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CHAPTER I

INTRODUCTION

Since World wWar II, the United States has been
assisting friendly foreign countries in establishing
and maintaining adequate defensive postures, consistent
with their economic stability and growth, to maintain
internal security and resist external aggression
[8:A-1].

In light of this intention, the United States
government has developed a program of both military and
economic assistance to certain selected foreign countries,
known as Security Assistance countries (SA).

As a program, Security Assistance comprises the
sale of defense articles and services, the grant of
such articles and services without reimbursement in
appropriate cases, economic supporting assistance in
exceptional cases to offset costs of maintaining armed
forces, and grant assistance to public safety forces
such as police [8:A-1].

The Department of Defense (DOD) is responsible for
the administration of the Foreign Military Sales (FMS) pro-
gram as part of U.S. Security Assistance. Included as part
of the FMS program are the actual sale of defense articles
and services, and the extension of guaranteed credit when
appropriate (8:A-1). However, the overriding constraint
of aid to SA countries is that ". . . it shall support and

be in consonance with United States military strategic

plans and objectives. . . [8:C~1]."




United States and Korea

The United States military assistance to Korea
was originally implemented by the Mutual Assistance Act of
October 1949. This Act included the provision that the
United States would provide expert advice and technical
help in the production of military equipment and in the
training of personnel (17:6). In fact, the whole of the
Republic of Korea (ROK) foreign policy

. « . 1is characterized by close ties with the

United States and by strong motivation to establish
the nation as a recognized power within the community
of nations of the free world. The primary objective
is the reunification of North and South Korea [17:18].

Iﬁ was through United States participation in the
Korean War (under the aegis of the United National Emer-
gency Force) that military ties between the two countries
were cemented; this mutual assistance has been further
solidified by the Korea-United States Bilateral Treaty of
1954 and the participation of Republic of Korea troops in

the Vietnam conflict. The ROK is presently actively par-

ticipating in the FMS program as a member SA country.

F-4 Weapons System

Through the SA program the United States Air Force
(USAF) has agreed to provide technical support for the
integration of the F-4 weapon system throughout the SA

countries' armed forces (12:1):




In accordance with Air Staff direction at the 13-14
July 1972 meeting, a plan has been developed to furnish
engineering/technical support to foreign users of the
F-4 aircraft . . . all countries possessing F-4 air-
craft supported by the Air Force . . . will participate
fully in sharing the benefits and costs [12:1].

Maintenance Data

As part of the assistance granted tc Korea, DOD
accepts the responsibility under the FMS agreement to pro-

vide the capability to maintain the operational readiness

of Republic of Korea Air Force (ROKAF) weapon systems
(8:C-3). Therefore, with reference to this readiness it
is worth noting that:

One of the first essentials in dealing with the
matter of equipment readiness in the Department of
Defense is the existence of an effective information
system capable of providing accurate data on the con-
dition and degree of readiness of all equipment cur-
rently in inventory [6:8].

Not only has the DOD accepted responsibility for the sale
of military weapons systems to the Republic of Korea, but
also the task of providing programs to insure the main-
tainability and operational readiness of these weapon sys-
tems (8:C-3).

The need for an effective maintenance information
system has become critical to the ROKAF because of the
method by which the country justifies receipt of necessary
military supplies; one year before a requirement for spares

exists the ROKAF must provide the DOD with information as

to anticipated usage of particular weapon system components.




This enables the DOD to budget for the purchase of these

necessary weapon system components. Thus, if the ROKAF
cannot provide accurate information as to anticipated
usage of particular components, they are not necessarily
assured of required support (20).

The collection of maintenance data is important in
isolating weapon system components which demonstrate trends

of high failure rates; this information is required to

justify and develop usage rates for future consumption.
"An effective logistic support system cannot function with-
out having accurate data on consumption and usage [2:4]."
The USAF currently stores its maintenance data on
computer tapes via a sophisticated computer program. Much
of the information provided by this program in the form of
output reports is not suitable to the needs of the ROKAF
because of a difference in utilization of this data (based
on the size differential between USAF and ROKAF). In
addition, the USAF will not enter technical data peculiar
to a foreign country into the USAF technical data system.
Unfortunately this has caused some conflict because:
In accordance with current policies, Air Force
Systems Command is totally responsible for a Foreign
Military Sales Program until delivery of the last
contract article under the case has been accomplished
. « « [and] AFSC could be left "holding the ball" for
non-standard items/technical data indefinitely, or,
at least until the foreign country decides to generate

a support case through Air Force Logistics Command or
contracts directly with the end item contractor [11:2].

———r




Hence the need for the development of a country-peculiar

maintenance data collection system.

Maintainability of F-4 Aircraft

The USAF has developed computer programs to assist
in the maintenance of aircraft through the storage, manipu-
lation, and output of F-4 weapon system performance data

for utilization in analysis of future spares requirements.

This information is extensive: "The USAF currently obtains
millions of elements of technical information concerning
the operations and maintenance of F-4 aircraft each month
[24:1]." .Therefore the USAF is able to extract a multitude
of %nformation for its own purposes; unfortunately most has
little applicability to a SA country with a smaller Air
Force operating under a completely different mission
environment. Strictly applying these computer programs
directly to the ROKAF might result in an information over-
load, combined with inappropriate reports and failure to
output needed reports. However, the system used by USAF
has been found appropriate for USAF needs.

Because of the availability of this [maintenance]
information, we [the USAF] have been able to correct
deficiencies before they occur. We have, therefore,
been able to prevent aircraft damage or possible loss

and to save a great deal of money and lives of crew
members [24:1]. 1

Problem Statement

The ROKAF does not have its own automated Mainte-
nance Data Collection System (MDCS) to furnish accurate and ﬂ

i |




timely maintenance data. Under present circumstances the
ROKAF relies on USAF data manipulation programs to provide
required information on high failure rates of F-4 weapon
system components, but this system has not proven viable:
unfortunately the USAF data system also provides much
information that lacks applicability to the ROKAF; in
addition, for security reasons, the complete information on
»
all USAF F-4 weapon systems are not made available to the
ROKAF (20). This is not to say that, in a general sense,
the existing exchange of information is not of use to both
parties. Mutual benefits have been realized:
Because of the differences between USAF and United
States Security Assistance (SA) countries F~4 opera-
tions and environment, there may be some kinds of
technical deficiencies which occur in the SA country
fleets before they are known to the USAF. At the same
time, the countries may be having serious difficulties
because of deficiencies already recognized and cor-
rected in the USAF F~-4 fleet [24:1].
The problem of nonapplicability or inadequacy of
some data could be resolved through the development of a
ROKAF-peculiar computer based MDCS which, in combination
with a Maintenance Data Retrieval System (MDRS), would be
the basis for providing required maintenance data. If
such a maintenance data system can be tailored to the
ROKAF's needs and resources, providing only pertinent
maintenance information, an improvement in the overall

performance of the ROKAF F-4 weapon systems performance

can be expected (20). In addition, the development of the




MDCS would enable the ROKAF to estimate future maintenance

demands and thereby ensure supply of F-4 weapon system
components under the provisions of the FMS agreement:

"One year in advance each country must know what they will
require (based on past consumption) highlighting high

failure items [20]."

Background to Problem Statement

Contrary to the belief that Asian countries have
a surfeit of labor, this is not the case in the ROKAF.
"There is a current shortage of manpower authorizations
and the promise of further cutbacks due to budgetary con-
straints may be necessary [20]." However, to negate the
effects of limited manpower authorizations, the ROKAF has
purchased modern computer hardware; unfortunately they
now lack the necessary software packages to implement com-
puterization of the.r maintenance data collection efforts.
ROKAF currently compiles its reports manually utilizing
fifty man months in preparing the following years' budgeted
demands; ROKAF management consider a preparation time of
fifty man months to be excessive and believe that a
mechanical system would prove to be more efficient (20).
The system the ROKAF is presently using is both
time consuming and inefficient. Almost 50 man months
are invested to produce each [budget] report. Addi-
tionally the present system does not have a provision

for identifying items which should be candidates for
Special Support Agreements [19:3].




Through the use of a unique computer MDCS, informa-
tion relating to failure items would be gquickly compiled
into a report designed to assist in the preparation of
the following vears' budget demands for spare parts.

Hence, as the ROKAF have the necessary computer equipment,
the main task is to provide maintenance data collection
programs that will enable the ROKAF personnel to input
data and receive an output that is suitable to their

requirements.

Technical Coordination Group (TCG)

The information obtained from USAF maintenance
computer programs has been most useful to the USAF and an
attempt is being made to permit availability of applicable
information to other SA countries operating the F-4 weapon
system (24:2); this information coordination effort will
be handled by the establishment of a Technical Coordination
Group (TCG) which would

. . provide a single contact point for the collec-
tlon and analysis of both USAF and SA country technical
engineering data and to communicate directly with
both USAF agencies and participating SA countries to
assist in solving mutual, as well as participating
countries' peculiar problems [24:2].

Refer to Figure 1 for a diagramatic representation of this
interface.

The SA countries were contacted and advised of the

proposed formation of the TCG and its functions (15); all
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but one countryl were enthusiastic about the possibilities

offered by the TCG (9). However, as previously stated,

the foreign maintenance information available could not be
entered into the USAF computerized system withcut causing
disruption to USAF data (31). When the TCG representatives
made their first implementation visit to the Republic of
Korea, they stressed the importance of the development of

a country-peculiar MDCS (23:1). As a result of the interest
expressed by ROKAF officials, the TCG was assigned the
responsibility for adapting the existing USAF MDCS pro-
grams for SA countries' use (10). Officials of the TCG
conducted‘a review of existing programs and

. . . decided that a modification of the existing

USAF data products would require more effort than
developing an entirely new program because of the lack
of documentation [18:1].

As a result of these initial conferences and
deliberations, the responsibilities of the TCG were to
include (1:5):

a. interfacing USAF and SA country data systems;

b. entering data into the USAF maintenance com-

puter system or a separate reporting system would be

developed tailored to peculiar SA country needs (authors'

emphasis); and

lThis one country was unable to budget the money
necessary for TCG participation until 1977.




Cc. reviewing USAF maintenance data records for
trends in product performance which may have applicability

for SA countries (16:4).

Justification

From the outline above it becomes evident that the
TCG will be responsible for the development and implementa-
tion of the maintenance data collection system for the
ROKAF. Thus the TCG is required to develop a MDCS that is
not only suited to the ROKAF needs but that can ke later
applied to the needs of other SA countries.

The information obtained from the MDCS must assist

in the isolation of trouble spots for the future:

In today's environment, a high degree of materiel
readiness is of paramount importance in defense plan-
ning. Maintenance is a major contributor to this
readiness. It is the job of maintenance to sustain
equipment in a state of operational readiness con-
sistent with the demands of the operating forces
[621ii] .

This becomes of paramount importance for the ROKAF; if they
do not forecast future demands in sufficient time for
inclusion in the next year's SSA they are not assured of
receiving critical supplies.

But why the need for such a reliance on computer

systems? The major characteristic that delineates the

computer from other managerial aids is the immediate

response capability (26). This rapidity of information has
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become of paramount importance with the development of
military fast strike capabilities:

. mobilization time has been reduced from
months to days and hours--perhaps in extreme cases to
only minutes. Since it would be disastrous to delay
mobilization until hostilities begin, it is necessary
to be in a continued state of emergency readiness and
to be capable to respond rapidly in order to maximize
our military advantage [6:2].

The problem of equipment readiness has been further deline-
ated as:

One of the first essentials in dealing with the
matter of equipment readiness in the DOD is the exist-
ence of an effective information system capable of
providing accurate data on the condition and degree of
readiness of all equipment currently in the inventory
[6:8].

Research Objectives

The objectives of this thesis were to fulfill the
following requirements:

1. delineate the maintenance data requirements of
the ROKAF F-4 weapon system as they relate to manhours
accounting and component identification for inclusion in
the special support agreement (SSA);

2. provide maintenance data that will enable ROKAF
management to specifically identify these system require-
ments, based upon information on the following factors:

a. failure rates,
b. mission aborts, and

c. usage of manhours in the maintenance
function;

12
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3. provide a MDCS suitable to ROKAF management
which would enable production of maintenance data in an
informative and meaningful format (i.e., numeric and
graphic presentations of components deficiencies with
respect to Quality Control inspections); and

4. facilitate manhour accounting and provide
data to support redistribution of manpower (19:3).

The above research objectives served as guides in
the development of a MDCS aimed at achieving more effec-
tive control of the ROKAF maintenance function. In this
context, the introduction of a computer-based system into
the mainténance management of the F-4 weapon system within
the ROKAF would exhibit the following characteristics that
delineate it from the manual system:

1. the MDCS is faster than the manual system,

2. it is more accurate, and

3. there is a decreased requirement for labor

in preparation of control and maintenance reports.

Preview of Remaining Chapters

The objective of this chapter has been to give some
description of the scope of the problem through specifica-
tion of the background to the situation and some discussion
of the perspectives involved. In addition, the research
objectives were stated to show the direction of this

thesis.

13




The next chapter will describe the research method-

ology to be utilized to provide some insight into the four
research questions posed, as well as describing the output
format. Chapter III will describe the MDCS developed,
going into greater detail on each of the elements and sub-
routines of the model developed, together with some dis-
cussion of the data manipulation.

Chapter IV will describe the results obtained from
testing the developed MDCS with simulated data; the final
chapter will discuss conclusions about the model usage,
outlining the limitations thereto; finally, recommenda-
tions wili be made with respect to directions for future

development of the MDCS.

14




CHAPTER II

METHODOLOGY
Overview

The purpose of this chapter is to describe the
overall system that was developed to enable the construc-
tion of an integrated computer-based Maintenance Data Col-
lection System (MDCS). The first section of the chapter
will discuss the basic system developed, followed by a dis-
cussion of data collection and utilization; the final sec-
tion will give a clearer definition of each of the outputs--
the individual subsystems will be examined and their pro-
cedures described in order to specify explicitly the respon-

sibilities of each (3:63-65).

System Manipulation

The purpose of the MDCS is to collate data obtained
from all maintenance work centers within the ROKAF that are
responsible for support of the F-4 fleet; the data so
obtained will be manipulated in order to obtain definitive
data on the reliability of each component of the weapons
system, isolation of systems requiring inordinate mainte-
nance time, together with manhour accounting functions.

The system flowchart shown as Figure 2 is illustrative of

15




A1eydA0T 4 vorrendyiivd mwainkg vieg 2 eanbrg

e

A0 TR xx_;a

ALV N1V i SINNAY

2000 LINN MHOM
rq
IMAW SANOI “IYLOL

VW n.ln\lJ p—— 1L
el Fn) SR XHONIS e e s 3000 LINn wiom Faod LTNN e NOLL ASNT
MILHIOIOV RHVWHOS —xu._ w.,.x:,:f_ —\..:.E‘_LA 34 ELAOY s i
L L2 LR L 4O MIFHON ] 459110 Isvd 40 HATWON L0410 OB
A

-

Ate)
—.III‘.— — 4 AARL —
HALNTD OM HINWON TTVL AR SIAINIIVA SIHOMY A0 LINO DIOM NOTLVLISN]T
nwvi ANYIA 1IOVA A0 MIATWNN A0 NATHNN CEE] Hnia
HOA ....u:ix- o4 HNON A1 DI0S ARl 1MOS 1.&?!‘&.«:4.0-._ SALONVADIOS I

TOMLNDD

alTaa L0430 ALT TV

SNy

YD LNdNT

[EE—




the whole process utilized to obtain the requisite output,
each of the outputs being labeled as shown; the eight types
of reports output have been named and the same terminology
will be used with respect to these reports throughout this

chapter.

Data Input
The data used in this system will be the subject of

further discussion at a later section of this chapter;
suffice it to state at this stage that the input data comes
from three basic sources:

a. Air Force forms 349,

b. quality control cards, and

c. production summary delete cards.

As can be seen from Figure 2, these basic inputs are util-

ized to create six data files:
a. gquality control data,
b. data on mission aborts,
c. data on equipment failures,
d. depot maintenance data,
e. delete data for file maintenance purposes, and

f. manpower accounting data (indirect labor).

Quality Control Data

The quality control data is generated from quality

SRPRPSY SR

control inspections performed on aircraft at various times

in the maintenance function (e.g., preflight inspections, @

1474
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post-maintenance inspections, etc.). The data so generated
is used to obtain two outputs:

a. graphical presentations of rates of discrepan-
cies per inspection type, referred to as "QC Output per
Inspection Type;" and

b. 1listings (in tabular form) of discrepancies
discovered per work unit code (WUC) referred to as "QC

Output per WUC."

These reports enable ROKAF management to observe trends in
equipment malfunctions in order to obtain replacement spares
prior to the arisal of "not operationally ready supply"
(NORS) situations; the second part of the report will also
be used to define work unit codes that have caused the
greatest number of inspection discrepancies, and hence
requiring greater attention during maintenance in order to

decrease the number of errors.

Mission Abort Data/Failure Data

The information generated from the mission abort
data file is used to compile a monthly listing of those work
unit codes which have resulted in the incidence of aborts;
these instances are listed in descending order of impor-
tance in terms of number of instances; this is the "number
of Aborts per WUC" report. Likewise, the information
obtained from the failure and depot maintenance data files

is used to produce an output by work unit code of those

18




items which have resulted in equipment failures over the

month of the report; this is the "Number of Failures per

WUC" report. This data on aborts and failures is further
analyzed to produce a report output by WUC accounting for
total manhours expended on maintenance. The report shows
total hours expended per WUC on maintenance; this is the

"Manhours Expended" report--it deals solely with direct

labor.

Abort/Failure Manhour Summary Data

The data files for aborts, failures, and depot
maintenance are merged to represent a data file for all
elements of aborts, failures, and manhours expended on the
F-4. This data is used to provide a report for each work
unit code, comparing the previous and current months data on
mission aborts, equipment failures, and resultant manhour
utilization. This report has three elements of information:

a. data on occurrences and ranking of failures
for this and the previous month;

b. data on occurrences and ranking of aborts for
this and the previous month; and

c. data and ranking of hours expended on failures

and aborts for this and the last month.

This report is used to isolate those work unit codes which

are causing the greatest burden to the maintenance function

19




because of mission aborts and equipment failures, which both

result in manpower utilization.

Depot Maintenance Data

The primary function of the depot maintenance data
is to produce a report which shows the usage of manhours
in the maintenance function for each aircraft that is in
the depot and which has undergone maintenance in the past
three months. The actual manhour usage is compared to that
authorized, and a comparison is made of the two figures,
differences being highlighted as being under- or over-
usage. This is the "Production Summary" report. The delete
data file is used for the purpose of file maintenance on the

production summary data.

Manhour Utilization

The final subsection of the system is concerned
with manpower utilization. The report compares the number
of men assigned against the number authorized for each work
center and/or depot and then lists all labor under the
categories of "direct" labor, "indirect" labor, and "other,"
a category containing manhours not reported via AF form 349
(e.g., periods of no activity within the work center).

Each of these categories is costed out and a percentage of
authorized and assigned manpower is tabulated. This is the

"Manpower Accounting Summary" report.

20




Data Collection/Manufacture

Data for utilization in the system was available
through two sources: (a) Korean data forwarded through
Odgen Air Logistics Center at Hill Air Force Base, and
(b) through artificial generation via a data program util-
izing the random number facility of the CREATE computer at
AFIT SIG.

The establishment of a data base was necessary to
permit initial tests of the system to enable determination
of the system effectiveness (20), and was further utilized

for system debugging during initial development.

Data Generation Model

To enable efficient testing of the MDCS and to
eliminate unnecessary data collection by the ROKAF, a data
generation model was seen as the most effective method of
obtaining data’ in the quantity and variety necessary to
validate the system. The system flowchart of this genera-
tion model is shown at Figure 3. The model generates four
basic types of data:

a. quality control data,

b. "delete" data,

c. direct labor data (aborts, failures, and depot

manhours), and

d. manhour reporting data (indirect labor).
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The format utilized for each of these cards is shown at

Figures 4, 5, 6, and 7 respectively; for the latter two
formats data is provided (in the real world) from AF form =
349. An example of AF form 349 is shown as Appendix B.
Air Force Manual 66-1 specifies that the 349 is the appro-
priate document for the collection of maintenance data on
major weapohs systems, and this form is currently in use
by the ROKAF; the information generated is available on

these forms.

Data Validation

Actual data from the ROKAF was checked against that
generated by artificial means through the CREATE facility
to ensure compatibility--further discussion of this subject
will be left to Chapter IV as validation of the MDC system.
Suffice it to say at this stage that the artificially-
created data was used in initial validation of the reports
generated by the system based upon congruence between the

real and the artificial data.

Data Input

For the purposes of later utilization of the data
input capacity, data can be input to computer disc storage
in any of the following ways:

a. directly from computer interaction,

b. through remote terminals, or

c. through batch systems.
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Card Column Information Character Type Example
£ =5 Inspection Type Alphanumeric SAGE
6 Blank
7 =8 Daily Progressive Numeric 03
Inspection Number
by Inspection Type
9 Blank
ROR=104 Julian Date and Numeric 13277
Year
15 Blank
16, = 22 Mission Design Series Alphanumeric bRF004C
23 Blank
24 - 28 Work Unit Code Alphanumeric 12345
29 Blank
30 ~ 31 Number of Numeric 12

Discrepancies on
This Inspection

Figure 4.

24

Quality Control Card Input Format
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Card Column Information Character Type Example
: 1 =3 Julian Date Numeric 365
A 4 - 7 Job Control Number for Numeric 0021
each Work Center
8 - 12 Work Center Alphanumeric K31l1l0
13 = 20 Aircraft Serial Number Alphanumeric bF004D20
23 = 27 Blank
28 - 34 Mission Design Series Alphanumeric bbF004E
35 - 42 Blank
43 - 48 Engine Number (when Alphanumeric ABC123
appropriate)
49 - 52 Blank
53 = 57 Work Unit Code Alphanumeric 33333
58 Blank
59 When Discovered Code: Alphanumeric
(1) Depot Maintenance, S (always)
(ii) Abort, or A or C (always)
(iii) Failure Any other alpha
60 - 62 How Malfunctioned Code Numeric 950
63 - 64 Blank
65 - 68 Starting Time on Job Numeric 0820
69 = 71 Shift Indicator Numeric 196
T2 = 75 Finish Time for Job Numeric 1557 B
76 Crew Size Numeric 2
Figure 6. AF Form 349-~Direct Labor Reporting Input Format
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% Card Column Information Character Type Example
I =3 Julian Date Numeric 136
4 - 7 Control Number Numeric 0000 (always)
8 - 12 Work Center Alphanumeric WKCN4
13 = 15 Blank
l6 - 20 Manhour Report Alpha INDLB (always)
Identification
21 = 52 Blank
53 = 57 Type of Manhour Report Alpha LVEQOV
58 - 64 Blank
65 - 68 Starting Time Numeric 0800
69 = 71 Indication of shift Numeric 323
72 - 75 Finishing Time Numeric 1700
76 Crew Size Numeric 6
Figure 7. AF Form 349--Indirect Labor Reporting Input Format
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For purposes of validation of the system, data was stored

to disc files and directly accessed by the system. Once
the system is in use by the ROKAF it is anticipated that

punched cards will be the applicable input medium; no.con-

flict is foreseen in the different methods of input utilized.

Permanent Files

To augment the data files created through artificial
means, the MDC system also requires the establishment of a
number of permanent files for access by the model. The
artificial data input to these files has been verified as
realistic by the TCG (20). The typical information resident
in these permanent files is:

a. the representative salary for each rank--to be
used in the Manpower Accounting Summary for costing of the
three categories of labor;

b. the authorized and assigned manning for each
work center--also for manpower accounting computations;

c. lists of nomenclature for work unit codes--to
be used in output formats to enhance readability;

d. authorized numbers of manhours for overhaul of
aircraft types at the depot--for use in the Production
Summary report; and

e. a file of the julian date which corresponds

with initialization of end of month reports.

28




These files were created for purposes of interaction with

the system to obtain meaningful output.

Explanation of AF Form 349 Inputs

As an insight into some of the terms used in the
next section of this chapter, the following data elements
appearing on the AF form 349 are explained:

a. malfunction codes--used to describe the reason
for a malfunction;

b. work center designators--used to identify that
work center which performed the requisite maintenance on
the malfunctioned component/assembly;

c. work unit codes--used to define the maintenance
action required to repair/replace the malfunctioned com-
ponent;

d. when discovered codes--the method by which the
malfunctioning component was isolated (abort, failure,
ete.);

e. mission design series (MDS)--the type of weapons
system which was the subject of maintenance; and

f. identification/serial numbers--unique identi-

fiers for each MDS, in this case also known as tail numbers.

Description of the Output

A review of Figure 2 will show the outputs gene-

rated by the MDC system. The outputs will be dealt with

as four subsections:
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a. a quality control output:
(1) QC output per type of inspection; and
(ii) QC output per WUC;
b. failure/abort output:
(1) number of aborts per WUC,
(1i) number of failures per WUC,
(iii) manhours expended per WUC, and
(iv) failure rate summary;
c. production summary output:;

d. a manpower accounting summary for each base.

Each of these reports will be dealt with in general, and
some insight will be given as to the computer routines and

algorithms utilized.

Quality Control Output

The aim of the guality control output is to identify
significant deviations and trends in the number of discre-
pancies discovered during quality control inspections. A
plot of current inspection results against past inspection
results (in accérdance with the flowchart at Figure 8 and
in the format shown at Figure 9) will show if trends in
discrepancies are developing and thereby permit early action
to be taken to prevent shortages of spares through subsequent
includion of additional requirements in the next year's

Special Support Agreement. The output has two formats:

30
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R

QOC DATA

INSPECTION TYPE
NUMBER OF DEFECTS

Y

COMPUTE MEAN
DEFECTS FOR
EACH
%SSPECTION TYP%

COMPUTE CONTROL
LIMITS FOR
EACH
INSPECTION TYPE

GRAPHICAL
OUTPUT
AS AT FIG.

Figure 8. Quality Control Output Flowchart
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a. the graph of QC output per type of inspection
to identify significant trends in the number of discrepan-
cies discovered on each inspection--this graph is presented
in the form of a control chart as Figure 9; and 3

b. a tabular presentation showing the total number
of failures for each work unit code without reference to

the type of inspection~-this enables management to isolate

the types of components that require special attention.
The applicable flowchart is Figure 10 and format is shown
at Figure 11.

The object of control charts (as illustrated in
Figure 9) is to:

. . . determine if variations in a product dimension
are random and to detect assignable variations. The
control chart is based on a series of samples of sub-
groups of items drawn randomly from a process over a
period of time [4:319].

In this section we are dealing with a "defects per unit
time" situation as it refers to the inspection process.
Given this premise the control chart should be based on the
Poisson distribution; that is, it is believed that there
are few discrepancies discovered over a large number of
observations. The Poisson probability distribution is a
mathematical model with properties suitable for expressing
this type of problem: small number of occurrences of a

large number of observations (5:171). Applying this func-

tion to a control chart results in the use of the formula:
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.

QC DATA

WORK UNIT CODE
NUMBER OF DEFECTS

COMPUTE MEAN
DEFECTS PER
WORK UNIT CODE

SORT IN
DESCENDING
ORDER

4

l N
TABULAR OUTPUT

Ei-jfiﬂiii;ii]

Figure 10. Quality Control Output Per WUC Flowchart

34




jeurod ONM T34 Inding 1oxjuo) Ajrrend [T 2anbrg

SAIONVYATIOSIA
TIY¥ J40 IOVINIDIAd

SHIDNYJMIOSIA A0 JIAHWON

TINLYTONIWON

Jdod LINMO XHOM

dd00 LINMA XJOM ddd

INdLN0 TOJLNOD ALITYNO

39




c =1
e H
T

P(c) = -

]

where c the number of defects per inspection unit, and

the expected number of defects.

=
I

The flowchart for manipulation of the data is found
in Figure 8. The control limits of the chart will be the
mean of all of the data, plus and minus three times the

standard deviation of the number of defects:
u * By,

and the estimates of the control limits are:

- |
c =t 3V c, and

a. upper control limit

- B
b. lower control limit = ¢ - 3V el .
For this formulation
k
g | o (14:207)
k j : 8
j=1

where k is the number of QC inspections for the last ninety

days.

Failure/Abort Output

In order to be able to support the ROKAF it is
necessary to develop a system of ranking items by their

failure rates. Simple application of USAF failure rates

has been found to be ineffective because of the differences
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in types of missions flown,2 differing climatic conditions,
differing mission objectives, etc. Thus, the ROKAF needs
to have reliable data concerning their own failure rates.

One objective of this subsystem of the MDCS is to
rank items from highest to lowest according to the number
of failures experienced within the past month (refer to the
flowchart on Figure 12 and the format on Figure 13).

The information on failures is obtained from the
failure data, as well as the data from depot overhaul func-
tions. Concomitant to the output of failure rates it is
necessary to delimit those items of equipment which have
caused miséions to be aborted; this information is presented
as the Number of Aborts per WUC report. The applicable
flowchart is shown as Figure 14 and the output format as
Figure 15. The output utilizes information obtained from
the abourt data file and ranks the WUC by the number of
mission aborts per month.

The system merges the data from the data bases
(failures, aborts, and depot overhaul information) to pro-
duce the Manhours Expended per WUC report; the applicable
flowchart is shown as Figure 16 and the output format as
Figure 17. This information highlights those work unit

codes that have utilized an inordinate number of manhours

2With the F-4, the ROKAF tends to fly a large num-
ber of short missions each day, compared to a relatively
different type of mission by the USAF. This results in
differences in failure items; e.g., higher failure rates
of tyres per hour flow for ROKAF aircraft (20).
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FAIL 1

‘%
WORK UNIT CODE
NUMBER OF FAILS

SORT WUC
BY NUMBER
OF FAILURES

OUTPUT AS
PER FiG.. 13

Figure 12. Failures Per WUC Flowchart
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0

ABORTS

WORK UNIT CODE
NUMBER OF ABORTS

SORT WUC
BY NUMBER
OF ABORTS

3

OUTPUT AS
PER FIG. 15

Figure 14. Aborts Per WUC Flowchart
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SORT BY WUC
TOTAL HOURS

OUTPUT AS
PER FIG. 17

Figure 16. Manhours Expended Per WUC Flowchart
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in the maintenance function and hence which may require some

managerial attention.

In addition to the above outputs, the system also
provides a comparison of all rates (failure, abort, manhours
consumed) for the current and the previous month for all
work unit codes. This quickly highlights those items that
are requiring excess maintenance attention (through man-
hours expended), those that have caused the greatest dis-
ruption to operations (through number of aborts), and those
with the highest failure rates (and therefore requiring
priority inclusion in the following years SSA). The appli-
cable flowéhart is shown as Figure 18 and the output format
as Figure 19. The comparison with the previous months data
permits ROKAF management to detail those items which show
a tendency to increase their relative importance, and hence

require greater managerial attention.

Production Summary Output

The production summary is used to identify manhours
utilized against those authorized for each weapons system
(F-4) undergoing maintenance. From the ROKAF an authorized
standard time (for each aircraft type requiring maintenance)
has been obtained (from the TCG at Hill AFB) and actual
time expended will be compared to highlight those aircraft
which have overused manhours, as well as those which still

have manhours available for usage. The program flowchart
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DEPOT

FAILS

ABORTS

UNIQUE WUC
NUMBER OF FAILS
NUMBER OF ABORTS

ER OF HOURS

SORT AND
RANK BY WUC

OUTPUT AS
PER FIG. 19

Figure 18. Failure Rate Summary Flowchart
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to be used is outlined in Figure 20. After output of the

report the delete file is used to perform file maintenance.
Once the actual manhours utilized for maintenance
are obtained for a specific aircraft tail number, these can
be compared against the number of hours authorized for that
maintenance task and the difference specified. In addition,
the percentage of authorized manhours still remaining to be
expended will be displayed on the output to enable ROKAF
maintenance managers to isolate instances where aircraft
are likely to consume excessive maintenance time; this
will identify problem areas before they occur, thus enabling
correction‘by schedule adjustments. The Production Summary

format is illustrated in Figure 21.

Manpower Accounting Summary

The ROKAF will utilize the MDCS to allocate men to
those work centers which have shown a workload indicating
a requirement for extra personnel (20). Despite a common
misconception, the ROKAF has a shortage of manpower; in
the last two years there has been a 25 percent increase in
their workload without offsetting increase in authorized
manning (20). Hence, for the ROKAF to operate efficiently
they must have the capability to effectively reallocate the
manpower authorizations that they presently have established.
Figures on manpower usage will be subdivided into

"direct," "indirect," and "other" classifications (the
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latter to account for times for which no AF form 349 has
been submitted); this report facilitates justification for
manpower authorization increases, as well as bringing under
maintenance managers' scrutiny inordinate times spent on
particular maintenance activities (refer to Figure 22 and
Figure 23 for the MDCS flowchart and the programmed output,
respectively). These figures will be presented for each
work center; further, the output will show a comparison of
manning authorized against aséigned manning for each of the

work centers.

Overview
This chapter has given an overview of the elements
of the model, together with some discussion of the develop-
ment of the maintenance data--further development of the
data will be discussed in Chapter IV under Validation of
the Model. The next chapter will give some insight into
the development of the model, together with more detailed

analysis of the actual subroutines utilized.
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CHAPTER III

DEVELOPMENT OF THE MODEL

The purpose of this chapter is to give some detailed
insight into the actual model developed to fulfill the
research objectives outlined in the first chapter. This
chapter will be dealt with as two distinct sections: the
first will consider the algorithm utilized to develop an
extensive data base; the second section will give a detailed
account of the model developed to manipulate the data and
then provide information on the form of the outputs speci-

fied in Chapter II.

Data Generation

At the time that the model was in the developmental
stage, no data was available from the ROKAF to enable test-
ing of the model. Further, in the light of the amount of
time necessary to collect and input data for a year of main-
tenance activity, it was decided that the most efficient
means of model validation would be to develop an algorithm
to generate "artificial" data of sufficient variety to test
all aspects of the model in accordance with current Air
Force manuals (28; 29). A high level flowchart of the
program developed for data generation is shown as Appendiy

C; the actual program is shown at Appendix D. Each of the
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subroutines of the data generation program will now be
discussed in some detail to support our later contention

that the validated model was realistic in all respects.

Air Force Form 349 Input

For each maintenance activity within each work
center, an AF form 349 is submitted to account for manhours
expended on some specified maintenance function; these forms
are also input to record elements of indirect labor, such
as leave, detailed duty, alternative duty, etc. The
remaining time not thereby accounted, such as lunch breaks,
coffee breaks, etc. is determined from the differences
between total time accounted for as "direct" or "indirect"
labor, and the total time available for each work center:;
this element of manhour accounting is classified as "other."

Through the submission of AF form 349, one of four
situations is designated:

a. a mission abort has occurred,

b. there has been a failure of some sort,

c. there has been manhour usage at a depot, or

d. indirect labor usage has been recorded.

Each of these four situations will now be discussed.

Mission Abort. It is of obvious necessity that a

MDCS should produce detailed information of the occurrences

of mission aborts as this is a most significant form of

mission failure. When a mission abort occurs, the
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resultant AF form 349 submitted will show a "when dis-
covered code" as an "A" or a "C" in card column 59 of the
data input. The model will use this input in the produc-

tion of the abort report.

Normal Failure. There are a number of occasions

when a failure will be detected in aircraft performance
which does not result in a mission abort; such a failure is
designated through the use of any alphabetic character in
card column 59, except for "A", "C", or "S." Nowhere in
the model do we require detailed knowledge of the type of
failure, merely information to the effect that a failure
did occur. Hence, for the purposes of data generation only
two alphabetic characters were utilized to designate a
failure: "B" or "F." This does not represent a limita-
tion because complete variety in input is represented
through mere indication of the existence of a failure. At
some later date, through further development of the model,
there may be a requirement to expand the capacity of this
element of the data generation algorithm. This can be
easily effected through minor alteration of the program but

no purpose is served thereby at this stage.

Depot Maintenance. Each aircraft is scheduled

into the depot for some form of major overhaul at irregular
intervals, the exact frequency of this occurrence is

unimportant--what is important for the purposes of our
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model is a record of the number of manhours actually used

in overhaul activities conducted at the depot, and the
number of hours authorized for completion of that type of
overhaul. Reference to card column 59 will determine
whether the AF form 349 was submitted to record depot level
maintenance--an "S" indicates this fact. Because the output
requirements at Chapter II do not necessitate differentia-
tion between types of overhaul, such a facility has not
been incorporated in the data generation program--the
algorithm merely generates a number of hours work on a
particular aircraft without discriminating between types of
overhaul.. This is not viewed as a limitation of the pro-

gram.

Indirect Labor Usage. Each work center manager has

a requirement to account for the available work time of his

employees--through the input of hours for indirect labor
the manager is able to exercise more effective supervision |
of the activities of the members of the work center. A
blank in card column 59 indicates that the input is in the
form of an indirect labor usage card; for the purposes of
the model there is little need to generate a great variety
of types of indirect labor. 1In the case of this exercise
we have generated five different types of indirect labor
even though none of the outputs of the model require

detailed knowledge to this extent, merely information to
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the effect that the card deals with indirect labor is

quite sufficient. The types of indirect labor utilized

are:
a. alternative duty :  ALTOOQ
b. compensatory time : CMPOO
c. detail duty s DTLOO
d. leave : LVEOV, and
e. training :  TRNOO

In some later development of the model there may be a need
for a more detailed breakdown of the indirect labor--the
data generation program can easily be amended to accom-
modate this new requirement.

Apart from the differentiation required amongst

the types of reports as indicated at card column 59, the
remaining sections of AF form 349 are of much the same
format except for the differences in the indirect labor
input. To complete discussion of the AF form 349 input,
the remainder of this subsection will differentiate accord-
ing to whether the input card is for purposes of record-
ing indirect labor or not. To effect this discussion,

all elements of the AF form 349 will be defined.

Job Control Number. The job control number is a

seven-digit field consisting of two elements: the julian
date (three digits) followed by the actual job control

number (four digits). For each work center a job control
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number counter is initialized for each julian date. The

facility to uniquely identify each input card is not a
requirement of the model but has been incorporated in the
data generation program to add realism. The only differ-
ence between direct and indirect labor inputs is that the
latter does not require a job control number, but only the
inclusion of the julian date (the area designated for issu-

ance of a job control number is left blank).

Work Center. The work center consists of a five-

character alphanumeric field in card columns 8 to 12 to
uniquely identify that work center which raised the AF form
349, and hence which completed the work shown on that form.
For the purposes of data generation we have isolated five
work centers from ROKAF data and created one depot--we
believe that this will present sufficient variety to vali-
date this aspect of the model. The five work centers and
depot are indicated as:

a. work center K3110,

b. work center K4140,

c. work center K3160,

d. work center K4110,

e. work center K4230, and

f. the depot DEPOT

Aircraft Serial Number. In most cases the aircraft

serial number will be the tail number of the aircraft upon
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which maintenance is being effected. We have allowed for
an eight-character alphanumeric field in card columns 13

to 20 to record this tail number. For model validation

it has been assumed that there are 20 tail numbers (from

01 to 20) for each of the four aircraft types. In the case
of indirect labor, the generation of the label "INDLB" will

appear in place of an aircraft serial number.

Aircraft Type. The aircraft type is recorded in

card columns 28 to 34 as a seven-character alphanumeric
field. The ROKAF has four different aircraft types for
which this program generates variety: F-4C, F-4D, F-4E,
and RF4-C. This output is in consonance with the ROKAF
situation but would necessitate further modification if the
model .s later expanded to incorporate other aircraft
types. For the purposes of this thesis, this limited
variety of aircraft type is not viewed as a limitation. In
the case of an input of indirect labor information, this

field remains blank.

Engine Identification. This six-character alpha-

numeric field is recorded in card columns 43 to 48; an
input will only occur here when the work conducted under
the AF form 349 is in respect of an aircraft engine.
Nowhere in the model is this information referenced and

hence no variety is necessitated: when an engine is worked




upon, the field will show "ABC1l23;" obviously the field

will remain blank for the input of an indirect labor data.

Work Unit Code. The work unit code specifies the

type of work that is conducted on the aircraft for this
particular AF form 349. Reference to current regulations
[i.e., Technical Order (T.O.) IF~4E-06 (27)] will show a
multitude of different codes to fill this five-digit field:;
for the purposes of variety generation it was decided that
ten different codes would represent sufficient diversity to
validate the model. The algorithm can easily be changed to
reflect a greater variety but little purpose would be
served thereby. 1In the case of indirect labor, this field
will indicate the type of indirect labor discussed, five
different labor inputs are utilized but no later use is
made of this fact in the model so further variety is not
necessary and the diversity in existence only serves to

add realism to the data so generated.

When Discovered Code. This one~character alpha-

numeric field in card column 59 has already been discussed
as the determinant of the type of input generated by the

AF form 349.

How Malfunctioned Code. This three-digit field in

card columns 60 to 62 is used to indicate the cause of the

malfunction (blank in the case of indirect labor input).




There is an allowance here, by T.0. IF-4E-06 (27), for
1000 different malfunction codes but 10 were considered to
represent sufficient variety for model validation. Fur-
ther codes could be developed if the need arose but the
utilization of only 10 is not considered to be a limita-

tion of this model.

Commencement Hour. At the time that work starts

on the task shown by the AF form 349, such time is recorded
to enable management to establish how many manhours were
spent on each particular job. This procedure also applies
in the case of indirect labor input to account for unpro-
ductive manhours. This information is recorded in card
columns 65 to 68 as a four-digit field based on a 24-hour

clock.

Shift Indication. In the event that a job is

commenced on one julian date but the crew so engaged con-
tinues on that job past midnight, card columns 69 to 71
record the julian date that the job terminated in order to
facilitate later computation of manhours worked. This

input becomes particularly relevant for shift work.

Finish Hour. This element is of the same format

as the commencement time but recorded at columns 72 to

75; likewise it is utilized to compute manhour accounting.
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Crew Size. This one-digit character in column 76
is used to record the number of persons working on the task
specified on AF form 349. The algorithm generates from
one to seven persons--greater variety can be generated
through amendment of the algorithm (and incorporating
changes to the model) but it is considered an unlikely
event that more than seven persons would be employed upon
any one task. This element is not seen as a limitation to

the model.

Quality Control Input

After each aircraft has left the work center or
depot at the end of maintenance, quality control inspectors
conduct a number of tests in the area that has been sub-
jected to repair. There are a number of different guality
control inspections that are conducted, but the objective
of each is to discover how many discrepancies have not been
alleviated by the maintenance function. The number of dis-
crepancies so discovered will be utilized in the production
of quality control charts to enable ROKAF management to
discover trends in maintenance performances, and thereby
to act as a control over the quality of the maintenance
function. Each of the elements of the quality control input

generation will now be discussed in detail.

Inspection Type. In card column one to five is

a five-character alphanumeric field to record the type of
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inspection conducted. For the purposes of data generation
five different inspection types were utilized to produce
sufficient variety to test the model; these inspection

types are denoted:

a. BPE,

b. BPO, ]
:

Cle 5AGE, i

d. QDI, and

e. QUI.
Once again, modification of the algorithm could result in
the generation of increased variety, but such a course of

action was considered unnecessary.

Inspection Number. Card columns seven and eight

record the serial number of each inspection type for each
calendar year. No use is made of the serialization of
these inspection numbers within the model; however, the
inspections are serialized to lend authenticity to the data

so generated.

Julian Date and Year. The julian date and year

enables the inspections to be input to the model in day

sequence-~this will facilitate later inspection of trends.
The julian date is a three-digit field commencing in card
column 10; the remaining two digits are obtained from the

last two digits of the year; they are recorded starting in

column 13.
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Aircraft Type. This seven-character alphanumeric

field is found in card columns 16 to 22. For the purposes
of this thesis it has been assumed that there are four
different aircraft types available; little alteration is
required to increase this variety but to little purpose

for the development of the model.

Work Unit Code. As explained in the previous sub-

section, this code is used to show what work was being per-
formed upon the aircraft. It has been assumed that there

are ten different codes.

Number of Discrepancies. This two-digit field

indicates the actual number of discrepancies found upon
the gquality control inspection--the number is generated
through a random number generator which produces a Poisson
distribution with a lambda value specified by the random
number so generated. This process would appear to be a
reasonable approximation of the situation encountered in

most quality control situations.

Production Summary Delete Card Input

The final product of the data generation algorithm
is the production of a delete card. This card is input
to the model to perform updating of the Production Summary
data file after aircraft have left the depot at the cessa-

tion of all maintenance necessary for the particular
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overhaul under discussion. Once this card is produced the

model will cease to compute a comparison of actual man-
hours utilized against the number that is authorized for
that aircraft. A more detailed discussion of this card

follows.

Aircraft Serial Number. As previously explained,

the aircraft serial number is a unique identifier of the

plane and would usually be the aircraft tail number.

Deletion Input. If the word "Delete" appears in

card columns 22 to 27, this fact is used to identify the
production of a deletion card and enables the model to

store and utilize this information accordingly.

Aircraft Type. Card columns 29 to 35 show the

type of aircraft leaving the depot.

Input Formats

To enable a consolidated inspection of the input
format, the details contained in the previous subsections
have previously been summarized and appear in Chapter II,
Figures 4 to 7. As an example of the product of the data
generation algorithm, a typical output is shown as Appendix

E.

Data Generation Limitations

For the purposes of data generation the following

assumptions were made:
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a. there were five work centers and one depot;

b. there were four aircraft types, and 20 differ-
ent aircraft of each type;

c. no work center or depot worked on more than
one aircraft each day;

d. there were only ten "work unit" codes, five
"when discovered" codes, five types of indirect labor, ten
"how malfunctioned"” codes, and five different types of
guality control inspections; and

e. a maximum of seven people worked on any crew.

None of these assumptions is considered to represent a
sizeable constraint on the effectiveness of the data gene-
rated although perhaps there is cause for discussion as to
whether one plane per shop/depot is realistic. In fact,
this problem could have been al%eviated but only at some
great modification of the algorithm; in the light of time
priorities it was decided that better utilization could be
made of this scarce resource if allocated towards refine-
ment of the model. However, despite this one limitation,
we believe that the data generation represents sufficient
variety to validate the model in preparation for the later

tests with real data.

Anatomy of the Model

The previous section of this chapter dealt with

the development of the data generation algorithm, which in
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turn led to a detailed explanation of the format of the

input to the model; further discussion of the format is

not considered warranted. This section of the chapter

will involve a discussion of the model itself, concentrating
on how the input is manipulated to achieve the reports

shown in Chapter II. Then the discussion will concentrate

on the development of the MDCS, through further explanation :

of the subroutines involved. Figure 24 shows the model
with the major elements highlighted. (Listings of all
other routines are shown at Appendix N.) For edification,
examples of each of the output reports are shown as appendi-
ces as foilows:

a. Quality Control Output per Type of Inspection--
Appendix F;

b. Quality Control Output per Work Unit Code--
Appendix G;

c. Number of Failures per Work Unit Code~-
Appendix H;

d. Number of Aborts per Work Unit Code--Appendix I;

e. Manhcurs Expended per Work Unit Code--
Appendix J;

f. Failure Rate Summary per Work Unit Code--
Appendix K;

g. Production Summary--Appendix L; and

h. Manhour Accounting Summary per Work Center--

Appendix M.
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Each of the major routines involved in the output of these

reports will now be discussed.

Main Program

Any cards may be input at any one time; that is,
there is no requirement that the input be presorted to
groups of AF forms 349, production delete cards, or gquality
control inputs. However, the model does require that the
input be batched into julian date sequence--this require-
ment is necessitated by the need to initiate report pro-
cedures at the end of each month; this initiation is depen-

dent upon. the julian date appearing on the input.

Initial Sort Routine

The first routine observes the julian date to ensure
that a monthly report is not required (refer to Figure 25
for the flowchart). The routine then sorts the input into
six files:

a. summary delete cards,

b. manhour accounting inputs,

c. depot production control accounting,

d. mission aborts,

e. equipment failures, or

£. gquality control cards.

Quality Control by Inspection Type Routine

The quality control inspection routine sorts

through the quality control input cards to isolate unique
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types of inspection. Then, for each type of inspection

(there are five types generated by the data creation
algorithm) the model keeps a cumulative total of the number
of occurrences of such an inspection, together with a pro-
gressive total of the number of discrepancies recorded on
each of these quality control inspections. This data is
recorded in two counters:

a. one counter for the current month, and

b. another counter for the last three months.

The latter counter is used for purposes of comparison and
to establish the limits on the graph of Quality Control
Output per Inspection Type. This process is then repeated
for each type of inspection and the resultant graphs and
tables are produced in accordance with the flowchart
depicted at Figure 26.

Quality Control by Work Unit
Code Routine

This quality control routine then sorts the quality
control file according to each work unit code within
julian day limits. The objective of this output is to show
in tabular form the number of discrepancies isolated for
each of the work unit codes. This report is also output
monthly, according to the logic flowchart shown at Figure

P
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Failure per WUC Routine

The object of this routine is to sort through the
data base for all work centers and the depot to isoclate
information on all failures to enable compilation of a
listing of the total number of failures for each work unit
code. The total number of failures will determine the
ranking assigned to each work unit code (WUC). The output
is in descending order of occurrence. The flowchart is

shown at Figure 28.

Abort per WUC Routine i

This output is in much the same format as that of

the equipment failure routine: the abort data base is read
and mission aborts are sorted to each work unit code. The
routine totals the number of aborts for each work unit
code, sorts the WUCs according to total number of aborts
for each code, then outputs the codes in descending order;

refer to Figure 29 for the relevant flowchart.

Manhours Expended per WUC Routine

The manhours report is a composite listing of all
direct manhours expended for each work unit code. This :
information is obtained from all AF form 349 data files
which were raised in respect of failures, mission aborts,
or depot level maintenance. The routine sorts the total
manhours for each WUC and outputs them in descending order.

The applicable flowchart is shown as Figure 30.
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Failure Rate Summary Routine

The objective of this report is to output the
number of failures, mission aborts, and manhours expended
on the maintenance function for each work unit code; in
effect, this report summarizes the outputs of the previous
three reports but also accesses the previous months data
for purposes of comparison and outputs the two sets of

data for each code. The flowchart of this procedure is

shown as Figure 31.

Production Summary Routine

The aim of this routine is to output a quarterly
report showing the hours worked on each aircraft in the
depot facility. The total hours worked are checked
against the total hours authorized and discrepancies are
highlighted. The applicable flowchart is shown as Figure

32.

Manpower Accounting Summary Routine

The final output is a summary of the manpower
utilization per month for each work center under three

Al

headings: "direct labor," "indirect labor," and "other."
The routine follows the logic of the flowchart shown at
Figure 33 and shows the cost of each of the three manhour

elements isolated. The output also shows the number of

men assigned to each work center in comparison to the

number of men authorized and computes a percent manned.
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1

Summarx

This chapter has developed each of the important
facets of the model, showing elements of each of the sub-
routines utilized to obtain the final outputs. The next
chapter will develop the validation of the model, concen-
trating on use of the "artificially" generated data as a
substitute for actual data. The chapter will also discuss
the outputs obtained in the light of the original require-

ments shown at Chapter II.




CHAPTER IV

VALIDATION CF THE MODEL

This chapter will deal with the validation of the
model as two distinct sections:
a. validation of the use of generated data; and

b. validation and examination of the system outputs.

The third section of the chapter will analyze the times
involved to produce the requisite outputs to test the

research objectives posited in Chapter I.

Data Validation

AF Form 349

Reference to Appendix B shows a copy of AF form 349
which is used by the ROKAF to account for manhours expended
on maintenance functions. The data recorded on this form
has been generated by the data program in the format shown
at Figures 6 and 7; each element of this input will now be

examined.

Julian Date. The program generated one year of

data so the capability to utilize 366 days of outputs has
been tested. The model uses the julian date to initiate
reports due monthly and quarterly; this aspect will be

fully tested later in this chapter.
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Job Control Number. The data generated includes

the capability to increment a progressive job control num-
ber, starting at unity for each work center for each julian
date. The ROKAF generates actual AF form 349s in this
fashion for purposes of manpower and accounting controls.
The model does not require that unique job control numbers
be input as they are not used in any of the output reports;
however, we believed that the model should have the facility
to acknowledge the existence of the job control numbers for
running checks on what may appear to be abnormal inputs--

in this way the information stored on tape can be checked

with the actual data.

Work Center. From data obtained from the ROKAF

(22) we have selected five representative work centers for
which data has been generated. We had no real data on a
depot but created the manning for a depot to enable full
testing of the model. This manning was based on Flight

Line Support Branch manning figures (22). The model has the
capability of outputting the requisite reports for as many
work centers as exist in the ROKAF; however, to generate
data for a large number of work centers was not considered
worthwhile in the light of thesis time constraints. We
believe that the selection of five work centers and one depot
represents sufficient variety to test the capabilities of

the model.
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Aircraft Serial Number. The data generation pro-

gram utilizes an eight-character combination of alphas and
numerics to represent the tail number of each of the air-
craft. 1In practice, the use of three numerals is sufficient
to uniquely identify each of the F-4s used by the ROKAF,

but the program generates a more complicated input to test
the capability of the model to manipulate such an input
format. The aircraft serial number is required to account
for manhours expended on the maintenance function during
overhaul at the depot--this is output as the Production

Summary Report for each tail number.

Aircraft Type. The ROKAF currently uses four types

of F-4--the program generates these four types with equal
probability. As was explained earlier, twenty different
tail numbers may be generated for each aircraft type for a
total of 80 different aircraft tail numbers. In actuality,
the ROKAF does not have exactly 20 of each aircraft type
but the data generated represents a realistic approximation
that satisfies the requirements for model validation. The
model can recognize seven characters (both alphas and
numerics) as representing the aircraft type; the data

generation program fully tests this capability.

Engine Identification. The data generated for an

engine number is fixed as "ABCl23." Nowhere does the model

use the engine number in the reports output so the facility
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to generate variety was not incorporated as such a facility
would have led to needless difficulties in effecting such an
inclusion. The engine number has been allocated a field

in the input format to add authenticity to the input, as
well as to enable expansion of the model at some later date
to incorporate reporting on engine maintenance. For the

reports currently produced by the model, the engine identi-

fication is not required.

Work Unit Code. There are only ten work unit codes

generated but they represent sufficient variety to test the
capability. of the model to manipulate this input. In fact,
there are a great diversity of work unit codes (27) but to
‘incorporate more than ten adds unneeded complexity. The
nomenclature of the work unit codes is stored as a permanent
file and accessed as needed for output reports to add

clarity to those reports.

When Discovered Code. The data generated consists

of the alphas "A," "B," "C," "F," and "S," or a blank.

The "when discovered code" can take on any alpha, dependent
upon the circumstances of the occurrence of a malfunction;
whereas the real world will generate greater variety than
the data program; this is not seen as a limitation to the

realism of the artificial data. The model merely recognizes

the input as a mission abort ("A" or "C"), an equipment
failure ("B" or "F"), depot maintenance ("S"), or manhour
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accounting (blank). At some later development of the model
there may be a requirement for definition of more input
types and this need can be met through the "when discovered

code."

How Malfunctioned Code. This element is repre-

sented through the generation of ten different codes; in
practice, there are up to cne thousand different codes but
we believe that ten represents sufficient complexity to
validate the model. Besides, the reports output by the
model do not require details of the malfunction code--the
facility to generate the code has been incorporated to

lend authenticity and to ensure that the input data utilized
by the model has the facility for later utilization of this

input should such a need arise.

Start Hour. The starting time is generated from a
random number according to a specific distribution as shown
in Appendix O. The times and probabilities chosen are
entirely arbitrary and based solely on the authors' own
experience. However, this distribution of starting times
is not seen as a limitation because the data is used merely
to test the model. It would have been possible to write a
program to generate data for each person employved in each
work center (and thereby eliminate possible start/finish
time inconsistencies) but such a schedule would have

resulted in an added authenticity which was not required
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| at the time cost that would have been necessary. The data
generated is sufficient to test the capabilities of the ;
model to manipulate hours worked on particular maintenance

i functions, as shown by the output reports.

Shift Indicator. The julian date is printed as an

indicator that a work crew has been employed for a period
of time that includes midnight--this input is necessary for
manpower accounting purposes to enable correct recording of

hours worked. This is an exact duplication of reality.

Finish Hour. The remarks made under the start hour

are equally applicable here: the times were generated
according to an arbitrary distribution shown at Appendix O.
To lend authenticity to the data so generated, minutes for
! both start and finish time have also been included in the
form of a uniform distribution. The model incorporates
this data for manipulation of manhour data and the facility

to use minutes in that data has been verified.

Crew Size. The crew size is also used for purposes
of manhour accounting. The data generated will produce a
i crew size of from one to seven in accordance with an
arbitrary distribution contained within the data generation
program. The AF form 349 only permits recording of one %
digit of information on crew size which effectively places

a maximum limitation of nine persons per task. The model
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reflects this limitation. This is in consonance with reality
in which a crew size usually does not exceed five; certainly
in reviewing sample data from the ROKAF this was the situa-
tion. However, future modification of the model would per-
mit the use of larger crew sizes up to a maximum of nine

persons.

A sample of 200 AF form 349s has been received from
the ROKAF to aid in data validation. These forms have been
examined by the authors and no discrepancies were found
between the type of data generated artificially and that
actual data, with an exception in that the actual data
incorporated greater variety than the artificial data.

This limitation has been discussed above; suffice it to add
that the real data verifies the generated data. The real
data has not been run against the program because it is
incomplete: these forms are from a variety of work centers
and for various times and do not show sufficient time con-
sistency for system validation. Therefore, it was decided
to utilize the artificial data as a surrogate for the real

ROKAF data.

Quality Control Inputs

The format of the quality control inputs has pre-
viously been shown as Figure 4; to recapitulate: the qual-
ity control input is used to record the number of dis-

crepancies found on inspections of aircraft. Very little
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actual data has been received from the ROKAF which would

enable complete validation of the data artificially gene-
rated; however, the information used is according to ROKAF
examples--the actual input format was devised by the authors
to enable output of the Quality Control Outputs by Type of
Inspection and Work Unit Code. Each element of the input

will now be examined for validation purposes.

Type of Inspection. The data generation program

produces five different types of quality control inspection.
A greater number would be a closer approximation to reality
but is considered unwarranted. The five types of inspec-
tions used are sufficient to test the capacity of the model
to handle variety, without causing added complexity. The
model will manipulate as much variety as exists in the real
world so the use of only five types in the generation is

not viewed as a limitation.

Inspection Number. The data generated also includes

the capacity for sequential numbering of each inspection

type for each julian date. This capability is not utilized
by the model but may be necessary for later development of
the model to output a proliferation of other reports. This

characteristic is not required but adds authenticity.

Julian Date and Year. This element is used for

initiation of the Quality Control Reports, as well as
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enabling storage of data in data files for production of
the Quality Control Output per Type of Inspection. No vali-
dation is required for this input, except to ensure that

days were generated sequentially.

Aircraft Type. The four aircraft types are gene-

rated according to a uniform distribution; this data ele-
ment is not required in the current output reports but may
be a requisite under later modifications (e.g., output of
discrepancies on QC inspections per aircraft type). Cur-
rently this field serves to lend authenticity to the data

input.

Work Unit Code. Ten different work unit codes are

generated according to a uniform distribution. Whilst it
is recognized that this does not convey the whole gamut

of codes available in the working environment, we believe
that it does represent sufficient diversity for model veri-

fication.

Number of Discrepancies. The data generated will

show the number of discrepancies as a two-digit field based
on the output of a Poisson distribution with a lambda value
specified by uniform distribution. There iszu;zequirement
to have realistic data in this field because the model
merely uses this element to graph the discrepancies per

inspection type, and to accumulate discrepancies per work
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unit code--all that is required is that the numbers gene-~

rated are sufficient to test the model. In this respect,
this element is validated.

Few ROKAF quality control reports are available at
this time to enable comprehensive verification of the
quality control input. However, the data input should con-
tain (as a minimum) the elements outlined above, each of
which has been individually discussed and verified; the

quality control input is therefore realistic.

Summary Delete Cards

The summary delete cards are generated according
to the format shown in Figure 5. No Air Force manual
describes the form of this card but a requirement exists
under the model for information of the departure of air-
craft from the depot level maintenance facility to enable
output of the Production Summary Report. The delete card
facilitates file maintenance functions, thereby eliminating
the need for manual (intermittent) file closures. All
that is required is that when the depot completes overhaul-
ing an aircraft, a delete card should be produced to record

this event. No further validation appears necessary.

Summary

From the detailed discussion above the data input

has been shown to be realistic, subject to the constraint
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of limited variety in some instances. The next section

will examine each of the reports output by the model.

Output Validation

This section will deal with each of the reports,
examining them in detail and explaining how the informa-
tion thereupon recorded is to be interpreted.

Quality Control Output per
Type of Inspection

Reference to Appendix F will show a sample of the
type of output generated by the model under this report.
The objective of the output is tc illustrate graphically
the movement in the average number of discrepancies found
for each type of inspection.

The output lists the type of inspection by name
and month, followed by the total number of inspections of
this type conducted at all of the work centers. The model
then computes a discrepancy rate (mean average number of
discrepancies per inspection type) based on the total
number of discrepancies found on all inspections of that
type for that month.

The graphical display is in the normal control
chart format with an average (c) computed from the past
three months data for that inspection type. The output is
in the form of one years data commencing at January for

each year. This output is in the format required by
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Figure 9 and hence meets the needs of the ROKAF. Limita-
tions of this output are:

a. the vertical axis presents data to the nearest
graphed point; i.e., it does not graph the exact position
of the data, but only its general location with respect to
the upper- and lower-control limits and c. To obtain the
exact rate requires examination of the tabular output above
each chart; and

b. the normal chart prints a maximum of twelve
months information-~as of the commencement of each calendar
year information from the previous year is not shown and
hence it is not until December that a complete twelve

months data is printed.

With these minor limitations in mind the output will enable
ROKAF management to take early remedial action should there
be an inordinate increase in the number of discrepancies
discovered on QC inspections.

Quality Control Output per
Work Unit Code

An example of the type of output given under this
report is shown at Appendix G. The objective of this report
is to list in tabular form the discrepancies found on qual-
ity control inspections for each work unit code.

The report shows all work unit codes for which QC

reports have been input for the month--the model accesses
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work unit code file for nomenclatures to increase the mean-
ingfulness of the output. The work unit codes are sorted

by the number of discrepancies found for that work unit

code over all guality control inspections. The output also
shows that percentage of total discrepancies which are |
attributable to that particular work unit code.

The output is in the format defined at Figure 11 and
is therefore of the type required by ROKAF management.
Therefore, the output is validated and no limitations are
seen in the use of this report as it has the capability to
sort and list all work unit codes used by the ROKAF. There-
fore this report will be suitable for use in highlighting

those work unit codes which are causing an inordinate

strain on the maintenance function. This highlighting can
then lead to increased managerial attention to that work
unit code to discover the reasons for the increased burden
of maintenance.

Number of Failures per
Work Unit Code

An example cf this report is shown as Appendix H.
The objective here is to correct all of the data on direct
labor accounting (except for mission aborts) to show the
total number of failures that occur, listed by work unit
code. The report ranks the work unit codes by the number

of failures associated with each. Alongside each code is
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printed the applicable nomenclature to increase readability.
Finally, the total number of failures is shown.

The report is in the form shown as necessary by
Figure 13 and hence is of the format required by ROKAF man-
agement. The report will output work unit codes for which
failures occurred during the month and there is no limit
on the number of such codes that can be output. There are
no limitations on the use of this output which will be used
to isolate those work unit codes which define the greatest
number of equipment failures.

Number of Aborts per
Work Unit Code

Reference to Appendix I will show an example of
this report. The report shows all work unit codes for which
mission aborts have been reported over the previous month.
The work unit codes are ranked according to the frequency
of occurrence of aborts; the WUC nomenclature is also
included to enhance presentation, and then the actual num-
ber of aborts is recorded.

This report is in the format specified by Figure 15
and is hence in consonance with the requirements of the
ROKAF. The objective is to delineate those work unit codes
which define equipments causing mission aborts, and hence
constrain equipment readiness. No limitations are

envisaged on this output as it includes the ability to
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output (and rank) as many work unit codes as are in use by

the ROKAF.

Manhours Expended per
Work Unit Base

Appendix J shows an example of the type of output
given by this report. In effect, this report is issued
in conjunction with the last two previously described--
the model computes the hours expended on the maintenance
function for each work unit code. This information is
collated from the AF form 349s input as failures, aborts,
and depot maintenance. The model sorts the work unit codes
in descending order in accordance with the magnitude of the
hours expended on maintenance functions associated with that
work unit code. The report also prints the work unit code
nomenclature to enhance readability.

The requisite format for this report is shown as
Figure 17. The actual output is in accordance with this
figure and hence the output fulfills the requirements of
the ROKAF. The report will be used to isolate those equip-
ment items that are causing the greatest burden to the total
maintenance function. In this way management is able to
concentrate its attention on those components which indi-
cate excessive time for failure corrections; there is no
limitation to the use of this report for the above-mentioned

management function.
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Failure Rate Summary

An example of this report is shown as Appendix K.
The report is a compilation of the previous three reports,
together with comparative data from the previous month.

The report shows each work unit code listed in numerical
order (for convenience), together with the applicable
nomenclature. The report shows the number of failures (and
ranking) for each WUC for the current and the past month;
the same information is recorded for aborts. Likewise,

the report shows the total number of direct labor manhours
(and rankings) used over the month compared to those of

the previoﬁs month.

Reference to Figure 19 will show the required format
of this report; the actual format is in compliance with the
dictates of this figure and hence will meet the requirements
of the ROKAF. Besides acting as a compilation of the pre-
vious three reports, the fact that comparative statistics
are available means that the report can be used to indi-
cate movements in relative importance of particular work
unit codes. There are no limitations to the use of this

report (within the requirements stated).

Production Summary Report

Appendix L contains an example of this report. The
objective of the report is to output the number of hours

of maintenance utilized by each aircraft during the
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performance of depot-level maintenance. Once an aircraft

has left the depot a final manhour utilization entry is
recorded; otherwise, each aircraft in the depot is shown
together with the number of hours already consumed and a
comparison against the number of hours authorized for that
maintenance function. The report also shows whether there
are authorized manhours still available, or whether the
authorized limit has already been exceeded. This report is
output quarterly.

From Figure 21 a copy of the required output format
is available. A comparison with the output obtained will
show that the actual output will satisfy the requirements
of the ROKAF--the necessary information has been presented
as required. This report will be used to determine which
aircraft have exceeded their authorized manhour usage,
those likely to exceed their authorized usage, leaving
those which do not require managerial attention. This
information can then be used for depot scheduling or to aid
in managerial investigations of maintenance delays.

As the model currently operates, a standard number
of hours for each aircraft type overhaul has been listed
on a permanent file which is accessed each time the report
is generated. A possible complication exists which has not
been addressed by the model. The input me%hod utilized

from AF form 349 does not allow for the reporting of the

type of overhaul that is being conducted. If there is a
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variety of types of overhaul that are conducted on each air-

craft type (a not unrealistic assumption) then this factor
would need to be reported on the AF form 349 and the model
would require some modification in the light of this cir-
cumstance. No other limitations exist.

Manpower Accounting Summary
per Work Center

An example of the output generated as this report
is shown as Appendix M. The objective of the report is to
divide labor into three elements and provide a costing for
each of these components for each work center. From the
assigned ménning permanent file for each work center the
model accesses the total assigned manhours available for
each work center each month. The model works on the basis
that each man works 176 hours per month (22). The model
totals direct labor and indirect labor, the difference
between this sum and total hours available is referred to
as "other." The costs are found through computing the
total salary for each work center through interaction with
the salary permanent file. Each component of labor is
then allocated a cost in relation to the total cost in
a direct relationship between that component and the total
labor availability. The model also shows the authorized
and assigned manning, and the percentage manning for each

work center.
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The format of the output required is shown as
Figure 23; the actual output report includes all those ele-
ments required by the ROKAF in respect to manhour account-
ing. The report will be used to highlight those work
centers which have an inordinate amount of nondirect labor
in an endeavor to raise the element of direct labor which
would result in an increase in productivity; the report will
also show which work centers most need increased manpower
assignments.

The major limitation to the model is that it does
not have the capability of computing manhour costs when the
assigned ménning varies over the period of the month of the
report. The same limitation is evident for the authorized
manning but this varies so rarely that this does not act as
a constraining factor. The model can be modified to
require reporting of assigned manning whenever such a
change occurs, and hence computing costs on a daily basis.
This facility has not been incorporated in the model
because of limited time availability.

Another minor limitation exists--the AF form 349
does not record the grade and seniority of the person/
persons assigned the task covered by the AF form 349; hence,
there is no means to defining the exact cost of each task.
The method by which the model handles this constraint is
to compute costings on the basis of averaged salaries for

each work center. The resultant costings are therefore not
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exact, but represent sufficiently accurate approximations

to enable this report to be used as intended. To record
the exact cost would necessitate the inclusion of grade/
seniority data on the AF Form 349 and the resultant
increase in decimal accuracy is not considered to be worth

the extra data required for implementation.

Validation of the System

Information has been obtained from the ROKAF on the
manning of all work centers used for F-4 maintenance (22).
From this data five representative work centers were selected

with manning as indicated:

a. K3110 (Repair Reclament Shop) - 24 men;

b. K3130 (Electrical Shop) - 21 men;

c. K3160 (Fuel System Shop) - 10 men;

d. K4110 (Flight Line Support Shop) - 43 men; and

e. K4230 (Electrical Navigation Shop) - 10 men.

(The details of authorized and assigned manpower for each
of these shops is shown at Appendix P.) In the case of a
depot no figures were presented--it was decided to assume
that a depot would require approximately the same number l
of men as a flight line branch (for which figures are avail-
able). A representative figure was 71 men.

From the data supplied there are 1053 men assigned

to the whole maintenance function; as the above work centers

and depot total 179 men, we have made the not unrealistic
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assumption that they would be responsible for 17 percent of
all work generated each day. Now, we know that the main-
tenance systeﬁ'generates 600 cards per day (22); therefore,
our work centers would be expected to generate approxi-
mately 17 percent of these cards, or 100 cards per day.

From the ROKAF data, salaries were available for
each rank and increment thereto. This data was stored in
permanent files for access in generation of the Manpower
Accounting Summary. The assigned and authorized manning
for each of the work centers was also stored in permanent
files for interaction in the output of the Manpower Report.

Thé actual number of hours worked by each man is
obviously subject to some variation each month but the
information provided by the ROKAF indicates an average of
176 hours per man per month. This figure is based on a 44
hour week with 4 complete weeks per month, the remaining
time being taken up in holidays. In fact, we question the
exactness of this figure of 176 but take it at face value
under the circumstances. Once the MDCS is put into prac-
tice by the ROKAF some deeper examination of the hours
available each month may be warranted.

The ROKAF data indicated that there were approxi-
mately 138 QC inspections per month, or approximately 5
per day. The data generation program was therefore altered
to ensure that approximately 96 percent of all items out-
put were in the AF form 349 format, with the remainder being
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in the quality control inspection format. This whole system
of 105 cards per day was run for two years to obtain data

for system validation.

System Production

With the algorithm producing approximately 105
cards per day for two complete years, the model was utilized
to produce the required reports and the times taken for
each segment were totalled. Because of the fact that data
was generated through the computer, no definitive times were
available for data input through the card punch medium.
However, as some sample AF form 349s were available, the
authors were able to punch up 50 cards in less than an
average cf 30 seconds each (an average cf 24 seconds per
card for 50 cards). It was therefore reasoned that a
trained card punch operator would experience little diffi-
culty in achieving a comparable rate of one card per 30
seconds over an extended period. (We believe this to be a
much slower time that would actually be achieved but wish to
consider a "worst case" situation.)

On the basis of card punch operations as outlined
above, the time required to punch up 105 cards per day for
one year is 320 hours, or 26 hours and 30 minutes per month.
The actual computer manipulation for one years data was 18
minutes, plus 20 minutes for output printing (on a GE 115

PRT 100 printer). This means total system time is:
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a. computer time per months: 3.2 minutes;

P =

b. card punch time for month: 26 hours and 30
minutes; and therefore

?i c. total MDCS time: 26 hours and 33 minutes.

Data provided on the current system has been pro-

vided from the TCG at Hill AFB (21) and is shown as Figure

34.
:
Direct Indirect Total
Report Manpower Manpower (Monthly)
a. Production Summary 140 285 425
b. Quality Control Outputs 140 265 405
c. Manpower Accounting 160 360 520
d. AF Form 349 Reports 375 589 964
2314

Figure 34. Manual Output Times in Hours

Now, the data manipulated each month represents

17 percent of the total time for each of the following

reports:
a. Production Summary-- 17% of 425 hours = 72.25
b. Manpower Accounting-- 17% of 520 hours = 88.40
c. AF Form 349 Reports-- 17% of 964 hours = 163.88

This totals to approximately 325 hours for manual output.
In addition to this time, the model also utilizes all QC ﬁ
input each month and outputs all applicable reports. This

would take 405 hours manually. Hence, the total manual
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time required to duplicate the MDCS output would be
(405 + 325 =) 730 hours.

The time computed for the MDCS was 26.5 hours which

is less than 4 percent of the time regquired for the equiva-
lent manual system of 730 hours. Based on the criterion

for significance established in Chapter I, this figure is
considered to show that the MDCS is significantly faster

than the manual system, and examination of all reports out-
put over the two-year period show that the model is operating

as expected.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This thesis has examined the development and vali-
dation of an automated Maintenance Data Collection System
for utilization by the Republic of Korea Air Force. The
resultant system will serve two specific purposes:

1. This system will give a strong basis to the
ROKAF management functions of the F-4 weapon system as
they relate to maintenance and manhour accounting.

2. The MDCS will enable the ROKAF to make specific
estimates of the needed logistical spare parts support

required on an annual basis.
The final model developed is listed as Appendix Q.

Applicability

The previous chapter validated the model's use in
the output of the following reports:

a. Quality Control report per Type of Inspection;

b. Quality Control report per Work Unit Code;

c. Number of Failures report per Work Unit Code:

d. Number of Aborts report per Work Unit Code;

e. Manhours Expended report per Work Unit Code;
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f. Failure Rate Summary per Work Unit Code:
g. Production Summary Report; and
h. Manpower Accounting Summary report per Work
Center.
Each of these reports is equally applicable for use by

other countries which receive security support for the

F-4 weapon system through the Technical Coordinating
Group. The only requirement is that countries will need
to collect and input their maintenance data in the same
formats as presented in Chapter II of this thesis.
Further, this will require the use of AF form 349 and
appropriafe AF Technical Orders and Manuals relating to
maintenance functions. Additionally, Quality Control
data will need to be recorded.

The model points out the fact that there does not
appear to be a need to confine the use of this MDCS to
F-4 weapon systems management, as the routines and
algorithms are equally applicable to other weapon systems.
As in all actual real world applications of any system,
there will be a need to alter certain permanent files
(e.g., salary, authorized and assigned manpower, etc.)
to reflect local conditions, but this task simply requires
the employment of a systems programmer to make the necessary

system changes.
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Limitations

Although the limitations to this model have been
highlighted as they occurred in the validation outlined
in Chapter III, one is particularly troublesome: changes
in manning authorizations or assignments that occur during
the month are not reflected in computations of manpower
costs until the permanent manpower file has been updated.
The limitation to the effective use of this system can be
eliminated by use of a daily manning input and resultant
computations, rather than the monthly computations which
now exist; unfortunately, because of the pressure of
limited time, the authors were not able to develop this

capability themselves.

Further Development

As with all computer models developed, this MDCS
leaves the possibility for further development limited only
by the systems designer's imagination. However, there are
some suggested areas for development.

1. Develop a daily manning input and a computa-
tion routine to enable a more refined manning cost figure
to be produced.

2. Develop a routine to sort quality control data
not only by type of inspection but also by Mission Design

Series (MDS) of each specific weapon system.
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3. Develop the capability to break down the depot
maintenance activities by types of overhaul performed and
the manhours devoted to each type of overhaul by weapon

system.

From the data available to this model there is a
plethora of other reports that could have been produced--
it is in this field that we need to exercise restraint.
The idea behind a report is to attenuate the variety of
the real world situation to a meaningful scope that is
comprehensible to the manager. To add to the prolifera-
tion of demands for an increased number of reports is
often to increase the variety of the existent data, rather
than to decrease that variety.

The reports generated currently by this MDCS
meet the requirements of the ROKAF for advanced knowledge
of possible equipment malfunctions to enable these com-
ponents to be included in the following years Special
Support Arrangement. Further, it creates a unigque weapon
system management system to reduce maintenance problems
and inefficient manpower utilization. This thesis and
development of the resultant MDCS have been confined to
the satisfaction of this requirement. Once new require-
ments are definitized, and we express no doubt that such
a requirement will be perceived, then the model will
require further development. We leave it to the capable
hands of future system analysts to fulfill these perceptions.
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APPENDIX A

GLOSSARY OF DEFINITIONS




Definitions

The following glossary of definitions will be used
throughout the thesis and is presented here for the con-

venience of the reader.

Access--"the ability to retrieve data from a com-

puterized storage media [7:2]."

Characteristic--"a specific capability or feature

possessed by a retrieval system [7:2]."

Computer program--"A series of instructions or

statements in a form acceptable to a computer [and] pre-

pared in order to achieve a certailn result [30:C-9]."
CREATE--the computer facility utilized at AFIT SIG.

Data base--"the collection of data stored within

the computer system [7:2]."

Edit--"the capability to diagnose syntax errors in

the retrieval system input parameters [7:2]."

File--"A collection of related records treated as

a unit [30:F-2]."

Input--"data to be processed [30:I-4]."
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Maintenance Data Collection System (MDCS)--a com-

bination of computer programs aimed at manipulation of
input maintenance data to enable an expansion of the data

base to provide that information required by the MDRS.

Maintenance Data Retrieval System (MDRS)--a com-

bination of computer programs to provide access to specific
information in the data base, and then to output that

information in a meaningful format.

On-line inquiry--"an immediate (normally a matter

of seconds) response given to a question asked over a
remote keyboard terminal, which is hooked up on-line to

the central processor [7:8]."

Processing logic--"those predetermined series of

steps in which data are internally manipulated within the

computer system [7:2]."

Random sample--"a sample in which each element of

the population has an equal and independent chance of being

included [13:337]."

Record--"a collection of related items of data,

treated as a unit [30:R-2]."

Retrieval system--computer programs or routines

which have the capability to extract specified data from

LS




computer storage, reformat or manipuléte this data and
output the data in the format specified by the reguestor

(25%1).

Sample--"any subset of elements from the universe

or one of its populations [13:327]."

Syntax--rules for using a retrieval system (26:1-2).
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APPENDIX C

HIGH LEVEL FLOWCHART OF DATA GENERATION PROGRAM

L9




SET CONTROL=D
SET HOURLY
ALICCATIONS

INSPECTION TY?E

RCRAFT '!".'PEI

STCRE AS
oc NpCT




WoC="3"
cR "
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SET PLANE
TYPZ & TAIL
NUMBER

SET WORX
UNIT CODE &
WORK CEINTER

p
I SET "HOWMAL" I

& START/FINISH/
CREWSIZE
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APPENDIX D

PROGRAM LISTING OF DATA GENERATION ALGORITHM
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APPENDIX F

QUALITY CONTROL OUTPUT PER TYPE OF INSPECTION: OUTPUT
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APPENDIX G

QUALITY CONTROL OUTPUT PER WORK UNIT CODE: OUTPUT
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APPENDIX H

NUMBER OF FAILURES PER WORK UNIT CODE: OUTPUT
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APPENDIX I

NUMBER OF ABCRTS PER WORK UNIT CODE: OUTPUT

146




QeeseeNeErRecsesENcERRRNRIRRRRY sssavalesesRERNEREERRRERTRleD

i

SLHOHY 40 H3IHHNN

UVH H0J Spyudyv

HyV3I0-UN)
SLY=U1H
HaLins=2
d14-404-41

JUNLYIDNIHUN
essecvansnras

J0

Y9999

f&-rqbw

céLie

sryel

ansrPaRNELERLOY

44600 1NN

Nyuh

1

XUV

SRR RsERARRRRERRRERRERR R RIS

HIVHON



APPENDIX J

MANHOURS EXPENDED PER WORK UNIT CODE: OUTPUT
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APPENDIX K

FAILURE RATE SUMMARY PER WORK UNIT CODE: OUTPUT
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APPENDIX L

PRODUCTION SUMMARY: OUTPUT
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APPENDIX M

MANPOWER ACCOUNTING SUMMARY PER WORK CENTER: OUTPUT
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APPENDIX N

LISTING OF MDCS SUBROUTINES
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GETJUL
DELETE
QCRPT
FAIL
MHRA
PROD
ABRT
LIMIT
GRAPH
LIMITX
TYPECHK
ROADNC
LIMITZ
MNTHLY
EQF
PUTJUL
PREP
QTCHK
MAINT
PARE
FAILR
ABORTR
MANHR

FAM

For retrieval of julian date limits
For storage of delete da*a

For storage of QC data

For storage of failure data

For storage of AF form 349 data

For storage of production summary data
For storage of abort data

For checks on report dates

For output of QC graphs

For checks on report dates

Holds data on aircraft types

For quarterly reports

For output of monthly reports

For printing monthly reports
Positions files

Updates julian dates

Establishes new julian date limits
Checks for quarterly report applicability
Maintains QC file data

Monitors the reports

Prints Monthly Failure Report
Prints Monthly Abort Report

Prints the Monthly Manhour Report

Controls the previous three subroutines
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LASTHIS
FRS
FSUM
UNIQUE
PRODELT
PSFB
I LIMITP
FMAINT
MDSPWC
SORT1
SORT1A

SORT1B

Updates the Summary File

Liaison for the Summary File

Prints the Summary Report

Compares summary data

Maintains the Production File

Prints the Production Summary

Controls Six Month Maintenance Routine
File Maintenance

Prints Cost Report

Sorts Work Unit Code

Monitors the sort routine

Rebuilds output file
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APPENDIX O

TIME DISTRIBUTIONS
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Start Probability Finish Probability
0400 .02 0000 .02
0500 .03 0100 .01
0600 .05 0200 .02
0700 .10 0300 .03
0800 .40 0400 .02
0900 .10 1100 .03
1000 .05 1200 .04
1100 05 1300 .05
1200 : .05 1400 .05
1300 .04 1500 .05
1400 .03 1600 .20
1500 «03 1700 <20
1600 « 03 1800 .10
1700 .02 1900 - 05
2000 .05
2100 - 04
2200 -02
2300 - 02
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APPENDIX P

MANPOWER ASSIGNMENTS PER WORK CENTER
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K3110 Repair Reclament Shop Authorized Assigned
Major 01l 00
Lieutenant 01 01
Master Sergeant 01 01l
Technical Sergeant 03 05
Sergeant 05 04
Airman il 13
K3130 Electrical Shop Authorized Assigned
Lieutenant 01 00
Warrant Officer (0% 1 0l
Master Sergeant 02 02
Technical Sergeant 03 03
Sergeant 04 03
Airman e 11
Civilian 01 01
K3160 Fuel System Shop Authorized Assigned
Master Sergeant 01 01
Technical Sergeant 01 Ol
Sergeant 02 03
Airman 06 05
K4110 Flight Line Support Shop Authorized Assigned
Captain 0l 00
Lieutenant 01 0l
Warrant Officer 01 04
Master Sergeant 05 07
Technical Sergeant 08 07
Sergeant 10 04
Airman 27 20
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K4230 Electronic Navigation Shop

Warrant Officer
Master Sergeant
Technical Sergeant
Sergeant

Airman

Civilian

Depot Depot Maintenance Facility

Major

Captain
Lieutenant
Warrant Officer
Master Sergeant
Technical Sergeant
Sergeant

Airman
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Authorized Assigned

01
01
01
02
03
01

Authorized Assigned

00
02
01
00
06
01

0l
02
04
04
06
10
15
35

01
01
03
05
06
10
L5
30
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LISTING OF MDCS PROGRAM
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