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SUMMARY

Resources are expended to operate and support a weapon system.
To be able to analyze the resources used, data must be gathered
from diverse sources. Once the resource utilization is known,
actions can be taken to reduce the resource requirements through
modification of the system, the mission or the operating policy.

This report describes an analysis of available Air Force data
on the utilization of resources for the C-130E Hercules aircraft.
This report is the second of a series of four which will document
this research study. This study is Phase I of a four-phase project.
The project, "Advanced System for Human Resources Support of Weapon
System Development," is designed to demonstrate the technical
feasibility of a method of reducing the cost of ownership of a new
weapon system to the Air Force.

PROBLEM

To analyze the resource utilization of a weapon system requires
the establishment of a massive data base. The information necessary
to complete the data base must be acquired from many different
sources. The problem addressed was to establish a methodology for
collecting resource utlization data for an operational weapon system.

APPROACH

The approach involved two tasks. The first was to search,
locate, acquire, screen, and evaluate all Air Force data concernirng
the utilization of resources by the C-130E Hercules aircraft during
the past fifteen years (1962 through 1976). The second task was to
collate and analyze the data.

Both human and material resources were considered. Human
resources include the people required to perform support functions.
The people are described according to Air Force specialty code 2

(AFSC), experience level, and rank. Material resources include,
for example, spares, ground support equipment and fuel.

Every known Air Force agency (including operational units)
that might have C-130E historical data was identified and contacted.
Special data source summary forms were developed and completed for
each organization. The data were computerized along with the
documentation (published literature) that was collected during an
earlier task (reference AFHRL-TR-77-40).

1:
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pI
All data acquired for the study were indexed and analyzed into

seven major categories; i.e.: a) operations, b) maintenance, c)
reliability, d) safety, e) human resources, f) material resources,
and 9) cost. Where total data were not available, statistical
normalizing techniques were applied to the available data slices
as the means of filling in missing years. This method was especially
needed in estimating human resources, material resources and costs.

DIFFICULTIES ENCOUNTERED

Special difficulties encountered in conducting this study will
be stated because they impact on future efforts. Such difficulties
were:

1. Some input data were fragmented and/or discountinuous.
This forced the formulation of scattered, discountinuous
analytical results.

2. In some cases, data requested early in the program either
were not made available or arrived late. This precluded
quantitative compilation of meaningful, accurate historical
profiles in some areas.

3. Conflicting data (e.g., number of possessed C-130E air-
craft per year from 1962 through 1976), obviated or
attenuated analytical progress. In some cases these
conflicts could not be satisfactorily resolved.

4. The general policy of USAF agencies to retain historical
data files, for short time periods, as well as not
having a single weapon system data repository had a
profound effect on analytical results. Extrapolative
and interpolative analytical results are always "second
best" when attempting to evolve quantitative weapon
system histories.

Most of the difficulties encountered were resolved through
extensive conference telephone conversations with key personnel or
L.y engineering Judgment. Data not available through a principal
data agency(ies) were acquired through other sources. This did
not always represent a fully satisfactory solution, but did
significantly aid in filling large data voids. No solution was
provided concerning the USAF need to maintain at least one
centralized data repository.

2



RESULTS

The magnitude of findings emanating from this study precludes
Issuance of a complete summary of key findings. Some of the more
salient outcomes include:

1. Fifteen year profiles of C-130E organizational and
intermediate troubleshooting maintenance manhours per
1,000 flight hours encompassing 29 flight subsystems were
quantified.

2. Corrective maintenance task numbers and proportional task
distributions encompassing the 29 C-130E flight subsystems
were plotted for each year of the 1962 through 1976 re-
porting period.

3. Organizational and intermediate tasks per sortie
encompassing the periods of 1965 through 1976 (12 years)
were derived.

4. Corrective organizational and intermediate maintenance
hours and proportional distribution patterns per 1,000
flight hours (1962 through 1976) were analyzed and derived.

5. Proportional distributions were developed of organizational
and intermediate maintenance troubleshooting manhours
(1962 through 1976).

6. A determination was made of the numbers of organizational
and intermediate "repair only" tasks per 1,000 flight
hours and the associated proportional distributions within
the 29 subsystems (1962 through 1976).

7. Organizational maintenance remove and install tasks per
1,000 flight hours profiles were specified.

8. C-130E flight and maintenance personnel manpower estimates
encompassing 15 years were prepared. This incluaes profiles
of maintenance personnel assigned to 64 work centers
contained within the Deputy Commander for maintenance
organizations, Organizational Maintenance Squadrons, Field
Maintenance Squadrons and Avionics Maintenance Squadrons.

9. Near term Field Training Detachment (FTD) histories (27
months) of numbers of graduates per month as well as
training hours per month per ITD were defined. This enabled
development of estimated FTD training histories for the
period of 1962 through 1976.

3
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10. Complete 15 year historical profiles were developed of

Time Compliance Technical Order (TCTO) kits installed
into 308 C-130E aircraft. This included total number
of kits per aircraft at the intermediate and depot
maintenance echelons as well as total hour expended
per year when installing kits at the two maintenance
echelons. Composite frequency polygon distributions
encompassing intermediate and depot TCTO kits and
expended hours deDict retrofit patterns.

Other results include the development of discrete (quantitative)
15 year profiles of educational levels achieved by three officer
AFS's and 30 enlisted AFS's. Achieved educational trends observed
during data analyses enabled formulation of the following conclusions:

1. Achieved educational levels of officer and enlisted
nersonnel climbed Adrmaicall' y between the years of
1962 through 1976.

2. No non-high school graduate Air Force personnel are shown
as officer rated (AFS 4016,4024, and 4096) as of June 1976.

3. More officers and enlisted personnel entered college
during each ensuing year between 1962 through 1976.

4. Achieved educational levels of officers are significantly
greater than for enlisted personnel.

5. Selective criteria implemented by USAF recruiting centers
appear to be responsible for marked reductions in
enlisted personnel not having high school diplomas or
equivalent.

CONCLUSION

In spite of the obstacles, a comprehensive 15 year data base for
the C-130E has been obtained, organized, and analyzed. Of future use
are both the date base and the methodology used for its development.
The data base establishes a reasonable baseline of information that
could be used in the initial planning of a new weapon system of this
type. The information indicates the high resource requirements and
possible design changes that could reduce these requirements.

The basic methodology can be used to provide such a historical
baseline for any weapon system. It indicates the type and sources
of available information, the type of analyses that can be made, and
the type of useful information that can be formulated.
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I - INTRODUCTION

PURPOSE:

The Air Force must be able to meet its specified mission require-
ments. To meet these requirements a snectrum of weapon systems must
be designed, produced, and maintained. As the cost of sophisticated
technology spirals upward, the Air Force planner must be able to maxi-
mize performance while minimizing cost. The crucial limiting parameter
placed upon the weapon system spectrum is cost. Currently, it is popu-
lar to advocate different methods for controlling cost; such as cost
of ownership and life cycle cost.(LCC). All costing technologies have three
aspects in common: The value of a weapon system is measured in dollars;
the computation of the value is at a fixed point in time; and the
function of costing the system is dependent upon the definition of vari-
ables to be included in the cost.

All too frequently, after a discrete set of variables has been
agreed upon, as those that will generate the desired cost, it is deter-
mined that no information is available upon which to establish the
dollar value of a variable; therefore, the variable is excluded or
treated as a constant. This is especially evident in those areas not
directly associated with weapon system acquisition. This dilemma
severely hampers the computation of the desired cost and reduces the
probability of making the optimum decision. In order to redress the
deficiency, the Advanced Systems Division of AFHRL has attempted to
identify, develop and demonstrate a series of methods to allow for
the inclusion of these variables in cost computations.

Through initial research efforts it had been established that
these variables could be quantified and included in cost analysis.
During the same time frame it was realized that the final cost of a
weapon system was dependent upon five major interacting factors:
(See Figure 1) a) system design, b) human resources, c) material
resources, d) performance required and e) operation of the system.
In order to impact the cost of a system, a change wouTd be necessary
in one of the factors. However, a change in any factor will have some
impact on the others. To adequately analyze the cost of a weapon
system, a capability to model or simulate all five factors is necessary.
As can be seen in the diagram, the life cycle cost of any weapon system
is dependent upon the state of not only the design but the other
factors. Any change in a factor will result in a new state and result-
ant LCC estimate. State "A" will result in a different LCC than state
"B". Project 1959 "Advanced System for Human Recources Support of
Weapon System Development," is the first effort to integrate these
factors in a single analysis technique that could be used to evaluate
the full ramifications of weapon system design, human resources,
material resources, performance, and operations.
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PROJECT 1959 PURPOSE AND GOALS:

The purpose of Project 1959 is to demonstrate the technical feasi-

bility of a method for reducing the cost of ownership to the Air Force

of new weapon systems. The cost expended to maintain certain human

resource configurations is a major contributor to operations and support

costs. Consequently, programs aimed at the reduction of human resource

parameter costs can have a significant impact on the Air Force budget.

In Project 1959 the advanced medium STOL transport (AMST) being

developed by the Air Force will be the test case. Existing state-of-

the-art technology in training, technical data, and manpower simulation
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techniques to reduce the human resource support cost of the system
will be applied. This project will provide for the inclusion of human
resources parameter costs in engineering design studies, forecasting
and controlling manpower requirements through the application of
systems analysis and computer modeling techniques, improved technical
data for maintenance personnel and early identification of training
requirements and advanced training techniques appropriate for the new
system. These techniques will be modified as required and integrated
to provide a comprehensive approach to the development of a cost
effective personnel support system for a new weapon system. The
project will be completed in four phases.

This project is directed at reducing the personnel support cost
of new systems. Research efforts under the project will demonstrate
a technology for controlling the personnel, training, and manpower
requirements of new systems without adversely affecting either opera-
tional readiness or system effectiveness. Application of this tech-
nology will lead to significant reductions in life cycle costs of new
systems.

Although this effort will utilize a particular weapon system to
demonstrate the technology for controlling personnel costs, this
technology could be generalized to a wide spectrum of new systems
being developed in the Air Force and other military services. In
general, the technology may be used for any type of new equipment
being designed and developed for whatever purpose: military, govern-
ment, or industrial.

PHASE I, PROJECT 1959 - HISTORICAL ANALYSIS OF C-130E LIFE CYCLE COSTS:

The purpose of this effort is to establish a historical analysis
of resource utilization of the C-130E Hercules. The analysis will
include both human and material resource utilization as indicated from
available records. In accomplishing this analysis a methodology will
be established to allow for analysis of other weapon systems. This
methodology will include type of information, possible sources, credi-
bility of data, difficulty in reducing data and cost of obtaining the
data. It is anticipated that most historical data is lost through the
demand for current data to solve operational problems. In addition,
large amounts of data may be available in such a form as to be prohi-
bitive to collect and process for a computerized system.

Traditionally, when a weapon system is developing through the
acquisition process, estimates are made as to the resources necessary
to support that weapon system. After the system enters the Air Force
inventory, the control of the human and material resources crosses
several functions and commands. Seldom are the initial estimates
verified for all resources controlled by one level of management. For
example, the provisioning of spares becomes a prime concern of Air
Force Logistics Command, while the manoower requirements are a major
concern of the using Command. Therefore, once a weaoon system is
operational, no single point manager is resoonsibie for the human and
material support of that system. 'lultiple managerient generates a
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considerable amount of information and information systems to track
and manage aspects of the weapon system. These sources of information
are dispersed and in various configurations. To attempt to evaluate
a system in terms of life cycle utilization or reduce that to a life
cycle cost is a complex task. This phase of Project i959 is designed
to address this problem. This chase has been planned to be accomplished
in six tasks.

DESCRIPTION OF TASKS

The sequence of the six major tasks are interrelated as shown
by the arrows in Figure 2. Where appropriate, the tasks are performed
in parallel.

HWSA PROGRA1
PLAN TASK VI

TASK I. TASKS III I
AF DOCUMENTATION BANK
SEARCH/COLLECTION TAPE

LIINI UT
.REVIEW OF TASK IV:••LITEPATURE I;'.PUTS DATA ANALYSES/"

D EVALUATION C-130E
I LIFE CYCLE

IN UT COST!••TASK Id TACSzK IV
" -- - ' - - " - - H I S T O R ! C C; ,L A F S C /( L C C ) : .:

TASK A.',ALYSES ANALYSIS
(12 AFSC's)

Figure 2 HISTORICAL WEAPON' SYSTEMS ANALYSIS (HWSA)
TASK FLOW DIAGRAM

Following is a brief overview of the actual work required by each of
the six major tasks:

Task I Develop Contract Performance Plan
Identify Data Sources and Agencies to be Contacted.
PrEiare Study Schedule and Milestones.
Complete Contract Performance Plan.
Kickoff Meeting.
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Task II Historical Data Review
Identify, Obtain, and Analyze C-130 (C-130E Subset

where possible) Research and Descriptive Studies
Documentation.

Conduct Structured Interviews.
Publish Formal Technical Report.

Task III Air Force Documentation Search and Collection
Identify and Screen Available C-130E Data Files.
Obtain Applicable Experience Data.
Catalogue Data Files.

Task IV Data Analysis
Evaluate Data.
Develop Descriptive Statistical Summaries.
Publish Formal Techr:cal Report.

Task V Historical Task Analysis
Select Skills
Identify Tasks for Each Skill.
Develop Task Parameters.

Task VI Life-Cycle Cost Analysis
Coordinate LCC Model Structure and Elements.
Perform LCC Analysis.
Generalize LCC Approach.
Publish Formal Technical Report (Final).
Develop General Data Bank Computer Tape.

Tasks III and IV were completed in April 1977 and are reported
in this document. The final technical report contains a complete
review of the entire study.

SCOPE

The scope of Tasks III and IV (as shown above)
was focused on the C-130E Hercules aircraft. The study was further
limited to Air Force data collection systems/documentation within the
calendar years of 1962 through 1976 (15 years). Figure 2 provides
an illustrative relationship of these two tasks to other tasks being
accomplished under this contract.

GENERALIZED DATA COLLECTION AND ANALYSES METHODOLOGY

Data Search and Collection Methodology

Data search and acquisition techniques, utilized by investigators
of this study are summarized in Figure 3. Subsequent to definitior'

of the seven data categories defined in Figure 3, a thorough
review/assessment of C-130E data histories present within extant his-
torical repositories was completed. Profiles of adequacy and complete-
ness of historical data were developed. Concomitant date weaknesses
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and/or additional data needs were then tabulated. Then action was
initiated whereby additional C-130E historical data were acquired.
This was accomplished via: a) search for data within extant Boeing
Libraries and other data centers, b) submittal of formal correspondence
to appropriate USAF agencies, and c) site visitations to various
Air Force Commands and bases. The relative merit or applicability of
existing and newly acquired data was assessed by all investigators,
against a set of predefined criteria. This included, but was not
limited to, such selection questions as: a) Do the data apply to the
C-130E weapon system?, b) Are the data derived from direct C-130
operations and maintenance reporting systems?, c) Are they
continuous data?, d) Do they cover the seven data element categories
delineated in Figure 3?, e) Are the data quantitative or qualitative
in nature?, and f) Will the data enable costing for the "Life Cycle
Cost Analyses," to be accomplished later? Data selected for applica-
tion to this study were logged and filed into a central repository.
This repository included the filing of all hard copy data as well as
those data contained on microfiche, magnetic tape and slide film.
The resulting data contained within the central repository served as
the "data pool" for the conduct of the Data Analyses (Task IV).

Data Analyses Methodology(ies)

Figure 4 provides an illustrative compendium of the six basic
analytical progressions followed, when analyzing the C-130E historical
data contained within the central data repository. Initial analysis
required the separation and collation of data into qualitative (subjec-
tive) and quantitative categories. This was accomplished for each of
the seven data categories (e.g., operations data, human reso-urce data,
maintenance, etc.) itemized under blocks 2 and 3 of Figure 4. Subse-
quent to this mechanical sorting procedure, data matrices were pre-
pared against each data element. Data summary texts were prepared in
series with ten discrete evaluative steps taken during the block 4
analytical phase. Descriptive and statistical summaries of each of
the seven data elements were then prepared and compiled. These data
banks, i.e., data compilations, matrices, tables, and figures for each
data element (step 6), served as the basis upon which-this report was

written.

SUMMARY

This report is the second of a series of four reports to be com-
pleted under this study. It describes the work accomplished during
Tasks III and IV of a six task study to historically analyze the
resource utilization of the C-130E Hercules aircraft.

The approach to Task III was to identify, contact, and where
possible, collect applicable data from every Air Force agency that
conceivably might have current and/or historical data files/data
repositories, that could contribute to determining the human and material
resources utilized in direct support of the Air Force C-130E Hercules
"aircraft during the aircraft's operational years (1962 through 1976).
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The approach in Task IV was to collate, analyze and prepare his-
torical data (when data histories permitted) into chronological queues.
Development of quantitatively derived results, when placed in queues,
enabled investigators to formulate conclusions, trends and problem state-
ments about the C-130E weapon system. Historical data voids were made
apparent via this analytical technique.

Results acquired during this task serve as the quantitative
foundation upon which discrete life cycle costing (Task VI - of this
study)of C-130E weapon system operations will be accomplished. Quanti-
tative data baselines were formulated in the following data categories:
a) operations, b) maintenance, c) reliability, d) safety, e) human
resources, f) material resources, and g) cost.

I2
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II - AIR FORCE DOCUMENTATION
SEARCH AND COLLECTION

A thorough search and screening for usable data within existing
Air Force data files was conducted. The identification of existing
Air Force C-130E data files was accomplished basically following the
steps as shown in Figure 5.

An initial list of data elements and parameters were developed
along with the potential data source and location. The initial list
of data elements and parameters contained the baseline information
required to backfill 15 years of Air Force C-130E historical resources
utilization data. This initial set of data elements/parameters was then
screened and their locations were established. Detail descriptions of

the data sources and interfaces can be found in references L and
This list was expanded as other data sources were identified that
could contribute to the overall study objectives as discussed below.

OBTAIN APPLICABLE EXPERIENCE DATA

The data collection process for this study required screening and
processing of products from many sources. Three basic approaches were
used to gather the data.

First, available in-house, previously obtained C-130E data
from applicable Air Force data files was screened;

Second, a formal request letter was forwarded to organizations
that were known to be data repositories of applicable data files/
information; and,

Third, during scheduled site visits, specific offices were visited
and knowledgeable individuals were interviewed to identify.
additional data files/information.

Table A-l, Appendix A, contains a list of the actual sources and
agencies that were.contacted and the type of applicable information
that was obtained and screened. Reflected in the table are agency,
location, office symbol(s) function, type, and quantity of data obtained.
The type of data column identifies: a) published literature that was
used on a prior task which is discussed in detail in AFHRL-TR-77-40,
and b) Air Force data systems and files which feed later efforts.

AFLC/AFSC Pamphlet 400-11, "Reliability and Maintainability Data
Sources."

AFLC Pamphlet 171-79, "Data Systems Assignments, Status, and
Interface."
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The "quantity obtained" columns in Table A-i, Appendix A, show the
number of reports or records, tl the data is computer oriented, and
the years covered by the data obtained.

The actual analysis of the information obtained is described
later in detail. However, in attempting to accumulate the C-130E
historical data, the following problems were significant enough to
warrant being highlighted. here to assist in the planning of future
efforts. They are similar to many of the problems encountered in
acquiring the publishediliterature for the earlier tasks.

(1) There is no one data repository/system that provides
visibility into weapon system historical documentation.

(2) It becomes necessary to first identify all of the various
repositories and then to select, collect, and piece together the in-formation from each for the specific weapon system and/or data element.

(3) Information that must be ordered from some data repositories
requires extremely long lead time prior to actual information delivery.
In some cases, even after repeated requests for the data, the data
were not furnished thereby leaving gaps and inconsistencies which
required normalization to obtain acceptable study results.

(4) Some data repositories do not have large mechanized systems
and have only one document on file (usually hard copy). This results
in a time-consuming effort for review and reproduction or frequently
reduces or eliminates the possibility of acquiring needed information.

(5) Data repositories may have copious documents, listings, or
reports that can be borrowed. They require either laborious data
extraction, or disassembly - reproduction - assembly and return to the
home office which requires significant manhours for accomplishment.

(6) Obtaining need-to-know and/or proper management level
attention can be very time-consuming, particularly in-situations
where organizations or individuals, with needed information, will not
release the information without "proper" management approval although
"need-to-know" has been established.

(7) The predominate USAF policy of retaining historical data
for only short durations (6 to 24 months) or as in most cases (6 to
12 months) prior to purge, has had a profound effect on the ability
to get continuous historical inflormatio beyond near tern peri.ds.

(8) Changes in reporting systems as to format, deletion of key
data elements, or in some cases the total elimination of the reporting
system causes inconsistencies and data gaps for this type of study.
This problem has added emphasis if the data were computer generated
or are to be processed by a computer. To compensate, programs must
he written to accomnodate various input/output record styles, which
is time-consuming and difficult, but necessary to maintain consistency.
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(9) Computerized data on magnetic tape, the most desirable form
for large quantities or years of data, can cause long delays and
excessive computer time when intended data elements that are agreedto are not on the tape when received. Also, allowance must be made

for computerized data sets which do not track the documented technical
order format or which are not compatible with the processing equipment
of the organization doing the analysis. This requires recoordination
and reprocessing of the information.

(10) The variance in udt yt•sadrpstre uret
obtain the many types of data required for the study, presented a

unique situation. Depending on the data system or repository, each
has its own "in-house peculiar language" that must be used when dis-
cussing and/or retrieving the information in that system. This pecu-
liar language barrier varied from systems that could be queried by
weapon system, to systems that could only be queried by specific national
stock number (NSN) for a given type of equipment or location. Subsequently,
it becomes extremely time-consuming to track status and consumption of
specific items.

DATA CATALOGING:

The data was obtained from many different sources as described
above and was received in five different forms:

Form of Data Received Percent

£ *'-•...( i "+ i4 " , m'"mon*5  20%
"2. Microfiche 20%

3. Magnetic tape 50%
4. Card deck 5%
5. Air Force report forms 5%

The historical data acquired were screened for cataloging, utilizing
"the "yes-no" decision gates (criteria) as depicted in Figure B-1,
Appendix B. The Historical Weapon System Analysis (HWSA) Terminal
Entry Form as shown in Figure B-2, Appendix B, was completed on all
data. The data, were then. c+ataloged into- a H1SA master file via a com-
puter terminal system. These entries were used as input to existing
Boeing-developed computer programs that were modified to meet the
criteria for this study. These modified programs, in turn, provided
various outputs or sorts of the information that allowed the
investiqators to screen the data by particular area of interest during
the data analysis task.

SUMMARY

This section describes the process utilized to search and collect
Air Force documentation pertaining to the C-130E Hercules aircraft
resources utilization (human and material) historically over the past
15 years (1162-1976). Ir Jescribes: a) Available data files/
information identification and screening process, b) applicable data
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sources and agencies, c) data collection and review methodology,
d) data cataloging for analysis, and e) results of the overall Air
Force documentation search and collection effort, including problems
encountered during performance of the task.

Most of the difficulties encountered during this study were resolved
through extensive planning of trip schedules, developing pre-trip
focal points at intended target agencies, and the submittal of pre-trip
letters of introduction and justification prior to initiating field
trips.

Problems encountered because of fragmented or non-existent his-
torical data beyond 6 or 24 months could not be resolved. The general
USAF policy concerning retention of historical data should be re-examined
in the light of today's technology with microfilm and microfiche. The

current practice of purging entire histories of data, without maintain-
ing some centralized data area/locus precludes total acquisition of
actual life cycle profile data (i.e., cost, engineering, supply support,
etc.). As a result, the information identification and collection
process becomes extremely awkward and time-consuming in both manpower
and elapsed time, and requires estimating techniques (such as a data
normalizing procedure) to fill the gaps. The long lead time to acquire
data should also be considered when planning future similar efforts.
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III - DATA ANALYSIS

The information identified and collected in Task II (published
literature) and Task III (Air Force documentation) was edited and
screened for the analysis and evaluation process. The evaluation ,on-
sisted of three steps: a) development of a data evaluation matrix
that identifies the various information source(s) and evaluates the
type of information available, b) development of applicable techniques
and actual computer processing of the data collected, and c) statistical
analysis and presentation of the applicable information. These steps
are depicted in Figure 6.

DATA EVALUATION MATRIX

The initial step was to develop a data evaluation matrix by
analyzing and screening the data by elements, into seven major cate-
gories; i.e., a) operations, b) maintenance, c) reliability, d) safety;
e) human resources, f) material resources, and g) cost. A pedigree
for each element within the major categories was then formed consist-
ing of source/agency, location, type of data/data files, and data
quantity/quality as shown in the data evaluation matrix, Table 1.
In addition to the identification/availability of the various data
sources and elements, the matrix serves as an index of the major
categories/elements of data collected and used in performing the tasks
of this study pregram.

COMPUTER PROCESSING

,c ef,,ctive, and effirciessin screen, .. uilized. W portray cti
vast amounts of data records/elements collected, large scale computers
and on-line remote terminal processing was utilized. Where practical,

existing software was modified to meet the study requirements as opposed
to total program development. The computer/remote terminal processing
of data was divided into one of three major areas depending on type of
data or analysis function. The areas are: 1) Logistics Management Data,
2) Time Compliance Technical Orders, and 3) Depot Data. The charac-
teristics of each area are described below.

AREA I -.... 1 LO GT S ANAGEENT DAT A

AFM 66-1/AFM 65-110 (Maintenance/Reliability/Operations Data)

This area was the largest, not only in terms of total records
handled (over 5.9 million), but in statistical outputs for analysis.
The data was extracted from the Standard Logistic Management System.
ResuI LS of these araye are c.U. in 611C Vol "I
the statistical summary section of this report. Figure C-1, Appendix
C, indicates the steps taken from initial receipt of the data from
AFLC through final processing. The figure also indicates the major
output elements generated from each step in the flow. This allows
the reader to track the processing and output elements without being
totally cognizant of the software.
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A detailed description of the process'ng and other manuals/technical
orders used for data interpretation are cortained in references 3 through
8. Derivation of, and combination of codes covered in the above ref-
erences for the respective data elemients ani rates are explained in

later sections.
AREA II - TIME COMPLIANCE TECHNICAL-ORDERS (TJOQs)

Fleet Applicability Reports of TCTO modlicatlon kits, installed
on 308 C-130E aircraft between 1962 and 1976 were evaluatel. The
magnitude of historical data extant within the Fleet Applicable Reports,
necessitated the use of a computer system. A total of 956 computer
printout pages of historical data, encompassing 308 C-130E Hercules
aircraft required the recompilation and printout of selected TCTO
histories, namely: a) accomplished intermediate level-installed TCTO's
b aircraft tail numbers, b) installation accomplished at depot level,
c) accumulated intermediate and depot TCTO installation hours by year
(1962 through 1976), and d) composites of intermediate and depot kits
installed by year and tail number. Figure C-2, Appendix C, provides
the single thread sequential logic flow followed.

AREA III - DEPOT DATA

Acquisition of "Depot Type" data was the most difficult. After
visits to the various depots, it became apparent that the data were
not weapon system oriented. Also, data that might be beneficial were
contained in several different data collettion systems, each designed
to serve its own function. To compensate for this fragmented data
and in some cases no data at all, it was necessary to rely on depotdata acquired and processed frr other studies being conducted within

Boeing. This approach a"aared to be the most fruitful within the
constraints of the study as to manpower effort, data format and
completeness, flow time, and computer processing, development, and
execution. In addition, the results of these studies would be applicable
and allow additional concentration in other data acquisition and
analysis areas.

The depot data utilized were acquired frm yarious government
agencies responsible for the respective data system. These systems
are described in Referencef> .

Figure C-3, Appendix C, illustrates the complex interaction and
merging of these data systems to produce appropriate results for C-130E
depot information. These results are portrayed in the maintenance,
cost, and summary paragraphs of this s.tin.

As previously stated, depot maintenance data are not weapon system
oriented, they are keyed to a component national stock number (NSN) with
desired data elements in several data systems. To overcome this
diversion and bring the data elements together under a weapon system
concept, application data were used to select NSN's applicable to the
C-130E, which were then correlated with the "NSN/WUC Dictionary" for
component work unit code (NUC) and nomenclature, and then screened
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to obtain interchangeable and substitute NSN's. If additional infor-
mation is desired, detail description of the programs and processing
methodology are covered in Reference

DATA NORMALIZA.TION

Air Force data and records are retained, and disposed of periodi-
cally, in accordance with Standard Air Force Procedures. As could be
expected, the historical support resource data for the C-130E is
incomplete over the 15 year operational period of this study. Typically,
six or more years' data are found to be unavailable for each data set.
Therefore, to overcome this deficiency, a missing data estimation
process was developed to fill the voids. The process is based on
simple, least squares regression analysis of the known data and is
dependent on three basic assumptions:

a. Expenditure of :upport resources can be related to opera-
tional parameters (where a full 15 years' data set is available) on
a cause-effect basis. These reiationships can take the primary form
of -- Operational Parameter - causes - Support Parameter 1 -- or the
secondary form of -- Operational Parameter - causes - Support.Parameter
I - causes - Support Parameter 2.

b. The relationships detected can be represented by straight-
line functions.

c. The missing data years are within the relevant range of
the straightline functions representing the data.

A general description of the process for estimating the missing
data, based on the foregoing assumptions, is provided in Appendix. C.

DATA DEVELOPMENT

The vastness of data acquired and the various types and categories
of data presented a unique situation in data handling and management.
These data consisted of over 900 published documents/reports/listings/
indexes/ and 6.1 million records which required approximately 36,000
sparate computations to develop statsticalI analysis and ....... i•--"

To effectively and efficiently handle the data and ensuing compu-
tations, a remote terminal computer system was employed to complete

three major functions:

a. Historical Weapon System Data Bank Category Extraction;
b. rojalzation Disteibutione, arid

c. Data tape development and compilation.

Boeing Document, 0745-10042-1, "Depot Maintenance Data Processing
Definition."
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Appendix C illustrates this procedural flow and provides a step
by step explanation. A data tape of the pertinent information of all
tasks was developed.

STATISTICAL SUMMARIES

C-130E BACKGROUND

It seems appropriate at this point of the study to present a
brief history and description of the C-130E aircraft. Limited by
the scope of this task and the extensive time period under
examination, a comprehensive treatment of all significant dspects
of the aircraft is not within the scope of this study.

Although this study is devoted to the "E" series of the C-130
family, the following significant milestones and hereditary tree
will bring the ,,E" into a proper perspective.

Major Initial Milestones

Development contract: 1952
Prototype flights: 1954
First C-130A deliveries: 1956
First C-130B deliveries: 1958

*o-First C-130E deliveries: April 1962

Series Distinctions

YC-130: Prototype model, two of which were built.

YC-130A: The initial production version with 3,750 shp
Allison 56-A-1A'or -9 turboprops. Some 231 were built
before production ended, including 12 for the Royal
Australian Air Force. Developments and modifications
to the basic C-130A include the following:

AC-130A: Gunship configuration. Weapons include
fTour2(m Vulcan cannons and four 7.62 mm miniguns,
all Gatling-type guns with a combined rate of fire
of 34,000 rounds ppr minute.

DC-130A: Similar to C-130A, except capable of
controlling a drone aircraft or missile. Crew of
fuur. The Nay has two.

RC-130A: AC-130A modified to perform electronic
aerial geodetic surveying and mapping.
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C-130D: A small group of C-130As modified for USAF service
in the Antarctic with combination wheel/iki landing gear.

RC-130S: Modified to carry the Battlefield Illumination
Airborne System (BIAS).

C-130B: A modification of the C-130A with increased fuel capa-
city, more powerful T56-A-7 engines and heavier landing gear.
Deliveries were made to Indonesia, Canada, Pakistan, South Africa,
and the US. Developments and modifications of the basic C-130B
include the following:

HC-130B: A Coast Guard version with special equipment for
search and rescue.

JC-130B: Modified C-130Bs equipped for Discoverer satellite
recovery.

NC-130B: An experimental boundary layer control test bed
for USAF, with T56-A-6 turbojet engines mounted under the
wings. One-of-a-kind.

WC-130B: A C-130B modified for Air Weather Service.

C-130F: A Navy utility transport, formerly GV-lU.

KC-130F: Marine Corps aerial tanker with crew of seven.

LC-130F: A Navy ski-equipped cargo/personnel transport
for Antarctic service.

C-130G: Similar to C-130 except for changes in certain
electric and electronic areas.

EC-130Q: ECM version, used primarily by the Marines.

*-C-130E: Similar to C-130B but with increased fuel, weight and
load carrying capacity. It is capable of carrying 92 troops,
65 paratroops, or 74 litters with two attendants. Ten of these,
equipped with AN/USC-15 command and control capsules, are used for
the Airborne Command and Control (ABCC) role. The C-130E is in
the inventories of Argentina, Brazil, Chile, Iran, Australia, Canada,
Chile, Peru, Saudi Arabia, Sweden, USAF and U.S. Coast Guard.
Developments and modifications of the basic C-130E include:

AC-130E: An improved gunship variation with "Suprise
Package" avionics including Low Level Light Television
(LLLTV),infrared and night observation devices. Weapons
carried include twin 40 mm Gafors cannons, two 20 mm
Vulcan cannons and two 7.62 mm miniguns.
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DC-130E: A drone control version for the Air Force.

EC-13OE: A special version for the Coast Guard, used for
electronic calibration of LORAN equipment.

HC-13UE: Specially equipped for search and rescue missions.
Formerly designated SC-13CF.

LC-130R: Has Naval avionics, T52-A-16 engines, cold weather
modifications and skis.

WC-130E: Modified for Air Weather service.

C-130M: A C-130E with C-130B forward cargo door installed
and some C-130B avionics. A MAP aircraft.

C-130H: A C-130E airframe equipped with more powerful T56-A-15
engines and improved avionics. Developments and modifications tothe basic C-130H include:

HC-130H: Similar to HC-130E, except for more powerful'T56-A-15
engines. Has greater range due to increased fuel capacity in
the fuselage and carries the Fulton surface-to-air recovery
system with nose-mounted yoke. The HC-130H is primarily used
for search, rescue, surface-to-air recovery of downed crews,
and air-to-air retrieval missions.

C-130K: Basically a C-130H, modified for use by the Royal Air
Force, with primarily British avionics. Sixty-six were delivered
to RAF Air Support Command.

The C-130 was designed and constructed as an assault transport by
the Lockheed-Georgia Company, Marietta,Georgia, yet it is used to
perform several different missions, as indicated:

C-130A/B/D/E/H Logistics (Air Land/Air Drop of
Cargo and Troops)

AC-13OA/H Gunship Operations

DC-130A/E Control Aircraft for Drone

RC-130A Photomapping

HC-130H/N/P Search and Rescue

JC-130B Missile Tracker

WC-130B/E/H Weather Recon

The number of C-130E aircraft (as of fiscal year 1977) and the
percent to which the fleet is utilized is shown in Figure 7 and 8.

tA
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Configuration Inventory

AC-130A/H 23
C-130A/D 153
C-130B 101

-, C-130E 329
C-130H 39
HC-130H 30
HC-130N 15
HC-130P 18
WC-130H 11

Total 71T
FIGURE 7 C-130 INVENTORY BY CONFIGURATION

Percent Distribution
0 5 10 15 20 25 30

LONG RANGE LOGISTICS IIl

SHORT RANGE LOGISTICS

SHUTTLE

PRO:ICIENCY TRAINING

BASIC TRAINING

STORM RECON/REFUELING

LOW LEVEL/SEARCH .

AIR DROP

COMBAT TRAINING

FIGURE 8 C-130 MISSION UTILIZATION

As a prelude to the statistical system summaries and respective
trends, and for a better understanding of the aircraft and its various
systems makeup, Figures C-4 through C-9, Appendix C, reflect the air-
craft's major dimensions, specifications, characteristics, and the high-
lights pertaining to each system.

CATEGORIES OF DATA

Seven major categories of data were developed to logically and
systematically portray the data acquired and aid computer processing
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and analyses: 1) operations, 2) maintenance, 3) reliability, 4) safety,
5) human resources, 6) material resources, and 7) cost. Each of these
are discussed separately in detail in the form of cha-rts, tables,
figures, and results/findings to portray a historical 15 year footprint
from the first year of introduction into Air Force service (1962)
through present (1976).

OPERATIONS DATA

To set the stage for this category and the ensuing six, it is
appropriate to iterate that this section of the document will be primar-
ily devoted to the analysis and statistical presentation of 15 years
worth of C-130E data. To acquaint the reader with the events in history
that took place prior to and during the study time period in which the
C-130 played a major role and thus the generation of these data, one
must start with the Congo Airlift. Between 1960 and 1964, the U.S. Air
Force flew mnore than 2,000 missions in history's longest airlift (up
to that point in time), reaching 5,000 miles from Europe around Africa's
coast to the Congo. Next came the October 1962 Cuban Crisis where
ammunition for TAC composite air strike forces was rapidly airlifted
to Florida, and U.S. Marines to Guantanamo Bay, Cuba. The C-130E's
were also heavily involved in the airlift operations to Vietnam which
began in the early 1960's and accounted for the surges or peakes in the
statistics so evident in the other categories. During this same peak
period, 1965 through 1966, the Dominican Republic crisis also required
heavy airlift support. Since these major "ncidents and with the
introduction" of the C-141 into the inventory, there has been a general
reduction in C-130E utilization.

Statistics

The commonly referenced aircraft operational parameters are shown
in Table 2. Definitions and derivations of these parameters are covered
in the Glossary of Terms. Table 3 is a summary of the aircraft procure-
ment and Table 4 the individual aircraft serial numbers. In Table 3
the aircraft attrited and active aircraft columns are for aircraft of
that serial number year and should not be interpreted as for that
calendar year.

Data source for Table 2 was AFM 65-110 (1-HAF-A1-110-12) and for
Table 3 and 4 was WRALC (MMSRBA) C-130E Serial Chart/ER-70-70M.

MAINTENANCE DATA

The maintenance of most weapon systems constitutes the major portion
of resources and effort and this statistical presentation and analysis is
no exception. To systematically portray the information, the data were
divided into divisions, mainly manhours, tasks, TCTO, and other.
These divisions are depicted in Figure 9. The other category consisted
of those areas where although they would appear to be subsets of the
other three, the data appeared to dictate a separate division.
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In general, each minor division is further sub-divided into three
areas of presentation: a) per 1000 flight hours, b) percent distribution,
and c) per sortie. In these presentations the following features are
highlighted for ease in interpretation and understanding. Each year of
normalized data is indicated with an asterisk (*), dll others are actual
acquired data. Generally, if a given data element value is zero, data
were available but.after computing, the result was insignificant. If a
dash (-) appears, it signifies no data were acquired or recorded/reported.
Variations in decimal presentations resulted from using previouslydetermined values and computer generated values.

Tables 0-1 through 0-47 are provided in Appendix D. They are self-
explanatory, only those that require additional explanation or contain
significant anomalies will be discussed.

SUPPORT GENERAL - TABLE D-1

This table depicts the support general manhours expended on the
C-130E aircraft auring the 15 years under consideration. It is signifi-
cant to note that only four years of actual data are displayed, with the
remaining being derived from the normalization process. This is a
departure from the majority of the data tables in that eight years of
actual data are normally shown. The lack of data is caused by Air Force
policy in that only 03 and 04 support general data are forwarded to AFLC
from operational bases. Total data are retained by the bases for one year
and (outside of data on hand at Boeing), only the current year was acquired.

TYPE DISTRIBUTION - TAELE D-5
This table shows the percent cistribution of organizational and

intermediate (combined) manhours by servicing (SV), scheduled (SC),unscheduled (UN) and other (OT). The distribution covers each aircraft

system and for only the years 1971 through 1976. This type of percent
distribution data does not, for obvious reasons, lend itself to meaningful
normalization results. If a manhour distribution were desired for a
given year, prior to 1971, the six year percentage averages of actual
data could be applied to determine the spread.

The type maintenance codes used in each of the four divisions are

covered in the definition section of this report.

ORGANIZATION MANHOURS - TABLE D-9

The significant anomalies noted for this breakout of manhours fell
into systems 64 and 65 for 1971 and systems 12, 14, and 41 for 1974.
It should be noted that in order to determine the reason for this irre-
gularity, actual data are required and preferably on both sides of the
year in question. Also, this in itself is limited to the quantitative
aspect and brief malfunction coding of the data. Qualitative data would
be required'from the using organizations which was beyond the scope and
resources of this study. Even then, for older problems, it would be
difficult if not impossible to obtain. Therefore, only what can be
gleaned from the data, historical reports, and most probable causes are
indicated.

45

. . .........



Cockpit and Fuselage Compartment (12) - Table D-9

During 1974 the organizational manhour expenditures increased 58%

over 1973. The dual rail cargo kit, aft cargo, and forward cargo
furnishings accounted for 53% of this increase with each increasinq 95,
99, and 78 percent respectively. The dual rail cargo kit's primary
malfunction mode was "no defect," with 82% of the actions being to
remove and install.

In the aft cargo subsystem the primary manhour contributors were
the cargo securing equipment, general furnishings, and equipment stowage.
Each increased 185, 215, and 90 percent, respectively. Loose or
missing bolts-nuts-screws were the primary malfunction modes.

For the forward cargo furnishings, the general furnishings,
cargo securing equipment, and floor panels were the major contributors.
Each increased 704, 399, and 93 percent, respectively. Similar to aft
cargo, the same malfunction modes prevailed with a pronounced increase
in "no defect" remove and install actions.

Equipment modifications or increased familiarity with the system
appears probable as the manhour expenditures reduced in 1975 to Almost
a pre-1974 level.

Flight Controls (14) - Table D-9

A second area of significant organizational manhour (Table 0-9)
expenditure increase, up 42%, was in flight controls. The mechanical
components in the wing flap, elevator tab, and elevator assembly
accounted for 70% of this increase with each increasing 47, 187, and
68 percent respectively. Within the wing flap system, the housing
assembly, jackscrew and center flap assembly each increased 371, 71, and
36 percent respectively. The primary modes were loose or missing nuts-
bolts, etc., cracked, and dirty. In the elevator tab assembly, the
flexible shaft and tab itself exhibited 534 and 62 percent increases
respectively. "No defect" time change mode accounted for this departure.
The access olate, cable assembly, and elevator torque-tube increased 359,
188, and 157 percent respectively within the elevator issembly. The
same modes prevailed here as in the tab. This inspection and replace-
ment effort was completed in 1974 and the manhour expenditure reduced
to a pre-1974 level in 1975.

Air Conditioning, Pressurization, and Anti-Ice (41) - Table 0-9

The system manhour expenditure increased 38 percent with the water
separator, refrigeration unit, and anti-ice radome accounting for 25
percent. Remaining increase components were scattered throughout the
system. In general, components within these subsystems were being
removed as "no defect" in compliance with scheduled maintenance and technical
order incorporation.
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Interphone (64) - Table D-9

Systems within the aircraft did not always increase the manhours
but decreased as was the case ,n the interphone from 1971 to 1972.
Although the decrease was not as significant, only 16 percent, as the
previously discussed increases, itdoes show improvements to the ail-craft.
Analysis of the data malfunction modes did not indicate a probable
cause for this improvement.

IFF (65) - Table D-9

This system also fell into the improvement category with a sig-
nificant decrease in manhour expeditures of 72 percent between
1971 and 1972. In this instance, the-reduction was attributable to the
replacement of the AN/APX-25 with the AN/APX-72 (AIMS) system.

"INTERMEDIATE MANHOURS - TABLE D-12

In this category of manhour expeditures four systems are worthy
of mention: systems 12, 42, 47, and 65 (the first two for the 1976 year
the last for the 1971 period).

Cockpit and Fuselage Compartment (12) - Table D-12

Following the pattern of system 12 organizational manhours the
intermediate manhours increased 150 percent, but for a totally dif-
ferent reason. In this case the furnishings for the center cargo,
flight deck, and forward cargo increased 317, 210, andil50 percent,
respectively, representing 79 percent of the total increase. Analysis
of the data showed that the cargo compartment insulation blankets,
crew seats and seat cushion repairs were the major contributors. It
would appear that a general housekeeping improvement effort was
undertaken.

Electrical Power (42) - Table D-12

This system increased 60 percent in manhour expeditures with
the battery accounting for almost 90 percent. Examination of the
data did not indicate a plausible reason for this change.

Oxygen (47) - Table D-12

A reduction in manhours for this system of 55 percent was primarily
attributed to the GCU-.171A converter and CRU-471A regulator, which
decreased 60 to 30 percent. respectively. Analysis of the malfunction
modes indicates that the previously reported leakage problem has been
corrected. This was probably due to improved sealing or procedural changes.
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1FF (65) - Table 0-12

As discussed in the previous organizational manhour section, the
change from AN/APX-25 to AN/APX-72 also provided a 79 percent reduction
in intermediate manhour expeditures.

MAINTENANCE TASKS - TABLE D-18

It is apparent in a weapon system that has been in the inventory
for many years like the C-130E, an increase or decrease in organizational
or intermediate manhours will generally have the same effect on tasks.
Yet, the increase or decrease may be more evident in one category than
the other. Therefore, in the analysis of task variance, only systems
with anomalies not previously covered will be discussed in this section.

Airframe (11)- Table D-18

The organizational airframe tasks increased 86 percent in 1974 over
1973 with the cargo section and wing inboard increasing 107 and 80
percent, respectively. The wheel well assembly area and associated
access plate, wing trailing edge area and inboard panel were the primary
task contributors with loose or missing rivets, screws, or fasteners.
These types of malfunction repairs would account for a task count
increase.

Lighting System (44) - Table 0-18

This system experienced a 100 percent increase in organizational
tasks between 1973 and 1974. The predominate component was-the bulb
used in the cargo dome lights, formation lights, and instrument panel
lights. The data did not indicate the reason for this mass replacement;
However, the following year the task rate was back to normal.

TIME COMPLIANCE TECHNICAL ORDER (TCTO's)

Time Compliance Technical Orders (TCTO), used as the contract
vehicle for modification of the C-130 weapon system were collected,
and analyzed. The data acquired from Warner Robins Air Logistics
Center (WRALC), Robins Air Force Base, Georgia (RAFB, GA), included
C-130E Fleet Applicability Report TCTO histories of 308 C-130E
aircraft. The file covered the period of 1962 through 1976. TCTO
data acquired from these reports provided a comprehensive compendia
of TCTO's installed at the field/intermediate/depot level denoting
the following data fields by C-130E aircraft:

1) TCTO number(s).
2) Date, code number.
3) Technical Order date.
4) Rescission date.5) Status completion date.

6) Reported manhours required to install each TCTO kit.
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The manner in wehich these data were compiled, formatted and analyzed
E• in delivering TCTO risults annotated below, was summarized in Figure C-2

(appendix C). C-130 Fteet Applicability Data, are displayed in tabular
form or frequency polygrons below.

TCTO Installation Histories (Intermediate and Depot Levels)

Data synthesized/compiled and printed out via computer, were manu-
ally plotted into frequency polygons. These polygons as reflected in
Figures 10 and 11 depict: a) Accumulated numbers of TCTO kits installed
at the intermediate maintenance level during the calendar years of
1962 through 1976, b) accumulated numbers of TCTO kits installed at
the depot maintenance level during 1962 through 1976, c) composites of
intermediate and depot level TCTO kits installed during each year of
the fifteen year period, d) hours expended to install TCTO kits at the
intermediate maintenance level during each of the 15 years, e) hours
expended to install TCTO kits at the depot during the 1962-1976, and
f) a composite of total hours expended to install TCTO's at the inter-
mediate and depot maintenance levels. These figures provide compre-
hensive compendia of TCTO installation numbers, and hoirs accrued by
308 C-130E aircraft.

Installed TCTO Kits (Intermediate and Depot Level)

It becomes apparent by inspection of Figure 10 that modification6
at the intermediate level were sporadic. This is principally due to
contracting methods employed by the Systems Program Office (SPO) as
well as phasing/scheduling of kit production line. The multi-modal
frequencies noted during 1966, 1968, 1971 and 1974 reflect the manu-
facturer's production line surges and resultant batcn installations
that occur. These multi-modal distributions as depicted in Figure 10
have been observed in other weapon systems such as the 8-52's, andMi nu teman.
Accumulated TCTO kits installed at the depot during the 15 year period4

reflect some characteristics of a normal distribution with a truncated
number of kits installed during 1971. Apparent withiii this figure is
the obviously smaller number of kits installed at the depot as compared

to that experienced at the intermediate maintenance level. However,
this can not be used as an indicator of concomitant TCTO hour accumu-
lations that one might expect in the area of intermediate maintenance.
Although most TCTO kits are installed at the intermediate maintenance
level, the average installation hours per TCTO is one order of magnitude
less than that experienced at the depot. Less than 900 TCTO kits wereeý
installed at the depot (1972) as compared to 4060 kits installed at the
intermediate level during the peak year of 1966. It is suspected that
the marked reductions of depot installed kits (apparent during the 1973
through 1976 time period) merely represent an intermission or interlude
and that a rise in depot installed TCTO kits or modifications can be
expected in the future. Further, apparent from the acquired data is
the fact that TCTO kits to be installed into designated aircraft at
the depot, accumulate or are queued, scheduled and implemented on a
more consistant basis than that experienced at the intermediate level.
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Figure 10 provides a composite overview of all TCTO kits installed
between 1962 and 1976. This figure provides an excellent illustration
of the relative proportional differences-of numbers of intermediate and
depot level kits installed during any given year between 1962-1976.
The table on this figure provides a numerical summary of numbers of
kits installed by maintenance level durinq each of the 15-year intervals.

TCTO Installation Hours

The multi-modal distribution of accumulated hours to install kits
at the intermediate level and depicted in Figure 11, parallel somewhat
the same multi-modal distributions found in Figure 10. Peaks of 81,570
and 85,814 hours occurring during 1966 and 1968 respectively, represent
the highest installation/manhours profiles that have occurred throughout
the reporting period. Significant reductions in TCTO installation hours
per year occurring from 1969 through 1976 follow the. general downward
trend of numbers of kits installed during the same reporting period.
The relatively low numbers of accumulated installation hours per year,
when compared with the high number of TCTO kits installed per year
clearly demonstrate that modifications accomplished at the intermediate
level are limited to those kits requiring less than 25 installation
hours per kit.

Annual profiles of hours expended to install depot controlled kits
reflect an inverse relationship to numbers of kits installed per annum.
Significantly greater numbers of hours are expended at the depot
than at the intermediate level. This is in spite of the fact, that
fewer kits are installed at this maintenance echelon.- Figure 11
clearly demonstrates that major modifications, planned and scheduled
on the C-130E weapon system, are conducted under the auspices and
control of AFLC depot repair sites. Further, it is apparent, that
a latency in modification needs occurred with the C-130E aircraft.
Dramatic increases in accumulated TCTO installation hours did not occur
until after 1967 whereas intermediate installation hours reflect a more
general or diffuse distribution earlier in the lifetime of the C-130E
aircraft. This is as would be expected as the Aircraft Structural
Integrity Program (ASIP), resulting in major modifications to the outer
wings, center wing, empennage and fuselage did not occur until 1968.
Furthermore, continued high depot consumption hours per year subsequent
to 1968 reflect the on-going needs of depot modifications due to air-
craft aging. Figure 11 provides a composite distribution of accumulated
TCTO kit installation hours at both the intermediate and depot mainten-
ance echelons.

A total of 4,253,582 kit installation hours were recorded
against the 308 C-130E aircraft between 1962 and 1976. Depot accounts
for 91% (3,888,374 hours) of all accountable installation hours.
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DEPOT MAINTENANCE ACTIONS

As previously discussed in the computer processing section on
depot data, two primary data categoriEs were assembled: maintenance
actions (tasks) and cost per flying hour. The cost results are
covered in the applicable section and the maintenance actions (tasks)
per 1000 flight hours and percent each system contributed to the total
is shown in Table 5.

GROUND SUPPORT EQUIPMENT

Historical data on ground support equipment specifically
dedicated to the C-130Ewereintegrated within the total used. As
in other areas of data uncovered within this study the cost in
resources to acquire, process, and analyze data was prohibitive to the
overall objectives.

To provide some insight into the type and quantity of equipment
assiqned, operating time, and cost, Table 6, is a composite of ground
support equipment (GSE) information acquired during the base visits.

INSPECTION PROGRAM

During the time period of this study the maintenance inspecticns
employed on the aircraft have been both fixed, such as preflight,
basic postflight, etc., and variable covering the hourly postflight,
periodic, phase, and isochronal concepts. Figure 12 shows the current
maintenance and inspection programs. These programs-prbvide a complete
spectrum of review and each program contains inspections of some
critical area peculiar to the program. The respective inspection
task and flying hour interval at which each task will be accomplished
is reflected in the Figure. The programmed depot maintenance (PDM)
covers those areas that must be accomplished at the depot due to'
equipment, skills, tools, facilities, and/or economy. A majority of
the fleet is on a 36 month PDM interval. A portion of the C-130E's
are on a 24 month interval due to more severe operating environment/
mission profiles. The analytical condition inspection-(ACI) require-
ments are accomplished in conjunction with the PDM.

CORROSION

The C-130E Appendix CF- Strengths, Weaknesses and Problem Area
(1962-1976) of Reference L contains discussions on corrosion as
they occurred chronologically starting with 1962 through the present.
Since these data were narrative in nature and not statistical, DO56E
(AFM 66-1) was analyzed for additional information. Immnediately it
become obvious that statistically all corrosion actions and manhours

AFHRL-TR-7740, C-130E Hercules Aircraft: Review of Published
Literature and Structured Interviews.

53

L•



TABLE 5 C-130E DEPOT MAINTENANCE REPAIR TASKS BY SYSTEM
(EXCLUDES ENGINES)

SYS. FY 1975-1976

NO. SYSTEM NAME MAINTENANCE SYSTEM %ACTIONS/ OFSTOTAL

1000 FH OF TOTAL

11 AIRFRAME 2.128 0.36
12 COCKPIT AND FUSELAGE 4.135 0.71

13 LANDING GEAR 24.503 4.20

14 FLIGHT CONTROLS 7.566 1.20
22 TURBO PROP POWER PLANT - -

24 AUXILIARY POWER PLAN- 7.014 1.20
32 HYDRAULIC PROPELLER 18.379 3.15
41 AIR CONDITIONING, PRESSURIZATION 22.466 3.85

42 ELECTRICAL POWER SUPPLY 6.459 1.11
44 LIGHTING SYSTEM - -

45 HYDRAULIC AND PNEUMATIC 11.126 1.91

46 FUEL 22.842 3.91
47 OXYGEN 7.716 1.32
49 MISCELLANEOUS UTILITIES 4.511 0.78

51 INSTRUMENT:" 13.171 2.26

52 AUTOPILOT 17.004 2.91
55 MALFUNCTION ANAL. & RECORDING EQUIP. - -

61 HF COMMUNICATIONS 4.507 0.77

62 VHF COMMUNICATIONS 0.538 -

63 UHF COMMUNICATIONS 5.114 0.88
64 INTERPHONE 1.454 0.25

65 IFF 2.361 0.40
66 EMERGENCY Cor19UNICATIONS 3.026 0.52
69 MISC. COK4UNICATIONS - -

71 RADIO NAVIGATION 14.062 2.40

72 RADAR NAVIGATION 32.094 5.50
91 EMERGENCY EQUIPMENT - -

96 PERSONNEL EQUIPMENT - -

97 EXPLOSIVE DEVICES - -

*99 MISC. 351.951 60.25

TOTAL 584.127 -

*NOTE: MIfC. INCLUDES ITEM.S FROM ALL SYSTEMS WHERE NO MATCH COULD
BE MADE BETWEEN NSN/WUC
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were not discernible as some became part of other tasks. For a
recent time period of C-130E data, only 1.21% of the total organ-
izational tasks were identifiable as corrosion which in turn repre-
sented only .85% of the total aircraft system maintenance manhours.

The data system does allow for the identification of corrosion

tasks and manhours but accurate reporting requires time and effort
to separate and record the corrosion part of any repair task.

RELIABILITY DATA

Reliability as defined in AFM 11-1, Volume I > s4.- -"The
probability that a system, subsystem, or equipment will perform a
required function under specified conditions, without failure for
a specified period of time." This section of the report covers
the statistical results via various parameters of components that
did not meet that criteria.

The resultant analysis of processed AFM 66-1 data, both actual
and normalized, has been divided into five major categories: 'a)
organizational and intermediate failures, b) components repaired
off base or NRTS, c) components condemned, d) material mission aborts,
and e) percent of failures via when discovered. fhe first three
categories are shown by system via three breakouts: a) per 1.000
flight hours, b) percent distribution, and c) per sortie. The
fourth category has these same breakouts with an additional display
of aborts via ground and flight per 1000 flight hours.

The fifth category required the grouping of both organizational
and intermediate failures into four separate"when discovered"divi-

sions: a) before flight, b) in-fliqht, c) between flight, and d)
during an inspecticn. As with all categories/divisions within this
report the definition of terms explicitly defines the respective
makeup of codes used to arrive at the term.

Since specialized processing was required for th!s fifth
category distribution and the normalization process would not lend
meaningful results only the most current year was analyzed. Table
E-l, Appendix E, displays the results by system.

Tables E-2 through E-4 display the failure statistics; E-5
through E-7 the components repaired off base or NRTS, E-8 through
E-1O the condemned components; and E-ll through E-14 the material
mission aborts.

> AFM 11-1, Volume I, USAF Glossary of Standardized Terms.
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Following the same pattern as in the maintenance section, only
those tables that require additional explanation or contain significant
anomalies will be discussed.

Failures - Airframe (11)

During 1974, the failures in this system had a very significant
increase over 1973, slightly over 100%, as indicated in Table E-2.
Four major areas: cargo, wing in-board, nacelles, and doors (paratroop,
main landing gear, crew) accounted for almost 54% of this increase.
The primary malfunction modes were loose or missing bolts-nuts-screws
and cracks. These types of malfunctions are indicative of wear out, as
the C-130E was 13 years old in 1974. Although the rate did drop 28%
the following year (1975), the rate is holding higher than the 15-year
average value.

Failures - Air Conditioning, Pressurization (41)

The failure rate in this system for 1974 increased almost 95% over
1973, as shown in Table E-2. The major areas: engine anti-ice, bleed air,
and cargo and flight compartments air conditioning controls accountedIfor 40% of the increase. Specifically, the ice detector probe, bleed
air valves and filter, thermostat, blower motor, and temperature control
box in the compartment air conditioning were the primary failure compo-
nents. The significant feature with these failures, was that a11 had the
same basic malfunction modes of broken or dirty. The resultant fix, which
is not discernible from the data, was effective as the rate decreased
the following year to a pre-1974 value.

Condemned Components

Components condemned are those that no longer perform their 'intended
function and are either throw aways or are not presently economical to
repair. Three systems: cockpit and fuselage (12), turbo prop power
plants (22), and miscellaneous utilities (4?), su;faced as the major
change systems in Table E-8. Respectively, these syFtems increased 459%
(1974 to 1975), 220% (1973 to 1974), and 114% (1973 to 1974). Further
analysis of the data revealed that troop seats, cargo securing equipment,
thermocouple and harnesses, and sun visors were the major contributors.
Considering the previous years of operation and resultant use, these
types of replacements would be expected. In all systems, the condemned
value decreased significantly the following year.

Components Repaired Off Base

Components that are repaired off base result from one of several
reasons: specifically prohibited, lack of parts or trained technicians
or technical data, excess to base requirements, backlog, etc. Analysis
of Table E-5, Appendix E, does show some fluctuation from one year to
the next within a given system but no major anomalies. This semi-stable
condition is probably the result of policy changes, revised manning, or
supply fulfillment that corrects the problem.
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SAFETY DATA

C-130E aircraft safety data were obtained from the Air Force
Inspection and Safety Center (AFISC/SER) Norton AFB, California. The
AFISC Computerized Aircraft Accident/Incident File contains detailed acci-
dent reports including narrative descriptions back to 1962 on all USAF
aircraft accidents. In addition, AFISC has other historical safety
records in various configurations.

The Air Force Safety Center provided complete C-130E accident infor-
mation that covered the entire 1962 through 1976 time period. The infor-
mation was provided in computer listing format including the narrative
descriptions. The accident data provided was analyzed and three summary
tables were developed: (1) Table 7 reflects the C-13CE flight accidents
and rates per 100,000 flying hours for 1962-1976; major/minor/total
accidents; fatal accidents; and aircraft damage categories of destroyed/
major/minor are reflected. (2) Table 8 shows the C-130E flight accidents
by type, and includes a distribution of the various types of accidents
for 1962-1976. (3) Table 9 contains the C-130E flight accidents by
phasie and includes a distribution of the total accidents by the various
phases of flight for 1962-1976.

The safety aspect of this study was limited to C-130E flight accidents
and not the other areas normally associated with the term safety, such
as policy, procedures, etc. During the 15 years being studied, the total
C-130E accidents numbered 70 for a 2.0 per. 100,000 flying hour (FH)
rate. Coincidentally, this was spl'it 50-50 between major and minor. A
total of 21 aircraft were destroyed for a rate of 0.6 per 100,000 FH,
15 sustained major damage, .43 rate, and 35 with minor damage, 1.0 rate.
This sum is one greater than the number of accidents as one C-130E was
destroyed that was not counted as an accident, because it was the second
aircraft and the principle aircraft was charged with the accident.

A distribution of the type of accidents revealed collision (all kinds)
for 39 percent and landing (all kinds) 28 percent as the two major contri-
butors. For phase of operation, landing, as would be expected, accounted
for 59 percent alone.
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HUMAN RESOURCES

SCOPE OF DATA AND INFORMATION SEARCH

Data search and acquisition of historical C-130E human resource data
encompassed: a) Operations and maintenance manpower-profiles (officers,
enlisted, %nd civilian personinel), b) extant USAF Air Force Specialty
Code (AFSC) and skill level distribution patterns, c) distributions of
assigned C-130E maintenance personnel profiles within all C-130 Military
Tactical Airlift Wing work centers (e.g., Organizational, Field, and
Avionics Maintenance Squadrons), d) USAF C-130E training histories,
e) C-130E operational flight crew and maintenance manloading ratios per
unit of equipment (UE), and f) attained formal educational profiles of
Air Force officer and enlisted personnel.

Resident/technical training profiles and costs, germane to the C-130
weapon system were not acquired. Archival data contained in the Military
Personnel Center (MPC), (Randolf AFB, Texas), automated repositories, were
not acquired due to prohibitive data assemblage and printing costs.
Further, additional data not acquired for the reason stated above ihcluded:
a) Lists of total active federal military service times of C-130 officer
and enlisted personnel, and b) governmental courses of record completed
by AFSC category.

Attempts were made to acquire these historical data via other sources
during field trips to operational Military and Tactical Airlift Wings
within CONUS, viz: a), 62nd Military Airlift Wing, McChord AFB, Washing-
ton, b) 314th Tactical Airlift Wing, Little Rock AFB, Arkansas, and
c) 317th Tactical Airlift Wing, Pope AFB, North Carolina.

Extensive data were acquired from the 3785th Field Training Group,USAF School of Applied Aerospace Sciences, Sheppard AFB, Texas. This

included C-130A/H FTD training production reports (up to 27 months)
encompassing monthly summaries of students graduated per month and numbers
of training hours completed.

C-130E OPERATIONS AND MAINTENANCE MANPOWER

Operations and maintenance manoower data of assigned personnel were
collected via field trips to: a) McChord AFB, Washington, b) Little
Rock AFB, Arkansas, and c) Pope AFB, North Carolina. This included
acquisition of the numbers of flight officers and enlisted personnel
assigned per C-130E aircraft as well as numbers of officers, enlisted
and civilian personnel assigned under the local Deputy Commander for
Maintenance (DCM). Maintenance manpower assigned under the DCM were
acquired, collated, and analyzed by work center from monthly Mainten-
ance Digest reports (RCS-MAC-LGX-M 7103) emanating from the 314th
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Tactical Airlift Wing, Little Rock AFB, Arkansas, and the 317th Tactical
Airlift Wing, Pope AFB, North Carolina. Figure 13 provides an illustra-
tive compendium of how these Maintenance Digest reports were used in
establishing assigned manpower factors. per C-130E aircraft, hereafter
referred to as Unit of Equipment ir UE. The collection and statistical
protocol utilized throughout this phase of analyses is shown in Appendix F.

Manloading constants derived from the 11 months of Little Rock and
Pope AFB Maintenance Digest reports (RCS-MAC-LGX-M 7103), served as the
basis for developing projected manpower profiles based upon atim'ers of
possessed C-130E aircraft during the years of 1962 through 1976. Pro-
jected annual maintenance manpower results for officers, enlisted (all
skill levels) and civilian personnel are contained in Table 10, Personnel
weight factors (constants) per UE are also reflected in this table.

Estimated numbers of flight crews encompassing Pilots (AFSC 1055B),
Co-pilots (AFSC 1053B); Navigators (AFSC 1545G), Flight Engineers (AFSC
113XOA), and Loadmasters (AFSC 114XO), were developed via actual aircraft
flying hours accrued per day during the entire 15 year period .(1962-1976).
Operational flight crew compositions and numbers were predicated on the
following:

Condition Crew Ratio/UE

1. C-130E Flying Hour Rate
per day - - - Less than 2.0
4.0 hours/day.

2. C-130E Flying Hour Rate
per day - - - 4.0 to 4.9 2.5
hours/day.

3. C-130E Flying Hour Rate
per day - - - 5.0 hours 3.0
plus per day.

Table 11 and Figures 14 and 15 depict operational flight crew
numbers, total personnel numbers and numbers of personnel by AFSC
during the 1962-1976 time period.

C-130. FIELD TRAINING DETACHMENT (FTD) PRODUCTIONS

Data acquired from the 3785th Field Training Group, USAF Schoc.l

of Applied Aerospace Sciences, Sheppar', AFB, Texas provided the only
Air Force training data baseline defined during this study phase.
Field Training Detachment Production data (ATC Form 396A) encompassing
six C-130 FTD's and three Mobile Training Teams (MTT's) were collated,
analyzed, and entered int3 table forma.t as depicted in Table 12.

64



'A -A

I z
00

I-I

141

mu~ 444

L U

-V - ______ -- z u~;

z 0. MMU <

0 1

CZq

C4 4 z

Al C '- Lj
t- ZftI 

t

L-j

22:

-' ~ t465



MIR"

.' CC liufl s 5

-. -E* -* E R 5
TIA31 ii0 ~

LL 
-lu A a- x z ...

C) .I. - - 0 0 .. 1- In o

4flh-J - .,t=

:5 II~a Q--0.J) C) ..:o - :c -

13&Lc - - - - -

UJT"± ~ 44.42 2 ~LUJ _ _ _ _ _ _ _ _wn4 L a z :zm '

0 0_ _ _ _ _ _ _ _ _ _C.C. -M m'- -
40 <0 O~

1-24C :
ADIM.1A

(**)g/)oli I I 3A 1L, uI

-- - - - - - -

V) CD -;
V)C1- '=3 1 t zzA: :5

LLzJ

01 A 0. .4l

~'!--7

lunG 6 z-m l z-::'

66



3 C71~0 3 3

C' ' f '-. - 0 ' 0

M ? 3~ 1' t 3. 3 -) 4

In "-I.

6-4 0

C.. C~ co ýo 0 ý- 0 0 ' 3 .
fn 1- ' ) m3 (n 4O t ~ 0 0D =' 0%

- ~-ý 'D -. 'a) 'n 'D '3 'n 'c3 '3 '3

_ _ _ _ _ _ _ _:: : ON 0 '3.2 M

V)I -. Ln -1 a% . 0 N 0 0 0o.. -G vI ` n I

3. .

00 - U 'U SS

In - o cm (D ='jc0 CJ- ViIn m. 0 1-1 Z.m = ncl c

CC

U' CD 0 N CD N N N N N Ci v i

clii 03 C-
C1 (n-.~ C4 (m m Cl NJL

1 4-.ý

:] -.)t r,4 ' -4 to 1.1 ko CD -C, m3 'a
*' N l) N (n N In -n S- N i

L N n) '3. Ln 0 0 - No LO ) Ln '3

2 ~ ~ .3'3 33 ~ .3. .--- -C

S-h 0 0 0 0 0 0 0 0 0 0 0 0

cc'u 'i c

Ir 4

*ý 
c -*- ' -v.



WIM JrC M *.

*0

Go rnt

U,-

C,-4

CC

coI
to

'a

Lo LU -

U, 'o

CC,
- LU 0
SMH HIiSNIndd G~- OSMA

680



oj,

C3

In m

C4 LL.
- C)

Cu~LJ

coo

~. Cu
c0%

C-4

as~'

f-%

o - La
0%% 4n

CuW

IL-.

I-I

in 0

coo
%a Ln

C,'D
0M

0%j

Ir-

I-zNOSHl -IiiII -i''I-t-OIE- -073*n

69



)

.�,...n -- - a. eon a -... 8�
I - *

--- a.--- In
aC�. I -. -,

i�i �-�3-..*.--�-�------------ 3

� 41 �

LU ________________________

-' � t�..R
b1 �:�;

I - -
� -S

o a - -

I- * -

-� ;.,�= ___________________________

cn I _____________ *

I I ae�..ne 0�
- .J�c C-o-�ta..n

------ .

- _______________________________________ I
-I

*�

LL

__________________________________________Lii

H
I 4

I I 7

c'JA �' .

��** �* �*******�

_____________________________________ I - .--

___________________ : �i
*JI a

I - -. * - - -
* -... n-

aaaaaaaaaaaaaaaaaaaaaaaaaaaar�t-a..r

I * . -

an-.
� ,,�

I - � -�

�2



Historical data depicting numbers of graduates and total student hours
per month were plotted against each of the aforementioned FTD/MTT
designated areas. Mean values of numbers of airman graduates and
student hours per month were established for the periods of July IZ74
through September 1976. Resultants values, viz, average numbers of
student graduates per month, coupled with average numbers of student
hours expended per month were used to estimate FTD training profiles
for the years of 1962 through 1976.

MAINTENANCE MANPOWER RESOURCES

Discrete numbers of officer, enlisted and civilian personnel assigned
to the C-130E operational weapon system were derived on a Unit Equipment
(UE) basis. Table 10, depicts the numbers of officers, enlisted and civilians
contained within each major work location (viz: DCM, OMS, etc.). It further
illustrates the mean numbers of maintenance personnel within each major
location during the period of September 1975 through July 1976. Resultant
calculations show that an average of 27.72 maintenance personnel were
required per possessed aircraft (merging of Little Rock and Pope AFB data).
The numbers of maintenance personnel per C-130E aircraft was further
defined into those proportional values of personnel required at the DCM, OMS,
FMS and AMS work locations, namely: 1) DCM factor 2.856 personnel/UE;
2) OMS - 8.968 personnel/UE; 3) FMS - 10.914 personnel/UE; and 4) AMS - 4.987
personnel/UE. (Total = 27.72 personnel/UE.)

The relative participating grade-in-rank (officer, enlisted and
civilian personnel) constituting each of the maintenance personnel/UE factors
noted above are annotated below:

Officer/Enlisted/Civilian Personnel Weight Factor
Personnel Category Per C-130E Aircraft

o Officer Personnel-All Work Centers ------ 0.442 Personnel/UE

o Enlisted Personnel

Skill Level 9-Al1 Work Centers ---- 0.9'18 Personnel/UE

Skill Level 7-All Work Centers ------- 5.679 Personnel/UE

Skill Level 5-All Work Centers ------- 14.714 Personnel,'UE

Skill Level 3-All Work Centers ------- 5.557 Personnel/UE

o Civilian Personnel-All Work Centers ---- 0.412 Personnel/UE

Total = 27.722 Maintenance Personnel/UE
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These personnel weight constants above, enabled the development of
estimates of total maintenance personnel required by year (1962-1976)
based upon the numbers of C-130E aircraft possessed dur'ng each of the
15 year period. Table 13 and Figure 16 provide synopses of estimated
numbers of maintenance personnel required to maintain and control the
C-130E weapon system. These numbers derived via this methodology then
served as the basis for developing officer, enlisted and civilian pay
and allowances per each of the 15 years (1962-1976). Those results are
reflected in Task VI - Life Cycle Cost Analysis.

OPERATIONS MWA'P3WER RESOURCES

Manpower resource estimates/profiles of C-130E flight crews con-
sisting of five AFSC's per crew were derived. This included: a) Pilot -
AFS 1055B, b) Co-pilot - AFS 1053B, c) Navigator - AFS 1545G, d) Flight
Engineer - AFSC ll3XOA, and e) Loadmaster - AFSC 114XO. Refer to Table II

and Figures 14 and 15 for estimated numbers of operational flightcrews and concomitant numbers of officer and enlisted personnel profiles
extant within the C-130E weapon system during the 1962 through 1976
time period. An average crew ratio of 2.0 per C-130E aircraft was used
to determine operation crew manpower loading with the following excep-
tions. Crew ratios of 3.0 and 2.5 were used during the years of 1962
and 1966,respectively, as the utilization rate, i.e., flying hours per
day exceeded 4.0. C-130E weapon system utilization rates previously depicted
TI able 11) were derived from AFM 65-110, "Standard Aerospace Vehicle and
Equipment Investory, Status, and Utilization Reporting." Back inI Figures 14 and 15 are the obvious by-modal points of 1966 and
1971. The former modal point is largely due to the high C-130E utiliz-
ation rate of 4.2 hours/aircraft per day at an estimated crew ratio of
2.5 per aircraft. The 1971 modal point is due solely to the large
numbers of possessed C-130E aircraft during this period (namely 323)
at the standard crew ratio of 2.0 per aircraft.

Analyses of these data indicate a general leveling off of flight
crew Air Force Specialty Codes (AFSC's) between 1973 and 1976. The
numbers of C-130 flight crews and resultant total numbers of AFSC's
were reduced by approximately 8.0% (260 personnel - 52 crews) since
1971. An associated aircraft flight utilization rate per day during
this same period has undergone a 27.804 reduction. The reported
daily flight utilization rate of 4.2 hours/day during the 1966 time
period reflects the resultant operations manpower profile buildups
during 1966. A total of 444,283 C-130E flying hours were logged in
1966 with an averaged possessed level of 295 C-130E aircraft. More
flying hours/UE were logged at this time than any years prior to or
subsequent to this time period.
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Training (Field Training Detachments) - C-130

Analytical results from the FTD histories, were previously discussed
(Table 12). Data acquired within the periods of July 1974
through-September 1976 demonstrated that six C-130 FTS's and three
Mobile Training Teams (MTT's) experienced an overall average of 85.65
enlisted graduates per month (each FTD/MTT), at an average monthly
expenditure rate of 3707 trainee hours. These factors, used as para-
metric (constant) values, served as the statistical baseline for deter-
mining historical monthly and yearly C-130 FTD trainee and hour profiles
during the 1962-T976 time period. These experience data enable defini-
tion of the following estimates:

TABLE 14 C-130 FIELD TRAINING DETACHMENT GRADUATES/ TRAINEE HOUR ESTIMATES

ITEM/NOMENCLATURE MONTHLY VALUES YEARLY VALUES

1. Trainee Graduates/FTD 85.65 Trainees 1 028 Trainees

2. Trainee Hrs/FTD 3,707 Hrs. 44,t84 Hrs.

3. CONUS FTD's Profiles
* CONUS FTD GRD's 513.90 Trainees 6,167 Trainees

(FTD GRDS/Mo) X (6) (FTD GRDS/Mo) X(6)X
(12)

. CONUS FTD Trainee 22,242 Hrs. 266,904 Hrs.
Hrs. (Trainee Hrs/FTD) (Trainee Hrs/FTD)

X (6) x (6) X (12)

Where: 6 = No. of C-130 FTD's within CONUS

12 = No. of Months per Year

The estimated expenditure of 266,904 FTD trainee hours (all C-130
models) is the equivalent to 142.576 man years. (1872 hrs 1 man
year.) The C-130E fleet of 297 aircraft in 1976 constitutes 45 percent
of the total C-130 weapon system (models AC-130A/H through WC-130H).
This proportional value (0.45) when applied to the estimated annual FTO
trainee factor of 266,904 trainee hours reduces the C-130E 1976 FTD
trainee value to 120,107 trainee hours expended to graduate 2,775 C-130E
maintenance and support personnel at an average rate of 231 graduates/
month.
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Educational Background

Data provided to the Boeing Experience Analysis Center (EAC) by
the Computational Sciences Division, Air Force Human Resources Laboratory,
Air Force Systems Command (Lackland AFB, Texas), were used to establish
the raw score/proportional distributions of 13 educational levels
achieved by maintenance officers classified within three Air Force
Specialty (AFS) categories and enlisted personnel classified under 30
AFS categories. The following summarizes the officer and enlisted AFS
personnel wherein USAF world wide educational background data were
acquired.

AFSC NOMENCLATURE

- Officer Personnel

1. 4016/4036/4616 Aircraft Maint. Staff Officer
2. 4024/4044 Aircraft Maint. Officer
3. 4096 Deputy Commander for Maintenance

- Enlisted Personnel

1. 324X0 Precision Measuring Equipment
Specialist/Technician

2. 325X0 Automatic Flight Control Systems
Specialist/Technician

3. 325X1 Avionics Instruments Systems
Specialist/Technician

4. 32591 Auto Flight Control/Avionics
Instruments Systems Superintendent

5. 328X0 Avionics Communications, Systems
Specialist/Technician

6. 328X1 Avionics Navigations System
Specialist/Technician

7. 328X4 Avionics Inertial and Radar
Navigation Systems-Specialist/
Technician

8. 32894 Avionics Communications-Navigation
Systems Superintendent

9. 341X3 Trainers, Simulator, Analog Flight
10. 341X4 Trainers, Simulator, Digital Flight
11. 341X6 Digital Navigation/Tactics Training

Devices
12. 34198 Trainers, Superintendent
13. 423X0 Aircraft Electrical Repairman/

Technician
14. 423X1 Aircraft Environmental Systems

Specialist/Technician
15. 423X2 Air Crew Egress Systems
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AFSC NOMENCLATURE

- Enlisted Personnel (cont'd)

16. 423X3 Aircraft Fuel Systems Specialist/
Technician

17. 423X4 Aircraft Pneudraulic Systems
18. 423X5 Aerospace Ground Equipment
19. 42395 In-Flight Refueling Systems

Superintendent
20. 426X0 Aircraft Propeller Systems

Specialist/Technician
21. 426X2 Jet Engine Specialist/Mechanic/

Technician
22. 42692 Jet Engine Superintendent
23. 431XIF Aircraft Maintenance Specialist/

Repairman/Technician
(Turbo-Prop Aircraft)

24. 43191 Aircraft Maintenance Superintendent
25. 531X0 Machinist
26. 531XI Metals Processing Specialist/

Technician
27. 531X3 Airframe Repair Specialist/

Technician
28. 531X4 Corrosion Control Specialist/

Technician
29. 531XS Non-Destructive Inspection

Specialist/Technician
30. 53195 Metal Working Superintendent

Education histories of the 30 enli,,ted AFSC personnel encompassed
11 years (June 1966 through June 1976). Educational levels achieved
by three officer AFSC's encompassed the 15 year reporting period June
1962 through June 1976. (Reference Tables 15, 16, and 17.)

Educational Backgrounds - Officer Personnel

Data contained in Tables 15 and 16 reflect the following:

1. 34.4% more maintenance officer personnel presently hold
bachelor degrees than existed in 1962.

a. 1962 Bachelors' Degree = 26.229%
b. 1976 Bachelors' Degree = 60.637%

2. 20.03% more maintenance officer personnel presently hold
master's degree's than existed in 1962.

a. 1962 Masters' Degree = 2.247%
b. 1976 Masters' Degree = 22.278%
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3. Educational levels achieved by maintenance officer personnel
as of 1976 have dramatically increased when compared to June

4. Significantly fewer high school graduates hold officer com-
missions in the USAF than was the case throughout the 1960's
and early 1970's.

5. USAF policy changes and/or extant practices clearly demonstrate
a dramatic shift toward college matriculated personnel as
resources for future maintenance officer positions.

Table 16 provides a compendium of reported data acquired between the
periods of 1962 through 1976. This table provides a more comprehensive
summary of educational trends as reported in proportional values.
Prrows ( *, ) contained in Table 16 tbottom page) reflect the
general 15 year educational trends apparent within data provided by
the Computational Sciences Division, Air Force Human Resources Labor-
atory, Air Force Systems Command. The nature/types of degrees earned
by these officer personnel are not known.

In summary, definite increases in achieved academic levels have
occurred between 1962 and 1976. However, caution must be taken when
correlating increased academic levels of achievement with skills.
Further, dichotomous entries reflecting achieved academic levels can
not be used tO reflect improvements in abilities to communicate, cal-
rulate, analyze, etc. as the explicit natures of educational training
were not known.

Educational Backgrounds - Enlisted Personnel

Enlisted personnel educational histories protrayed in Table 17
enable formulation of the following possible assumptions:

1. Selective enlistment of AF cadres has reduced-the numbers
of non-high school graduates that are accepted into the
USAF.

2. Proportional numbers of high school graduates accepted into
the USAF in 1976 is comparable to that observed in 1965.

3. Proportionately larger numbers of enlisted personnel are
receiving some undergraduate training (1976) than were
reported in 1966. (1 through 4 years of college training.)

4. Proportionately more enlisted personnel are matriculating
with bachelor degrees than in previous years.

NOTE: The type/nature of degrees is not known.
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Although data show that achieved educational levels of enlisted
Iml ~ ~ zV11" ar or h -1ra , aalgaa iY-5L at t! uldiait Lu ma~cke a coioii 'act'

conclusion that abilities to communicate, problem solve, read, analyze,
and correct have also increased.

.MATERIAL RESOURCES DATA

Material resource consumption is an extremely large contributor to
the life cycle costs of USAF weapon systems. Data collected and analyzed
as part of this study identify the types of material resources utiliza-
tion data available for review and study on the C-130E aircraft.

Information Search

A thorough search for material resource consumption data was con-
ducted. This included visits to various Air Force headquarters, Air
Logistic Centers, and bases assigned C-130E aircraft; a review of all
published literature such as documents, descriptive studies and reports
that could be obtained; and a screening of Air Force data collection
systems. Historical data searched covered C-130E actual or validated
material resources utilization for the period of 1962 through 1976. During the
search and screening for usable data and/or statistics, it became
abundantly clear that little C-130E identified material resource con-sumption datawere available and desired informnation would be difficult
to obtain. It was also discovered that the Air Force did not have a
system that, for the years of this study, provided C-130E total base
level and depot level material resources expenditures. The data that
Were available appeared in cost format thus compounding the requirement
that cost structures, categories, elements and accounts be thoroughly
understood and identified. Identity to the C-130E weapon system,
ensuring total cost/expenditure involvement and providing a basis
for historical analysis of consumption of C-130E related material
resources are major problems. Therefore, only fragments of data were
available from Air Force Managenient Systems that could be used. Com-
ments and discussions are made on each of these categories in subsequent
paragraphs.

USAF Operating and Support Cost Reporting (OSCR) System

Table 18 provides a thorough breakdown of the $123M expended for
material resources during FY-1975. Both base and depot level expendi-
tures of supplies, contractual, and other costs are shown. Of the $640
per FH indicated, $442 per FH (includes $300 for POL) was expended at
base level and $197 per FH was required for depot level operations.
The three greatest expenditure areas within the depot level operations
were AFLC Depot Maintenance Accessory Costs ($82 per FH), airframe
costs to include PDM ($42 per FH) and the depot operations recurring
investment costs ($41 per FH). Since this is a relativel new system
this type of data is only available for FY 75 and later. (Refer to
Appendix "G" for detail discussion of the OSCR system.)
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USAF Standard Base Level Maintenance Cost System (MCS)

The Executive Management Summary Report as outlined in AFM 177-380
ri-2 and as described in Appendix "H" provides a current month and
cumulative to date capsule of labor, material and other miscellaneous

cost data by various cost categories for organizational and intermediate
maintenance levels. During the search for material resources data,
the 317th TAW's Pope Air Force Base Executive Management Summary Reports
for July 1975 through December 1976 were obtained. Throughout the
period covered by the above reports, the C-130E was the prime aircraft
assigned at Pope Air Force Base. Therefore, it is assumed that the
data reflects C-130E utilization.

Ta.l. 19, reFlc4- data extracted from. portions of the material

section of the reports. The table shows a monthly comparison of:
a) Material costs both direct and indirect, and b) total
dollar value of material consumed broken down by WBS. By using the
monthly flying hours, the material cost and dollar value of material
consumed per flying hour for each month can also be compared. Read-
justments were made to purge data not belonging in the various reports
of the system and to adjust the costs within the WBS (Work Breakdown
Structure) for MDS (Mission, Design, Series) as well as Non MDS. This
is reflected in the Oct., Nov. and Dec. 1976 cost figures of Table 19.

The comparative cost data contained in Table 19, provide, the
basis for factors used in developing a comparison of estimated yearly
material costs and consumption values from 1962 through 1976 for base
level. By using data contained in the Oct. through Dec. 1976 reports,
factors per flying hour were developed and applied to the number of
flying hours each year. This in turn provided an estimated yearly com-
parison of material costs and dollar values broken down by WBS for
base level C-130E material costs. Using these same elements and type
costs the C-130E Material Costs and Material Consumption By WBS (1962
through 1976) are displayed in Table 20. No attempt was made at this
time to deflate the 1976 cost figures used. The average yearly
material costs amounted to $93M with the years 1965 through 1968
accounting for considerably more than the average. The dollar value
of material consumed by WBS averaged $77M yearly of which $71M was

MDS costs. The dollar value of material consumed by WBS does not
include any contractor maintenance costs.

It is planned that i the future the maintenance cost system as

described in AFM 177-380[[!k' will be interfaced with the operating
and support cost reporting (OSCR) system to provide this type of
data after FY-1977.

AFM 177-380, USAF Standard Base Level Maintenance Cost Svstem,
20 July 1976.
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Depot Maintenance Material Resource Costs

One of the must difficuit problems in trying to capture and compare
material resource consumption and/or data at depot level is the lack
of identity to a specific weapon system. Possibly the most accurate
or complete dat are preparedby Headquarters AFLC/ACRL in accordance
with AFR 173-4[1L (RCS: HAF-ACM(A) 7109). However, due to the cost
accounting system used at depot maintenance level, not all costs are
collected by weapon system. Some are allocated to a weapon system using
cost and quantity averaging methods. Thus, the actual costs indicated
are not always true in nature.

Depot maintenance data generated for the C-130E aircraft and
identified in Boeing's AMST Cost Effectiveness Analysis (LCC)ý> study
was used as a basis in developing data shown in Table 21. This table
shows costs of material consumed, in FY75 constant dollars, for five
categories from 1969 to 1975. Using the C-130E possessed aircraft,
flying hours for each year, and the ratio of labor to material contained
in the RCS: HAF-ACM(A)7109 Report, the yearly dollar value, cost per
aircraft and cost per flying hour for material consumed for each
category by year is reflected. The dollar figures withi.n the table
include all direct and indirect expense material but do not contain
non XD (Expendable Depot) items bought under replacement spares funding.
Further, the Depot Maintenance Production Cost System, G072A, which
provides the dollar data, is a system employed at the stock class
material management aggregate code level. Therefore, the above table
does provide good comparative information but does not represent the
actual depot maintenance material resource costs for the C-130E
aircraft.

When analyzing the data contained in Table 21, it appears that
during the Southeast Asia conflict (1969-1972 time period), depot
maintenance material costs were higher per aircraft than in years after
the conflict. However, possibly due to less flying hours per year or
deferred maintenance,the cost per flying hour increased-after the
conflict (1972-1976) even though total dollars spent per aircraft
decreased. Further, the dollars spent for material at depot level
for aircraft repair and engine overhaul were higher during the con-
flict and cost of materials for all types of accessory repair were
highest after the Southeast Asia commitments.

USAF Cost and Planning Factors

As a result of not being able to obtain actual and/or validated
material resource consumption data that could be plott d and compared
through the study period time frame, it was necessary to use the factors

AFR 173-4, USAF Aircraft and Missile Depot Maintenance Cost Factors,
October 1972.
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and formulas from AFR 173-10, USAF Cost and Planning Factors. Applying
the flying hours, number of aircraft, and the utilization rates for
each of the years i962 througn i9/6, Table 22 was developed. The
table provides comparative information and identifies the total estimatedcosts for each year and the cost per flying hour for GSE, POL, Maintenance

(Base and Depot Level), Modifications (Class IV), Replenishment Spares
and Vehicle Equipment Costs. Factors and formulas from AFR 173-10
followed the Cost Analysis Cost Estimating (CACE) moJel. The only
exception to using the aforementioned factors and formulas for computing
the various costs indicated within the table was the POL expenditures
for 1975 and 1976. Data from the Operating and Support Cost (OSCR)
Report for FY75 were used for develooing the gallons Der hour and cost
per hour figures for 1975. The cost figures for 1976 were based on
the gallons of fuel consumed per hour and cost of that fuel consumed
per flight hour using actual 1976 comsumption data for Pope AFB, Little
Rock AFB and McChord AFB as reflected in Table 23. Fiscal year 1976
dollar values were used. No attempt to deflate the figures into then
year dollars were made.
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COST DATA

A thorough search for USAF C-130E aircraft acquisition, and opera-
tions and support (O&S) cost data was conducted covering the 15 years
(1962-1976) of this study. During the data search, it became very clear
that actual historical cost data have not been collected and maintained
over the life cycle history of Air Force weapon systems. There is no
single data source that collects and maintains historical cost data.
However, there are some data systems and repositories that can provide
various pieces of the types of cost data that were sought for this study
program. These data repositories/systems/files are discussed in the
following paragraphs of this section.

ACQUISITION COST DATA

Table 24, reflects the Research, Development, Test and Evaluation,
Aircraft Procurement, and other procurement categories of costs informa-
tion collected duing this study, including the sources.

RDT&E Cost - Research, Development, Test, and Evaluation costs
for the C-130E aircraft was non-existent within the applicable data
repositories searched. The only C-130 PLDT&E documented cost information
available was located in T.O. 00-25-30 lt including revisions back
through the 1972 issue. T.O. 00-25-30 reflects prorated R&D costs for
the C-130A, B, and D models only. The T.O. does not contain any R&D
costs against the C-130E in the specific or prorated areas, and it
is stated in the T.O. that: "Certain older systems may not include
R&D costs due to non-availability of information." In addition,
most of the C-130 RDT&E expenditures were completed early in the C-130
development program, which was prior to the 1962 time period of this
study. Subsequently the R&D unit cost per aircraft of $5600 reflected
in Table 24 is the prorated R&D costs for C-130A, B, and D models.

Aircraft Procurement Cost - Procurement Costs for the C-130E
as shown in Table 24 were obtained from two different sources: 1)
ASD cost histories maintained at ASD/CSEH/HO, Wright-Patterson Air
Force Base contained some documented procurement costs on the C-130E
aircraft for the early initial production years (1961 through 1964),
and 2) aircraft procurement costs for later years (1968, 1969, 1970,
and 1972) production aircraft were obtained from T.O. 00-25-30
using applicable revisions for each specific year. The number of
production aircraft by year shown in Table 24 was determined by assum-
ing the aircraft serial number to be the production year, and all air
craft with 1961 through 1964 serial numbers wEre reflected in the 1962
through 1965 time period because the first USAF C-130E possessed

> T.O. 00-25-30, Unit Costs of Aircraft, Guided Missiles, and Engines.
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inventory aircraft was in 1962 and first flight of the C-130E was in
April of 1962. The follow-on production aircraft were reflected in
the actual year of the aircraft serial numbers. The C-130E average
unit cost per aircraft over the 15 year time period (8 years of pro-
duction aircraft) reflected $2.0 million and is broken down in the
detail available as follows:

1962-1972
Average Unit Cost per Aircraft $ In Millions

Airframe 1.31
Propulsion .48
Other Systems .21

TOTAL AIRCRAFT $2.0

Other Procurement Cost

The ASD cost histories contained some C-130E peculiar support
equipment and training devices costs as reflected in Table 24 for the
1962 through 1964 time period. In addition, the only other C-130E
procurement cost that could be located was the class V modification
costs as iutlined in T.O. 00-25-30 starting with the 1972 issue as
shown in Table 24.

C-130 Aircraft Contract Costs

Frost and Sullivan Inc. maintain a "Defense Market Measures
System" that tracks and summarizes (to the extent possible) the
Department of Defense marketing system. C-130 contracts cost data
were requestedfrom the Frost and Sullivan system for the 1962 through
1976 time period, information provided covered the Defense Market

Ell Measures System C-130 (all models) aircraftL contracts .cap.tureu - ...i
the January 1962-December 1975 time period. Over 1,500 contracts
were listed in the computer printout provided. The foTlowing
information was included- recorded date, record contractor, awarding
agency, contract dollars, phase/project, Frost and Sullivan product
categories, and a very brief description of the contract. Specific
C-130E contracts could not be separated, as most of the contracts
showed a product of C-130 only. In some cases the brief description
would specify various models but this was the exception rather than
the rule. Table 25 contains a summary of 1,450 contracts extracted
that could be identified against USAF C-130 aircraft. These 1,450
contracts covered the 1962 through 1975 time period and accounted
for $1,889,417,000 expended against the various contract categories.
The information was against the total C-130 (all series) aircraft
and the costs could not be applied to the C-130E model only. However,
it does show the variety of procurements and illustrates the difficulty
in tracking these costs for a specific model, such as the C-!30E, within
a basic aircraft MDS.
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OPERATIONS AND SUPPORT COSTS DATA

The following subparagraphs discuss the C-130E operations and
support cost information that was available and obtained during this
study effort. Information that was included in the human resources
data and material resources data paragraphs above has not been reiter-
ated in this paragraph.

The Operating and Support Cost Reporting (OSCR) system, as
described in Appendix "G", provided the FY-1975 operating and support
total costs, cost per flying hour and percentage of total costs.
Table 26 identifies the above costs by personnel, training and TDY
costs versus supplies, contract and other (minus training and other
personnel support) costs. Further identified is the impact of base level
versus depot level costs. Of the $348M1 expended in FY75 for base and
depot level operating and support costs for the C-130E, $225M or $1,170
per flying hour was personnel related costs. Thus, 65% of the expendi-
tures were for human resources type items and 35% were expended for
material resources. Of the $123M or $640 per flying hour expended for
material resource costs, $47M or $300 per flying hour was for POL.
Thus, personnel and POL were by far the greatest contributors to
FY75 C-130E Operating and Support (O&S) costs.

TABLE 26 C-130E FY75 OPERATING AND SUPPORT COST RECAP

ELEMENTS FY75 TOTAL FY75 COSTS (S) PEqCEKT
COST (S) PER FH

PERSOHN TE•I., PG • TOY COSTS

BASE LEVEL OPS 210,487,435 1,092.61 60.34

DEPOT LEVEL OPS 14,982,789 77.77 4.2-.

SUB-TOTAL 225,470,224 1,170.38 64.63

SUPPLY. CONTRACT I OThER COSTS

BASE LEVEL OPSO 85,25O,S51 442.52" 24.44

DEFOT LEVEL OPS 38,127,852 197.92 10.93

SUB-TOTAL 123,378,403 640.44 35.37

TOTAL 3ASE I OE:OT LEVEL 348,8e8,527 1,810.82 1CO.00
SUPPORT & ";Et{.-.c:,s CSTS

SOURCE: SC.R, FY7E, OTD 3 AUG. 1976

.1OTE: INCL. PCL COST OF S57,794,1CO
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When comparing the impact of costs associated with personnel
versus material, each level should be reviewed separately and then
compared with each other. Table 27, Base Level O&S Costs, identifies
the costs for personnel, training and TDY versus the material resources
costs. Of the $295M or $1,535 per FH spent at the base level, 71% was
for human resources and 29% for material resources. However, when
comparing the same information for the depot level costs, Table 28,
the data reflects that of the $53M or $276 per FH spent, 72% was for
material resources and 28% for human resource elements. When
analyiing both tables and data contained within, it is easy to see
that the greatest expenditures for operating and support costs for
the C-130E are incurred at base level for human resources.

TABLE 27 FY.75 BASE LEVEL OPERATING AND SUPPORT COSTS - C-130E

ELEMENTS FY75 BASE LEVEL FY75 BL COST (S) PERCENT
COST (S) PER FH

PERSONNEL, TRAINING & TOY COSTS 210,487,435 1,092.61 71.17

SUPPLt. CONTRACT AND OTHER 85,250,551 442.52 28.83

COSTstQ

TOTAL BASE LEVEL OPERATIONS COST 295,737,986 1,53S.13 100.00

NOTE: 0 INCL. POL COST OF $57,794,100 OR 19,54% OF TOTAL BASE LEVEL OPS COST.

TABLE 28 FY75 DEPOT LEVEL OPERATING AND SUPPORT COSTS - C-130E

ELEMENTS FY75 SPT LEVEL FY75 SPT.LEVEL PERCENT
COST (S) COST (S) PER FN

PERSONNEL, TRAINING & TOY COSTS 14,982,789 77.77 28.21

SUPPLIES, CONTRACT AND OTHER 38,127,852 197.92 71.79

COSTS

TOTAL SUPPORT LEVEL OPERATIONS 53,110.541 275.69 100.00

100
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Depot Maintenance Repair Action Costs

The C-130E depot maintenance repair action costs/FH by system
for repair cycle assets are shown in Table 29. The information was
summarized at the system level and reflects costs per flying hour of
C-130E items processed through depot maintenance (excluding engines
and complete airframes) during FY 1975-1976. (Refer to, Section III "Data
Analysis, Area III - Depot Data," for the detailed description of the
depot data sources and computer processing utilized to obtain depot repair
action costs in the study program.)

TABLE 29 C-130E DEPOT MAINTWICE REPAIR ACTION COSTS/FH BY SYSTEM
(ITEM PROCESSED THRU DEPOT MAINTENANCE EXCLUDING ENGINES)

SY. FY 15975 AND FY 1976

N. sii NM coSir/F SYSWT E
(IN S) OF TOTIAt

11 AIRFIRAM 3.36 3.04

12 COCXPIT N0 FUSELAGE 1.21 1.09

13 LAWN~fG GEMR 5.64 5.09

14 FI.IGIT CONTROLS 2.64 2.S7

22 IPSO MRP WAER PLANTl-

24 AUXIILIARY pga PLANT 7.45 1.73

32 HYDPALIC P MP.LR 15.51 14.37

41 AIR CONCTIC'IXG. mPRSSuR• TIUI 6.73 5.75

42 TLECTRICAL POER SUPPLY 2.03 1.13

44 LIGHTI:G. SYSMV
45 - HIM .L!C AND P•tE•ATIC 3.63 3.23

46 FUEL 4.06 3.67

47 OXYGEN 1.66 1.So

49 MISCELLANEUS UTILITIES 0.46 0.43

51 INSTMRRM 1" 1.79

52 AiTOWILOT 4.0 4.2

S S M AL• CW IC 02 A M .A & RECCR O EQUIP . -

a1 HF tCAmlIcxrlQo 1.36 I.Z2

62 vii CaMNICATIMS 0.18 0.16

6 IMF COMUNICATI0n, 1.. 1.70

" INTRHOME0.27 0.24

6U IF 0.68 0.61

U VIC CM MnIcAM:0s 0.15 0.10

65 MISC. •--mICATIaIS -

71 IMOI1 NAVIGATICN 3.9 3.60

72 RAGAR NAVIATIOR 20.83 Ma.t

91 EMERCY ELYI7UtH-
56 PERSOM EL QUIPIvT-9

97 EXPLOSIVE DEVICES

TOTAL nm 1 I0.72
'1107: RISC. I101VOE S I AL. SYSTEMS ;beRE NO MATCH CCULD

K AE Ir.-I u'M/ir4=
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SUMMARY

This data analysis task was twofold in accomplishment: a) it accumu-
lated the effort from the prior tasks; and b) set the stage for the follow-
ing two tasks; Historical Task Analysis - V and Life Cycle Cost Analysis-
VI.

Extensive analytical results contained in this data analysis
section provides comprehensive quantitative spectra encompassing 15
years (1962-l976. of real time data. This includes historical data
for seven basic categories: a) operations, b) maintainance, c)
reliability, d) safety, e) human resources, f) material resources,
and g) cost. This study, included the acquisition, analyses, and
development of quantitative data on the C-130E weapon system during
three reasonably distinct eras, namely; a) Pre-Southeast Asian involve-
ment. b) Southeast Asian involvement, and c) post war period. Subse-
quent to the Gulf of Tonkin Incident (August 1964), a rapid build-up
in Southeast Asia occurred. This included the airlifting of men and
materials into the theater of operations (main operating bases - MOB)
beginning in November 1964, that included the assignment of C-130
aircraft to various MOB's for forward logistical support purposes.
The massive historical data acquired and analyzed covering the three
eras were indexed into the seven data categories as described above
and are presented and decribed in detail in this section.

A data matrix (Table 1) was developed to categorize the-acquired
6.1 million records and over 900 documents/reports into seven major
divisions and elements. The source, quality, quantity, and significant
remarks for each data element are displayed. This matrix will enable
future analysis to rapidly assess data availability and sources for
application to any study or need.

Large scale computers, remote terminal on-line operations, and
applicable software were utilized to effectively and efficiently manip-
ulate the data into listings, summations, and easily readable formats,
thus, enabling a more thorough, comprehensive review by the analysts.

In general, excellent weapon system data in the operational category

was obtained and presented for the 15 year history.. The maintenance
reliability and safety data categories are well documented. Scarcity
of complete historical -data are noted in the human resources, material
resources, and cost data categories. This data spectra provides the
only existent resources utilization history of the C-130E weapon
system for a fifteen year period. It establishes a much needed baseline
for this type of weapon system historical data and is a necessary key
to also establishing the-life cycle cost. It provides a plan of
action for future research efforts and establishes the type and guant-
ity of information that can be expected to be obtained from available
sources on other weapon systems.
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IV. GENERAL DISCUSSION

The following paragraphs attempt to bring into focus statistical
summaries and trends that may be detected from the massive amount of
information collected and analyzed within the major categories.

OPERATIONS

A total of 403 C-130E aircraft had been procured by the Air Force
with 41 no longer in service. Of these procured aircraft, the average
15 year possessed aircraft count equaled 260. These in-turn flew,
during the 15 years, 3,463,317 hours for an average utilization of
75.2 hours per month per aircraft. A 2.63 flight hour average mission
length resulted and the aircraft had an average of 1 landing (full stop
or touch and go) per flight hour. The operational ready percent was
69.9 with a not operational ready supply and maintenance of 4.0 and
26.1,respectively. Figure i7, derived from the curvilinear regression
formula, log X = a + b log x, illustrates the relationship between
varying sortie lengths to utilization and system maintenance manhours
per flight hour.

The average utilization rate, i.e., flight hours per C-130E
aircraft per month increased dramatically between the period of 1963
and 1966 with a general decline in utilization occurring subsequent
to 1966 to a current level in 1976 of 46.2 flying hours per month per
aircraft. Figure 18, depicts several key operations trends extant
within the 1962-1976 period.

Apparent within Figure 18 is the steady downward trend of
operationally ready (OR) aircraft. Etiologies of this trend were
not discretely quantified. The general downward trend of C-130 flying
hours subsequent to 1967 is due largely to the introduction of theLockhead C-141 Starlifter which was used to supplement the C-130E.

Fatique/aircraft structural problems encountered in Southeast Asia,
particularly the model B and E involving center wing cracking resulted
in the need to lower the operational use of the C-130 weapon system.
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FIGURE 18 C-130E UTILIZATION AND PERCENT OPERATIONAL
READY VS YEAR OF OPERATION.

MAINTENANCE

Analysis of the statistical maintenance data showed an average
15 year maintenance manhour per flight hour (MMH/FH) of 21.98 broken
into support general 10.10 organizational 7.80, intermediate 2.86,
and TCTO 1.22 (depot 1.12 and base .10). Table 30 presents a breakout
of the maintenance manhours by aircraft system along with troubleshoot-
ing MMH/FH, 6.82 and maintenance tasks, 34.22/FH. Of the twenty-nine
systems in the aircraft, 6 (turboprop power plant, airframe, fuel,
hydraulic propelltr, radar navigations, and landing gear) accounted
for 59.31 percent o, the total systems maintenance manhours. Figure
19 presents a manhour percentage distribution for the systems.

Organizational and intermediate system troubleshooting maintenance
manhours accounted for 6.39 percent of the systems maintenance. Three
systems, fuel, turboprop power plant, air conditioning, and pressuriza-
tion accounted for slightly over 41 percent of the troubleshooting
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N

manhours indicating difficulty in isolating causes of malfunctions in
these systems. Figure 20 presents a troubleshooting manhour percentage
distribution for the systems.

percent distribution of organizational and intermediate tasks is
shown in Figure 21. Organizational tasks accounted for slightly more
than 82 percent of the 342.6 tasks per 1000 flight hours. Two systems,
turboprop power plant and airframe were responsible for over 25 percent
of the total. Organizational removal tasks, illustrated in Figure 22,'
accounted for slightly more than 18 percent of these total tasks.

Also, C-130E maintenance trends encompassing the 1962-1976 time
period were established. The top 10 (by rank order assigned) component
manhour consumer encompassing 18 work unit codes (WUC's) were established
for the period of 1971-1976. Table 31 provides a rank order synopsis
of each of the top ten contenders. Generally, these top ten manhour
consumers ranked in 1971 continued to be major convimers of manhours
throughout 1972 through 1976. The rank order positions of those top
ten manhour consumers/component in 1971 show the customary departures
during 1972-1976. However, at least 6 of the 1971 top ten components
continue to remain as top ten manhour consumers curing 1972 through
1976.

Figure 23 reflects the organizational removal tasks and depicts
the 1962 through 1976 trend. A line of estimated "best fit" has been
plotted for visual display purposes. It is apparent that there has
been and most probably will continue to be, a general increase in the
number of organizational removal tasks per 1000 flight hour as the
weapon system continues to age. The majority of these rembval tasks
involve engine assembly, propeller assembly, fuel tanks
fuel indicator and control subsystems.

Figure 24 depicts a composite of Organizational, Field and
Avionics Maintenance Squadron tasks per 1000 flight hours. Again,
an estimated line of "best fit" for both maititenance ecbelons was
plotted as a means of reflecting historical as well as projected
trends. A positive, upward trend in intermediate and organization
maintenance tasks can be expected in the future. Although the air-
craft utilization rate, i.e., flying hours per aircraft per month,
shows a downward trend, the maintenance tasks show an inverse
relationship. The argument is frequently stated that "maintenance
goes up when flying rates go down merely because the aircraft is
available." This argument, although having some merit to it, still
serves as a deserving simplistic apporach to maintenance. Aging of
aircraft flight hardware, plus the relatively low availability of
replacement parts is one significant factor contributing to the general
upward trend of maintenance tasks per 1000 flight hours.
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A general upward trend in support general, organizational, and
intermediate maintenance manhours can be seen in Figure 25. A high
maintenance manhour profile is apparent during the high Southeast Asian
utilization period of 1965 through 1968 with a downward profile occurring
until 1972 followed by another upward maintenance surge through 1976.
Not apparent in this figure is the fact that the flying rate per month
per aircraft has dropped significantly since the Southeast Asian involve-
ment. It appears that a continued upward trend can be forecast re:
maintenance hour rates. TCTO installation hours reflect a dramatic
drop in recent years. This is supported by the relatively small
proportional contribution in maintenance hours since 1974.

RELIABILITY

From a reliability viewpoint, six systems - airframe, cockpit
and fuselage, landing gear, turbo prop power plant, lightinq, and radar
,,Migat'so, - aecuunted for 57.4 percent of the total system failures,
1874.31 per 1000 flight hours. Four of these - airframe, landing gear,
turboprop power plant, and radar navigation - were also in the high
maintenance manhour category. The remaining two systems - cockpit and
fuselage, and lighting - ranked 7th and 17th respectively in maintenanci.
A failure is charged to a component whenever maintenance is necessary to
restore it to a satisfactory operating condition. This definition
includes actions/tasks such as adjustments, calibration, and repair or o
replacement of attaching parts. Figure 1-1, Appendix I, displays a
percent distribution of the 15-year average failures by system.

It is apparent from Figure 1-2, Appendix I, that the generally
upward slope of failure rate is indicative of an aging aircraft.

A percent distribution of components repair off base by system is

shown in Figure 1-3, Appendix I. Four systems - instruments, landing
gear, turboprop power plant, and air conditioning-pressurization,
accounted for 64.6 percent of the total 160.01 components repaired off
base per 1000 flight hours. This grouping of systems would be expected
for a cargo type aircraft as the components, sealed jnstruments, fire re-
cap, and engine parts, are typically not repaired at-the intermediate
level. In general, a downward trend is being experienced in this area,
Figure 1-4, Appendix I, indicating greater base self-sufficiency.

The percent'distribution of components condemned, Figure 1-5,
Appendix I, indicates that four systems out of the 29 accounted for 57.4
percent of the total 23.38 per 1000 flight hours condemn value. In order
of significance, these systems are turboprop power plant, landing gear,
cockpit and fuselage, and air conditioning, pressurization. Figure 1-6,
Appendix I, illustrates a decided drop in components condemned during the
15-year life of the aircraft, 1962 through 1976. The highest reported
value was 50.15 per 1000 flight hours for 1962 and a low of 9.15 for 1972.

Only material aborts are covered in this report. Other types of
aborts such as weather, higher headquarters, etc. were not acquired.
Figure 1•7, Appendix i, presents a percentage distribution by system of
aborts divided into a ground or flight type. The aborts split almost
equal with ground accounting for 51.9 percent and flight 48.1 percent.
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Two systems, turboprop power plant and hydraulic propellers, accounted
for exactly 50 percent of all aircraft aborts. Ground type aborts were
in turn responsible for 57.5 percent of the aborts in the two systems.

Figure 1-8, Appendix I, portrays the yearly abort rate (ground and
flight) for the 15 study years. Although peaks occurred in 1966, 1971,
and 1974 as a result of extensive aircraft operational involvement, the
general trend was relatively stable.

The rank order of the top 10 component failures impacting organi-
zational and intermediate maintenance for years 1971-1976 are depicted
in Table 32. The top 10 ranked during 1971 reflect a wide range of
variances apparent during each succeeding year, namely, 1972-1976. These
rank order distributions encompassed 27 individual work unit codes (WUCs)
(Reference Table 32). Current items reflecting hiahest failure rates
include: a) blade assembly, b) wheel well assembly, c) floor panel
assembly. d) B-nut. PlO hydraulic pneumatic valve, e) cooling, and
f) center cargo insulation blanket. Also indicated, but not succinctly
stated is the fact that components failing during particular year(s),
when replaced or fixed by corrective action, precluded continued failure
during subsequent years. Component items',that initially showed high
failures, continued to rank in the top 10 most failed list until
corrective action was taken to resolve failure etiologies. Implied
is the obvious fact that many components not failed and not scheduled
for repair action accumulate "a time to fail profile." This is borne
out by the listing of new and/or different failed components in 1972
when compared to 1971, 1973 when compared to 1972, 1974 when compared to
1973 and so on through 1976.

The depot repair tasks per 1000 flight hours is shown in Figure 1-9.
Excluding the miscellaneous "system," radar navigation, landing gear,
fuel, and air conditioning/pressurization accounted for almost 44 per-
cent of the total 584.127 depot actions per 1000 flight hours. Figure
1-10, presents the percent distribution of all C-130E identified depot
repair tasks by system.
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S~SAFETY

I Analyses of recorded unplanned events (accidents) during the 1962-
1976 time period reflect the following trends, namely: a) the occurrence
of unplanned events (major and minor accidents) began an upward trend
in 1964 with a peak occurring in 1967, and b) a downward trend Is apparent
between 1967 through 1971 with a slight bi-mdal increase noted in 1972
and 1974. The numbers of total unplanned events per year reflect a
positive correlation to flight hours logged per year. Figure 26
provides a graphic scenario of major, minor, and total numbers of
accidents that occurred since 1962. To date, a general downward trend
of unplanned events (both major and ainor accidents) is evident since
1972. It is expected that this level, attained in 1976, should remain
at its present stage, if the numbers of flight hours, hence exposure
level, .-remain steady state. This presumes that no major or cumulative
fault side operations and/or maintenance practices are allowed to creep
into current practices.

Figure 27 ,provides a graphic display of ratios of major and minor
damaged aircraft and fatal accidents that have occurred per each 100,000
flight hours logged. A general upward trend in major and minor accident
rates is apparent during the years of 1962 through 1967 followed by a
downward profile in the ensuing years of 1968 through 1971. The
highest ratios of accidents per 100,000 flight hours occurred in 1972
and 1974 with a dramatic drop thereafter. An upward trend in fatal
accidents is evident from 1964 through 1972 with a subsequent downwardtrend recorded during .the near term na.priods of 1973 tnrough T979.Extant within Figure 27 is..a tabulation, of the rates (ratios) of C-130E

aircraft destroyed per 100,000 flight hours. For example, in 1963,
there were 1.2 aircraft accidents per 100,000 flight hours with a

concurrent destroyed aircraft ratio-also of 1.2. In 1964, the accidentratio was 1.3 with a destroyed aircraft ratio of 0.00.

Further analyses of data concerning the flight or operating phases
of the aircraft most likely to result in accidents has--evolved the
following historical profiles, viz:

1. Most unplanned events can be expected to occur during landing.
An average of 59% of all unplanned events occur during the
landing phase, with the majority of these occurring during
flareout (30%), followed by roll (19%) and approach (10%).

2. Unplanned events.occurring inflight, ranks as the second
6"hi.ge ... ident cate-r- with a 15 year historical profile
of 17%. The majority of these occur during normal flight
(9%), followed by low level flight (7%) and descent (1%).
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3. Nine percent (9%) of all unplanned events occurred during
taxiing (6% to takeoff and 3% taxiing from landing).

4. Seven percent (7%) of all unplanned events occurred during
takeoff. Three percent (3%) occurred during roll , three percent
(3%) occurred duringtinitial climb and one percent (1%) occurred
as a result of discontinued takeoff.

5. The remaining unplanned event phases of flight operations that
contribute to this proportional non-safety mosaic are:

a. Four percent (4%) occur during flight go-around and pre-meditated touch-and-go exercises.

b. Four percent (4%) occur while the engines are running but
the aircraft is not taxiing.

HUMAN RESOURCES

Maintenance Manpower

Present maintenance manpower resource levels indicate an existing
maintenance manpower profile of almost 28 personnel (officers, enlisted
and civilian) per C-130E aircraft. Reference Section III above for
detailed information. A definite downward trend in Air Force personnel
has occurred subsequent to 1972 due to planned reductions in force.However these reductions,, hav not.,, been -pp--oen c-one-nn-• the C-1.10
weapon system subsequent to the reductions that occurred in IiJ72.'

S~Table 33 below provides a summary of the numbers of officers, enlisted
and civilian personnel totals from 1962 through 1976.

TABLE 33 -C-130E PERSONNEL AND POSSESSED AIRCRAFT BY YEAR

YEAR TOTAL PERSONNEL POSSESSED AIRCRAFT

1962 305 11
19-3 ~ n-303 all
1964 6265 226
1965 8732 315
1966 8178 295
1967 8068 291
1968 7733 279
1969 8011 291
1970 8426 304
1971 8953 323
1972 8262 298
1973 8118 293
1974 8178 295
1975 8206 296
1976 8233 297
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The accrual of personnel during the years of 1962 through 1965 is

due to the large influx of delivered C-130 aircraft during these years.
Although waveform fluctuations in total personnel occurred subsequent
to 1965, a definite historical trend upward or downward is not evident
escept for 1971. Analyses of assigned manpower profiles by work center
show that the majority of the C-130 maintenance personnel are located
within the Field Maintenance Squadrons, followed by the Organizational
Maintenance Squadrons, Avionics Maintenance Squadrons and Deputy Comm-
ander for Maintenance areas. The relative proportional weights of
personnel per Unit of Equipment (UE) at these respective locations are:
1) FMS a 39.369%; 2) OMS = 32.350%; 3) AMS = 17.989; and 4) DCM =
10.305%. It is presumed that these percentiles expressed above will
continue during the ensuing years, irrespective of the numbers of
possessed C-130 aircraft.

Operations Manpower

Operations manpower profiles (i.e., pilots, co-pilots, navigators,
flight engineers, and loadmasters) are expected to remain at a .steady
state,providing the aircraft utilization rates remain essentially un-
changed. At present, crew ratio of 2.0 per aircraft is in effect.
Crew profiles, as discussed in Section III above, indicate a leveling
off since 1971. Future trends in flight crew numbers are difficult to
project as they are sensitive to aircraft utilization demands. These
demands, such as movement toward a war readiness posture induce a surge
that can only be accommodated by increased crews Providing utilization
rates exceed 4.0 flying hours per day per aircraft.

Field Training

Current trends of Field Training Detachment workloads are expected
to remain at a steady level of about 1,027 graduates per year per
C-130 FTD at a rate of 44,400 annual trainee hours per FTD. 'Again, this
is subject to dramatic upward shifts if C-130 logistics support rates
increase due to extended surge demands.

Educational Backgrounds - Officer Personnel

Historical records, acquired from the Computational Sciences Division,
Air Force Human Resources Laboratory, Lackland AFB, Texas, clearly show
the upward trend of achieved academic status. In brief, 1962 through 1976
data reflect the following educational historical profiles of maintenance
officer personnel:

1. Non-high school graduate personnel are not officer rated.

2. Si.gnificant drops in numbers of high school graduates holding
officer ratings have occurred over the past 15 years (from
2383 in 1962 to 84 in 1976).
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3. Few officer rated personnel attend college without
graduating.

4. More officer rated personnel successfully matriculate
(Bachelor degrees) in today's environment that existed in
the early and late 1960's.

5. More officer rated personnel receive advanced degrees (Master's
and above) than in previous years. This is particularly
true since June 1972.

6. The numbers (stated in proportional values) of officer

rated personnel attending post-graduate courses subsequent
to receipt of Master's degree certification is essentially
unchanged.

7. A slight proportional increase in the numbers of Doctorial
certified officers has occurred.

These trends are expected to continue as advanced Air Force tech-
nologies are introduced into future systems.

Educational Backgrounds - Enlisted Personnel

In general the trends summarized for officer personnel above also
apply to enlisted personnel. Fewer enlisted personnel are non-high
school graduates in 1976 compared to numbers recorded in previous years.
Proportionately more enlisted personnel are attending college and/or
matriculating with bachelor's degrees than in previous years. These
trends are expected to continue.

MATERIAL RESOURCES AND COST DATA

These two areas, although extensively discussed as separate
identities within this report, are combined at this point for two
reasons: a) both are dollar oriented, and b) a common-theme was
evident. This theme or message was that no actual historical material
or cost data had been collected or maintained over the life cycle of
the weapon system and that no single data source exists that collects
and maintains total historical cost data.

'ithin Material Resources and Cost Data, various data collectionsystems are discussed as to +..4. " ...... anti results .r.-

sented, however fragmentary, as they applied to this study. It is
suggested the reader carefully review the limitations and intent of the
system in question prior to the application of values shown.
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V CONCLUSION

SYNOPSIS

This report describes the work accomplished under Task III and IV
of a six task, uy t-o "Historically Analyze the Resource Utilization
Profiles of C-130E." The purpose of Task III was to identify, locate,
collect and analyze all available C-130E data in Air Force data files,
archives and data systems. This data, coupled with the published
literature acquired and evaluated during Task II (Ref. 10), became the
imput to Task IV.

The objectives of Task IV were: a) to de-velop a data matrix that
evaluates the various data sources, b) to develop techniques and computer
process the data collected, and c) to st&tistically analyze and package
the data for presentation and use in this report. Detailed analysis of
what the data may reveal about the C-130E aircraft and its design,
operation and maintenance was not within the scope of this study.

Results of the work accomplished during Task III and IV. included
in this report are: a) development of an extensive collectioh of
C-130E historical data elements (Section II), b) development of a data
evaluatlon matrix (Section II), c) a data sources and agencies table
(Appendix A), and d) extensive :ables and graphs (Section III) depict-
ing the fifteen year historical profile of the C-130E Hercules aircraft
including:

a Quantified organizational and intermediate
anti crnrect-+iv maintean4e- manhmirs by coih~qvqt~m. nor 1000
flight hours.

* Distribution of corrective maintenance tasks by sub-system.

9 Inizational and intermediate tasks by sortie.

* Organizational remove and install tasks per 1000 flight hours
and component failures by system per 1000 flight hours and
per sortie.

9 Maintenance manpower estimates.

a Flight training fiistories.
* Time compliance technical order kits installed at base and at

depot, including numbers and manhours.

* RDT&E,acquisition and O&S cost data.

* Educational levels of selected officer and enlisted Air Force
skill codes.

s The C-130 MDS milestones, family tree and the C-130E system
description.
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All data-acquired for the study were indexed into seven basic
categories, i.e.; a) operations, b) maintenance, c) reliability,
d) safety, e) human resources, f) material resources, and g) cost.
In general, excellent weapon system data in the operational category was
obtained for the 15 years of history. The maintenance, reliability and
safety data categories were well documented. Scarcity of complete histor-
ical data were noted in the human resources, material resources and
cost data categories. Therefore, statistical normalizing techniques were
applied to the available data slices as the means of filling in missing
years for selected data elements.

Despite some misgivings in some areas relative to the use of data
from Air Force data systems for study purposes, this study has shown
that one can derive a meaningful historical data base for others touse in predicting resource requirements for new, similar systems.

PROBLEMS

Some of the more significant problems were:

* A massive amount of data (6.1 million records and 900reports,
papers, articles, etc.) was collected and evaluated. Packaging
and evaluating this data for logical presentation in a relative-
ly few pages was a formidable task. There are any number of
combinations in which the data could be packaged and displayed.
The available time and study resources allocated did not permit
investigation into-the best displays of most practical approach.
The contractor overcame this problem by the use of skilled per-
sonnel methods, techniques, computer programs and displays

from*Air Force data systems/sources and applying the analyzed
results to numerous Air Force programs.

I Much difficulty was encountered in sorting C-130E data from
gross data on the C-130 MOS. This was especially true in
the cost category and in the depot area.

a The general policy of USAF agencies to minimize historical data
files, retaining data for short time periods only, as well as

ha.4 i~,nr a ran~4-yn, waannn cyctam dat ranncitnrv HaA a nr'n.

found affect on analytical results. Extrapolative and inter-
polative analytical results are always "second best" when
attempting to evolve quantitative weapon system histories.

# In some cases, data requested were either not delivered or made
available or sometimes arrived too late for analysis. This
precluded (!w~nti~a*1.ve comnilation of meaningful, accurate
historical profiles in some areas.

* Conflicting sources of data (e.g., number of possessed C-130E
aircraft per year from 1962-1976), obviated or attenuated-
analytical progress. In some cases these conflicts could not
be satisfactorily resolved.
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* Compilation of fragmented and/or discontinuous data resulted
in formulation of some scattered, discontinuous analytical
results.

Most of the difficulties encountered were resolved through exten-E_ sive conference telephone conversations with key personnel located with-
in the multitude of USAF agencies visited by Boeing investigators.
Data source summaries, compiled during field trips, served as an excel-
lant "yellow page" directory for additional follow-up when conflicts
or other difficulties were encountered. Conflicting data problems
were primarily resolved via engineering judgment or by direct contact
with the originatigg USAF agency(les).

RECOMMENDATIONS

The following recommendations are made:

* The Air Force should develop and implement an integrated
historical data center to accumulate and maintain the seven
categories of data developed in this study, by weapon system
(MDS). This would allow Air Force agencies and their contractors
to use a common data base in making trade studies and in respond-
ing to proposals for new weapon systems and equipment.

* Meanwhile, additional historical data bases on selected Air
Force systems should be developed as delineated-in this study.
It is recommended that each study extend for 18 months to
24 months to allow adequate time for data acquisition and

* Similar studies should cover a weapon system (MOS) family
rather then a single selected model. Family differences
could be accounted for in equipment and configuration differences.

* A study of Air Force data systems should be made to identify
data deficient areas and the means for accumulating actual
datafor missing elements. Much of this could be done by
sampling.

* The data evaluation pointed to many obvious areas for future
investigation such as; why is fuel consumption at one base,
twice that at another? Why are maintenance manhours so high
on the system interface items such as wiring, plumbing,
connections and fasteners? Is the planned training versus the
actual task performance compatable? Why are so many after
the fact modifications required and are they all necessary?
What is the relationship between make work modification:cost
and RDT&E cost?
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GLOSSARY OF TERMS

ABORT MATERIAL Premature termination of a flight because of

I mission essential equipment failure.

ACCIDENT An unplanned event that does damage to persons
or property, exclusive of damage caused by
action of an enemy or hostile force, see
AFR 127-4 for exact definitions of different
accident classes.

AEROSPACE VEHICLE For the purposes of this manual, an aerospace
vehicle includes all USAF owned aircraft and
selected missiles (ADM, AGM-28, AQM, BQM, CIM,
CGM, LGM, HGM, LV, and SLV).

AIRCRAFT ATTRITED Aircraft lost from the inventory because of
attrition.

AIRCRAFT MODIFICATION Class IV modifications are defined (AFR 57-4)
as those retrofit changes required to insure

9i safety of personnel, systems, or equipment
by eliminating operational, nuclear, or phy-
sical hazard, necessary to correct a defici-
ency including one that effects reliability,
maintainability, electro-magnetic compati-
bility, or communications security; or
required for logistics support purposes.
Class V modifications are defined (T.O. 00-
25-30) as changes to the physical configura-
tion or in the functional characteristics of
a system or equipment. Class V modifications
improve system operational capabilities and
are often associated with changes in assigned
mission. Aircraft modification provides for:

a. Class IV and V modifications of:

(i) in-service aircra-ft

(2) direct ground support equipment

(3) training equipment (aircraft)

(4) components

b. Procuring, under HQ USAF approved and
directed modernization/maintenance
programs:

(1) modification kits and special tools
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(2) .o.curret . p... E.re.it Of eqipment
taken from stock

(3) peculiar ground support equipment

(4) revised technical data and
handbooks

c. Modifying in-inventory components.

AIRCRAFT PROCUREMENT (Appr. 3010). This appropriation provides for
fabricating and procuring aircraft weapon
systems, modifications, direct ground support
equipment, aircraft industrial facilities,
spares and repair parts, war consumables,
miscellaneous aircraft requirements, and
first destination transportation. It in-
cludes procuring of Air Force Stock Fund items
(except from the Stock Fund), base procurement
see AFR 67-3), contract techrical services
see AFR 66-18), engineering data, installing

prototype modification under HQ USAF approved
and directed modernization/maintenance pro-
grams, and labor required for Class IV and V
modifications when the aircraft are a part of
the scheduled modernization program for
example B-52 for FY 1967 Program.

AIRCRAFT REPLENISHMENT Are those required to support-aircraft in the
SPARES AND REPAIR PARTS inventory, the modification and modernization

program, war readincss material, and related
support equipment, that is, AGE. Aircraft
replenishment spares are those investment
type items (recoverable and replacement)
which are normally repaired and returned to
stock. Investment type items are defined as
repa able assemblies, spares-_4nd repair parts
which are centrally managed. The cost of air-
craft replenishment spares is funded out of
Air Force Appropriation 3010, Aircraft
Procurement.

AIRCRAFT SAMPLED The number of aircraft included in the data
sample - may not include all aircraft of a
given model.

AIRCREW The full complement of officers and airmen
designated to man an aircraft in flight.

AIRCRE1 PERSONNEL Personnel whose primary duty is to occupy
aircrew positions.

130



F

AIR FORCE SPECIALTY A numerical designation of adi Air rorce- Spec-
CODE (AFSC) ialty. The meaning of the codes is specified

in AFR 35-1, Military Personnel Classification
Policy Manual.

AIRFPAME TIME The average number of flight hours accumulated
on the airframe of the fleet of aircraft
sampled.

ATTACHING PARTS This includes items such as seals, gaskets,
electrical connections, fittings, etc. MDC
action taken code "G".

AUTHORIZED ACTIVE The sum of UE authorized (to include the
INVENTORY (AAI) force UE plus UE required to train replace-

ment crews) plus an allowance for not oper-
ationally available (NOA) (10% for force
aircraft) plus those aircraft in test category
for the purpose of improving the capabilities
of the MDS concerned. This term refers to
authorizations only and does not include
physical assets.

AVERAGE FLIGHT The total flying hours divided by the number
LENGTH of sorties yields the average flight length.

AVERAGE UTILIZATION The average number of hours flown by one
aircraft in one month.

BASE1"m ' MITENAINCE. Rase maintenance is that maintenance
performed at base level by designated

maintenance organizations. It generally
consists of three types of maintenance:
organizational or flight-line, field and
periodic.

b. The base maintenance cost-factors include
costs for military and civilian labor and
expense material purchased from the
SSystems Support Division and the General
Support Division of the Air Force Stock
Fund. Military labor cost is funded out
of Air Force Appropriation 3500,
Military Personnel, while civilian labor
and material costs are funded out of Air
Force Appropriation 3400, Operations and
Maintenance (O&M).

BENCH CHECK Maintenance action to determine condition of
an i tei' entering intermediate (shop) mainten-
ance. MDC action taken codes A through D and
1 through 9.
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BENCH CHECK AND Item bench checked and performance of con-
REPAIR current repair action. MDC action taken code

"All.

BENCH CHECK (ONLY) Item bench checked and no subsequent action.
MDC action taken codes "B", ;C", "o".

BENCH CHECK SERVICEABLE Item found serviceable after bench check.
MDC action taken code "B".

COMMAND OPERATING The Air Force Command and geographical area
which possess the aircraft under study.

COMPONENTS REPAIRED See NRTS.
OFF BASE

CONDEMNED Items that cannot be repaired and are pro-
cessed for condei..iation, reclamation, or
salvage, MDC action taken code 9.

CREW COMPOSITION The number of pilots, navigators, electronic
warfare officers, and airmen authorized as
aircrew for a particular weapon system by
Air Force Specialty Code (AFSC). It should
be noted that crew composition is frequently
varied by mission.

CREW kATIO rC) g i-ning and.. --ei d rateoff thestimo-r ep
number of aircrews for each UE aircraft in
the squadron.

DATA TIME PERIOD Beginning and ending dates of the time period

of the data sample; selected as representa-
tive because of consistency in operations and
data reporting.

DEPOT MAINTENANCE That maintenance performed on material re-
qMArin ma,.jor . "rha, .1 a c -,,,let rebuild

of parts, assemblies, subassemblies and end
items including the manufacture of parts,
modifications, testing, and reclamation as
required.

FAILURE Any item that requires maintenance to restore
I satisfactor operating condition, "-

cluding repair/replacement of attaching parts.
Normal service is not included. MDC failure
count is obtained from AFTO Form 349 subject
to the following criteria:
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Units of work having the following MDC
How Malfunction codes were omitted:

793 - No Defect - TCTO Kits Received by
Base Supply

796 - No Defect - Removed for Reliability
Assessment

7g7 - No Defect - Technical Order
Previously Complied With

798 - No Defect - Technical Order Not
Applicable - Equipment to be Replace,
Modified or Not Installed

799 - No Defect

800 - No Defect - Component Removed and/or
Reinstalled to Facilitate Other
Ma~ntenarce

801 - No Defect - Technical Order Compliance

802 - No Defect - Partial Technical Order
Compliance

803 - No Defect - Removed For Time Change

804 - No Defect - Removed for Schedule
Maintenance

805 - No Defect - Not Otherwise Coded

811 - No Defect - Class 1 Modification

812 - No Defect - Associated Equipment
Malfunction

911 - Engine TCTO Correction Code

948 - No Defect - Operator Error

If the data were taken from an On-Equipment

Form, failurec were defined by the following

"Action Taken" Codes:

F - Repair

G - Repair and/or Replacement of Attaching

Parts
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K - Calibrated - Adjustment Required

L - Adjust

V - Clean

Z - Corrosion Treatment

If the data were taken from a shop form,
failures were defined by the following Action
Taken Codes:

1 - Bench Checked - NRTS (Not Repairable
This Station) - Repair Not Authorized

2 - Bench Checked - NRTS - Lack of Equip-
ment, Tools, or Facilities

3 - Bench Checked - NRTS - Lack of

Technical Skills

4 - Bench Checked - NRTS - Lack of Parts

5 - Bench Checked - NRTS - Shop Backlog

6 - Bench Checked - NRTS - Lack of
Technical Data

7 - Bench Checked - NRTS - Excess to Base
Requirements

8 - Bench Checked - Returned to Depot
Facilities by Direction of System
Manager or Item Manager

9 - Bench Checked - Condemned

A - Bench Checked and Repaired

D - Bench Checked - Transferred to Another
Base

F - Repair

G - Repair and/or Replacement of Attaching
Parts

K - Calibrated - Adjustment Required

L - Adjust

V - Clean

Z - Corrosion Treatment
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FAILURE MODE Key word(s) describing the equipment failure
within the limits of the MOC "How Malfunction"
listing in the Work Unit Code book.

FLIGHT ABORT The premature termination of a flight because
of mission essential equipment failure - MDC
When Discovered Code "C".

FLIGHT TIME Hours of operation recorded from brake release
to engine shutdown.

FLYAWAY COST Flyaway cost for aircraft includes the cost
of the following airborne and installed equip-
ment: airframe, propulsion equipment, elec-
tronics, armament, and other installed
government furnished equipment.

FULL STOP LANDING The action of bringing an airplane down after
having descended to a point fifty feet above
the surface, of making contact with the
surface and of completing the landing-roll.

GENERAL SUPPORT Material purchased from the General Support
MATERIAL Division which is decentrally managed expense

type items including aircraft, electronic and
co,,iunications repair parts. and base
consumables.

GROUND ABORT The cancellation or postponement of an air-
craft scheduled for flight because of sub-
standard performance of mission essential
equipment - MDC When Discovered Code "A".

GROUND HANDLING Includes manhours expended positioning,
AND SERVICE parking, moving, fueling and other servicing

functions on an aircraft and coded under the
O1XXX work unit code series.

HUMAN RESOURCES For purposes of this study, includes: people
required to perform support functions broken
out along various dimensions such as AFSC,S~experience level, training, and rank.

INTERMEDIATE Maintenance expended on removed engines or
MAINTENANCE components in the shop during repair or

preventive maintenance.

LANDINGS PER FLIGHT Total Landings including "Touch and Go"
HOUR Total Flight Time
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LOGISTICS For purposes of this study includes: The
science of planning and carrying out the
acquisition, distribution, maintenance, and
dispersal of weapon systems dnd support
equipment; the movement and support of
military forces, and the acquisition or
furnishing of services.

MAIN OPERATING BASE An MOB is an active USAF air base having
(MOB) assigned theater forces or rotational

tactical forces or a major active flying
support mission in peacetime. It is capable
of supporting such forces in sustained war-
time operations, depending upon the assigned
mission. It has field maintenance, base
supply, munitions, security, billeting and
messing, transportation, communications,
navaids, weather, and operational support
facilities. It is capable, with prepositioned
WRM, of receiving, servicing, and initially
launching augmentation forces deployed with
direct mission support personnel and it can
sustain such operations under emergency
conditions for 30 days.

MAINTENANCE MANHOURS The total direct maintenance manhours expended
PER FLIGHT HOUR per aircraft flying hour. This rate is cal-

culated for total flight line tasks, total
shop tasks, and total flight line and shop
tasks.

MAINTENANCE MANNING The maximum number oF flying hours per air-
CAPABILITY craft per unit of time that the maintenance

function of an organization is manned to
support. In certain units that are manned
for surge contingencies, maintenance manning
capability may exceed the maintenance
manning requirements needed to support a
peacetime flying hour rate.

MAINTENANCE ON On-equipment and shop maintenance which is
SERVICEABLE ITEMS performed to gain access to other components

is coded with "How Malfunctioned" Code 800
(No Defect - Component Removed/Reinstalled
to Facilitate Other Maintenance). If a
component is removed, bench checked and found
serviceable, the shop maintenance action is
coded with "Action Taken" Code B (Bench
Checked - Serviceable). The same component
may De reinstalled, or a new component may
have been installed in its place when the
original was removed.
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MAINTENANCE See Base Maintenance

MAINTENANCE TASKS Manhours spent on each unit of work produced
and the number of units of work performed in
1000 flying hours were calculated for the
following tasks:

Flight Line Removals

Flight Line Remove and Replace

Flight Line Remove and Reinstall

Flight Line Attaching Parts

Flight Line Checks OK

Flight Line Other

Flight Line Total

Shop Bench Check

Shop Bench Check and Repair

Shop Bench Check - NRTS

Shop Checks OK

Shop Repair

Shop Attaching Parts

Shop Other

Shop Total

MATERIAL RESOURCES For purpose of this study, includes: spares,
GSE, training equipment, and fuel.

MISSION-DESIGN- An alpha-numeric code used to identify a
SERIES (MOS) specific type of aircraft. The mission symbol,

"a letter", is used to denote the primary
function or capability of an aircraft, for
example, "C" in C-130, for cargo. The design
number denotes different aircraft within the
same function, for example, "130" in C-130 as
opposed to "135" in C-135. The series symbol,
a letter, is used to denote that significant
differences exist between related aircraft
because of follow-on production or major
modification, for example, "E" in C-130E as
opposed to "D" in C-130D. In certain cases
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another letter can precede the MDS designation.
This letter is used to indicate that the
particular aircraft no longer has the same
characteristics as others of the same MDS, for
example, "A" in AC-130E as opposed to C-130E.
This application is termed "Modified Mission
Symbol".

MISSION LENGTH See Sortie Length.

NOT OPERATIONAL READY The aerospace vehicle is not capable of per-
MAINTENANCE (NORM) forming all of its assigned mission(s) due

to required maintenance actions.

NOT OPERATIONAL READY Same as above.
MAINTENANCE (NORM) (F)
(FLYABLE)

NOT OPERATIONAL READY Same as above.
MAINTENANCE (NORM) (G)
(GROUNDED)

NOT OPERATIONAL READY Same as above.
MAINTENANCE (NORM) (T)
(TCTO)

NOT OPERATIONAL READY The aerospace vehicle is not capable of per-
SUPPLY (NORS) forming all of its assigned mission(s) due

to parts required from supply.

NOT OPERATIONAL READY Same as above.
SUPPLY (NORS) (F)
(FLYABLE)

NOT OPERATIONAL READY Same as above.
SUPPLY (NORS) (G)
(GROUNDED)

NRTS Not Repairable This Station. Items that are
shipped from the base for repair or overhaul
and meet one of the following criteria:

I - Bench Check Maintenance/NRTS - Repair
"Not Authorized

2 - Bench Check Maintenance/NRTS - Lack of
Equipment, Tools, or Facilities

3 - Bench Check Maintenance/NRTS - Lack of
Technical Skills

4 - Bench Check Maintenance/NRTS - Lack of Parts
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5 - Bench Check Maiftenance/NRTS - Shop
Backlog

6 - Bench Check Maintenance/NRTS - Lack of
Technical Data

7 - Bench Check Maintenance/NRTS - Excess
to Base Requirements

8 - Bench Check Matntenance/NRTS - Directed
Return to Depot Facility

OFF-EQUIPMENT See Intermediate Maintenance
MAINTENANCE
ON-EQUIPMENT See Organizational Maintenance

OR - OPERATIONALLY The aerospace vehicle is capable of performing
READY all of its assigned missions. (Preflight,

post flight, thru flight and home station
check inspections or functional check flights
are considered as OR conditions.)

ORGANIZATIONAL Maintenance in which the airplane is the end
MAINTENANCE item.

PERCENT FAILURE MODE Percent of total failures reported against
specific MDC "How Malfupction" key words.

PHASE OF OPERATION Phases of flight such as: Takeoff, inflight,
landing, taxiing, etc.

POSSESSED AIRCRAFT The actual ownership of and responsibility
for an aerospace vehicle.

QPA (QUANTITY PER The quantity per aircraft indicates the total
AIRCRAFT) number of a particular comporrent installed

on one aircraft.

REMOVALS Maintenance action to remove an item from
the aircraft. MDC Action Taken Codes "P" and
1111.

REMOVE AND REINSTALL Maintenance action to remove an item and
instal-l the same item - most often to gain
access to other areas. MDC Action Taken Code
1S11.

REMOVE AND REPLACE Maintenance .action to remove an item from the
aircraft and install a like item in its place.
MDC Action Taken Code "R".
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REPAIR Repair action performed separately from Bench
Checks. Includes total repair hours of
cleaning, disassembly, inspection, adjustment,
reassembly and lubrication.

SCHEDULED MAINTENANCE Includes maintenance manhours expended on the
following:

a. Look Phase of all inspections -
the accomplishment of requirements
listed on the inspection work card
deck for the particular inspection,
i.e., preflight (PR), basic postflight
(BPO), hourly postfli ght (HPO),
periodic or phase (PE), all of which
are listed under the 03XXX work unit
codes.

b. Fix Phase of all inspections - the
correction of discrepancies discovered
during the "look" phase of an inspec-
tion.

c. Special Inspections - these inspections
are listed under the 04XXX work unit
code series and include numerous items
listed for special inspections such
as test flights, hard landings, hot
starts, etc.

d. Scheduled Shop Support - the perfor-
nance of planned repetitive maintenance
t~sks in the shops such as engine tear-
down and/or buildup; wheel and tire
buildup or teardown; parachute packing;
fabrication, etc., and are coded under
the 09XXX work unit code series.

e. TCTO - the compliance with Time Compli-
ance Technical Orders (except Immediate
Action TCTO's) on aircraft and engine
systems and/or components.

f. Aircraft Washing and Cleaning - air-
craft washing, cleaning, vacuuming,
polishing, and the removal of ice and
frost from aircraft. It does not
include the treatment of corroded parts
which should be charged to the appli-
cable work unit code of the affected
part. Work unit code series 02XXX
apply to washing and cleaninq.
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SERVICEABLE ITEM
MAINTENANCE See Maintenance on Serviceable Items.

SORTIE LENGTH A sortie is measured from the start of the
takeoff run until one of the following occur:

1. Aircraft is on the g;'ound for
five minutes.

'2. Engines are shut down.

3. Crews are changed.

SYSTEM A functionally related group of components
and parts; defined in military coding systems
by a two digit number, e.g.; 45 = hydraulics,
13 = landing gear and 74 = fire control.

SYSTEM MAINTENANCE Maintenance expended on the aircraft in the
repair or preventative maintenance of systems,
subsystems and components.

SYSTEMS SUPPORT Material purchased from the Systems Support
MATERIAL Division for the maintenance of aircraft and

missiles which is centrally procured expense
type items such as nonreparable spares and
repair parts, including peculiar spares.

TACTICAL UNIT A unit designated for combat operations or a
unit which directly supports combat operations.

TASKS PER 1000 The rate obtained by dividing the total
FLIGHT HOURS occurrences of a particular task by the

flight hours expressed in thousands.

TCTO - TIME COMPLIANCE An Air Force publication that gives specific
TECHNICAL ORDER technical directions and information with

respect to the modification, inspection,
storage, operation or maintenance of equip-
ment, requiring compliance within a specified
time period.

TOTAL MAINTENANCE Total maintenarce consists of all actions
taken to retain material in a serviceable
condition or to restore it to serviceability.
It includes inspection, testing, serviciag,
classification as to serviceability, repair
rebuilding, and reclamation.

TOUCH AND GO LANDING The action of bringing an airplane down after
having descended to a point fifty feet above
the surface, or making contact with the
surface, but continuing with another takeoff
without coming to a stop.
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-OTIR.uPAnTTNG Maintenance time expended in locating a
suspected discrepancy. MDC Action Taken
code "Y". Normally of sufficient lenqth as
to bt r•pur-Led separateiy trom the repair
action.

TROUBLESHOOTING Maintenance manhours exDended on tVie air-
MANHOURS plane in fault isolation. Usually those

cases where troubleshooting time is expended
separately from the repair.

TYPE OF ACCIDENT Different types of aircraft accidents, such
as: loss of directional control on the
ground; spin or stall; fire or explosion;
abandoned aircraft; etc.

UNIT EQUIPMENT (UE) The number of aircraft which are authorized
for operational (flying) missions. The
UE authorization forms the basis for authori-
zation of operating resources (manpower,
support equipment, and flying hour funds).

UTILIZATION Total Flight Time (Months Flown) X (No. of
Aircraft Operating)

UTILIZATION RATE (UR) The average number of flying hours per air-
craft per specified unit of tVme. It is
estimated as the quotient of programmed
squadron flying hours divided by squadron UE.

WHEN DISCOVERED Identifies when the need for maintenance was
detected.

BF - Before Flight, When Discovered codes
A, B, G, N

IF - In Flight, When Discovered codes
C, D, P

BTF - Between Flignts, When Discovered codes
E, F

INS i Inspection, all otner When Discovered
codes

WORK UNIT CODE A five digit number designating a system,
subsystem, component or part on an aircraft.
Total work unit codes per aircraft range
from 2,000 to 10,000 depending on complexity.
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GLOSSARY OF ABBREVIATIONS AND ACRONYMS

AAI AUTHORIZED ACTIVE INVENTORY
ABCC AIRBORNE COMMAND AND CONTROL
AC ALTERNATING CURRENT
A/C AIRCRAFT
ACFT AIRCRAFT
ADI ATTITUDE DIRECTIONAL INDICATOR
ADM AIR (A) LAUNCH ENVIRONMENT, DECOY (D) MISSION,

GUIDED MISSILE (M) VEHICLE TYPE
AF AIR FORCE
AFAFC AIR FORCE ACCOUNTING AND FINANCE CENTER
AFB AIR FORCE BASE
AFHRL AIR FORCE HUMAN RESOURCES LABORATORY
AFISC AIR FORCE INSPECTION AND SAFETY CENTER
AFLC AIR FORCE LOGISTICS COMMAND
AFM AIR FORCE MANUAL
AFR AIR FORCE REGULATION
AFS AIR FORCE SPECIALITY
AFSC AIR FORCE SPECIALITY CODE
AFSC AIR FORCE SYSTEMS COMMAND
AGE AEROSPACE GROUND EQUIPMENT
AGM AIR (A) LAUNCH ENVIRONMENT, SURFACE ATTACK (G) MISSION,

GUIDED MISSILE (M) VEHICLE TYPE
ALC AIR LOGISTICS CENTER
ALTER ALTERATION
AMS AVIONICS MAINTENANCE SQUADRON
AMST ADVANCED MEDIUM STOL TRANSPORT
AN ARMY/NAVY
ANAL ANALYSIS
APLN AIRPLANE
APPR APPROPRIATION
AQM AIR (A) LAUNCH ENVIRONMENT, DRONE (Q) MISSION,

GUIDED MISSILE (M) VEHICLE TYPE
ARA AIRBORNE RADAR APPROACH
ASD AERONAUTICAL SYSTEMS DIVISION
ASIP AIRCRAFT STRUCTURAL INTEGRITY PROGRAM
ASW ANTI SUBMARINE WARFARE
ATC AIR TRAINING COMMAND
AVG AVERAGE
ATM AIR TURBINE MOTOR
AVGAS AVIATION GAS
BAC(IL&S) BOEING AEROSPACE COMPANY, LOGISTICS SUPPORT AND SERVICES
BF BEFORE FLIGHT
BIAS BATTLEFIELD ILLUMINATION AIRBORNE SYSTEM
BL BASE LEVEL
BLIS BASE LEVEL INQUIRY SYSTEM
BOS BASE OPERATING SUPPORT
BPO BASIC POST FLIGHT
BQM MULTIPLE (B) LAUNCH ENVIRONMENT, DRONE (Q) MISSION,

GUIDED MISSILE (M) VEHICLE TYPE
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GLOSSARY OF ABBREVIATIONS AND ACRONYMS (Cont.)

CACE COST ANALYSIS COST ESTIMATING
CAMMIS COMMAND AIRCRAFT MAINTENANCE MANPOWER INFORMATION SYSTEM
CEM COMMIUNICATION ELECTRONIC METEROROLOGICAL
CGM COFFIN (C) LAUNCH ENVIRONMENT, SURFACE ATTACK (G) MISSION,

GUIDED MISSILE (M) VEHICLE TYPE
CHG CHANGE
CIM COFFIN (C) LAUNCH ENVIRONMENT, INTERCEPT-AERIAL (1)

MISSION, GUIDED MISSILE (M) VEHICLE TYPE
CIV CIVILIAN
CNT CONTROL
COCESS CONTRACTOR OPERATED CIVIL ENGINEER SUPPLY STORE
COMM COMMUNICATIONS
COND CONDITIONING
C CAF CONFIGURATION
CONUS CONTINENTAL UNITED STATES
CCPARS CONTRACTOR OPERATED PARTS STORE
DC DIRECT CURRENT

DCM DEPUTY COMMANDER FOR MAINTENANCE
DEPT DEPARTMENT
DEV DEVELOPMENT
DI DATA ITEM
DL DEPOT LEVEL
DPT DEPOT
ECM ELECTRONIC COUNTERMEASURES
ELECT ELECTRONICS
ENG ENGINE
ENL ENLISTED
EQUIP EQUIPMENT
ETA EXCEPTION TIME ACCOUNTINGEXT EXTERNAL

FH FLYING HOUR
FLT FLIGHT
FMS FIELD MAINTENANCE SQUADRON
FTD FIELD TRAINING DETACHMENT
FY FISCAL YEAR
GAL GALLON
GEN GENERAL
GFM GOVERNMENT FURNISHED MATERIAL
GND GROUND
GPM GALLONS PER MINUTE
GRND GROUND
GRDS GRADUATES
GSE GROUND SUPPORT EQUIPMENT
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GLOSSARY OF ABBREVIATIONS AND ACRONYMS (Cont.)

HF HIGH FREQUENCY
HGM SILO STORED (H) LAUNCH ENVIRONMENT, SURFACE ATTACK (6)

MISSION, GUIDED MISSILE (fl) VEHICLE TYPE
HPO HOURLY POST FLIGHTSHQ HEADQUARTERS

HRS HOURS
HSI HORIZONTAL SITUATTON INDICATOR
HWSA HISTORICAL WEAPON SYSTEM ANALYSIS
HYD HYDRAULIC
I&L INSTALLATIONS AND LOGISTICS
I&S INTERCHANGEABILITY AND SUBSTITUTION
INC INCORPORATED
IF IN FLIGHT
1-F IDENTIFICATION, FRIEND OR FOE
INCL INCLUDE
IND INDICATED
INS INSPECTION
INST INSTRUMENTS
INSP INSPECTION
IRAN INSPECT AND REPAIR AS NECESSARY
IROS INCREASED RELIABILITY OF OPERATIONAL SYSTEM
INT INTERMEDIATE
INVEST INVESTMENT
LBS POUNDS
LCC LIFE CYCLE COST
LFT LEFT
LGM SILO LAUNCH ENVIRONMENT, SURFACE ATTACK (6) MISSION

GUIDED MISSILE (M) VEHICLE TYPE
LLLTV LOW LEVEL LIGHT TELEVISION
LORAN LONG RANGE NAVIGATION
M MILLION
MAC MILITARY AIRLIFT COMMAND
MAINT MAINTENANCE
MAP MILITARY ASSISTANCE PROGRAM
MAT MATERIEL
MAW MILITARY AIRLIFT WING
MAX MAXIMUM
MBO MAIN OPERATING BASE
MCS MAINTENANCE COST SYSTEM
MDC MAINTENANCE DATA COLLECTION
MDCS MAINTENANCE DATA COLLECTION SYSTEM
MDS MODEL/DESIGN/SERIES
MIS MANAGEMENT INFORMATION SYSTEM
MISC MISCELLANEOUS
MMH MAINTENANCE MANHOURS
M/MHR MAINTENANCE PER MANHOURS
MMICS MAINTENANCE MANAGEMENT INFORMATION CONTROL SYSTEM
MO MONTH
MODS MODIFICATIONS
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GLOSSARY OF ABBREVIATIONS AND ACRONYMS (Cont.)

MPD MILITARY PERSONNEL CENTER
MT MAINTENANCESMTT MOBILE TRAINING TEAMNAV NAVIGATIONS

NO. NUMBER
NOA NON OPERATIONAL ACTIVE

SNOM NOMENCLATURE
NON XD NON EXPENDABLE DEPOT
NORM NOT OPERATIONAL READY MAINTENANCE
NORS NOT OPERATIONAL READY SUPPLY
NRTS NOT REPAIRABLE THIS STATION
NSC NATIONAL STOCK CLASS
NSN NATIONAL STOCK NUMBER
O&S OPERATING AND SUPPORT
OASD OFFICE ASSISTANT SECRETARY OF DEFENSE
OFF OFFICERS
POS ORGANIZATIONAL MAINTENANCE SQUADRON
EOPS OPERATIONSSOR OPERATIONAL READY

SORG ORGAN IZJATIONAL
SOSCR OPERATING AND SUPPORT COST REPORT

•-OT OTHER
P&S PLANS AND SCHEDULES
PDM PROGRAMMED DEPOT MAINTENANCE
PEC PROGRAM ELEMENT CODE
PERS PERSONNEL

POL PETROLEUM, OILS AND LUBRICANTS
POSS POSSESSEDPROC PROCUREMENT
PROD PRODUCTION
PROP PROPELLER
PRESS PRESSURE
PRESS PRESSURIZATION
PSI POUNDS SQUARE INCH
PWR POWER
QC QUALITY COITROL
QEC QUICK ENGINE CHANGE
QPA QUANTITY PER AIRCRAFT
QTY QUANTITY
RAF ROYAL AIR FORCE
R&D RESEARCH AND DEVELOPMENT
R&M RELIABILITY AND MAINTAINABILITY
RCS REPORT CONTROL SYMBOL
REC RECEIVER
REF REFERENCE
REL RELIABILITY
REPL REPLACEMENT
REPLEN REPLENISHMENT
RPM REVOLUTIONS PER MINUTE
RT RECEIVER TRANSMITTER
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GLOSSARY OF ABBREVIATIONS AND ACRONYMS (Cont.)

SBSS STANDARD BASE LEVEL SUPPLY SYSTEM
SC SCHEDULED
SE SJPPORT EQUIPMENT
SEC SECTION
SECT SECTION
SERV SERVICING
SKE STATION KEEPING EQUIPMENT
SPO SYSTEMS PROGRAM OFFICE
SPT SUPPORT
STOL SHORT TAKEOFF AND LANDING
SYS SYSTEM
SV SERVICING
SUBSYS SUBSYSTEM
TAC TACTICAL AIR COMMAND
TAW TACTICAL AIRLIFT WING
T&E TEST AND EVALUATION
TCI TIME COMPLIANCE ITEM
TCTO TIME COMPLIANCE TECHNICAL ORDER
TDY TEMPORARY DUTY
TECH TECHNICAL
TO'S TECHNICAL ORDERS
TnT TOTAL
TR TECHNICAL REPORT
TRANS TRANSCEIVER
TRNG TRAINING
UDL UNIT DETAIL LISrING
UE UNIT OF EQUIPMENT
UHF ULTRA HIGH FREQUENCY
UMD UNIT MANNING DOCUMENT
UN UNSCHEDULED
USAF UNITED STATES AIR FORCE
UTE UTILIZATION
UTIL UTILIZATION
VHF VERY HIGH FREQUENCY
VTOL VERTICAL TAKEOFF AND LANDING
WAC WORK ACCOMPLISHMENT CODE
WBS WORK BREAKDOWN STRUCTURESW/o WITHOUT

SWPAFB WRIGHT PATTERSON AIR FORCE BASE
SWRALC WARNER ROBINS AIR LOGISTICS CENTER
SWRM WAR READINESS MATERIAL
" W/S WEAPON SYSTEM
WT WEIGHI
WUC WORK UNIT CODE
YR YEAR
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DATA SOURCES AND AGENCIES
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DATA REVIEW AND TERMINAL ENTRY
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INFORMATION OBTAINED

DOES IT Ci,,TAIN DATA PERTINENT
TO TASKS OF THE STUDY IN
THE AREAS OF OPERATION, MAINTE-

REJECT -NO NAICE, RELIABILITY, DEPOT, MAN-
POWER, MODIFICATION, MATERIAL
CONSUMPTION, BASIC, AND LIFE

YES CYCLE COST?

DOES IT CONTAIN DATA ON TRANSPORTREJECT ---- N AIRCRAFT?

X DOES IT CONTAIN DATA ON THE
REJECT. - NO C-130 AIRCRAFT?

Y S

DOES IT CONTAIN DATA ON THE
REJECT---NO- C-130 THAT CAN BE APPLIED OR

FACTORED TO THE C-130E?

Yl

COMPLETE TERMINAL ENTRY FORM

REJECT -NO DOES IT CONTAIN DATA SPECIFICALLY

APPLICABLE TO THE C-130E?

COMPLETE TERMINAL ENTRY FORM

Figure B-i DATA REVIEW "YES-NO" DECISION PROCESS FLOW
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APPENDIX C

DATA PROCESSING FLOWS AND
C-130E CHARACTERISTICS/SPECIFICATIONS
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CHARACTERISTICS
PERFORMANCE SPECIFICATIONS

TAKE-OFF (Std. Day. SL. ft Wind, fts sled. WEIGHT
50 Fla"s. Pies. Pw.. Note. Effort)

* MNaaimu weight Ianm 150 Ill. kxauI Gross T.O. 1153.00 lb.
er"RoijdMll Epsty 71,500 lb.

WithI jat$ 2.30 ft. Esengmnc War Flamwin~g (CE) 175.000 lb.
ft Jet* 2.800 ft. FUIL CAPACITY

A4*XIMUM SPEED Awemm. 24 Koonce les. Internal 7,0001 gal.
SERVICE MIUM43 4100f#ALJ 23.00 ft. Max. Extwral 2.800 gal.

LANDING (Frp.Reverse & max. wheel traes,) Four T-W4A-? Allison Tnfoprms with

Typical Weight P6rpsb. Ft Ravnsro
Cranwd RalI/frow Sol 1.101.7 NazulS 4.100 90I a&.

TouctdwMSm" 03 KotsELECTRICAL POWER
Sorc ncasiid A 'atsf. Gsenerators 4/1

Rationg (VAR) as. 40/20
FUGHT SURFACES DieEisAl

ARIAS (its, fQ YtUJ OE
Vinga 1.745 4OAU PWE
"lanS 342 ft. ft"s 4/1
VWrt PInf JIM Orive Englna/Eect
marsoi. Stab. S45 Rating (08) ws. 30/11"k.
Ruiitdau/~toi I11/1,1S

AVIONICS
CHOR LE401S (Idie) 1/AIC- 13 UITERCOR. 1WLZC ADORM1
CHOD LNGT 0 wAN/AIC- IM INTERCOM!

AM/All1- 22 RAWD AL1IIETER (MQ A/C)
Wing oSet 152 AM/M- 5l1 MoD.R SECAA
wing Tip 100 AM/Aft- 701705 AADAR. I.ORAPP RAY.
Stab. Rest 1440 AN/A111-133 RADAR ALrTlCIER (Olt SW57131)
Stab. lip w MIIAPN-147 RADAR. DOPPLER MAY.

AM/APYI.15D RACAR ALTIiEIU (SOME A/C)
WING DATA AM/APW-1i5A STATIONXUPER. INTRAFOUIATION

Angle of Inidaic 00-:10 POSITzDN1as SET (SW( A/C)
Angle of Sesa e ~ AM/Allo171 RADAR ALTDEIU ( DE A/C)

Angle of Dihedral 2 Se AM/A10- 72 IVP SYSTEPI. AIMS
Aspect Ratio 10.05 ANIAXA 23 ICAKIfAT!CX ADF (TAC OPLY)

AMt/ARC. 34 RADIO. NIU CDH.
A111Mf- 9 NAVIGATION. MADto CUAS
AM/Aft- 14 NAVIGATION. CHNI
AMI/AM-i 21 NAVIGATION. TACAN

PRODUCTION AN/A10-I?9 RAVIGAflrn: GLIDE SOE
ANA 51 7 NAIATO .5ISTAA

Aesrags ~ ~ AM~t nmtfynyprarrf RADIO. EF[AMDICY (OR AN/051T-3Aveag uit lyun por irraf A/A4.35 CMPTER. ODFPLEX -00V2.0 stills.n AM/A11- 14 PRESUMIIRIATCl SYS. RADAR_
.OATE OP NTROcucTIOX AprilIM14 AM/taT- 3 RAOJO. D~VXICT(DRt AN/AlRr-31
NO. MANUFACTURED 403 AAA11C- 10 PERSONNEL LOCATOR 1EACCN

MANUFPACTURER LousiAM/U!?t- 21 RAIO AMGM
otUAr C-Il3 Mulss Still ;AM/iA!- 26(0) RADIO. EmERSENCT (tat)
Ia prnectlan COUJM 511-4 Giz LDE MOE 7CEUY(SDE A/C

*fsfttd romorof4-t 4 MJTOPILOT
FPP1 tl4F-FR MOID (SWE A/C)

-IU-CZ RADIO. wI CDH.
505-716 RADAR ALTTINETM(OR AN/AD-3

SMAF UM FLfIGH DIRECTOR STSMi
tvI-WI1 RADIO. VII? CoIi.
512- 3/4 PIAY. WKS~ C.

FIGNE C-5 C-130~E CHARACTISTICS
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DATA NORMALIZATION

The process for estimating the missing data, bised on the foregoing
assumptions, was as follows:

a. A data manipulation computer program was used to generate
scattergrams of each variable in a data-set of interest
(such as expenditure of maintenance manhours by aircraft WUC)
as a function of every other variable in the data-set and as
a function of six key operational parameters for which a complete
15 year history was available. Approximately 7,000 scatter-
gram plots were generated and reviewed for this analysis.

b. The scattergrams were examined and all possible straight line
relAtionships retained for further analysis.

c. These candidate variable combinations were then tested by
regression analysis to determine their strengths of correlation
and the equations for their least squares regression lines.

d. For each variable in the data-set being analyzed, a "best"
relationship was chosen based on the following priority
criteria:

(1) Strongest correlation with a primary relationship to one
of the key operational parameters.

(2) If no reasonable primary relationship could be found,
then the most highly correlated secondary relationship
to some other support resource parameter which did have
a strong primary relationship with an operational
parameter.

(3) If neither of the above criteria could be met, then the
best tertiary relationship was selected. This was
necessary in only a few of the data cases examined and
it was not necessary to go to higher order relationships.

e. After the "best" relationship was selected for each variable
of interest, its regression line was plotted as a function of
the appropriate independent variable (operaticnal parameter or
related support resource parameter) and the missing years'values
estimated by entering the regression with the independent
variable values corresponding to the missing years and picking
off the estimated dependent values.

f. The estimated dependent values of the various support resource
parameters were then used to fill the appropriate data voids
in the historical record.

Figure C-10 illustrates the above process through the data tables
and graphs used at successive stages.
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MISSING DATA SLICES
1962
1963
1964__ _

1965
1967 ""'- --
1969 "- ",
1970

I

_•: __ _COMPUTER GENERATED SCATTERGRAM

"SA"TFOR VISUAL SCREENING FOR---

-- a•..

EXML:FE Y AN TASKS/1000 FH =F(AIRCRAFT FLT HRS)

RERESINANLYI OF Y = F(X)

Ful -0.67X + 372

... .•:,__ __

.. ..., ' s .... . . . .. ... ,,... q - a 4,-, ... ' " L ; 4 - f - -C .

E IATES TAKEN' FRM T T F

REGRESS I.ON ANALYS IS GY

Figure C-10 DATA NORMALIZATION PROCESS FLOW
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APPENDIX D

MAINTENANCE STATISTICS
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I ,
TABLE E-I PERCENT DISTRIBUTION OF ORGANIZATIONAL AND INTERMEDIATE

COMPONENT FAILURES BY WHEN DISCOVERED BEFORE FLIGHT (BF)
IN-FLIGHT (IF) - BETWEEN FLIGHT (BTF) - INSPECTION (INS)

SYS. WHEN DISCOVERED PERCENT
NO. SYSTEM NAME BF IF BTF INS

11 AIRFRAME - - 29 71
12 COCKPIT AND FUSELAGE - - 25 75
13 LANDING GEAR - 1 31 68
14 FLIGHT CONTROLS - 1 17 82
22 TURBO PROP POWER PLANT 2 9 23 66
24 AUXILIARY POWER PLANT 1 1 30 6832 HYDRAULIC PROPELLER 1 7 18 74

41 AIR CONDITIONING, PRESS. 1 8 37 54
42 ELECTRICAL POWER SUPPLY - 2 39 59
44 LIGHTING SYSTEM - 3 28 69
45 HYDRAULIC & PNEUMATIC - 2 38 60
46 FUEL - 12 51 37
47 OXYGEN - 6 36 58
49 MISC. UTILITIES - 1 23 76
51 INSTRUMENTS 1 50 18 31
52 AUTOPILOT 3 62 7 28
55 MALFUNCTION ANAL. & REC. EQUIP. 5 45 50 -
61 HF COMMUNICATIONS 1 57 7 35
62 VHF COMMUNICATIONS 4 77 3 16
63 UHF COMMUNICATIONS 4 73 7 16
64 INTERPHONE 4 53 10 33
65 IFF - 30 2 68
66 EMERGENCY COMMUNICATIONS 5 15 19 61
69 MISC. COMMUNICATIONS - 2- 98
71 RADIO NAVIGATION - 40 2 58
72 RADAR NAVIGATION - 55 5 40
91 EMERGENCY EQUIPMENT - - 2 98
96 PERSONNEL EQUIPMENT - 100
97 EXPLOSIVE DEVICES - - 100 -

TOTALS 2 13 24 61
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APPENDIX F:

MAINTENANCE DIGEST REPORT STATISTICAL PROCEDURES

Step 1 - Monthly Maintenance Digest reports, containing detailed
assigned maintenance personnel allocations by 62 work centers,
were collated for the months of September, 1975 through July,
1976 (11 months).

Step 2 - Assigned maintenance manpower allocations encompassing
officers, enlisted and civilian personnil were recorded
for each of the 11 months of data released by Little Rock
and Pope AFB's. Assigned manpower allocations, entered by
grade in rank/skill levels were aligned to the 15 DCM work
centers, 18 Organizational Maintenance Squadron work centers,
19 Field Maintenance Squadron work centers, and 10 Avionics
Maintenance Squadron work centers. (Total of 62 work centers.)

Step 3 - Assigned manpower allocations derived in Step 2 were summarized
in the manner depicted in Table 10. Total numbers of officer,
enlisted and civilian personnel allocated to Little Rock and
Pope AFB's, were then merged and aligned to 'ne total numbers
of possessed C-130E/H aircraft at the two MAC bises. This
enabled the developments of:

1. Average numbers of officer, enlisted and civilian personnel
assigned to the DCM's, OMS's, FMS's, and AMS's of Little
Rock and Pope AFB.

2. Average numbers of possessed aircraft by month.

3. Average number of possessed aircraft over the total
11 month period.

4. Numbers of officer personnel assigned per possessed
aircraft within the DCM's, OMS's, FMS's and AMS's.

5. Numbers of enlisted personnel (by skill levels 9, 7,
5, and 3) assigned per possessed aircraft within the
same work locations noted in number 4 above.

6. Numbers of civilian personnel assigned per possessed
aircraft by work locations noted in number 4 above.

Step 4 - Data derived during Step 3 enabled formulation of officer,
enlisted, and civilian manpower loading constants per C-130E
aircraft. This encompassed:
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1. Numbers of DCM personnel required per UE.

a. Officer personnel
b. Enlisted personnel
c. Civi-lian personnel

2. Numbers of OMS personnel required per UE.

a. Officer personnel
b. Enlisted personnel
c. Civilian personnel

3. Numbers of FMS personnel required per UE.

a. Officer personnel
b. Enlisted personnel
c. Civilian personnel

4. Numbers of AMS personnel required per UE.

a. Officer personnel
b. Enlisted personnel
c. Civilian personnel
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APPENDIX G:

USAF OPERATING AND SUPPORT COST REPORTING SYSTEM (OSCR)

Based on the continuing emphasis and requirements to be able to
account for actual operating and support cost of various weapon systems,
the AMr Force was tasked in early 1974, by the Department of Defense,
to develop a Management Information System (MIS) that would identify
their weapon system operating and support (O&S) costs. Headquarters
USAF Comptroller, Cost Analysis Division (ACMCA) is presently develop-
ing a USAF Operating and Support Cost Reporting (OSCR) System to satisfy
this requirement. As outlined in Reference, 0one of the initial
conclusions during phase I of accomplishing the above task was to
realize that no data system in the Air Force directly associated or
captured all operating and support (O&S) costs to a weapon system.
Without the knowledge of total actual costs and expenditures for the
operation and support of a weapon system it is extremely difficult
to know what and where improvements in costs can be made or what the
actual cost drivers are.

The purpose of OSCR is the implementation of a reporting system
that collects operating and support costs for a weapon system such as
the C-130E. Information within the reporting system covers both base
and depot (level) data pertaining to actual costs incurred for human
and material resources. As indicated previously, only fragments of
information are available to make historical comparisons of material
resource costs of a weapon system. The OSCR is an extremely-important
effort that will fill this void and in future years provide a much
more effective means to determine and/or historically compare and
analyze the operating and support costs of a weapon system

The Operating and Support Cost Report System was implemented at the
start of fiscal year 1975. OSCR being a new system, continuous efforts
are being made to debug, purify and improve the data contained in the
report as well as the data included in the feeder reports from the
various bases and depots. Fiscal year 1976 data is being processed
as of this date. In addition, the user's handbook has been developed
and is in draft form. However, it has not been released as of this
date.

Presentation, "Visibility and Management of Support Costs,"
MBO 9-2, Headquarters USAF/ACMCA, undated.
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APPENDIX H:[USAF MAINTENANCE COST SYSTEM (MCS)

USAF Maintenance Cost System (MCS) is a system, implemented in
mid-1975, in which selected cost data at base level flows through
various commands to Headquarters USAF and OASD (I&L and Comptroller).
Its prime purpose is to provide various levels of maintenance manage-
ment with comparative cost data by weapon and support systems. The
elements of cost such as labor and material, when related to various
categories of cost (i.e., direct costs, indirect productive costs, etc.),
provide the information base for arcomplishing the comparisons mentioned
above.

The primary objectives of the MCS were to: 1) Design and implement
a cost system for base level activities performing organizational and
intermediate maintenance; 2) permit consolidation of both depot and
base level maintenance costs into one report showing total Air Force
Maintenance costs, and 3) provide data for life cycle costing. There
Are other objectives not mentioned here that are outlined in AFM 177-380

The accuracy of the maintenance cost system is dependent on the
accuracy of the various reports and systems that feed data to it.
These include the General Accounting System, Maintenance Date Collection
System (MDC), MMICS Administrative Subsystem/Exception Time Accounting
System (ETA), MMICS Status Subsystem/Aerospace Vehicle Status Report
(Al), Standard Base Level Supply System - U1050-II (SBSS), and input
from the Base Engine Manager. Information from Civilian Accured Annual
Leave Cost Records and Maintenance Manhour Data Requirements from the
Command Aircraft Maintenance Manpower Information System (CAMMIS) are
also input to the MCS. Information from the above sources constitute
the data contained in the various reports of the MCS. These organiza-
tional and intermediate maintenance cost reports of the MCS are:

1. Work Breakdown Structure (WBS) Within Model/Design/Series
(MDS) Within Program Element Code (PEC).

2. NON-MDS by WBS.

3. Work Accomplishment Code (WAC) Within MDS Within.PEC.

4. NON-MDS by WAC.

5. By Indirect Productive Labor.
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6. By Indirect Non-Productive Labor.

7. By Material Category.

8. By Customer.

The prime office of responsibility is the Air Force Finance Center,
(AFAFC/XSM). Since this is a comparatively new system, efforts are
presently being made to debug, purify and consolidate fleet wide data.
As a result of being a newly developed system the only information that
was usable in this study was discussed in the Material Resources area.
It is felt that because of the objectives of this new system this
detail discussion is appropriate, as the MCS could become a valuable
cost data source for future studies.
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APPENDIX I

RMIABILITY SUiARIES
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