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CHAPTER I

INTRODU CTION

Statement of the Problem

The Air Force needs an improved technical order (TO)

format (11:7). The recent development of Logic Tree Trouble-

shooting Aids (L TTA s) ,  Faul t  Isolation Manuals  ( F I M s ) ,

Fault  Reporting Manuals  (FRMs) , Job Gu ide Manuals ( JGMs ),

and System Schematics Manuals (SSMs) is a major improvement

in the quality of weapon system TOs (19:1-3) . However,

an analysis of the additional cost of procurement versus

the potential savings yener~t ted by these TO improvements

is required (I~~:48). Therefore , the purpose of t h i s  thes is

is to determine if the economic benefits derived from the~~

new developments in the TO format exceed the higher procure-

ment cost.

Jus t i f ica t ion

For many years , there has been strong interest in

the conservation of Department of Defense (DOD) funds within

the United States Air Force (USAF ) . Personnel costs have

been taking an increasingly larger percentage of the overall

Air Force budget which  l imits the funds available for other

Air Force programs (26:150). Recent studies have indicated

that manpower costs for maintenance personnel alone account

1
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for 15 percent of the Air Force budget (18:2). If the

level of operations and effectiveness is to ~e maintained

in the USAF , new ways of improving the effectiveness of

its personnel must be found (24:2).

The complexity of present Air Force weapon systems

and the steadily increas1n~J co . .t  t~~~~ m.~~nta ining these sys-

tems, despite current austerity programs , require that new

ways of reducing maintenance costs be identified and imple-

mented (18:1). “One way of reducing cost is to increase

the productivity of ma in tena nce per sonnel by prov iding

better technical data [18:1]. ” The desired result is

reduced maintenance manhours, Ll ~:proved quality of the prod-

uct , increased weapon system availability , and lower

operating cost. 
—

The resul ts of A ~~~t V . ’
I 

~f t~~. ~4 z ’  b’~~~~~. M a i n t e n a n c e

Technica l Data S~j~~tern , accomplished in 1962, by the Behav-

io ral Sciences Labora tory emphas ized the prob lem of the

increased complexity of weapon systems and the growing

number of TOs required to support them (2:44). According

to a 1974 estimate, the 83,609 USAF TOs had 875,451,189

pages (27 :A7—6). “In 1940 the average aircraft required

approximately 1000 pages: while today, the average air-

craft requires 53,000 pages 127:p.l—l]. ” A weapon system

similar to th~ .roposed B— i would require a TO system

approaching one million pages (27:p.l-l). The rapidly

increasing volume of technical data needed to support

2
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advanced weapon systems makes it extremely difficult to

ef fec t ive ly  u t i l i z e  the information available.

The acquisition cost of the increasing volume of

technical data is on the increase (19:1). The F-15 Techni-

cal Order Management Agency (TOMA) has a budget approaching

$100 million with an expenditure rate of $1.1 million per

month (36). The F-16 TOMA has a budget of $167.1 million

with an expenditure of $1.8 to $3 million per month (22).

A-b TOMA has an expenditure rate of $.5 million per month

with a total budget ceiling of $20 million (9). The enor-

mous budgets , expenditure rates, and the potential finan-

cial impact of procuring and implementing new types of

technical data make it imperative that the decision makers

have accurate information available on the cost and bene-

fits (19:13).

The development of more usable TO systems is desir-

able , and the technological capability required to develop

improved TO systems is currently available. The conven- 
V

tional TO (CTO) system format, MIL-M-25098, does not meet

the operational requirements of the Air Force in terms of

responsiveness, accuracy, and flexibility (2:22-23) . The

present system is outdated, and it fails to take advantage

of technological developments in providing a means of

readily identifying and displaying the data necessary to

accomplish individual. maintenance actions (31:1). Products

3
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provided to the user are o f t e n  l n a c c u i at e , u n w i e l d y ,

unresponsive , con fus ing ,  and i ncomplt .t c  ( i b : 2 ) .

A 1974 d r a f t  o t  a Requ i ied  Operat iona l C a p ab i l i t y

( ROC) indicated t h a t  the TO sy st em  was outdated because i t :  V

i led to take  advan t  a~ie 01 t echnologxcal
developments in p r o v id i ng  a meatu~ o~ r ap i d l y  iden t i—
fy i n g  and r et r  ~ev inq  t h e  W it  .i : \ ecL ssa :v t o  accompl i sh

4 individua l. ma in tenance  a c t i o n s .  I h e V e  an u rgent
need fo r  -

i new t t’chn ic. 1 order sys tciil which  more
responsive to users ~~~~~~~~~ needs [31 :1]

At the level where actua l m ai n t e n an ce  u; performed ,

the use of sys tems—or ien ted  t e c h n i c a l  data w i l l  he ’p  ensure

maximum utilization of maintenance personnel , which wi l l

improve efficiency and reduce cost (18:.~l . In  1976 , the

Systems Research L ab o r a tor t e s , under contract  to the Human

Resouces Labora tory , evaluated the e f f e c t i v e ne s s  of various

types of TOs used to t roubleshoot  system m al f u n c t i o n s .

The results ot  the e x per im en t  ev a luat  ion c l ea r ly
demonstrate  that  the  use ot  procedur.di~:ed t rouble-
shoot ~ ng L logic t re”] appro . tch  led t o  s i q n i t  j oan ti y
better troubleshooting than  t h e  use of the [conven—
tional) TO. This f i n d i ng is cons is tent  for
proportion of problems solved and spares consumed.
Nearly twice as many good parts  we re u n n e ces s a r i l y
replaced when the TO was used than when LTTAS [ Logic
Tree Troubleshooting Aids ] were used [ 1 9 : 8 6) .

V 
In summary , high maintenance personnel cost makes

it imperative that a more effic ient , improved TO format ,

such as the LITTA, be utilized . Addit ionally, the incrt’as—

ing number of weapon systems and t he ir  c o m p l e x i t y  demands

that a system within the capabil ities of present  technology

be established . For these reasons, the I ’ 17 t  st u d y sponset- t’d

_____ —_  V V V  
_. ~~~~ . -
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by the Air Force Huma n Resources Laboratory (AFHRL )

recommended that consideration be given to the develop-

ment of LTTAs for exist ing and future  weapon systems

(21:17) .

At the present time, LITTAs are being procured for

the F— l6 a i rc ra f t  as part of the original TO information

V 
based under MIL-M — 83495 ( 2 2 ) .  The technical data procured

under this mi l i ta ry  specification also includes FIMs ,

FRMs, JGMs, and SSMs ; and the complete package is refer-

red to in this study as proceduralized technical orders

(PTOs) . Due to the s ignif icant  advantages of PTOs , the

F-15 TOMA manager is in the process of evaluating the cost

of procuring the PTOs for the projected F—15 C/D aircraft.

An analysis of the cost versus the advantages is required

to assist top level management in deciding the appro-

priate type TO option to procure.

Sco~~

This thesis is l imited to analyzing the cost versus

the benefits  of procuring technical orders (TOs) in the

new proceduralized technical order (PTO ) format , MI L-M-

8345 , for the F-iS series a i rc ra f t .  However , the con-

clusions of this study may be applicable to the TO procure-

ment of similar weapon systems.

5

hit ~~V~~VV ~~~~~~~ __~~ ~~~~-~~~~~~~~-~--. ~~~~~~~~~ 
.
~~~~~~~---



V ~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~V~ V~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — V. .  ~~~~~
VV

~~
__V

~~ 
______ ~~~~~~~~~~~~~~~~~~~~

Objectives

The objectives of this thesis are to:

1. Identify the steps in the TO procurement

process for new weapon systems.

2. Explain the t.echniquc u sed by McDonnell—

Douglas A i r c raf t  Company to develop cost est imates  for  the

F-iS weapon system TOs.

3. Describe the advantages of procuring the F-l5

weapon system TOs in the PTO format .

4.  Estima te where possible the monetary savings

derived from the advantages of the  improved PTO format .

Research Question

The fo l lowing  research quest ion was established

for this s tudy:  ~; ;~ d t ;~ ~
‘_ 

~ 
V t ,~ ~

. ;~ ,~ ~~ 1

dtVz ta 1’~ p ~~~ u ~‘ ‘  ~i .~ : ‘~ (Mi:. — M — .~ -! ~ :~ ) f v’~~: t :‘

Overview

The follow ing chapter s are arranged in a log ical

sequence to answer the research question. Chapter II

contains a thorough literature review of technical data

systems and cost estimating techniques. This chapter

also contains background information about data systems

and computer applications used later in the thesis.

Chapter II I describes the methodology which cons ists of

two parts: background for analysis and approach to

analysis. Assumptions and limitation s that apply to the
V 

6
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methodology are also included in this chapter. Chapter IV

accomplishes the first two thesis objectives by describing 
V

the TO procurement process and costing methods. Next,

Chapter V carefully evaluates the positive and negative

aspects of proceduralized technical orders. Chapter VI

contains two types of data analysis. The first compares

performance data for CTO8 and PTOs, and the second uses

computer techniques to forecast future F-l5 logistics

costs. Finally, Chapter VII presents the conclusions and

recommendations from this study.
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CHAPTER II

LITERATURE REVIEW

Introduction

The literature review Consists of three major

areas. The first is a summary of the various studies

conducted to determine the types of improvement required

in the TO system. The second area gives an overview of

the different types of cost estimation/analysis and the

limitations and advantages of each type. The third por-

tion describes the data source and computer applications

used in this thesis.

Technical Data System

A Study of the Air Force
Maintenance Technical
Data System

In 1962 a comprehensive study identified the need

to improve maintenance and material information in the

USAF. Unfortunately, the TO system in general use today

is essentially the same as the system which was id e nt i f i e d

V 
as being obsolete in 1962. This study of the Air  Force

maintenance technical data system recommended immediate

action to revise and improve the system by developing

new media for presentation of technical data ~.~: 4 4 ) .

Development of a system for storing and retrieving

8 
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ii~~in t e n an c e  data  r e q uir e s  a h i g h l y  r e f i ned  cod~ nq system

to i d e n t i t y  and descr ibe  each d i scr et e  task and procedure.

“Th e magn i tude  ci t h i s  t a sk  f u r t h e r  sugges t s  t h at  develop—

ment a c ti on  should he un d er t ak e n  a t  the e a r l ie s t  possible

date ~. 2:44].” 
V

it wou l d  seei~ tha t no t i ne :;hou ~ d be was ted in
addi-essinu ourselves to this ~ rocie~m , and tlh. ~ theso lu t ion  could bC app~ i~~d t o  sophis t i ca ted  equipment
on the ground ~ls wel l  as vehic l es  in space [2 :4 4 ~~.

The purpose o t  the 19t2 s tudy  was ~o evaluate

management and operat ing procedures and to i d e n t i f y  weak-

nesses in content and in utilization ot Air  Force main t e—

nance tecdnical  data ( 2 : 1 ) .  The 2 ,300  responses to a

f i e ld  survey of n ine teen  o rg a n iz a t i o n s  provided a f a c t u a l

and definitive basis for the i d e n ti f i c a t i o n  01 problem

areas and de t~ ic i cue i t ’5 i n  ~~ i r &‘ X . - ’ nia n ~nance technical

data (2  : 14) . ~ rga n i ~ t ions su rvev ed inc luded  base 1 eve 1

main tenance pcr~;ctmt ’ I , depo t ~ a in tenance  t e c h ni c i a n s ,

technical data m an ag er s , m i l i t a r y  and c i v i l i a n  s t a f f

officers , and unit commanders (2:2). There was general

agreement among technical data managers that the Air

Force had not effectively developed technical data within

its capability based on the requirements  of the individual

technician ~.$:10). Questionna i re responses s u uq est t ’d

a need for changes -Ln t he  si.c , struc ture and

content ot TOs to make them more useful both as a train-

ing text and as a ~oh performance ,iid L2 :lb] . ” Fu r the rmore ,

9
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“ . . . it was apparent that lack of detailed, accurate

and current information in TOs not only impedes mainte-

nance but retards training progress (2:12).”

In order to simplify the task of locating needed

information required to do the job, a revised TO numbering

and indexing system is essential to modernization.

The one subject concerning TOs on which the main-
tenance man was most positive and voluble pertained
to the difficulties encountered in finding the infor-
mation required to do the job (2:32].

The average respondent indicated that he spent 30 percent

of his total job time in seeking necessary information

in the TOs (2:32). Additionally, 30 percent said informa—
V 

tion was very difficult to find , and 47 percent felt that

there must be a better system (2:32). The following is

a typical response by maintenance personnel: “You can ’t

V 
go to any one place in the TO and find out .‘ about how

a system or component works--you get a little bit here and

go dig out a little bit somewhere else [2:221. ” Generally

speaking:

It appears to the research team that a subject
of overriding importance to effective use of mainte-
nance technical data was iden ti f icat ion o~ methods
and techniques to make the necessary information for
specific tasks more readily available, and easier to
identify and find [2:33).

Respondents to the questionnaire identified the

following categories of deficiencies or complaints in the

physical aspects of technical .ata : (1) the numbering

system created d i f f i c u l t y  ~n f ind ing  required information;

10
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(2) the amount of refer-backs in the textual procedures

was excessive; (3) large numbers of TOs were required to

do a single job; (4) the TOs contained inadequate or incom-

plete troubleshooting information; (5) the size and weight

of data used was excessive; and (6) the data were late,

inaccurate, and unrevised (2:22-23).

Maintenance Info rmation
Automated Retrieval
System (MIARS)

The Department of the Navy studied the feasibility

of converting Navy aeronautical component manuals to a

Fault Tree Isolation System using 16mm film cartridges

in 1967. Their objectives were very similar to the recom-

mendations made by the 1962 Air Force study. On 7 October

1968 OPNAV Instruction 4790.1 was issued by the Chief of

V Naval Operations. The purpose of this instruction was

to provide additional support to the newly established

Maintenance Information Automated Retrieval System (34:1).

The initial goal of MIARS was to utilize the 16mm film

system to reduce the volume of TO manuals (35:11). MIARS

was the Navy ’s answer to the “ . . . ever—increasing volume
of mainterance and material information [34:1]. ” In the

last five years, the technical base for all first—line

aircraft weapon systems, such as the A—7, F—14 , and P-3,

has been set up in the logic tree format. This format

provides an effective means of retrieving appropriate

H . 

11
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troubleshooting information in the same basic style as the

Air Force’s Military Specification MIL—M—83495 (21).

PIMO Final Report Summary

The Presentation of Information for Maintenance and

Operation (PIMO) project was started in June 1966 and corn-

pleted in April 1969. PIMO studied the “ . . . complex rela—

tionship between qualified maintenance manpower and techni-

cal data [23:2].” Specifically, the test attei1:pted to prove

that a proceduralized job guide technical order system would

reduce maintenance manhours and increase the reliability of

troubleshooting for apprentice (three—level) technicians

(23:2).

The PIMO field study was conducted on the C—lU . air-

c ra f t  at Charleston , Dover , and Norton Air Force Bases . It

was a fol low—up to a 1965 study made by Serendipity , Inc.,

which concluded that the proceduralized job guide concept

would , without doubt, improve technician perforiTh~nce

(23:10). When evaluating the effectiveness of procedur-

alized job guides on more complex systems , Serendipity com-

pared the complexity of the Un—iF helicopter to the C—14l

aircraft and stated “ . . . that the improvement in system
effectiveness would be ever greater for complex systems

[2 3 : 3 ] . ”

The PIMO study concluded that through the use of

job guides there would be a 50 to 100 percent increase

in the maintenance manpower availability for productive

12
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maintenance labor. The reduction in maintenance labor

would be a direct result of being able to reduce on-the-

job t ra ining (OJT) by approximately 25 percent. The study

concluded that unscheduled maintenance at the home base

could be reduced 27 to 44 percent and t h a t  the opera-

t ionally  ready rate would increase 38 to 40 percent.

This equates to a reduction of 30 to 39 percent of the

manpower required for unscheduled maintenance (23:15).
V 

it was estimated that through jus t  the reduc t ion
V 

in OJT for the 431X1E technician , proceduralized job

guides would save (depending on the life-time of the

C — l 4 l A  f l e e t )  22 to 100 times “ . . . more money thai: it
would cost to expand the job guide to cover the entire

C—l4 lA  f leet  [ 2 3 : 1 5] . ” The job guide manuals  were esti-

mated to be capable of increasing the C-141A fleet effec-

tiveness by the same amount as adding 16.44 more (‘-14 1A

aircraft to the fleet (23:15). The PIMO report estimated

that the benefits of a proceduralized job guide manual fa r

outweigh the cost.

Evaluation of C-141. Job Guide
V 

Manuals ( JGM) PRAM Project
# 2 9 4 7 5 — 0 2

In 1976, a study was conducted to “. . . objec-
tively evaluate the worth of the already procured manuals

in an operational environment [11:11. ” A comparison was

conducted between bases which utilized JGMs and those

13
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that used conventional technical orders (CTOs) . The

study concluded that inexperienced technicians were able

to perform maintenance tasks using the JGMs which they

were unable to accomplish using the CTO. Additionally,

it was concluded that JGMs “ . . . significantly enhance
the proficiency portion of the on-the-job training (OJT)

program [11:2]. ”

When analyzing the “economic pay-off’ the study

group could not establish a direct cost savings (11:4—5),

but they were “. . . confident that future savings will

be accrued as a result of the data and the effect it will

-‘ have on existing and future C-l41 maintenance technicians

[11:5].”

Evaluation of Three Types
of Technical Data for
Troubleshooting

The Human Resources Laboratory of the Air Force

Systems Command sponsored a special study to evaluate dif-

ferent types of technical data for trouble shooting in

1976. This study evaluated the troubleshooting effective-

ness of Fully Proceduralized Troubleshooting Aids

(FPTAs), Logic Tree Troubleshooti~ q Aids (LTTAS),

and Conventional Technical Orders CTOs). The study

indicated that better troubleshooting was accomplished

using either the FPTA or LTTA than the CTO. A greater

proportion of the problems were solved , using less air-

V 

craft parts when the maintenance technicians used either

14
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the FPTA or the LTTA (19:86). Additionally, the perfor-

mance of the apprentice technicians using FPTAs and LTTAS

approached the performance of experienced personnel.

However, because of the extremely high cost, the FPTAs are

not being procured at this time (19:87).

Technical Data Requirements
for Wea~~n Systems--
14 June 1977

Initial Technical Order Project Findinqs , part

one of a two—part study to determine the cause of

the alarming increase in the cost of technical

orders (TOs) on new weapon systems [14:1], ” was completed

in June 1977. The study covered five major areas:

increases in TO requirements , TO cost dr ivers , assess-

ment of user ’s requirements, potential TO acquisition

management improvements, and other recommendations. The

study eva lua ted the four areas and discussed the possible

. 4 effect the elements had on the effectiveness of the TO

system. The study concluded that “the whole TO system

cries for firmer direction and control . . .
Therefore, the study recommended that specific actions

should be taken to assure that quality Air Force TOs

are acquired in the most cost e f f ec t ive manner (29:2-9).

The following recommendations/conclusions are those that

are applicable to this study :

1. Any hope of effective implementation will

require additional funds as well as high level , positive ,
15
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aggressive action. Modification of many peopled ’ attitudes

and behavior is required for successful implementation (29:4).

2. In references to MIL-!4-83495, advocates of the

latest TO military specification (AFHRL , various TO coun-

cii members) claim the following benefits (29:23). The

proceduralized Technical Order (PTO) reduces cost; sirn-

plifies training/maintenance actions; uses a numbering sys—

tern that is international in use; bridges the gap between

designers, engineers, and maintenance personnel ; estab-

lishes better configuration control of aircraft wiring ;

and establishes an integrated organizational maintenance

specification set (29:23—24).

3. Additionally, the Job Guide Manuals (JGMs)

and/or the PTO package provide the following benefits:

technicians can perform tasks using this type of data when

they are unable to perform the same tasks using conven—

tional tech data ; it is muc h easier for first term airmen

to follow and use; they allow productivity sooner with less

training ; they reduce time in search and retrieval of tech

data; they reduce maintenance error rate-—removing service-

able components during troubleshooting; they can be used by

lower skill levels; they can reduce troubleshooting time,

OJT, and formal training ; they increase maintenance capa-

bility; they can reduce maintenance manhours per flight

hour; they improve operational readiness; they provide

higher in-commission rates; and they can reduce spare

16

V - V --- - - V - V  - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ T ~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - VV ~~~~• 
~~~~~~~~~~~~~~~~~~~~~~ V 

-

parts inven tory by reducing the number of serviceable parts

erroneously replaced (29:24—25) .

Technical Da ta Requirements
for Weapon Sy~ tems--
9 September 1977

Part two, the Final Technical Order Project Find-

ings, was completed in September 1977; and the report

is prepared in three major sections: F-15, F-16, and C—l41

aircraf t .  The report is basically a summary of the most

curren t TO cost data presently available for the three

aircraft. Each section addresses TO cost data, number of

TOs and number of pages; and a comparison between the

• initial and final findings is made for the three specific

aircraft. Most of this information was obtained by per-

sonal interview with the TOMA managers. The results

verify two observations made in earlier studies: The cost

and volume of modern weapon system TOs is continuously

- V increasing (30:1).

User Acceptance and Usability
of the C-141 Job Guide
Technical Order System

Between June 1975 and February 1977 the Huma n

Resources Laboratory conducted a study to determine the

latest status of the C-14l Job Guide TO system. Through

the use of questionnaires, observations, and interviews,

it was determined that the program was successful (15:1).

It was felt that “The JGMs and LTTAs generally have been

17
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well accepted, although some resistance to change was

encountered. The new technical data have generally been

considered to be superior to the technical orders that

they replaced [15:1].”

Positive and negative factors were observed. The

positive included : size of the books , clarity and organi-

zation of materials, use of illustrations, and dual-level

presentation of instructions. Negative factors included:

resistance to change , errors in data , too many volumes

required for some jobs , lack of storage space for the TOs ,

easily torn pages, method of locating information difficult

to master , and implementation (15:1). Additionally, specific

recommendations for possible corrective action of the above

noted negative observations were given.

Cost Estimating/Analysis

Cost Estimating Methods

Cost estimations, no matter how sophisticated the

estimating process used , are actually only educated guesses.

Government agencies , as well as industry, extrapolate from 
V

historical data the planning estimates required to answer

the questions concerning the development of future programs,,

Thus , the real basis for estimating future costs is compari-

son with experienced costs. The methods for making cost

comparisons range from expert opinion down to detailed

industrial engineering computations . The primary differences 
V

18
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in the continuum of cost estimating me thods are the tech -

niques used to extrapolate from the known to the unknown

(7:45).

In general, there are three basic approaches to

cost estimating : rlnalogous S~jstems , Indue tr ial Eng ineer ing

and Parame tric. Each of these approaches to cost esti-

mating is frequently used in the preparation of cost esti-

mates during the acquisition process. The strengths,

weaknesses, and appropriateness of each technique are dis-

cussed in the following paragraphs (7:3).

The Analogous S~ ete m approach of estimating costs

by drawing analogy to other items is probably the most

prevalent methodology used. This technique is a direct

comparison of a new program or program component to one or

more recent and similar projects. This method is used to

obtain a broad cost assessment (ball park estimate) of a

program cost; and when it is applied in a carefully planned,

detailed, and conscientious manner, analogy is perhaps the

most powerful method of estimating. The greatest advantage

derived from this method is that it can be made quickly

without the time and cost otherwise required to develop

an in-depth analysis. Unfortunately, the analogous system 
V

is too often applied in a quick, haphazard manner; there-

fore, the system frequently receives a skeptical reception.

It only considers technological costs if the analogous

19
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system used for comparison accounted for those costs.

Ironically, the primary disadvantage of analogous estimates

is their simplicity; and a great advantage is the same

simple ease of application. However, the estimate is

sometimes based on “guesses” with little factual data to

support the cost of new components which are different from

the compared system. Analogy comparison often tends to be

less acceptable to prospective users because .~.t lacks

statistical tests (7:4).

Estimators use the analogous system to predict the

cost of the unknown items by comparing them to items that 
V

are similar in function, construction , and technology. The

final estimate is strengthened when several comparisons

for each item are made. Concentration on the largest cost

elements becomes necessary , and determined efforts must

be used to comprehensively document the entire approach

and overcome preconceived notions of inadequacy in the

analogy approach. After a system enters the conceptual

phase, the An~~~~io~~ f . V ~ tem method is not normally used

(7:4).

The 1ndus~ ri :~ L~’ng fncc r i~:~; approach can be used

when the .tem design is well known and well established .

This approach begins with an analysis of the work proposed

and an extensive description of the system and design

requirements. Manhours (labor) and material requirements

20
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are accumulated and costed, and then the elements are

summed to arrtve at a total cost for the job. Since this

method uses standards built from time and motion studies,

Gantt Chart analysis, critical-path scheduling, etc.,

detailed production operations must be known. After the

standards are established , current or historical cost

factors are applied to the aflalysis (7:5).

The greatest difficulty in applying this approach

is that the Air Force is not the producer of technical data ;

therefore, the Air Force does not have direct knowledge

or control of the manufacturing process. Without this

knowledge and control at his disposal , the estima tor ’s

only alternative is to use the limited data available and

personal past experience to roughly price the cost of

materials, labor , overhead , etc. He cannot, however ,

estimate direct labor or overhead costs with any reliable

degree of accuracy since these factors depend , to a great

extent, upon the manufacturing process and accounting pro-

cedures utilized by the individual contractor . Thus, the

Air Force estimator must rely on cost factors and cost

estimates provided by the contractor because there are no

industry standards for the computation of technical data

costs. Consequently, if the contractor does not submit

accurate cost data, the es tima tor must either develop

general factors that lump direct labor , burden, and

21
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profit together or must apply undocumented “rule-of-thumb ” V

factors (7:5).

The engineering method of cost estimating works

V best when the production configuration is known and most

problems have been solved. It has definite limitations

early in the weapon system development cycle because of

procedural difficulties in handling “unknowns.” However, V

the Ind ustr i a l  Eng ineer ing  method represents the most pre— 
V

cise approach to estimating, and it is the basis for most

production contracts (7:506). V

The Para me tr ic  approach to cost estimating pro—

duces an estimate which predicts costs based on relation-

ships between variables such as performance characteris-

tics, physical traits, and developmental distinctions

derived from experience on logically related systems. The

relationships stem from cost histories of similar systems,

thus the parametric approach evaluates the new system

in light of past experience. This method seems most use—

ful whenever a new item is not totally similar to the

existing items in all aspects ( 7 : 4 8 ) .

The Ana~~~zoue S~jet~~i and the Pa:~ :n ~ tr!c  approach

are similar because they generally require large amounts

of the same kind of data. The data must include specifi-

cations and costs of previously purchased items, and an

understanding of all the conditions under which the items

22
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were developed and produced must be acquired. Once the data

are defined , ratios derived from a number of procurements

are analyzed to determine if significant statistical

trends can be identified . After putting the data together,

cost is expressed in terms of the performance and/or physi-

cal characteristics obtained earlier , and this data now

V form Cost Estimating Relationships (CERs) (7:6).

Analysis is then required to establish what CERs

are valid for the cost estimate being developed . The

validity of th~ estimate will depend upon the relevance of

the CERs and the confidence placed on the trends. The

parametric approach also includes such intangibles as

H schedule slippages due to limitations on funds, technical

problems, changes in production rates , contract performance

failures, management inefficiencies , labor strikes, and

other unknown factors in the program. Parametric estimates

should be logically and statistically evaluated rather

than routinely accepted.

The parametric estimating approach is required by

DOD Memorandum for all cost estimates presented to the

Defense Systems Acquisition Review Council (DSARC) . Basic-

cally, this approach permits a blending of known changes

in system acquisition management and technology with

the uncertainties of system design during the early devel-

opment phase of the acquisition process. The Parametric

23
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estimate (periodically updated by known changes in manage-

ment, technology, and data) can be used as a check on the

more definitive Indus t r ial  Eng ineer ing cost estimate (7:7).

Purposes of Cost
Estimating/Analysis

Cost estimates are required for three general
- . purposes: Planning, Budgeting, and Contracting.

These purposes should represent milestones in a
continuous estimating process [7:7].

For planning cost estimates, detailed cost analyses are

not generally feasible or essential; therefore, analogous

or parametric estimating techniques are usually employed .

The estimates are rough but, in most instances,
sufficient since the lack of a satisfactory base for
accurate estimating in the planning stage dictates
the shunning of detailed techniques (7:7].

Rules-of-thumb developed by the parametric method can be

competently applied at this early stage in many cases

(7:7).

After a decision to go forward with a program has

been made, a budget estimate must be prepared. The budget

computation should reflect the best estimate of the total

program at the date of procurement. Since the budget prep- —

aratiorz process precedes contracting by at least a year,

estimating errors caused by the time factor and vague

requirements are introduced at t~;is point.

The contract cost estimating process normally

includes an Independent Government Cost Estimate prepared

24
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prior to solicitation and a Government Contract Negotia-

tion Objective resulting from an analysis of proposals in

response to the solicitation (7:8).

Obviously, the cost estimating process is continuous

4 from the initial planning to the solicitation of proposals

and final awarding of a contract.

The lack of an adequate data base for accurate

estimating in the planning stage dictates that as the pro-

gram progresses into the acquisition process, new data will V

inevitably become available which, in turn, lead to changes,

refinements, and more realistic cost estimates. Therefore,

until better estimating techniques become available, the

estimator and the Air Force must recognize that early

estimates are rarely meaningful and must proceed with the

development of procurement based on that premise (7:8).

Cost Estimating Uncertainties

“Whenever an analyst estimates the cost of a new

system, he encounters a multitude uf problem areas which

introduce uncertainty in his estimate (7:9].” Uncertainty

occurs, and it plays a vital role even in the seemingly

most simple tasks.

“Making useful cost estimates of future programs

is no easy task [7:10].” Thus, it can be safely stated

that uncertainties cannot be accurately forecasted, and

25
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~~ provisions must be made for unforeseen situations. A risk

situation is one in which the outcome is an uncontrollable

random event stemming from a known probability distri-

bution; on the other hand, an uncertain situation is

characterized by the fact that the probability distribution

of the uncontrollable random event is unknown. “This dis-

tinction, sometimes leads analysts to describe risks as

‘known-unknowns ’ and uncertainties as ‘unknown—unknowns ’

(7:11].”

There are many types of methods that the cost esti-

mator may turn to when dealing with uncertainty. The fol-

lowing list is only a representative sample of the techniques

used to manage uncertainty : Monte Carlo Simulation ;

Fortiori Analysis; Sensitivity Analysis; Range of Estimates

Approach ; Supplemental Discounting ; Adjustment Factors; and

Special Studies (7:11—13). The successful cost estimator

must plan for unknowns, or his estimates will not be valid

in a “Real World” which is filled with uncertainties.

Data Source and Computer Techniques

Increase Reliability of
~1peration Systems (IROS)

The Increase Reliability of Operational Systems

(IROS ) uses the Industrial Engineering approach to estimate

logistic support costs, systems downtime , flight

safely (sic] data in quantitative displays such as rank

26
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orders for technical managers to use in decisions on where

and how to improve system effectiveness (28:2].” Implemen-

• tation of IROS is in accordance with Air Force Regulations

400-46 and Air Force Logistics Command Regulation 400-16.

- V VI ROS data provides a rank ordering of information for each

component down to the lowest work unit code (WUC) level

j within each weapon system.

The IROS data are generated quarterly in the Air

Force K05l data system. The information is collected daily

from Air Force Manual 66—1 Maintenance Data Collection

System, the Air Force Manual 65-110 Equipment Status Report-

ing System, and various depot level repair management sys-

tems (13:2). “IROS transforms day to day logistics activi—

ties reported in support of a weapon system to support

dollars in terms of BASE LABOR, DEPOT LABOR , DEPOT MATERIAL,

COST OF CONDEMNATIONS, TRANSPORTATION , AND PACK/SHIP COST

(28:2J. ”

SIMFIT

The SIMFIT computer program tests the distribution

of raw data against twelve distributions contained within

the program. These distributions are: Erlang ; Weibull;

Gamma ; Pearson XI; Lognormal; Normal; Uniform; Beta;

Triangular; Poisson; Binomial; and Negative Binomial.

27
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The SIMFIT program calculates the parameters needed
to determine the probability distribution from the input
data. The input data are divided into cells and corn-
pared to the theoretical value for each cell (6:85].

The computer program uses the Kolmogorov-Smirnov

(K-S) and the Chi—square goodness—of-fit tests. However,

the K-S test is the only one that can be used when the

sample size is relatively small because the Chi—square sta-

tistics are only computed for that portion of the distribu-

tion in which the cell size criteria are met ~32:l4).

Monte Carlo Technique

The Monte Carlo technique has been defined as

that branch of experimental mathematics which is

concerned with experiments on random numbers [12:2]. ”

Although random numbers and random processes have been

used for more than 250 years, the Monte Carlo simulation

is a relatively new technique. Basically, the Monte

Carlo simulation is a technique to “ . . . determine some

probabilistic property of a population of objects or

events by the use of random sampling applied to the compo-

nents of the objects or events [1:175].”

In most cost estimating the probabilistic property

of total cost is determined by using random samples of the

components which comprise the total cost. Such applica-

tions o~ the Monte Carlo technique have been used so often

in simulation models that the term Monte Carlo has almost

become synonymous with the word simulation.

28
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Summa ry

The problem of inadequate technical orders was

identified over fifteen years ago. Additional studies

recently conducted by AFHRL and AFLMC have reconfirmed the

observations made in 1962. The need for an improved TO

format in terms of size, structure , content, and detail

- 

- is well documented . In 1976, the Human Resources Labora-

tory field tested two new formats which had been developed

for the purpose of correcting the well documented deficien-

cies in the present TO format. The increased cost and

value of TOs for modern weapon systems makes it essential

that the cost of converting to a new TO format be compared

to the potential savings resulting from the advantages

provided by that system.

In general , three basic approaches to cost t~sti-

mating are in common use in the Air Force today : A~~~~~ j~~~s

V ~; :,s teme , Ind uetriat E j i~:t ’~~r in ~j , and Para m~’tric. Each

of these approaches to cost estimating plays an impor tan t

part in the preparation of cost estimates during the acqui-

sition process. These estimates are required for the pur-

pose of planning, budgeting , and contracting ; and each of

these purposes represents a milestone in the continuous

estimating process. Uncertainty is inherent to estimating,

so the estimator must develop a plan to manage the “unknown-

unknowns.”
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IROS transforms day-to—day logistics activities

into data which can be stored and used to predict future

support costs for a weapon system. Computer techniques

such as SIMFIT and Monte Carlo simulation are useful

methods of analyzing and applying the IROS data to cost

estimating problems.

V I.
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CHAPTER III

METHODO LOGY

Introduction

This thesis methodology contains two major areas.

The first, “Background for Analysis” includes a defini— V

tion and discussion of the nature , sources , a~ d collection

of the data ; criteria for research and comparison; and

assumptions and limitations. The second area, “Approach

to Analysis” encompasses : the sequence of steps in TO

procurement; the TO cost estimation method; an evaluation

of proceduralized TOs (PTO5) ; and the forecast of F-15

logistics cost.

Background for Analysis

Nature, Sources, and
Collection of Data

Data for TO procurement are based upon historical

records of past procurements from the same contractor.

For example, the F-l6 budget information is based upon

data obtained from General Dynamics during the development

and acquisition of the F—ill (26). The actual cost of

various types of TOs is based on the contractor ’s esti-

mate of the average number of manhours required to produce

one page of the TO. The various categories o~ TOs are

31
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assigned different manhours per page depending on the com-

plexity of the manual.

The cost of any given TO is largely a ~~~~~~~~~~~~~~~~~~~~~~~~~~~

derived product, usually computed on the ~~~~~~~~~~~~estimate of the number of original and change pages
in the TO, hours required to prepare those pages and
cost per hour. These estimates in turn may be based
on a variety of factors such as contractor developed
page and i l lustration standards (hours per uni t)  for
writing, graphics and production; historical data;
surveys of existing TOs; complexity of the system; V

and , of course, interpretation of the applicable MIL
Specs (2 8 : 3 2 — 3 3 ] .

4 
The validity of the contractor ’s estimates is nor—

4 mally established by comparing that company ’s previous

performance on similar weapon systems and similar manuals.

Additionally, the contractor ’s claims are compared to

other contractors within the aerospace industry (22).
V 

The sequence of steps in the TO acquisition were

extracted from a comprehensive literature review. In

addition, many telephone and personal interviews were con—

ducted with personnel in the technical data business

including the Air Staff; the Air Force Plant Representa-

tive Office (AFPRO) ; the Air Force Logistics Management

Center (AFLMC); the Air Force Logistics Command (AFLC);

the AlO , F—is, and F-l6 Systems Program Offices (SPOs);

and the Air Force Human Resources Laboratory (AFHRL) .

The data on the advantages and disadvantages of

PTOs were primarily based on a study initiated by the

Advanced Logistics Division, Air Force Human Resources

Laboratories, Inc., Dayton, Ohio.

32
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Two electronic subsystems of the C—l41 aircraft were

used as the foundation for the test. The systems selected

were the AN/APN-147 and the AN/ASN-35 which are both part

of the doppler radar. They were chosen for the following - -

reasons: the equipment was readily available; the CTO5 were

representative af current technical data; the Air Training

Command Course 3ABR32834 (Inertial and Radar Navigation

System Specialist) addresses these systems as “typical”

types of Air Force equipment ; and the systems were complex

enough to provide a realistic test, but small enough to be

able to procure the technical data at a reasonable cost

-; (19:4,24).

The identification of the support costs for the F-l5

weapon system was based on the most current data found in

the 1(051 data base. These data are based on quarter ly

information from the APR 66-1 Maintenance Data Collection

System (MDC) . The K051 is a “high burner list” wh ich tracks

the scheduled and unscheduled general suppor t cos t of the

various components and end items of a weapon system. This

tracking system represents a key part of the Air Force

Logistic Command ’s (AFLC ’s) Material Improvement Program and

provides specific data for the Increase Rel iabi l i ty  of

Operational Systems (IROS) program (8).

The 1(051 data, displayed on 16mm microfilm and

microfiche , break down the support costs of a weapon system V

by the Work Unit Code (WUC) . The cost indicated for each

33
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WUC is generated at the organizational and intermediate

base level maintenance function (8).

Criteria for Research
and Comparison

The Sequence of Steps in TO Procurement were ana-

lyzed with the intent of making them as factual, accurate,

and comprehensible as possible. The steps were written

with emphasis on the cost aspect; thus, any omissions or

errors that one might encounter were due to the cost orien-

tation of this study.
r

Likewise, TO Cost Estimating Methods , were devel-

oped with the intent of accurately and factually reflecting

the actual methods currently in use by contractors and

Air Force experts in the field. As with the steps in the

TO procurement process, the cost methods were obtained from

those indiviudals recognized as experts in the procurement

and management of the Air Force technical data systems.

The ultimate goal was to portray the real world  in terms

of TO cost estimating.

The Evaluation of the PTOs was conducted with two

primary questions in mind: What advantages and disadvan-

tages of PTOs have an impact on the life cycle cost of

maintaining the weapon system? Can realistic present day

dollar values be assigned to these advantages and dis-

advantages? In some cases the information available was

too subjective to assign cost figures. Also, some

34
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conclusions relevant to PTOs used on the C-14l aircraft

are not applicable to the F—15. Consequently, for the sak-

of objectivity , only those advantages and disadvanta jes

that  were quantifiable and analogous to the F-15 were used

to predict the dollars saved over the F—iS life cycle.

The criteria for the Cost Analysis of the Advan-

tages and Disadvantages of PTOs hinged on the nature and

characteristics of the maintenance data obtained from the

1(051 data base. These data were analyzed to determine the

extent to which valid application of these data could be

made in computing life cycle dollar values. In order to

maintain the objectivity of this thesis, the cost analysis

portion was accomplished based on the K051 data base infor-

mation. Again , some of these data were irrelevant or

incapable of quantitative analysis in terms of cost. Only

the data which satisfied the specific objectives of this

thesis were used to develop the life cycle cost (LCC).

Assumptions and Limita tions

Prior to conducting the proposed analysis , some basic

assumptions were required to fac i l i t a te  the research and

to clarify any misinterpretations that the reader might

perceivo . Therefore, the fol low ing assumptions/lim itations

were established :

1. The studies conducted by project FIMO , the

Systems Rosearch tVaborat l.lries/AFHRL , and AI’LMC are valid

35

__ -~~~ —-- - --- V — V-— ~~~~~~~ — V -~ ~_~_V•V~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~



-~~~~ -~~~~ ~~ V~ 
~~~~~ 

V_r~~4._ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V  ~~~~~~ ~~~ VV VV~~~

m d  cal  ions ot lhe iecoptab i 1 m ty, usub i I ity, advantaqes ,

and disadvantages of PTOs .

2. Advantages and disadvantages of PTOs exist

th .it lend themselves to quantitative cost analysis by

assigning dollar values to these factors.

3. The cost estimates for procurement of various

TO options for the F-l5 weapon system which were provided

by McDonnell-Douglas Aircraft Corporation are accurate

based on current technology and experience with PTOs and

CTOs . -

4. The data obtained form AFLC ’s Maintenance

Data Collection (MDC) systems are reasonably valid , and

these data can be used to place realistic dollar values

on the factors identified in the studies conducted on PTOs.

Approach to Analysis

The Sequence of Steps
in TO Procurement

The exact flow of the TO procurement process var ies

from weapon system to weapon system. A synthesis of the

F-is TO procurement process will be made. A diagram show-

ing the sequence will be established using a proceduralized

step method . This will provide a conceptual and visual

display of the technical data procurement process.
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TO Cost Estima tion Method

Once the sequence for TO procurement has been

established , it will be possible to identify the various

cost elements in technical data costing ; such as manhours,

pages , and category. A decision matrix showing the alter-

nate procurement selection possibilities will be developed .

This matrix will show the alternative decisions and the V

corresponding cost to procure the technical orders for the

F-is.

An Evaluation of
Proceduralized TOs (PTOs)

The evaluation of the PTOs will be divided into the

positive and negative factors. The factors will be defined ,

evaluated, and quantified where possible. An analysis of

the various effectiveness and efficiency measurements will

be accomplisned to determine the overall improvement

in maintenance performance. This PTO percentage savincj.

index will be depicted on a scale from pessimistic to

optimistic with the most likely value being the midpoint of

the two extreme points.

Forecast of F-15
Logistics Cost

The operating cost of the F-iS will be categorized

according to work unit codes (WUCs) using the last three

years of data from the KOSi data base. To determine the

V 
most probable cost distribution for each WUC , three

V 37
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techniques will be used . These techniques are: time -

data graphs; Simple Linear Regression; and the SIMFIT

computer program. Finally, the Monte Carlo cost forecast-

-
~ ing method will be used to provide the probable distribution

of the tota l logistics cost for the applicable WUCs.

Break-Even Analysis

A cost benefit analysis of the PTO will be made

V using the dollar values established in the previous sec-

tion. Break-even charts will be used to indicate, wher e

possible, at what point in time the additional cost of

V procuring the TOs under the PTO format woul d be o f f s e t

by dollars saved using PTOs. The same logic and methodology

will be extended for a portion of the projected life cycle

of the F—15 weapon system in order to predict the total

potential savings of procuring the technical data base

- in the PTO format.

ii 38
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CHAPTER IV

TECHNICAL ORDER PROCUREMENT
PROCESS

Procuremeci t Sequence

The acquisi tion of techn ical orders (TOs) is a

complex and ever changing task wh ich evolves over a period

of years . The exact method of initially procuring TOs

varies from weapon system to weapon system and is controlled

and maintained by the System Project Office (SPO) technical

order division .

The major weapon system source se 1I -e( i~~n process

includes the requirement for the contractor Lo provi~~o neqa-

Lives of the applicable technical data ( i I d s O U  on t ~~~
- 
~uii

tary specification stated in the contract) to the Doll)

V representa t ive. The DOD representative i n  the ca~~c of  the

i-— 1 5 is the Ai r  Force [‘lant Represen fat v~’ Office (AFT i~))

located at the major contractor ’s plan t in St. Louis ,

Missour i .  The AFPRO assembles the negatives, performs a

quality control check , and forwards the neqatives to a

contractor designated by the Government Printing Office

(GP O) . The lechnica l order d i v i s i o n  of the ~ P~) prov~de~
a u t h o ri i at  ~ n t o  the Air Force Systems Command (AF SC/DAK )

who ~n V~~ Uf l  obi iqates the funds to the  GPO designated

cont ractor ~~‘on complet ion of the requi red  p r in t i n~;.
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V The contractor returns the negatives to the AFPRO and

distributes the formal copies of t he  t e c h n i c a l  orders

directly to the USAF field units through the  TO distribu-

tion system. However, preliminary technical orders are

not d is t r ibuted through the d is t r ibu t ion  system but are sent

d irec tly to the SPO , which in turn d i s t r i bu t e s  them as

required . The AFPRO returns the negatives to the weapon
V 

system contractor , who is responsible for maintaining the

negatives until program t r an s fer  (Appendix A) or directed

by the System Program Office. At th is  time the negatives

are officially transferred to the prime Air Logistics

Center (ALe), which assumes responsibility. Figure 1,

F—15 Technical Data Acquisition Cycle , displays the

sequence of even ts in the cycle ( 3~~) .

The ac tual acq uisi t ion of tLhe technical  data

includes considerable coordination in the form of con-

tracts and agreements . The process is in~~t iated i n  the

• SPO by issuing a Contrac t Data Requirement  L i s t  (CDRL )

which defines the weapon system technical da Li require-

ments. The CDRL consists of the Technical Order Publi-

cation Plan H—101/M, the Technical Manual CFAE/CFE notices

H—l05/M, the Aircraft and Training Equi pment U107—l/M ,

and the Validation Record H—108/M . These elements of the

contract establish delivery conditions , specificatwn

requirements, and validation/verif ication (Appendix A )

40
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ACQUIS iTION PROCESS

I McDonnell_ i

(Nega t ives)  (Coordination and
Funds Obli gation) 

V (Negat ives)  (Pape r Copies -
~~

of TOs) ~
i-i wa w  i-~ -

~4 U )  .—.-.-- .——--.. ‘H I
l F ield~~~~~_J
L~~~~~~~~J

r~~~~~~~~~~~~~~~ i

Fig. 1. Technical Data Acquisition Cycle
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guidelines for the entire technical data/order acquisi-

tion (36)

Technical Order Costing Method

V The cost of providing the technical order (TO)

negatives to the USAF on cont rac t  f u rn i s h e d  equipment (CFE )

and TOs that require inprocoss reviews from the prime

contractor is based on a Forward Pricing Agreement (FPA) .

This agreement between the USAI- and the contractor speci-

fies the direct cost parameters and estimating techniques

that are used to determine , as app licable , selected cost

elements of F-lS Change Proposals and Notices for Publica-

tions and Data. Basically it establishes the number of

manhours required per page of a specific category of TO.

The most recent FPA for the F-15 divides the TO pages into

major categories with manhours assigned to each category

or subcategory . This categorizat ion is dep icted in

Table 1.

The FPA takes into consideration • Z !  ~~~~~~~~~~~~ and

provides an average manhour figure per page to bill the

Air Force. The following hypothetical example briefly

describes the costing method and Figure 2 presents a

tabula tion summary of the n a r r a t i v e  descri p t ion .

For example , a three page ins t ruc t ion  is r e q u ir e u

to correc t a def ic iency noted in maintenance  t e c h nic al  d a t a

for  the weapon system. This Time Compliance Technical  Orde r

4 .~
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TABLE 1

FORWARD PRIC ING AGREEM ENT

Category Manhours

I. Airframe

Flight Manual 5.0
Mechanical Maintenance 5.3
Electrical Maintenance 4.5
Non-Nuclear 10.0

II. Contractor Furnished Equipment
(CFE) Manuals

I I I .  Contractor Furnished Air Equipment
(CFAE ) Manuals

IV. Development Program Manuals

Flight  Manuals
Inspection Manuals 2.6
Mechanical Manuals

V. Retrofit Data

Time Compliance TO (TCTO) 24.u
Time Compliance Directive

(Test Aircraft) 14.5

VI. Inprocess Review Manuals
(per each CFE TO only)

Change 7.0
Init ial  59.0

VII. Planning 1.9
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Pages with  defic iencies requiring
correction 3

TCTO Title Page 1

List  of Af fec ted  Pages 
-~~~ 1

Total pages in TCTO 5

Manhours per page x 24.6

Manhours per TCTO per aircraft model 123.0

Models of aircraft (F-15A/B/C/D) x 4

Total Manhour s ‘ 4 9 2 . 0

Manhours for plann ing requirement -s- 4.9

496.9

Test aircraft manhours (14.5 x S pages) ÷ 72.5

Grand Total Manhours 569.4

j 569.4 times labor rate per manhour equals total cost of
the proposed TCTO.

Fig. 2. Summary of Cost Computation for TCTO

I
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(TCTO) correction would fall into Category V, Retrofit

Data; and five separate pages would be required. The five

pages are: the TCTO title; a page listing the affected

pages in the TO; and the three pages of corrected main-

tenance instructions. Assuming there are four versions

of the weapon system (F-iSA , B, C, and D) that are affected

by the TCTO, a separate TCTO would be published for each

aircraft at a cost of 24.6 manhours per page. Therefore,

the five pages would require 123 manhours. Since there

are four versions of the aircraft, the 123 figure multi-

plied by four yields 492 manhours. An additional 4.9 man-

hours must be added for planning requirements to arrive at

a total of 496.9 manhours for the TCTO. To compute the

actual total cost of producing the TCTO, the 496.9 man-

hours is multiplied by the current labor rate per manhour.

In cases where special test aircraft are in the system,

an additional 14.5 manhours per page are added to accorn- —

rnodate these aircraft. Thus, 72.5 manhours (14.5 manhours

times 5 pages) are added to 496.9 prior to multiplying txie

cost per manhour to arrive at the “grand total” cost of

researching, modifying , and making the required TCTO nega-

tives.

Cost—Decision Mat r ix

The F—is SPO is faced with a complex problem. All

new technical orders are required to be procured under the

4



proceduralized TO format, Ml1 --M—83495 (16) . Since the

F-l5A TOs were procured under the old format, MIL-H-25098,

the U.S. Air Force has the option of using either the old

or new format for future procurements. Therefore, the cost

versus benefits of the proceduralized TOs must be analyzed

to determine what tradeoffs exist.

V 

- The F-15 SPO anticipated the requirement for cost

data for the various alternatives and requested ~~~iL ~~~~ vk

cost figures from McDonnell-Douglas for the possible

procurement options. Table 2 is a cost—decision n~atrix¶
based on the cost data provided by McDonnell-Douglas i lO :l).

The major significance of the cost-decision matrix

is that it indicates an estimated savings of $1.78 mil l ion

can be achieved by procuring the F-l5 A/B/C/D aircraft

TOs as a package in the PTO format. This savings is realized

when comparing the estimated cost of procuring the PTOs

in separate packages. This difference in cost represents

the required initial cost of converting the available

technical data of the F—iSA into PTO format. After the

initial conversion has been accomplished , the future cost of

procuring the PTO would be approximately the same as the

cost of procuring additional copies under the CTO format.

The pr in t ing cost of PTOs would be sl ight ly  h igher because

they generally contain more pages than a CTO.

46
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TABLE 2

COST-DECISION MATRIX

A/C Package Cost by TO Format Type*

CTO PTO

F-iSA None Not Available

F-l5B .2 Not Available

F-l5A/B .2 4.8

F—lSC/D 1.65 5.28

F—i sA/B/cm 1.85 8.3

*In millions of dollars for FY 1977 base year.

I

V h
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There is a point in the F-is production schedule

where the option to procure the PTO will result in higher

cost because it will not be possible to design and procure

the PTO prior to the actual F-15 c/D field requirement.

This case will require the procurement of the CTO as an

interim measure while the PTO is being developed . This

procurement will result in higher LCC cost, because total

cost must include not only the additional cost of the CTOs,

but also the opportunity cost incurred by sacrificing any

savings that might have been achieved due to the inherent

advantages of the PTO.

48
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CHAPTER V

AN EVALUATION OF PROCEDURALIZED TOs (PTOs)

In troduc tion

It is appropriate at this time to restate and eval-

uate the postive and negative factors of PTOs. Each factor

will be evaluated to determine if it is feasi~ le to quan-

tify the potential cost related to that factor using the

KOSi data base. Those factors elected for further analysis

will be categorized according to Work Unit Code (WUC) in

order to extract the pertinent data from the K0 5i data

base. These cost da ta w i l l  be su~ jectcd to ~onte  Carlo

simulation to determine the approximate distribution of

the total cost of the applicable WUCs .

Actua l ly ,  there are two broad catcqcr~ es ot pos i —

tive and negative factors for job guide manu a ls  (JC ~~;

which are the proceduralized technical orders t PTOs) n e i n g

considered for the F-15 weapon system . The first cateyo~ y,

Factors Affecting Usability and Acceptance , deals w i th how

individual maintenance personnel , the users , viewed PTOs

during actual “hands—on ” application in their work environ-

ment. The second category , Factors Affecting Maintenance

Capability , relates to how PTOs interact wita the entire

weapon system maintenance concept to change mission per-

formance and maintenance costs.
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Factors Affecting Usability and Acceptance

The 1977 A ir Force Human Resources Laboratory

(AF H RL ) study of the use of JGMs and logic tree trouble-

shootii g aids (LTTAs) produced some interesting results .

i.. had been es tabl ished that the use of JGNs an d
LTTAs could improve maintenance efficiency . However ,
it was not known how well the new proceduralized data
would be accepted by the users or what problems would
be encountered in implementing and using the data in
an operational environmen t [15:1].

Positive Factors.  The fol lowing positive fa ctors

V of PTOs were noted by maintenance personnel who participated

r in the study .

1. ~~(~~~‘ o~ Job u’u-iJo Y~ ’.saZs. Wi th few except ions ,

technicians agreed that the smaller size made the JGMs

easier to carry and use (15:15).

2. Pro , !i~~~o ~ r.i ~‘as :— to read and un ioi ’ot~:~:J. The

clear , concise manner of writing in the JGMs was clearer and

often more thorough than CTOs (15:15).

3. Pr~’so~~tations of !I:otl-sctiono . Technician s

especially liked the impact conditions page which tells how

to prepare for the job, the step-by-step instructions which

tell them exactly what to do, the illustrated parts break-

down for parts information , and the follow—on maintenance

instructions (15:15).

4. IZ~ aet~’a~~i ’~~~. The job guide ’s foldout illus—

trations, which are a key part of the maintenance proce-

dures, were well accepted by most technicians (15:15).
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5. Dual-Le~’c1 Preo& -r ~r z t i o ~~. Experienced techni-

cians greatly appreciated the general instructions wLüch

enabled them to complete familiar jobs without referring

to the detailed instructions provided for the inexperienced

technicians. This dual-level format helped reduce expe-

rienced personnel resistance to the change to JGMs (15:16).

• 6 .  Format. “Most users agreed that the format

makes the TO easier to read, understand , and use, especially

4 for the inexperienced [15:25].”

7. Reading LeveL . “By far , the predominan t

opinion was that the job guides are very easy to read , to

understand, and to follow [15:25].” Th is fa ctor was most

important to inexperienced people, but even the experienced

people seemed to appreciate the ease of re~~d~~ng and under-

standing (15:25).

Negative Factors. C-l41 aircraft maintenance

technicians who participated in the study also detected

negative factors of the PTOs. The following list is a

summary of the negative factors affecting usability and

acceptance.

1. Resistance to C~~~~~~. “There is a natura l

tendency to resist anything new that alters one ’s normal

everyday way of doing things [l5 :l6~~.” However , tais

• resistance to change does not appear to be significant or

long lasting . “A surprising number of those who expressed
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dislike or indifference to the data indicated that the prob-

lem was primar ily a ma tter of resi stance to cha nge and tha t

they will probably like the data after they [are] used to

~t [15:16].”

2.  ~ :- ors  [~: ~~~ P.~ ~~~~~~ As with any new TO,
I

V 
errors and omissions in data are a serious problem in gain-

$ ing acceptance of the data. “Howeve r, the error rate did

not appear to be any  greater than would be expected for

any new TO [15:16]. ” Because of the nature of PTOs, errors

are more critical , especially when the PTO is used by

inexperienced technicians. The prevailing attitude among

most technicians was that they will have to live with the

errors until they can be corrected through the AFTO Form 22

system (15:16).

3 ~~~~~~~~ i’~ i~ - ‘~~n~~~t o~~. There were four

major  implemantation problems which had an impact on

acceptance of the PTOs.

a. A significant communications problem was

encountered when the normal chain of command was relied

upon as the major means of getting information to the work-

ing technicians. A mass briefing on the purpose of the

study and participation required from the technicians would

have been more effective (15:16).

b. “Adequate instruction on the use of the

data was not provided (15:16].” The job guides themselves
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were not d i f f i c u lt to use; however , since the technicians

did not adequately understand what is contained in the job

guides and how to find the information , their ef f ec tive-

ness was decreased (15:16).

c. Policies for use of the JGM dual-level

feature were not adequately explained to the technicians.

Again , fai lure  to communicate e f f ec tively resul ted in

uncertainties among maintenance personnel concerning MAC

policy on use of the dual—level feature (15:17).

d. “Adequate provisions were not made for

storing the JGMs on the aircraft [15:17]. ” An e f f e c tive

means of storing the manua ls on the a ircraf t and making

them readily available are essential to encouraging maxi—

mum use (15:17).

4 • N UI -Ji~~I’ of Vc ’ h ones Rcqu~ :~ -~i. “l’he most. fre-

quen tly heard complain t at both bases [Cha rleston and Nor ton

Air Force Bases] was that too many books are required to

do a job (15:18]. ” This is directly contrary to the

or ig inal  concept that al l informat ion required to do 
~ V

job would be provided in one job guide and that  job g u i de s

would be packaged to keep the number of volumes required

for related tasks at a minimum . Air Force agencies })rocur-

m g  JOMs for other weapon systems should give special

consideration to this problem (15:18)
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• : : .  ~‘~~~! i t. , . “A problem has been I-I \L -ountc rcd

w i t h  the pa~j es tear ~nq out ot t lie 
~ 
oh qu ide  m a n u a l s  1 15 : 1 ~~ ] .

The problem stems from three f a c to r s : poor paper  rouqh

ed.jc s on binde r rings , an d  ho l.es punched at the very odqe

o the patio • All  of these dot  i c i en c i  es should be correct : t’d

to pre ven t  p o s s i b l e  ser b u s  pi oblenis caused by ‘ost

( 15 : 1 8) .

-
- :~~~~o~: 1 ‘:~ . ~ Ollit’ 1 1 lu st  r at  ions were tound

to be poor , p r i m a r i l y  because ot the pr ~nt  i j i g q u a i l  ty , not

because of the content (15:l’~)

7. -
~~~; :‘~‘~~‘~‘i: ~ ?~~~

V 
. Technic:  a i i s  e x p er i en c e d

serious i ndexi  rig problems w i t h  t he new t ecim I cal dat a  sys t em

because some data contained i i iade~it ia t e index and t ab l e

01 conten ts , and some techu ic ians d id  not ~h1equat ely

unders tand  the  index ing  sys tem.  Due to t h e  d i i  t c r ences

f r om the CTO index ing  system , t r a i n  I nq on 1 oca t I tig i i  to rma—

tion should be an i n tegr a l  par t  ot the di i l y  im p l e m e n t a t i o n .

8. ‘f f .
~~~~ 

i i~~’ ~~- i: ~ • “Technicians complai nod

that some procedures w e l t ’ In c I feet  ~ve or in e f  f i 0.1 out

[15:19] .“ The two most common complaints were :

a • IV:xpe r i ouced technicians conipla i ned that

ci it’ckou t procedures .1 re some t i me s t oo 1 onq . The g u I c k chocks

used with the old TOs were removed and rep i  aced w i h new ,

longer checkouts in some cases .

I
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b. The technicians said that the new procedures

require the use of far more danger tags than the CTOs.

“Since danger tags are a controlled i tem , any unn ecessary

use of the tags presents an unnecessary administrative

requirement and a substantial increase in maintenance time

(15:191.”

9. ~‘r: i t - t 1’d Procedures . A lthough the new da ta

cover many more tasks than the CTOs, technicians report

that some tasks have been omitted . It is likely that some

procedures were in fact omitted while others simply were

not found by the technicians (15:19).

10. o ’  ‘c, 1ic~~~ I ~-~~‘n  s. “Procedures sometimes

require more men than are normally used or availabi e [15:19). ”

11. -
, 

c ~~~~ -~ ~~~~ j j ’ )  I ‘~~-: Dot . ‘‘~~any

common malfunctions were not inc luded in the i~ali~~nction

V: indexes or covered by troubleshooting trees [15:20) .“ V\~~~~~~~~~fl ,

the v e r i f i c a t i o n  and val idat ion phases must be thorough

enough to insure that the troubleshooting data are f u l l y

capable of serving the intended purpose .

Summ~~~~. Obviously, both the positive and n ega t i ve

factors affecting usability and acceptance of the PTOs are

of ten  hi ghly sub jective in na ture beca use they rela te to

individual user preferences. Consequently , any attempts t o

quantify and assign dollar values to these factors would he

futile . Certainly , these factors in some way a f f e c t  m a i n —
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tenance costs; unfortunately, there is no piactical

method of measur ing their effect. In the long range the

overall effect should result in cost savings ; but , for the

purpose of this thesis , it is assumed that the positive

and n eg at i v e  f a c t o rsw i l l  at worst negate each other.

Most of the shop supervisors utt:erv iewed spoke
well  of the concept and the p o t e n t i a l  ot th e  ioh
guides. They recognized the problems , especially

V the errors and sometimes lengthy checkout procedures ,
but overall they indicated t h a t  the job gu id es  wei~~e

much better than the o r i g i n a l  TOs . The ofticers and
senior NCOs , almost without exception , wore opt  i m i s t ic
about the long—range impact of the job guides upon
C—l41 aircraft maintenance [15:28]

Factors A f f e c t i ng  M ai ntenance Capability

The primary source of factors affecting actual

maintenance capab i l i ty  and performance is the 19Th Ai r

Force Human Resources Laboratory (AFI1RL ) Evaluat ion of

Three Types of Technical Data for Troubleshooting . The

results of this experimental evaluation clearly demonstrate

that the use of PTOs resulted in significantly better

troubleshooting than the use of CTOs (15:2).

Positive Factors. The analysis of the data

collected in the AFHRL study indicated that , given tech-

nically accurate PTOs of high quality , the fo l lowing

positive factors can be identified.

1. Apprent ice  e lectronics  t echn ic i ans  ~..V 1 t 1 i  no 
V

field experience are able to troubleshoot r n o d er at c l y
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V complex electronic systems efit ’ctively (19:90)

2. Technicians with more than six months experience

on moderately complex electronic systems are able to

troubleshoot more effectively with PTO5 than the standard

CTOs at the intermediate level of maintenance (19:90).

3. Apprentice technicians with no field experience

• • using PTOs are able to troubleshoot as effectively or more

ef fectively at the intermediate level than techn icians

with some experience (less than six months) using standard

CTOs (19:90) .

4. The use of PTOs results in significantly fewer

“good” parts being replaced unnecessaril y than when CTOs

-
V are used . Use of PTOs at the intermediate maintcaancc

level in an operational environment could r e t L I l t  1 .  sioni -

ficant cost savings due to reduced spare parts cumn un~ -d

(19:90).

- 
- 5. Even for experienced technicians , trouble-

shooting at the intermediate level is pe r fo~~~cd s i — ’ i i f i —

cantly faster when PTOs are used (19:90).

6. Experienced technicians believe that ~ne PTOt;

are less difficult to understand than the CTOs (~~ ) :~~ i ) .

7. Experienced technicians prefer the PTOs over

the CTOs for use in troubleshooting at all levels ot - :

complexity from flightline to intermediate maintenance to

depot repair (19:91).
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8. “Although the present study was limited to

electron ic mai ntenance , it is highly probable thau similar

results would be obtained in other naintenance aicas

[19:91).”

9. A greater proportion of the maintenance

problems were solved using the PTOs (19:66).

10. In addition to the proven advantages of PTOs

documented during actual field testing, the Air Force

Logistics Management Center reported some additional

positive aspects of PTOs in t h e i r  I n i t i a l  Technical Order

P roject F ind ings .  These pos i t ive  factors  are b r i e f l y

summarized below .

a. PTOs can reduce long range main tenance

cost ( 2 9 : 2 3 ) . 
-

b. PTOs s imp l i fy  t r a i n i n g  and main tenance

actions ( 2 9 : 2 3 ) .

c. The new TO system uses a numbering system

that is in use in te rna t iona l ly  ( 2 9 : 2 3 ) .

d. The gap between designers , engineers , and

maintenance personnel is bridged by PTOs ( 2 9 : 2 3 ) .

e. PTO s establish better conf igu ra t ion control

of ai rc ra f t  wir ing ( 2 9 : 2 3 ) .  V

f. Time spent in search and re t r ieval  of

technical data is reduced by the proceduralized sy3tem

(29:24).
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y. The overall consequence of implementing

PTOs is reduced maintenance manhours per flight , higher

in—commission rates, and improved operational readiness

(29:25).

Negative Factors. The most glar ing disadvantage of

PTOs is the higher acquisition cost compared to the older

CTOs. The significantly higher cost of PTOs has retarded

- - the development of an improved technical order system.

• Summary. Many of the advantages of PTOs cited

by the Air Force Logistics Management Center are theore tical

in nature and unproven . However , the conclusions of the

AFHRL study are backed by actual controlled comparison 
V

tests of CTOs and PTOs, and these documented positive

aspects of PTOs can be used to determine the possible

maintenance cost savings of this new technical order fo rmat .

Except for higher acquisition cost, the negative
V 

factors associated with PTOs are related to ineffective

implementation and management of the technical order

system. These types of problems are characteristic oL

all new as well as established technical data systems .

Officers and senior NCOs involved in technical data agree

that after the PTOs are fully integrated into the main-

tenance system , management problems will  not create any

greater costs than the present CTOs. These immeasurable

management variables are not expected to be any more

__________________________________________________  _________ V
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counterproductive than the problems currently being experi-

enced with CTOs.

Factors Selected for  Fur ther  Ana lys i s

Pos i t i v e  Factors.  The AFHRL f i e l d  stud y which com-

pared three types 01 technical data for troubleshooting gen-

erated very quan t i t a t i ve  and r igorous statistics relevant

to number of problems solved , performance of apprentice and

experienced technicians , number of spare p a r t s  consumed , and

time required to troubleshoot when both PTOs and CTOs ~‘ere

used for electronic maintenance troubleshooting. These pos-

itive factors are used in the following chapter as the basis

for computing the cost savings which might be achieved using

V 

the PTOs instead of the CTOs currently in use.

The Analogous Systems Approach

Method. The AFH RL study was l imited to two elec-

tronic subsystems of the C— l4 l  a i r c r a f t  as a foundat ion for

comparison tests of three types of technical data for

troubleshooting . The subsystems selected were the

AN/APN—l47 and the AN/ASN-35 which are both parts of the

doppler radar. Consequently, a strDng analogy to the F—l5

avionics subsystems can be established . If the advantages

of PTOs are valid for the test subsystems (the ~N/APN-l47

- ‘ and the AN/ASN-35), then the magn itude of these advan tages

is expected to be at least as great or even greater for the
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more complex F-l5 avionics systems. Therefore , the follow-

ing seven work unit  codes (WUCs) were selected to develop

the F—l 5 potential cost savings : 5 1XXX—Instruments;

52XXX-Autopilot; 57XXx-Integrated Guidance and Flight Con-

trol System; 63XXX-IFF System; 71XXX-Radio Navigation;

and 74XXX—Fire Control System. The K05l file data extracted

for these WUCs represents the cost of maintaining the

F—l5 avionics subsystems .

The analogy between C—l4l and F-l5 avionics

maintenance is useful in developing cost data for two

reasons. First, avionics electronic subsystems constitute

the highest maintenance cost for the F-l5 weapon system.

Second, if cost savings using PTOs can be documented for

the C— 14 l a i r c ra f t, it is reasonable to assume that those

cost savings would also be valid for the more complex

F— 15 avionics subsystems .

Data Limitations. There are three primary limita-

tions to the data gathered to draw the analogy between the

C—l4l and F—lS systems. First , there are many pos itive

aspects of the PTOs that cannot be quantified in terms of

dollars saved. Although there is no way to estimate these

savings , they are expected to act as h i J c~ rn:~ -
’ t - ip/. ~’rs

and create significant savings in maintenance dollars (29:23).

Second , the AFIiRL study compared PTOs and CTOs only on a

limited application to two avionics subsystems . The
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effect of job guide manuals on the en t i re  C-14l a i r c r a f t

will not be known until more data on maintenance costs

after the implementation of PTOs can be gathered and

analyzed . Fina l ly ,  cr i t ics  of the 1<05 1 da ta  system

point out that  the f igu res  are in error because they

consistently underestimate the actual cost of each WUC .

However , if a cost savings is realized despite the con-

servative (low) K05l cost data values , then the actual

savings should be even greater than estimated by this

thesis.
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CHAPT ER VI
-

~ I

DATA ANALYSIS

Introduction

The Data Analysis chapter is divided into three

I main parts. The first, Performance Comparison for CTOs

and PTOs , deals with estimating the potential percentage

savings which can be achieved u t i l i z ing  PTOs instead of

CTOs. The second part , Forecast of F—l5 Logistics Cost ,

uses three years of F-iS maintenance cost data extracted

from the IROS K05 1 data f i l e  to predict the f u t u r e  Cost of

avionics maintenance . This forecast represents t~ e pro-

jected cost of using CTOs; thus , the estimated dollar say-

H ings for PTOs can be computed by applying the percentage

- :  savings factors obtained in the f i r s t  part of the data

analysis .  The third part  contains an ana lys is  of three

break-even char ts . These char ts  display the predicted

break-even points (the point.s in time where savings yener-

ated by PTOs equal the increased cost of acquiring the

V PTOs) for the anticipated savings derived from the improved

-U technical data.
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Performance Compar ison for  CTOs and PTO s

Measuring Performance

As defined by Robert N. Anthony , performance con-

sists of two dimensions ( 3 : 3 7 7 ) .  The first , effectiveness,

expresses how well a maintenance technician accomplishes

the job measured in terms of planned and actual output .

The ratio of actual jobs accomplished to total jobs

j assigned yields the technicians percentage of effective- V

ness. The second dimension of performance, efficiency,

deals with the consumption of input resources to accom-

plish the job . Therefore , e f f i c iency is stated as the

ratio of inputs (parts or time) consumed to outputs (jobs )

achieved .

The evaluation of three types of technical data

for troubleshooting conducted by the AFHRL tested three

performance measures of ma tenance personnel . One effec-

tiveness measure and two efficiency measures of the per-

formance of these technicians were recorded during the

experiment. Mean proportion of problems solved is an

effectiveness measure, while mean number of parts used

incorrectly and mean time to troubleshoot and repair are

efficiency measures. The combination of these three

measures can be used to estimate the improvement in over-

all performance as a result of using proceduralized tech-

nical data.
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Resul ts  of the AFHRL Technical
Data Evaluation

The effectiveness of technical data was evaluated

by measuring the ab i l i ty  of technicians to troubleshoot

representative faults in the test systems using each type

of data . Job performance was used to indicate trouble—

shooting ability . Each test was administered by inserting

a bad component into the system and observing the perform-

ance of the technician as he used one of the three types

of data to ident i fy  the bad component. Data was recorded

regarding whether the fault was correctly isolated , the

number of spare parts used , and the time required to

troubleshoot ( 2 0 : 9 )

Data were collected from personnel in three cate-

gories : recent technical school graduates (no f i e ld  exper-

ience), technicians with six months or less experience on V

the equipment, and technicians with more than six months

experience . An analysis was conducted on each categor;

of technicians separately,  and then the combined results

were studied to determine the total improvement in mainte-

nance performance using PTOs.

Apprentice Technicians. Eighteen a irmen who had

V just graduated from Keesler Technical Training Center

(KTTC ) Course No. 3ABR32834 served as subjects for the

study ( 2 0 : 9 ) .  They were randoml y assigned to two groups;

one group used FPTAs f i r s t  and the other used PTO s f i r s t .
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The apprentice technicians performed one-half of the prob-

lems with FPTAs and one-half wi th  PTOs. A controlled

sequence of problem assignment ensured that each problem V

was performed an equal n umber of times with each type tech-

nical data . This sequence also ensured that each problem

was controlled for possible order e f f e c t s  in the experi-

ment. These technicians were not tested using CTOs since

this level technician is not expec ted to be able to trouble-

shoot e f f ec t ive ly  using the CTOs ( 18 : 9) .

V Despite this apparent lack of capability with CTOs,

the appren tice technic ians performed extremely well with

PTOs. As indicated in Table 3, the e f f e c tiveness and

ef f iciency of appren tice techn icians using PTOs approached

the performance measures for experienced technicians

using CTOs. This initial capability to complete the job

without on- the—job t ra ining should have a great effect

on personnel and training requirements. Consequently,

the performance capability of the apprentice technicians

would probably result in significant savings.

Technicians with Six Months or Less Experience.

Thir ty—six technicians in the Mi l i t a ry  A i r l i f t  Command

served as subjects in the two experienced categories.

Eighteen had six months or less experience on the equip-

ment and eighteen had more than six months experience

( 18 : 9 ) .  The sub j ects included both m i l i t a r y  and c iv i l ian
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personnel , and the same experimental procedures were used

for both groups . A problem assignment procedure similar

to that used for the apprentice subjects was used; how-

ever , the experienced technicians were tested with all

three types of technical data (l8~~))

The e f f e c t i v e n e s s  (mean p ropor t  ion of problems

solved) for  the technicians  w i t h  six months or less

experience at the o r g a n i z a t i o n a l  level of ma in tenance

was 100 percent for  bo th CTOs and PTOs. Their  e f l i c i e nc y

(mean time to troubleshoot and r e p a i r)  was ac t u a l l y  be t te r

us ing  CTOs; however , a large number of par t s  were used

incorrectly. Parts used incorrectl y can become an

- ; - extremely costly item because of the to ta l log is t ics

cost required to procure , handle , t ranspor t , and m a i n t a i n

these items . Thus , s iqn i I i can t  sav ings  in fewer par ts

used incorrect ly  should eas i ly  o f f s e t  an average of 12.4

minutes additional time consumed in troubleshootinq using V

PTOs.

At the intermediate maintenance level the per-

formance using PTOs was superior to all  three measurement

cr i te r ia .  Perhaps the most impressive d i f f e r e n c e  in per-

formance was the mean number of pa r t s  used incorrect ly .

The average technician used over 2 . 5  t imes as many parts

incorrectly when t roubleshootinq w i t h  CT~~s. In ad dit i o n ,

technicians using PTO s solved 28 .8  percent  more problems
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while using an average of 25.1 minutes less time per

solution.

Technicians i:ith More Than Six Months Experience.

Eighteen of the thirty-six technicians in the 328X4 AFSC

had n~ re than six months experience, and these subjects

were tested in the same manner as the first group of

experienced technicians. It was noted that these more

experienced technicians solved more problems in less time

using CTOs at the organizational level of maintenance .

However, they again used almost three tim es ~~~~ ny p~ut s

incorrectly when troubleshooting w i t h  CTC:. .

At the intermediate level , -~ t I C C  .0U. u~. a ; t~~~i

PTOs was as good or better than the  I’e t ~~~ ~a: . - - . ~i CT’~s

in all three performance measurement a.

Summary of Potential  Savinys

Even wi thout  the possible savinqs  due t~
) a.~ V i .

C 

apprentice technicians accomplish more t a s r ~a , i t  is rea-

sonable to expect a considerable reduction in the F-l~

avionics maintenance costs as a result of improved per-

formance by experienced technicians troubleshootina with

PTOs. Table 4 presents a summary of the percentac~ie u t

savings for  each performance measure  ev a lu a t e d  UnI V ing tOt ’

AFUR L tes t ing of exprienced av ion ics  ma in ten ance  personne .

All  f igures  in  Table 4 are expressed kfl percentaqes.
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TABLE 4

SUMMARY OF ES T IMATED PERCENTAGE SAVINGS FOR PTOs

Percentage
Savings

Six Months or Less Experience

Organizational Maintenance

Mean proportion of problems solved 0
Mean number or parts incorrectly used 34 .0
Mean time to troubleshoot and repair -77 .5  *

Intermediate Maintenance

Mean proportion of problems solved 28.8
Mean number of parts incorrectly used 60 .7
Mean time to troubleshoot and repair 4 1.9

More than Six Months Experience

Organizational Maintenance

Mean proportion of pr o b l e m s  s o l v e d  - 4 .2  *
Mean number of parts incorrectly used 66.0
Mean time to troubleshoot and repair -44.5 *

Intermediate Maintenance

Mean proportion of problems solved 9 . 0
- - Mean number of parts incorrectly used 0

Mean time to troubleshoot 15.6

*percentage savings in favor of CTOs.
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The original data for mean proportion of problems

solved were already expressed in percentages; therefore,

it was possible to make a direct comparison of the effec-

tiveness of CTOs and PTOs. The numbers opposite the Mean

Proportion of Problems Solved in Table 4 represent the

percentage difference in effectiveness between the two

types of technical data .

The experimental data for mean number of parts

incorrectly used and for mean time to troubleshoot and

repair were not expressed as percentages. By using the

CTO e f f i c i ency  as a standard for comparison , the data

were converted to percentages which reflect the improve-

ment in efficiency derived from using PTOs . The ne qa—

tive figures shown in Table 4 indicate that  the potential

percentage savings for that specif ic  performance measure

actually favors the CTOs.

Although the elements of performance , effective-

ness and eff ic iency, could not real istically be combined

to compute an overall average, visual inspection of

Table 4 indicated that a sign if ican t savings could be

ant ic ipated  wi th  PTOs . The best approach to the problem

was to estimate a realistic range of savings that might

be expected . In order to display a greater range of

possible savings estimates, the fol lowing savings option s

were selected : “pessimistic ” = 3 percent;  “most l ike ly ”

= 15 percent; and “optimistic ” = 27 percent. These
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i f igures are consistent with the savings expectations

V 
expressed by PIMO1 and other studies covered in the

Literature Review. Research psychologists from the AFHRL ,

who were directly involved in the technical data evalua-

tion project, also supported these figures as reasonable

estimates of expected cost savings (5:25).

Forecast of F—15 Logistics Cost

The available data for the seven applicable WUCs

(51XXX——Instruments , 52XXX——Autop ilots, 57XXX-—Integrated

Guidance and Flight Control Systems, 63XXX--IFF Systems,

-! 71XXX--Radio Navigation , and 74XXX--Fire Control System)

were collected from the K05l (see IRO S in Chapter II)

data base. The data were expressed in average monthly

cost by WUC , by quarter; therefore, simple mathematical

calculations were required to express the data in average

cost per aircraft per quarter (see Table 5).

For each WUC, cost per aircraft, was plotted

over a time horizon . These graphs , found in Appendix C,

were used to visually display the general trend of each

individual WUC. Simple linear regression was used to

f ind a mathematical trend for future  cost. The visual

displays and ma thematical trends were compared to the

1Compared to the PIMO estimates, 15 percent is
a rather conservative estimate of potential savings.
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SIMFIT (see SIMFIT in Chapter II and Appendix C) com-

puter program results. The Kolmogorov-Smirnov (K-S) test

. 1 was used over the Chi-square test because it is the

more appropriate and powerful test when the data base is

relatively small (32:14). Additionally, as indicated

in Table 6 , more than one distr ibution was acceptable

at the 90 percent confidence level. This was not unex-

pected as the

Erlang , Lognorma l , Gamma , and Weibull dis-
tributions are basic in the theory of curve f i t t i n g
and when the sample is small , it is d i f f i c u l t  to
clearly dist inguish between the various distri-
butions. For example, all four  of the distr ibut ions

V may f i t  the data and , therefore , the researcher has
to decide which probabil i ty d is t r ibut ion best repre-
sents h i s d a t a  [3 2 : 6 ] .

Various combinations of acceptable variable dis-

tributions were tested to determine their sensitivity to

change. It was found that the mean values and the total

probability distributions changed insign if icantly when

the individual WUC distributions were varied . The distri-

butions that were determined to best describe the indi-

vidual variables (WUCs) were then used in the Monte Carlo

(see Monte Carlo in Chapter II and Appendix D) computer

simulation program. A total of 4,000 convolutions of

-~ the random variable were generated to form the Avionics

Maintenance Cost Probak’ility Distribution in Figure 3.

Three points on the total cost probabi l i ty  distr ibution

(low , middle , and high)  were selected to answer the thesis

research question. The high point represents the point

74

— — —V— -V - V ~~~~~ V _ V - ~~~~~
VV _ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — V - - V _ _ _ _ _ ~ _V ~~~~~~~~~~~~~~ 

~VVV_V ~ 
V 
— _ _ V V

VV



.. __V V~~~~~~~~~~~~~~~~~~~~ _~V_r ~~~~~~~~~~~~~~~~~~~~~~ ~= ~~~ r~~ ’~~c’~’~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V _  ~~~~~~~~~~~~~~~~~~~~

-

r 

‘ H

44
CU

—4
CO

01 U) in (N m ‘.~ -4

~~ th ‘q 1(1 ,-4 ~ .4 (N
V 4~j ~ • ~ S ~

44

CU ~~~~~~ •.~~in O i ?~~~~4) iflQ 0(N  ‘-4010
0) tD~~~~~ 0 4 .-I •-4 .-I 0~U) . .
44
o in tO O N  C O 0’ U 1

44 01 ~ o m in r-
~~~ I’ ) 141 ,-l _.4 .-4 It). . . . . . .

CU U) N  O U )  u- l m c N
E ‘~‘0’ C’I CN ~‘1 i n . 4
1-4 .-4 -C 4 ifl r.1 ,-4 -~~’(II 0 . . S •

~ 4 Z
U)
>4

-4

z
44 .—4 C’, 0 in N ‘, C~i)o O N  ‘.0 ’, 0 0 1 N -
S ,-4 0 (N r-I (N (N s-C

4-I 01 . . . . .
0 (u~

~4J
1-4U) U) CU ~m .,

~4
rn ,.~ 

V

S ~~~~~~~ o~~ ~~~~~ ‘4-4
>4 0 0 0  r I O  00,-I LI 0

UI 0404 m 0 4  0.,04r-4
,5~~ 44 . . 2)) 4)
Z CU 0) ~~Z (1) .-4 C)

04 .0
U) CU U)

44
CU 44 0)
~~ 0 N 0 N ~~~~~~ ~r CU 4)

( N ’ ,  ‘,-‘~~‘ > 0)
CU —4 .-I m ,-i ,-~ (N

0 • .-4 ‘U
44

CU CU
‘-4 04

44
~~ 01 in 0 0 ~ -I 0 0 II

.0 0 (‘~ 01 CN 010101 9-1
.5.4 04 (N s-I 0 s-I ,-40) .. . . .  0 0

04

01
S (N (N N N (N (“1 U)

- * CU 01 (N in ‘, ~~ ‘ ‘o’ ‘,
‘-4 0 ,-I m rI s-I (N (N 0.. .. . . .  z

)< )< >~~> >< >< ><
C:.) >‘~)< >~~)< ><>~~~
~ >‘~)< )~~~ t: >~~~~)~

s-I CN N” )  U1 ,-4 ’,
141 1!) int O ‘.ONN

75

- - - V .-~~~~~ -S~~~~--- - - V ~~~~~~~~~~~ -~~ - -



- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

Vt

I - 2  -

L
V 

- !_ I -

4 V

~ 

i_~
VV
~

VV

~~~~~~ L[~~.1~~~ Low Middle LI iy l i  ‘-

- ~
‘ 

~~ C:

Fig .  3. Avionics Maintenance Cost Probabi l i ty
Dis tribution

76

I
- — - — ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- — 

~~~~~~~~~~~~~~~~~~~~~~~ ___________________



- - V ~~~~~~~ ~~~~~ V V V~~~~~ 
_V

~_TV _  V VV ~W_V_ ~~~l_V•~ 
—
~~~~~ ‘~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

- tV It

V t , where there is only a 3 percent probability that the

future cost would be c,reater than $67,727. In other words,

there is a 97 percent chance that the future cost would be

111 lower than $67,727. The low point indicates that there

is a 3 percent chance that the future cost will be lower

than $5,513 and a 97 percent chance that it will be higher

than $5,513. The middle cost is the point on the proba—

bility distribution where there is a 50 percent chance

4 that the future cost will be higher than $17,211 and a

50 percent chance that it will be lower than $17 , 211.

All of the above figures are for FY 1974 ; there-

fore, these figures were adjusted to FY 1977 base year

- using the National Defense Budget Estimates •
‘
~‘r .~Y ID?? .

This publication provides the DOD/MAP compos i~ c ~ndex

which is weighted to include the ratio of civil  service

pay , mili tary personnel pay, retired pay , and industry

purchases for all DOD operations ( 3 3 : 7 8 )  . The composite

FY 1974 index was 7 7 . 2 , and the adjusted forecast cost

figures are (low——$7 ,14l, middle--$22,294, and high—-

V $87,729) per aircraft per quarter.

Table 7 is a matrix summary of the PTO percentage

savings options (pessimistic , most l ikely,  and optimist ic)

and the forecast F—is logistics (low, middle, and high)

cost probabilities. The combination of three options

and three probabilities for each option yields nine savin ’. s

It
_ _ _ _ _ _ _ _ _  - -~~~~~ -——— _ _ _- - - _ _ _ _ _ _
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TABLE 7

POTENTIAL PTO SAVINGS MATR IX

Forecas t Avion ics Main tenance Cost
PTO Savings Probabilities (percent)
Options ______________________________________
(percent)

Low-—3% Middle——50% High——97’~

Pessi—
mistic
3% $ 214 $ 669 $ 2,632

Most
Likely
15% 1,071 3,344 13 ,159

Opti—
-~~ mistic

27% 1,928 6,019 23 ,687

NOTE : Figures are FY 1977 dollars per aircraft
per quarter.
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forecasts which range from $214 ~o $23,687 per aircraft

per quarter for the seven avionics WUCs.

Break—Even Analysis

Three break—even charts were developed from the

potential PTO savings shown in Table 7. Since these

figures represent dollars per aircraft, it was necessary

to obtain a production schedule for the remainder of the

production cycle. The F-15 Production Schedule in shown

in Table 8 (4). With this informati a, the savings per

quarter were computed by multiplying the theoretical

savings per a i rc ra f t  by the total number of a i rc raf t  in

the inventory during each quarter . Those aircraft in pro—

duction during any quarter were not added to the

total until the following quarter .

One break—even chart was developed for each PTO

savings option. For example, the Pessimistic Break—Even

Chart in Figure 4 is based on 3 percent savings.  The

three savings curves on this  chart ref lec t  the e f f e c t  of

3 percent savings at each of three points on the proba-

b i l i ty  distr ibution for  F—l5 forecast  avionics maintenance

cost. A low , middle , and high cost f igure  was selected

from the distr ibution as shown in Figure 3. The Most

Likely and Optimistic chart were drawn in the same

manner .  The following paragraphs provide a brief descrip-

tion and analysis of each break—even chart.
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TABLE 8

F-l5 PRODUCTION SCHEDULE

Fiscal Aircraft Scheduled Total Airc ra f t  at
Quarter V Beginning of theYear for Production

79 1 27 334
2 27 361
3 27 388
4 24 415

80 1 24 439
2 24 463
3 23 487
4 17 510

81 1 21 527
2 21 548
3 17 569

V 
- 4 19 586

82 1 20 605
2 20 625
3 19 644
4 18 663

83 1 18 681
2 18 699
3 12 717
4 ... 729
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Pessimistic Break-Even_Chart

Reterrinq to Table, 7, the smallest savings con-

dition (3 percent savings and the low avionics maintenance

cost) yields a savinqs ol s214 per aircraft pcr quarter.

Even under thi m i n i m u m  say i nt~~ c o n d i ti on  the b r t ’a k— e v e n

po in t  would be . tct i  i eyed dur inq t ho st ’co u~1 q u a r t e t  of F? ~)0

wh ich is well within th e ’ It ietime ci t he  F — i S  a i r c t a t t .

This informa t ion is di ~;p i ave ’d qra~ li ica I l~ ’ in l’i ~~urv  4.

ehe middle  probab i I ty ( 5~) percent) ~.av nqs curve

i n d i c a t e s  tha t  t h e  b r e a k — ov en  pci u t  would he ach wvod

d u r in g  the second qua r t e r  of F? 83. The 1 ~na .I curve on

t h i s  char t  ( l epkc t s  the c u m u l a t i v e  ex~~’cted s a v inqs  a t  a

r at e  ot  $2 , b 3 2  per a i r c ra ft  per qu a r t er .  This  number is

based on a 3 percent sav ings  where ’ the F—iS av ion

main ten ance  costs are  u n u s u a l l y  h ig h .  in  I h i s  1’a. ~e the

break—even po in t  would be achieVed w i t h i n  t w e n t y — o n e

:1 months at  ter implement  ing the  Pl\~s.

Most L ike l y Break-Even C h a r L

The Most L ike ly  Break -Even  Chart  shown in I t  g u r e  “

is perhaps the most impor tant  or the  th ree  char t s .  I t

r e f l e c t s  the resu l t  of a po tent ia l  sav ings  of 15 per cen t

upon the  F — i S  a vi on i c s  ma iii t enance cost t i qu u-es s~~lectcd

f r o m  the cost p r o b a b il i t y  d i s t r i b u t ion .

Where  the f u t u r e  cost is expected t o  be low , t he’

po ten t ia l  savings  is $1 , 071 per a i ic rat t pei q u ar t e r  . ii

I
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the F-iS production plan runs on schedule , the break-even

point would be reached during the first quarter of F? 82.

• The most significant savings curve on any of the charts

depicts the effect of a most likely savings of 15 percent

upon the most probable maintenance cos t per aircraft per

quarter . This curve indicates that a break-even point

would be ach ieved during the first quarter of FY 80. With

all factors taken into consideration , F? 80 is perhaps the

most realistic forecasted break-even point. The last

sav ings curve on this char t was plot ed based on a high

savings of $13,159 per quarter , and the break—even u tter—

cept would occur dur ing the second quarter of Fl 79.

Optimistic Break—Even Chart

The final break-even chart appears in Figure 6.

This  char t  represents  the most op t imis t ic  savings a n t i c i—

pated which is 27 percent of the F-iS avionics maintenance

cost. The most conservative savings curve on this chart

is based upon a low savings of $1,928 per aircraft per

quarter. In this case the break—even situation would

be achieved during the third quarter of Fl 80. The mid-

die savings of $6,019 was used to plot the next curve, and

the break-even position would be attained during the third

quarter of Fl 79. Finally, the last savings curve was

based upon the situation where the avionics maintenance

cost was extremely high and a 27 percent savings was

84 
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achieved . In this very optimistic savings case, break-

even would be realized during the first quarter of FY 79.

In contras t, in Figure 4 the break-even point under the

most pessimistic conditions was midway into Fl 90.

Sun~mary

This chapter presented a three-part data analysis.

The results of the AFHRL experimental test of three types

of technical data for troubleshooting were evaluated in

order to estimate the potential percentage savings which

can be achieved from the PTO format. Three savings

options were selected ; pessimistic--3 percent; most likely

--15 percent; and optimistic--27 percent. Next, F-15

maintenance cost data for seven avionics WUCs over three

years were extracted from the K015 data file. Visual

inspection, linear regression , and SIMFIT analysis were

used to determine the most appropriate distribution for

each WUC. These data were then used to develop a Monte

Carlo simulation of the total forecasted future cost of

the seven WUCs. Three cost figures were picked from the

resulting distribution. There is a 97 percent probability

that the actual future cost will be greater than the low

cost va lue, and there is a 97 percent probability that

the actual future cost will be less than the high figure .

The middle figure on the cost distribution is the point

where there exists a 50 percent probability that the
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future cost will be higher and a 50 percent chance that

the future cost will be lower .

All dollar values were adjusted to FY 77, and a

three—by-three matrix was constructed to visually display

the data. Finally, the break—even analysis charts illus-

trate the forecast points in future time where the savings

for each of the nine states of nature equals the additional

cost of procuring the PTOs. It was determined that the

most likely break-even point would be achieved during the

first quarter of FY 80.
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CHAPTER VII

SUMMARY , CONCLUS IONS , AND
RECOMMENDATIONS

Summary

For many years, the United States Air Force (USAF)

has expressed strong interest in finding methods of

reducing weapon system maintenance cost. “One way of

reducing cost is to increase the productivity of mainte-

nance personnel by providing better technical data [18:1].”

Ii The results of “A Study of the Air Force Maintenance

Technical Data System ,” accomplished by the Behavioral

Sciences Laboratory in 1962, identified the need for an

improved technical order (TO) format in the USAF (2:44).

High maintenance personnel cost makes it imperative that

a more efficient, improved , proceduralized TO (PTO) for-

mat , such as the logic tree troubleshooting aid ( LTTA) ,

be developed and utilized.

At the present time, LTTAs are being procured for

the F-16 aircraft and all other new aircraft acquisitions

as part of the original technical data package (22). Due

to the significant advantages of PTOs, the F-iS Technical

Order Management Agency (TOMA) manager is in the process

of evaluating the cost of converting the TOs for the F—lS

to the PTO format.  The F-lSA model has already been
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procured with the convent ional TOs ~CTOs), but there us now

an opportunity to purchase the new PTOs tor various combin-

at ions  of the L~— lSA iI~, C-L ) models. A cost versus benet its

ana lys i s  of the advantages  and d i s a d v a n tag e s  of PTO s has

been accomplished to ass i s t  top level management u~ u d e c i d u n ~i 0

the appropr~.a te  type Pt) opt ion to  p r o cur e .  Thus , the

purpose of th is  thesis has been to ana lyze  the cost v er su s

benefits of procuring the new PTOs for t h e  F — i s  s e rie s

aircraft.

To accomplish this purpose , the f o l l o w i ng  t o u r

objective s were selected : to identify the steps in the 0~~S )

procuremen t process; to explain the technique used by

McDonnell-Douglas Aircraft Company to develop cost estimates

for the F-is weapon system TOs ; to describe the advantages

of procuring the F — I S  weapon sy stem TOs in the PTO format;

and to estimate where possible the potential monetary sav-

ings derived from using the improved PTO format. These

objectives were established so that i t  would be possible

to systematically provide the back round necessary to

answer this thesis research question : ~~~~~~ r~~ ~~~- :~
L’~~ar..~ PI B’~s 1’ rr: t ,~o~: ’i  ~~

. •  
~ lr~e r~~~~ 1’.. :~~i • ~.

~~~ ~~~~~~ ~ :~
A comprehensive literature review t ev e a l e d  t ha t

the problem of inadequate TOs was identified ovei: titteen

years ago. The most si gnificant study of TO syst em s si nce

the 1962 study was completed in ~~~~~ by the Air Vorce Human
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Resources Laboratory (AF H RL) . AFHRL evaluated three types

of technical data for troubleshooting . Fully proceduralized

troubleshooting aids (FPTAs) , LTTAs, and CWs were compared

in actual performance tests by apprentice technicians,

technicians with six months or less experience, and tech-

nicians with more than six months experience. The FPTAs are

0 not being considered for procurement due to the extremely I
high cost of the additional pages required to present

technical data in that format.

The F—l5 System Project Office (SPO ) anticipated

the need for cost data for the various alternatives and

requested “BOLL P.~rk” cost figures from McDonnell-Douglas

for the possible procurement options. This cost data pro- 
•

~

vided the basis for the cost versus benefits comparison.

Many of the advantages of PTOs cited by the v~ r~~~ .s

studies were theoretical in nature and unproven. Howeve~., 0

I the conclusions of the AFHRL study of three types of tec.i-

nical data for troubleshooting were backed by actual cc~-

trolled comparison tests of CTOs and PTOs, and these

documented positive aspects of PTOs were used to determine 0

possible maintenance cost savings. Four positive factors

with statistical relevance were selected for further

analysis. They were: performance of apprentice and

experienced technicians; number of problems solved ;

number of parts used incorrectly; and time required to

troubleshoot and repair. From the analysis of PTOs three
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savings options were developed : Pessi st~ c— —3 ~‘t ’ rcen t ;

Most L i k e l y — — l S  percent;  and O p t im i st  u~- - -~~7 peicent .

The analogous systems approach was used to draw a

strong analogy between the C- 4 1 0~vion .cs  subsys tem used

in the AFHRL study and the F-iS avxonic~; su~sy~;tems .

Seven applicable work unit codes ~W U C s ) ,  w h i c h  make up the

F-iS avionics maintenance cost, were selected to provide

the foundation for computing the potential cost savinLi s.

A Monte Carlo simulation was used to forecast the future

F-15 total avionics maintenance cost. Three points Jew ,

middle, and high) on the cost probability distribut i .:

were selected to reflec t the possible range of tuture

• avionics maintenance cost. When these thtee cost figures

were placed into a matrix with the three anticipated

percentage savings options , a continuum of nine possible

:t savings per aircraft per quarter was developed . U~~inq these

figures and the number of F-iS aircraft projected to be in

the inventory, three break-even charts were constructed and

used to illustrate the forecast points in the future where

the anticipated savings equal the cost of PTOs. Analysis

of the break-even charts reveals that the most likel~

break—even point would be achieved during the first quarter

of FY 80.
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Conclusions

There are several distinctive aspects of tn .js

thes is  e f f o r t .  F i r s t , i t  is impor t an t  to remembe r tha t

there are many positive but subjective factors associated

w i t h  PTOs which  cannot  be q u a n t i f i e d . The e ff e c t  of

t i i e s e  fac tors on maintenance cost w i l l  not  be known u n t i l

mo re experience is gained from operat ional  use of PTOs .

Second , the fo recas t  break-even poin ts  are based

o n l y  on the saving s f rom the avionic  maintenance  WUCs.

These s av ings  alone would most l i k e l y  pay the a d d i t i o n a l

a c q u i s i t i o n  cost for  PTOs , and it reasonable  to a n t i c i -

pate s i g n i f i c a n t  5~t v i n gs  if l  o ther  main tenance  ~~Cs.

1 Although avionics repair is traditiona fly one Ct  t~ie most

expensive individual maintenance areas icr ~iov~inced woapon

systems , t h i s  cost ~s only  a f r a c t i o n  of t t ot ~~ F—~~5

:~~ in tenance  cost .  The t o t a l  e s tima tcu  cost ot  the seven

avionics  WUCs du r in q  the three-yea r period ::-em 1975 to

1977 is S2~~.6 :~.1lion, w n i i e  in c o n p ar i s o n  t h e  total  1—15

weapon sy s tem maintenance  cost f or  the same t ime period is

es t ima ted to be above $60.5 mi U  ion ( 13~

Thi rd , th i s  study presents  a r an~p’ of pot cnt ia~

suv i n q s  for  PTOs tha t encompasses a l l  ot t h e  real  is ~ic

states of nature . The cont inuum of possib~ e savin qs  ranges

~~~~ ve~ v pc~.st ~~i . st i c  to a h e ~~ i ’: Op t  ~1~i S ti C  t i gu r o

w i t : 0i a pp r o p r i a t e  p t O D 5 O~~i i t  ies O S S  i q n t d to the  predicted

savi ngs .  T i b ~~e 9 , Summary of Forecast  B r e a K — L ~ven Points ,

1 
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TABLE 9

SUMMARY OF FORECAST BREAK-EVEN POINTS

Forecast Avionics Maintenance Cost
PTO Savings Potential (percent)

Option s ______________________________________
(percent)

Low——3 % Middle——50% High 97%

Pessi—
mistic

1 3% FY 90—2 FY 83—2 FY 80—3

Most
Likely
15% FY 82—1 FY 80—1 FY 79—2

Opti-
mistic
27% FY 80—3 FY 79—3 FY 79—1
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illustrates the broad spectrum of possible break-even

points. The most likely break-even time appears to be

during FY 80.

Finaily, af ter all factors are considered , the

answer to the research question must be: ri:4 P- , : w c a; 0 ~~~~~ i

tern t~ ‘a I Ja to a •~ i i  ~ 
- p • 

~ 
p - / 1 H e P ;‘: (Al : i~ — Al—

• ~~~~~~~~~~~ f e r t : a t .  This conclusion is consistent with the

recent F’-15 SPO decision to procure procedurclized te ch-

nical orders for tae entire F—i s  weapon system (3b).

Recoiwnendat ions

The following recommendations aic an outcome of

this thesis effort.

0 
1 . A f t e r  s u f f i c ient da ta is accumula ted , t h e

effect of PTOs on C — 14 l  a i r c r a f t  m a i n te n an c e  c o sts  shou lu

be evaluated to determine t he  actual savings real i. net .

The cost da ta for the C-l41 and other  opera t iona l , l i v c : a ~~t ,

such as the F — I S , A—it )  and F’— 1 1 1  , which  t i . : n sj s t  ion t o

PTO5 should be monitored closel y i n o r der  t o  dot  cc t .1

p o s i t i v e  or negat ive  t rends  and to det e r m i n e  the cause:.

of these changes.

2. B eginn ing  with [lie l’ — i b  weapo n :;ystcm , a 1

new a i rcra ft acqu i sit  ions  w i I I he p i t cured w : [Ii t no

procedura Ii zcd technical data , icka te lb ) . Toe ma : rite—

nanco cost d a ta  fo r  t:hesc new “ s Lat e  of t he a r t ”  weapon

systems should  be so r u t  in  i i~ed c ose l y  t o  de t ect  c o;  I

trend s that can be attributed t o  PTOs .

4) ~-l

I 
~~~~~~~~~~~~~~~~~0--- — 0~~~~~~~~ .*——~~~-— .~~~.
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-: .3 . I’lie a t  t ee’ t o I t ’ ’L \ i :; em t h~~~t ’ I - I ‘ , t t i t l  I- ’ - I i

L i  c i t  t t t i t ’¼1 e’,t t I~tl I o I 0! 0 I t j f l  1111 1 i t  i i  sa I es sht  u 1 ci to

stud ied . ‘Pht’ i i i  I 1 t t e f l e’t ’ o I t he t Iupt ovt’d capab 1 i t y o

l” 1~,h. ~;hou 1 d enha h O t ’ t Ii :t ’ t ¼ ) rc ’ i t  ri S.! i i ’ . .111.1 I ) 1 ¼ )\’ i t  14 ’  1 t t ’ I I t °

flu i t i t  e i ia  l i c e ’ ~~~‘ I 0 I m a h i e t ’ in  t h o s e  co un t  i i t ’ :;

4 . The 1’ -- 1 ‘tA t ec~ in t en I .1. t a has  i I t  ‘ , I t  ‘ 4 ’ ’. ’ I 1  I —

¼ ’ in o tt  i i i  the ~‘tV 1 0! hit,! t an d t lie ’ V- I ‘dl OoU I Cl 0 1 no be ‘t  —

c u t  e ’d t r i  t l ie ’ n a i u~ ’ t o t  i i i  t t o t  ~0 . .‘ ni t I I  t en .  Con’~eq i l en t  l y ,

.1 11 to ’ X t re’tfle’ 1 
~~

‘ va 1 t~1 cofl lp . i  I I son of  t he t od in t e a l  i i e t  :. eon Id

be . i c l i  t evt ’d i t t lie F — I ’  C I )  t ec l in i  c.t  I t l a t a  W e l t ’ p i o c u t e d

L I I  t he PTO I 0 i ntO I . i t ( I I  i s  c ’0llI~ ‘,i 1° 1 SOIl v o l  i t i ed t h e

0 ad vantage:,  ~~~~ l’ Te in , t o l  l o w — on p r o c t t i o n i e ’ll t ot  ( i i .  t’Te~ :; I C ’!

t he F— I t  A/ 13 w o ul d  t rid t 0 . 450  t hi ’ 10 1  .1 1 cost  o I the  I t ’cl i t i  t c .t I

~la t o  b y otil  y $0 . nix 11 iou . Ac t ua l ly , l e n : ;  t han  .‘ ~~~~ ;l t ) i )

.ippea to hi’ a nui.t 11 ‘t  ice t e ’ pay (~ Va 1 ida 1 [lie nov i w i ;

c [a irned t o t  I’L ~ls . A l t erwa t~~ln  , the t r . t t t n  1 1 1011 t o  ItTOS

101° other  Wed pon sys I ems con ld hi ’ ,i~~ ) I o,lcht ’d W i t  h ‘i lea t or

con t idence in the p ot en t  t a 1 o t l’Tds t 0 t educe  ma t I l t  (‘n an¼ - (’

costS .

I)’ )
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..! -ii-~~~O:):” . conventiona l TO (CTO) procurement s p e c i f i c a t i o n .
TOs procured under th i s  m i l i t a r y  spec i f i ca t ion  (M u Spec)
con ta in  a descr ip t ion  of the equipment and most of the
in fo r m a t i o n  required to troubleshoot the equ ipment .
However , the TOs are prepared assuming that the techru i-
cian has adequate training and experience in using test ,
in locating most parts within the equipment , and in
interpreting schematic diagrams (29:92) . Some trouble—
shooting information is provided , bu t the steps are no t

• fully proceduralized (see Appendix B)

~~~~~~~~~~~~ The primary difference between this specifica-
tion and :-ttL--M-25098 is the requirement for organiza-
tiona l manuals to be Job Guide Manuals (JGMs) . These’
JGMs are the new style Logic Tree Troubleshooting Aids
(LTTAs) which provide a step-by-step proce-lure (see
Appendix B) for troubleshooting (29:92).

10 ,V 1 I , - M - 8 .’ - 1 9 5 .  This specification expands upon MIL—M—38800
by requiring Fault Isolation Manuals (FIMs), Fault
Reporting Manuals (FRMs), and System Schematics Manuals
(SSMs). These manuals are used to identify , isolate,
and report discrepancies found by aircrew members and
maintenance personnel. Th e indexing system used in
these manuals (SOC Appendix B) identifies the specific
JGM required to troubleshoot the malfunction.iriq system .

L-:~~ )-:d ,- . . The m a n u a l s  above arc’ tied to  e n g i n e e r i n g
• through MIl,—STD—863A which provides specific gu idance
;~ for the preparat ion of schematic d iagrams (see App enuix  B)

- ‘ contained in the System Schematic Manuals (SSMs~

T~~t ’M . A Technical  Order Management Aqenc (TO~ IA ) i s an
in tegra l  par t  of each Systems Program Office ~SPO)
Th is agency i s  tasked w i t h  moni to r ing  the procurcrnenr ,
valida t ion , and verification u t  technical orders during
the acqu i s i t ion  phase of new weapon systems .

Vf ~’~1 A . ’~~~,V. Contractor ’s test of a new TO. Prior  to
dci rvery of each new weapons system component , the
cont rac tor  is required to va l ida te  the accuracy of
each support ing TO ( 2 9 : 9 2 )

V ER I P h ’ A [ , c . t ’ . Air Force ’s tdst of a new TO. AFR 8— 2
requires verification of “selected” (hut unspeci-
f ied)  TOs prior to the TC)s being fo rma l i zed  and

98
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accepted by the A ir l-’ot  ‘ i ’ . I’tt ’sOnt L y, t h e ro  is  l i e ’

stated criteria on what constitute s a ven t ; c .t t i u n ;
therefore, each SPO develops i t s  own p o l i c y  i i i  r egard
to v e r i fi c a t i o n  ( 2 9 : 1 k, ) .

~~~~~~~~ The fully proc edurali~~ed troubleshooting .iid (FPTi’t )
provides complete s tep-by-step i ns t r u c ti o n s  for  both
checkout and t roubleshoot ing , and t h e y ,t rc designed
for use by both experienced and inexperienced techni -

-
~~ cians . FPTAs are n~~:e procedural i..eu than LT’rAs, anti

the key ed i l lu s t ra t i o n s  provideci with the text  make
the much more expensive (18:5).

~~~~ See MI L— H — 25 i ) 9 8 .

As used in t h i s  thesis 1 the te rm procedural  i ~eu

1 technical  orders ( PTOs) include those manua l s  required
by M I L — M — 3 8 8 0 0 , M I L — M — 8 3 49 5 , a nd MIL-STD -86 1A.

.~~~~
‘ ‘ . Work u n i t  codes .ire the common denominator in the

I ROS program and is s i mi l a r  to the Work Breakdown
Struc ture  ( M I L — S T D — 8 8 1 )  used by the pninit ’ wea pon sys—
tem cont rac tor  . By us ing  work un t coding t h er e ’ is
a complete identification from the ma or func tions ut
the sys tem (landing gear , bomb/NAy, e t c . )  down to its
lowest level component (27:8).

h’C~’. The Required Op era t iona l  Cap I’i lity (ROC ) is flOW

re fe r red  to as a Statement  of Ope ’I a ti o n  N e ed ( N )
and at one t ime was i e t er r e d  to as a e;e’ uie ’r ,t l  Ope ra—
t ional  Requi rement  (Ge ) R )  . I t  is the primary vehic le
for  s t a t i ng  a Major  A i r  Command need (17:9) .

1’,~; ;;/~,l t7 - 1 . -i V.~? ,~~’h’ . The’ poin t  in  t ime  when the respous i —

b i l i t y  for  a weapon system is lransfei red f rom the A t r
Force Systems Command to the Ai r  Force Loqist ics
Command .

- - - — ~~~~~~~~~~~~~~~~~ - 
—-—— - - - 
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—1 Li) . 5~. t -  t I’~ i
(-Ui 1 ! ,~ ~ it) l~t , ~. ( L .1 U~J~Ii C0~1kOL Ch’’ , (juju ’ -,  ~~~~~~ i t ’s .
I t~I) I t  ,I TO P C— 3i~ I ‘i t/~~ U - 3~, (COIST )

-~~

i t i’.t’re t Cuntrul Lnd ,j hit .
Ke su re  to rOta L/K e.our l t e r

- , ç A uTIUt t  .ivsemb iy (6) thre ,y~ it s ful l
count 99Y LIFT and RIGM1 999.

If  return ing to th is page (ru

.i trou5le~hooting step , be sure : 4. Operate contro ls (1) , (8), and
(11) to rotate counter assenthlie~a. Al l disconnect ed wires (6). (9), and (5) throuyh their

and cables are recon- full count. Chec k that counters
nected. (6). (s), and (5) rotate freely.

b. A ll removed coi~ponents if not , inform supervisor.
are reinsta lled .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i. Open foldout (p. 1-59).
5. Disconnect P540~ (15). Using VOM ,

NOTE check that resistance between
P5401-30 (3) and P_5_4~j2~2. (4) ~Do not overlook iriportarice of 8 to1~~ohms . if not. qo to

visu a l inspections. If you do p. 1-12 (malfunction No. I).
:1 not know how to inspect com-

ponents , refer to T.0. MS1M 6. Connect P5405 (15). Disconnect
GENt . 

- 
P5406 (16).

Keplace d~fective components . 7. Using VOM . check that resistance
as discovered , and continue hc’tween P~ lOt - t O  (3) and N.40f 32- - checkout. Refer to IPB (T.O. (4) is 8 hi IL ~~~~~~ t f nut , 90
5NS-12-2-4) for part number, to p. 1 -1? (-i al funcLh- - No 2).

2 . Perforln thorou~h_visual i~~~p~~c t i o n  RU:P.~~D q
~°of contro’ indicator (12). Look TYPICAl

for: 14
TYP “ ~ - ~~~~~~~~~~ 

-:
a. Burned or scorched components . IC I Mi/f ~~~
b. Cracked , disconnected , and 13

broken wires.
C. Bent , ~~ok:n, and missing pins ~~~~~ 

-

3. 
- 
Inspect control inthcator~~~2) for : ~~~~~~~~~~~~~~~~~~~~~

matt;r, as re~ulr~d. 
.~•:~~; 

2

2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘

~~

2 P~ ACE S ~~~~~~~~~~~~~ 

- 
-

1-6 
Exaitip l~ l’a~ .- I rou l t ’ t’A Cht ’ ck o t i f  and Troubi c-shoot Procedur os  fo r

Navi 1 at ional ( o m ,i u t t ’r AN/ t t SN—3 5

101
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T ,O. SN I - 3 - T S-3

t i~~ iI AN~ t .~j o it t \ I3~~)l CU II~Ot. 9 , .1  
~~ 

v~~ i , U.’t k t I t d t  res
I’.UICAIiJR C—3 UI’~A/AsN- 3’. 3 10N1) I’ ~~,t’ .’n ,~ • - ‘.‘)6- J (10) a’~~ i~4D~.-1

( ‘ t )  i~ i~L~~ t~) 10 ohms . ifl oI~~ o
troubleshoo t M a i f u i , e t i o n ~~~o . ~1 (hint) ,  t o  s t c p l l . 1flO~ i n a h at es  60

to 80 ohns , .~o to next step.4. Ch eck that r i i~t i (  cooi i te r  ,na~3 I ( ’(
.isserbiy K54i)5 (4) .itljuctrtent 10, I”. t r iq  ~~~~~ indicator w t t t i ~-; t114-
is  ~~~~ If not , ‘to to ct,’~ 11 . t o t  ~~~~ r )  ~hock w i t - in~j. 

i~~- , ir
I f adj~istnwnt is ~~~~~~ ~o to o~- ’~t ~r replace de feL ti v e wires and to

t o  p. 1-1 .

5. Check that  r iu ht t o u n t e r  i l I r o t  11 . -~ j i -  3 r~~ 3~t counter ilagnet i’ .s , - i -
co t -c ~54O5 (1)  adjustm ent ~s aood. b l y ~~~ (4) (vol . 6, p. 5-1 )
if not , go to step 12. If adjust- anti go to step 15.
tent is good , go to next step.

6. Inform supervisor malfunction is
mechanic al and located in I/H along
track counter assembly (2).

7. UsIng VOtI. check that resistance 6
4 between ¶.W5402-C10 (5) and

F SW5402-C’lT (6) i~~l ohm or less. S
rriiot, go to s tep TiT’ 1T11~W 7
indicates 1 ohm or less , go to next / ft

8. DiscOnnect P5406 (8) and go to ne*t - 
—

P 0~~S~~~ t

4

I ~

)~~~~~~~c _
~~J~~ 

-

~~~

*-. ‘I,.

1-42
Ex.imple P..igi’ t rt’tn l’ i’Ti~ Che~ k , ’ tm t intl r ~‘mi b It . t i ~~, m t  ,‘ t o , t ’tl m i t  ~

- I m’

t4av i gat iona t:o mptl t t ’ t  AN/\~N 
- -
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I . - m r ~~.t  audio usc 2 Ja (or

t ro.n t , ’it hmrn.’ss.

2 . Os, m , - , . t harnocs . mon itor
I ~~~~~~~~~~ l -tw,~tfl t~ - ’.~ j~k)mf l t 5
l A S  am4 M’ , u si t i9 ME-6
1 Flectronic Voltne (s’r.

1 . On contic.1 ind icator , cot

, .crA(. t 2 oJ SrANC~ TO GO

I r,-ajout lu st to 000 N.M.

LJ~~~~~~~’.~’ 

•n d A ~~ whrn STA..F~~~~L) S , . CE~~~
1’

i CAdu p U t on control ind i cator
I. i t) (SilO N. 5. m d SOO N - N.

NO

in.~iu ’,,tor C ault y .
Pct l . , r m , , ‘ t  r~u 1 ind i ca t or
b mu ’ h check ou t 1yr ’, oriurs ’ .

Figure 3-3. Computer Set Troubleshooting for Failed Bench
Checkou t Procedure 3-5/3

U - ~ i :i p I e Page 11om L1’l I~ Ben ch ~:1m • m o l  and T ri m ib ushoo I iti~’.

Prns.-edures for Computer Set AN/AS~ — 15 (Sect ion  .3 of I.TTh )
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MONTE CARLO PROGRAM

0~) 1- ’~~~uN *us(ULjII)Gt~AflL1B/TSs,R;LIBR.ARy/AppLIB ,R;
O02*!~OCNE. LI8/LIBRARY ,R ;AF.LIB/BLIBRARY ,R
010 D1’-IEI~SION Y(5000)
020 CALL AT~AC1I (10, “78A71/CET1A; ”,3,0)
030 DO 20 J— 1 ,4000
03 SC
040 X 1=UNt FO R~I ( 2 S 2 . .870-)
050 X2~ LOGN0 RM (4 86 .25 , 407. 182 )
060 X3’-.LOGNORM ( 274. O , 382 . 102)
070 X4= UN IF OR ’-I (563 .  .15 16.)
080 X5~ XNOR MAL(9 4O . ,279 . )
090 X6~ LO GNOR f ’I (224 5 .75 , 966 .597)
095 X7-.EXPONT(16332.)
097C
100 Y ( J )  X1+X2+X3+X4+X5-4-X6+X7

~~ 1 
110 WR IT E (1O , 105 ) J , Y (J)
120 1O5FORI’IAT( 14 ,2X , F 12 .1)
125 20 CONTINUE
130 END FILC 10
140 REWIND 10
150 STOP “FILE 10 IS COMPLETE ”
160 END
170 FU~CTlON LOCN ORI-I (tJ 1 SD)
180 LOCN OR I_EX P(XN OEC .IAL ( ALOG (U )_ .5*ALOG ((SD/U ) **2+ 1.)
190& ALOG((SD/U)**2+i.)**.S))
200 RETURN
210 END
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SAMPLE OF DATA FROM
MONTE CARLO PROGRAM

1 1~ 142.~
.~ )I 79.7

J 2’O1).2
6 °-7 1.7

5- ‘IS~ 4 .O
5 3 . s  L I  • 1 —

7 1S51~~~9276 .7
I) 2 ’)626 .4

10 4~ , O 5 7 . 7

11 13311.8
1? SS SS . c

ti3O 71.9
14 1 56( ,’ . I

~~~~~~ 7
1’ s 77I~ .~
1 7  3~;/ ~ 5~ •

l .7
21i .”’.3
227S2.1

20 2011 1 .9
21 17S .~1 .t)
22 350(l~I. -)
23
24 3450.6

-
~ 

200 2~~.5
46092. 0

27 2 1623. 0
28 2(•Jt,5.)
29

31 ~1864.2
32 14871.3
J3
34 8980.2

24833.9
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PROBABILITY DISTRIBUTION PROGRAM

1~

-1

10##~loR~l ,R(SL)
2O$:I.)I- NT:wP 1 3O8,AFIT/LSG (M0RAVI~K STD 78A71 WP1308) GRAPHOI PLOT
30$: ’-1 S G2: L . SENI) PLOT I’5\PC TO L~LOTTER**USE BLACK INK * *(MORAVEK ,WP 1308)
40$: OPTION: FORTRAN , NOMAP
50$: FORTY : NF ORM, N LN O
60 ) IM ENSI OU DAT (5000)
70C
•80C PR OCR AN (PLO TFREQ ) FOR DA~ -~ (DAT(K)) SCALED (LINE 430)
90C BETWEEN ZERO AND ~~~~ PARAMETER IV — 1 GIVES
IOOC PROBABILITIES ; IV 0 F R E Q U E N C I E S  (CHAN GE LABELS )
105C PARA ;-IE TER 31 — 1 olvEs 3 B’:’ 5 7LOT ; 5 BY ~ OT H E RWISE.
h O C  PROG RAM SKIPS  LINE NU M BERS;  X0 I~ R EAl) IS
120C VAUIE FOL LQ ’IINC LI - ;I :  NUMBER ; CRANGE READ i~I ST
130C FOR CONFORMI T Y TO FILE I~E 1N G ~EAD .
135C CIIA N ’ ;E XL’4IN ,~~ IAX AS DESIRED
13~sC
140 PARAM ETI R IV 1; 3 K — I ;  XMAX — 20; i~M IN — 0.
150 REA L YVAL(2 00 )
160 CHARACTER CAIJSE*1 , ALPII A* I
170 CLIARACTEO TITLEI*34/’ DISTRIBUT ION OF COMPUTED \‘/
180 CHARAC’rER TI-I’L52*37/’ AVIONICS COST—TOTAL \‘/
190 K— I
200 TLO— 99999 9 .
.!l m) rMI—999999.
223 SUM—fl.
7 3 Q  SQI I—0.

:‘6mJ 5~ EA~)(5,1OO L ,END.5O) XI)
•~

S~•) ~)Ar(K)
260 1001 VOR’IAT(V)
210 IF()AT(K).C,E.T}II) THI—DAT(K)
2’~() £F(OAT(K).LE .TLO) TLO—DAT(K)
2’~.) S1lM—SU~+t)AT (K)
300 ~~ .

,) j  — SQII ÷ !3AT(K)**2
:i i I) - : — v ÷ i
32() il 

~~,)  5
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330 50 CALL !J STAR T
360 CALL um)[’ IEN(8. • 33. ,“CAPT MORAVEK 78—A\ ”)
350 K—K—I
360 CALL USE’f(”Sl’IALL”)
370 CAI.L UDAREA (O.,12. ,O.,12.)
38 0 Y — K

4 390 00 100 3 us 1, 30
401) IOOYVAL(J) — 0
‘.10 ThAX 0.
420 DO 200 3 — 1 K
430 INW~ — I )A T ( J ) / 5 000 .  + 1
440 1K — I A X 1( L K , IN I ) X )
450 YVAL(INDX) — YVAL(INI)X) + 1
460 IF(YVAL(INDX).GT.riAx) YMAX — YVAL(INDX)
470 200COUTINUC
480 ThAX us (mAX/tO. 4- 1.)*1O.
490 AVE us SUM/Y

500 I F  ( L V . N E . 1)  GO TO 206
510 00 [07 N — 1 , 1K
520 YVAL (M) — YVAL(M)/Y
523 PR INT 999 , YVAL( M )
527 4~~I)9 FI~RMAr(1x ,F6.3)
530 1O7CONTINUE
540 YMAX us YMAX/Y
550 2O6PRINT 101 1, (DAT(M),M 1 ,IK) , YMAX , FL OAT (INDX)
560 ID1IFOR!IAT (3X, l(W6.2) 

5

570 SIGMA ~~SQRT((SQU_ (SUi i* *2 ) / Y ) /( Y_ 1) )
580 TM E D— ( TL O+T III ) /2 .
590 CALL USET(”DASH”)
600 CALL U~-lINDO (O.,1-3O.,O.,1OO.)
610 CALL ITMOVE(0. ,O.)
620 CALL URCCT(100.,1C)O.)
ó)O CALl. tJS CT(”LI N E”)
640 IF(JK.EQ .1)CALL UOAR F A ( 2 . O, 7.0, 3.0, 6.0) •

650 IF(JK.NE.l)CALL UDAREA (2.0,10.,3.,i4.)
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660 CALL UPS CT(” YL ABEL ” ,“PR OBA BZ L lTI CS \“)
670 CALL Ifl’S E-rC’~zI.A;;~:L” ,“COST TIMES 5000\”)
u 80 CAL LS U SL T ( ” XBOT11L~BELS ”)

- - 690 CALL :~~t- ;T(” YBOTH1AB ELS ”)
700 CALL. USE’I’ (“ OWNSCA LE ”)
71 0 CALL U~~IN DO ( X MIN , XMAX ,0. , YMAX )
723) CALL AxIs(xm~~,:ctAx,0. ,YMAX)
730 1)0 300 3 us 1, 30

S 

7 4 0 X — J — 1
750 CALL UMOVE (X,0.)
760 CALL URECT(X+1 ,YVAL (J))
770 300CONTINUE
780 CALL TJS ET(” I)EVICE”)
790 CALL U M O V E ( 2 . 2 5 ,9 .85)

FO0 CALL tT PRNT I (T ITLE 1, “TEXT ”)
810 CALL WI OV E (2 .2 5 , 9 .85)
320 CALL 000IT(” LFOI ”)
S30 CALL U1’R NT 1 (TITLE 2 , “TE :r”)
840 CALL UMUVE (5.0,9.25)
350 CALL UP~U-.T1(”MEAN — \“,“TExT”)
$60 IF(Y.NE.O.) ~~ Ti.) 250
370 CALL UPRNT [(“NO DATA\ ” ,“TEXT”)
880 GO TO 490
~90 250 CALL UP ONT I (AVE . “Ri~AL”)
900 CALL U N O V E ( 5 .9 . 9 . 25)

5 9 1-3 CALL 00011 (II j 1~Oj ”)
920 CALl. I IP RN T I (“ ST o~:v—\ ”,”Tt:xr”~930 IF(Y.EQ.1.) SI(~1A—0 .
940 CALL UPRNT1 (SIGMA ,”REA~”)
950 CALL U M O V C( 5 . 9 ,9. 2 5 )
960 (‘ALL UDOIT(”l P02 ”)
970 CALL UPR NT I (Y , ” :U’.AL”)
9~3() CALL U PRN T 1 t T ’ ~~ • REA L”)
9I)c) CALL UM0VE~~’ .9 , ’~ .2 ’ )
1000 CALL U D O IT ( ” LF O3”)
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1 )  ~ CALL ~1 PR NT 1 (“111 PCT—\” ,“TEXT”)
• 1- . 3 CALL. 0P.~NT 1 (1! 1 , “

~~ FAL”)
I ~ 10 C Al. ), Ir MOV1: (5 . 9 • 9 . 2 5 )
1 ~40 (‘ .-\Ll, 110011’ ( “LF 4 ”)
I 0 0  CALL I’~ -fl’ 1 ( “LO Pc i’— \ ’’ ,“TEXT ”)
hO ~i0 CALL IJPR NT 1 (TLO ,”R F.AL”)
11370 CALL UMO V C ( 1 .O5 , 9 .45)
I uO O CALL UPRNT I (“B1-.~~.ET 1’/~LOEAVL.K\” ,“TEXT”)

6 90 CAL LS U SET ( “VI R TUAL ”)
11 00 SOt) CONTINUE
1113 CA LL U L N I )
1120 STOP
1130 END
1140$: LIB RARY: Al , A2 , A3
1150$: UXE CI T~1
11 60$ : LIM I TS , 39K
117 0 $ ;P R1i FL :A I , R , R , Gt- (APUI C S.L 113/ G CS/G C S3.O
1 1  Su$~ PRM FL : A2 ,R , R , (~~A P I l T C S . L I B / G C S / C A L C 3 . 0

-~ 1190$: PR~1FL:A3 ,R .R ,A1~.LLB/CALL1B
I 233$ : FF 1 I .E : 27 , FIXLNC/ -~O , BUFS IZ / 81

• L21 O $ :TA PE: 27 ,X 1 I ,,,, 1’L,, 3 ’—~’APE/WR
1220$: )ATA : 1*
123 0$: SELEC t A : 7 8 A ? 1 / 0 L ’ I A ,R
1240$ : ENOJOB
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SIMPIT PROGRAMS- -SAMPLE

O1o##s , rt (SL) : , $‘ , 16; ; . 61
020$: IDENT:WP13O8,AFIT/MORAVE~ 78A/LSG
039 ‘: OPT 1011: FORTRAN , NO!IAP
o40- : ’:sCLECT :ST -tF 1T/SF 0— !~ECK

.1 060$:LIMITS :05 , , , 5000
070$? DA TA : 05
080$:SI1LECTA : SF 1

-~~ 090 $:t ~\t~ :O9
100$: SELECTA :WUC I
1-1 0$: I’W1~JOB

10 1 2 3 4 5 6 7 :‘: 9 10 11 12 0 0
020 .10 4 1 0 0
939 .75 282.0 163.3333 4 0.0 (1 0 0 0.0
04i) TEST OF WL TC SIXXX
050 ;‘i~ST i40.1
)(~0 ;1

I ) 7~ (V)
080 —99 .99

0 10 583 370 767 (~~7S)

V~0 730 282 530 ~~~
030 550 485 535 492
340 —1’).99 00 (‘3 10
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