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FOREWORD

The complexity and cost of military aircraft has inexorably increased. In real
terms, the unit cost of military aircraft has grown by an average of 8% annually
since World War II. There is a direct connection between the initial production
cost and the cost of development and of producing spares and repairs. Therefore a
potential by-product of the growth in investment costs is an increase in support
costs. This trend is emphasized by the fact that the increasing complexity, which
drives up production costs, also tends to have an effect on reliability, further
raising support costs (Reference 1).

Life cycle cost (LCC) is used in the decision making process to evaluate and
select equipment offering the most cost-effective solution to meet a defined need.

Support costs can range from being equal to, or many times greater than the
initial purchase costs; thus awareness of the whole 1ife cost of equipment before
making major procurement decisions is required. This is accomplished through the
use of LCC techniques whereby the cost profile of equipment is built up and
refined as cost data become available. These techniques address LCC issues
including supportability, performance, and manufacturing cost for the following
considerations (Reference 2):

a. Provide justification for "spend to save" decisions

b. Enable decisions to be better informed, in particular the determination of
initial requirements

c¢. Allow the impact of different levels of reliability and maintainability (R&M)
to be measured to facilitate trade-off decisions with other priorities

d. Enable competing proposals to be evaluated

e. Allow for evaluation of alternative design options

f. Enable the program to be monitored more effectively

Life cycle costing requires a discipline that uses systematic costing methods
presented in a consistent manner over the projected useful life of a program.
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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) describes the concept of life
cycle costing with emphasis on LCC techniques and applications as applied to
the phases of the program cycle. These phases are:

a. Conceptual studies, research, development, test, and evaluation (RDT&E)
b. Investment, or procurement '

c. Operating and support (0&S) or in-service

d. Disposal of systems, equipment, and services

Cost elements, estimating techniques and other factors which have a bearing on
LCCs are described; including use of cost estimating relationships (CER),
simulation techniques, and "top-down"/"bottom-up" approaches. Consideration
is also given to:

a. Risk and uncertainty assessments

b. Impact of economic variations including inflation, interest rates, and
exchange rate variation

c. Adoption of discounting techniques when undertaking investment appraisals

The use of tailored LCC models is preferred since there is an advantage in
adopting a range of approaches particularly for the prediction of the costs of
future technology and estimates of uncertainty which are specific to the
aerospace industry.

1.1 Purpose:

This document supplements the general guidelines contained in AIR1939. The
purpose of this document is to present an overview of LCC techniques and
applications during the procurement process for defense related equipment.
This document provides a typical "global" LCC element breakdown structure
which is aircraft systems related; while a companion document, ARP4294
provides a detailed scheme for a cost element breakdown structure specific to
propulsion systems.

LCC techniques provide a sound basis for cost benefit analysis. Although
specifically aimed at the military procurement process, the recommendations
contained in this document can apply to commercial procurement. The use of
LCC analysis during the procurement process increases effectiveness of
program evaluation by aiding decision making and providing a mechanism for
transferring information on a common basis.

2. REFERENCES:
1. R.N. Gregory, "The Place of Support Cost Estimates in Initial Procurement
Decisions", Proceedings of Royal Aeronautical Society Conference,
(November 1989)

2. HMSO, National Audit Office Rebort, Ministry of Defence: Reliability and
Maintainability of Defence Equipment, (February 1989)
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2. (Continued):
3.

2.1

2.2

AECMA, Life Cycle Cost Perspectives Military Aircraft Applications,
(October 1987)

R. McNally, "Life Cycle Costing - The Contractor’s View", Government
Contracting Review, (Summer 1987)

SAE, ARP4294 Aerospace Recommended Practice, Data Formats and Practices
for Life Cycle Cost Information

D.W. Daniel, "Life Cycle Costing: Concepts, Problems Structures and Data
Bases", US Society of Automotive Engineers, Technical Paper Series 861786,
(1986) :

Defence Scientific Advisory Council, "Report of the Working Party on the
technical risk assessment of advanced technology on large projects"”,
Unpublished MOD Report, April 1988

SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0001.

ARP

4294 Data Formats and Applications for the LCC of Aircraft Propulsion
Systems

Acronyms and Abbreviations:

AEC

AIR

CAL
CER

CIP

DCF

MA  Association Europeenne Des Constructeurs De Materiel Aerospatial
Aerospace Information Report
S Computer-aided Acquisition and Logistic Support
Cost Estimating Relationship
Component Improvement Program
Discounted Cash Flow

DSAC Defence Scientific Advisory Council

EFH
FOL
HMS
1A

ILS
LCC
MTB
NAO

NPV

0&S
PDS

~ R&D

R&M
RDT
RPE
SAE
SFC
SL

uPC
WBS

Engine Flying Hours
Fuel, 0i1 and Lubrication
0 Her Majesty’s Stationery Office
Investment Appraisals
Integrated Logistic Support
Life Cycle Cost
F Mean-Time-Between-Failure
National Audit Office
Net Present Value
Operating and Support
Post Design Services
Research and Development
Reliability and Maintainability
&  Research Development Test and Evaluation
Relative Price Effect
Society of Automotive Engineers
A Specific Fuel Consumption Actual
Sortie Length
Unit Production Cost
Work Breakdown Structure
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2.3 Definitions:

ACQUISITION COST: The primary investment, being the sum of the total
development cost R,D,T&E and the investment cost of the system.

NOTE: R&M have a strong influence on LCC; there exists a two way
relationship with acquisition cost and a subsequent effect on the
support and unavailability costs.

AVAILABILITY: The ability of an item (under combined aspects of its
reliability, maintainability and maintenance, and support) to perform its
required function at a stated instant of time or over a stated period of
time.

BASIC RESEARCH: Research work in the design concept stages of a system
project prior to project definition. It includes theoretical studies and new
technology development.

CAPITAL INVESTMENT: Any capital investment in manufacturing or production
equipment (including, where appropriate, dedicated software), which is not
amortized in the unit production price or included in the contractors’
overheads.

COMPONENT IMPROVEMENT PROGRAM (CIP) COST: Total system CIP cost (including
software) over the life of the aircraft system. It includes design,
fabrication, and test costs associated with component improvement, beyond the
original performance level, once the aircraft system is in production.

COMPUTER-AIDED ACQUISITION AND LOGISTIC SUPPORT: The strategy aimed at using
digital techniques to integrate technical information flowing from digital
systems to facilitate the design, development, manufacturing and support of
aircraft systems. It implies the transition to a near paperless design,
manufacturing and support environment.

CONCEPTUAL STUDIES COST: The sum of all contractor and government funded
costs required to complete the feasibility studies and subsequent definition
of any system or equipment conceived in response to meet a mission
requirement. These include project related research, theoretical studies,
hardware, material, tests, tooling and other supporting activities (e.g., LCC
and integrated logistic support (ILS) studies).

CONFIGURATION MANAGEMENT: The process that identifies functional and
physical characteristics of an item during its life cycle, controls changes
to those characteristics, provides information on status of change action,
and audits the conformance of configuration items to approved configurations.

CONTRACTOR MAINTENANCE COST (4TH LEVEL): Comprised of the direct labor costs
and all materiel costs, including the value of any customer supplied spares
and the costs (labor, material and overheads) of repairing spares together
with, if applicable, any transport costs and overheads including any charges
made by the contractor for maintaining support teams at all lines.
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2.3 (Continued):

COST ANALYSIS: A systematic procedure for estimating the aggregate cost of a
system/equipment, and for comparing the costs of alternative systems in order
to determine the relative economy and effectiveness of the alternatives.

COST EFFECTIVENESS: A comparative evaluation derived from analyses of
alternatives (actions, methods, approaches, equipment, aircraft systems,
support systems, force combinations, etc.) in terms of the interrelated
influences of cost and effectiveness in accomplishing a specific mission.

COST ELEMENT: The lowest level identified cost for a given LCC analysis. A
cost element is further broken down into variables, rates, factors, or
constants related mathematically which produce a money amount corresponding
to an aspect of the product under investigation.

COST FACTORS: A cost per unit of resource; hence a value established on a
per unit basis which, when multiplied by the number of units or program
factor, yields the estimated cost.

COST MODEL: An ordered arrangement of data and equations that permits
translating physical resources into costs. A mathematical device used to
develop estimates and output formats for presentations. The model consists
of an input format to specify the problem; information, including both system
description data and estimating relationships; and an output format.

COST TRACKING: A process which collects and evaluates data in determining
the reasons for variances between successive cost estimates or between
planned or projected versus actual costs.

DEVELOPMENT AND VALIDATION COST: The cost of all engineering effort,
including theoretical studies and design, hardware, tooling, rig testing,
management and other supporting activities including LCC and ILS
considerations, to transform the results of conceptual studies into design
proposals suitable for full scale development.

ECONOMIC ANALYSIS: A systematic approach to the problem of choosing how to
employ scarce resources and an investigation of the full implications of
achieving a given objective in the most efficient and effective manner. The
determination of efficiency and effectiveness is implicit in the assessment
of the cost-effectiveness of alternative approaches.

EQUIPMENT: Refers collectively to an item, component, or subsystem procured
for installation in a system or to support a system.

EQUIPMENT DEPRECIATION: The notional loss of monetary value ascribed to
equipment dedicated to the system, by virtue of its age.

EQUIPMENT MAINTENANCE COST: Labor and material costs incurred in order to
maintain the equipment dedicated to the system in a serviceable condition.
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2.3 (Continued):

EVALUATION PROGRAM COST: The cost, if it occurs, of any system evaluation
program subsequent to development. The costs may arise either
intra/extramurally.

FACILITIES COST: The monetary value ascribed to buildings and equipment
dedicated to the system during the Investment phase following full scale
development which are associated with setting up a viable manufacturing
process capable of sustaining full scale manufacture.

FUEL, OIL, AND LUBRICATION (FOL): A1l ground running, testing and mission
fuel, o0il, and lubricants consumed by the fleet during the total 0&S phase of
a program.

FULL SCALE DEVELOPMENT: Al11 development work on the system subsequent to
basic research. It is the work required to bring a system through
development to evaluation. It includes design, analysis, development,
testing, and management.

INITIAL SPARES PROVISION: The spares purchased to enable start up of the
system covering up to two years of base operation for military and six months
for commercial operations.

INITIAL SUPPORT COST: The cost incurred by having the system supplier
provide maintenance coverage of the new system for a defined period after it
has become operational.

INITIAL TOOLING: The initial package of tooling (including software where
appropriate) to establish and maintain production of the system as required.

INITIAL TRAINING: The initial training in the new system for operators and
maintainers provided by the contractor.

INTEGRATED LOGISTIC SUPPORT (ILS): The management and technical process
through which supportability and logistic support considerations of
systems/equipment are integrated during the early phases of and throughout
the 1ife cycle of the program and all elements of legistic support are
planned, acquired, tested, and provided in a timely and cost-effective
manner.

LEARNING CURVE: The cost/quantity relationships for estimating costs of
equipment. Generally used to predict or describe the decrease in the cost of
a unit as the number of units produced increases.

LOGISTIC SUPPORT ANALYSIS: A structured process which includes actions to
define, analyze, and quantify logistic support requirements, and to influence
design for supportability, through system development.

MAINTAINABILITY: The ability of an item, under stated conditions of use, to
be retained in, or restored to, a state in which it can perform its required
functions, when maintenance is performed under stated conditions and using
prescribed procedures and resources.
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2.3 (Continued):

MAINTENANCE COST: The cost of all actions necessary for the retention of the
system in, or restoring it to, a serviceable condition. It includes the cost
of embodying modifications.

MEAN-TIME-BETWEEN-FAILURES (MTBF): For a particular interval, the total
functioning life of a population of an item divided by the total number of
failures within the population during the measurement interval. The
definition holds for a time, cycles, distance, events, or other measures of
life units.

OPERATING COST: The direct cost of any material, energy and labor necessary
for the operation of the system and any indirect costs attributable to them.

OVERHEAD COST: The summation of overhead cost attributable to the program
together with any unattributable fixed overheads.

OWNERSHIP COST: The sum of the 0&S costs and disposal of the system.

PARAMETRIC ESTIMATING: An estimate made by using an expression relating cost
to selected system parameters, performance requirements, or goals.

POST DESIGN SERVICES (PDS) COST: PDS cost applies to hardware and software
and is comprised of the cost of the upkeep and amendments to technical
documentation, defect investigations, the development and design of
modifications arising out of defects, the production of modification kits,
and where applicable, the cost of the supplier installing the modifications
in the field. Also included under this heading are the costs of any CIP
embarked upon.

PROCUREMENT COST: The total cost of providing a fully operational system and
its supporting facilities in the required quantities locations, but not
including RDT&E costs.

PRODUCTION COST: The total cost to the customer of buying the required
numbers of the system. It must also include, when applicable, the cost of
delivering the units from the contractor to the customer.

PRODUCTION INVESTMENT: The amount of investment necessary to enable the
production of the system.

REGRESSION ANALYSIS: A statistical technique for expressing functional
relationships between quantities that can be measured or observed, and
quantities that are to be predicted on a probabilistic basis.

RELIABILITY: The ability of an item to perform a required function under
stated conditions for a stated period of time.

REPLACEMENT COST: The cost of buying a substitute system to maintain a
required continuous capability when the primary source is unavailable.
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2.3 (Continued):

RISK: As used in cost-effectiveness analysis and operational research: the
product of the consequence of an outcome and its probability of occurrence.

SENSITIVITY ANALYSIS: Repetition of an analysis with different quantitative
values for cost or operational assumptions or estimates such as hit-kill
probabilities, activity rates, or research and development (R&D) costs, to
determine their effects for the purposes of comparison with the results of
basic analysis. If a small change in assumption results in a proportionate
or greater change in the results, then the results are said to be sensitive
to that assumption or parameter.

SIMULATION: The construction of a working mathematical or physical model
presenting similarity of properties or relationships with the natural or
technological system under study.

SUPPORTABILITY: The degree to which system design characteristics and
planned logistics resources, including manpower, meet system availability
requirements.

SUPPORT COST: The sum of nonrecurring and recurring costs attributed to the
ownership and operation of the system over its whole life.

NOTE: R&M have a strong influence on LCC; there exists a two-way
relationship with acquisition cost and a subsequent effect on the
support and unavailability costs.

SYSTEM: A composite of equipment, facilities, and services which make up an
entity. The complete system includes the prime and all support related
equipment, materials, facilities, and personnel required for obtaining,
operating, and maintaining the system.

SYSTEMS ENGINEERING: The application of scientific and engineering knowledge
to the planning, design, construction and evaluation of systems and
components. It includes the overall consideration of possible methods for
accomplishing a desired result, determination of technical specification,
identification and solution of interfaces between parts of the system,
development of coordinated test programs, assessment of data, ILS planning
and supervision of design work.

TARGET: Used in a contract to define the customer’s objective. It is
sometimes used as the basis for an incentive arrangement, is normally more
ambitious than a goal, but sometimes used interchangeably with "goal".

THEORETICAL STUDIES COST: The costs arising out of the execution of initial
theoretical studies related to a system project. -

TRADE-OFF (ANALYSIS): The determination of the optimum balance between
system characteristics (cost, schedule, performance, and supportabiiity).
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2.3 (Continued):

UNAVAILABILITY COST: The sum, over the 1ife of a system, of the cost
incurred providing replacement facilities to maintain the specified
requirement when the primary source is unavailable.

NOTE: This implies that the unavailability cost also includes the cost of
unscheduled maintenance work arising if either reliability,
maintainability or availability levels fail to meet the specification.
In addition, R&M have a strong influence on LCC; there exists a
two-way relationship with acquisition cost and a subsequent effect on
the support and unavailability costs.

UNCERTAINTY: A situation is uncertain if there is no objective basis for
assigning numerical probability weights to the different possible outcomes or
there is no way to describe the possible outcomes.

UNSCHEDULED SUPPORT COSTS: The cost of unscheduled maintenance work arising
because any or all of reliability, maintainability and availability fail to
meet the specification.

WORK BREAKDOWN STRUCTURE (WBS): A product-oriented family tree composed of
hardware, services, and data which result from the identification of
acquisition tasks during the development and production of a system or
equipment, and which completely describes the program or project. A WBS
displays and defines the product to be developed or produced and relates
elements of work to be done to each other and to the end product.

3. LCC:

This section defines LCC, discusses the major program phases in terms of
acquisition and ownership costs, and defines the intermediate phases. The
relationship between actual and predicted costs is discussed in connection
with the decreasing opportunity of cost reduction as the program matures.

Major cost profiles for different programs are compared to illustrate
pertinent economic variations, types of costs, and IAs that can ultimately
influence the decision.

Various estimating techniques are introduced and their suitability during
different program phases is discussed. An example of a CER is used to
illustrate the relationship between certain influencing factors. Sensitivity
and the need for consistency is discussed.
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3.1 Description:

LCC is defined as the sum of all monies expended, attributed directly and
indirectly to a defined system from its inception to its dissolution
encompassing the acquisition, ownership, and disposal phases of a program.
In addition, if the system being studied must maintain continuous capability
of performing a specified task, then LCC must also include expenditures which
arise because the primary provider of the capability is unavailable and a
replacement is required. However, for most comparative purposes it is only
necessary to identify those cost elements that are directly attributable to
the system or subsystem, or that differ between the options being compared.
In general, LCC issues need to be addressed initially during the conceptual
studies phase when a specific program requirement has been established.

3.2 Program Phases:

The elements of LCC are related to the principal program phases depicted in
Figure 1, and are broadly defined as follows:

a. Acquisition

(1) RDT&E
(2) Investment or procurement

b. Ownership

(1) 0&s
(2) Disposal or phase out

3.2.1 Definitions (see glossary):
a. Acquisition

(1) RDT&E: The sum of all contractor and government funded costs
required to bring a product’s development from inception to
production. They include engineering design, analysis,
development, test, evaluation, and management.

(2) Investment: The sum of contractor and government in-house costs
both nonrecurring and recurring, required to transform the results
of R&D into a fully deployed operational system, including elements
for production tooling and setup costs.

b. Ownership

(1) 0&S: The sum of all costs, including contractor support,
associated with the operation and maintenance of a system and
support equipment.

(2) Disposal: The sum of all contractor and government in-house costs
required to remove the system or equipment from the inventory, and
which may be offset by some residual value.
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FIGURE 1 - Phases of the Life Cycle

3.3 Analysis:

LCC information includes both actual and predicted costs spread over many
years. The timing and distribution of expenditure varies from program to
program. The commitment and expenditure profiles of a typical program are
shown in Figure 2. This illustrates the lag in the actual expenditure
profile in comparison to the level of commitment or influence which is
experienced during the phases of a program life cycle.

Note that as time elapses and decisions are put into practice, the scope for
alternative approaches is progressively eroded. In most cases, such erosion
takes place rapidly during the initial part of the development process. For
example, Figure 2 shows that although around 15% of the LCC may have been

spent, some 75% of the design decisions may be irrevocable and have the most

impact on the 0&S phases (Reference 1).
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