on the generation time if the MrBF is high since there would oe

few failures to repair. 3ut if the Af3F is low, there nay ie a signifi-

cant difference in the time.

Wvailable test equipment, number of maintenance personnel, and

spare parts were considered for inclusion, but were not included for the

reasons listed below.

Phe electronic systems test set (Ears) is thae limiting factor for

test equipment. This .was included in the model as a constraining

resource, but was not evaluated at various levels. fhe number of :SfSs

Is lin ted :v the design of the !AFs which have 3Irealy been

constrlictd. ')urina normal operations the craew work 2 3-hour shifts for

5 days a week; therefore, tne .Taxinum Emsr ooerating ti-e would be 16

hours a day. -owever, because of low reiiabilitv a-n oeriodic E£fS

inspections, the E SF is only availaoLe I t 1) loioucs i day. 1':e oaly

wiy to Licrease the availability would be to increase the reliability.

\Lthoijh that nay be possible, this analysis does aot evaluate the

-ivailabilitv of tne :SCS since only the CSRL was oodeLid. 3ince tae

three :SCSs at a typicil base .re asel to test the launchers, pylons ani

13

0

-.. ".° -.'i • .'°-° .." ," -.'-.°" --°" "°-'..°% °" ~ ° %-'..'...-...............-..,.•......-...•.............."...........-..... . .



missiles, any analysis on this would have to include ttie pylons and

.missiles as well as the CSOLL to be meaningful.

Vhe number of maintenance personnel was not included as a con-

straint or as a factor for evaluation, because this was not considered a

limiting factor in discussions with SAC personnel. lowever, this

resource could be added to the .odel in the future.

Spare part stockage levels for the IU and relay assembler were not

evaluated because the maintenance concept for the SAI1 launcher is to

repair it in the 1F, rather than to remove and replace failed

components on the flight line. For this reason, there was no baseline

data to use for the number of spares. The CSRL nodel is set up so that

spares could be added for future analysis. This is discussed further in

Chapter VI.

ro summarize, there are four factors to be eX37iined in this

analysis - number of load crews, number of ALTs, level of repair, aad

the frequency of inspections. these will be evaluated while also

*neasuring the effects o, four estimated reliability and maintainability

pmra.neters - load time for the laancher, remove and replace time for the

nissile, remove and replace time for tne .AMtI and rela9 issembler, aad

irRF for the launcher.



IV. Aodel

rhe first section of this chapter briefly descrioes tne SLA1

siuulation linguage and how it was used to develop the ;S:L model. rhe

second section gives an overview of the CS1,L nodal while the tnirJ

section gives a more detailed narrative description of the nodel and

describes the interaction of the FORURAN and the SLM networlc sections

of the CS3(L modal. The last four sections discuss the assuaptions made,

the flexibility of the model, the data sources, and verification and

validation of the nodel.

SLAM Background

Rather than present a detailed description of 5L.'4, this section

provides a sinplified description of SLAI that Is aacassary for inder-

standing the development of the 'S:U aodet. Further detaiL concernlng

SLAM! can be found in PritsKer and Pegden (14) and 3anks and Carson (2).

SL4M is a special purpose F)RtkAq-based simulation linguaga which

allows aa event-scheduling and/or a process-Lnteraction orientation

toward noieling (2:99). The type of orientation one uses depends on the

level of conpleity needed to .iodeL tne svsten 3nJ tne !xtent to wnich

the ,nodel will have to be enbellished for future uses (14:315).

The event-scheduling orientation concntrates oi 2vents 3nd how

they affect the state of the systen. This .ne ti o ises ?)13.:!N 1 noiL

to schedule events to occur 3,lJ then process tae !velts At the ri'ht

time. FJR CIAM subroutines -re used to control the cb3nges Associat

with each event type, wnLch nar 2intil nanip'lariny files, coLectii g

statistics, 3nd/or printing statis reports (14:73). rtis is caiL-d .
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Jiscrat3-event model because changes in the model occur at discrete

points in time.

The process-interactLon approach concentrites on entities and the

sequence of event3 and activities they undergo as they flow through the

system. The orocessss are represented by the nodes and branches of a

network. Consequently, a network nodel repre3ents the processes that an

entity goes ttrough as it passes through the system. (14:73) The

symbols used to descrioe tne processes in the network are lIcluded in

Table A.1 in kppendix k.

the abillty in 3Lkl to coabine tne FORra4,4 and netwock models "with

interactions between each orientation greatly enhances the modeling0

power . . . (14:74)". The interaction of the FOtrAMN and network models

allows events to alter the flow of entities in tne network nodal and it

also allows entities in the network to initiate events in the F3Rif&AN

model.

The SLAM model developed for the CSAL employs both orientations

toward iodeling. rheezvents are the ORI and the quarterly generation

exerzises, the annual launcher inspections and the exchange of launchers

oa alert aircraft. fhese events are scheduled Ln tne F) (f.Aq program

iad dnen called, cause tne launchers to flow tnrough the appropriat_

segment of the SLAM networ<. The launchers are nodele3 as entities and

the network represents the pcocess the lianchers .vast 7o through for

each eveit. This type of iodeL is called a discrete-event twork

sinulation.

'lodel Overview

in Chpter 11 1 macro view- of the :SL operationil environment 4,1s

-resentad and was diagranel ia Figure 2. To sunmrize, the d Lir: .n

16
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showed tnat at base level tne launchers could be in one of three

locations for a variety of reasons. While at the base the CSRLs can

either be in storage, on the flight line, or in the 1IF. rhere 3re

several reasoas launchers transfer location. fhese include out are aot

limited to: repair of launcher conponents, required Inspection, and

generation exercises. The model subdivides the launcher into the seven

major subsystems so that the MrBF for each of the components can be

checked during testing (refer to Table c.1 for a listing of tne

subsystems). The launchers that are in storage (and have not f-iled) or

are awaiting inspection are considered available. rhe next section uses

Elo charts to show the major decision structures involved in the day-

to-day operation of the ZSRL. Only tne significant decision structures

were included; for -nore soeciflc details on the model refer to Appendix

3 where the FOIfAi ind SLkM network codes - isted. The network flow

diagrans 4re also included ta Nppendix B. The co nputer used to Lin'31--

sent the simulation model is the VNX 1/73O; nowever, it has also been

run on the BM 4321 computer.

4arrttive Description

The -SAL model is ae composite Riscretz-event networ.- sinulatlon

t.lat consists of tWo parts; a FJ&r.LA,' -odal and i SLAI networ' aolel.

Vhe FORrA4 model interacts ,jith the iL\A network 'iodel to simulate the

Ct.L system. rhe i r \ zode consists of tqo najor par ts;

initialization and assignn1nnt of lianchers, and event scneduling. £he

a.etwork ioJel consists of five *ajor sections that rapreas:t the

different -ctivities tnat the Launcners :o through during Aler t,

generation exercises, ini launcher Unspeztions. ihe five ,lajor sections

are: z ging for feilai conoonents (J{.O, repairing faiLed conpo: ents

17
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generating aircraft (Gi'l), performing pot generation dork

(PSTG), and performin 3 annual launcher inspections (A.).

In the initialization and assignmeat section of the FOI f> Al nodel

the 16 launchers are created and assigned failure tines. Each lauacher

has sevea major subsystems and eight nissiles; therefore, all seven

co.aponents and eight missiles are assigned failure times. ,1heaever a

co-aponent fails the launcher is considered unavailable. Eacn launcher

is then aisigned an annual inspaection tiae witti one launcher scheduled

every three weeks so that the work load is evenly spread throughout the

year.

rhe first five launcners that are not lie an annual Launcner

inspection within 90 days are put oa alert aircraft with the remaining

lainctiers put in storage. Ere launchers stay in storage (STG) or on

alert (ALT) antil scheduled for the next event. rnis is snown in Figure

3, Flowchart for lrain Program.

The next part of the code, as illustrated in Figure 4, schedules

the events for the CSRL ,for the simulation time specified by the user.

The events are scheduled in decreasing order of importance so that lay

conflicts can easily be resolved. C-or exa,aple, if taere was a conflict

Detjeen 3n annual lajnaher Inspection and an 3II tne for-nr would b-

deferred until after the generation exercise was conpleted. "he first

event scheduled is the YUA which occurs riadonly every 1) to 15 months.

The quarterly inspectioas ()ENS~s) ire scnedul-d neixt, one per qlarter

but -iot ovriaping the JrUs since tnis would not i-c,:r I, reAlity. The

launchers are then scheduled for an annuaL launcher i.isectioa (kLI)

corresponitnZ to the inspection tine3 assigned earlier, unless te"'

i.ispection tine zoaflzcts dith a generation exercise, in which case the.

18]
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inspection is rescheduleJ until .fter the generation exercise. rhe last

event scheduled is the weekly status check of alert aircraft. This

event (EKCHG) exchanges failed launchers and launcners that nave been on

alert for 90 days wvtn launchers from storage or the 14F.

In addition to initializing the model and scheduling events, the

FORTRV code perforMs the availability cnecks and prints the results.

Since availability is the nunber of launcaers in working order at randoi

points in time, the availability checks are conducted randomly once a

nonth. rhe availability of launchers in storage and on alert aircraft

are checked. rhe model does not count launchers with undetected storage

failures as being available. The number of available launchers is

computed to be the percentage of the 16 launchers that are actually in

working order.

kfter scheduling the events to occur the F3RT.A code calls the

3LrA1 input code which processes the events in chronological order. W4hea

an event is scheduled to occur the P3RflAi code is called to remove

launchers froin one file "and place then into another file in the network

wnere the processing of the event continues. For axanple, when an 3R1

Ls scheduled the FOir4>i code removes the launchers that are in storage

fron file 2 and puts tien into file 3 4here the network processes the

launchers and upgrades then to alert status.

T4hen an ORI or quarterly ins. ectLon eaercise occurs all ii aircraft

not on ilert -nust be readLed iid uogradei to alert status. 1Jtn

inspections are collectively r2ferred to as genecation2 eercLses. See

Fi-ure 5 for the flo;4chart for generation exercises.

During a generation exercise the liaunchers aad two pylons are the

Last items Loaded onto the aLrcraft. 'nese are not Loaded until all the
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other equipuent has been loaded and verified as being operational. Once

the aircraft is ready and a load crew and a AL-T are available the

launcher is loaded and each of the pylons are loaded onto the aircraft.

Uhe launcher which holds eight missiles is loaded into the bomb bay of

the aircraft and the pylons anich mold six nissiles eacn are loaded olto

the wings of the aircraft. Once the launcher or pylon is loaded the MLE

Is then returned to the storage area or to the IMF for loading of the

next launcher or pylon. 3nc-. fully loaded on the aircraft a 31f test is

performed to detect any failures on the launcher or the nissiles. The

SIr test can detect nultiple failures; therefore, ail failures are

reaired before r-leasing the launcher for the next event. A SIT te3t

is also perforned on tne pylons but this is not nodeled, the pylons are

partially modeled during generation exercises because they tie up two of

the critical resources for the CSRL (load crews ind ILls) which affect

the sortie -eneratto. rate for the C3. Jtherwise, the pylons do not

zonstrain the generation or the availability of the CSaL and Are not

'nodeled.

If a faIure is detected on the launcher and the component is

repaLrable on the flight line, it aill be repaired on tne spot. if tae

component can not oe repaired on the flight Line, the launcher or pylon

will be transported to the IEAF, loaded onto the SVS (when one is

avail bl3), repaired, and raturned to the flight line to be loided onto

an aircraft.

:f i nissile has failed, one of tdo things can happen .4hizh is left

to the discretion of the wing connander. Either the 4hola launcher

(includin- ,nIisles) is ratirned to th- 11IF to ex.zaag- tie filed

missile or the lauicier is Left in a ielreded status. rhe Jirit o,)tioa
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would normally occur early La the exercise while the last option would

pcobably occur later La the exercise. The model assumes t.at this

change in decision would occur halfway through the exercise after 3 of

16 launchers nave Dean loaded. rhis seems like a reasonable assumption

but nay lead to an inaccurate prediction of availability and this

'aartime capability, since at the ead of the generation exercise all

l3unchers and missiles are excpected to be fully operational.

)nce tne launcher and pylons are fully loaded onto the aircraft and

all have passed the SIf test, the networK. calls the F3{r.lAN geaeratLon

report (GE'Rf) subroutine which computes the tine it took to generate

the aircraft. rhis is the process followed to generate all aircraft for

2ither an OkI or a quarterl inspection exercise (QNI4SP). the ti:ne to

generate each aircraft and the total tizn to generate all 15 aircraft

are used by the inspection team to rate the operational readiness of the

unit.

Figure 6 snows the flow chart for the annual launcner inspection

(ALl). 'hen a launcher is scheduled for its annual inspection it i

transported to the IVF where it waits for in ESM to become available.

AIthoiiah it is not noddled, the inspection cin lot itart until the

iaspe ztIon z rew is avaiLabL-. Ehis is not odeled because Laincner

inspections will occur during normal aorking hours ahen an inspection

crew will be available. Once the EV53 is availablL, tne Liuncner is

Loaded onto the test frane, tee wirheads are crnuved fcon tne nLsiLLiaS,

the .aissilas are doanloaded from the launcher iad an enpty test is

performed to check for aay falires on tne Launcher. Ihe missiles ar-

also 1o.n, through their annual inspection on anotner ES1 (tais is not

.aodeLed because missile lnspections are not constrainilng). An/ failares
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that are detected are then reoaired. Once all repairs are completed the

nissiles are then reloaded onto the launcher, the Launcner is downloaded

from the frame and a luaded test or postload inspectloa Is perfornad.

Again, any failures that are detected are repaired. r. is conpletes tne

annual launcher inspection and the ESrS is released for use for other

worK.

The next event, Exchange (EXCH'), i3 shown in figure 7. rhe EXCHG

event occurs every week unless there is i generation exercise in

progress. Every week the launc'ers on alert aircraft are checKed to see

if they are still ooerational Dy performing a Sif test and they are ailso

checked to see if their T0 day alert time has expired.

If the launcher is operational and it has been on alert foc 90 days

it is exchanged with a launcher from storage that is not scheduled for

an annual launcher inspection within the Lext 903 days. £he new alert

Launcher and two pylons are transported to the flight line, loaded onto

the aircraft, and checked for failures (a sir test is performed). If

the launcher and ,nis-iles are operational a postload check is

accosplished and tne old launcnar and pylons ire taken off alert and

sent to the IIF for a visual recectification betore going back to

storage. )therwise, the faled lau-cner is renovel arid trcnsported o.c<

to the I1F while another launcher Ls transported to the flight line.

If the launcher or nissiles ire found to be aon-operatioaal t:,e

Launcher will be lownloaded aid sent to repair itter i-othr Linlcner L3

pit on alert.

ne three najor events affacting the S<L ware noJaled tn

sufficient detail ia order to orovide an experinental fri azewor< for

which to test the critical factors affecting avaLlabilit 3id 3,)rtt
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generation time. iowever, certain assumptions were made that may affect

the actual prediction of ivailability and sortie generation tine.

.ss.mptions

In addition to the assumptions mentioned in the development of the

model, the following assumptions were necessary to limit the scope of

the CS&L system in order to focus on the major factors affecting avail-

ability and sortie generation time. rhese assumptions can be changed by

modifying the conputer code if further analysis requires such changes.

The major assumption In this model is that all other resources (ie.

spare parts, flight line support equipment, and munitions) besides the

ones explicitly specified in tne model are noncritical. rhat is, they

ire available when needed and will not affect availability or sortie

generation time.

A second assumption is that all component failures are of equal

importance. £his seems reasonaole since launchers only have two states

-- available or unavailable. Therefore, no single component receives

priority maintenance.

Since there is no data available on the different failure rates,

storage versus operational, they were ;aodeled as being equal. Since
0

storage failures remain undetected, whereas operational faLlares are

Ii tec ted and sent to repair the different rates aould affect the true

ivailability measure. Jac2 the lati becoa2s available it could easily

be incorporated into the aodal which would give a more accucate

orediction of availability.

Another assumption in%7olve3 the loii crew. rhe load crew Is ully

qodeled during generation exercises when four crews are aailaile arouad

23



the clock. rhere are 2 12-hour shifts during generations. lowever,

luring normal operations the crew is not *nodeled bec3us2 it is assumed

that a load crew will be available when needed for loadilag launchera on

alert aircraft or for loading launchers requiring 3nnu3l inspections.

rhis is a reasonable assumption because during nornal operations the

crew are scheduled for two eight-hour stifts for five days a week which

coincides with when a1 tne repair work and inspection work is

scheduled.

Even with the limiting assumptions the scenario is still

representative of a normal day-to-day operation as well as a typical

generation operation and will oe sufficient to meet the objectives of

this study.

Flexibility

The CS'1L aodel is inherently flexible due to the SLAAi laaguage and

the modular way it was written. The SLAA code was separated into

sections according to the function being performed. The functions

include: checking for failed comaponents, repairing failed components,

generatina aircraft ()RI and )t'SP), performing post generation work,

and performing lauacher inspections. Tne FoRLrAn pcogra., was broken

into subcoutine3 according to the events that the liuncners go through.

3ecause of its nodularity tae LS.tL aodel can be 3asily expanded by

aiding events to the ?,,NX4 code. Fnese events can be scheduled to

occur it specific or random tines ia tne initiAlization subroutine

(1.4LC). if new policies raquire Incrementing eisting resources or

adling adiittonal resources, these resources can be Included in the S A.1

coda.
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there are several int e nal orttoris that zin )a tnitiallzed to

different values before i run. these iaclude ieal of ra-ir, fe.iuaa1r

of Launcher inspections, number of crews, nunber of ALfs, number of

ESESs as well is any of the esti3ted paraneters. \Il of the !sti.ated

parameters can also be made global v-riables in order to facilitate tne

experimental design.

In additioa to changing input Daramaeters and resources, the model

is flexible enough to evaluate measures of effectiveness other than the

ones chosen for this study. For exanpie, the model could evaluate the

fully mission capable (FIC) rate and the partially aission capable (?MC)

rite of the CSRL by changing the generation report (GE'4tPr) subroutine

in the m3in program to calculate and print the number of launchers

Loaded in a specific amount of time:

1. with all nissiles functioning,
2. .itn at least five missiles functloning.

in addition to tne standard SLAH output file, the model creates two

user defined output files, that aid in the inalysis of the model results.

The first output file contains the genar 4tiom tines for each lauacner

and the availability values taken rinionly. rhis file is useful for

-nonitorin3 the status of thne enertton exercises. the second outpat

file records the iverae availability of the Launcners for the

simulation time and th 3v-_rige jenecatLoa time for the lauacers. Eit3

file Is nore useful thin tne iverige aivaLlabLlity and aeneration ialies

calculited by SL-X1 because it loes rot weLarit cne statistics over ti.ie.

F. 30

" .

, .... ., .-..- .~~~~~~~~...... ........ ..... . ......... "...-... °-."-'.:.'. , --............



Da ta

This section briefly discassas the sources for tie Input data for

the model. Most of the data came from four sources: Boeing Document

lo. 04;)5-10350-1, 1 eliab iltty/4atn tatnab[ lity Alloca tions, -Xssessmeait

and Analysis Report - 'SUt; kFL-- 0056 Data for SW!. %lissil- qork Unit

Code (BA)00), froi I Jct 33 to 31 lar 34; SAC maintenance personnel

familiar with the SaAM rotary luacher syste2m; and AFNEC personnel

familiar with both the SIA: rotary launcher and the specifications for

the CSI(L. None of the sources distiaguished oetde.n storage failure

rates and operational failure rites. fhe Activities raoie in Appendix C

* lists nost of the data and the data sources used in the nodel. rhe only

data not included in this taole are the nean time between failure (MrBF)

rates for each subsystem. rhe values used are the predizted and

allocated v31ues fron the Boeing report. The 3oeing report only gives

one MrBF for the electronic and electrical systens. Since the Missile

Interface Unit (MIJ) aad the relay assenbler can be repaired on the

flight lIne, a A3F fo'r each component .as calciaLted by using the

Boeing AITBF and the percentage of failures for each component obtained

fron the )05 dat. The mrBF rates used tn the nodel are su-marited i-

the 'IC3F fable in %ppendiz In addition, coVneats have been incladed

in the nodel in Nppendic 3 which lists the source for the particular

data used.

Verificatioa and VaiiatLon

rhe utility of this research effort impends neivily on tne validity

of the sinulatLon nodel and oi the assuIrintions on wnich it is UseJ.

Aunecojs .2thods have been deveiooeJ to iid in the verifization and

vaiidation orocess; nost -ira inforni s:Iojectiv2 covpirisons. While a
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few are formal statistical procedures (2:376-377). Verificatioa and

d validation were conducted simultaneously and two steps were used to

validate the projectioas of availability and sortie generation tines for

the .321L. First, the SLkI1 simulation model was examined to verify that

it ooerated as intended. rhen the sinulation results were exanined for

validity. The following sections deszribe both steps in furtner detail.

VerIfica tion

In order to verify that the simulation nodel benaved as intended

tao of the 3LAA| output options were usel; trace and sunmary report. rIle

SL Vi trace routine lists the sequence in whicn activities are performed

0 and portrays the decisionl, variable assiganments, and oranching that

occurs at nodes. The trace was used at the beginning of the sinulation

and at tines when major events occurred in order to verify that the

3 imulation as starting out zorrectly and contiaulag to operate

properly. The traces were tnorougnly examined fron various simulation

runs and it showed that the simaulation model accurately reflected the

processing of the launchers through the various activities. Therefore

it was concluded that the nodel perforned as designed.

lia~tdatoLa

In order to valilate the nodel it is necessary, to exanine the

simulation results ani compar2 it 4tth reaLity. ;o'iartag tne nodeL

e resuIts 4ith reality cxn oe vcconpiisned using siojective tests ind/or

objective tests. 3ubjective tests require the judgenents of e.perts of

the 37sten, to d? ter-iae the validity of the odel and it o. tp t.

0 )ojective t.its are nore zoec,:te and 1ra used to zoinDpare the 3yst211s

StaI performance -ith tie perfornance produced by tne -nodel. Siice
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the CSR~L is not yet operational, the validity cianot be checked wi th

jobjective tests. Therefore only subjective tests iere used t,) validaste

the qodel results. (2:3,35)

rhe degree of validity when using subjective te sts is highly

dependent on the icceptance by future uisers of the model, of thie

assumptions made anid thie !xtent to which~ the results agree wi tti

perceived expectations. Throughout tha 1evelopment Of the 1model, the

potential users of the model (AForEr.) were confttrred with to ensure that

a realistic nodal was being nitilt using reasonable assuinptions and

reliable data. The users concurred with the assumptions. rhe logic of

tha modal was also chezked by using extreme values for critical inputs.

These Include reliabilities, aumber of crews, number of ALrs, and type

of maaage:aent policy.

rhe availability measure seemed to oe accurately portrayed 4heni the

critical factors were increased or decreased.

rhe sortie generation tines when compared with expectations were a

li ttle high with variations of cer tain f ac tor s. This could ba

attributed to conservative estimates by maintenance personnel on the

tinei to raform certain tasks on a systena not 73t oper-itioaal. lowever,

tile sortie generation tines did incrt-ase or decrease as excpec ted whi n

critical factars were changed.

rhe results f ran ,irying the inputs for the ios t part vic~lded

rsonabI.2 output, c-onsistenit with expectatLoais. Checsfore, tae2 -od~t

is considere3d valid.
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V. Analysis and Results

Research Design

rhe purpose of this research is to evaluate how uirous factors

effect availability and generation time while simultaneously zonsiderig

variations in several estimated reliability and .naLntaiaability para-

meters. Using regression analysis, the relationships between availa-

bility and generation time (dependent variables) and the set of factors

and interactions (independent variaDies) are quaatified.

"he four factors evalaated ace: the number of load crews, the

number of nunitions lift trailers, the level of repair, and the fre-

quency of launcher inspections. rhe estimated parameters ire: time to

load the launchers, tine to exchange a missile, time to remove and

replace a component on the flight line, and the mean time between

failures for tne sevea subsystems. Inese lfdFs are combined Into one

parameter by calculating the MIBF of the launcher:

I/lf3Flauncher i l/irBF[

where

MrBF I is the IT1F of subsystem i
I = structure
2 = power drive uait
3 = power drive unit controller

4 = iissitle iterface irit
5 = relay assenbler

5 = other electroniz/alectcLcal
7 = -2lctroaiz control systen

it i3 difftcult to judge, ithout sone prelininary anilysis, wnicn

of the eight factors and 23 possible two-'way interactions significintLy

Lipact availability -ii generation time. 4tth so nany potentiLm inde-

oenlent vcliaole3s a stewise regression procedure 4odll .)e aecessar. A-
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stepwise regression procedure, weich is notorious for capitalizing on

chance, ideally should have 40 times aore cases tnan the number of

independent variables.(16:92) Even if the Interactions could oe

narrowed down to 3, through Judgement and logic, the regression would

require 640 (=16x40) runs.

Bj dividing the experimental design Into two parts, the number of

runs needed for the regression is reduced, since the nunoer of factors

and interactions simultaneously analyzed is reduced and the number of

cases per independent variable is reduced from 40 to 20.

The initial set of runs is based upon a frictional factorial design

which evaluates 3 factors it two levels and 23 first-order (two way)

interactions. From this design, those factors and interactions which

significantly affeat the dependeat variables were identified.

Once the independent variables which will sost likely enter tie

regression equation nave been identified, a regression procedure without

the stepwise option ca. be used to develop a function3l relationship

between the dependent and independent variables. Without the stapwise

option the regression procedure ideally snould have 20 tines ;ore cases

than tne adD-iber of independent variables. (li:91)

Structural lodel

The structural model is zoliposel of three types of v-irtab.es which

0 Include response variables, control variables, and stochastic varlaales.

Che following table lists by type the variables used in the nodal.

p 4/
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fable I

j Variables !ised in Model

e spoasa control S toc!a s tic

7. of launchers iiib2 of craess kfailura rites
I eneration ti-ne of inTs ,load tinaes

msinteflanc! policy **rernove/replace times

'requency of Inspection repair riate
rindom avail checks
inispection tines

,lauricnar cornponents and missiles
launchar comoonents only

rhe initial run was used for three purposes:

1) Co test for autococrlation in the availability checks,

2) ro evaluate the war-n-up period needed to -avoid initialization Aas,

3) ro deter-nine the nurnoer of observations aeded ILa each run.

Frhe initial run was for 20,003 ho-urs (approKilnately 9 quarters) aad it

checked availability 57 ti-nes and generation time 11 times.

rha axistence of autocorralation ne-ins that an observation is

related to the orevious ooservation. Since tne number of observations

nie -dei L-3 calculitzd isia-' then issumption o~l indeoenlent obs-ervatLons,

the presence of auitocorrelatioti has tne affect of overstating the sa-iaple

-dze. In simulation autocorralationl caa be re-duced by incr-!asinj- tne

Anoint of si,,ailated tLie b-tdeten 33ervatLLoIs. (2:434)

Lo te!st for autocorrelitton, the S?S3 reiression ni.-;a7e on the A.3)

Cyber zo~iput2r was use3d. !3y raluesting a plot of a asolit (I,-)

ve rsu s timrne (P0W) Che pcogran -1cilcilterl a 1 r b Ln-.4.nts on statistic.

Initially, availability .433 chec:1ed raridonly be tween arnd 050 noucs.

ile Jurbint-iitson sttisti. 41s .931 which ;. a s cle!arly in the
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unacceptable range. raking observations half as often decreased the

nunber of observationis to 29 and iacreased tne Ourbi-i-wa tson statistic

to 1.605. The acceptable range for this statistic with anore than two

variables and 29 observations is 1.5S to 2.42 (11:539). rhis indicatae

that with ooservations tlKen randomly between 0 and 1,3,J0 hours, auto-

correlation is not a problem.

ro avoid havinga the observations biased because of initializing the

failurei at time zero, a -. r-aup period of 720 hours was used. After 720

nours the network has completed several cycles. fne status of tne

Launchers on alert aircraft has been checked four times and repaired, if

necessary, and the first launcher has gone through an annual inspection.

Fro-n the results of the trialrun, the designated warmup period is con-

sidered more than adequate because the initial values obtained for both

availability and generation tine were neither the high, nor the low

results.

Since availaoiiLity and generation exercise tiae are stochastic

processes and are checked at random points in time, the initial run was

used to calculate the nuaber of observations necessary for analysis.

ihe aumb r of observations needed is based on the variation in the

observations of the initial run and the confidence that the sample :!in

is a good estimate of tne population inan. This can De caci.lated using

the following for-jla (2:'39):

njnbec of observatios: I = [ts/;I-

where

t is the t-stlt[ tic for confidenca Ievel a and n-I legr3e3s
oE freedo.i

s is the standard deviation of the sanpie

is the half wiitn of the confideace interval
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X confidence interval of #- .')2 for availability and -n int;!rval of

4- 4 hours ( 10% of 39.5 hours) for generation time were used in

determinirg the number of observatioas needed for analysis. Lnese

values wire coasIdered adequate for in inlitil study effort 4hen

considering the uncertainty of the esti.nated parameters and the nount

of computer time needed to achieve these results.

fable 2 contains the cilculitions for availability and generation

time. ro achieve the chosan coafidence interval, the simulation time

-nust be 1 year or 1,760 hours for geaeration time, but it must be 115

weeks (29 x 4) or i),433 hours for availability.

table 2

Calculations for 'u.nber of Observations

4vailability f Generation i me

n = 23, a= .13 n =11, a = .10

t = 1.31 t = 1.37

x 37.93 x = 37.93

= .012 s = 39.5

_._(.3)2q 

= L.37)(6.31
24

1 29 = 3

Fractional Factorial

Factorial designs -re useful qnen tner.2 is iore than oaIe factor

which affects the r.!sponse viriable. Ints type of design will -1es? "-Urd
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t ha aeffec ts of the main factors and taa interactions anoag these fac-

tos With 3 factors, a full factorial desigTn would re.quira 21 or 25 i

zorlbina tions or ruas ofthUe nodaL. However, it is not necessary to

include all of these combiciations to obtain enough informnation to answer

the research questions posed in Chlapter 1.

k reduced factorial design is called -a fractional factori1l. 3y

not including all possible combinations, "loss of information results

from main effects and interactions being entangled [confounded] with

other main effects and interactions" (17:1). 3ut with properly chosen

conabiniations these entanglem~ents can be linited to higher order interac-

dions. This is acceptable because "in many experiments, interactions

a-qong three or more factors can be considera!d negligible" (13:2).

Since the higher order interactions in this system should be Iegli-

gible, this design is a one-foarth of a 2factorial. fhis will provide

Information onl the main factors and tiia first oriar intaeractions.

rhe design used was published 3s part of tne National 3ureau of

Standard kpplied Aathenaiics Series (13:2). I'ha details ara provided in

kppendiK D.

.295LI tS 
I

The fractional factorial design was done using- the 3ADP2V itatistl-

zil pac~age on trie ASo Cyber Computer. Pie data, iapat prograii arid

)utput tabla are Lacludad :is \ ppanix G.

~t t 2 )-J/. confidence Level there were thiree na-in effects which

aiffectni the iaeilabi~ity: level of repair, freauericy ofI Inspections,

and INF. In addition to trie3s three -naln effacts, the interaction ot

th 2 auiber of crew, arid tha fr.4i.amz of tnsp,2ction35 affezt~d irl-,11-
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At the 90% confidence level there were five naitn effects which

affected generation time: ,iamber of crew, level of repair, tie to load

the lancher, time to remove and replace components, and IFBF. In

addition to the main effects, the generation time is affected by the

[nteractions with the number of crew and: level of repair, frequency of

inspection, time to exchange a failed missile, ind MT1BF.

1e ression Analysis

Tne fractional fictoriil design Indicated that there are four

potential iniependent variables needed to explain availability; nine

needed to explain generation time. 'ith 9 potential independent vari-

ables and 20 cases per indepeandent variaole, 130 runs are needed.

Tne following are the factors that 4ere varied and the names given to

them for the rest of the analysis:

qumner of load crews (C;..EW)
level of repair (LEV'L)
frequency of inspections (IIIS2)
time to load the launcher (LOAD)
time to remove and reli1ce a co,ndonent (SOAP)
time to exchange a nissile (AiSL)
iean time between failures ( IfBF)

Jhei tao terms iateract, the effect of the first tern is dependent

upol the le2vl of the second tera and vice versa. his type of rel3-

tionship can be represented be a cross-product ter-t. (12:232) -ro, the

previous varLables, the Inter cti o varianl:!s .-ee caLil ied:

C KLZVL cr.4e K levil

CXSL= cre: c misl J

'IX.AfPSF crew x .ntof
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I

rhe names used during the rest of the aaalysis for the depeadent

variables are:

average percentaga of availabLe launchers (AVAIL)

sortie generation timte (3E4r1)

rne regression analysis was done using the SSS statistical package

on the AS) Cyber Computer. rhe input data, iaput program and summary

output tables are included in xppendix ;.

To determine if a Linear relationship between the independent and

dependent variables was appropriate, a scattergram fdnction of SPSS was

used to produce plots of eah iLldepandent variable with the dependent

variables. All the plots indicated linear relationships except the plot

of AVkIL vs. irBF. ro obtain linearity, new variables were created by

using logarithnic transfornatioris:

LIAIBF = L4(MTB)

LUIFBF L:l)(ITBF)

The sZattergram function wis rerun and the plot of AVUIL vs. LGITBF

appeared to have a Liaear relationship.

\vailab'ilty

AvalLability can be explaiied with the following equetion:

\EL = 1.034 + ).395(LG1f) - J.3(13S?)

where

/lartab12n!iL' ig

\V\IL ;t1 o iainc-ers vatlibLe
LJ1E3 log of tria iC;3F in /eirs .15,.i
1432 i of cines -icn liancer -

Ls inspezt-!i )er year .54,2.13

'C

LdfBF wiL be eativ_ tor this ringe of IN3F.
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Almiost 95. of the variation in availability can be explained Ly

jthis regression equation. xlthough the Iqiitial resilts indicated that

LEVEL and CWXINISP wer2 3ignificant, these did not enter the regre-3sion

equation.

3eaneration Time

'eneratiaa time Can be axplained with the following aquation:

^i1rin = 74.919 - 2.73S(-&E1N) 4- 2.051(LOAD) - 37.l94('4f3F)

- 5.3l7(LZVEL) - 0.171(CW.l ASP) +- 0.143(CWK(M.5L

4- 1.629(c.4xr3F) +- 0.377(CWXLEVL)

where

40

Variable Definition Ranga

OEMrM generation time in hlours
CRE of crews 3,12

LOAD -nost liKaly time In hours to
load I launchner 1.0,1.5

MI'BF mean time betwaen failures 1-i
years .15,.51

L.EVEL Leval of repair (flight line
ra 'pair -3, otherwise =2) 2 or 3

CWKI JSP #A of load crews x frequency
of inspectioas .54,2.13.

CN4X1SL ilof load crews Kc nost Likely
Ci-ne to eKCC1nge -a nissLea 1.5,3.3.

C.4.(,IEBF 4 of load crzjs x N
4.\iVL 4 of load crews x level of

Chis regression ejuatton epiairis 13,. of the viciation 1i ~ r I -

tion ti nle . N1.thoagh thi Ir. tiaL. results indicia 'i tnat C?4is iii-

iiificant, it ldid not nt~c the regression equatioa. i he .2asiest Wly to

eal13t-2 [low MnUCI effdCt PeACh Of tile faCtOrS beLCI, J,7,a1uAt3d La, s to
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take the partial derivative and coaput8 its value by holding the other

factors at their high, most likely, and low values:

GE, rim
aCREW = -2. 738-0. 171( fNsP)4+. 143(1ISL)+1 .629(9r8F)+O.377(LEVEL)

aszi rim " l

aLEVEL = -3.317+0.377(CtEW)

a 3E: flIA
al ISP = -0.171(CREW)

fhese effects are sumrnarized in Tablas 3 and 4.

Table 3

Effects of Unit Chaages in Input Levels

Change in GE'~t M/1Jnit Change in Fqctor

high adium low

CIEW -1.3 -1.9 -0.5
LEVJEL -2.3 -1.5 -3.3

I SP -2.0 -1.7 -1. 4

Table 4

Effects of Potential Changes in Input Levals.

I potential change chaage in geatl-i

ECon to high nadiun low

CREW 3 12 -7.2 -4.') -2..3

LZVEL 2 3 -2.3 -1.5 -.

lSP .5 2.1 . -3.0 -2.5 -2.t

ne results of tnis regression can be represented graphicilly ditn

contour ,iap (13:613). The ap ahodba in Figure 3 snods the contours

for various coabinations of number of craw, fraquency of inspections,
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0.

level of repair, and 4FBB' which are needed to achieve a 35 hour average

generation tine.

Figure 9 shows how to read the graph wnen the IBF is .3 years (or

2 ,530 hours). rhe MrBF Line intersect four contours, whica ,neans there

are four possible combinations wnicn yield the same generation time.

'F'

.45- .45

Ca (0.

>'.5 35 <
-35
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\, L

*1--, -',

.251 .~~

(. °

tt

441

9 10 it 12 3 9 10 11 1
io. of' Load '2 rews !I-o. of Load Crews

FiLgure 3. 35 Thour ;entL-.i Figure 9. 35 loir C;oatour
Contour 'lap tap at IfBF
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rhe combinations from Figure 9 are summarized in rable 5.

rable 5

Combinations Yielding a 35 Hour GENCIAE (ITdF=.3)

1 2 3 4

CREW 1 1) 11 12
I-IS? 2 2 1 1

LEVEL 3 2 3 2

Contour Maps aaa be drain for any level of '.ErfLM, and can be

useful wnen dealing with the question "what is needed to achieve

specific generation time?"
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VI. Conclusions and Recommvendations

Conclusions

The research questions posed in Chapter I can be answered from the

analysis In Chapter V.

1) What is the expected availability of the CS&L when used on the

B-52 aiccraft; when used on the 3-1 aircraft? fhe average percentage

of launchers in working order at any given ti.ne, using the failure rates

predicted by Boeing, is .902 for the 3-52 and .917 for the 3-i. with

less optimistic failures rates (Boeing's allocated rates) the availa-

bility drops to .746 for the B-32 aad .343 for the B-1. rhe B-I is

higher because the power drive unit (PDU) and the POUI controller are

considered a part of tne aircraft, rather than part of the launcher.

2) dhat is the sortie generation time dhen used on the B-52; when

used on the 3-1? Using the mainteniance concept and the current resour-

ces for the S M launcher as a baseline for prediction, the average

sortie generation time predicted ty tne model is approximately 39.5

hours for the 3-52 and 33.3 hours for the 1-3. 4owever, as mentioned In

tne vaLIiatioa section, the generatioa times appear to be about 1J-2),.

too high. kithough the ivailabiltty of the B-52 was Lower (caused oy

the PDU and PDU controller), this does not have 'such ffct in the

eaeration ti'e. This is b2eause failures on the ?DJ zantrollar caa 1e

Sdetected and repaired (if necessary) every time the aircraft is Elown,

whereas fatLare3 on the other subsystems are detected only diring the

generation exercises or inspacttons.

3) Jow -iuzh effect does the -iuiber of loai crejs have on the

jeneratlo-i time? Of ilL the fator3 In this aa.lysis, the aumber of
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load crews can have the most significant impact. For every unit in-

crease in the number of crews, there is a 1-5% decrease in the genera-

tion time. This decrease is more pronounced when the 9rBF is low and/or

when the maintenance concept does not permit flight line repair.

4) 4ow much effect does the number of NLTs have on the generation

time? rhe results of this analysis indicate that increasing the number

of available MLTs above eight does not significantly reduce the genera-

tion time. klthough a launcher might have to wait for an ILT at the

weapon storage area, it may have to wait for a load crew or for a 3-52,

if an MLT were available and the launcher were transported to the flight

line. "
l 5) low much effect does the level of repair have on the generation

time? Changing to a 3-level ,naintenaace policy causes a 2-6% decrease

in the generation time. Vhe maximurn decrease occurs when there are only

eight load crews.

6) Aow much effect does the frequency of launcher inspections have

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

once a year to t.ice a year decreases the time by 3-5%. Decreasing the

frequency to once every two years increases the time by 1-3%.

7) low -uah effect does the frequerncv of launcher InspectLons have

* on the availability? The regression equation indicates the frequency

of inspections nas an effect on the availability, out this effect is

very small. Increastag the frzqueacv fro.a once a year to twice a year

increase3 the ivera-e percentage of available launchers 5y less than 2%.

In s-nmniry, tne nu:ater of load crews has the nost i.mpact on gernr-

ation time. frade-offs can be ade among the number of crews, the level

of repair aid the frequency of iiispections in order to achieve a

soecific generation tine. kvilantlity can be expl-ined almost entirely
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as a function of MTBF, with the frequency of inspections having a slight

impac t.

lecommzndations for Future Analysis

There are three areas which warrant more analysis - the number of

'LTs, spare parts, and the frequency of inspections.

rhe fact that the number of MLTs did not affect the generation

times, even though people who work with the system feel they are a

limiting resource, may indicate that the ILTs were not modeled correctly

or that the transport time estimates are too low. This azea could be

re-evaluated.

The inclusion of spare parts for the two components which can be

removed and replaced oa the flight line ('IIU and relay assembler) could

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

modeled as entities which would be held in a queue node until needed; a

natch node would match the spare with the launcher when a failure has

occurred; the entity rep'resenting the failed spare would flow through a

decision node which would represent whether the spare was to be repaired

at the depot or at the WIF; after reoair it would be coutad back to the

queue node.

The CSIL was modeled so that whea the launcher was inspected, the

nissiles were inspected also. The f-Act that the frequency of periodic

inipections nad more effect on the generation time than the availability

(which only checks the status of the launchers) indicates that the

Lnspections had core of an i-pact oil the aissiles tha, on the launchers.

rhe analysis could be repeated testing the effects of laspectiag the

nissiles twice a year, but only inspecting the launchers once a year.

9 43
. .~~~~~~ .. . . . .. . . . . . . . . . . .



Appendix A

SLAkM Aetwork Symbols

SLAM Ntw k Symbols and Statemenrts Last of variables /functions from which assignment

Nor ASN VA~AU. ~ l Vau fgoa ariable Fnto Deito

ASSIGN V~ACUMUAE. MR . Cntant Nub c onstat e vlette natvt tcrettm
ACCU ULAET1 TYP or* SAVE IM. NTP40W Thean numeoen eeta cm eedcivt

COLCT - C. ATNT NCELHLO/WD. MNATIBJ Sttiue of cuaten Lr.at crtvtm pnIdan
NNRYPOSo OD.NB.Sl L Cauentf nstae vroil Ifrauc RB vial

" RA TE.I .NF. A . M.M. Co Naumer of st e inive at11141 the curI

ASIG VARVAUE M. Anl Vane e global varable
(3~)QN GOON. M. NumbFrII A sam e enainies o thew I at crrent ntine

C 0 MAT. NTYE. orL/LS VEAR. 10,ec'T ee tumecnlo of ena;M a acivetedpo racta" Ifnd

0OC .... Defi/LO/MI. :niGtionSts of gme importaUnt dimce 0-cmt clodhis

CREATE oRESAT. TONISL . M.VM. Nabe ube o ets ntte t h crrn tm

SELEN ON. mAK(N. OLILS;) mltied from t il mouererai ucto

- /--"' MACH. NATR.QLBL/NCNREI The fief thecopleo of an cev pner al o o

VARIA -i NNN The Bnue te cuprrent aimidatuon rent aa

Variab The DimrfinioftieraonSTr

TEMNTSr ERMICT S. TC, C ATRNTI Thufuifmer to k .1.iihftvleo San erwg to be une ormA-

SELECTSE EquLKiOI.OB~;mvelentin ftdf araep amSA oreom fl
ALTR '--) ALTR R.SLCC.; .NCAPE The uit number ator a aatape

NRN The neu ne of th crrent imuled t rme
NNET The timens of the loscdue NWrEreet

LLL.1 WST/SE XEqif spenc is orp~ the TI S A Out ltaemnt i rtn

ALTER ALTFREE RLBL/UF. M;RadmS plnFucis
GATE TWYTW TAheLD OalEN of ORANrfI Asuatd nme 4

ALOSE. FLa. RLLU r EXO Th tMimN oSf Athe fr&omo a " eenltiutn
OPENT GOE.LL M =0FR TheU I) gktAl vaile Trmm arsuonif dstritiesswn eei

ifO ETA. ALPH spif an thmpe froma Winput dstrtioen

PRE-0 REEMP RLBU/P. RL; TRando SaO.mpl.XingS AFumnctiontsngla d~r~ut

PREEMT E SLBL ATEN or 0ANRM IM.T. A smple fraom nra disriuto
GATECLOE IILRLXON IXMEN ST S) A sample from an lgnorrmal ietibuafi

OPE OEN GBLM.ENRN (EMN XK.IS) A sample from anifErmn dietritiution
RESOURCE ~ ~ ~ ~ ~ ~ W~8 i.~~~ EORERS fC.I& GM BETA.ALPHA IS) A temple from a gammal dsstributiot

PREEMPT(IFU/P. RLBTAG (XLOAI.X151I.S A sample from a btinar ibutiont
PREMPTPNR IXMN. 151S A sample from a rorman (lttribtton
Nodes forN Comine Modelingfrm o~md stiuto

CETCT ~ DETECUVXDR.VM.LUE. SLAM Ubnary of Subprograms
___ ___ __ )TOLM.

Subroutine COLCT MXAL ICLCT)
ENTER-, ETER.UM.MSubroutine COPY (NRANK. IFILE. A)

ENE EKERNU.M Subroutine FILEM (IFII.E. A)~7 L..Function NFINO INRANK. IFILE. NATE. MCODE. X. TOLI
Subroutine AMOVE (NRANX. IFILE. Al

EVENT, EVENTJEVN.M; Subroutine SCHOL IJEVNT. DT. Al
Subroutine STOPAil)
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AppeaLdiA B

OSRL "odel and Output

rhis appendix contains the "S&L sinulatLoa nodal developed for this

study. 3oth the input and output files Rre listed.

rhe first section lists the CSIL FOIYAl code which is comoosed of

the following subroutines:

iNrLC EVENA AIL

EXCHA ";JAL Z P0U CHK
OR IGN QvrE M kI SP
AvGkr CJK4IS C.-+(SCq

All of the subroutines are explained in the FO-RTRAN code.

Fhe next section lists the C3RL SLA! code and the CSRLT SLAI network

diagrams. [he SLk4 code has been modularized into the following

func tions:

shnulation control statements - beginning
definitions of variables, files, and resources
storaige (S[f) and alert (ALr) qeques
repair network (IE?)
missile exchalg3 network (EKCNiG)

generation network (GE:q)
post generatiQtl network (PSrG)

annual launcher inspectioa (4L,) network
shift network

3inulation control statements - ending

fni List section lists the significant output enc-ited by tae 33RL

noJdl. The iole3l generates three output files; "csrl.out", "csria11",

and "csrlavg". [e "csrl.oot" file is i SLAM gaenerated output file

w4nicnt contains the folioin:

1. statistics for tiae-oersistent variabies
2. ilia statistic:; (jaequa ani avaLt files3)

3. aztivity stitis tics
4. resource statistics
5. gcte sttistics (shifFt control -ate)
5. table and/or plot of kVk[L v3 POW

.)niy the statistics for Ltans 1, 4, and 6 ace included ia this appendi.,

. . .... .-. |



The "csrl-ll" and "csrlav&" files are output files generated by the

FOT AN code. rhe "csrlall" file contains the generation times for each

launcher and the availability values taken randomly. This 3ppendix only

lists a sample of the output contained in tnis file. fne "csriavg" file

contains the average generation time and average ivailability for the

simulation run time.

ro run the CSUL model oa the VA.K 11/1730 computer at AFEi, the user

must first create the two FORtNAN files "csrlall" and "csrlavg", and

compile the FORTRAN model. The co-eptle command is given below:

f77 -c csrl.f&

rhe run comnand for the CSL model is as follows:

SslAmlZ -i csrl -m csrl.o -o csrl.out&

waae re

csrl is the SLAM input code,

csrl.o is the compiLed FORTRN code,
csrl.out is the output file the SfAM code writes to.

If the last option (-o csrl.out) is omitted from the run command, SLAM

will write to a file called SLAMOUr.

I, -
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* Main programx for csri slain aatwor.

* Contents of Output Files:
;k CSRLAVG - this contaias the avetage 3vailaDility and*

* the average generation times
-' CSRLALL - this contiiris the -enecation timnes for each

* launcher, and the availability values ta~ea -

* r3adarnly*

program main
Ji-nension nget(1.2000)
comflnon/,3coml/atrib(1'JO),dd(lX)J),idl(J.JQ),dtnow,ii,,nfai,mstop,nclnr
1, ncrdr, nprnt, narun, nnse t, ntape,S i)0), ssi( 100), ta -t, tnoj,;cx( 100)

common qset(12300)
equivaltence(aset(l),qset(1))
equivalaice(simnend, cx(i))
nnse t12300
acrdr=5
open(S ,file= csrlavg, statjs.i-old2)

nprat=6
n ta pa-7
open( 7,s ta tds='scra tcn')
call slamn
s too
end

t I q TL C

subroutine tntlc
co.izon/ sco.-al/a trIb(1O0) ,dd( 130)ddl10) , dtnow, ii,nf a,,us top, 'c lar
I, ncrdr, nprn.t, nnrtxn, anse t, n tape, ss( 10) ), ssl ( 190), tniext, tnow,'x( 30
comnioa/.icoml/nogen, tatgern,avgen
zonmnon/ucomn2avc tr, to avl,-ivavl
2qui vilance (simiend, xx(d))

Avariable s:
*oinsp = J. iasp tim3 linsp - 4trly insp ziie

q* qtr = qtrly insp ztr ailt = anajai Launener iasp ti~iia*
A 3Cc availability chktLi si nend= sin end tie = x3 k
* Altchk - alert tir for scrini-, vcrnK = avail. tie for sciillfl
bgyr = time at ba3 of yr ',Yl tr = tLn-i 'it be of Itrs

KL =Ctrs xx(I) = inean tatlur2 for ita -irt*
totgen= sun of geLiecation tUn-zs totavi= sd~i of ivail. chec-s

~'nogen - 4 of genacatlons 3,v, tr - ?- of av ailI. che:s
3vgva = iverage 7,eneration tine avav ;Ivarage avaiLaoiilt
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real sierid,oinsp,qinsp?,3l1,3vcflk,3l tchk
integer k,1.

rd oirisp=.J
qctr -0.0
bgq tr=0.0

K1=0

ali=0 .0
ac lik= .30
avchk=0 .l
-ii tchk=0.0
to tgen=0 .j

a vgen=O .0
3 Ic tr=.) . 0
totavl=3 .0
-Aav',1.0

** assign launcher #,sabsyst.~i and Aissile f-ilares for Ii lainz.rs

* do0 1-) i =1,10o
atrib(l1)4
do 20 J=6,13

atr~b(J)=tno4eaxpoa(xx(13),4)
21) continue

do 25 J=14,20
a trib( J)=tnow-expon(xx(j), 1)

25 continue
*k' assign annual lauicher ias~pection evary 3 weeL-s***

kk+1
atrib(2)=kkxx(7)

.k assign 5 launchatr.~ to alert airccaf t that. area t due an innuil
** inspection for 90 days(fLIe 3) -assign the rast to stocega
**(fila! )*.kk

1 trio(4)=tnow-xx(7 )*1
:etrib(4) is the tl.ie thfe launzhazr aeat 3a alar t*;k~c
i trib(5)-3.9

-all filem(3,atrib)
else

i trt b( 5)=0.)
c-iii file-n(2,iAtr!:)

endi
1) contirnie

,2114c ~n ASS1InrIng Atrtb3 to Licliars

I kk*~ k A chedul? events ~.*

-*3ch3lA2 to pricit 'vera-3s kk

cill schal(7,siiiend,atrib)
H* schedule first oct .urtn, sconi 'juarte *A
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c-'schdl(4,oinsp,atrib)
*~* schedule subsequent ort's 10-15 months apart *

3) if (oinsp. le. simend) theLl
j oinsp-olasp+unfrin(7320 .0,l'J930.tj,3)

call schdl(4,oinsp,atrib)
3o to 30

enclif

schaciule quarterly inspection ~
40 if(qInIsp.le.si.Iend) tien

;insp-bgqtr+unfr-n(9.0 ,2)1,J .9,6)
evt~lO 0.0J
call chksch(qlnsp,2vtIng)
call schdI(5,qinsp,atri-a)
qc tr=4c tr-l . 0
zogq tr=qc tr* 2161) .0
0go to '40

endif

A. schedule annual launcher iiispection

30 if(-ali.ie.stnend) then

if (k.gt.100) then
?rint*,',-.ora tha-L 1)0 tinspections schadulad'
go to 60

endif
tli=k*xx(7)

2vtlng=2,).3)
call chksch(ali,evtlng)
call scftdl(6,aIi,atrib)
go to 50

end If
*k schedule check and exchange of alert launcher weekly (153 hrs)

l~* auncher is axchanged after 90 days or if failure has occure,~
6 0 if(altch(-,.le.siinend) tnea

altcnk~altchk-163.-3
calL scndl (3, al tchK,iatrio)

0 go to 3

schedule rando-a -vailabiiity cecks-.A
70 tf(avcnk.le.si-nend) none

iwc hk a cak -uaf rn( )13:)). *3 5)

j o to 70J
e adi

Chi 3 section .4i11 orrit taa avent caleadar by deletLria in
:oL 1.

im ~tn~fa (ac Lnr)
Lf(next.eq.J.J) go to 9)3

k cill co?y(-nie't,1,atrib)
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* priat*c,'event code = tacrib(xx(25)-l)
PrInt*7'event tine - %,atrb(x(25)I2)
aext=nsucr(next)
go to 30

* 3 continue

k** Sat up output file *k*

4Ci ta(ulit=9,f.lt=I)
130 iorrnat(1K~ls71N01C 4,3K74.V41L ,3x()' QB3',2x,'FrALf,3K,'riOwt

+- 3x,',; l(CJI~1V4Bt £3FAE/)
* wrtte(unit=9,frnt=19) cX(39),cX(40)

11) fornmat(1'c,2x,2f5.4)
return
end

cornnon/scoral/atrib( 103 dd(103) ,ddl( 133) ,dtnow, li ,ufa,,ms top, nclnr
1,ncrdr,nprnt,nnrun,nnse2t,ntap,SS(100),ssi(13),tlet,tlOW.XX(1)3)

equivalence!(siinend, Kx(3))
gao to (1,2,3,4,5,6,7,3),1

1 call avail
rC3 tu ra

2 call genrpt
r2eturn

3 call exchg
re turn

4 call origen
ra tura

5 call qtrgen
re turn

o call aninsp
re turn

K7 call avgort
retu ra

3 c3ii cnK-nLs
return

\4L (eva -t 1)

Chis subroutlae chacks the stias of thie 1.3unzndrs in stora'ge
(fi-e 2) aad o~t ilart(file 3) to sea if any have fatted; it*

C c-ilca.tes tn3 percent aivailable.*

suorotitiae -avaiL

L,ncrdr,aiprnt,a.nrun,nrs.t,nItpe,ss(3j),s1(l0,),tlet,t-ow,xK(l')d)
coann1)c/ucon2/aivccr, totsivl,ava.vl
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3quivalenca-(3inend,xx(3))
if (tnow.le.720.S.or.xx(12).gt.3.0) go to 53

kk**Determne availabilty of launchers in storage k*

1 next rnmfe(2)
xx(1) 0.0

13) if (next .eq. 0.0) go to 2J
**k*** have accessed last entry -searcai ,ads

call copy(-neact,2,atrib)
Jo 12 i=14,20

if (atri b(i)1lt. tnow) go to 17
if comiponent has failed its not avail, cneck. next lauacher

12 continue
* no failures for this launcher - incremnent --avail

17 aet sucr(next) luzeso L

da o 32012

20 con tinrue

37 next - onsuc(ne)
3J i nx q .)go to 4

40 con tinue

compute % avail
xx(2) -xx(1)/16.0
update average avail
avc tr=avc trIdl. 0
totavl-totavl+xxc(2)
avavl= to tavl./avc tr
.4r ita ( ni t=9, f mt-200 tnow, xx2),avc tr, to rav I

20) formnat(1x,fr.0,2x,f15.3,2x,f3 .9 ,2Kc,7.3)

Cr2 turn

0

si;)ro)utLne gerlrpt

cont,,oni/ucom1/aiogen, to t.,JentaVgea
aquiV3'nCe(Sinend,xx(3))
if (atrib(3) .eq. 1.0) t~i2-

. . .tow xx 22
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end If
if (strib(3) .,3q. 2.0) then

k***k QUARTE&LU 3E,4ERACU4
j geatim-tnow-x~x(21)

endif
if~xx(3).gt.13.J)) then

update. avecaga gentia-,
nogen-nogen+l.)
to tqaato tgent*genti~n
aivgen-totgeraocen

eadif
wrtte(uaiit=9,frnt=333)atrib(i),t-now,xcx(3),genitii,nogen,

+ totgea
300 fora-iat(iK,27x,E3.,1c,E6.),2,f3.J,1.c,f5.1 ,2K,13,bc,E6.1)

re turn
NJ end

P* K"A;HC (event 3) ;

* his subroutine checkcs to see how long an aircraft has been on
* * alert; if more thaa 99J days, it goes to storage and NFALr is*

'called, if less than )0 days, it is checked for failures. All *

the launchers are checked for pdu failures.

subroutiae exchg
zor-o/scoa/atrib( 10) ,dd( IJO)ddl ( 100dtnow, ii,f a,nstop, nclnr

l,ncrdr,nprnt,nnrun,nnset,ntape,ss(I3),ssl(L),tflet,tow,.-K(1O)
aquivalance(sinend,Kx(i))

if (xx(12).ae.L.0)) go to 3g.)

* when U~N is in progress EXCHGt is not performed
call pduchk
check for odu failures
nochgd()
check alt tine for alt -1/c "I check all alt a/.- for failures

5 neK t~mnfe (3)
if (ae t. aq .) go to I3
c aL rnove(ne x t , 3 , a tr Ib
a Lt ttI n =tnoa- -a tr L o(4)

* if (-A it ti-n .ge .20 1 .0) t enr
a tr Ib(5)) J.)
nochgdnoch,-d-I .3
-all fien(13,atcib)

cail file-n(13,atri,)

-0 tu 5
19 coatinje2

if ( noca-d. It. I) -,o to 33
do 20 )= ~, aochgd

raplace every a/c comning off alt with a new o, -a
cal~l neialt

a3 o ati nue-
3,) c 3on t ri
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return
end

rhis subroutine finds :t launcher 4. Ich is not due aa annual
kinspection in the next 90 days and removes it fron~ storage(file 2) Ar

N acid olacas it onl alert(file 3).

3ubroutiae iewalt
co -on/scoml/atrib(l0),.ld( 130) ,ddl( 1) ,dtnow, ii,?,nfa ,.nstop,ncLnr
i,ncrdr,nprnt,nnrua,nnset,ntape,ss(iOO),ssl(130),tnext~tnow,xx(i00)
squivalence (simn d,xx( 3))
i -.)

*chieck storage for new -alert ai/c
'aextvnn-fe(2)

13 continue
call copy(-next,2,atrib)
if (atrib(2).gt.tiow+2160.0) tnen

call rmove(-aext, 2,atrLb)
* foand lauacher not due A.LE in 90 days for 4.Lr duty

*i tri1b (4)= tiow
atrib(5)=3.-3
zall filaa(3,atrin)
-o to 20

endif
i~i+l .0
if (i.gt.16) go to 2.3

* error check- at aost should cak 1.5 launchers
nexct=nsucr(nexct)

* .go tolO
20 continue

re turn

k This suocoutlae checks for pdu failures by ce.,ioving the
th2 lai~icher fro.--i stora.-e(file 2) and puttin.- it in the network

* k (file 14)

subrou tine pduchk
cornon/sco-l /a trio(10) ,Id(00ddl (lJ)0dtnow, ii fi,nstop, nc.lar
I, nerdr, nprlt, nnruia, rnse t, LItApe, ZS(lOJsL( 1'J)tniect, taow,.<(103)

* ~qitval-2nce(sinerid,Ycx(i))
*Cn2-_ciS launchers3 irn storage fic pda 1itlure

13 if (n.:txt.aq.0) g,) to 30
zaLl z:opy(-next,2,itrib)
If (itrib(16).jt.tnow) tnea

nex t-nsucr ( next)
3.3 to 13
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* failure detected -sand to ~
call riova(-next,2,atrlb)
atrib(3)1.0

j atrib(5)-5.0
call filem(5,itrib)

29 continue
xx(22)=tnow

xx(3)=3 .0
go to 50

40 print*,'**k***no launchers in storage when oci calledf,tnow
50 continue

r -3turn
end

MIEN (event 5)

k rhis subroutine starts the gaaiecation by placing the lauacher
k in fila 5.

subroutina qtrgeri
coimton/scoan1 /atrib( 100) dde. 100 ) dl ( 100) , tnroa, ii nifa,mns top, acLar

l,acrdr,npcLit,aLirun,nnsat,aitape,ss(1i00),sisl(l00),tlext,tlow,x((i00)

3qui'a-lence(si.naad,x~x(i))
xx(12)= .0
,c( 21 )=tnow
xx(3)=O.O

* knnq(2)
if (k.eq.0) go to 40
do 20 i=1,k

call rn-.ov3(l,2,atrib)
atrib(3)-2. J
atrib(5)=5.,)
call file-n(5,atrib))

20 contiaue
xKc(21 )=tnow

-o to 53
40) prirtte(***k.o liunchers iq stoca2 for Ik kk k k

50 continue
cz! t ir a
end

NN 11 iS2 ('vea t 6)

rhis furuii fLads tae Liancaar which is Ja~a a nisprctioa
~-i-id puts it in t~ie tisp:!ztioai part of th-, iatwoc(fila 4).*

subroutine aninso
zooa/scoml1/tri o( 1))) ,dd( 1 )), JJ ) ,dtno, ii .nf i, ns top, aclnr

i,ncerdr,apcrit,nrirun,nnset,ntaipe,ss(100)),ssl(iJO), tiext, tnow,.-cx(il)))
aquIval3nca(si.aend,XX(3))
if (;72)~~i0 o to 30

* whea 4- is in ocogress, ViNSP is not pecforn,.ed
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fini the launcher due an annual inspection and sanid it to aninsp

nraaicznfind(1,2,2,0,tnow,5.3)
* searches for ALL tinie = tflow + 3

if(arank.eq.0.0) go to 40
go to 43

40 nrank=nftnd(1,2,2,-2,tnow.,5.')
* searches for ALI time < taoi

Lf(arank.eaq.0.3)go to 45
* sandingc launcher with atrib(2) tnow to be inspected

43 call rnova(arank,Z,atrib)
* remove fromn storage2; assiga next insp tiiie based masp policy

3 trib(2)=-trib(2)4(16*xx( 7 ))
atrib(5)=4.0
do0 44 i=6,13

if (a-itrt b(i)Ilt. tnow) a tri b(i1) =tnow+expon(xx (13)41
* nissile has failed & was detected & repaired during all
* assign next failure

44 continus
call filean(4,atrlb)

* send to ALI
go tzo 50

45 p r int*, -k **no la u iche r i n s tg wi th ani n sp =tnow
053 continue

return

A vG P f (event 7)

N his subroutine prints tae avJerages for -eaeration time aad
davailabitlity. It also prints a countqr for run #1 and a code.

~ kkk *.Ir*

subroutine -ivgprt
cori.-non/sco-nh/a trib( 130 )dd( 100) ddl(l13) )dtaow~, i,nta ,rnstop, nclnr

1,ncrdr,npralt,nnrun,'nnset,nt3pe,ss(10k),ssl(J),text,tnow,x(100)
zorninon/ucorn/nogen, totg.en,avgjen
co-nnon/Icon2Z/3vctr, totavl,avdivl

3,iulanCe(Si-nend, xx(3))
C tr=c tr4-.3.
wri te (uni t=6, fm t= 200)

0 23~~7-3 f'or~iat(lx,/k JBS5,Ix,( RUA~~)xAV1, q L
writa(uit-8,fnt=300O)ctr,: x(39),xx(4J3),a vgen,av.avl

300 for.nat(2x,f4.3,l:z,2f5.4, ix, 5.2, Lc,f5.4)
re turni
end

-k CliK.1tIS (eveait i)

This subroutini 'Thecks for nissile failures and coa;its 'noA ik
.neay nead reoair.*

sub~rou tine zakmnis

..Llnon/so~npr,trub(1J3,Jd(133,JdL(1),staow),iLnlxt,nt,.o,nclar0,

30



equiv ale Lce( sinend,xx( ))
do 10 i=6,13

**k count # of miissile failures &reissign failure tine
if(atrib(i).lt. tnow) then

itrIb(22)=atrib(22)+i .3
atrib(i)=tn3w+epon(xy(13) ,l)

1nd if
10 C.fti nd3

re tu rn
end

* This subroutine checks the avent calen-lar for schiedule conflicts.
k E7vents are rescheduled based oti a conservative estinats for the

YO longest generation time. --veats are scthedulal so thit notniag -3 1se
*occurs during a 3&A exercise.*

3uaroutine chhcsch( tine avtlng)

* l,Lncrdr,nprnt,nnrun,nnsat,ntipe,ss(iQO),ssl(100), tnext,toJ,xKc(iO3)

equival, nce(sitnerd,xx(3))
aex tmfe ( nclLar)

Ii if(next.eq.0) go to 23
call copy(-next,aclnr,aitria)

~~~*if evt code is .le. 0 then it is -i systea !21Ln-ed code so
4 e want to Ignore It for schdl :onifli--ts
..f(atrib(xx(25)+1).la.0.0) go to 13
evtti-i=atrib(xx(2)i-2)
If ((evttin. le . tima-Ievtlng) .i-id. ( ti.ne avt ,-. L.eti4J.))then

15 if((evtti .le. tine) .and. (tino .Ia. evttim+50.0))then
ti.iie=evttii+51 .0

L~aexc=-usacr(next)
go to H)

'ZO continue
c:! turi
end



HItS IS NEi CSL&L SLAl iqPLjr cooiL

Variabl.es xx(8) & xx(25) nust be initialized in intle stnt before*
running the CSRL SLAA lodel. xx(3) =simula3tion end ti-ne; must
be set to the value declared in the N'~l stm~t (this is used to
actiedula e-vats for w2c entire si.,,iuattoa tinse). xx(25) = -AAR'
whitich Is the second value declared on the Limis card.

ain,ajerstad aInd oyler,csrl,l1)/0J6/34,1 ,yes,no~yes~no,yes,72;
lini ts,21 ,23,300;
intlc,xx(l)=3..),xx(2)=0.0,XA(3)=3.3,xx(4)=0.3,xx(5)=o.3,;
intlc,xx(S)=2.0 ,xx(7)=504.9,xx(3)=200003,

xx(12)=O.O,Kx(13)=11300.0;
intlc,xx(14).=12232.0,xx(5)-23393.0,xx(16)=1674.3,

xx( 17)= 3016 .3 ,,x(13)=337'44. ,AA( 19)=41971.0 ,x(20)=23034.9;
bi intlc,xc(25)=23.3;

record, tnow, tire,O, b,640.0,720.9, ,yes;
var,Kx(2) ,a,availabiity,3 ,1;
timst,Kcx(l),launchers avail;
tt-alst,xx( 2) ,availabili ty;
tiflSt,KX(3),avail in -aa;
timst,xx(i),tima completed;
ae twork;

Variales:
xx(1) launchers available (in stocage & Oa aiert aircraft)
xx(2) %of launchers available

* ; xx(3) of launchers AvAlable at end of generation
xx(4) tnow, used to caLculate ead of yan3ration
xx ( x(5) time to compiete genieration exercise
xx(3) -naintenance policy (1= flt line rem~ove & replace,

2= no fit line repair)
xx(7) time bztueen annual launcher inspections
Kx(3) si:aulation end tinqe, used for scheduling =si.nend
xx(12) flag for genera tion axerzises

.)=no generation 3xercises in prog-res
1.0 generetion axercise is in progress

Kx( 13) mnisaile mean faluare rate =113003,used for itrib(6-13)
est. from XFOTZ-C

xx(14) to ,cx(20) man failure rates - Boeing estliAtes
xx(14) structure ne-ia =12.3232.)
xx(15) power drive unit = 123090.)
xx(16) power drive unit coatroilar =J71

KK(17) issile tnt--rface unit = 48016.0
xx(13) relay assembly = 33744.0
,x ( 19) other alectronIc/elactrical = 41971.0
xK(20) alectronic conitrol system = 23034.0
xx(21) qaarv~riy inspection tima
xx(22) ont inspection tine
xx(23) tine ests is available for use
,C(24) time ests Is unavailabla for use =2'4.0 -x23

x/(25) .iatr



Atrtbu tes:

(1) launcher num~ber
(2) tine of lauaner yearl.y inspect~on oa ESfS

(a launcher is Inspectedi approx every 3 -.ks =504 hrs)
(3) Is a code for type of generation
('4) is the time an launcher went on alert
(5) is the fil;2 a launcher should be returnied to after repair

0.0 - stg queue 4.9 - in repair
3.0 - alt. queue 5..) - done (in -en network)

(6) time of failura for missile I
(7) tie of failure for raissle 2
(3) time of failure for missile 3
(9) time of failure for missila 4
(00) tinae of failure for nissile 5
I(I1) tinme of failure for aissiI2 6
(02) tine of failura for alisaile 7
(13) timne of failure for nqissilz 3
(14) tine of structure failure
(13) ti-ae of power drive unit failure
(16) tine of PL)tJ controller failura
(17) time of aissiltz interface unit failure
(13) time of relay assemibly failure
(19) time of other electrical/electronic failure
(20) time of environmental control systaea failure
(21) 1# of failures 'found ait onie ti-ne
(22) # of noa-.jorking missiles during generation
(23) .1 o f failed missiles laf t uaaxz~iaaged during geaeration

Fis:
I - waiting for nIt for -missile ecciig
2 - ta storage queue until sch-2duled to go elsswher,!
3 - sent from storage to alert (alt)
4 - sent from storagp to annual inspectioa (all)
5 - sent fromn storaae to ge!neration exercise
5- waiting for alt for electronic repair

7 - shift clocK .:a te
.3 - Cre4

- 23t5

1- witting for nit
I I-- waiting for ni~lt
12- .4a It Ing fo r .,l1t
1)- walti-ag for nIt for structure repair
14- pdu queue
15- waiting for 23ts (dumny after generation e~arcts3)
L3- waitinga for asts

6:3



17- waiting for ests
13- repair queue
19- waiting for ait for ecs repair
20- waiting for nit for nia repair

21- waiting for mlt for relay assembly repair

kandom lumber Streams:

I - failures 4 - transport
2 - repair times 5 - availability clac,

3 - load times 6 - inspections

I - ests shift clock

; vents:
I - availability check 5 - or exercise

2 - generation report 6 - annual launcher inspection

;l3 - exchange alert launcher 7 - average geatim & avg avail

4 - ori exercise 3 - checks missile failres

resource/crew(4),3;

resource/mlt(9), 21,20,, I , 13 12, Ii, 10,6

resource/ests(1),15,17,16,9;
gate/shft,open,7;

Storage Network - rhe luia-chers are stored here until scheduled

for a generation exercise, an annual inspection, or until they
are needed on alert.

stg queue(2);

Alert Network - 5 launchers remain on alert. Every week they

are checked (evt3) for repairs and for length of ti:ne on alert.

-2 lt queue(3);

Repair Network

rhe repair network identifies the tve of filure and whather it cin

be repaired on te flight line. If so, the li ncher is repaiced or a
;siagle missile is exchanged, the launcher is uploaded, and retarns to
;the point where the Syste-as Interface rest is perfor.ned (g-l). If not,
;it oiust be returned to the IF and repaired.

chk queue(13);

act;
,oon,i;

act/2,,atrib(l).lt. tnow,rep2;aIct/3, ,a trib(17).l t. tnow, rep2j;a ct/i, ,a trtb(17) .It. tno4, rep4;

act/4,, atrib(18).lt. tnowrep5;

act/3, ,atrib(19).l t. tnow, reo7;

act;

cK.n eveat,3; dreternin.3 i of nissile failures

goon, 1;

64

L6

.................. .. L.... . . .. . . . .. . . . .



act/7,,atrib(22).gt.9.O,gmais; there aire fail:!d missiles
ac t;

pdu queue(14); checked once a weak

coori,1;
aCt/9,,atrlib(16).lt. tnow,rep3;
ac t, 1 , ;

ok goo-I, ;
act/10,,a trIb( 5) eq. 3. ),altU act/ll,,atrib(3).eq.5.3,done;
act/12 ,,atrLb(5).eq.0.)s tg;

repi goon,1;
awal t( 13) mal t, 1;
act/13,unfrn(1.25,1.5,4); Transport tine back to 1.1F.
goon;
act/14,triag(6.o,3.0,1-3.),2); *IjwnloaJ and upload missiles
goon;

asi act/15,triagY(1.9,2.4,2.9,2); structur3 repair, 00J56 data
assign,atrib(14)=tiow+eKaon(xx(14),l),atrib(il)=atrib(2)-i.0;
f ree ,;aj t/1. , 1;
a ct,, ,ck;

* rep2 assigni,atrib(15)=tno,,14+XPOn(KX(15) , ) ,atrib(21)=atrib(21)4-lO,;
goon;

r azt/16, triag(3.5,4.5,6.'3,2), ,cnk; repair
rep3 assign,a-trib(16)=tnowJ+expoi(xx(13) ,i);

gootI'l
cict/17, triag(3.5,4.5,6.3,2),.atrLb(5).eq.o.o),stg; repair
act/13, triag(3.5,4.5,6.O,2), ,chk; repair

rep4 assign,a trib( 17)=taow.expon(xx(17),l),atrib(21)=atrib(21)+1.O;

-Act/19, ,xx(6) .ge.2.0,rp4a;
act/20,triag(3.O,6.O,9.O,2);reniove and replace missiles for access
goont;
act/21,triag(1.0,1.*5,2.o,2),,chk; r/r MIIU, wag,

rp4a awa it( 20,al tLI

act/22,unfrrn(1.25,l.5,4);

go on;

ic t/24, trtag(1.0,1. 3, 2.3, 2); d/r celay assblr, wag

ac t, ,chk;

rap3 3ssign,atrib(li)=tniowi-axpon(xx(13),4),arI(21)=atri(21).*;
goon,1;
3Ct/25,,%x(6).ga.2.0,rp~a;
act/25,trtag(3.'),6.0,9.0j,2);re,-ova aad replac2 missiles for access
go on;

-ict/27,trta(i.5,2.3,3.0,2),,cnK; rem~ove and r-2plice relay ass.

-t123 ,unfri( I. .25,1.5,'4 )
gooln;
ac t/29, tria3( 3.0,5.(),9.0, 2)
go on;
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act,,. chk;
re pS awa it(6 ) , mit, 1

act/31,unfrn(1.25,i.5,4); bazk to ElF
goon;
act/32,triag(3.0,6.0,9.0,2); remove anid replace nissiles
goon;
act/33, triag(IO.3,13.3,15.3,2); repair elsctrical

as2 assign,atrib(19)=tnow+axpon(xx(19) ,i),aitrib(21)=atrib(21)-1.0;

rep7 3wait(19),,nlt,.;
-act/34,uaifrin(1.25,1.5,4); )ack to U-lF
goon;
act/35,triag(3.0,6.J,9.o,2); raauva and replica missil~zs

N-4 soon;

tI as3 act/36,triag(3.5,4.5,5$.0,2); repair a~cs, zst from D056 Jata
assign,atrib(20)=tnow-expon(xC(20),l),atrio(21)=atriu(21)+.0;
ifrea,mnit/ , 1;

,I 'chk;
lissile xchange

*This network excilanges a f~iUed niisiie on tne-- flight. line.

act/ 3 7,,xcx(3).ge.3i.),1vns;

act/33,,xx(6) .eq. 2.0 ,grns2;
,msl goon;

-act/40, trlaga(xx(33),xx(34),xx(35),3); tinea to exchange I missile
assign,atrib(L2)=atrib(22)-i.O),I;

act, ...chk;
iv-ns asstgn,atrib(23)=3-triD)(23)+l J.iatrtb(22)=atrib(22)-1 .0,1;

act/If3, ,atrib(22).gt.0.0,lvms;
ac,,cak;

g-Tn 32 a~att(1),-nlt,1;
act//44,unfrn(1.23,1.5,.); transporting to/froin to L.af

g3goon;
_Ict/45,trtag(2.5,3.3,3.5,3); Cachg I .isi, est fron 3 waa
asstgn,aitrib(22)=atrib(22)-1,;

act;
f-nO I free,rnLt/i,l;

act,, ,chk;

G;eneratioi 4etwork

This .7roup of networks is us~d to estinate the ti.ne to garlerate
;311i 16 aiCzraft (repras2.ltiag the Oat and tne quarterly readiaess

inispec tioils.

gan qaade(5);
-a--t( 1)/47, trig(1). ,2.,) ,4 4. ,!); jaitin.- for b-52.
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a--tI43,tria-(.75,i.,i.25,3); estimate fron, SAC base
S20 qoon,2;

act/49 ...awli;
act/50,uanfrrn(l.25,L.5,4); delay for nit, astimate from SA-- oisB

fnlI free, alt/l,1;
te rn;

3w11 await(il),-nlt/l;
act/51, trlaag(l.0,1.25,1.5,3); pylon
goon ,2;
.act/52,, ,awi2;
actI53,unfrma(L25,L.5,4); delay for ,it, esti-nate fromn SkC Dase

frn2 free,alt/1,1;

aWi2 a wa It (12)-n 1t /1I

-act,'54, trtag(i .1,1 .25,1.5,3); astimn;te from SA'C base

ac t / 55, , ,g2
act/56,unfrmn(l.2!,l.5,4); deliy for nit, est. from SAC base

f-n3 tre ~It/1I, I
te rn,;

g21 goon;
act/57,1L5,,chk; sir

K - ; At this point aan aircraf t is finished and the nunrber available
(xx(3)) can be incremented, the tiime to -,2nerate ts computed in
even t2.

Kdone goon;
act/59,tria.-(.73,1.0,i.5,3); postload, est. from SAC base

f free ,crewli ,l;
aslO assign,xx(3)=xx(3)-l.O,xx(4)=tniow;

goo', 1;

a314 assign,xx(5)=xx(4)-xx(21);
act/61 .. ,evt2;

asl3 assign,xx(5)=xx(4)-xx(22);
av t2 eve at, 2

post generation

pstg goon;
actIS3;

a ct /0"4 ... stg;
act/65,,xx(3).le.13,trna;
at/56,,xx(3).g~j

aslo assigti,xx(12)=')..; aeneratloa ey-rcise is over
a w i1t (15),es ts/1,.I del-Ay other work
alct/67 34.9;

fal free,ests/l,l;
tr-n terra;
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annual Launcher inspection

aiqueue(4);
ac t/68, , , aw7;

Ife2 f ree, e sts/l ,lI
aw7 awatt(7),31flft, I;
a,12 awatL(3),asts/lI; Wait for e2stS

ac t/69, ,aaga t( shf t) eq. 1 .0, fe 2;
ac t/ 70 ,, ngat( slf t) .eq. 0 .;

Z22 goont;
act/71,triag(.75,1.0,1.25,6); upload to .s ts
goon;
ac t/72 ,trla -(6 .0,8.0 , 10 .0,6 download missil-:s
goon;
ac-t/73, triag (12.0,12.5,13.3,6); 2.apty test

fe3 free,ests/1,1;
aW7a -wat t(7,sh-f t, I
a416 awai t( 16)es ts/1 , I wait for ests

ict/75,,nngat(shift).aq.0.0;
get g o o a , ;

act/76, triag7(1.9,2 .4 ,3.4,2) ,a trLb(14).it. tnotw.3sal;
ac t/77 ,triag( 3.5 4. 5,6 .0,2 ),atri b( 15) .l1t. taow,asa2;
ac t/73 , trlag( 3.5 4. 55,$.(,2 ) itri b( 15) 1t. tnow, asa3;
act/79, triag(6 .4, 7.4 3 .9,2) .a crib( 17)1 t. tnow,asa4;
ct/80, trla-( 5. 2,6. 2, 7. 7,92) 1. tri b( 13) 1t. tnow, asa 5;

act/8I , triag( 1;) .3, 13 .8, 15.'3,2)3 ttioD19) .lIt. tnow, asao;
ac t/32,L ta- (3. 5,4 .5 , 6 .0, 2) , atr L D(20 1. 1t. taow, 3sa7;
ac t;

fe4 f ree, es ts/l , 1
aw9 awa it( 7),sit, I
awl7 aw.ait( 17,e sts/lI, I wzait for asts

ac t/33 , , naat( shf t).eq. I. 0, fe4;
ac t/34, ,nnga t( sIft). 3q.0. 0;

323 goon;
act/35,tri3l (6.3,3.3,lJ.1,6); upload and 33f
goon;

act/7,tiag6.J,.'J1X36); load warneads
goon;
ict/38,tra(.,.,.,5;oil fron Eran3j aa, pos':load inlsp.

te5 fraeq as ts/i ,L;
Ic t;
assiLgn,itrtLb(5)=O.,);

'Yo to stno gea in- progr2Ss
act91,AK12.eq1.),ga; gea axerzisa in p.Jr s oto -7.a

a sa2 assi ga,a tr ( 15) tnow-xnoi(xc(l13) , 1) .

act/i9t, , ,,e t;
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asa4 assign,atriD(17)=tnow+2xpon(xx(17) 3.),4;
act/ 91, ,get;

dasa5 assign,atrib(13)=tnoa-expon(xx(l3),1),I;
act/91, .,get;

asa6 assign,atrib(14)=tnow+expoa(xx(19),1),I;
ac t/91 .. , ge t;

asai7 3ssign,atrib(2q))=tnowi-expon(xx(20) ,l),4;
ac t/91 ...ge t;

s n Lf t ne tw ork

crea te;
g t4 close, si-ft;

assign,xx(23)=unfrm(3.o,13.o,7),xx(24)-'4.J-xc(213);
act/92,xx(24),xxc(12).eq.O.9);

. ri. actI93,0.0,xx(12).eq. 1.0;
o Pt4 op~n,snft;

act/94,cx(23), ,gt4;

ead a-!twock;
simnulation timne for CSUL nodal 20,001.0 nours =33.3 days
=2.23 years

i t,0 ,2ooo1 .0;
,'.ontr,clear, 729.;
fin;

0
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m IS IS FRO4 THE C3RL.OUT FILE

sla m suanary r e por t

current tine .2000e+05

statistical arrays cleared at time .72D3e+03

kstatistics for tine-persLsteant variablesk*

mean standard niaimum naximum time current
value deviation value value interval value

launchers avail 14.191 2.377 .00 16.00 19231.003 16.00
avaiLability .387 .149 .00 1.00 19231.000 1.00

avail in gen 10.691 1.730 .0) 11.03 19231.000 11.0
time co-mpleted 3045.945 2213.702 .00 7353.07 19231.000 7353.37

**rasource statistics**

resource resource current 4verage standard maximum current
number label capacity util deviation util util

1 crew 4 .36 .467 4 0
2 nit 9 .09 .561 3 0
3 ests 1 .13 .341 1 3

resource resource current average nini nuan ,uaaLnu"n
,,umber label available avallabI3 IvIilable available

I crew 4 3.9362 0 4
2 ait 9 3.9143 1 9
3 ests 1 .1654 0 1

'33
. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .
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PLjr OF kVktL VS T:OW

scales of plot

3 =Svailability .303e+O) .500e+00 .lOOe+.1

3 13 20 30 40 50 60 79 39 9:) 130 dups
timel

.1230e+04 - + a +

.1920a+04 + + a

.2563e+34 + 4- 1

.32003+04 *- +

.3340e+04 + 4 a -

.44303+04 + a 3 4

.5120e-04 + I a +

.5760e+04 + + a

.64003+04 + + a

.7040e+04 + + a

.7630e+04 + 4 a 4

.33203+J4 4 + a +

.3960a+04 + + a +

.9600a+04 4 4 a 

.1024e+05 + + a

.1033e+05 * + a

.1523+05 + 4- a 4-

.12163+05 + + 3

.1230a+-05 + I- a +

.1344a+05 
+ a +

.1403a+05 4- + a +

.1472a+05 + a

.15363+05 + + a +

.1600a+05 + 4 a +

.1G643+05 4 1- a +.

.1723a4-05 4- a 4

.13552+-05 + 4 a

.192)e+05 + - a +

.1934a+05 + 4 a

9 13 20 33 40 51 60 7) 10 90 130

timue

:ninlnu! .75J30+JaJ.
,na×ndm.kOO3a+J3
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Id

fU{IS IS A SANIPLE OF NilE "CSRLALL" OUfPUf FILE

TN OW AVAIL # OBS OrAL
#AiF L# iN04 #S GE.417i #OBS T)rkL

.0000.0003
733. .813 1. .813
364. .375 2. 1.633

.3 2. 989. 1. 1.2 ) .9

.0 12. 935. 2. 13.4 0 .0

.0 4. 937. 3. 15.7 0

.0 13. 983. 4. 16.4 3 .0

.0 14. 991. 5. 19.4 0 .3

.- 3. 994. r. 22.0 0 .0

.0 3. 993. 7. 26.1 0 .0
.0 15. 998. 3. 26.3 0 .0

SI.3 1. 1000. 9. 27.9 0 .3
.0 9. 1091. 10. 29.3 1 .0

2.0 16. 1004. 11. 32.2 1 32.2

2135. .375 3. 2.563
2767. .813 4. 3.375

2.0 6. 3046. 1. 14.7 1 32.2
13 1. 3047. 2. 16.3 1 32.2

.0 7. 3056. 3. 24.5 1 32.2

.3 3. 336,. 4. 23.5 1 32.2
.0 9. 3062. 5. 31.3 1 32.2

.0 4. 3964. 6. 32.6 1 32.2
2.3 10. 3066. 7. 34.5 1 32.2
3.0 5. 3070. 3. 33.7 1 32.2
1.3 12. 3371. 9. 40.2 1 32.2
7.0 i. 3073. 10. 42.2 1 32.2
2.3 15. 3077. 11. 46.2 2 73.4

3925. .938 5. 4.313
•0 12. 4313. 1. 13.3 2 73.4

.0 10. 4315. 2. 15.9 2 7.3.4

.0 9. 4316. 3. 16.1 2 73.4

.0 I. 4317. 4. 16.3 2 73.4
.0 6. 4326. 5. 26.3 2 13.4

.' 16. 4326. 6. 26.5 2 13.4
.3 7. 4332. 7. 31.7 2 73.4

2.0 14. 433. 3 32.3 2 7 4.,
*) 8. 4333. 9. 32.7 2 73.4

1.3 13. 4333. 10. 33.6 2 73.4
2.0 15. 4333. it. 37.3 115.2

4513. .375 6. 5.133

rMIS3 IS N'-E "CS:.LAVI" iJcrUr FILE

if OBS RJA CODE AVEA XVAVL
.013 .00303.0000 3).43 .9J21

90 -
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AppendixC

g Input Data

rhis appendix lists the input data and data sources used i a the

mnodel. The data has been separated into three parts; I4rBF rates for

Ktne seven iauncner subsysteras, ac tivi ty d ra ti on, aad decisioa

s truc tures. fable C.1 lists the 'IIBF rates, faola C.2 lists the types

of activities and duration of tne activities, and rabie C.3 lists tne

conditions used for roaitin, Launchers tnroug-h the nctwori-.

fable C.1

41fBF y Subsystemn

Subsystem ___ __ ?redicted Ailoca ted

Structure 120,232 50, '09'-

2ower Drive Unit (PD'J) 23,390 2,820

PDU Controller 10,000 5,000

Electrizal/Electronin

-issile laterface Unit (AIU) 43,.013 21,753

.elay kssamnbler 33,744 37,933

O taer Zlactroaic/- Iactrical '41,971 41,971

Environnental Control 3ystern 23,034 5,12)
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fhe activities t3ole lists the evenits and the duration of tae

events that the launchers go through in the network. The data and data

sources are displayed in Table C.2 by activity number in the order in 

which it occurs in the network. This taole also lists the distributio"

used for the Jata, gives a code for the type of event that is being

processed, and gives a brief description of the event. the codes used

for the type of event are:

-3 - generation exercise
A - launcher inspection
1 - repair
r - trailer activity

Che following are tne sources for the data used in ta -odel:

0 1)056 - repair times for the St1A,4 launcher from the AFLC data base

(I jct 33 - 31 ar d4); used triangular distribution.

3oeing - estimates from Boeing Oocument No. 0405-10350-i, Reli3-

bility/daintainability, Allocations, Assessment and Analy-

sis Report - CSRL.

SAC - expert opi-nion fron maintenance personnel familiar with

the S~kAi launcher; used triangular distribution with

pessinistic, most liely snd optimistic time !stinates.

JA, - educated guess frown maintenance personn-l.
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Trable C.2

cttvities fable

Act/Code Ou ra ti on Description 3ource

13/22*r unfrni(1.25,1.5,4) rra-asport ti-ne back to IF 34C
IV;4 tri-agc(6.0,3.0,10.O) ;Download and upload miissiles 3A C
150,. triia(l.9,2.4,2.9) repair structure D056
I &r trlag(3.5,4.5,6.0) repair of PDU D05S

17/130, triag(3.5,4.5,6.0) repair of ?DU controller DOS&
20/26,1 tri-ig(3.0,6.0,9.O) r/r missiles for access SAC
2 1 triag(i.0,l.5,2.0) r /c A Pd WAG
2 31 triag(3.0,5.0,9.0) r/r missiles SAC

24/2711 triag(1.0,i.5,2.0) r/r relay assembler WAG
23/3tr unfr.-(l.25,l.5) transport ti.-e back to fMF SAC
29/320, tr13g(3.0,.0.,9.0) cit mnissiles S3AC

391 triag(l.5,2.0,3.J) r/r relay assembler W A Il
33,t trlag(1'3.8,13.3,l5.3) repair electrical D955
34T unfrmn(l.25,l.5) transport tine bacK to IIF S AC"
35R tra(.,,.,.) r missiles SxC
3.51 triag(3.5,4.5,5.0) repair ECS D056
4 01 trLag(2.O,2.5,3.5) tine to exchange i :ris4;i1e SAC
44r unfrm(1.25,i.5) transport tiaz to LI1F SAC
45R trLa,<(2.5,3.O,3.5) axchg 1 missle SA C
41;3 triag(1.0,2.0,4.O) waiting for 3-52 SAC
4 1G trlag(.75,1.0,1.25) dpload launcher SA(;

50)/53f unfrn(1.25,l.5) delay for '%ILT SAC
*31/34G triag(l.0,1.25,1.5) upload pylon SAC

56? unfr.%(1.25,1.5) delay for ALr A
57G 1.5 3ir test kForEC
53 3 rIag75 ,1.5 postload work S AC
67G 34.9 Durviny, delay other work In 11F SAC
71A triag(.75,i.0,1.25) upload to ests SAC
72A tr i ag ( 6. 0, 3.1 J.O0 dowaload missiles SC
73TA tri-ig(12.0,12.5,13.0) 2lnpty test 30e I g
76A triag(I..9,2.4,3.4) repair structure D)56

077A triag(3.5,4.5,5.0) repaid 2?YJ controller D)5-3
73A trLag(3..-7,4.5,5.9)) repair PDJ D056
79A triag(6.4,7.4,.3.9) rCnair 4id D0353
30A trtag(5.2,6.2,7.7) repair relay assaembler 35
31.A tciag(10.3,13.'3,15.3) cepr ther el!ectroatc/alectricaI DO 53
32A trt3-(3.5,4.5,6.0) rapair 225S 0i5j:1
-)5k tri-Ag(6.0,3.0,lr).) upload iad 5SfSA

6 36A trL3.g(2.5,3.),3.5) lo-2de d te st 30oeiig
:3 7A tr ia g(5 .0,.3 01 J. J 13.11 dirnaads SAC
3 3A tr Iaa ( 2.:)2. 5, 3 .0 download & postload inspection 3AC
92N xx(24) shi ft off or as ts Jown SkC.
93 0.') iio shif t .1oan tine idrinZ ';Eli SAC
'44, tCK(23) tine snift and ests worklagr '340

S 93
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Table C.3

Condition rable

kc t/Code Con d Iti oa teson

1FG a tri o( 14). 1t. tnow structure failure
i a trib( 15) .lIt.tLnow ?DUJ controller failare

3F3 atrib(j.7.lt. tnow :Iiuj failure
4"atrib(13).lt.tnow relay assanbier failure

5FG atrib(l9).lt. tnow 2lectrical/eleetroaic failure
6 F a tr ID (20) .lIt. tnow ECS failure
7F ; atrtb(22).at.0.0) missile failure(s)

9F atr ib (16 1lt. to-d PDU failure

IOF atrib(5).eq.3.) return launcher to ALr
111- atrib(5).eq.5.0 return launcher to G.,
125 atrib(5).eq.0.O return. lanher to S B

17F7 atrib(5).eq.0.0 rapr PDU, ratura to Srr,
13FG repr PDt), check for other

failures

19/25F-3 xx(6).ge.2.0 r/r missiles in DhF
26F3 r/r missiles on. flignt line

37'U xx(3).Se.8.0 le-atie failed missile
33,3 xx(6).eq.1.0 e~chg mist on flight line
39G xx(6).eq.2.3 excchg mist ia IVF

41/43/46G atrLb(22).gt.-)..) loop to excchgY all nisl failures

59G X'(21).gt.xx(22) Q:{[ in progress
6&JG >x(22).gt.xx(21) Q1.ASP in progress

63 xx(3).le.10 exercise still In p~rogress
553)gtS aexerc~sa is ove2r, tie up FM1'

69/74/33G angat(shft).eq.1.0 work shift closed, -wait
79/75/34G nngat(shf O.eq.0.0 work shif t Dpe2n coniau2 wor'k

76 F' a tri b( 14). It. tnow -1ss ig-1 next structure f-iilara
77FG atrLb(1.3). It. taow :3ssI ga ad ,z P.XJ futiure

73 F, atrib(16).lt. tnow 3ssLgn n x t PYl zontroller fAI
07903 atrlb(17).It. tna assi-a aext 41J f-Aiure2

ati(8)LYno sin next relay assnoir faii

31FG a trIn( 14) 1t.tnow As s ign electricai/al;!ctronic
i 2FOa tr ib(20).[t. tnow as s i gn er PCS f-a ilu re

33/92FC xx(12).eq.0.0 no '.Z: in progress, go to Sf01
aormal snifts

J/9F0 x(I).q~l.J a progress, 40 to 33N/
24 hr shiftts
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A ppeadix D

4Exoerimen tel Design

rhis Xppendix contains the fractional faztorial research design

used in this research effort. The i-ifor-mation was obtained from the

National 3ureau of Standard Applied Mathematics Series (13:22). rhe

codes used for the one-fourth of a 2 factorial design are given in the

tal2 below:
t!

fable D.1

Factors Used In Factorial Design

Factor Code Code Dafinition Low qigh

1 a number of crew 9 12

2 b aumbar of 4Ll's 6 12

3 c maintenance policy 3-level 2-level

4 d inspection frequeacy 257 hrs 504 hrs

5 e launcher load tian .75,1.0,1.25 1.0,1.5,2.0

6 f remove/replace aissile 2.0,2.5,3.5 2.5,3.0,4.0

7 g remove/replace relay
assembler 1.0,1.5, 2.0 1.5,2.0,i.)

3 h failure rata allocated predicted

For example, ab means the nigh values are used for iuner of crews and

0 nunber of lLfs, whiLa holdtn all otner factors it low vilues.

0

iEhe low, medlui, aad high v3lues ire given for the
trianiglir distrlbution.

* 95
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table D.2

Fractional FaCtorill Design

rhe following combinations of factors were usad in the analysis of the

CSRL:

(I) cjigh abcg abdh oldefh bcafg aciefgh aaf

abcfgh aibdf fh cdfg acdeg- aeh bdle bcegh

bcdeg :ei- ale acegh cfgn df abfih abcdfg

adafh acefg bcdafqh bef ab abcdgh Cg, da

2fgh cdaf abcafh a~defg bdg bch acci ag-

abc-3 abodagh egr cdeh acdfh Afj bdfgh bcf

bcdfh bfg adfgh acE ce leg~h abeg 3bcdeh

adg ich bclI bgh abefgh abcdef cefh defs
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B3 100 lal SLIS Ilnpu t/;c tzp~ t

This a ppe Lid ix L LI s at~ie, a p , t da- ta , ixi 't prnj~a iri L' "1.1

utilut for the t,4o pmr t sti ttstiz-il aimaiysi3. rhe 3rla DL r.;ni

is given )2low:

L )c for reOfId- t on -kvi /s

2. {og: 310 W \aatotlvs"IcsrA !)

I . .2.&/A fsor ;.2nr-ittor io lc
6. %J.rcVs io:mfo \ld~l-b lity

3.0g -!3 ij ,i l s ,

0~ Liriir ie

0 . 1 1 it

0 
m~



11; fs S No"~ iiw' [Pl C diG %, LNPJ IT F ILE AID (): CPU IT JISE) fo C.IEG(

F )R vI £3CD'ELI' )l V101" f. I ATX' LL\k3LL Li? )33J DrJs.

j? I' 1 ;7 j'. 1 *2

.1~ 1 , 23

X\MXLY VHiLI FY VIE PFiK.1 )NJ NE- XV,,&V;E HE iLVE(f NO WEiLK.S.

c13)4 376 .3333 547J.Il'a3 57
N 41-k I, I 4 . 43ib 7 . 3,,)) 57

41 jr OF 2.XSE ?L3££fD 57 .

VON4 '4EJIA4'4 Af[) .94353 DUR,3[A-WJAr3,) T;mSr .93193

C'-113 1S NC OJEP J£ 4d&'J OS iAHONS Lr~v CAKEiA ON4 N1 WXVA'X OF

EVE&i FO'!J. wcEES.

vTIXLi'lA'q SMNI13A9) ;) "V

NW1)371 .1379 551). )433 2')

W~L916.2414 32.1034 21)

.40"1113E4, OF C-ASZS Loi'f&) 2)4.

VJ1I i-UMIN 3IA£J I .-6 2 5 2 1J3i.ASJ4£S .30519



fiiS [S rdI .IAPUr DATA, BM0P IPU£ P&MOG 4A A.4 OjTP'or TABLE FOR UE

FKACtiGAAL FACRIAL ANALYSiS.

1 01 .0000.0000 44.79 .7610 3 01 .0111.101) 47.48 .7149

1 02 .0011.0011 33.40 .9139 3 02 .3100.10JI 37.25 .9323
1 03 .0000.0101 37.59 .9298 3 03 .)11l.fill 40.65 .9156
1 04 .0011.0110 48.35 .7231 3 04 .)100.1103 49.34 .7500
1 05 .3010.0111 39.47 .9276 3 05 .0101.1101 38.34 .9139

1 06 .0901.0100 46.23 .7456 3 06 .)110.1110 43.99 .7768
1 07 .0010.0010 43.26 .7390 3 07 .0101.1000 47.73 .7544

1 03 .0001.3031 37.25 .9232 3 03 .0110.1311 37.93 .9276
1 09 .0000.1111 38.14 .9232 3 09 .0111.0111 39.46 .9167
1 10 .0311.1100 51.73 .7059 3 10 .J10.D110 45.77 .7511
I It .0000.1010 45.19 .7336 3 11 .0111.0000 43.37 .7423
1 12 .0011.1001 40.16 .9211 3 12 .J100.0011 36.93 .9293
1 13 .0313.1000 47.03 .7500 3 13 .9101.0013 43.31 .7390

1 14 .0001.1011 39.40 .9243 3 14 .0110.0001 37.39 .9331
1 15 .3010.1101 39.17 .9254 3 15 .0101.0111 37.64 .9139
1 16 .0001.1110 47.10 .7434 3 16 .0113.100 50.77 .7221
2 01 .1001.1101 37.15 .9265 4 01 .1113.0111 35.22 .9331

2 02 .1010.1110 41.67 .7193 4 02 .1101.0100 38.56 .7325
2 03 .1001.1000 41.93 .7512 4 03 .1110.0010 37.95 .7346

2 04 .1010.1011 36.39 .9364 4 34 .1101.0001 34.77 .9265
2 05 .1011.1310 33.56 .7336 4 05 .1100.0000 43.35 .7467
2 06 .1000.1001 36.43 .9320 4 06 .1111.0311 35.02 .917
2 07 .1011.1111 36.56 .9298 4 07 .1100.0101 36.43 .9331

2 03 .1300.1100 40.46 .7544 4 0 .1111.0000 41.55 .7423
2 09 .131.0010 33.03 .7412 4 09 .1110.1000 43.06 .7270
2 10 .1310.0001 35.35 .9237 4 13 .1101.1011 33.39 .9364
2 11 .1001.3111 34.34 .9254 4 11 .1113.1101 36.45 .9293
2 12 .101.310 41.20 .7599 4 12 .1101.1110 40.61 .7599
2 13 .1011.0101 35.10 .9r336 4 13 .1100.1111 34.96 .)320

2 14 .1300.0110 41.52 .7138 4 14 .1111.1100 41.61) .7357
2 15 .1011.0000 43.90 .7412 4 15 .1130.1310 42.23 .7346
2 15 .1000.0311 36.07 .9331 4 16 .1111.1001 35.62 .9173

LN'Jr FILE FOR G_!EoArl3H0 M1E

/?ROBLEM TITLE IS rhiEsIS'.
/lq'PUf VARiNBLES ARF 9.

FORM1r rs "(7X,4F.0,1K,4F1.0,1x,F5.2,6s)y. .
F'JmIr IS 1unlr is I..'

/VNMIAMLE '4AMES A3IE A.B.C,E,F,3,A,SElTI-.
/JESIG:4 FOtl 1S 8Gf.

INCLUDED ARE 1,2,3,4,5,6,7,3,12,13,14,15,16,17,13,

23,24,25,26,27,23,34,35,36,37,33,45,46,47,45,
56,57,58,67,68,73.l NO-•
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VIALYSIS OF VARLACE FOR 1-ST

D0E'DENT VARIABLE - Gzr

SOURCE SON OF 0MGREES OF IEAl rk[L

S)UARES FREEDOM SQA P8.

HEA4 104042.17343 1 134042.17043 59503.82 0.0003
A 373.65041 1 3/4.65041 216.53 .J000

3 .02039 1 .32039 .01 .9133

C 12.02975 1 12.02975 6.31 .0142

D .26930 1 .26930 .15 .6930
E 1.11313 1 13.11313 5.79 .0233

F 2.19629 1 2.79629 1.50 .2163
G 6.47531 1 5.47581 3.70 .J649

774.11732 1 774.11732 442.77 0.0003
AB 2.72967 1 2.72967 1.56 .2222

A, 9.33613 1 9.33613 5.34 .0287
BC 1.39533 1 1.39538 1.03 .3370

AD 3.03553 1 3.03553 4.60 .0412
8D .69335 1 .5)305 .40 .5342

CD .03499 1 .03499 .02 .8386
AE .,34135 i .64135 .37 .5493

BE .42491 1 .42491 .24 .6260
CE 1.09357 1 1.09357 .63 .4359
DE 1.37245 1 1.37245 .73 .3834

kF 5.98473 1 5.33473 3.42 .0753
BF .20365 1 .20365 .12 .7355
CF 2.00677 1 2.00677 1.15 .2935

DF 2.27440 1 2.27440 1.30 .2641
IF .84771 1 .34771 .43 .4922

AG 1.67575 1 1.67575 .96 .3363
BG .32633 1 .32683 .19 .6639

Cj 4.15399 1 4.16399 2.38 .1344
OG .40235 1 .40235 .23 .6351

EG .10106 1 .10106 .0o .3113
F .00004 1 .00004 .00 .9961

AH 73.94134 1 73.94134 45.15 .000-)

3.1 t.73533 1 1.73503 1.02 .3213
CH 1.13577 1 1.13677 .65 .4271
D) .69343 1 .69345 .40 .5341

0 .00231 t .00231 .00 .9713
F 4 .01336 1 .31336 .)1 .9310

Gtl 4.30611 1 4.30511 2.75 1039

. 47.20541 27 1.74835

0['
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1NPO' FILE FOR AVAILABIL1C

IiOBLfEM ITLE 13 fTAESIS'.
I/NPur VALIA3LES AR.E 9.

?Oa,[4r IS "(7X,4Fl.0,1(,4FI.0,7K,F5.4)-.
untr is 1.

/VARIA3LE NA:1ZS A&Z
/DESIGN F01M IS "3G,Y'.

1CLUDED A.1 1,2,3,4,5,6,7,9,12,13,14,15,16,17,13,
23,24,25,26,27,23,34,35,36,37,39,45,46,47,48,
5o,57,53,67,63,73.

A:4ALYSIS OF VARIA :CE FO" I-Sr
:)ZPz4NOzr vkkIABLZ - AVXIL

SOURCE SUM OF 06G&EES O MEAtq F iL
SQUARES FREEDOM SQUAaE PlOa.

MEAN 43.54355 1 43.54355 291045.12 0.J00
A .30009 1 .00009 .60 .4440
B .00000 1 .00000 .00 .9670-
C .00050 1 .00050 3.33 .0790
D .00053 1 .00053 3.57 .0693
E .00000 1 .00000 .02 .9005
F .03003 1 .03303 .21 .6526
C .00007 1 .00007 .30 .4370

.53491 1 .53491 3574.92 0.00.
AB .00304 1 .03004 .23 .6026
AC .00009 1 .00309 .37 .4569
BC .00006 1 .00006 .42 .5224
AD .00063 1 .00063 4.21 .3499
30 .J0J04 1 .30004 .24 .6293
co .00030 1 .00030 ,.03 .1655
.E .00000 1 .90000 .0o .9910
BE .00016 1 .00016 1.07 .3092
CE .00015 1 .00015 1.02 .322)

.00000 1 .00000 .0 .9732
AF .00008 1 .0000 .55 .4543
3F .00015 1 .0015 .97 .3322
CF .00002 1 .00002 .13 .7223
DF .00004 1 .00004 .25 .5215 •
F 00011 1 .00011 .72 .4022

AC .00007 1 .00037 .49 .4399
BC .00046 1 .00046 3.06 .:)917
CG .00011 1 .00011 .71 .4067
DC .00007 1 .00007 .,3 .5033

.00012 1 .3001) .79 .3313

.00025 1 .00025 1.66 .2031
Ad .J0027 1 .00027 1.33 .169•

.0001) .)0010 .70 .WO99
Cr .30014 1 .00)14 .94 .3436

.000 1 .0036 .4t .52)3

.00000 .00ooo .00 .931)

,v . -i

i-~~~~.-...._.................... .. .... i



FH .00303 I .33000 .02 .3992

14 .00016 I .00016 1.05 .3151
.00404 27 .30015

Cnts is riF 1iPlr ;04rk, £1u spss 141?Ur P3G&A., rqE SCATTE.teAM t ipur

.,1 1. 1. 257. 1.30 2.5 1.3 4350.0 36.23 .9331
3. 1. 257. 1.30 2.5 1.0 2430. 39.37 .3465
3. 1. 257. 1.,)0 3.0 2.0 2430.0 43.24 .3377

3. 2. 257. 1.00 3.5 1.5 2430.0 44.31 .3537
3. 2. 504. 1.30 2.5 2.0 2430.3 43.36 .8542

3. 2. 504. 1.50 3.0 1.5 240.3 '46.'3 .3366
10. 1. 257. 1.20 2.5 1.0 1302.0 40.32 .313

19. 1. 257. 1.20 3.0 2.) 13J2.0 38.96 .3125
13. 2. 257. 1.30 3.5 1.5 1302.3 43.33 1037

10. 2. 504. 1.03 2.5 2. i8302.0 40.62 .7544
13. 2. 504. 1.09 3.0 1.5 1302.3 42.92 .7577

12. 1. 750. 1.00 2.5 1.0 217N.0 41.37 .3102
12. 1. 750. 1.00 3.0 2.0 2173.0 41.13 .3194
12. 2. 750. 1.00 3.5 1.5 2178.0 47.01 .8361
12. 2. 504. 1.50 2.3 2.0 2173.3 39.33 .3432

12. 2. 504. 1.30 3.3 1.5 217a.0 41.62 .3257

.02 8. 1. 257. 1.10 3.A 2.0 4350.3 36.75 .9342

.33 3. 1. 257. 1.00 3.5 1.5 4350.J 40.59 .9232

.04 3. 1. 504. 1.90 2.5 2.0 4350.0 37.60 .9309

.05 3. 1. 504. 1.50 3.) 1.5 4353.0 37.91 .9320

.06 8. 2. 504. 1.50 3.5 1.0 4350.0 39.35 .9134

.07 3. 2. 504. 1.50 4.0 1.5 4350.0 41.11 .9173

.08 3. 2. 1003. 1.50 2.5 2.0 4350.0 43.42 .9200

.09 3. 2. 1003. 1.25 3.9 2.5 4353.0 42.05 .9243

.10 3. 2. 1008. 1.25 3.5 3.0 4350.0 43.23 .9276

.11 3. 2. 750. 1.23 2.5 2.0 4353.0 43.39 .9375

.01 3. 1. 504. 1.00 2.5 1.0 3355.0 35.03 .3991

.02 8. 1. 504. 1.00 3.0 2.0 3365.0 36.23 .9046

.03 3. 1. 504. 1.00 3.5 1.5 3366.0 37.52 .9221

.04 3. 1. 237. 1.00 2.5 2.0 3366.0 39.59 .9101

.05 3. 2. 257. 1.30 3.3 1.5 3306.3 42.12 .9243

.06 3. 2. 257. 1.50 3.5 1.0 3365.0 40.52 .9276

.07 3. 2. 257. 1.53 4.3 1.5 33566.0 42.57 .9254

.03 S. 2. 1003. 1.50 2.3 2.0 3366.3 39.23 .3904

.09 3. 2. 1003. 1.50 3.0 2.5 3366.0 42.)8 .3393

.10 8. 2. 1008. 1.00 3.5 3.) 3366.0 42.13 .3953

.11 3. 2. 1008. 1.00 2.5 2.0 3366.) 41.95 .3930

.01 1. 1. 1008. 1.50 2.5 1.0 3270.0 42.74 .3914

.)2 3. 1. 1003. 1.50 3.0 2.3 3270.0 41.61 .9002

.03 8. 1. 1008. 1.0 3.5 1.5 3270.0 45.30 .3371

.04 3. 1. 504. 1.00 2.5 2.0 3270.0 37.36 .8958

.05 8. 2. 504. 1.30 3.0 1.5 3270.0 39.43 .3904

.35 3. 2. 504. 1.50 3.5 1.0 3270.0 41.71 .9013

.07 3. 2. 504. 1.50 4.9 1.5 3270.0 43.22 .8914

.0 3. 2. 257. 1.50 2.5 2.3 3270.0 42.03 .9123
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.09 3. 2. 257. 1.25 3.0 2.5 3270.0 42.93 .8969

.10 8. 2. 257. 1.25 3.5 3.0 3270.0 42.17 .9024

.11 8. 2., 257. 1.25 4.0 1.5 3270.0 45.99 .9090

.01 3. 1. 257. 1.00 2.5 1.0 2527.0 39.74 .3596

.02 3. 1. 257. 1.00 3.3 2.3 2527.0 40.02 .3717

.03 8. 1. 257. 1.00 3.5 1.5 2527.0 43.64 .3454

04 8. 1. 504. 1.00 2.5 Z.0 2527.0 42.39 .3235

.05 S. 1. 504. 1.50 3.0 1.5 2527.0 42.37 .3224

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

.07 3. 2. 504. 1.53 4.0 1.5 2527.0 50.17 .8553

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

.09 3. 2. 1003. 1.25 3.0 2.5 2527.0 47.39 .8136

.10 3. 2. 1008. 1.25 3.5 3.0 2527.0 50.54 .3231

.11 8. 2. 1008. 1.25 2.5 2.0 2527.0 47.82 .3311

.01 3. 2. 257. 1.20 2.5 1.0 1347.0 46.73 .7583

.02 8. 2. 257. 1.20 3.0 2.0 1347.0 43.04 .7583

.03 3. 2. 257. 1.00 3.5 1.5 1347.0 47.19 .7500

.04 8. 2. 504. 1.00 2.5 2.0 1347.0 43.43 .7390

.05 8. 1. 504. 1.00 3.0 1.5 1347.0 42.72 .7292

.06 3. 1. 504. 1.50 3.5 1.0 1347.0 49.98 .7193

.07 8. 1. 504. 1.50 4.0 1.5 1347.0 45.94 .7379
•01 3. 1. 1003. 1.50 2.5 2.0 1347.0 49.17 .6696

.09 3. 1. 1008. 1.50 3.0 2.5 1347.0 50.01 .6613

.10 3. 1. 1003. 1.50 3.5 3.0 1347.0 51.69 .6741

.11 3. 1. 1008. 1.25 3.0 1.5 1347.0 47.41 .7143

.0110. 2. 257. 1.00 2.5 1.0 4350.0 36.53 .9287

.0210. 2. 257. 1.00 3.0 2.0 435).0 37.35 .9298

.0310. 2. 257. 1.00 3.5 1.5 4350.0 37.52 .9112

.0410. 2. 504. 1.00 2.5 2.0 4350.0 36.29 .9287

.0510. 2. 504. 1.50 3.0 1.5 4350.0 33.21 .9276

.0610. 1. 504. 1.50 3.5 1.0 4350.0 37.00 .9254

.0710. 1. 504. 1.50 4.0 1.5 4350.0 37.60 .9243

.0310. 1. 1003. 1.50 2.5 2.0 4350.0 37.99 .9173

.0910. 1. 1008. 1.25 3.(Y 2.5 4350.0 33.06 .9173

.1013. 1. 1008. 1.25 3.5 3.0 4350.0 33.41 .9178

.1110. 1. 750. 1.25 2.5 2.0 4350.0 41.49 .9363

.0110. 2. 504. 1.00 2.5 1.0 3366.0 35.09 .9090

.0210. 2. 5)4. 1.00 3.0 2.0 3866.0 35.94 .9145

.0310. 2. 504. 1.00 3.5 1.5 3366.0 36.65 .9145

.041'. 2. 257. 1.00 2.5 2.0 3866.0 35.19 .3167

.0510. 1. 257. 1.0 3.0 1.5 3366.0 36.53 .9156

.0610. 1. 257. 1.50 3.5 1.0 3866.) 36.50 .9101

.0710. 1. 750. 1.50 4.1 1.5 3366.0 46.02 .3762

.0810. 1. 1303. 1.50 2.5 2.0 3366.0 36.31 .3953

.0910. 1. 1008. 1.50 3.0 2.5 3366.0 37.12 .3991

.101). 1. 1003. 1.00 3.5 3.0 3366.0 36.35 .3360

.1110. 1. 1003. 1.00 2.5 2.3 3366.0 34.95 .8969

.3ll3. 2. 1003. 1.50 2.5 1.0 3270.9 41.04 .8860

.0210. 2. 1003. 1.50 3.0 2.3 3270.0 41.67 .3333

.0310. 2. 1003. 1.00 3.5 1.5 3270.3 43.14 .9057

.0410. 2. 504. 1.00 2.5 2.0 3270.0 36.95 .8914

.3511. 1. 504. 1.00 3.3 1.5 3270.0 33.23 .3772

.0 1). 1. 504. 1.50 3.5 1.J 3270.3 37.77 .3393

.0710. 1. 750. 1.50 4.0 1.5 3270.3 41.13 .3735
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.0310. 1. 257. 1.50 2.5 2.0 3270.0 37.22 .9189

.0910. 1. 257. 1.25 i.0J 2.5 3210.0 33.52 .3936

.1010. 1. 257. 1.25 3.5 3.0 3273.0 37.71 .9237

.1110. 1. 257. 1.25 4.0 1.5 3270.0 39.44 .1969

.0110. 2. 1003. 1.50 2.5 1.0 3270.0 41.04 .3360

.0213. 2. 1009. 1.50 3.0 2.) 3270.0 41.67 .3333

.0310. 2. 1003. 1.'0 3.5 1.5 3270.0 43.14 .9057

.3410. 2. 504. 1.00 2.5 2.) 3270.0 36.96 .8914

.0510. 1. 304. 1.30 3.3 1.5 3273.0 38.23 .3772

.0613. 1. 504. 1.50 3.5 1.0 3270.0 37.77 .8393

.0710. 1. 750. 1.50 4.0 1.5 3270.0 48.13 .3735

.0310. 1. 257. 1.50 2.5 2.0 3270.0 37.22 .9139

.0910. 1. 257. 1.25 3.0 2.5 3273.0 33.62 .3936

.101J. 1. 257. 1.25 3.5 3.0 327,3.0 37.71 .9237

.1110. 1. 257. 1.25 4.0 1.5 3270.0 39.44 .3969

.0110. 1. 257. 1.20 2.5 1.0 1347.3 39.69 .7473

.0213. 1. 257. 1.20 3.3 2.3 1347.0 41.57 .7231

.0313. 1. 257. 1.00 3.5 1.5 1347.0 44.60 .7445

.0410. 1. 504. 1.00 2.5 2.0 1347.0 40.75 .7336

.0513. 2. 504. 1.03 3.0 1.5 1347.0 43.29 .7423

.0610. 2. 304. 1.30 3.5 1.3 1347.0 44.60 .7566

.0710. 2. 504. 1.50 4.0 1.5 1347.3 47.39 .7473

.0310. 2. 1903. 1.50 2.5 2.) 1347.0 51.93 .7377

.0913. 2. 1003. 1.50 3.0 2.5 1347.) 49.00 .7357

.1010. 2. 1003. 1.30 3.5 3.0 1347.0 44.55 .7204

.1110. 2. 1003. 1.25 3.0 1.5 1347.3 45.96 .7336

.0112. 2. 257. 1.00 2.5 1.3 4350.0 35.34 .9293

.0212. 2. 257. 1.00 3.) 2.') 4350.0 35.33 .9309

.0312. 2. 257. 1.00 3.5 1.5 4350.0 34.80 .9276

.0412. 2. 504. 1.30 2.5 2.) 4350.0 35.53 .9353

.0512. 2. 504. 1.50 3.0 1.5 4350.0 36.63 .9342

.0612. 1. 504. 1.50 3.5 1.0 4350.0 36.23 .9254

.0712. 1. 504. 1.30 4.J. 1.5 4350.0 37.20 .9254

.0312. 1. 1003. 1.50 2.5 2.) 4350.0 36.21 .9167

.0912. 1. 1003. 1.25 3.0 2.3 4353.0 38.30 .9101

.1012. 1. t003. 1.25 3.5 3.0 4359.0 37.63 .9167

.1112. 1. 75'). 1.25 2.5 2.0 4350.0 33.83 .9421

.0112. 1. 504. 1.30 2.5 1.0 3366.0 34.36 .9063

.0212. 1. 504. 1.00 3.0 2.0 3366.0 35.16 .9063

.0312. 1. 5304. 1.00 3.5 1.5 3366.) 34.15 .9211

.0412. 1. 257. 1.00 2.5 2.0 3366.0 34.95 .3991

.0512. 2. 257. 1.00 3.9 1.5 3366.0 33.35 .9173

.0612. 2. 257. 1.50 3.3 1.0 3366.0 37.35 .9200

.!0712. 2. 257. 1.50 4.0 1.5 3366.) 37.31 .909,3

.0312. 2. 1003. 1.50 2.5 2.0 3306.0 37.60 .3953

.0912. 2. 1093. 1.30 3.0 2.5 3366..) 39.55 .9332

.1)12. 2. 1008. 1.00 3.5 3.0 336.5.0 39.96 .3762

.1112. 2. 1)03. 1.00 2.5 2.) 1366.0 39.07 .3737

.0112. 2. 1003. 1.33 2.5 1.0 3270.0 33.27 .9046

.-212. 2. 1W03. 1.50 3.0 Z.0 3270.) 39.13 .9013

.0312. 2. 1033. 1.90 3.5 1.3 3270.0 33.79 d332

.0412. 2. i04. 1.0') 2.5 2.0 3270.0 36.31 .3332

.0512. 1. 504. 1.00 3.0 1.5 3270.0 37.43 .3393

.0612. 1. 304. 1.50 3.5 1.3 3270.0 35.97 .3794
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.0712. 1. 73-). 1.50 4.3 1.5 3270.0 42.34 .8993

.012. 1. 257. 1.50 2.5 2.0 3279.0 36.47 .9139
.0912. 1. 257. 1.25 3.0 2.5 3270.0 35.64 .9090
.1012. 1. 257. 1.25 3.5 3.0 3273.3 37.13 .9090

.1112. 1. 257. 1.25 4.0 1.5 3273.0 37.29 .3947

.0112. 1. 257. 1.00 2.5 1.0 2527.0 37.43 .6805

.0212. 1. 257. 1.00 3.3 2.3 2527.0 37.23 .8575

.0312. 1. 257. 1.00 3.5 1.5 2527.0 37.52 .8596

.0412. 1. 304. 1.3 2.3 2.0 2527.3 35.91 .3465

.0512. 1. 504. 1.50 3.0 1.5 2527.0 39.13 .8443

.3612. 1. 504. 1.53 3.5 1.0 2527.0 34.19 .8520

.0712. 2. 504. 1.50 4.0 1.5 2527.0 40.96 .3542

.0812. 2. 1003. 1.50 2.5 2.0 2527.0 43.23 .3279

.0912. 2. 100I 3. 1.25 3.0 2.5 2i27.0 43.01 .3377

.1312. 2. 1008. 1.25 3.5 3.0 ?527.0 41.92 .3257

.1112. 2. [303. 1.25 2.5 2.0 2527.0 40.69 .8377

.0112. 1. 257. 1.20 2.5 1.0 1347.0 39.25 .7390

.0212. 1. 257. 1.20 3.0 2.0 1347.3 39.88 .7473

.0312. 1. 257. 1.00 1.5 1.5 [347.0 40.12 .7314

.3412. 1. 504. 1.03 2.5 2.0 1347.0 4.1.14 .7204

.0512. 2. 504. 1.00 3.0 1.5 1347.0 42.67 .7171

.0612. 2. 504. 1.50 3.5 1.0 1347.0 45.96 .7599

.0712. 2. 504. 1.53 4.0 1.5 1347.0 42.17 .7473

.0312. 2. 1003. 1.50 2.5 2.0 1347.0 43.39 .6941

.0912. 2. 1008. 1.50 3.0 2.5 1347.0 46.69 .903

.1012. 2. 1003. 1.50 3.5 3.0 1347.0 42.94 .6645

.1112. 2. 1003. 1.25 3.0 1.5 1347.0 44.76 .6963

rat; I13 T:E SPSS E 3aSS)N INOUE FILE
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Uljig FoO-lik (4X,F3.0),F3.0,F6.0, F5.2,2(1 <, F3. ),1K, F6.1.,Fo'.2,F6.4)

l:41?Jf AEDIJAI C QDS

4' OF CASES JKNOWNI
.C0DE LEVZL(1=3)
COljU fE IE S-=54 7.5 / PA S. f
',.OTIPU R ;ICBF=A2f3F/3750.0
CO:IP C4X6UE VL=C.ZE. 44L6,.VEL

C3.12 ~ ~ v J ' K Il S p=, NW- 4 p

Ci:1?'J r6 Cd.K4-lS=E.U-4*iSL
C)IPU fE CWKA 1'BF=C3-W* A CBF
CTJIPUTE LG[BF=L 31C)8 ( f3F)
<ER~XESS LS[O N'4tU CAL.S 4, LIL, LAJ, 3 iL'fF ,3C rL4VL, C INP,

'(EES[ t if Wi{ 7.W rtO C.4K'lBF/.(2S!DUALS

fJ L 1,:; 2.,3,3,11,22
S CA f T-'rZ'J'I\ AV\IL 41M L012f3?

lElRESSlOX'=k,,qk[L ,rqF 3I'F q;/R OtL -'.

Srt. ["LSfICS ALL
2,3,3,11,22
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UJ3 lAME SCkeffWR3tAl JF RESIDUALS

¢ L.NBLE LISf f,YrAC,-jESLUAL
IN?J FOR \£C FIXED(26K,2FL3.7,F15.7)
4 OF CASES UJK14 4J

SCAr rzR3.A.4 IESIDUkL IfJI Yd341
SArtr &31.AA Y'lAr WICH &ZSIDUAL
RE4O DNPUt £)A[ir,

FI' [Sil

VAVAX I A BLE, SIt PX.AID OEV CASES

CREw 113.000) L.6375 130
LEVEL 2.5000 .5014 130
LOAD I. 2473 .2229 110
ITBF .3471 .1191 130

CW4LEVL 23.0111 .5.5416 130
CIMIS? 12.3213 6.7405 139

CWKASL 3..7503 7.1323 130
C,,4K4NF 3.4694 1.3235 130
GEA rim 140.7539 4.0660 1.39

MULCIPLZ a .3570 AloVk OF SLJM SQJARES IEI SQ. F

R SQUARE .7515 GRESS'W 3. 2224.305 27i.033 64.,33
srD DEI 2..0732 k ESI DJ\L 171. 734.935 4.293 Si3. .000

A')J I( S)JAIE .740J CEZFF OF VAMIABILf1Y 5.1?2r

VAk ttLE S.. 3 F SIG. BEfk ELASMfCCY

-2.73- .573 23.619 .000 -1.12273 -.633)8
D 2.351 .756 7.3'3 . 37 .11246 .96230

- 3F -37.194 3.200 20.576 .300 -1.03935 -.31677
LEVEL -i.317 1.945 1.471 .037 -.65566 -.32612

;4X 11SP -. 171 .326 43.551 .00 -. 23311 -.J5163
CWKMS .143 .032 23.195 .!00 .25075 .L0734

c., ' i3F 1.529 .307 4.972 .045 .53239 .1337)
SY L V.L 377 .193 3.313 .)52 .6579 .23 15

'0lSfAqf 74.919 5.974 157.303 .33

0 ;CFF[Ik S k.49 COFIDEiCE [&E(VALS.

VARI3LE 3 )5 PCf C.L.

.REW -2.7373 -3.9135 -1.6572
L) 2.0313 .5591 3.543,)

0 INF --7.19' -53.3793 -21.0033
LEVL -5.117) -9.1569 -1.4771

I S -. 1703 -.2219 -.1197
•1429

I LC 5e . 191 ., 356 3.2233
2",KLzVL .375 -. 0339 .756
CJ4SI4sf 7s.9192 33.1279 36.7 5]]
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VAUIX3LE AEAN Sr vAA& D0 N C SES

fqSP 1.2372 .6470 130
L3MTBF -. 4915 .17'32 130

AVAIL .3593 .0730 130

DEP. VAI... AVAIL

*IJLflL6 , .9744 A.J0VA DF 3JM SQ UARES E 1E.4 S). F

R S&UARE .9444 K6GESSIO4 2. .906 .453 1660.702
SNO DEV .0165 RESIDUAL 177. .043 .000 SIG. .000

ADJ R SQUARZ .9433 COLFe OF VAa&IAbIL£Y 1.9PCT

kRI43LE S. . a F SL3. BErA ELASTICIff

UNSP .316 .002 66.203 .000 .13757 .02235
LG1rBF .395 .007 3247.372 .)00 .96349 -.22514
coNiSrAN f 1.034 .034 56332.663 0

COEFFtCiEirS A4D C3'JFIDE.CE [NrEWVALS.

VAUIAkBE B 95 Pcr C.t.

I SP .0155 .)113 .0193
f 3 BF .3943 .3311 .403

q S fA1 .0342 1.0256 1.0427
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Captain Sarah J. Gjerstad was born on 22 January 1956 in Marquette,

Michigan. She attended the University of ALinaesota fro,- which she

received i 3achelor of krts degree in :lathematics, in Decemb-r 1979. She

received a commission in the USAF through HS ia June 1981). 1 er first

assignmnat was to the XeronautLcal Systens Division at 4right-Pattarson

AFB, 0. She worked as an Operations ilesearch Analyst in the Life Cycle

Cost Management Division until being reassigned to the kir Force

Institute of rechnology, WJPAFB, 0{ in May 1933.

?ertnanent address: 1233 frallwood South

lopkins, MN 55343
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j First Lieutenant atoxann A. Oyler was born on 9 Nugust 1459 it

Stockton, California. She attended the University of Central Flortdi

froin wnich she received a Bachelor of Science degree tn Apipid

Ai thenatics, in Juae 1931. dpoa graduation, she received a co.a.nission

in the JS1F through the RjrC prografn and entered active duty in October

1931. Her first assign.ment was to the Deputy Chiaf of Staff Plans ml

Programs, deadquarters Air Force Logistics Command at iright-Oatterson

AFB, OA. She workel as a Logistics Plans and Programs Staff Officer in

the War a-ad TLogisttcs Plans Division and then as an 1perations Research

Analyst in the Manage-nent Science office until being reassigned to the

Air Force Institute of fechnology, WPAFi3, OR in 4ay 1933.

Permanent address: 1615 Idaho Ave ...

Orlando, FL 32809
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