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SUMMARY

PROBLEM AND OBJECTIVE

Five distinct human resource technologies traditionally
have been applied separately and at different times during
the weapon system acquisition process. The technologies
are maintenance manpower modeling, job guide (technical
manual) development, instructional system (training)
development, system ownership costing, and human resources
in design trade-offs.

Commonalities among the functions and data requirements
of these technologies existed. Each had an assessment
and/or a product development function. The assessment
functions were used to quantify some portion of a human
resources, logistics, or cost impact resulting from a
system design or support planning decision. The product
development functions were oriented toward the related
areas of training and technical manuals.

It appeared that if these technologies were systemati-
cally integrated and extended for application throughout
acquisition (a) greater efficiency and accuracy in human
resources, logistics, and cost assessment could be achieved;
and (b) a mutually supportive coordinated training and
technical manual program could be planned, developed,
and implemented for a given weapon system.

A comprehensive effort was initiated in March 1977
* to integrate and apply the five technologies as the coor-

dinated human resource technology (CHRT) supported by
a single consolidated data base (CDB). This report provides
a summary of the project and a brief overview of the
results: specifically, this report discusses:

1. The development of CHRT and the CDB,
2. The demonstration of CHRT and the C B on major

systems of the Advanced Medium STOV Transport
(AMST),

3. CHRT and the CDB as they presently are defined,
4. The guidelines for future application of CHRT

and the CDB on weapon system acquisition programs.

APPROACH

The study was divided into two parts. Part One
was the initial development of the concept, methodology,
and data base for integration of the five human resource
technologies. Part Two was a demonstration of the concept

2 short takeoff and landing 1



and an application of the methodology on the AMST. CHRT
and the CDB were then redefined to incorporate all changes
and improvements derived from the demonstration experience.

SPECIFICS

Initially this report discusses the concept of five
integrated human resource technologies and a supporting
data base. The traditional application of these technolo-
gies is explored, their integrated application is explained
and CHRT is related to the weapon system acquisition
process. In the latter regard, CHRT is described as
having both an assessment and a product development function.

The assessment function extends analytical capabilities
of the individual technologies into the early phases
of acquisition for front-end impact assessment. The assess-
ment function as described addresses manpower, support
equipment, training, technical manuals, reliability,
maintainability, and cost; and it is applicable throughout
acquisition.

The product development function (a) extends the
use of assessment data to the personnel, training, and
technical manual section of the integrated logistic support
plan, (b) integrates manpower, personnel skills and support
equipment through a single task analysis as viable consid-
erations in the determination of training and technical
manual content, and (c) coordinates the previously inde-
pendent development of the training program and technical
manual set.

The activities that comprise CHRT and the data groups
that comprise the CDB are then discussed in some detail.
This discussion refers to a flow diagram which depicts
the activities and data groups.

Next, the demonstration of CHRT as both an assessment
and product development methodology is summarized. The
discussion addresses the conceptual, validation, and
production/deployment phases of acquisition. Sample
results such as an impact analysis, a training/aiding
matrix, a task analysis worksheet, and a training plan
are included.

Management and application guidelines are also summa-
rized. A management and application concept is discussed.
Variations in application of CHRT and the CDB by acquisi-
tion phase are described. A simplified application pro-
cedure is also described which presents a slightly
different view of CHRT than does the flow diagram.
Finally, resources apply CHRT and the CDB
are addressed. 2



CONCLUSION

Overall, CHRT can be viewed as providing several
major benefits when applied to a system acquisition program.

1. It provides a systematic procedure for assessing
the impact of system design and support plans
on human resource, logistics, and cost factors
throughout all phases of the weapon system
acquisition process.

2. It provides an integrated approach to developing

the training and technical manual products
required to support the weapon system design
and implement the support plan.

3. It integrates five technologies under a central
manager and consolidates information in a single
data base.
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HUMAN RESOURCES, LOGISTICS, AND COST FACTORS
IN WEAPON SYSTEM DEVELOPMENT:

PROJECT SUMMARY

I. INTRODUCTION

The Department of Defense (DOD) requires each military
service to incorporatae cost-saving measures and to make
qua-titative assessment of operating and support (O&S)
costs for weapon systems under development and for major
modifications to existing systems. The goal is to reduce
O&S costs. In support of this goal, the Air Force Human
Resources Laboratory (AFHRL) has developed or has contribu-
ted to the development of each of five technologies.
These technologies have the similar objectives of improving
personnel performance in maintenance and ground support
for weapon systems and of reducing the cost of ownership
of these systems.

The technologies are maintenance manpower modeling
(MMM), job guide development (JGD), instructional system
development (ISD), system ownership costing (SOC), and
human resources in design trade-offs (HRDT). The terms
job guide and instructional system as used herein are
generally synonymous to technical manuals and training,
respectively. Each of the five technologies has an assess-
ment and/or product development function. The assessment
function is appropriate to quantifying the system design
and support plan impact on human resources, logistics,
and cost. The product development function is related
to the development of a coordinated training program
Pnd technical manual set.

Prior to this study, the five technologies had been
developed and applied separately, although commonalities
among their objectives and data sources existed. Were
these technologies systematically integrated, it appeared
that (a) greater efficiency and accuracy in human resources,
logistics, and cost assessment could be achieved, and
(b) a mutually supportive and coordinated training program
and technical manual set could be developed for a given
weapon system. With this in mind, a comprehensive effort
was initiated in March 1977 to integrate and apply the
five technologies.

The purpose of this report is to provide a summary
of the study, which had two parts Part One was the
development of the concept, methodology, and data base
for integration of the five human resource technologies.
Part Two was a demonstration of the concept, and an
application of the methodology and data base in an
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aircraft acquisition program. The concept, methodology,
and data base were initially documented in:

AFHRL-TR-78-6 (I) - Integration and Application of
Human Resource Technologies in
Weapon System Design: Coordination
of Five Human Resource Technologies
[11

AFHRL-TR-78-6 (II) - Integration and Application of
Human Resource Technologies in
Weapon System Design: Processes
for the Coordinated Application
of the Five Human Resource
Technologies [21

AFHRL-TR-78-6 (III) - Integration and Application of
Human Resource Technologies in
Weapon System Design: Consolidated
Data Base [31

The demonstration of the concept, methodology, and
data base using data from the Advanced Medium Short Takeoff
and Landing Transport (AMST) system acquisition program
is documented in:

AFHRL-TR-79-28 (I) - Human Resources, Logistics, and
Cost Factors in Weapon System
Development: Demonstration in
Conceptual and Validation Phases
of Aircraft System Acquisition [4]

AFHRL-TR-79-28 (II) - Human Resources, Logistics, and
Cost Factors in.Weapon System
Development: Demonstration in
Conceptual and Validation Phases
of Aircraft System Acquisition.
Appendix A [51

AFHRL-TR-80-52 (I) - Human Resources, Logistics, and
Cost Factors in Weapon System
Development: Demonstration in the
Full Scale Development Phase of
Aircraft Systems Acquisition [6]

AFHRL-TR-80-52(II) - Human Resources, Logistics, and
Cost Factors in Weapon System
Development: Demonstration in the
Full Scale Development Phase of
Aircraft System Acquisition.
Appendix A 171

In addition, a description of the concept, method-
ology and data base as finalized after the demonstration
experience is provided in:

8



AFHRL-TR-80-29 Human Resources, Logistics, and
Cost Factors in Weapon System
Development: Methodology and Data
Requirements [8]

Application guidelines are covered by:

Reference Note - Human Resources, Logistics, and
(Available from Cost Factors in Weapon System

Application [101

The organization of this report, which summarizes
the content of the seven documents listed, does not follow
the same sequence. The main-difference is that the final-
ized methodology and data base are presented before the
results of the demonstration. Consequently, the remaining
sections of this report are: Section II, a discussion
of the concept of five integrated human resource
technologies termed the coordinated human resource techno-
logy (CHRT), the supporting consolidated data base (CDB),
and their relationship to the weapon system acquisition
process; Section III, a description of the methodology
developed to implement CHRT; Section IV, the results
of the demonstration of CHRT and the CDB using data from
the AMST system acquisition program; and Section V,
guidance material for use of CERT. Section VI provides
conclusions.

i, . .. .. 9



II. CONCEPT OF FIVE INTEGRATED HUMAN RESOURCE
TECHNOLOGIES AND A SUPPORTING CONSOLIDATED

DATA BASE

2.1 NEED FOR HUMAN RESOURCE, LOGISTICS, AND COST

ASSESSMENT

Human resources include such factors as manpower
quantities, types of personnel skills and skill levels,
training, and technical manual requirements. These factors
constitute a significant portion of both DOD spending
and O&S costs. In fact, it has been estimated by the
U.S. Commission on Defense Manpower4 that nearly 60 percent
of total life cycle costs are attributable to these human
resource requirements. Costs attributable to logistics
requirements, such as maintenance concept, support equip-
ment, spares, etc., increase this value to nearly 80 per-
cent. In view of this it is clear that no assessment
of weapon system O&S costs can be considered complete
until a systematic evaluation of the impacts of human
resource and logistic requirements has been conducted.

2.2 TRADITIONAL APPLICATION OF THE FIVE HUMAN RESOURCE
TECHNOLOGIES

The study first considered the traditional application
of the five technologies. This consideration was necessary
to determine how they might be more effectively used
and applied as an integrated methodology.

The technologies considered are defined as follows:

1. MMM - a technique for estimating the maintenance
manpower requirements for aircraft systems.
This technology uses the Logistic Composite
Model (LCOM) to simulate the maintenance system
in the form of maintenance action networks.

2. ISD or training - a methodology described in
AFM 50-2 [11J for quantifying personnel to perform
tasks through an optimized training program.

3. JGD or technical manuals - a method of developing
a broad range of troubleshooting and non-trouble-
shooting technical manuals designed to reduce
training time and/or the skill required to perform
a task. These technical manuals are an alternate
and/or supplement to ISD as a means of assuring
job performance.

4U.S. Commission on Defense Manpower. Defense Manpower:
The Keystone of National Security. Report to the
President and to Congress, April 1976.
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4. SOC - a systematic method of estimating both
the non-recurring support investment and the
recurring operating and support costs and identify-
ing major cost contributors.

5. HRDT - an approach using design option decision
trees (DODT) to identify critical design trade-offs
and human resource impact analysis to quantify
the effect of the trade-off.

Tradfitionally, the five technologies have been
applied independently at various times and generally
late during the acquistiion process. Their traditional
application is depicted in Figure 1 and may be summarized
as follows.

DSARC I DSARC II DSARC III
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1. MMM has been applied to various aircraft systems
daring the validation and full-scale development
phases in order to predict system maintaenance
manpower requirements. The LCOM simulation based
on maintenance action networks has been used as
the mechanism for the analysis.

2. ISD as a decision-making process is applied
late in the validation phase to define the train-
ing program and theoretically to also define
the applicability of technical manuals. This
latter rarely accomplished determination is
the sole coordinated ISD/JGD activity. ISD
as a product development process then continues
through full-scale development into production/
deployment.

3. JGD is initiated in full-scale development as
a product development effort resulting in techni-
cal manuals. During the course of its associated
task analysis, a reconsideration of the training/
support equipment/technical manual mix is made.

4. SOC is not presently a rigorous technology but
rather a Defense Systems Acquisition Review
Council (DSARC) milestone requirement. It is
normally responded to with a point cost estimate.
Equations and models for obtaining these estimates
are not standardized nor do the sources of data
always adequately reflect the system being costed.

5. HRDT exists as the DODT technique and as a concept
of using human resource data in design trade-offs.
Feasibility studies indicate that it can be
applied at many levels of detail throughout
system acquisition. It has not, however,
actually been applied in acquistiion. Additionally,
there is no standardized technique for interfacing
HRDT with the other technologies to obtain the
human resources, logistics, and cost data
associated with the system design and support
planning alternatives.

2.3 INTEGRATED APPLICATION OF THE FIVE TECHNOLOGIES IN
CHRT

CHRT integrates the five technologies for application
throughout weapon system acquisition. As an assessment
methodology, CHRT is used to quantify the human resources,
logistics, and cost impact of system design and support
plans. As a product development methodology CHRT is
used to develop a coordinated training plan and technical
manual set tailored to the user population. Input for
these technologies is provided by a CDB established and
maintained for the weapon system under consideration.

12
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Figure 2 outlines the applications of the human
resource technologies extended and integrated as CHRT.
These applications are described as follows:

1. MMM is initiated in the concept phase and updated
during the validation and full-scale development
phases. During the conceptual phase, a prelim-
inary maintenance task analysis is performed
using historical data from comparable systems.
Maintenance action networks are then prepared.
In lieu of LCOM, the reliability and maintain-
ability (R&M) model is used to investigate main-
tenance manpower and support equipment require-
ments and to charactaerize the system and its
elements in terms of reliability and maintain-
ability. The R&M model, an average value model,
was developed for the AFHRL digital avionics
information system (DAIS) life cycle cost (LCC)
study. It is patterned after LCOM. and is
compatible with LCOM input. The R&M model is
used when the situation does not require a dynamic
simulation. In the conceptual phase, one would

13



expect extensive use of the R&M model. This
emphasis would decrease and be redirected to
use of [COM as acquisition proceeds. The task
analysis data and maintenance action network
information from which these models operate
are updated throughout acquisition.

2. The ISD/JGD decision process is initated in
the conceptual phase and continued during
validation to continually refine the training/
technical manual requirement. This information,
along with personnel data, is reflected in an
early product, the personnel, training, and
technical manual section of the Integrated
Logistics Support Plan (ILSP).

3. A single integrated task analysis on the actual
system is initiated during full-scale development.
This analysis is used to define both the training
and technical manual information content which
subsequently forms the basis for the coordinated
training program and technical manual development
effort.

4. A preliminary coordinated training program and
technical manual set may be prepared in full-
scale development. The training program and
technical manuals are then finalized in the
production phase.

5. Operational manpower requirements and the
necessary ISD to support this manpower require-
ment in each phase is determined. These data
are needed to supplement those provided by the
five technologies.

6. SOC estimates are provided by the reliability,
maintainability, cost model (RMCM) during all
phases of acquisition. This model utilizes
the same input as the R&M model plus a cost
data bank.

7. HRDT is incorporated in all acquisition phases.
8. DODTs are prepared for critical system and support

design trade-off issues. These trees are used
to identify and document decision points where
human resources, logistics, and cost data are
required to aid the decision process.

9. The HRDT concept of providing information at
critical decision points is implemented by the
RMCM and/or LCOM supplemented by other techniques
required to estimate training course length,
technical manual requirements, and operations
manpower.

10. The iterative application of these estimating
techniques allows an impact assessment to be
made for each of the various design, maintenance,
operations, and logistic support approaches

14
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under consideration. This assessment is made
in terms of human resources, logistics, and
system ownership cost.

11. A review of each assessment to identify areas
demanding unacceptable human resources, logistics
requirements, or funding will assist in identifying
additional critical system and/or support design
issues for which trade-offs must be considered.

12. All significant data required to support the
five individual technologies are consolidated
in a single data base, the CDB, under centralized
control.

2.4 CHRT AND THE WEAPONS ACQUISITION PROCESS

The relative impact of system design and support
planning decisions in acquistiion is depicted in Figure 3.
Simply stated, the decision impact is greatest during
the program initiation or concept phase when alternative
solutions are being explored. These are the decisions
that determine the basic syster and support approach
that will dominate all aspects of the total weapon system
design. Unfortunately, at this phase of acquisition
the detailed information to support these decisions is
lacking. All too often, therefore, these early decision is
are based on program direction, personal intuition, and/or
previous experience which may or may not be compatible
with the problem. Rarely are these decisions based on
a rational assessment methodology that can be tracked,
validated, and finally verified during deployment.
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The same situation occurs on acquisition of major
modifications and retrofits. Although the system itself
may be in a single acquisition phase, the modification/
retrofit must pass through all the phases of concept,
design, development, and production/deployment before
it is complete. Again, it is in the concept phase that
the basic system and support decisions are made. And
again, they are rarely based on a rational methodology
that can assess their effect.

On the other hand, if the operational system is
to meet total performance expectations in the deployment
phase, then the system design and support plan requirements
upon which these expectations are based must be met.
The hardware and software must meet performance standards.
Adequate manpower with the desired skill levels must
be provided. Training and technical manuals must be
compatible with the personnel skills, the tasks to be
performed, and the support equipment available. Often
the system design and support plan requirements are not
met and, as a result, the expectations of early acquisition
are not achieved because the technique to translate
expectation to reality is missing.

CHRT provides a partial solution to these problems
as it is both an assessment and a product development
methodology. The assessment function extends analytical
capabilities of the individual technologies into the
early phases of acquisition where improved assessment
as a base for evaluating alternatives is most needed.
The product development function (a) extends the use
of assessment data to the personnel, training, and technical
manual section of the ILSP; (b) integrates manpower,
personnel skills, and support equipment through a single
task analysis as viable considerations in the determination
of training and technical manual content; and (c) coordina-
tes the previously independent development of the training
program and technical manual set.

CHRT emphasizes the assessment function during the
early phases of acquisition, thus filling a need for
a front-end impact analysis of system design and support
plans. This assessment function is used to quantify
the impact of system design and support plan decisions
at the weapon sytem (e.g., aircraft), major system (e.g.,
avionics), subsystem (e.g., inertial navigation set),
or line replaceable unit (LRU) (e.g., gyro) level. The
assessment is made in terms of effects on human resources,
logistics, and costs. The human resources and logistics
factors assessed are manpower quantities, personnel skills
and skill levels, training course type and duration,
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technical manual content, support equipment quantity
and type, reliability, and maintainbility. The cost
factors are the elements of LCC: system investment, support
investment, and O&S costs. CHRT is particularly sensitive
to support investment and O&S costs. These two factors
constitute SOC and describe the non-recurring and recurring
cost impact of the support design.

The product development function is emphasized during
the development and production/deployment phases of acquisi-
tion. Although this function is primarily oriented to
the maintenance area, it may also be used to address
operations. The product development function uses assess-
ment data in the early stages of acquisition to define
a coordinated training and technical manual program which
will support a specific system design and support plan.
During the development and production/deployment phases,
the coordinated training program and technical manual
set are prepared.
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III. CHRT AND THE CDB

This section provides an overview of the concept
and use of CHRT and the CDB. The reader is referred
to the remaining reports identified in Section I for
an in-depth discussion.

3.1 GENERAL

CHRT and the CDB are depicted in Figure A.1. 5 CHRT
activities are represented by blocks A-F. Input and
output data of each activity are represented by ellipses
1-17. The major data outputs and products of the total
process are represented by hexagons 01-03. The total
process is CHRT. All data with the exception of external
data sources (ellipse 1) make up the CDB required to
support the process.

3.2 CHRT APPLICATION AND CDB CONTENT

Before proceeding with a more detailed account of
the activities and data which comprise CHRT and the CDB,
it is important to understand the basic concept and options
represented by Figure A-1.

As an assessment methodology, CHRT is basically
an information feedback process whereby a weapon system
design and support plan along with alternatives are
described and assessed by the various CHRT activitaies.
These assessments (hexagons 01 and 02) are in terms
of human resources, logistics, and cost factors and are
specific outputs of the impact assessment activity
(block E). The assessments are used by management in
further defining the weapon system. This feedback process
is applicable throughout all phases of acquisition and
is designed for iterative application at several levels
of equipment detail (that is, weapon syste; major system,
subsystem, or LRU).

As a product development methodology, CHRT utilizes
the information developed by the CHRT activities to develop
coordinated training and technical manual products (hexagon
03). These products range from the personnel, training,
and technical manual section of the ILSP in early acquisiton
to the actual training plan, and technical manuals pro-
duced in the full-scale development and/or production
phase.

5It is suggested that Figure A-1, located in Appendix A,
be extended at this time and referred to while reading
this section. 18
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CHRT is relevant and cost-effective throughout acqui-
sition for three reasons. One, it can draw on both
historical and current data sources. Two, it operates
from a single evolving data base. Three, there is an
inherent flow option in the process which changes method-
ology emphasis from assessment to product development
as acquistiion proceeds.

During the concept and design phases of acquisition,
external data sources (ellipse 1) are generally limited
to historical records, standards, estimates, and pre-
liminary designs and plans. During the development and
production/deployment phases, more accurate data reflecting
the actual equipment become available. These more
accurate data consist of both detail design data and
performance data on the actual system hardware and soft-
ware. In addition, the standards, such as regulations
and military specifications, continue to apply.

CHRT is supported by a CDB prepared for the weapon
system under consideration. The data base contains at
a single location all data required to achieve the aims
of each of the five technologies. The data groups and
files (subgroups) which compose the CDB are listed in
Table 1. The data groups are identified in Figure A-i
as ellipses 2 through 19. Each data group has been develop-
ed and structured for specific application within CHRT.
The CDB consists of both computerized data formatted
for operation with a specific automated program, and
hard copy data used or developed as part of a manual
operation. This hard copy in some cases may be the output
of one or more of the automated programs.

Ideally, the CDB is established in the concept phase
of acquistion. Initially, the CDB is dependent on external
planning, historical, and estimated data. Information
is selected from these external data sources, and where
necesary adjusted to characaterize the weapon system
under consideration. This adjustment is part of a techni-
cal procedure called comparability analysis. The initial
activity, program definition, comparability, and task
analysis (block A) results in a preliminary description
of the hardware/software design, proposed manpower, and
the support plan, as well as the tasks that must be per-
formed to operate and maintain the system.

As the systaem acquistiion proceeds from design
through development, the CDB is improved in accuracy
and detail by replacing planning and historical information
with information acquired on the actual system. This
actual system information consists of: design/performance
data, hardware/software configuration, manning, support19



Table 1 - Consolidlted Data Base Composition

PROGRAM REQUIREMENTS TRAINING ESTIMATES
Key Event & Opertional Maintenance Training Estime
Reediness Schedule Busline(s)
Deteid-Ptlasd Schedule Alternatives
SYSTEM DESIGN Operator Training Estimates
Hardware Conflguration/ e Bsine(s)
Cra istcs * Alternatives
Software Configuration/ TECHNICAL MANUAL ESTIMATES
Characteristics Baolinels)
SUPPORT PLAN Slies

AAlternatives
Basline(s) Aulris

AlwmaivesTRAINING/AIDING MATRIX

MAINTENANCE REQUIRE- Alternatives
MENTS AND TASKS INTEMATE PMuintennce Activity Dat INTERMEDIATE PRODUCTS
Maintenance Activity Network Da Preliminary Task Identification Matrix (PTIM)R&M Model Date User Description

M intenne Training ColD Dt Technical Manual/Training Trade-off Ground
OPERATIONS REQUIREMENTS Rules

AND TASKS Task Analysis Work Sheets

Operations Crew and Aircraft Use Data Anotaed Task Identification Matrix (ATIM)

Operations Schedule Level-of-Detail Guide

Operator Tasks Tost Equipment and Tool U. Forms (TETUF)

Operator Course Material Data LIFE CYCLE COST ESTIMATES

ALTERNATIVES Baseline(s)

System/Subsystem Design Option Alte nuatives

Decision Trees BASELINE ASSESSMENTS
Support Design Option Decision Tree Baseline 1

Alternative Listing Baseline N

COST/COST RELATED DATA ALTERNATIVE ASSESSMENTS
Baseline(s) Alternative 1

Alternatives Alternative N

LCOM OUTPUT COORDINATED TRAINING/TECHNICAL
Basdine(s) MANUAL PRODUCTS

Alternatives Integrated Personnel, Training and Technical

EXPVAL OUTPUT Manual Data

Sseline(s) Training Products

Alternatives Technical Manual Products

R&M MODEL OUTPUT
Baseline(s) .

Alternatives
OPERATIONS AND SUPPORT
ESTIMATES
Operations Manpower Estimates

SBaseline(s)
a Alternatives

Support Maintenance Manpower
Estimaes

* Baseine(s)
9 Alternatives
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data, and the results of an integrated task analysis
performed on system equipment.

External data sources may be described as either
baseline or supplementary. A baseline data source applies
to, and in some way specifically defines or constrains,
the new weapon system approved for further development.
The baseline data 3ources are officially controlled and
revised at a DSARC milestone or some functionally similar
review.

The baseline data sources are shown in Table 2.
This table identifies the baseline data sources (the
cells within the table). The table relates data sources
to type of data and stages of weapon system acquisition.
The baseline data sources describe the baseline approachin each of these areas. Baseline data sources may or
may not identify alternatives to the baseline approaches.

Table 2 - Baseline Data Soures

TYPE OF DATA

stop Ilpiulnents Dedwl POne WOODRUM

Concep Fom M'' Plops klhd AffrdNhy
Reaspvet Elnomt d Mummunt ' inlt Need M 6m

e Divuste Susunut Disetiv m

Di Pln t ILS owdind DGARC-
V De conpt opsrahFssstimV t

Pbn Cp F Fls) 11@010iMm

Demntp plom Ssotem ILS Oprsme MARCII
MMn mmt Sesiceton Pion I t

PoukIPulsru Sytml ILS Opslkul OSARCIII
eployment - -sym/ Pra cm EswkM stimat

PIm ment in
IelflmUm

Supplementary data sources include all appropriate
historical records and standards. Examples of supple-
mentary data sources are AFM 66-1 Histocical Maintenance
Data [121, AFR-173-10 USAF cost Planning Factors (131,
technical data and manuals on similar equipment or soft-
ware, higher headquaraters directives, contractor
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proposals, and so forth. Supplementary data sources
are not rigidly defined. This data category literally
covers any information which would provide greater insight
to the weapon system under construction.

An inspection of the flow diagram reveals a dual
routing to the product development activity (block F).
This activity may draw on either the data output of the
resource assessment activity (block C) which is represented
by ellipses 9 through 15, or the intermediate products
(ellipse 16) output of the program definition, compara-
bility, and task analysis activity (block A). This option
in flow reflects a transition in CHRT orientation. During
the concept, design, and early development phases, CHRT

is primarily an assessment methodology. The assessments,
represented by ellipses 9 through 15, are used to define
and develop the personnel, training, and technical manual
plans and programs. During the mid-development phase,
however, CHRT emphasis is on product development. The
major inputs to the product development activity at this
time are the intermediate products that result from an
integrated task analysis performed on equipment. These
intermediate products form the basis for the coordinated
training program and technical manual set. It is very
important to note, however, that CHRT always retains
both assessment and product development functions. It
is the emphasis on the functions that changes. The
assessment and product development functions are comple-
mentary and may be applied in whole or in part during
acquisition of new systems as well as during modification/
retrofit.

3.3 CHRT ACTIVITIES AND CDB DATA GROUPS

A step-by-step description of the CHRT activities
and the CDB data groups is provided in the following
subsections. In following this description, the reader
is advised to maintain reference to Figure A-1 and also
to TaLale 1.

3.3.1 External Data Sources

External data sources (ellipse 1) contribute to
the total CHRT process, but are not necessarily part
of the CDB. This data group represents the baseline
and supplementary data sources from which information
pertinent to the weapon system under investigation and
essential to the CHRT application is drawn. The informa-
tion in this data group is required for the two initial
CHRT activities:
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1. Program definition, comparability, and task
analysis (block A)

2. Cost data bank preparation (block B)

These activities establish and maintain that portion
of the CDB which is essential to complete the remaining
activities.

The specific data sources used to secure information
will vary with time and the particular weapon system
program. It is the responsibility of the CHRT manager
on any program to secure information from the most current
and applicable data sources available. When application
of CHRT is delegated to a contractor, it is the responsi-
bility of the CHRT manager to oversee the contractor's
efforts and to assure that the contractor uses appropriate
data sources.

3.3.2 Program Definition, Comparability, and Task Analysis

The program definition, comparability, and task
analysis (block A) is the data gathering/data development
effort that establishes and maintains the front end of
the CDB. Information appropriate to both the baseline
weapon system and any alternatives under consideration
is gathered under this activity.

Initially, a review of the external data sources
(ellipse 1) is made to establish the program requirements
(ellipse 2), the system design (ellipse 3), and the support
plans (ellipse 4) data groups. With these data groups
established, work is then started on the alternatives
(ellipse 7) data group. Because few actual data are
available for any weapon system in the early stages,
comparable historical data and estimates must be used
to complete the data groups already identified and the
maintenance requirements/tasks and operations requirements/
tasks data groups (ellipses 5 and 6). As the acquisition
or modification/retrofit proceeds and actual data become
available, the data files are purged of comparability
data. The best available design or performance data
adjusted to represent field application are inserted.
Finally, in full-scale development or production/deploy-
ment, an integrated task analysis is performed, preferably
on actual equipment. This analysis is used, initially
to update the maintenance and operators requirements/tasks
data groups. More importantly, however, it results in
the intermediate products data group (ellipse 16) which
is used to develop the training and technical manual
products.
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3.3.3 Program Requirements Data Group

The program requirements data group (ellipse 2)
consists of the key event and operational readiness schedule
data file and the detailed-phased schedule data file.
Both contain the production and operational planning

information necessary to perform resource and life cycle
cost assessments (blocks C and D).

3.3.4 System Design Data Group

The system design data group (ellipse 3) consists
of the hardware configuration/characteristics data file
and the software configuration/characteristics data file.
Both files describe the hardware and software systems
in a manner compatible with the resource and cost assess-ment techniques.

3.3.5 Support Plans Data Group

The support plans data group (ellipse 4) consists
of a data file for each baseline and alternative system
to be assessed. The support plans data group consists
of a series of basic but significant statements regarding
the ILS elements and the latest ILS decisions. This
file is used in completing other data groups which are
sensitive to ILS data. Examples are the system design
data group and the maintenance requirements/tasks data
group.

3.3.6 Maintenance Requirements/Tasks Data Group

The maintenance requirements/tasks data group
(ellipse 5) consists of four data files:

1. The maintenance acativity data file, which 7
describes the expected maintenance work schedule
and manpower efficiency by Air Force specialty
code (AFSC) and skill level. These data are
required to convert maintenance work-hours per
flying hour (MMHFH) to quantify of personnel.
MMHFH is the standard output of three resource
assessment techniques.

2. The maintenance action network data file, which
reflects the maintenance system for a specific
hardware configuration. It is the most signifi-
cant and sensitive data file in the CDB. This
file is the master maintenance system file and the
major input to both the LCOM and the R&M model.

24

. ..



3. The R&M model data file, which is the direct R&M
model input and is derived directly from the
maintenance action network data file.

4. The maintenance training course data file, which
consists of maintenance training course material
on specialty training, technical training, and

on-the-job training. This file is used to develop
training course estimates.

3.3.7 Operations Requirements/Tasks Data Group

The operations requirements/tasks data group
(ellipse 6) consists of four files:

1. The operations crew and aircraft use data file,
which provides the crew makeup and aircraft
utilization data necesary for resource assess-
ment (block C) and the cost data bank preparation
(block B).

2. The operations schedule data file, which contains
the mission scenario necessary to perform
resource assessment with LCOM.

3. The operations tasks data file, which provides a
listing of operational tasks and generally
identifies who will accomplish them. This data
file is initially used in the resource assess-
ment (block C) to develop the operations training
course estimates which are part of the training
estimates (ellipse 13).

4. The operator course material data file, which
contains the course control document (training
plan) for all skills required on a comparable
system. These data are used to develop the new
training course estimates (ellipse 13).

3.3.8 Alternatives Data Group

The alternatives data group (ellipse 7) consists of
three files. All of these files are used to identify and
document alternatives for possible consideration.

1. The system/subsystem design option decision tree
data file, which consists of a system DODT and
those subsystem DODTs required to cover the more
critical design area.

2. The support DODT file, which is similar to the
support design data file in that it represents
the ILS elements. The tree, however, provides
a pictorial representation of the various
acceptable support design options.
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3. The alternative listing data file is a
simple list of viable alternatives which could
affect system design or support plans. Examples
of these types of alternatives are takeoff gross
weight, landing field roughness, and cruising
speed.

3.3.9 Cost Data Bank Preparation

The cost data bank preparation activity (block B)
also draws from the external data sources (ellipse 1)
and the products of the program definition comparability
and task analysis activity (block A). A separate data
file for each baseline and alternative under consideration
must be established within the cost/cost related data
group (ellipse 8) resulting from this activity.

3.3.10 Cost/Cost Related Data Group

The cost/cost related data group (ellipse 8) consists
of a data bank or file for each basleine and alternative
under consideration. Each data bank is used with the
compatible R&M data file as an input to the life cycle
cost assessment activity (block D).

3.3.11 Resource Assessment

The resource assessment activity (block C) determines
the human resources and logistics resources required
to sustain a specific system design and support plan.
The factors directly assessed are: manpower requirements,
support equipment requirements, reliability and maintain-
ability, training course length, and technical manual
composition. Several assessment methodologies and
techniques are required to provide this capability:

1. LCOM, a dynamic simulation program which is used
to assess maintenance manpower and support equip-
ment requirements.

2. The expected value model (EXPVAL), an average
value program usually implemented as a debugging
tool for LCOM. It may, however, also be used to
assess maintenance manpower and support equipment
requirements. It aggregates maintenance man-
power and support equipment requirements in two
categories, on-equipment (flight line) and off-
equipment (shop).

3. The R&M model, which is also an average value
mode.. It is used to assess reliability and
maintainability as well as maintenance manpower
and support equipment requirements. It also
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provides direct interaction with a companion cost
model. The R&M model aggregates maintenance man-
power and support equipment requirements into
seven flight line categories and three shop
categories.

4. Manual techniques, developed or under development,
are used to prepare operations and support man-
power estimates.

5. A comparability technique is used to estimate
course length and content from similar courses on
comparable systems. Different techniques are used
for maintenance and operations.

6. A prototype computer program of predictive
algorithms is used to estimate technical manual
page types and quantity.

7. A prototype computer program is used to identify
the degree of information coverage that specific
tasks require in training and technical manuals.

A resource assessment may include all or any combination of
these techniques. The CHRT manager must arrange access to
each model chosen and assure that computer operators of
both the models and techniques are available.

The resource assessment activity draws on the data
files established as a result of the program definitionand task analysis activity. These data are then processed

using a specific assessment model or technique. The
resource assessment data developed then becomes part of the
CDB. These assessment data are depicted by ellipses 9
through 15.

It is important to note that data groups 9, 10, and 11
are described in terms of the models that produce them and
not in terms of a resource assessment factor. This is
because each model assesses two or more factors.
Specifically:

1. LCOM assesses maintenance manpower and supportequipment requirements,

2. EXPVAL assesses maintenance manpower and support
equipment requirements, and

3. The R&M model assesses maintenance manpower and
support equipment requirements as well as
reliability and maintainability.

The relationship among the three models and the factors
addressed is depicted in Table 3. An x indicates the
factors assessed by each model.
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Table 3 - Factors Amed and Model Relationship

Factors Mode
AMuMed LCOM EXPVAL R&M

Mafintenance X x x
Manpower

Support x X X
Equipment

Reliability and -

Mmintainability

Additionally, each model uses a different assessment
technique as previously explained. Each model provides
a single output covering all factors addressed. For
ease of handling and efficiency, therefore, ellipses
9, 10, and 11 have been identified as LCOM output, EXPVAL
output, and R&M output rather than maintenance manpower
estimates, support equipment estimates, and reliability
and maintainability estimates.

3.3.12 LCOM Output Data Group

The LCOM output data group (ellipse 9) consists
of the performance summary report (PSR), the main output
of the LCOM simulation program. This report details
maintenance manpower and equipment requirements as dyna-
mically established against a specific scenario. A
separate data file is maintained for each baseline or
laternative on which LCOM is run.

3.3.13 EXPVAL Output Data Group

The EXPVAL output data group (ellipse 10) represents
an average summation of LCOM input data in four categories.
These are (a) support equipment (SE) use hours/on-equip-
ment, (b) SE use hours/off-equipment, (c) maintenance
work-hours (MMH)/on-equipment, and (d) MMH/off-equipment.
A separate data file is maintained for each baseline or
alternative on which EXPVAL is run.
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3.3.14 R&M Model Output Data

The R&M model output data group (ellipse 11) consists
of a number of data types for each baseline and alternative
on which it is run. The specific outputs available are:

1. By Subsystem
Availability
MMH/Task
Mean time to repair (MTTR)/Task
Mean flight hours between maintenance actions

(MFHBMA)
SE use hours/flightline
SE use hours/shop
SE repair time/shop

2. By LRU and Task
MMH/thousand flight hours (KFH)
P4MH
MTTR

3. By AFSC (skill and level)/LRU and subsystem
MMH/KFH
Cost/KFH

4. By Subsystem - Flightline (Troubleshooting
and non-troubleshooting)
Number of actionis/KFH
Crew Size
MMH/KFH

5. By LRU - Shop
Number of actions/KFH
Crew size
MMH/KFH
Conditional mean task time

The latter two sets, 4 and 5, are used as input
for developing the CHRT training/aiding matrices.

3.3.15 Operations/Support Estimates Data Group

The operations/support estimates data group (ellipse
12) consists of two files at the present time. These
are operations manpower estimates and support manpower
estimates.

1. Operations manpower estimates are accomplished.
and a data file is established for each opera-
tions alternative which is addressed. Operaitons
manpower estimates are derived through a
straightforward manual calculation which con-
siders number of aircraft available, number of
crews required per aircraft, and number and type
of crewmembers assigned per crew. Calculations
are made for both operator and instructor per-
sonnel and are used to prepare a crew training
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requirements schedule and total operator and
instructor crew requirements schedule. Both are
on a fiscal year basis.

2. The support manpower data file is reserved for
estimates of support equipment personnel and soft-
ware maintenance personnel. The LCOM and R&M
model both address hardware maintenance personnel
and to a limited degree support equipment mainte-
nance personnel. Software support personnel are
not addressed by these techniques. New
techniques, however, are being developed. The
definition of this file will be updated as
computation and presentation techniques are
developed.

3.3.16 Training Estimates Data Group

The training estimates data group (ellipse 13) con-
sists of two data files: the maintenance training
estimates data file and the operator training estimates
data file. Each file is developed through a manual
process.

1. Maintenance training estimates are developed
from data maintained in the maintenance training
course data file for the AFSCs and skill levels
required to support the weapon system. These
files depict AFSC, skill level, course title,
and course length.

2. Operator training estimates are developed from
data maintained in the operator tasks data file
and operator course material data file. These
estimates provide course title and course length
for each operation skill required.

3.3.17 Technical Manual Estimates Data Group

The technical manual estimates data group (ellipse 14)
is derived through a prototype Fortran program which
contains technical maintenance manual estimating
algorithms. The hardware configuration/characteristics
data file provides the input data. Estimates include
the page type and quantity for both troubleshooting (TS),
and non-troubleshooting (NTS) manuals. Each of the fore-
going categories is further subdivided into flightline
(F/L) and shop. A separate data file is maintained for
each hardware baseline and alternative design.
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3.3.18 Training/Aiding Matrix Data Group

The training/aiding matrix data group (ellipse 15)
is developed from R&M model output data processed through
two prototype programs.

The intent of the training/aiding matrix is to estimate
training and technical manual information content require-
ments in terms of the degree of coverage requireA for
all flightline and shop tasks. The procedure used to
develop this matrix is a pseudo-task analysis accomplished
on task data inherent in the modeled maintenance system.
The matrix is meant for use as a management tool in
the conceptual, validation, and early full-scale
development phases. A separate training/aiding matrix
data file is established on each baseline and/or alterna-
tive as deemed appropriate by the CHRT manager. A train-
ing/aiding matrix would normally be desired only on

major system alternatives.

3.3.19 Intermediate Products Data Group

The intermediate products data group (ellipse 16)
is the product of an integrated task analysis performed
on actual hardware. This analysis is normally accomplish-
edin the late full-scale development or the early pro-
duction stage. The intermediate products are developed
on a well defined equipment configuration. There is
a set of products, and a file is required for each one.
The content of this set may be modified based on the
specific application. Major data files are (a) pre-
liminary task identification matrix (PTIM), (b) an
expected user description, (c) technical manual training
trade-off ground raules, (d) task analysis work sheet,
(e) the annotated task identification matrix (ATIM),
(f) level of detail guide, and (g) test equipment and
tool use form (TETUF). These intermediate products
not only suggest an allocation of task information to
training and/or technical manuals, they also form the
basis for the development of the coordinated training
program and taechnical manual set.

3.3.20 Life Cycle Cost Assessment

The LCC assessment activity (block D) is accomplished
using the analytical accounting cost model, RMCM.
The RMCM provides a structured and systematic way of
aggregating the costs that make up an LCC estimate.
The cost element values are obtained from a set of equa-
tions which calculate the development, production,
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operation, and support costs of the system. RMCM is
actually a modified R&M model combined with an LCC model.
As input, the LCC model requires the hardware configura-
tion/characateristics data file (part of ellipse 3),
the R&M model data file (part of ellipse 5) and the
cost/cost related data group (ellipse 8) for the baseline
or alternative under consideration. Conbining a cost
model with the basic R&M model assures a system ownership
cost estimating capability which is sensitive to the
maintenance system modeled.

The RMCM consists of 23 cost elements which are
generally compatible with Defense Acquisition Review
Council (DSARC)/Cost Analysis Improvement Group (CAIG)
requirements. These elements are depicted in Figure 4
and have been chosen to capture all relevant costs
associated with the development, acquisition, ownership,
and disposal of the sys;tem. These cost elements are
aggregated by a major cost cateogory structure best
suited for comparing LCCs. These are three principal
categories of life cycle costs: (a) non-recurring,
(b) recurring, and (c) system disposal.

The RMCM may be applied at the weapon system, major
system, or subsystem level. Separate data files must
be prpeared and computer runs made for each baseline
and alternative.

3.3.21 LCC Estimates Data Group

The LCC estimates data group (ellipse 17) consists
of a file for each baseline and alternative considered.
Each file may consist of up to 11 reports which can
be obtained from RMCM. These reports are:

Report No. 1 - System Cost
Report No. 2 - Expanded Non-Recurring Costs
Report No. 3 - Expanded Recurring Costs
Report No. 4 - Costs by Subsystem Contributions
Report No. 5 - Cost by LRU Contributions
Report No. 6 - Reliability, Maintainability,

and Availability by Subsystem
Report No. 7 - Manhour Costs/Year by AFSCs and

Subsystem Supported
Report No. 8A - Spares Requirements - Investment
Report No. 8B - Spares Requirements/Year -

Replacement
Report No. 9 - Support Equipment Requirements/Cost
Report No. 10 - Cost of Training
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3.3.22 Impact Assessment

The impact assessment (block E) results in a presenta-
tion of data which clearly describes the human resources,
logistics, and cost impact of alternatives. This data
presentation is used to aid the decisiW-maker in the
decision process. The impact assessmf1t does not make
decisions, it influences them. Specifically, it provides
the human resources, logistics, and cost information
needed to influence system design and support planning
decisions. When complemented with related design, per-
formance, operations, budget, and schedule data, impact
assessment provides a base for fully informed decision-
making.

The impact assessment activity is the presentation
and use of the resource and cost assessment data to
influence system and support design decisions. The
impact assessment activity consists of three basic efforts
for each option under consideration. The first is to
review the detailed resource and cost estimates data
(ellipses 8 through 14) to summarize and present the
data for the decision-makers. The second is to review
the alternatives data group (ellipse 7) to identify
alternatives still applicable to the specific assessment
being processed. These data are also presented for
the decision-makers. The third is to integrate related
performance, operations, budget, and schedule data with
the CHRT assessment to provide a complete picture of
the total impact.

Many decisions will result in the need for additional
assessments because they will identify new and/or more
detailed alternatives. When this occurs, the applicable
activities within CHRT are reiterated. Assessments
are again generated and summarized for the decision-makers.

The baseline assessments and alternative assessments
data groups (hexagons 01 and 02) are developed by the
impact assessment activity.

3.3.23 Baseline Assessments

Baseline assessments represent summarizations of
significant factors obtained through the resource assess-
ment and life cycle cost assessment activities. The
baseline assessment is developed and a data file is
estabalished for each baseline evaluated. Each baseline
assessment includes a quantification of
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1. manpower requirements by skill and skill level
2. support equipment requirements by item
3. training duration by course
4. technical manual pages by type of page
5. reliability parameaters
6. maintainability parameters
7. research and development costs
8. system investment
9. support investment

10. operating and support costs
11. disposal costs

There is no specified format for the presentation of
the assessment. However, several suggested formats
were considered during the CHRT demonstration. Basically,
a format which best illustrates the significant factors
of interest should be chosen. A sample will be presented
in the next paragraph.

3.3.24 Alternative Assessments

Alternative assessments are also products of the
impact assessment activity and include the same categories
of information as baseline assessments. Alternative
assessments represent significant results drawn from
the resource and life cycle cost assessment activities.
Separate data files are established for each alternative
evaluated. The same flexibility in formatting results
is allowed as for the baseline assessment.

Very often it is convenient to present the baseline
and appropriate alternative assessment in a format which
facilitates comparison. A suggested format used to
compare an avinics standard station keeping equipment
(baseline) against a proposed modification (alternative)
is shown in Figure 5. This format compares these sub-
systems in terms of cost, manpower, and technical consider-
ations. The format shown would allow description of
risk for each option; however, in this example no risk
data are included. Additionally, this format provides
a summary description of the two options.

3.3.25 Product Development

The product development activity (block F) is the
development of the training and technical manual products
which define and implement the personnel, training,
and technical manual approaches described by the support
plan and reflected in the resource and cost estimates.
As such, the product development activity might be termed
the "bottom line" of CHRT as a product development method-
ology.
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The product development activity consists of two
basic efforts. The first is the use of the resource
assessment data such as manpower requirements, training,
and technical manual estimates to fully define and develop
the personnel, training, and technical manual plans
and programs. This is applicable to all phases of system
acquisition. The second effort is the preparation of
a coordinated training program and technical manualset using the results of a single task analysis.

Product development activity as defined by CHRT
is unique: a single, integrated task analysis is used;
the products are developed as a coordinated set; the
products are tailored for a specific user; and the products
implement the system design characteristics and the
system support plan. The products prepared also help
achieve another goal of CHRT, which is the more effective
use of and/or reduction of the personnel required to
operate and maintain the system.

3.3.26 Coordinated Training/Technical Manual Products

The development of the coordinated training and
technical manual products (hexagon 03) is one of the
basic objectives of CHRT. This data group consists
of three data files.

The integrated personnel, training, and technical
manual section of the ILSP constitutes one data file.
This data file correlates information from the resource
assessment activity to provide a definition for the
integrated personnel, training, and technical manual
program reflected in the resource assessment. This
defintion is used as the personnel, training, and technical
manual section of the weapon system ILSP.

The training products data file contains those products
required for a training course prepared to AFM 50-2
requirements. The major products are:

1. Training Plan
2. Training Requirement
3. Performance Measuring Requirements
4. Recommended Media
5. Course Materials
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The technical manual products data file contains
those products required under the appropriate technical
manual specification. For example, MIL-M-83495 would
require the:

1. General Vehicle Manuals
2. General System Manuals
3. Job Guide Manuals
4. Fault Reporting Manual
5. Fault Isolation Manual
6. Wiring Data Manuals
7. System Schematic Manual

3.4 REVIEW

This section has covered CHRT and the CDB as they
are presently defined. The following section of this
report will provide a summary of the application of
CHRT and CDB to the AMST acquisition program.
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II

IV. DEMONSTRATION OF CHRT ANDC DB

4.1 DEMONSTRATION OVERVIEW

CHRT and the CDB were demonstrated in the AMST acqui-
sition program. The demonstration consisted of three
parts: Part 1, using conceptual phase data; Part 2,
using validation (prototype) phase data; and Part 3,
using projected full-scale development (minimum engineering
development (MED)J phase data.

When this demonstration began, the actual conceptual
and validataion (prototype) phases of the AMST acquisition
were complete, and data appropriate to each phase were
available. These data were used to simulate application
of CHRT and the CDB in the conceptual and validation
phases of acquistion.

The original plan was to integrate the demonstration
of CHRT with the actual AMST MED phase. In this way,
real-time results could be obtained. The MED phase
would be similar enough to a full-scale development
phase for demonstration purposes. This final part of
the demonstration would have occurred after some confidence
and facility with the methodology had been obtained
using the conceptual and validation (prototype) phase
data. Unfortunately, the AMST program was delayed before
MED phase source selection was complete. As a result,
MED phase data were considered source selection sensitive
and could not be released for use in the CHRT demonstra-
tion.

In order to proceed with the CHRT demonstration,
MED phase data had to be projected. Projected AMST
data were derived from off-the-shelf avionics that were
Air Force candidates for inclusion in the AMST, and
the C-141 landing gear which was technically similar
to the landing gear proposed for the AMST. A very con-
scientious effort was made to limit data detail to only
that which could reasonably be expected to be available
during the MED phase.

CHRT was fully demonstrated in each part of the
demonstration as both an assessment and product develop-
ment methodology.

4.2 DEMONSTRATION OF CHRT AS AN ASSESSMENT METHODOLOGY

4.2.1 AMST Conceptual Phase

As an assessment methodology, CHRT was applied in
the conceptual phase to quantify the human resource,

39



logistics, and cost factors of the following system
designs:

1. A two-man flight deck avionics suite
2. A three-man flight deck avionics suite
3. A new landing gear

4. A modified landing gear

Overall, the results of this demonstration phase
indicated that the five technologies could be integrated
and extended for application into the conceptual phase.
Additionally, a single CDB to service the data requirements
of the integrated technologies proved feasible. Extensive
human resources, logistics, and cost data were thus
developed using conceptual phase data through a rational,
repeatable, and traceable process.

4.2.2 AST Validation (Prototype) Phase

During the validation (prototype) phase demonstration,
the input data groups were updated to reflect the more
detailed information available in this phase. The human
resource, logistics, and cost impact analyses were
repeated for:

1. A two-man flight deck avionics suite
2. A three-man flight deck avionics suite
3. A modified landing gear

Additionally, assessments were made of one system
level and two subsystem designs:

1. Integrated digital avionics suiste (system)
2. Standard station keeping equipment (subsystem)
3. Insertable station keeping equipment (subsystem)

The object of the subsystem assessments was to quantify
the impact of inserting a specialized piece of equipment
only on those missions where it was required versus
the impact of having it permanently installed and avail-
able on all aircraft. CHRT proved very effective in
highlighting both the shortcomings of the insertable
approach as given and the areas where improvements in
both system and support design could increase feasibility.

A technique to assess the human resources, logistics,
and cost impact of an integrated approach to developing
training programs and technical manuals also was developed
and demonstrated during this time. Two personnel,
training, and technical manual alternatives were assessed.
One was the conventional approach which assumed primarily
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5-skill-level personnel on the flightline, supported
by conventional training and standard technical manuals.
The other was the task-oriented approach which assumes
primarily 3-skill-level personnel on the flightline,
supported by task-oriented training and proceduralized
technical manuals. These are, in fact, logistics or
support plan alternatives. The conventional approach
was evaluated for all system and subsystem designs.
The task-oriented approach was evaluated for the two-man
flight deck avionics and landing gear. The technique
used to assess these two approaches may also be used
to extend application of the models and procedures of
the resource assessment activity to other logistics
alternatives.

The results of the validation (prototype) phase
demonstration supported the conceptual phase conclusions
regarding the feasibility of CHRT and the CDB. The
more detailed data required for the continued CDB evolution
to support a more detailed design were available. CHRT
proved to be sensitive to system design and support
planning alternatives at the subsystem level. Additionally,
techniques were developed which improved CHRT sensitivity
to logistic alternatives.

4.2.3 AMST Projected Full-Scale Development (MED) Phase

During the projected ful-scale development (NED)
phase demonstration, analyses using more detailed data
were repeated for two major systems: (1) the two-man
flight deck avionics, and (2) a modified landing gear.
Each of these designs was evaluated for impact of
conventional versus task-oriented personnel, training,
and technical data approaches on requirements and cost.

During this phase, emphasis was also placed on more
detailed level subsystem alternatives. Those selected
and assessed for the human resources, logistics, and
cost impact were:

1. Discrete VHF/AM6 and VHF/FM7 radios versus a
combined VHF/AM/FM radio

2. Standard versus modified station keeping
equipment (SKE)

3. Carbon versus steel brake material
4. Higher order programming language (HOL) versus

assembly language
6VHF/AM - Very High Frequency/Amplitude Modulated

7 FM - Frequency Modulated
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The VHF radio alternative demonstrates the effect of
significantly increased reliability and maintainability
standards on requirements and cost. The SKE alternative
demonstrates the effect of modifying a high failure
item to reduce both failures and scheduled maintenance.
The carbon versus steel brake alternatives demonstrates
the effect of a material design decision on requirements
and cost. The final alternative, HOL versus assembly
language, was selected to demonstrate the impact of
different software design approaches on acquisition
and support costs.

A sample impact analysis is presented in Table 4
for the standard versus modified station keeping equip-
ment. By reference to the numbered arrows, the reader
may perceive that:

1. There is a research and development cost for
the modified verison of $1,000,000;

2. The system investment for the modified verion
is $1,000,000 less than that for the standard;

3. The spares investment decreases for the modified
version;

4. Manpower requirements decrease as well;
5. The operating and support costs for the modified

version are approximately $700,000 less per
year than for the standard; and,

6. The availability of the modified units is .93
as compared to .89 for the standard units.

The conclusions of the full-scale development phase
supported all previous conclusions regarding the assess-
ment capability of CHRT:

1. The five technologies may be integrated and
applied throughout acquisition.

2. The CDB eliminates the need for individual data
bases to service each technology.

3. CHRT provides a rational and repeatable assess-
ment technique with traceability of results
throughout acquisition.

4. The methodology supported by data of appropriate
detail is sensitive to system design and support
plan options at the subsystem, LRU, and shop
replaceable unit (SRU) levels.
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4.3 DEMONSTRATION OF CHRT AS A PRODUCT DEVELOPMENT

METHODOLOGY

4.3.1 AMST Conceptual Phase

During the conceptual phase of the demonstration,
little emphasis was put on CHRT as a product development
methodology. Due to a short demonstration period,
emphasis was placed on the area of prime concern, assess-
ment.

4.3.2 AMST Validation (Prototype) Phase

During the validation (prototype) phase, however,
the human resources and logistics assessment data were
used to define and develop an integrated personnel,
training, and technical manual section of an ILSP.
Additionally, a technique was developed and demonstrated,
which estimates the relative need for and extent of
information coverage in both training and technical
manuals. This estimate is developed for the specific
personnel, training, and technical manual approach under
consideration and is presented in a training/aiding
matrix. This matrix is developed in the earlier phases
of acquisition before an "on-equipment" task analysis
has been accomplished. The training/aiding matrix was
also included in the ILSP. It may be used to support
training/technical manual program definition, to identify
potential need for special training equipment or aids
and to prioritize training and technical manual require-
ments.

The training/aiding matrix identifies a requirement
for training and/or technical manual coverage and quanti-
fies the requirement as low (1), medium (2), or high (3).
Tasks are categorized as flightline non-troubleshoot,
flightline troubleshoot, and shop repair. The flightline
tasks are addressed at the subsystem level, while shop
repair tasks are addressed at the LRU level. The sample
shown in Figure 6 depictsa portion of the training/aiding
matrix prepared for the two-man flight deck avionics
suite. The sample is for FACI0 (HF Radio-AN/ARC-123)
and DAC210 (VHF/FM Radio-FM-622A). The indentured codes
FAC1ll to FACilB, and DAC213 represent LRUs which are
repaired in the shop. Estimates of the training/technical
manual coverage required are presented as fractions.
For example, the 1/3 in the flightline troubleshoot
column opposite DAC210 represents a low requirement
for training coverage over a high requirement for technical
manual coverage.
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Figure 6 - TraininAking Matrix Sampl

The combination of assessment data (Section 4.2.2)
and the training/aiding matrix information facilitates
the early development of a detailed and integrated
personnel, training, and technical manual section of
the ILSP. Such detailed and integrated consideration
of these factors is not possible without CHRT.

4.3.3 AMST Projected Full-Scale Development (MED) Phase

A training/aiding matrix was again prepared in the
early full-scale development phase. Ideally, these
data could be used to verify the scope of the planned
training and technical manual program.

The most important application of CHRT as a product
development methodology comes in the middle and late
stages of full-scale development phase. At that time,
a single integrated task analysis is performed and the
and the intermediate products of the task analysis are
prepared. These products then are used to prepare a
coordinated training program and technical manual set.
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As part of the demonstration, an integrated task
analysis was performed for the removal and replacement
of a C-141 landing gear brake assembly. This hardware
was considered similar to that planned for the AMST
and, therefore, an appropriate demonstration vehicle.
The intermediate products prepared consisted of

1. preliminary task identification matrices
2. an expected user description
3. technical manual/training trade-off ground rules
4. task analysis work sheets
5. annotated task identification matrices
6. a level-of-detail guide
7. test equipment tool use forms

The actual task was video taped at Charleston Air
Force Base while being performed by Air Force technicians.
During task performance a query-response interview tech-
nique was employed by the task analysts. This was also
recorded. Viewing the task with the task analysts,
the technicians were better able to describe their actions
and the cues that prompted these actions. The final
task analysis was documented on task analysis work sheets.
A sample work sheet is shown in Figure 7. This particular
sample intermediate product covers a small portion of
the entire task. The major areas documented in the
work sheet are: task description; notes and cautions;
tools and equipment; and, training and technical manual
implications.

Upon completion of the task analysis work sheets
and the other intermediate products (ellipse 16), the
acual coordinated training plan and technical manual
to cover the task were developed by training and technical
manual specialists using standard procedures. A sample
training plan performance objective is shown in Figure 8
and a sample technical manual page is provided in
Figure 9. The entire technical manual is supplemented
with a high fidelity illustration of the hardware.
This is shown in Figure 10. The high fidelity is
necessary so that the technician may readily differentiate
size, shape, and relative location.

4.4 SUMMARY OF THE DEMONSTRATION

The overall objective of the demonstration was to
apply the CHRT and CDB concepts, and to determine their
applicability in each phase of system acquisition.
This was accomplished and the following results were
achieved.
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REMOVE WHEEL AND TIRE

NOTE: If there is not enough room
between the aircraft and axle to remove
the wheel, inflate both landing gear
struts. (Refer to T.O. 1C-141A-2-
2JG-4)

1. Make sure that the parking brakes are off.

2. Remove forward and aft chocks.

3. Disconnect leveler rod (37).
a. Remove cotter pin (36).
b. Remove nut (35).
c. Remove outer washer (34).
d. Free leveler rod by pulling it off of bolt.
e. Leave inner washer (38) in bolt and put

outer washer (34) and nut (35) onto bolt
for safekeeping.

f. Tie leveler rod to forward torque arm
so it will not dangle or be damaged.

4. Jack axle until tire clears ground.(Refer to
T.O. 1C-141A-2-2JG-4)

5. Set parking brake.
a. Depress top part of rudder pedals (40).
b. Pull out parking brake handle (39).
c. Release rudder pedals (40).

NOTE: If parking brake handle will not
set in the out position, check to make
sure that there is enough hydraulic
pressure (Refer to T.O.)

6. Deflate tire.
a. Remove air valve cover.
b. Use valve core tool to deflate tire until

all air is out.
c. Use valve core tool to remove valve core.

7. Remove outer wheel hardware.
a. Remove snapring (23).
b. Remove hubcap (5).
c. Remove grease retainer ring (9).
d. Remove felt grease seal (10).

Figure 9 - Technical Manual Sample
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A. Manpower requirements, training requirements, technical
manuals requirements, reliability, maintainability,
and system ownership costs were quantified for several
system and support design alternatives and at various
levels of equipment detail. This quantification
activity was accomplished in all phases of acquisition.

B. An integrated approach to personnel, training, and
technical manuals was implemented with continuity
throughout acquisition. The integrated approach was
1. Reflected in the impact assessments development in

each acquisition phase.
2. Quantified and described in a validation phase

products, the "Integrated Personnel, Training and
Technical Manual Section" of an ILSP. 4

3. Considered and presented in a training/aiding
matrix. This matrix estimates the extent of
coordinated training and/or technical manual
coverage for the personnel, training, and
technical manual approach being considered. The
training/aiding matrix is used in the earlier
phases of acquisition before an "on-equipment"
task analysis has been accomplished.

4. Reflected in an actual "on-equipment" task
analysis which provides the base from which the
coordinated training program and technical manual
set were developed.

5. Implemented in a coordinated training program
and technical manual sample set which was
developed from a single task analysis.

C. The feasibility of a single, evolving weapon system
specific CDB was determined. The CDB was established
in the conceptual phase and then updated and maintain-
ed throughout the remaining acquisition stages.
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V. MANAGEMENT AND APPLICATION GUIDELINES

Guidelines for the management and application
of CHRT and the CDB have been prepared. These includea) a management and application concept for CHRT
and the CDB, b) a description of how CHRT may be
applied in each stage of acquisition or modification/
retrofit, c) a proceduralized step-by-step description
of CHRT/CDB implementation, d) estimating relationships
to determine the resources required for a specific
CHRT application, and e) a suggested statement of
work which may be used to obtain contract support
if desired.

5.1 MANAGEMENT AND APPLICATION CONCEPT

CHRT was developed as a management aid for appli-
cation on system acquisition programs. Its purpose
is to give the weapon system or logistics manager
greater visibility of and control over, the impact
of system design and support planning decisions on
requirements and costs. It is expected that each
weapon system or logistics manager responsible for
a procurement will implement CHRT to some degree
and will ultimately be responsible for its management
and application on that procurement.

The weapon system or logistics manager may hold
one of several titles. When the procurement rests
with the Air Force Systems Command, this individual
is the System Program Office (SPO) Manager or Deputy
Program Manager for Logistics (DPML). When the pro-
curement rests with the Air Force Logistics Command,
this individual is the System Manager (SM) or may
even be an Item Manager (IM). CHRT would be useful
to the Air Force Test and Evaluation Center (AFTEC)
during operational test and evaluation (OT&E). It
would also be useful throughout the full operational
life of the weapon system to both the Air Force
Logistics Command and the using command. As developed,
CHRT may be applied either by Air Force or by contractor
personnel.
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Ideally, CHRT is initiated and the CDB is
established on an entire weapon system in the concept
phase of acquisition. CHRT is then applied with
continuity as both an assessment and product develop-
ment methodology through the production/deployment
phase. This method of application provides total
traceability of results and allows the weapon system
or logistic manager to derive the full benefits of CHRT.

Ideally as application proceeds, the CDB is
improved in accuracy and expanded in detail. Actual
equipment information replaces historical and estimated
data. Thus, the CDB is dynamic in nature and subject
to frequent update and expansion.

In practice, however, CHRT may be initiated
at any time in the weapon system acquisition process.
CHRT is a flexible tool. It may be applied as an
assessment or product development methodology or
both. CHRT may be applied to all or only selected
major systems or subsystems of a weapon system.
When, how, and to what degree CHRT is applied is
determined by the weapon system or logistics manager.
The objective is not to apply CHRT for its own merit,
but to apply it selectively to support the needs
of the weapon system or logistics manager.

A CDB must be established for each weapon system
on which CHRT is applied. It must be compatible
with the planned application. The CDB contains data
which are unique to the weapon system under considera-
tion (such as equipment configuration and alternative)
and also standard information that is both generally
applicable to any weapon system and specifically
applicable to the weapon system under consideration
(such as pay rates). Both types of data must be
current for the planned CHRT application. For example,
equipment configuration must always reflect the current
design while pay rates must reflect the fiscal year
for which disbursement is being estimated.

The CDB is established only to the extent necessary
to support the particular CHRT application. Several
questions must be asked before the scope of CHRT applica-
tion and the extent of the CDB can be determined.
What is the phase of acquisition or modification/retrofit?
Are all subsystems or only critical subsystems of interest?
What are the proposed support designs? To what degree
are actual data available? Is the assessment and/or
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the product development function of CHRT to be exercised
and to what degree? These kinds of questions need
to be answered before the CDB is established. In this
way, the CDB content for a weapon system will be tailored
to support the CHRT application.

The weapon system or logistics managers are expected
to identify a CHRT manager within their respective
organizations. The CHRT manager must be supported
by data technicians. Depending on the degree to which
CHRT is applied, these may be part-time duties. In
any case, the CHRT manager must also be provided file
space and computational support. The personnel providing
the computational support are, ideally, those responsible
for maintenance and control of the various computer
programs integrated by CHRT. The CHRT manager must
have the authority to call in appropriate expert support
from the developing, supporting, and using agencies
to assist in the development and maintenance of the
data base.

At various phases of acquisition, the responsibility
for operating CHRT and maintaining the CDB may be awarded
a contractor. In this case, the CHRT manager must
have the authority to technically manage and oversee
that activity and assure that accurate, realistic,
and responsible assessments are made. The CHRT manager
must also see that the products developed for the expected
user population represent a coordinated set and support
the selected personnel, training, and technical manual
approach. This latter endeavor will require the CHRT
manager to coordinate the activities of the training
and technical manual specialists.

5.2 VARIATIONS IN APPLICATION BY ACQUISITION PHASE

Although CHRT is defined as a very specific process,
it is applied with some variation in objective during
each phase of acquisition. Its application in the
concept, design, development, and production/deployment
phases is briefly described as follows.

5.2.1 Program Initiation (Concept) Phase

It is in this time of acquisition that the basic
system design and support planning decisions are made.
The impact of these decisions is greatest during this
early phase because the basic decisions made tend to
dominate and drive the weapon system human resources,
logistics, and cost requirements throughout the remainder
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of the life cycle. CHRT provides a vehicle to assess
the relative merits of possible system design and support
planning decisions in terms of the requirements mentioned.
During the concept stage, the baseline weapon system
and/or major systems under consideration are established
in the CHRT CDB. System level DODTs are evolved for
each weapon system and major systems configuration.
A comparability analysis is performed to establish the
initial maintenance action networks for each major system.
These networks may then be assessed for human resources,
logistics, and cost impact.

It is difficult in any phase, and especially so
in the concept phase, to accurately determine the absolute
impact of a system or support design decision. By viewing
the relative merits of alternatives, however, one can
ascertain major differences and factors which significantly
drive requirements.

5.2.2 Demonstration/Validation (Design) Phase

CHRT has its widest application as an assessment
methodology during the design phase. Additional detail
and accuracy in data become available. Many more options
are identified for consideration both at the system
level and subsystem level. The design phase is the
time when a firm system design and support plan are
evolved and when many final decisions are made which
affect human resources, logistics, and costs. These
decisions are generally reflected in a system specification
and the ILSP. CHRT can provide necessary and realistaic
assessments which not only assist in decision-making
but also in the development and detailing of the system
specification and ILSP.

5.2.3 Full-Scale Development Phase

In the full-scale development phase, CHRT is again
applied to the baseline system design and support plans
to assess the total system requirement. Its major applica-
tion, however, is in the assessment of more detailed
options within the system. At this more detailed level,
options do not cause as significant an impact as at
the system level. However, they are important at this
phase and may be evaluated because of the increased
detail and accuracy of the data available. These detailed
and more accurate data also support refinement and
improvement of the total system assessment.
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CHRT is employed in the development stage as a pro-
duct development technology also. The integrated task
analysis is performed on actual equipment, and selected
intermediate products of the task analysis are parepared.
These are used to define the content of a coordinated
training program and technical manual set. Once the
content is defined, the training program and technical
manuals required during this phase are then prepared
using standard instructional system and technical manual
development procedures.

5.2.4 Production/Deployment Phase

CHRT continues to be employed as an assessment
technology during this phase. Actual production experience
and costs provide a much more valid basis for assessment.
various scenarios and applications of the weapon system
are also of significart interest.

During this phase CHRT is applied as a product develop-
ment methodology, and a full range of training and
technical manuals is produced to support the system.
Again, however, resources and schedule may not allow
CHRT to be applied to its fullest. Mock-ups and/or
engineering data may have to be used in lieu of actual
equipment for the task analysis due to lack of available
equipment. Additionally, funding constraints may dictate

* limiting the full task analysis to only the more complex
task areas. The weapon system or logistics manager
will have to make these decisions.

5.3 APPLICATION PROCEDURE

Although CHRT may appear to be a complex process,
it is, in fact, a straightforward procedure when vaiewed
as a series of interrelated steps. This proceduralized
approach is summarized in the following paragraphs by
identifying the major steps. Details are provided in
other reports. many of these steps which are based
on the experience gained with CHRT and the CDB during
the demonstration are in reality accomplished in parallel.

Unless otherwise indicated, the steps are applicable
to all phases of acquisition. Steps accomplished in
one phase may simply require review and update in sub-
sequent phases. The steps, described in terms of the
blocks and ellipses of Figure A-1 follow.
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1. Identify baseline(s) and alternatives.
A. Prepare and/Qr review program requirements, system

design, and support plans data groups (ellipses
2, 3, and 4).

B. Prepare and/or review alternatives (ellipse 7)
for critical trade-off issues involving system
and subsystem equipment and logistics planning.

C. Determine/verify baseline system design(s) and
support plan(s) approach(es) and alternatives
from data collected in A and B or from other
official program direction.

2. For each baseline and alternative.
A. Conduct a comparability analysis, preliminary

or detailed integrated task analysis as appro-
priate (block A).

B. Prepare and/or update maintenance and operations
requirements and tasks data groups (ellipses
5 and 6).

C. Input data developed in A and B to the appropriate
logistics resource assessment model (block C).

D. Review R&M model output (ellipse 11) if run.
Extract and/or determine appropriate reliability,
maintainability, maintenance manpower, and support

Eequipment information.
E. Review LCOM output (ellipse 9) if run. Extract

and/or determine appropriate maintenance manpower
and support equipment information.

F. Review EXPVAL output (ellipse m0) if run. Extract
and/or determine maintenance manpower and support
equipment information.

G. Determine operations/support manpower requirement
by review of system documentation (ellipse 12).

H. Prepare training estimates (time) (ellipse 13).
I. Prepare technical manual estimates (number and

type pages) (ellipse 14).
J. Prepare training/aiding matrices (ellipse 15).
K. Prepare the cost model for system ownership cost

calculation (block 8).
L. Operate the LCC model (block D) and determine

SOC (ellipse 17).
M. Review and correlate resource and cost data as

appropriate (block E).
N. Reiterate process as required to update resource

and cost estimates and/or consider additional
alternatives.

0. Prepare the coordinated training and technical
manual products (block F) required to support
integrated logistics support planning for selected
baseline(s).
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3. In the development or production/deployment phase
and for the selected system design and support plan.
A. Prepare the intermediate products (ellipse 16).
B. Prepare the coordinated training program and

technical manual set (hexagon 03).

These steps assume complete application of CHRT. In
a more selective application of CHRT for a specific
purpose, simply eliminate those steps which do not apply.

5.4 RESOURCES REQUIRED FOR CHRT APPLICATION

CHRT may be implemented at any time in the acquisition
or modification/retrofit process. CHRT may also be
implemented at different levels of detail. For example,
CHRT may be applied to all or only selected major systems
within a weapon system. CHRT may also be applied as
an assessment methodology, a product development method-
ology, or both. When, how, and to what degree CHRT
is applied is determined by the weapon system manager
or logistics manager. This determination in turn dictates
the resources required to support CHRT as well as the
content of the CDB.

As a minimum, the following resources must be avail-
able. There must be a CHRT manager supported by a data
technician. Depending on the degree to which CHRT is
applied, these may be part-time duties. Both individuals,
however, should report to the weapon system manager
or logistics manager. The CHRT manager should be totally
familiar with CHRT and the CDB in order to direct and
coordinate all assessment and product develoment activities.
The individual should have systems management, operations,
and logistics experience. The data technicians should
be fully versed in CHRT, the CDB, and particularly
competent with the models and procedures used with CHRT.
The CHRT manager should also be provided with file space,
computer access and computational support. Ideally,
the personnel providing the computational support are
located at a centralized point and service many system
programs. These people would be responsible for the
maintenance and control of all computerized program
management tools. At the present time, LCOM is handled
in this manner.

The CHRT manager also must have the authority to
call in appropriate expert support from the developing,
supporting, and using agencies to assist in the development
and maintenance of the data base. At various phases
of acquisition or modification/retrofit, the responsibility
for operating CHRT and maintaining the CDB may be awarded
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to a contractor. In this case the CHRT manager must
have the authority to technically manage and oversee
that activity in order to assure that accurate, realistic,
and responsive assessments are made. The CHRT manager
must also assure that the training and technical manual

products are developed as a coordinated set and that
these products are tailored to the expected user population.
This latter endeavor will require the CHRT manager
to coordinate the actaivities of the training and technical
manual specialists.

The "Management Guide for Application," [101 provides
a technique for estimating the resources required to
implement CHRT. Since CHRT (see Figure A-11 is composed
of many activities, all of which result in data, the
estimating technique is based on the number, type, and
complexity of the data groups developed. In each case,
the time required of a specific skill, such as CHRT
manager, data technician, data analyst/programmer, main-
tenance technician, and so forth, is identified. Where
specific programs must be run, processing and input/output
times are also estimated.

As an example, assume a requirement to establish
and maintain a data base on a single weapon system and
to periodically assess the human resources, logistics,
and cost impact of the system design and support plan.

.1 . Assume further that the weapon system is comprised
of eight major systems. Additionally, only a basic

* I. weapon system DODT is required and alternative designs
are presently not being considered. Using the estimating
factors provided it can be estimated that approximately
6300 manhours will be required to establish the data
base and perform the initial assessment. Approximately,
2200 workhours per year will then be required to maintain
the data base and periodically update the assessment.
The scope and level of any alternative to be assessed
would have to be defined before the additional resources
required to address the alternative could be estimated.

5.5 STATEMENT OF WORK FOR CONTRACTOR SUPPORT

Contractor support may be required to implement
CHRT. This requirement may occur because program officeresources are not available or because contractor support
is more appropriate for the particular stage of acquisi-
tion. In the early stages of acquisition, for example,
program office resources are often sparse. In this
case it would be appropriate to contract for initial
CHRT application with a studies and analysis type of
organization. In the latter stages of acquisition,
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the development/production contractor should be tasked
to apply CHRT both as an assessment and product develop-
ment methodology. The development/production contractor
has access to the most current information for assess-
ment# and to the actual equipment information for product
development. It is, however, mandatory that the program
office closely monitor the contractor's efforts to assure
validity of results.

A sample statement of work has been prepared for
use by the program office. It is provided in the
"Management Guide for Application " (101 also. The
statement of work is structured so that it can be tailored
to reflect the desired application of CHRT.
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VI. CONCLUSIONS

The assessment and product development functions
of CHRT were tried and proven during the demonstration
effort. CHRT's place early in weapon system acquisition
as a tool to assist in system and support design was
identified. The mature CHRT that resulted from this
demonstration effort was documented.

Overall, CHRT can be viewed as providing several
major benefits when applied to a system acquisition
program.

1. It provides a systematic procedure for assessing
the impact of system design and support plans
on human resource, logistics, and cost factors
throughout all phases of the weapon system
acquisition process.

2. It provides an integrated approach to developing
the training and technical manual products required
to support the weapon system design and to
implement the support plan.

3. It integrates five technologies under a central
manager and consolidates information in a single
data base.

Specifically, CHRT provides a methodology to quantify
the requirements for manpower, training, technical
manuals, and the josts of system ownership at the system,
subsystem, and LIU levels. Reliability, maintainability,
and support equipment, all of which directly affect
the foregoing requirements and costs, are also quantified.
Knowledge of these factors helps influence the selection
of acceptable system and support design approaches.

Additionally, CHRT implements an integrated approach
to personnel, training, and technical manuals. The
methodology assures that the characteristics and advan-
tages of an integrated approach are reflected in both
the human resource and cost estimates as well as in
the training and technical manual programs. In order
to achieve this integrated approach, the training and
technical manual programs are developed as a coordinated
set from a single task analysis and are tailored to
fit the personnel skills and levels identified to maintain
the system.
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Because CHRT also operates from a single, evolving

consolidated data base, separate data bases are not
required to service each separate technology. CHRT
consolidated this data base in the hands of a single
manager rather than several technologists. The data
base functions as a single data source containing both
(1) information common to the reuirements of all the
technologies integrated in CHRT and, (2) information
requirements unique to a few or even a single technology.

.
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ABBREVIATIONS AND ACRONYMS

The following abbreviations and acronyms are used
with the CHRT.

A availability
A/C aircraft
AFHRL Air Force Human Resources Laboratory
AFM Air Force Manual
AFSC Air Force Specialty Code
AFTEC Air Force Test and Evaluation Center
AMST Advanced Medium STOL Transport
ATIM annotated task identification matrix
CDB consolidated data base
CND cannot duplicate
CHRT coordinated human resource technology
DAIS digital avionics information system
DOD Department of Defense
DODT design option decision tree
DSARC Defense Systems Acquisition Review Council
F/L flightline
GOR general operational requirement(current term

for ROC)
HOL higher order language
HRDT human resources in design trade-offs
ILS integrated logistic support
ILSP integrated logistic support plan
ISD instructional system development
JGD job guide development
LCC life cycle cost
LCOM logistics composite model
LRU line replaceable unit
LSA logistic support analysis
LSAR logistic support analysis record
M maintainability
MFHBMA mean flight hours between maintenance actions
MMH/FH maintenance work-hours per flight hour
MMM maintenance manpower modeling
MTTR mean time to repair
NRTS not repairable this station
NTS non-troubleshooting
O&S operating and support
PTIM preliminary task identification matrix
QPA quantity per aircraft
R reliability
RMCM reliability, maintainability, cost model
ROC required operational capability
SOC system ownership cost
SRU shop replaceable unit
STOL short takeoff and landing
TS troubleshooting
WUC work unit code

65



*11



REFERENCES

1. Goclowski, J. C.; King, G. F.; Ronco, P. G.; Askren,
W. B.; Integration and application of human resource
technologies in weapon system design: Coordination
of feve human resource technologies. AFHRL-TR-78-6
(I), Wright-Patterson AFB, OH: Air Force Human
Resources Laboratory, March 1978.

2. Goclowski, J. C.; King, G. F.; Ronco, P. G.; Askren,
W. B.; Integration and application of human resource
technologies in weapon system design: Processes
in the coordinated application of five human resource
technologies. AFHRL-TR-78-6(II). Wright-Patterson
AFB, OH: Air Force Human Resources Laboratory,
March 1978.

3. Goclowski,J. C.,- King, G. F.; Ronco, P. G.; Askren,
W. B.; Integration and application of human resource
technologies in weapon system design: Consolidated
data base functional specification. AFHRL-TR-78-6
(III), Wright-Patterson AFB, OH: Air Force Human
Resources Laboratory, May 1978.

4. King, G. F.; Askren, W. B.; Human resources,
logistics, and cost factors in weapon system
development: Demonstration in conceptual and
validation phases of aircraft system acquisition.
AFHRL-TR-79-28(I). Wright-Patterson AFB, OH: Air
Force Human Resources Laboratory, September 1979.

5. King, G. F.; Askren, W. B.; Human resources,
logistics, and cost factors in weapon system
development: Demonstration in conceptual and
validation phases of aircraft system acquistion,
Appendix A. AFHRL-TR-79-28(II). Wright-Patterson
AFB, OH: Air Force Human Resources Laboratory,
September 1979.

6. King, G. F.; Askren, W. B.;Human resources logistics,
and cost factors in weapon system development:
Demonstration in the full-scale development phase of
aircraft system acquisition. AFHRL-TR-80-52(I).
Wright-Patterson AFB, OH: Air Force Human Resources
Laboratory, 1980.

67

I I I - I r
-

I



7. King, G. F.; Askren, W. B.; Human resources
logistics, and cost factors in weapon system
developments Demonstration in the full-scale
development phase of aircraft system acquisition,
Appendix A. AFHRL-TR-80-52(II). Wright-Patterson
AFB, OH: Air Force Human resources Laboratory,
1980.

8. King, G. F.; Askren, W. B.; Human resources
logistics, and cost factors in weapon system
development: Methodolo2y ad data requirements.
AFHRL-TR-80-29(I). Wright-Patterson AFB, OH: Air
Force Human Resources Laboratory, 1980

9. (Deleted)

10. King, G. F.; Askren, W. B.; Human resources
logistics,' and cost factors in weapon system
development: Management guide for appliation.
Reference N~ote. Wright-Patterson AFB, OH: Air Force
Human Resources Laboratory, 1980.

11. Air Force Manual 50-2, Instructional systems
development '. Washington, DC: Department of the Air
Force, December 1970.

12. Air Force Manual 66-1, Maintenance management
921 Washington, DC: Department of the Air Force,VIcyjs 1972.

13. Air Force Regulation 173-10, Cost analysis: USAF
cost and planning factors (Volume 1). Washington,
DC: Department of the Air Force, 6 February 1975.

68



Appendix A

69-70

.u(
*: " , I-



DATAPip Alt~k

THE OOND WAT MIN W R~ *Am TUC NOLO V At il IE
ANDCOULIDYSODAT A ATA GR UPS ul

INQ"





'71 AAO 706 DYNAMICS RESEARCH CORP WILMINGTON MASS F/6 ;S/S
MUMAN RESU~cES LO0GIjSTICS. AGO COST FACTORS IN WlAP. S!TE .TC
SEP0N F KING A K ASRE :"ETC,7c.OI

UNCLASSIFIED AFML-7R.N0-G ML





SUPPLEMENTARY,

INFORMATION
, 

• 1



•k. $

DEPARTMENT OF THE AIR FORCE
AIR FORCE HUMAN RESOURCES LABORATORY (AFSC)

BROOKS AIR FORCE BASE. TEXAS 70235

A m or. TSR£10:TR16 JAN 1981

wwtcy, Removal of Export Control Statement

to: Defense Technical Information Center
Attn: DTIC/DDA (Mrs Crumbacker)
Cameron Station
Alexandria VA 22314

1. Please remove the Export Control Statement which erroneously appears on
the Notice Page of the reports listed ' . This statement is

N. intended for application to Statement B reports only.

( 2. Please direct any auestions to AFHRL/TSR, AUTOVON 240-3877.

;ziz FOR THE COMMANDER

WENDELL L. ANDERSON, Lt Col, USAF 1 Atch
Chief, Technical Services Division List of Reports

Cy to: AFHRL/TSE

9i

i6



AL A


