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1. PURPOSE: Aerospace Information Report (AIR) 1939 provides guidelines in lieu
of directives to achieve consistent Life Cycle Cost (LCC) analysis for
military aircraft engines.

AIR 1939 deals specifically with the direct Life Cycle Cost elements of
Aerospace Propulsion Systems. It is recognized that propulsion is normally
one part of a larger system, and that through its performance interaction
with this overall system, propulsion can often exert a greater influence on
system costs than are possible through changes in the direct propulsion
system cost elements. AIR 1939 is not directed at this performance
interaction issue. Instead, it provides a Life Cycle Cost approach which is
a stand-alone measure of propulsion system cost - but which can also serve as
a cost building block for broader system-oriented cost-benefit evaluations.

2. SCOPE: AIR 1939 addresses communication of LCC data between equipment
suppliers, aircraft engine producers, aircraft manufacturers, and users, as
illustrated in Figure 1. The LCC data categories addressed include:
research, development, test and evaluation ?RDT&E); acquisition (initial
procurement and investment); and operating and support (0&S) costs. While
input and output formats are suggested, calculation procedures and cost
methodology are specifically excluded since many LCC models preferred by the
industry are company sensitive or _proprietary (Figure 1). The relationship
of LCC input data to program phase is described. Ground rules and
assumptions are addressed. A glossary of LCC terms is provided. The LCC
impact of propulsion systems on other aircraft systems is considered.

This document was specifically developed for military propulsion system cost
analysis. However, it is believed that a functional relationship exists
between military and commercial Life Cycle Cost analysis and that with some
interpretation, sections of AIR 1939 might be applicable to commercial
propulsion systems as well. '

In summary, AIR 1939 provides a basis for LCC calculations, for monitoring of
LCC status resulting from trade studies, and for tracking status against LCC
goals in a consistent manner, thus permitting quantitative, comparable
assessment. AIR 1939 guidelines recommend that a Life Cycle Cost '
presentation include consideration of overall cost rather than a
sub-optimization of just one or a few cost elements.

3. BACKGROUND: Early program LCC analysis recognizes that as the engine design
evolves, its LCC becomes more fixed, as illustrated in Figure 2. Typical
trends of annual costs as a function of time and throughout the different
life cycle phases are shown in Figure 3.

The evolution of LCC estimation has resulted in many different approaches,
definitions, directives, and procedures. Consequently, a need has arisen to
achieve consistency in the exchange of LCC data without specifying methods to
calculate these costs. This AIR responds to this need for consistent format
and definitions for LCC inputs and outputs.
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3. (Continued):

In addition, the level of LCC detail has sometimes been inappropriately
applied. For example, a parametric model at an early phase of LCC might be
more appropriate than an accounting model, This AIR recognizes LCC data
‘detail consistent with the phase of "project development.

The preparation of this document, AIR 1939, used several SAE documents as
role models: _ _ '

Number Title

AIR 1812 Aerospace Information Report
: "Environmental Control -Systems Life Cycle Cost”

ARP 1587 Aerospace Recommended Practice
"Aircraft Gas Turbine Engine Monitoring System Guide"

AS 681 Aerospace Standard
"Gas Turbine Engine Steady State Performance Presentation for
Digital Computer Programs"

SP 478 Special Publication
"Aircraft Gas Turbine Engine Monitoring Systems"

4. DESCRIPTION: This AIR presents the following guidelines:

o Defines LCC terms including:
' - Nomenclature
- Input/Output parameters

o Provides ihbut/output compatibility as a function of:
- Project phase :
- Depth of analysis

o Describes responsibilities for:
- Equipment suppliers
- Engine producers
- Aircraft manufacturers
- System users

Life Cycle Costs and related 1ife cycle phases (development, acquisition,
operations and support) are shown in Figure 3. Life Cycle Cost practices
vary and t?erefore require coordination for consistent LCC data exchanges
(Section 5). ' _

5. PRACTICES: This AIR's dominant emphasis is to present an LCC guide for the
- consistent exchange of data for use in the achievement of affordable and cost
effective total systems and related RDT&E, acquisition and 0&S cost
elements. This guide serves as a basis for aircraft engine system LCC data

exchanges.
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5.1 Analysis: LCC analysis including Design-To-Cost (DTC) is conducted at
various levels of detail and data as shown in Figure 4, Analysis during
early program phases usually yields the least accurate LCC estimates. As
the program continues toward full scale production and deployment, LCC
estimates tend to become more accuraté as a function of detail data
certainty. Figure 5 shows how military funding phases are time related to
LCC phases. Combining information shown by Figures 4 and 5 allows
recognition of the importance for not overspecifying LCC parameters beyond
the probable capability of the suppiier community at any particular po1nt in
a program. .

5.1.1 Conceptual LCC Analysis: Aircraft engine parametric LCC analysis can
' begin during research or exploratory development program tasks. The goal

in these very early LCC phases is to determine the gross probable LCC to
establish a baseline around which initial engineering design'trade studies
can be exercised., While a potential large uncertainty in this type of LCC
estimate can be expected, such early LCC analysis helps configure an
engine design and identify areas having high cost drivers or program
elements very sensitive to LCC. This knowledge can be used to. structure
specific investigations or .studies during the Validation Phase. LCC
analysis is considered successful at this program phase if it contributes
to a preferred and proper selection of an engine type and probable optimum
thermodynamic cycle for a baseline aircraft/mission set.

5.1.2 Sensitivity Analysis: While perhaps of most value during early LCC Phases
when more or larger uncertainties exist in parameters associated with
major cost drivers, sensitivity analysis can provide valuable results

. throughout all LCC Phases. An understanding of the potential impact on
incremental LCC, whether from perturbations in challenging des1gn goals or
even possible sh1fts in utilization scenario, or variations in .
uncontrollable parameters such as fuel price, can be of value in both
decision making and contingency planning.

5.1.3 Validation LCC Analysis: Continuing LCC analysis during this phase leads
to narrowing the estimate uncertainty, thereby allowing more detailed
trade studies. More work on the engine cycle is possible. Attention may
begin to focus on planned support for the propulsion system. Life limits
might now be calculated and traded against material selections made in the
Conceptual Phase. Depending on the scope of the Validation Phase, LCC
estimates might transition from parametric to a summary bottom-up
analysis. This level of program progression allows setting more realistic
LCC goals. ' :

5.1.4 Full Scale Development LCC Analysis: Sufficient detail now exists, and
detailed plans are in place, so that a more refined RDT&E cost estimate
can be made. The effect of production rate variations on unit cost is a
key variable in the assessment of production cost due to the nature of the
competitive split buy. (Reference 29 and 30 in Section 10.4) Moreover, a
detailed bottom-up estimate can be generated for the engine portion of
production or acquisition at the engine component level. A better
understanding of the aircraft interface and intended operating scenario
allows the range of uncertainty for 0&S to be narrowed. Warranty
calculations can be initiated. In other words, the LCC estimate becomes
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5.1.4 (Continued):

useful to initiate detailed LCC cost reduction analyses from goals that
may already have been set. It should be indicated if past MQT, PV, or
CER; gegelopment costs (in-service development) are to be included or
excluded.

65.1.5 Production LCC Analysis: A major effect of the application of LCC
analysis during the production phase is unit engine cost reduction. Trade
studies center on reducing unit costs at no sacrifice to performance or
supportability. Another goal should be to hold LCC to a minimum even if
some unit cost savings cannot be realized. For example, a small savings
in production cost generally should not be made if a related maintenance
cost increase overwhelms the savings to the production change. It should
also be noted that detailed production lot size and timing allows learning
curve effects to be optimized so that the Towest average cumulative engine
costs can be realized.

5.,1.6 Operating and Support LCC Analysis: 0&S LCC analysis provides an
opportunity to use detail, bottom-up data to determine LCC cost drivers
that escaped previous trade studies. In particular, attention might be
focused on service revealed deficiencies which might result from actual
operations causing behavior different from that predicted or demonstrated
during development testing. For example, such a behavior variable might
be performance deterioration or another variable not anticipated during
FSD. In addition, repair or rework procedures might be reduced thereby
achieving further 0&S savings. Note that the overall LCC estimate becomes
morg credible since RDT&E and some portion of production are now sunk
costs.

5.1.7 Disposal LCC Analysis: Historically, LCC analysis has paid little
attention to disposal savings opportunities from a broad analytical
viewpoint., Aircraft systems, particularly military systems, pass from
active service to support roles to the boneyard. However, cost effective
phase outs can be planned using LCC analysis techniques. Inventory levels
should be monitored against timed usage so that scrap costs are minimum
when the system goes out of service. If a derivative propulsion system is
in service, a modification analysis could show LCC savings for the second
system. If the system being retired is to be in service for another
government, an LCC analysis might show a cost effective way to transfer
assets. In any event, LCC analysis techniques might lead to more cost
effective plan(s).

5.1.8 Risk Analysis: LCC estimates are subject to many kinds of uncertainty,
including those in the estimating procedure and those in the program being
estimated. It is desirable that single-point LCC estimates be accompanied
by descriptions of these two kinds of uncertainty, quantified where
possible.

Risk, a manifestation of uncertainty, is defined in different ways. Risk
can be defined as the interaction (arithmetic union) of the probability of
an event occurring and the consequence of that event (ultimately, that
consequence becomes a change in LCC). Note that risk can be favorable as
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5.1.8 (Continued):

well as unfavorable. A common measure of risk is the standard deviation
of the probability distribution of a performance measure. A risk profile
is the array of known possible events and the product of their
consequences and probabilities of occurrence. If this array could be
constructed such that the events are mutually exclusive, then binominal
probability analysis would provide the overall expected value and standard
deviation of total program risk. Otherwise, a more complex Monte Carlo
simulation might be required to evaluate overall risk.

5.2 Time Value of Money: Since moneys can be invested and thereby grow with
time, economic studies customarily discount future dollar flows to reflect
this time-value-of-money concept. Within the Government, a wide range of
options is allowed for addressing this issue in Army, Navy and Air Force
programs. Where specific Government direction is given in this regard,
Propulsion System Life Cycle Cost Analysis should be done accordingly. In
the absence of such direction, consideration should be given to employing a
suitable discount rate in evaluating Propulsion System Life Cycle Cost
tradeoffs. -

Selection of a discount rate is very important and requires considerable
judgment. Two important issues in this selection involve:

o Using a baseline interest rate versus using one which includes an
allowance for inflation.

o Using a discount rate which reflects the Government's direct cost of

borrowing money versus selecting an interest rate-of-return which
reflects average return in the private sector of the national economy

(e.g., Government borrowings considered as a Tost opportunity for
investment in the private sector).

Of upmost importance is clearly identifying the ground rules selected and
insuring that they are consistently applied throughout a study. The rate of
discounting directly influences the weighting of cost elements within each
phase of LCC. Its inclusion in the LCC process might, therefore, affect the
outcome of a decision involving the selection of a preferred design option
based on a comparison of total discounted Life Cycle Cost.

5.3 Study Types: Subsequent subsections briefly define and describe four
undamental study types as illustrated in the matrix chart of Figure 6 where
the Engine System and Airframe System can be either fixed or variable.
Typical relationships of these study types to LCC Phases and relative impact
on items of LCC emphasis are presented in Figure 7.
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5.3.1 Engine Studies: LCC analyses focused on Engine Studies are based on a -
variable engine and fixed airframe scenario.” The engine size and/or cycle
are key variables. Since the airframe is fixed, no significant airframe
cost changes are involved. Such studies may be conducted at any depth.
Although any model can be used, it must be consistent with the LCC phase
of the specific program (paragraphs 5.1.1-5.1.8). The latter can be and
often are different for the airframe and engine.

5.3.2 Engine/System Studies: This type of LCC analysis involves a variable
airframe as well as a variable engine. In contrast to Section 5.3.1, the
airframe is a key variable; and consequently, the engine manufacturer
needs airframe data and vice versa. A1l the ingredients of Section 5.3.1
apply; but in addition, airframe costs are included.

5.3.3 System Studies: This type of LCC analysis applies to variable airframe
and fixed engine situations. Since the engine is fixed, there is no
effect on engine cycle or engine size. Because airframe variations can
impact engine usage, severity effects can be important considerations,

The ingredients of paragraph 5.3.1 again apply; in addition, however, the
engine and airframe costs (often from probably different phases) are added
together.

5.3.4 Ground Rule Studies: In this situation, both the airframe and engine are
fixed, but the scenario is variable. Typically, the impact of changes in
the maintenance concept, mission details, delivery schedule, economics,
etc. are evaluated. Choice of such specific variables and their allowed
variability impact should be consistent with the LCC phase. As in
paragraph 5.3.3, engine and airframe costs are added as appropriate.

5.4 Projecting/Tracking: LCC tracking projections are used for cost control by
design engineers, program managers, financial analysts and many others.

Design engineers use LCC as a technical parameter for improving the engine
system. That is, LCC is established as a technical parameter in the same
sense and for the same purpose as performance parameters.

Program managers use LCC tracking projections for program cost control.
Similarly, financial analysts use LCC tracking projections for contract cost
~control.

Five elements of LCC tracking projections are (Figure 8):

initial baseline

- previous projections
current status
future projections
goal or target

1

The initial baseline LCC is the Initial Projection, sometimes called a
calibration, of the total cost of an engine program from start to finish.
The current status LCC is the Current Projection or most recent calibration
of the total cost of an engine program from start to finish. The goal or
target LCC is the projected cost of the engine program that has been

~ established as an achievement objective for engine program participants.
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5.4 (Continued):

As the engine program proceeds, improvement changes usually are incorporated
into the engine design and its program elements to reduce cost. The results
are additional LCC projections generally (but not always) lower than the
initial projection.

LCC tracking projections that have been estimated for time periods prior to
the current status LCC are Previous Projections. Similarly, LCC tracking
projections that are being estimated for time periods beyond the current
status LCC are Future Projections, as shown by Figure 8,

LCC tracking projections are either or both of the following cost and cost
related data approaches: '

- absolute
- relative

Absolute data has not had a quantity muitiplied, divided, subtracted, or
added to it. Absolute data presents numerical values independent of a
paseline,

Relative data has had a quantity multiplied, divided, subtracted, or added
to it. Relative data presents numerical values dependent upon another value
or values (e.g., net change from an established baseline).

For clarity and improved tracking projections, Life Cycle Costs can be
separated as illustrated in Figure 9 (for a scenario different from that .
depicted in Figure 8). Using this approach to LCC tracking projections,
both cost and cost-related actual and updated projections can be better
presented and controlled. . _

Some variants to the above recommended guidelines for LCC tracking
projections are practiced by industry and government. - Specifically, the
claimed baseline LCC might not be the Initial Projection. For example,
sometimes the claimed baseline is the Current Status Projection. At other
times the claimed baseline is the Goal or Target LCC. For this and other
areas of LCC data presentation, both users and suppliers of LCC data should

coordinate and mutually agree upon consistent LCC data presentation
guidelines.

Breakouts of Life Cycle Cost tracking projections to several higher and
lower indenture levels can be helpful to-both LCC data presentation users
and suppliers. When tracking projections of engine LCC, the engine's
ongoing credit and debit impacts on total system LCC (e.g., aircraft/fleet)
should be reported. This should be coordinated and mutually agreed upon in
advance by LCC data presentation users and suppliers.
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5.4 (Continued):

Improvement experience curves, also called learning curves, are frequently
applied for tracking projections of cost and cost related LCC parameters.
Many different learning curves of the form y=AX-B are in use by industry and
government. Plotted data can be a straight Tine on log-log paper depending
on whether the data are cumulative average or per unit data (Figure 10).
Users and suppliers of LCC data should clearly indicate which data tracking
projections are being presented, e.g., cumulative average or per unit.
Historical data actuals should be used as a basis to substantiate and/or
verify LCC tracking projections.

5.5 Caution: Program managers, financial analysts, design engineers and other
technical specialists should be aware of erroneous conclusions resulting
from inappropriate input and/or inappropriate comparisons with historical
results, in spite of adequate LCC effort and valid LCC output.

For example, a new engine program managed "business not as usual" with novel
engine design features might not follow historical trends. LCC analyses
intended for engineering design activity might be inappropriate (without
additional coordination and costing) for financial budget activity (see
Figures 11 and 12).

5.5.1 Engine Fleet Size LCC Impact: The smaller the engine fleet size the more
dominant is the engine development cost. Conversely, the larger the
engine fleet size the more dominant is the engine acquisition, maintenance
and fuel cost. With only engine fleet size as a variable, a typical trend
of impact on LCC percentage allocations is shown for a 50-50,000 unit
range of engine fleet size (Figure 11).

5.5.2 Engine Program Life LCC Impact: The shorter the engine program life the
more dominant is the engine development and acquisition cost. Conversely,
the longer the engine program 1ife the more dominant is the engine
maintenance and fuel cost. With only engine program 1ife as a variable, a
typical trend of impact on LCC percentage allocations is shown for a 1-45
year range of engine program 1ife (Figure 12).

5.6 Coordination and Responsibility Requirements: As was indicated in Figure 1,
LCC involves several different participants. Consequently, a
well-coordinated LCC effort is important. Furthemore, many of the LCC
functions addressed in this AIR can be accomplished by more than one of
these participants. To reduce duplication and improve productivity, a
thorough delineation of these responsibilities should be made and understood
by the LCC participants. For example, the amount of input/output detail can
vary with program phase and funding.
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