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PREFACE

This pamphlet defines the analytical steps collectively called
logistic support analysis (LSA). LSA is usually associated with
activity surrounding the development of a major new weapons system.
The objectives and procedures described in this pamphlet are not
confined to this narrow limit; they are equally valid for other
types of materiel as well as non-major procurements such as off-
the~shelf or modified commercial items.

Throughout this pamphlet analysis activities are related to the
conventional life-cycle timing of events. It should be recognized
that many major programs do not follow this conventional model.

The trend toward expanding validation phase effort is well established
and results in earlier definition of system configuration. It

is essential on these programs, as on all programs, for LSA activi-
ties to be paced by the design status. Therefore, many of the LSA |
actions normally assigned to the full-scale development phase
actually must be performed in the validation phase. If these actions
are not taken during validation there will be little opportunity for
their successful completion during a foreshortened full-scale develop-
ment phase.__

Change 1 to\ CP 750-16 incorporates major changes to the LSA Record
(LSAR). The LSAR has been revised to incorporate the latest DOD
provisioning rejuirements (MIL-STD-1552 and MIL-STD-1561). LSAR
ADP programs have\been modified to accept these new provisioning
data elements and have also been revised to produce additional
output reports and operate more ef ficiently.

viii
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CHAPTER 1

INTRODUCTION

1-1. se. a. This pamphlet is guidance for establishing and implementing
a logistic support analysis (LSA) program. The LSA program described is DARCOM
implementation of MIL~STD-1388-1 and MIL~STD-1388-2, Logistic Support Analysis.
LSA/LSAR programs applied in accordance with this document satisfy the LSA/LSAR
requirements of DARCOM-R 700-97, Standard Integrated Support Management System
(SISMS). The purpose of this pamphlet is to:

(1) State L3A goals and objectives.

(2) List planning requirements for the LSA program and integrated
logistic support testing.

(3) Provide sample work statements and data requirements for
contractor LSA programs.

(4) Provide formats and instructions for a Logistic Support Analysis
Record (LSAR).

(5) Provide guidelines for the application of reliability centered
maintenance (RCM) as part of the LSA process.

b. Logistic support is a principal design parameter. The purpose
of the LSA is to evaluate system design and operational characteristics
to make objective logistic support decisions. LSA actions identify, define,
analyze, quantify, and process integrated logistic support (ILS) requirements.
LSA is an integral part of the system engineering effort to establish design
parameters. LSA data are the bases for design versus support trade-offs
which benefit the entire program. The objective of LSA is to achkieve
balance between system readiness, operational capability and cost, and the
system's logistic requirements.

1-2. Scope. a. LSA will be used by all DARCOM subordinate commands and
activities to determine logistic support requirements. The LSA program
described in chapter 2 is equally applicable to contractor or Government
in-house programs for major or non-major acquisitions. Tests to verify,
demonstrate, and evaluate analysis predictions are part of the LSA process.
The program of testing described in chapter 3 provides progressive
assurance that contractual ILS requirements are being achieved. Basic
analytical techniques and analysis aids are identified in Chapter 4.

b. Paragraph 2-17d of AR 750-1, Army Materiel Maintenance Concepts
and Policies, requires that contracts provide for an MEA and operation of
a maintenance engineering analysis data system (MEADS). The terms LSA and
LSAR supersede the terms Maintenance Engineering Analysis (MEA) and MEA
Data System (MEADS). The sample contract work statements ir appendix A
define a comprehensive LSA program. The LSAR described in appendix B
replaces MEADS (TM 38-703-3) as the LSA data system on new DARCOM
procurements.

1-1
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1-3. The LSA Process. a. The LSA program is initiated in the conceptual
phase and the scale of effort increases through the development phase.

The initial analysis considers those logistic problems that have
significant impact on system readiness, capability, or cost. Documentation
is kept to the minimum and detailed support planning deferred until
detailed hardware design data are available. LSA data are used to influence
the design for logistic considerations by challenging characteristics

which impose support requirements. Constraints or logistic risks are
identified and methods of overcoming or minimizing them developed. Because
they have the potential for major impact on design, system support, and
cost, these analyses must be made early in order for their results to be
accepted.

b. During full-scale development, the LSA analysis process translates
hardware design into detailed logistic support requirements for testing,
deployment, and operational use. The analysis program unifies the
individual logistic support elements into a support system and provides
the interface between design engineering and the ILS program.

c. The data base established during development and testing is used
during the operational phase to evaluate the equipment's performance
after fielding. The impact of equipment modifications on support
characteristics are evaluated against the original data base. The LSA
data will prove invaluable for establishing design goals and parameters
in requirements documents of succeeding generations of materiel. Appro-
priate levels of analysis effort during life-cycle phases and ILS inter-
faces are discussed in TM 38-710, Integrated Logistic Support Implementation
Guide for DOD Systems and Equipment.

1-4. LSAR Assistance. a. The LSAR described in the May 1972 draft

of ™ 38-703-3 and June 1975 edition of AMCP 750-16 is functional on several
DARCOM development programs. The LSAR contained in appendix B is a major
revision of the preceding data systems. Earlier versions of LSAR ADP programs
will not produce the output reports described in appendix B and will not
process the LSAR '"H'" data sheet illustrated.

b. LSAR ADP programs and functional documentation are available
from the US Army Maintenance Management Center. Questions concerning
the installation of computer programs on Government and contractor
computers or the utilization of programs and data sheets may be directed
to the Center at the address below.

1-5. Changes. Readers of this pamphlet are encouraged to recommend
changes to improve its contents. Recommendations should be forwarded to

the Commander, US Army Maintenance Management Center, ATTN: DRXMD-MS,
Lexington, KY 40511,

1-2
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CHAPTER 2

LOGISTIC SUPPORT ANALYSIS PROGRAM

2-1. Program Management. a. The LSA program integrates the individual
programs for developing logistic support elements and provides the inter-
face between the hardware design and ILS programs. Information exchange
between the design and ILS functional organizations is essential to achieve
a balance among system readiness, operational capability, cost, and the
system's logistic requirements.

b. The keys to good program management are (1) planning which identifies
the required actions, and (2) timely management decisions. Program planning
must identify WHAT actions are needed, WHO is to take the actions, and WHEN
the actions should occur. Timely decision making requires information and
the identification of responsibilities and authority.

2-2. Program Objectives. The LSA program has four primary objectives;
identification, logistic influence, communications, and verification.

a. The analysis identifies the qualitative and quantitative logistic
support requirements. A systematic, comprehensive analysis is conducted
on an iterative basis throughout the life cycle. Initial analyses evaluate
the system/equipment's design and operational parameters and translate
them into a maintenance concept and estimated support costs. During the
development prase, maintenance tasks are defined and the logistic support
requirements are identified. During the operational phase, proposed design
changes and modifications are evaluated to identify their effect on
maintenance and support. ‘

b. The analysis influences the system/equipment design for logistic
considerations. The initial analysis effort evaluates the effects of design
alternatives on support costs and operational readiness. Known scarcities,
constraints, or logistic risks are identified and ways of overcoming or
minimizing them developed. During full-scale development, the analysis is
oriented toward assisting the designer in improving supportability and
ease of maintenance.

c. The analysis communicates requirements and integrates the elements
of logistic support into a logistic support system. The LSA program
establishes a communications link between the hardware design and ILS
functional organizations through the LSAR. The LSAR is a source of validated
design-related logistic data, The inputs to the LSA process are mission,
performance, and environmental requirements; maintenance, supply, and
personnel policies; economic criteria; training capabilities; existing skill
capabilities; available Government-furnished materiel/equipment; and,
maintenance concepts, The LSAR communicates the logistic support require=-
ments and is a source of data for the system/equipment design effort in
the form of suggestions for improving the reliability, maintainability,

2-1
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supportability, and ease of maintenance. The LSAR provides data for risk
analyses, effectiveness studies, design/logistic support trade-offs, and
life-cycle cost analryses.

d. Testing verifies the supportability of the .system/equipment and
validates achievement of logistic goals. Progressive ILS testing is part
of the overall development and operational testing. This ILS testing
verifies supportability features such as accessibility and support system
compatibility, and validates the adequacy of the publications, facilities,
support equipment, repair parts, and personnel skills. Deficiencies are
identified by comparing the test results with the LSAR data.

2-3. Program Planning. a. Requirements for contractor program planning,
control, and implementation of the LSA program will be contained in work
statements and data item descriptions included in the solicitation documeant.
The bidder's response must specify, in sufficient detail to convey his
understanding of the requirements and ability to execute them, the methods
he will employ in implementing and controlling the LSA program. (App A)

b. Government in-house planning for the LSA program are contained in
Section VI of the Outline Develgpment Plan (ODP) and the Development Plan
(DP), AR 70-27. Requirements for and the contents of Section VI (the Plan
for Logistic Support) are described in AR 700-127, Integrated Logistic
Support, and the DARCOM supplement to AR 700-127.

2-4, Analysis Tasks. a. The LSA process requires many discrete actions

be taken from program initiation through fielding. The actions are inter-
related and are repeated (iterated) in increasing detail as equipment design
progresses. These actions, or sub-analyses, are called analysis tasks and
are defined in MIL-STD-1388-1,

b. Government planning and requirements documents and contractor-
prepared LSA plans will define the level of effort and the tasks to be
applied during the LSA program. These tasks are the basis for integrating
the support elements and provide the interface between the design engi-
neering and LSA programs.

c. The iterative nature of the LSA process is graphically illustrated
by Figure 2 of MIL-STD-1388-1. Successive iterations of the analysis vary
with the need for information and the extent of system/equipment definition.
Early trade~off studies are conducted to a level sufficient to provide
operational effectiveness and cost data for the alternatives being studied.
When decisions are required on such design features as modularization, built=-
in test equipment, or part discard level, the analysis is conducted to the
depth required to substantiate the cost effectiveness of the approach. When
the Plan for Logistic Support (Section VI of the Development Plan) is being
updated by the Government prior to DT/OT II, the logistic support require-
ments of the system must be completely identified.

2=2
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d. The emphasis shifts from one analysis task to another as design
progresses and data requirements increase. For example, in the early
development stages, when design requirements are merely performance
specifications, the analysis is directed toward identifying and establish-
ing design parameters for support functions. After hardware configurations
are defined, the analysis effort is directed toward optimizing replacement
moduies. Well before deployment, the analysis concentrates on the impact on
the Army's supply system and maintenance organizations caused by the new
materiel.

2-5. Logistic Support Analysis Record (LSAR). a. The LSAR is a medium
for systematically recording analysis data. The LSAR may be used on any

program, regardless of size or complexity, and whether in-house or con-
tractor developed. The formats and data element definitions in appendix

B may be amended, supplemented, or altered with procuring activity approval
to tailor them to program variations. The procuring activity must specify
which data elements are required for the particular application. (app A)

b. Automatic data processing (ADP) requirements will be specified
in the contract work statements. When ADP is used, a series of standard
output summaries may be produced as needed by the LSAR computer programs.
These standard output summaries are described in appendix B and provide
visibility for evaluation and verification of data, program review, planning,
or further analysis. The LSAR summaries will be contractually deliver-
able when they are so prescribed by DD Form 1423, Contract Data Require-
ments List (CDRL).

c. LSA data generated during the development program are used to
produce data requirements listed on the CDRL., The objectives in using
LSA data to satisfy CDRL requirements are:

(1) To assure that logistic support (parts, tools, test equipment,
personnel, facilities, etc.) requirements are compatible with documents
that provide maintenance instructions, skill requirements, and maintenance
allocations.

(2) To reduce data acquisition cost by:

(a) Eliminating separate analysis programs which provide the same
technical data.

(b) Reducing the number of data systems maintained by the contractor.
(c) Avoiding the delivery of duplicate or redundant data.

(d) Reducing the process of producing CDRL data to an ADP extraction
whose only additional cost is machine printout time (if ADP is used).

d. The data acquisition cost is not automatically reduced by speci=-
fying use of the LSAR for producing data requirements. The CDRL must be
reviewed to ensure that the data call does not include requirements that
are LSAR outputs. The following Data Item Descriptions (DID's) should be
scrutinized to identify their relationship to LSAR data,

2-3




DARCOM C1, AMCP 750-16

(1) Qualitative and Quantitative Personnel Requirements Information
(QQPRI).

(2) Maintenance Allocation Chart (MAC) and Preliminary Maintenance
Allocation Chart (PMAC).

(3) Repair Parts and Special Tool List (RPSTL).
(4) Technical publications information.

(5) Provisioﬁing technical documentation.

(6) Facilities design criteria.

(7) Reliability and maintainability reports.
(8) Failure mode and effects summaries.

Bidder responses shonld be reviewed to assure that their proposals recog-
nize this relationship.

2-6. Data Review and Approval. a. Review and approval of LSA data is
accomplished by a8 Government ILS management team, LSAR review team, or
other designated Government personnel. Details regarding this function
should be established to fit the program and entered in the contractual

| agreements. For PM items, the PM representative is leader of the team.

b. The team provides a source of logistic expertise to monitor the
contractor LSA program during the life of the contract. The team should
include representation from functional organizations involved in the
providing GFE/GFM support. Project managed items should include commodity
command representation on the team to ensure the smooth transition to NMP
support of the item after fielding., The continuity of team membership
should be maintained to maximize its effectiveness.

* c. The team will review contractor analysis data and recommend its

: approval or disapproval. The procedures for presenting recommendations

to the contractor will be fully described in Government planning documents.
Changes to approved design baseline documentation or the maintenance plan
which result from data review can only be made with the concurrence of
responsible officials,

d. Review team activities and recommendations must be handled with
great care during development contracts which have multiple competing
contractors; e.g., validation phase contracts. Information must be pro=-
tected in accordance with competitive-sensitive regulations. Normally the
PM issues the policies for his program. Due to the sensitive nature of the
competitive situation the team's activities should be coordinated with the

| contracting officer. The following procedures may be followed:
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(1) Team evaluations of analysis data may be recorded for use in the
source selection process and for incorporation in the system specification
for full-scale development.

(2) Team evaluations of contractor decisions (e.g., on maintenance
levels, skill specialty codes, and supply support selections) for validation
phase tests (DT/OT I), may be presented to the contractor (through the
contracting officer), without violating the competitive atmosphere. The
contractor may accept or reject the team's recommendations.

2-7. Non-major Acquisitions. a. The same basic principles and goals apply
equally to major and non-major acquisitions. A non-major acquisition
program may be minor modification of an existing item, purchase of an

of f-the-shelf commercial item, or a program in which production is only
preceded by a development phase. Major modifications to an existing item
are, in general, subject to the same controls and requirements as a major
development program.

b. Regardless of the size of the acquisition, an LSA program is required
to assure that the program objectives stated in paragraph 2-2 are accomplished.
There is little opportunity for the LSA program to exert a logistic influ-
ence on the design of off-the-shelf commercial items; but LSA can however,
influence selection of the commercial item. Three objectives of identificatiom,
communications and verification can be attained. The principal difference
between the LSA programs on major and non-major acquisitions is a matter of
timing and depth and not how it is conducted.

c. A non-major program may use the LSAR in a manual application; however,
if a suitable computer is available, the cost of computeriaing the LSAR
could be less in the long run. In the case of commercial design items,
a great deal of operational and test data should be available from the
manufacturer for entry in the LSAR.

d. In most pamphlet contexts, substituting the word "procurement"
for "development" is sufficient clarification for the guidance to apply
to commercial or modified commercial items. It should be realized that
the main objective of the LSA application to a commercial item will be
to identify the logistic resources required. The most significant differ-
ence between the LSA application on a developmental item versus off-the-
shelf equipment is that on the former, it is an iterative process effecting
design as well as the logistic resources required.

~y
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CHAPTER 3

TESTING

3-1. Purpose. a. This chapter defines the relationship between system/
equipment testing and logistic support testing, and explains the role of
the LSA in testing. It describes how data from the LSAR are used in
testing, and how test data are used to update the LSAR. There is no
attempt to provide a complete description of the overall test program, or
even the logistic support related portions of the program.

b. Logistic support testing is an extension of the LSA process and is
a verification, demonstration, and evaluation of the analysis predictions.
Testing provides progressive assurance and final proof that contractual re-
quirements can be, and are, achieved. The analysis identifies the support
elements and maintenance tasks which are being tested. The test results are
used to compile a record of all maintenance tasks performed, time expended,
resources used, skills needed, and deficiencies discovered. The test
results are analyzed, the LSAR is updated with the test data, and action is {
taken to correct deficiencies in the support system.

3-2. The Coordinated Test Program. a. Test and evaluation provides infor-
mation about the system's capabilities and assesses its military worth. The
information is needed in the decision making process to reduce acquisition
risks. All system/equipment testing requirements, including the logistic
support tests and demonstrations (TM 38-710), the physical teardown and
evaluation DARCOM supplement to AR 700-127), and maintainability verfication/
demonstration/evaluation (MIL-STD-471A) will be accomplished in accordance
with the Coordinated Test Program (CTP), AR 70-10.

b. The CTP forms Section IV of the Development Plan. The CTP defines
the critical issues which the testing must resolve. In addition to requiring
resolution of these critical issues, the detailed test plans implementing
the CTP will require testing and evaluation of the performance and the
logistic support characteristics described in Sections II and VI, respectively,
of the DP.

c. The tests are categorized as Development Test (DT) or Operational
Test (OT). In general, DT determines the technical adequacy of the item's
design, while OT measures its military worth and suitability. DT js conducted
by the materiel developer and OT is conducted by the Operation Test and
Evaluation Agency (OTEA) or other designated test acitvity. The two categories
of testing may be combined and conducted jointly and concurrently; however,
the reports are always submitted and evaluated separately.

3-1
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3-3. Logistic Support Testing. The CTP and detailed test plans for DT
and OT will contain specific test objectives, criteria for measuring the
achievement of maintainability characteristics and logistic support goals,
and describe how the test is to be performed. The test phases in the
procurement cycle are illustrated in figure 3-1.

a. Test objectives. Test and evaluation of system/equipment will
include a maintenance test support package’ (AR 750-1) and a training test
support package. The maintenance test support package (MTSP) includes:

(1) Equipment publications. Q

(2) Repair parts; accessories; special and common tools; test,
measurement and diagnostic equipment (TMDE); ground handling, calibration,
safety, and other support equipment.

(3) Special facilities.
(4) Personnel skill requirements.

The training test support package includes training aids and devices,
training literature, programs of instruction, and other selected items.

b. Evaluation Criteria. Test plans must include accept/reject
decision criteria which define what factors contribute successful
achievement of design goals. By the same token, this requires that the
term "failure' be defined. These failure definitions and scoring
criteria are necessary for consistent evaluation of test results.

c. Tbsting.

(1) Logistic support testing will normally be conducted concurrently
with the system/equipment testing. In this expected circumstance,
detailed plans for DT/OT testing will include annexes which cover the |
logistic support testing. If this testing is not conducted concurrently |
with system/equipment testing, separate detailed test plans must be prepared. ‘

(2) In addition to the information in paragraphs 3-3a and 3-3b above,
detaiied plans or annexes will describe:

(a) When the testing will be done.
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(b) Where the testing will be conducted.

(c) The test organization to direct and conduct it, and the participating
agencies.

(d) The number of test items and amcunt of support materiel at each
test site.

(e) Definition of terms, and the means of collecting and analyzing
maintenance and RAM data and requirements for test reports.

(f) A tabulation of the resources required, including personnel,
facilities, and materiel.

(g) The training requirements for test personnel.

3-4. The LSA Role in Testing. a. TheLSA and LSAR are important to the
accomplishment of the logistic support testing. The maintenance tasks to be
demonstrated during testing are defined by analysis data., The LSAR contains
the data to select the composition of the maintenance test support package
and the training test support package. The LSAR provides the following
prediction data for measuring the achievement of logistic support/ goals.

(1) The failure modes and symptoms which initiate corrective mainte-
nance tasks. /
|
¢
(2) Identification of all significant corrective and preventive main-
tenance tasks, turnaround tasks, and the maintenance level at which they
are performed.

(3) Frequency of occurrence of the maintenance and turnaround tasks.

(4) Predicted man-hours and elapsed times for accomplishing each
maintenance task.

(5) Skill levels and number of people required for each maintenance
task.

(6) Repair parts and supply support required for each maintenance
task.

(7) Support equipment required .for each maintenance task.

(8) Facilities required for each maintenance task.

b. Maintenance and operational data collected from testing and the
results of evaluating the maintenance and training test support packages will
be analyzed. The analysis will determine the extent to which the tollowing
goals have been met.

(1) Whether the system/equipment has been designed to minimize the

maintenance man-hour requirements and the requirement for modified, new,
or specialized skill requirements.
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(2) Whether the materiel has been designed to minimize the requirement
for new or peculiar support equipment.

(3) Whether maintenance operations can be accomplished by the identi-
fied personnel skills, using the items of materiel in the maintenance test
support package.

(4) The achievement of contractual maintcnance and reliability,
availability, and maintainability characteristics.

c. The test results are used to compile a maintenance record of all
maintenance tasks performed, time expended, repair parts used, skills
needed, and deficiencies discovered. The test results are analyzed, the
LSAR is updated with the test data, and action is taken to correct
deficiencies. Evaluation of the test results will determine:

(1) The adequacy of equipment publications.
(2) The adequacy of the quantity and range of repair parts selection.

(3) The adequacy, need for, and compatibility of tools 2and support
equipment.

(4) The adequacy and need for personnel skill requirements and
training. .

(5) The reliability, availability, and maintainability characteristics
of the support equipment items.

3-5. Evaluation. a. Table 3-1, which is taken from AMCP 706-132, Mainte-
nance Engineering Techniques, is presented here because of its wide poten-
tial application. The table lists the most important maintenance objectives
and most important maintenance parameters that contribute to the attainment
of the objectives. It is universally applicable to all materiel, not only
as a design tool, but as tool for evaluating both design and the LSA effort.

b. The conventional approach to evaluation is to compare results to
requirements. This approach will demonstrate in absolute terms whether the
requirements have been met, but will not indicate whether the results are
the best that can be achieved. Table 3-1 lists maintenance objectives in
qualitative rather than absolute quantitative values, and when used with
imagination can reveal opportunities for improving and minimizing mainte-
nance.

3-5
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TABLE 3-1. MATERIEL MAINTENANCE OBJECTIVES VS MAINTENANCE PARAMETERS

1. Minimize maintenance frequency by using:
Maintenance-free design
Standard and proven design and components
Simple, reliable, and durable design and components
Fail-safe features to reduce failure consequences
"Worst case" design techniques and tolerances that allow for use and wear
throughout item life.

2. Minimize maintenance downtime by designing for rapid and positive:~
Prediction or detection of malfunction or degradation
Localization to the affected assembly, rack, or unit
Isolation to a replaceable or repairable module or part
Correction by replacement, adjustment, or repair
Verification of correction and serviceability
Identification of parts, test points, and connections
Calibration, adjustment, servicing, and testing.

3. Minimize maintenance costs by designing for minimum:
Hazards to personnel and equipment
Depot or factory maintenance
Consumption rates and costs of repair parts and materials
Erroneous indications of failure
Personnel skills and quantities.

4. Minimize maintenance complexity by designing for:
Compatibility between materiel and support equipmert
Standardization of design, parts, and nomenclature
Interchangeability of like components, material, and repair parts
Minimum maintenance tools, accessories, and equipment
Adequate accessibility, work space, and work clearances.

5. Minimize maintenance personnel requirements by designing for:
Logical and sequential function and task allocations
Basy handling, mobility, transportability, and storability
Minimum numbers of personnel and maintenance specialities
Simple and valid maintenance procedures and instructions.

6. Minimize maintenance eriors by designing to reduce:
Liklihood of undetected failure or degradation
Maintenance waste, oversight, misuse, or abuse
Dangerods, dirty, awkward, or tedious job elements
Ambiguity in labeling or coding. '
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CHAPTER 4

ANALYSIS TECHNIQUES AND AIDS

4-1. Analysis Technigues. a. Logistic support analysis is the
generic name of a number of techniques which are themselves areas of
specialization. Included among these techniques are:

(1) Logistic support testing.

(2) Life-cycle logistic cost analysis.
(3) Logistic support modeling.

(4) Logistic risk analysis.

(5) Design/support trade-off analysis.

Testing is addressed in Chapter 3. Life cycle cost analysis is discussed
in Chapter VII of TM 38-710, ILS Implementation Guide for DOD Systems and
Equipment.

b. Logistic Support Modeling. (1) A great many maintenance and
support characteristics must be evaluated and integrated. Scientific techni-
ques rather than intuition must be used to quantitatively assess the
effects of the characteristics on the operation of the support system. The
way to test the effects without actually assembling the system, is to con-
struct a model. Logistic support models are mathematical models; they may
be further subdivided into analytical and simulation models. There is not
enough space here to go into an in-depth discussion of modeling; however,
an excellent pamphlet, DA Pamphlet 750-21, Logistic Support Modeling, is
aimed specifically at answering questions for personnel engaged in develop-
ing logistic support.

(2) Typical products of the mathematical models used in logistic
support studies include availability, operational readiness, repair part
usage data, man-hour requirements, and system costs. Derived data reflect
the basic LSA data and the influence of data from other sources, such as
transportation, storage, and handling.

(3) Basic LSA data required by typical support models include infor-
mation relating to failure rates, utilization rates, repair rates, repair

policy, indenture levels, location of repair actions, spares policy, and cost.

(4) Support modeling techniques can be applied in all program life-
cycle phases. Also, they can be applied effectively to various types of
programs such as major system development and acquisition, subsystem or

4-1
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compunent procurement, and off-the-shelf purchases. For example, during the
development phase of a major acquisition, support modeling could be used

to accomplish design/support trade-off studies which consider alternative
design characteristics, maintenance support policies, and operational
requirements. Support models can also be used to evaluate the compatibility
of projected maintenance requirements for new equipment with the proposed
table of organization and equipment (TOE) structures.

(S5) There are several maintenance support optimization models available
within the Army. Some of them do this optimization in conjunction with
examining life-cycle supports costs, availability, and operational effective-
ness. Available support models are identified in AMCP 750-11, Support
Model Reference List. Three of the more prominent models are the Generalized
Electronic Maintenance Model (GEMM), developed by the US Army Electronic
Command (ECOM); the Cost Analysis of Maintenance Policies (COAMP) model,
developed by RCA Corporation and adapted for use at MICOM and ARMCOM; and the
Replacement Unit Repair Level Analysis Model (RURLAM), developed by the
Army Management Engineering Training Agency (AMETA). An evaluation of these
three models is contained in a study entitled, "Evaluation of Maintenance

Support Optimization Models'", available from the Defense Documentation
Center as report number AD 761112.

c. Logistic Risk Analysis. (1) Actions/effects may be categorized
for decision making as follows:

(a) Certainty--Each action leads to a known specific outcome.

(b) Risk--Each action leads to one of a set of possible outcomes and
each possible outcome has a known probability.

(c¢) Uncertainty--Each action leads to an effect, but the probabilities,
or perhaps even the outcomes, are unknown. Uncertainties may be further
classified as things you know you don't know and things you don't know you
don't know. The purpose of risk analysis is to eliminate as many of the
uncertainties as possible by assigning risks.

(2) A risk analysis should identify the following areas:
(a) Potential Problems.

(b) Consequences of failure.

(c) Low-risk program areas.

(d) Requirements versus state-of-the-art trade-offs.

(e) Schedule and funding adequacy.

{f) Fund allocation.

(g) Data gaps/recommended studies.

4-2
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(h) Sensitive/critical parameters.

Once problem areas have been identified, the other analytical
techniques described in thds chapter are used to find solutions (cer-
tainties) or assign risks (probabilities).

(3) There are three distinct phases when risk analysis is particularly
important; they are the conceptual phase, the development phase, and the pro-
duction phase. A risk analysis conducted during the conceptual phase is
primarily concerned with assessing technical risk; i.e., technical problems,
consequences of failure, judgment of efforts needed for a practical solution
and cost/risk trade-offs between engineering/design requirements and logistic
support/maintenance considerations. The development phase objectives are
to identify high risk elements, verify technical approaches, and establish
firm schedule and cost estimates. Prior to any large-scale production
commitment, the program must again be assessed and results of development
testing reviewed to ensure that uncertainties and risks have been eliminated
or are manageable.

d. Design/Support Trade-Off Analysis. (1) Trade-off analysis is the
process of analyzing and evaluating possible solutions to a problem and
choosing the one that best satisfies the explicit and implicit constraints.
Explicit constraints are performance factors such as speed, accuracy,
maintainability, or reliability. Implicit constraints may be tangible, such
as state-of-the-art limitations, or intangible, such as user acceptance of
a new concept.

(2) Formal trade-off analyses conducted during the conceptual phase
become Part II of the Concept Formulation Package which is required before
the program can be approved to enter the development phase. These trade-
offs are used to select the system that best balances:

(a) Mission and performance envelopes.

(b) Technical options.

(c) Life-cycle costs (RDTE, PEMA, OMA, and MCA).

(d) Production unit cost.

(e) Scheduling.

(f) Human factors.

(g) Operational and organizational effectiveness.

(h) Logistic support considerations.

(i) Environmental and ecological considerations.

(3) Trade-offs in the conceptual phase and early in development are
usually interdisciplinary, that is, among the system's major characteristics
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listed above. As development proceeds, trade-offs become more intra-
disciplinary. For example, support characteristics will be traded-off
against one another. The interdisciplinary trade-offs have the potential
for major impacts on design, system support, and cost. The validity and
necessity of design characteristics which impose support requirements
should be challenged at this early time. Logistic support inputs with
major design impacts must be made early to be accepted.

4-2. Analysis Aids. a. In addition to the basic LSA techniques above,

a variety of analysis aids are available. These aids are not a substitute
for experience and judgment, and the reader should be aware of this
limitation.

b. Checklists. (1) Checklists are used to evaluate the completeness
and adequacy of the analysis. They are a valuable aid to prevent over-
looking important maintenance features. These lists are usually a series
of questions that can be answered by a simple 'yes' or 'no.'" The completed
checklist may be incorporated into the reviewed document as additional
validation of data. Checklists may also be incorporated into the LSAR in
accordance with instructions contained in paragraph B-3a of Appendix B.

(2) Numerous sample checklists are available for the manager,
administrator, or technician. They are used to check drawings, the
completeness of staff work, RFP's, contractual documents, equipment
interchangeability, safety, servicing, etc. The following documents
contain suggested checklists that are applicable to the LSA process.

(a) TM 38-760-1, A Guide to System Engineering.
(b) MIL-HDBK-472, Maintainability Prediction.

(c) AMCP 706-134, Engineering Design Handbook, Maintainability Guide
for Design. .

c. Block Diagrams. (1) Block diagrams are used as a shorthand way of
depicting system design. The most important for LSA purposes are functional
flow block diagrams, component block diagrams, and schematic block diagrams.

(2) Functional flow block diagrams (FFBD) show the system's support
structure as basic functional requirements. These maintenance and support
functional requirements are goals that early analysis and planning seek to
satisfy. Functional flow block diagrams show the necessary functions at
each level of the work breakdown structure. Top level FFBD's show the
gross functions that must be accomplished in system maintenance activities,
The first level, second level, etc., diagrams represent progressive
expansions of individual functions of the preceding level. The blocks are
arranged to show the necessary order of functions and the alternate/parallel
functional sequences. Diagrams prepared during maintenance function analysis
are formulated using the same methods and symbol conventions used by system
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engineering for the functional performance requirements (such as the basic
rules for the physical layout of FFBD's contained in T™M 38-760-1, A Guide

to System Engineering). FFBD's are primarily developed to communicate
system requirements; therefore, the use of appropriate abbreviations, leader
notes to a condition at a decision gate, reference to specifications or
trade-off studies, or comments on such things as the scope of the programs
or limitation of the analysis are all encouraged when they will clarify

or simplify the drawings.

(3) Component block diagrams are one of the first inputs to the LSA
process from design engineering which describe actual hardware approaches
under consideration. They are used to relate support significant aspects
to the system design approaches. For example: relating maintainability
parameters to various levels of system hardware is effectively accomplished
via component block diagrams. Another example is their use for listing
malfunction symptoms associated with equipment. These form the bases for
developing logic trees for fault detection and fault isolation.

(4) Schematic block diagrams show the functional interrelationship
of hydraulic, mechanical, or electrical components. They assist in
explaining equipment operation for writing maintenance instructions, training,
troubleshooting, and establishing test points.

d. Maintenance Engineering Simplified Sheets. (1) LSAR data sheets
are not initiated for an item until its configuration is stabilized. That
is, not until all design alternatives have been weighed, and the item's func-
tional and performance characteristics are sufficiently defined for failure
modes and frequency to be predicted. The maintenance engineering simpli-
fied sheets are a suggested format for compiling the LSA evaluation of design
alternatives prior to LSAR data sheet initiation. This initial LSA effort
evaluates the effects of hardware alternatives on support costs and operational
readiness for use in trade-off studies. Trade-off determinations and the
results of trade-off studies are part of the concept formulation package
which must be approved before development may proceed. Use of the simplified
sheets is optional. There are two formats; sheet 1 documents logistic inputs
to conceptual studies and cost models. Sheet 2 is for evaluating the logis-
tic implications of hardware alternatives.

(2) Sheet 1 (Figure 4-1).

(a) Use. Sheet 1 formats logistic decision factors for comparison of
alternatives. This sheet can be used to provide logistic inputs to life-cycle
cost studies. Figures of merit, such as the ratio of operational readiness
to life-cycle cost, can be used to evaluate maintenance alternatives.

(b) Preparation instructions.
1 Cost. Cost data for all alternatives under study. Cost figures will
be life-cycle costs unless otherwise specified. All costs of the individual

support elements are combined into the categories of operation, maintenance,
supply, transportation, training, and equipment publications.
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2 Effectiveness. The parameters to be recorded here are operational
readiness figures, along with any other effectiveness parameters being
addressed by the study.

3 Schedule. The Initial Operational Capability (IOC) date and any
other significant dates.

4 Related factors. Related factors which have an impact on the choice
between alternatives. These factors include such things as safety, environ-
mental and pollution control, waste disposal, special storage, international
logistics, political influences, etc.

S Remarks. Additional information needed to clarify or qualify the
parameters on the sheet.

(3) Sheet 2 (Figure 4-2).

(a) Use. Sheet 2 is used to synthesize support approaches prior to
the establishment of a firm hardware configuration. It provides a way of
comparing alternative concepts for impact on system readiness, capability
and cost at an early enough time so that design features can be challenged
on the basis of logistic support considerations.

(b) Preparation instructions.

1 Group Code. Hardware indenture code of the item. Ideally this
would be the same code as used on the LSAR data sheets (FGC/WBS/WUC), but
it may be the component end item (CEI) number or other code.

2 NMomenclature. The name of the item or performance function.

3 Failure Rate. The expected failure rate for the item or function.
The failure rate is an important basis for decisions on a maintenance
approach and it should be included. It may be desirable to state a per-

formance band rather than a single value. If the maintenance factor
(DARCOM Pamphlet 750-5) is already known, it may be used.

4 Maintenance Function. See the functions listed under "Task Function
Code' on Data Sheet C, appendix B.

5 Equipment Status. The condition of the end item or next higher
assembly during performance of the maintenance function (power on and
working; system on standby; system down, etc.). This is important to
evaluate the effect upon system availability.

6 Performed When. This is indicative of the frequency of the main-
tenance function. This entry should indicate whether the maintenance
function is required as a result of a failure (corrective maintenance) or
whether the function is to be performed at some interval of calendar,
operating time, cycles, or other measure for prevenr1ve or periodic
functions. 1Indicate if the function is required in conjunction with or as
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a result of another function such as an '"align'" or 'adjust" function being
required after performing a repair function.

7 Performed At. The maintenance level or category which performs
the function. In many cases, the maintenance level will be one of the
variables in the alternative concepts. If a maintenance concept varies
from the normal Army maintenance organizational structure, it should be so
indicated and fully explained in the accompanying remarks section.

8 Performed By. Indicate the man/machine maintenance task allocation
by maintenance concept. This is needed to evaluate different approaches
to built-in test equipment (BITE), digital techniques, separate automated
equipment, and manual methods.

9 TMDE. The test, measurement, and diagnostic equipment needed to
accomplish the maintenance function. The type of equipment envisioned
(manual, semiautomatic, or fully automatic) should be indicated, if
appropriate for evaluation purposes, as well as whether the equipment will
be located on or off the end item. Additionally, indicate if the function
is to be accomplished by a piece of ™DE located at a higher or lower
hardwa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>