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Management Summary
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The Life Cycle Cost Guide for Major Weapon Systems is a standardized
and automated Life Cycle Cost methodology used in the Life Cycle Cost Analysis ;
of major weapon systems procured for the Navy. i

] o7

The total Life Cycle Cost is divided into {ive major cost elements: |
Research & Development, Investment, Operating & Support, Associated Systems, ;
and Termination Costs. These cost elements are divided into 98 sub cost ;
elements, 77 of which comprise the basic equations. The basic equations
are further defined by 109 cost factors.

[}
———
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A Each equation is identified as belonging to a cost category i.e.,

ffj Contracted Research, Management, Testing, Prime Equipment, Training, Supply
' ’ Support, Technical Data, Support Equipment, Operation, or Maintenance,
and a funding type i.e.; Research & Development, Procurement, Construction,
= Operation & Maintenance, Military Personnel, or Other. The costs can be
adjusted to reflect the time value of money.

The program provides 12 reports at different depths of detail and with
, various types of information. These reports are grouped into two basic
", . categories:

, A. Input Data Reports present the input data and the information
i built in the program in five formats to provide the basic information
about the cost model, the cost factor description, values, and general
— remarks about the project.

These reports are:

: Equations
- 2. Remarks
— 3. Dictiocnary

? 4, Variable Values

N Cost Adjustment Factors

. Output Reports present the calculated values of the Life Cycle
B Cost in eight formats. These reports are:

— 1. Summary Accession For ;
i 2., Funding by Cost Category NTIS Ghi&l N
-e 3. Cost Breakdown by Year DDC TAB L
4. Cost Breakdown Totals Unannounced B 1
o=t 5. General Funding Justification i
b 6. Annual cost by Funding Type FoRm 3SD = :
7. Annual Cost by Cost Category By f g
TT 8. Sensitivity Analysis Distributions j i
- l—Availability Codes ,

hvalland/or
Dist special

. v | ‘/? 3
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The computer program developed for the Life Cycle Cost Major Weapon

b System Model is designed to provide the analyst the flexibility to modify
the standard Life Cycle Cost model to his specific project needs. The
procedures are user-oriented and do not require any computer program changes.
Using this technique, the analyst can redefine the entire cost structure.
This special programming technique provides the user a program readily
available to be adopted to various types of cost models.
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I. Introducticn

A+ Purpose

o ——~.

This document provides guidance for preparing life cycle cost estimates of
major weapon systems. It provides a framework for objective comparison of
research and development, investment, and operating and support costs of
program, design or support alternatives, using consistent pethodologies and
terminology. A suggested cost breakdown structure (CBS) is presented, a
general methodology for life cycle cost-estimating is described, and a descrip-~
tion of the FLEX computer program used to facilitate the computations is
provided.

The guidance presented herein is intended to aid in achieving a counsistent
framework for estimating life cycle costs of major weapon systems. The

material contained in this document should be considered a guide - an update

of the Naval Material Command Life Cycle Cost Gu%g%tfor Major Weapons Systems
orignially published 1 January 1977 - not a rigid specification for Life Cycle
Cost analyeis.
B. Applicability

The guidance provided in this report applies to both aircraft and ship
systems. The CBS is generally applicable to any cost analysis performed on
these weapon systems during the acquisition process, including cost effective-
ness and trade-off studies.

The guidance presented herein is directed toward estimating costs that are
variable with respect to acquisition program decisions; hence, the estimates
are not the same as total program or budget costs, and contain only part of

the information necesssary for budget impact analysis. An analyst may deem it
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necessary to alter the CBS and methodology presented as warranted by the

purpose or time frame of the cost analysis.
C. Overview

Section II recommends a CBS to be used in the life cycle cost analysis of
major weapon systems. Designed to have multi-system tyves applicability, the
CBS attempts to capture all relevant costs associated with the development,
acquisition, ownership, and disposal of the weapon system. Section III
presents ;he general methodology for performing a major weapon system life
cycle cost analysis, describing each of the cost elements, and expressing
these cost elements with mathematical formulas. Section IV reinforces the
fact that the CBS and cost-escimating technique should be flexible, adjusting
to the purposes and needs for the cost analysis. Illustrated are examples of
analyses requiring that the CBS and costing methodology be tailored for
specific issues.

Section V discusses the FLEX computer model. Data requirements, model

operation, and output results are described.
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II. Cost Breakdown Structure

A. Introduction

A cost breakdown structure (CBS) is an ordered listing of the relevant
cost elements attributable to a major weapon system during its life cycle.
The purpose for the CBS is twofold: 1) promote consistency in the computa-
tion and display of costs, and 2) provide a check list to assure that all
pertinent costs are included and without duplication in the analysis.

The QBS for major weapon systems 1s shown in Table 1. Definitions are
given 1in Section III. The total life cycle cost is divided into five major
cost elements; Research and Development, Investment, Operating and Support,
Associated Systems, and Termiﬁation costs. These cost elements are then
divided into 99 sub-cost elements, 77 of which comprise the basic equations
which quantify the major cost elements

B. Significant Cost Elements

Not all cost elements require or deserve the same attention when develop-
ing cost estimatés for a new weapon system. The greatest analytic effort
should be devoted to those accounting for a substantial part of the total life
cycle cost, which can be affected by acquisition program decisions or assist
in distinquishing between alternatives. In Research & Development category,
the elements normally deserving the greatest attentiom are:

1.212 (Engineering), 1.214 (Software), 1.216 (Documentation), and 1.223
(System Test and Evaluation). In the Investment category, the significant
cost elements are normally : 2.11 (Production Hardware), 2.12 (Peculiar

Support Equipment), 2.19 (Initial Spares and Repair Parts), 2.21 (GFE/GFM),

2.271 (Operational Sites), and 2.272 (Maintenance Facilities). 1In the Operat-
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ing & Support category, the predominate cost elements are normally: 3.11
(Crew), 3.13 (Material), 3.2 (IMA), 3.4 (Depot Maintenance), and 3.8 (Sustain-
ing Investments). 1In the Associated Systems category, the significant cost
element is 4.1 (Investment).

Other cost elements not pertinent to distinguishing between alternatives
can usually be addressed in a straight forward manner with planning factors.
For example, cost element 2.25 (Project Management) is included in the struc-
ture to provide an appreciation of the full variable investment costs of
acquiring the major weapon system. However, the magnitude of this cost
element is usually more a function of the Navy Department’s organizational
structure than a function of the major weapon system characteristics. For
the non-significant cost elements, planning factors should be used, unless
alternatives need to be compared in greater detail.

C. Cost Estimate Levels

The cost elements delineated 1in the CBS introduce a choice whether the
cost estimate should be for a single weapon system, a deployable unit, or the
total fleet. In most cases, the choice will be the total fleet. Decisions
on affordability or budget impact require visibility of total fleet costé,
time-phased over the expected life of the weapon system. The cost methodology
presented in BSection III réflec;s estimates made at the total fleet level.

Another choice introduced by the CBS is at what hardware indenture level
cost estimates should be made. The costs attributable to a weapon system may
be incurred by the total weapon system, subsystems, or components. To provide

guidance in this area, the weapon system i{s divided into five generic subsys-

tems: Structure, Electronics, Propulsion, Armament, and Ochei!\



Table 2 provides guidance for selecting the appropriate hardware indenture
level costs are normally incurred at. The subsystem level represents cost
estimates made at the subsystem level or cost estimates made at the component
level and aggregated into the subsystem level. The actual selection of the
appropriate levels should be based on the status of system design and purposes
for the cost analysis.

Table 3 is an aid for cor£elating the Level 3 items for both the air

vehicle and ship delineated in Military Standard Work Breakdown Structurec for

Defense Material Items 881A dated 25 April 1975 to the five generic subsystems

suggested in this report.
D. Omitted Costs
The CBS identifies all variable costs associated with the proposed weapon

system relevant to the decision process. Consequently, some costs are ex-
cluded.

1. Base-Fixed Costs

This category includes costs of persomnnel and material primarily dependent
on the existence of the base. These costs typically include:
- Maintenance and protection of base facilities, such
as buildings, road construction and repair, police
and fire protection, trash and sewage disposal and
utility services
- Maintenance of base living conditions (commissaries,
exchanges, religious activities, and sports and
entertainment facilities)

- Supervision of the above activities

2. Central Support Overhead

The cost of headquarters organizations that provide administrative guid-

ance and oversee the operation of maintenance depots, supply depots, end

1}
2
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training activities. These headquarters include, for example the Naval
Material Command and subordinate Systems Commands.

3. Command Structure Overhead

The costs of operational headquarters/commands and staffs above the Air
Wing or ship level. Collectively, headquarters directly supervise the opera-

tion of the Air Wings or ships and provide overall policy formulation and

administration.

4. Selected Non-Service Appropriated Funds

The cost of programs, such as family housing, not directly identifiable

with a specific Navy appropriation.




III. Cost Methodology

A. Introduction

Section III presents a general methodology for estimating the life cycle
cost of a majocr weapon system. The costing methodology presented predomin-
ately uses deterministic cost estimating techniques. The purpose for using
this technique is to provide visibility to the reader as to what costs are
considered relevant to each coét eiement. In general, the context of the
problem and cost analysis considerations determine the estimating technique.
Context includes the phase of the acquisition program, the desisions to be
made, and the accuracy and resolution required in the estimate. The cost

analysis considerations are the resources available for the task: time, data,

‘methodology and manpower.

B. Definitions And Formulas

Definitions and mathematical expressions for the cost elements contained
in the CBS are provided on the following pages. Descriptions of the cost
factors which comprise the equations are also provided.

Although not absolutely necessary, cost equations are shown for the cost
elements having lower indentured cost elements below them; a cost element with
cost elements below it is equal to the sum of the costs of the cost elements
below it. For example, cost element 1.223 (System Test and Evaluation) is the
sum of the following cost elements:

1.2231 (Test Personnel and T?aining), 1.2232 (Test Spares), 1.2233 (Test AGE/
GSE/TE), and 1.2234 (Test Facilities). Another example is cost element 1.22
(Government) equal to the sum of 1.221 (Project Management), 1.222 (Systems
Engineering), 1.223 (System Test and Evaluation), and 1.224 (Foreign Military

Sales Benefit.

11
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C. Time Value of Money . -

Each of the cost elements that do not have lower indentured cost ele-
ments are estimated by year in constant budget~year dollars of the fiscal year
following the calendar year of the cost estimate. These costs are then
adjusted by the time value of money theory.

To adjust for the time value of money, two basic categories of adjustment
factors are used. The first category of adjustment factors coverts a future
expenditure, from the base year (reference year from which costs occurring
in other years are adjusted) dollar value, to the dollar value at the future
year. The expression used to derive this factor is given by

(1+1R)"
where,

IR is the average inflation rate
n is the number of years after the base year

The second cagetory of adjustment factors converts the dollar value at the
future year into the present value of the base year. Tpe present valye
dollars represent the amount of money the Goverument must put into a profit or
interest generating account at the time of the base year in order to have
the future dollars available for expenditure occuring at the end of "n" years.
The expression used to derive this factor is given by

=

1 + DR
where

DR is the average discount rate.

The two categories of adjustment factors, as presented above, assume that

the future expenditure occurs at the end of "n" years. In reality, however,

12
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the cost 1is usually incurred throughout the year. Therefore, in accordance

with SECNAVINST 7000.14B, an arithmetic mean (averaée) adjustment factor

equation is developed. The annual adjustment factor is equal to

[P R S VRS VPRI

[[1 + L o m] “] :
LLl + DRJ L :

M
1
*

13

Ho—‘&—-—d




+ e

P

1. Research and Development Costs

Definition:

Research and development costs refer to all costs associated
with the research, development, test and evaluation of the system/
equipment. Specifically, this covers all costs during the validation
and full scale development phase of the program. This category includes
costs for engineering design, develcpment, fabrication, assembly and test
of engineering prototype models; initial system evaluation; and associ-
ated documentation. The costs incurred in this category terminate with
the satisfactory completion of the Initial Operational Test and
Evaluation and Government's approval for Service use.

Cost Formula:
RD = VC + FSD
where:
RD = Research and development costs. ($)

Ve

Validation costs. ($)

FSD = Full scale development costs. ($)

15
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1.1 Validation Costs

Definition

This subcategory refers to all costs associated with the efforts
categorized as "Validation.” These efforts include validation of the
selected *technical approach and costs, performance predictions, schedules
and military requirements being made.

Cost Formula:

P L

: VC = CV + GV
where:
VC = Validation costs. ($)
] CV = Contractor validation cost. ($)
GV = Government validation cost. ($)

S
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1.11 Contractor Validation Cost

Definition:

This element includes that portion of the validation cost
incurred by private business while under contract with the Government.

Cost Formula:

Y
cv = ) ADC(I)
I=1
where:
CV = Comtractor validation cost. ($)

ADC(I) = Contractor payments paid by the Govermnment to contractors
for the major weapon system validation effor+ during year I. ($/yr)

I

Designator for a specific project year.

Y = Humber of years in life cycle. (yrs)

17




1.12 Government Validation Cost

Definition:

This element includes that portion of the validation cost
incurred by the Government.

Cost Formula:

Y
GV=IX ADG(I)
=1
where:
GV = Government validation cost. ($)

ADG(I) = Government expenditures during year I for the major
weapon system validation effort. ($/yr) '

I

Designator for a specific project year.

Y = Number of years in life cyele. (yrs)




1.2 Full Scale Development Costs

'; . Definition:

‘ This subcategory refers to all costs associated with the

l - efforts categorized as "Engineering Cevelopment" within the Department
. of the Navy. Engineering developments are those development programs

‘ being engineered for Service use, but which have not yet been approved

for procurement or cperation.

Cost Formula:

FSD = CFS + GFS

) where:

» FSD = Full scale development costs. ($)
CFS = Contractor full scale development costs. ($)
GFS =

Government full scale development costs. (3)

19
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1.21 Contractor Full Scale Development Costs

Definition:

The costs included in this subcategory shall be limited to
the contractual full scale development costs. These include:

1.2101 Progrem Management

1.2102 Engineering

1.2103 Prototype Hardware : o
1.2104 Software

1.2105 Integration and Test

1.2106 Documentation

In addition, the overhead cost of general and administrative
expenses and contract fee shall be included. |

Cost Formula:

CFS = CM + CE + PH + CS + CIL + CD )
where: , i
Loy
CFS = Contractor full scale development costs. ($) o f

CM = Contractor full scale development program management cost. (3) i

CE = Contractor engineering cost. ($)
PH = Contractor prototype hardware cost. ($) B
CS = Contractor software development cost. (§)

CI

Contractor integration and test cost. ($) -

CD = Contractor full scale development documentation ccst, ($)

20




1.211  Program Management Cost

Definition:

This element refers =0 the *echnical and adminiswrazive
planning, organizing, direc*ing, coordinating, zontrolling and acproval
actions designed to accomplish overall program cbjectives during
the full scale development phase of *he equipment 1ife crz2ie. Examples
of these activities are Eonfiguration manazement, cost/schedule
management, data assurance and integrated logistics support managemen©.

Cost Formula:

: y
CM = Y DCPM(I)
=1

where:

- M
cost. ($)

Contractor full scale development programr managemens

DCPM(I) = Contractor payments paid by the Gogertment
contractcrs for program management during year I for the full sca
development effort. ($/yr)

+
O

1

-

e

) i

#

Designator for a specific project year. .

Y

Number of years in life cycle. (yrs)




1.212 Engineering Cost

Definition:

This element refers to all engineering efforts associated wi<h
the system/equipment design and development. Specifically, this includes
the cost of systems engineering and integration, design engineering
(electrical, mechanical, drafting, etc.), design support (reliabilitiy,
maintaingbility, human factors engineering ard safety, value engineering,
microelectronics), and the redesign or formulation of engineering charges.
It includes the cost of direct labor, meterials, overhead and other direc:
costs which must be incurred during the engineering process.

Cost Formula:

Y .
CE = ) DCE(I)
I=1
where:
CE = Contractor engineering cost (§)

DCE(I) = Contractor payments paid by the Government to contractors
for engineering during year I for the full scale development effort. (3/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)




[R—— e

1.213 Prototype Hardware Cost

Definition:

This element refers to the fabrication and assembly of full
scale development prototype models in support of the engineering design
activity. Specifically, this includes the cost of direct labor, materials
and overhead associated with material procurement and handling in support
of manufacturing, fabrication, assembly, system integration, and checkout.

Gost Formula:
Y
PH = IZ DCH(I)
=] -

- where:
PH = Contractor prototype hardware cost. ($)
DCH(I) = Contractor payments paid by the Government to

contractors for prototype hardware during year I for the full scale
development effort. ($/yr)

I = Designator for a specific project year.

Y

Number of years in life cycle. (yrs)
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1.214 Software Cost A i
Definition: ?

This element refers to the effort associated with the develop-
ment of computer software. Cost of computer time is also contained herein.

Cost Formula: ? 
X "
¢cs = ,, Des(r)y - . ;L
I=1 ' -
where:

cs

Contractor software development cost. ($)

DCS(I) = Contractor payments paid by the Government to contractors
for development of software during year I for the full scale development
effort. ($/yr)

‘ .
—— s

i i
e

I = Designator for a specific project year,

Y = Number of years in life cycle. (yrs)

L.
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1.215 Integration and Test Cost

Definition:

This element includes the cost of integrating the subsystems
into a complete weapon system. It also includes that portion of the test
cost incurred by private business while under contract with the Government.
Test cost refers to those costs which are incurred in support of the Govern-
ment testing (TECK/OPEVAL), during the full scale development phase of
the equipment life cycle.

Cost Formula:

Y
CI = ) DCTE(I)
I=1
" where:
CI = Contractor integration and test cost. (3)

DCTE(I) = Contractor payments paid by the Government to
contractors for integrating and testing the weapon system during year I
for the full scale development effort. ($/yr)

I

Designator for a specific project year.

Y

Number of years in life cycle. (yrs)
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E 1.216 Documentation Cost -'}

5y

Definition:

The documentation element refers to all deliverable data
= acquired during Full Scale Development. The cost includes the effort
for acquiring, writing, assembling, reformatting, production, packaging "-
and shipping the following: (

a, Engineering Data - Engineering drawings, associlated —
lists, specifications, and other documentation required by the Gov- )
ernment., Additionally, all plans, procedures, reports and documenta-~
tion pertaining to systems, subsystems, component engineering, and
testing. : T

: b. Support Data - Data items required by the Government
to develop and acquire the Support System. This includes maintenance -
data, provisioning data and lists, support and test equipment data l
and lists, logistics support plans and progress reports, technical
publications requirements data, training plan data and transportation B
and handling data, etc.. ' {

¢. Management Data - Data items necessary for configuration
management, cost, schedule, contractual data management, programs |
management, etc,, required by Government. J

Cost Formula

Y
cD = Y pcD(I)
=1 : . |
;
where:
' CD = Contractor full scale development documentation cost, ($) ) J

DCD(I) = Contractor payments paid by the Govermnment io
contractors for documentation during year I for the full scale J
development effort. ($/yr) -

I

Designator .for a specific project year. (
J
Y

Number of years in life cycle. (yrs)




1.22 Government Full Scale Development Costs

Definition:
The costs included in this subcategory include:
1.22CL Project Management
1.2202 Systems Engineering
1.2203 System Test and Evaluation
1.2204 Foreign Military Sales Benefit
Cost Formula:
GFS = PM + SE + STE + FMS

where:

GFS = Government full scale development costs. ($)

( PM = Government full scale development project management
cost. ($)

SE = Government systems engineering cost. (3)

STE = Govermment full scale development system test and
evaluation costs. ($)

FMS = Foreign military sales benefit. ($)
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1.221 Project Management Cost

Definition:

This element refers to the technical and administrative
planning, organizing, directing, coordinating, controlling, and approval
actions designed to accomplish overall program objectives during the -
full scale development phase of the equipment life cycle. Examples ¢
of these activities are configuration management, cost/schedule manage~
ment, data assurance and integrated logistics support management.

. e

Cost Formula:

N

Y .
PM = ) DGPM(I)
11 :

where: 'h( b

MM = Government full scale development project management 1
cost, ($) . ’ !

DGPM(I) = Government expenditures during year I for project
management for the full scale development effort, ($/yr)

e

I

Designator for a specific project year.

Y = Number of years in life cycle. (yrs) l

v
[—
PP
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1.222 Systems Engineering Cost

Definition:

The systems engineering element refers to the technical and
management efforts of directing and controlling a totally integrated
engineering effort of a system program. This element encompasses the
system engineering effort to define the system and the integrated plan-
ning and control of the technical program efforts of design engineering,
logistics engineering, specialty engineering, production engineering,
and integrated test planning. This element includes but is not limited
to: the system engineering effort to transform an operational need or
statement of deficiency into a description of system requirements and
a perferred system configuration; the logistics engineering effort to
define, optimize and Integrate the logistics support considerations
into the mainstream engineering effort to insure the development and
production of a supportable and cost effective weapon system; and the
technical planning and control effort for planning, monitoring,
measuring, evaluating, directing and replanning the management of the
technical program. t excludes the actual design engineering, and
production engineering directly reiated to the products cr services
of a deliverable end item., Examples of system engineering efforts

-include:

a. OSystem definition, overall system design, design
integrity analysis, system coptimization, system/cos®t effectiveness
analysis, and intrasystem and intersystem compatibility assurance, etec,,
the integration and balancing of reliability, maintainability, pro-
ducibility, safety, and survivability; human factors, personnel and
training program requirements, security requirements, configuration
identification and control, quality assurance program, value engineering,
preparation of equipment and component performance specifications,
design of test and demonstration plans;

b. Support synthesis, design impact projections, life
eycle cost factors, time factors, tradecff analysis, logistics design
appraisal, use studies, suppert func+tion requirements identification,
repair level determination, task analysis, standardization review,
logistics requirements identification, logistics support verification,
and the preparation and updating of the logistics support plan, the
maintenance plan, facilities planning (operational and maintenance),
the transportation and handling plan, etc., and:

¢. Preparation of the Systems Engineering Management Plan
(SEMP), specifization tree, program risk analysis, system test planning,
decision control process, technical performance measurement, technical
reviews, subcontractor/vendor reviews, work authorization, technical
documentation control, ete.




Cost Formula:

: Y
; SE = © DCSE(I)
E I=1
where:
SE = Government systems engineering cost. ($)

DCSE(I) = Government expenditures during year I for systems
engineering for the full scele development effort., ($/yr)

I

Designator for a specific project year.
Y

Number of years in life cycle. (yrs)




1,223 System Test and Evaluation Costs

Definition:

System test and evaluation costs refer to those costs which
are incurred with the Navy for testing and evaluation (TECH/OPEVAL)
of the prototype system during the full scale development phase. The
costs included in this subcategory include:

1.22031 Test Personnel and Training

1.22032 Test Spares

1.22033 Test AGE/GSE/TE
- 1.22034 Test Faciiities

Cost Formula:

STE = TP + 7S - TE + TF

where:

ol 25 AP

STE = Government full scale development system %est and
evaluation costs. (§)

TP = Government test personnel and training sost. (3)

TS = Government %“est spares cost. ($)
TE = Government test equipment costs. (3)
TF = Government test facilities cost. (3)

v kmste s ke



1.2231 Test Personnel and Training Cost

Definition:

This element refers to Government expenditures necessary to
insure that trained persocnnel are available to conduct tests and evaluate
the prototype during full scale development. It includes tha pay %
allowance and travel expenses, the course fees and training facilities
provided by the Government.

Cost Formula:

Y
TP = . DGIT(I)
=1
- where:
TP = Government test personnel and training cost. ($)

DGTT(I) = Government expenditures during year I for tes:

personnel and training ¢ost for the full scale development effort. ($/yr)

I

Designator for a specific project year.

Y

Number of years in life cycle. (yrs)
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‘| 1.2232 Test Spares Cost

Definition:

This element refers to the spare equipments, modules, sub-
.- assemblies and components used for maintenance replacement purposes in
end items of the prototype equipment. Its purpose is to provide the
necessary items to insure operation of the prototype system during
L the test and evaluation period.

Cost Formula:

- Y
TS

" opers(I)
I=1

where:

o TS = Government test spares cost. ($)

DCTS(I) = Govermment expenditures during year I for test
spares for the full scale development effort. (3/yr)

I

#

Designator for a specific project year.

. Y = Number of years in life cycle. (yrs)
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1.,2233  Test AGE/GSE/TE Cost

Definition:

This element is for the costs of Aerospace Ground Equipment
(AGE), Ground Support Equipment (GSE), and Test Equipment (TE) used for
testing and evaluation of the prototype system during the full scale
development phase.

Cost Formula:

Y ' : Do

TE = 3. DCT(I)

I=1 i :

‘, .

where: : L
TE = Goverrment test equipment costs. (3) z

-

DCT(I) = Government expenditures during year I for AGE/GSE/TE
used in support of the Test & Evaluation program during the full scale
development phase. (3$/yr) }

I

Designator for a specific project year.

Y

Number of years in life cycle. (yrs)




|
A
;
!

1.2234  Test Facilities Cost

Definition:

This element refers to Government costs for test site
activation/deactivation during full scale development Test & Evaluation
program in year I. This refers to the costs for test site modificaticn,
transportation and installation of the prototiype models at the test
site, test site operation, restoration and facilities leased or
government facilities used during Test & Evaluation program.

Cost Formula:

Y
TF = ) DGTA(I)
I=1
where:
TF = Government test facilities cost. (§)

DGTA(I) = Government costs for test site activation/deactivation

"~ during full scale development Test & Evaluation program in year I. ($/yr)

I

Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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' 1.244  Foreign Military Sales 3enefit

Definition:

This element refers to the cost benefits realized by the Government
due to the sale of previously developed weapon systems to foreign countries.
; Moneys received from these sales may be used by the Government to help defray
i the R&D cost of the major weapon system under analysis.

Cost benefits may be realized by the foreign military sales =f <he

weapon system under analysis during the production phase. This iIs :aused

by the lower unit production costs achieved by the manufacturing of larger
quantities.

Cost Formula:

k FMS = Igl ™M(I)

where:
FMS = Foreign military sales benefit. ($)

PM(I)} = Moneys received by the Government from the foreign
military sales of previously developed weapon systems, to defray the R&D
cost of the major weapon system.

I

Qesignator for a specific project year.

Y

Number of years in life cycle. (yrs)
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2. Investment Costs

Definition:
' Investment costs refer to all costs associated with the production
! . of system/equipments. This catego:” includes costs for management; ma-

terials, farication, assembly, and test of the production units; initial

logistics support requirements (e.g., spare provisioning, support equipment ¥
and tools, technical publications, initial training, facility construction, 4
etc. ) and installation and checkout of the system/equipment for operational i
use. The costs incurred in this category terminate with the satisfactory -

turnover of an operationally usable system to the using command or

L organization. :

Cost Formula:

. IN = AQ + GO
where:
{ IN = Investment costs. ($) 3
> AQ = Acquisition costs. ($) é
GO = Government investment costs. ($) . :

i
SO TE
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2.1 Acquisition Costs : -

Definition:
The costs included in this subcategory include:
2,11 Production Hardware
2,12 Peculiar Support Equipment j |
2,13 Training : i
2.14 Integration.and'Test _ ' ’ k
2.15 Program Management

2.16 Documentation

2.17 Technical Support i

2.18 Industrial Facilities

e Gt dbein

2,19 Initial Spares and Repair Parts

; In addition, the overhead cost of general and administrative .
N expenses and contract fee shall be included. -

Cost Formula:

AQ = APH + PSE + AT + AI + APM + ADC + ATS + AIF + ASRP

where: ' ' é

é AQ = Acquisition costs. (§) ) ;
" APH = Acquisition production hardware cost. ($) B
PSE = Acquisition peculiar support equipment cost. (§) l

AT = Acquisition training cost. ($) - ;

Al = Acquisition integration and test cost. ($) . !

APM = Acquisition program meanagement cost. (§) ) i

,; ADO = Acquisition documentation cost. ($) C

ATS = Acquisition technical support cost. ($) |

AIF = Acquisition industrial facilities cost. (3) |

ASRP = Acquisition initial spares and repair parts cost. ($) }




2.11 Production Hardware Cost

Definition:

This cost element includes those production costs incurred by
a private business while under contract with the Federal Government, that
oceur with each unit produced. These costs tend to be subject to a learning
curve concept in which the cost per unit decreases as quantity increases.
Appendix 1 presents theory of the learning curve concept.

Costs included in this element are:

Manufacturing - Direct labor, overhead and other direct charges
incurred during the fabrication, processing, subassembly, final assembly,
reworking, modification and installation of parts and equipment to an end
item of equipment.

Production Material - All the purchased equipment and parts,
subcontracted items and other material that is used in the production of
the prime mission equipment. It includes, but is not limited to, raw and
processed material, parts, components, assemblies, and small tools and
supplies which may be consumed in normal use during the manufacturing process.

Purchased Equipment and Parts - The ccst of manufactured and

. assembled items, usually procured rrom outside sources by the contractor.

Purchased equipment usually costs in excess of $100 per unit and exhibits

a wide range of complexity. It is usually termed off-the-shelf equipment
and consists of, for example, batteries, motors, generators, air condition-
ing equipment, hydraulic pumps and instruments. Purchased parts are dis-
tinguished from purchased equipment by cost and complexity. Usually,
purchased parts cost under 3100 per unit and are essentially standard,
off-the-shelf hardware items.

Subcontracted Items - The cost of parts, components, and
assemblies produced by manufacturers other than the prime coniractor in
accordance with the prime contractor's design, specifications or directions.
It does not include equipment bought off-the-shelf. It does include
the cost of transportation or shipment if itemized by the subcontractor.

Other Material - All the raw and semifabricated material,
intercompany transfers and other material used in the production of the
equipment,

Sustaining Engineering - All engineering performed a‘ter quantity
producticn starts in inc%uaea in this element. This will inciude such items
as maintainability-reliability engineering, maintenance engineering, value

engineering, and production engineering. It also includes redesign, eval-
uation, and other sustaining efforts of the engineering function.

Quality Control and Inspection - This includes such tasks as
receiving inspection, in-process and final inspection of tools, parts,
subassemblies and complete assemblies. Quality Control is ‘hat function
of management relative to all procedures, inspections, examinations, and
tests required during procurement, production, receipt, storage, and
issue that are necessary to provide the user with an item of the required
quality.
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Cost Formula: ”ﬁj
(N
Y -
APH = 5 NN(I) * CQR f
=1 o
!
where:
T
§<
NNN ol
A v, gBB il
CQR = I=1 ' : . )
NNN -
jt.
for which:
L |
NNN = - NN(I) b,
=1
log SSS
BB = log 2 {
and for which: ‘ -
APH = fcquisition production hardware cost. ($)
NN(I) = Number of weapon systems introduced into inventory during
year I. (systems/yr) . ;
CQR = Average cost of weapon system. ($) ’
AA = First piece cost of weapon system. ($) J
NNN = Total number of weapon systems procured. (systems)
BB = Coefficient factor. (ratio) “j

' 5SS = Slope of learning curve, (ratio)
I = Designator for a specific project year,

Y = Number of years in life cycle. (yrs) i




2.12 Peculiar Support Equipment Cost

Definition:

This element refers to the costs for Organizational level,
Intermediate level, Prime Intermediate Maintenance Activity level, and
depot level support and test equipments, including costs for design,
material, fabrication, tooling, and unit test for all the items., Also
| o included are the materials and services involved with the installation of
the support and test equipments.

ase

: : - The support and test equipment refers to the equipment, inelud-
] - ing tools, required to maintain and care for the system or portions of
) the system while not directly engaged in the performance of its mission,
. and which have application peculiar to a given defense material item,
3 This includes, vehicles, equipment, and tools used to service, transport

and hoist, repair, overhaul, assemble, disassemble, test, inspect, or
otherwise maintain the mission equipment.

Cost Formula:

’ ¥y b
PSE = ‘" NSE (I,C) * CSE (C)
=1 =1
where:

PSE = Acquisition peculiar support equipment cost. ($)

- NSE (I,C) = Total populaticn of support equipments of type C‘during
year I. [equipments/yr)

CSE (C) = Acquisition cost of support equipment type C. ($/equipment)
. I

u

Designator for a specific project year.

Y

Number of years in life cycle. (yrs)
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2.13 Training Cost
Definition:

This element refers to factory training provided by contractors
at their facilities to qualify an initial cadre of skilled persomnel to:
(1) operate and maintain the weapon system when operationally deployed
or (2) initially man the Navy Department's weapon system related courses.
This includes all efforts associated with the design, development, and

production of training equipment as well as the execution of training
services.

Equipment - refers to those distinctive end items of training
equipment requirea to meet specific training objectives. This element
includes: for example, operational trainers (i.e., simulators), main-
tenance trainers, and other items such as cutaways, mockups, and models.

Services - refers to services, devices, accessories, and ailds
necessary to accomplish the objectives of training. This includes; for
example, training plans, training aids, training course materials, new
equipment training, etec.

Cost Formula:

AT = _S% CTE(I) + CTS(I)
I=1
where:
AT = Acquisition training cost. ($)
CTE(I) = Cost of contractor training equipment in year I. (3/yr)
CTS(I) = Cost of contractor training services in year I. ($/yr)
I = Designator for a specific project year. |
Y = Number of years in life cycle. (yrs)
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2.14 Intggration and Test Cost

Definition:

This element refers to the effort of technical and functional
activities associated with the design, development, and production of
mating surfaces, structures, equipments, parts, and materials required
to assemble the major subsystems into a major weapon system as a whole.
Integration and test includes all effort associated with:

a. The development of engineering layouts, determination of
overall design characteristics, and determination of requirements of
design review.

b. The set up, conduct and review of testing assembled
components or subsystems prior to installation.

¢. The detailed production design.

d. Inspection activities related to receiving, factory and
vendor liaison.

e. Design maintenance effort.
f. Quality planning and control.
g. Tooling (planning, design and fabrication)

h. Administrative engineering.

i. The joining or mating and final assembly of level 3 équipment

elements to form a complete prime mission equipment when the effort is
performed at the manufacturing facility.

J. The conduct of production acceptance testing.

Cost Formula:

R4
AI = _ CcIT(I)
I=1
where:
Al = Acquisition integration and test cost., ($)

CIT(I) = Contractor payments paid ty the Government during year

I for integration and test of the complete weapon system. ($/yr)

I

Designator for a specific project year.

Number of years in life eycle. (yrs)

Y
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2.15 Proggam Management Cost

Definition:

‘ This element refers to the technical and administrative planning,

' : organizing, directing, coordinating, controlling, and approval actions
designed to accomplish overall program objectives during the investiment
phase of the equipment life cycle, Examples of these activities are

; , configuration management, cost/schedule management, data management,

3 - contract management, liaison, value engineering, quality assurance and

' integrated logistics support management.

- Cost Formula:

Y
APM = T cPM(I)
I=1
b
where:
APM = Acquisition program management cost. ($/yr)

CPM(I) = Contractor payments paid by the Govermnment during year I
for program management of the production units. ($/yr)

I

Designator for a specific project year.

| Y

Number of years in life cycle. (yrs)
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2.16 Documentation Cost

Definition:

The data element refers to all deliverable data acquired during
the investment phase which is required to be listed on a DD Form 1423.
The data requirements will normally be selected from the departmental or
agency Authorized Data List. It includes the effort for acquiring,
writlng, assembling, reformatting, reproduction, packaging and shipping.
It includes the following items:

é. Technical Publications

b. Engineering Data

¢. Management Data

d. Support Data

Technical Publications - This element refers to those handbooks,
technical manuals, technical orders, technical data sheets, etc., required

by the Government.

ineering Data - The engineering data element refers to those
engineering drawings, assoclated lists, specifications, and other documen-
tation required by the Government. This element includes all plans,
procedures, reports and documentation pertaining to systems, subsystems,
and components engineering and testing.

Management Data - The management data element refers to those
data items necessary for configuration management, cost, schedule, con-
tractual data management, programs management, 2tc., required by the
Government.

Support Data - The support data element refers to those data
items requIreg by the Government to develop and acquire the Support
System. This includes maintenance data, provisioning data and lists,
support and test equipment data and lists, logistics support plans and
progress reports, technical publications requirements data, training
planning data and transportation and handling data, etc.

Cost Formula:
Y

ADO = AD(I)
=1
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where:

ADO = Acquisition documentation cost. ($)
AD(I) = Documentation acquisition cost during year I. ($/yr)
I

u

Designator for a specific project year.

u

Y

Number of years in life cycle. (yrs)




2.17 Technical Support Cost

Definition:

This element refers to those costis which are incurred in suppcr<
of Government testing (PATE and OTE) during the investment phase cf “he
equipment life cycle.

Production Acceptance Test and Evaluation (PATE) Suppor® - The
production acceptance tests are conducted on producticon items prscyced
early in the production run (generally identified as the "initial rroduc-
tion run"). They are designed to assure that production systems and
equipment conform to design specifications and performance requirements
when manufactured in accordance with production specifications and
quantity production processes.

Operational Test and Evaluation (OTE) Supper* - User Operational
Tests and Evaluation (OLE) are tests generally conducted by user perscnnel
(military unit(s)) under conditions of operational <actical environments.
They are designed to determine the system/equipment operaticnal effec:l—eness
and validate organization doctrine, tactics, basis of issue, *raining
requirements and logistics support.

Cost Formula:

Y
ATS = ) CSU(I)
I=1
where:
ATS = Acquisition technical support cost. ($)

CSU(I) = Government payments to centractors for technical suppors
during year I of the investment phase. ($/yr)

I

Designator for a specific project year.

Y = Number of years in life cycle. (yrs)




2.18 Industrial Facilities Cost

Definition:

The industrial facilities element refers to the construction,
conversion, or expansion of facilitles for production, inventory, and
contractor depct maintenance required by one or more suppliers for the
specific system. This element includes; for example, equipment acqui-
sition, or modernization, where applicable, and maintenance of <the above
facilities or equipment.

Construction/conversion/expansion - refers to the real estate
and preparation of system peculiar facilitles for production, inventory,
depot maintenance, and other related activities.

Equipment acquisition or modernization - refers to production
equipment acquisition, modernization, or transferal of equipment for the
particular system. (Pertains primarily to government owned and leased
equipment under facilities contract.)

Maintenance (industrial facilities) - refers to the maintenance,

preservation, and repair of industrial faciliIties and equipment.

Cost Formula:

Y
AIF = ) CIF(I)
I=1
where:
AIF = Acquisition industiral facilities cost. ($)

CIF(I) = Govermment payments to contractors for industrial
facilities during year I. ($/yr)

I

Designator for a specific project year.

Y

Number of years in life cycle. (yrs)




2.19 Initlal Spares and Repair Parts Cost

Definition:

The initial spares and repair parts element refers to the initial
provisioning of modules, assemblies, and spare components to be used for
maintenance replacement purposes in end items of equipment and for repair of
end items., Its purpose is to provide the necessary items to operate and
maintain the equipment until the supply system comes into routine operaticn.
Quantitative requirements for initial spare and repair carts are determined
through logistics support analysis, and are based on the System 3tock
Requirement and the Total Allowance Quanti:y. :

Cost Formula:

Y
- ASRP. = §  NN(I) * CSPS + 3S(I) for ship systems
s T &
=1
‘z. .
ASRP, = NB(I) * CSPB + SS(I) for aircraft syszens

I=1 .

where:

ASRP, = Acquisition initial spare and repair paris cost for
ship systems.

ASRP,
aircraft systems.

Acquisition initial spare and repair parts cost for
NN(I) = Number of weapon sysiems introduced into inventory
during year I. (systems/yr)

CSPS = Cost of initial spares and repair parts per ship
system. ($/system)

SS(1)

u

Cost of system stock for year I. (§)

NB(I) = Number of newly iniroduced bases supporting aircraft
during year I. (bases)

CEPB = Cost of initial spares and repair parts per aircraf?
supporting base. ($/base)

I

Designator for a specific project year.

Y

Number of years in life cycle. (yrs)
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2.2 Government Cosis

: Definition:
The costs included in thils subcategory include:
2.21 GFE/GFM

2.22 Common Support Equipment

[§9)

.23 Training

2.24 System Test and Evaluation
4 2.25 Project Management

2.26 Documentation

2.27 Site Activation

2.28 Supply Intrgduction

2.29 Transpértation

Cost Formula:

GO = GFE + GSE + GT + GTE + GPM + GD + GOSA + GSI + GTR
where:

GO = Govermment investment costs. ($)

GFE = GFE/GFM cost. ($)

GSE = Government common support equipment cost, ($)
GT = Government training cost. (3)

GTE = Government system test and evaluation cost. ($)

GPM = Government project menagement cost. ($)
GD = Government documentation cost. ($)

GOSA = Government site activation costs, (§)
GSI = Government supply introduction cost. ($)

GTR = Government transportation cost. ($)

50
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l 2.21 GFE/GFM Cost
Definition:

‘ This element refers to the cost of material and equipment
supplied by the Government ot the contractor(s) in the production of an
end ivem of equipment.
Cost Formula:
T
GFE = j NN(I) * GF
I=1
where:

GFE = GFE/GFM cost. ($)

NN(I) = Number of weapon systems introduced into inventory during
year I. (systems/yr)

GF = Cost of GFE/GEM per weapon system. ($/weapon system)

¢ ' . I = Designator for a specific project year.

Y

Number of years in life cycle. (yrs)




2.22 Common Support Equipment Cost

Definition:

This element refers to the cost of those items required to support
and maintain the weapon system or portions of the system while not directly
engaged in the performance of its mission, and which are presently in the
DOD inventory for support of other systems. This element includes all
effort required to assure availability of this equipment for support of the
particular weapon system., It also includes the acquisition of additional

quantities of these equipments if caused by the introduction of the weapon
system into operational service.

A This element should include all requirements at organizational/
] intermediate and depot levels of maintenance.

Cost Formula:

Y - ;‘
) GSE = §. ASE(I) + AQSE(I) SN
I=1 :
wheré:
. GSE = Government common support equipment cost. (§) )

ASE(I) = Government expenditures in year I to make common support
equipment available for support of the weapon system., ($/yr)

AQSE(I) = Government expenditures in year I for the acquisition
of common support equipment. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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2.23 Trainigg Cost
Definition:

This element refers to training services, devices, accessories,
aids, equipment, and parts used to facilitate instruction through which
personnel will acquire sufficient concepts, skills, and aptitudes to
operate and maintain the system with meximum efficiency. This element
includes all effort associated with the design, development, and pro-
duction of training equipment as well as the execution of training services.

- The cost included in this element are:

Equipment
Servicesg
Facilities

Equigment - refers to those distinctive end items of training
equipment required to meet specific training objectives. This element
includes: operatiocnal trainers, maintenance trainers and other items such
as cutaways, mockups, and models.

" . Services - refers to services, devices, accessories, and aids
necessary to accomplish the objectives of training. This element includes:
training plans, irsining aids, training course materials, new equipment
tralning, etec.

Facilities - refers to that special construction necessary to
accomplish the objectives of training. (Primarily, the brick-and-mortar~
type facility constructed solely for the training mission.)

Cogt Formula:

Y
GT = ). TRE(I) + TRS(I) + TRF(I)
I=1
where:
GT = Govermnment training cost. (§)
TRE(I) = Govermnment expenditures in year I for training equipment.
($/yr) .
TRS(I) = Government expenditures in year I for training services.
(8/yr) '
TRF(I) = Government expenditures in year I for training facilities,
($/yr)
I = Designator for a spcific project year.

[
"

Number of years in life cycle. (yrs)
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2.24 System Test and Evaluation Cost

Definition

This element refers to costs which are incurred for Production
Acceptance Test and Evaluation (PATE) and Operaticnal Test and Evaluation
(OTE). PATE are conducted on production items produced early in the
production run. They are designed to assure that production equipments
conform to design specifications and performance requirements when manu-
factured in accordance with production specifications. Operational tests
are conducted by user personnel under the conditions of the tactical
environment. They are designed to determine the equipment operational
effectiveness and validate organization doctrine, tacties, training
requirements and logistics support.

Cost Formula:

b4 !
GTE = §. PIE (I) _ j
Il
.
where: ;
GTE =

Government system test and evaluation cost. ($)

PTE(I) = Test and evaluation costs incurred in year I. ($/yr) &

I = Designator for a specific project year.

Y

Number of years in life cycle. (yrs)

|
[

[N,

[
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2.25 Project Management Cost

Definition:

This element refers to the technical and administrative planning,
organizing, directing, coordinating, controlling and approval actions
designed to accomplish overall program objectives. Examples of these
activities are configuration management, cost/schedule management,

— data management, contract management, value engineering, quality
assurance, and integrated logistics management.

1 . _ Cost Formula:

Y
GAM = 3 PMG(I)
- =1
v&here:
GPM =

Government project management cost. ($)

PMG(I) = Government project management cost incurred during
year I. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)

RS




2.26 Documentation Cost

Definition:

This element refers to the costs to the Govermment for storing,
reproducing, packaging and shipping technical and managerial data.

Cost Formula:

Y
GD = ). DC(I)
I=1
where:
G = Government documentation cost. ($)

DC(I) = Govermment expenditures in year I for storing, reproduc-
ing, packaging and shipping technical and managerial data. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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2.27 Site Activation Costs

Definition:
This element refers to the real estate, construction, conversion
utilities, and equipment to provide all facilities required to house, service,
and launch prime mission equipment. It also includes contractor suppors.

Cost Formula:

;

OSA + MFA

where:

GOSA = Government site activation costs. ($)

0SA

Operational site activation cost. ($)

MFA = Maintenance facility activation cost. (§)
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2,271 Operational Site Activatlion Cost

Definition:

This element refers to that portion of site activation costs
for facilities required to launch prime mission equipment. It includes
conversion of site, ship; system assembly, checkout, and installation into
site facility or ship to achieve operationsl status.

Cost Formula:

B
I=1
where:
0OSA = Operational site activation cost. ($)

SA(I) = Government expenditures in year I for operational site
activation. ($/yr)

I

i

Designator for a specific project year.

Y

Number of years in life cycle (yrs)
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2.272 Maintenance Facility Activation Cos+

Definiticn:

This element refers to thrt portion of site activation cost for

facilities required to service or maintain the prime mission equipment.

includes intermediate and depot facilities.

Cost Formula:

Y
MFA = T FA(I)
I=1
where:
MFA = Maintenance facility activation cost. ($)

FA(I) = Government expenditures in year I for maintenance
facility activation. ($/yr)

I

Designator'for a specific project year.

Y

Number of years in life cycle. (yrs)
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2,28 Supply Introduction Cost

Definition:

This element refers to the management costs for entering an
item introduced into the supply system by the prime equipment and
support systems, in inventory. The costs include identification,
description, submission to and screening and editing by Data Documents
Center, and inclusion in maintenance supply catalogs.

Cost Formula:
I
GSI = _,  (NSNP + NSNS) * RIE
I=IYI

where:

GSI = Government supply introduction cost. ($)

NSNP = Number of new National Stock Numbers (NSN)
introduced into supply system by the major weapon system. (NSN's)

NSNS = Number of new NSN's introduced into supply system by
support systems of the major weapon system. (NSN's)

RIE = Average NSN entry into the supply system cost. ($/NSN)
I = Designator for a specific project year.

IYI = Year I during which initial costs occur,
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2.29 Transportation Cost

Definition

This refers to the cost associated with transporting the weapon
system from the point of procurement, production, or testing to the first

destination point.
Cost Formula:
R4
GIR = __NN(I) *CTPE
I=1

where:

GTR = Government transportation cost. ($)

NN(I) = Number of weapon systems introduced into inventory during

vear I. {systems/yr)

CTPE = First destination transportation cost for the weapon

system. (3/system)

I
Y

Designator for a specific project year.

Number of years in life eycle. (yrs)
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3. OCperating and Support Costs

Definition:

Cperating and support costs refer to all costs associated with
the operation and logistics support of the system subsequent o equip-
ment turnover to the using command or organization., Specifically, this
covers all Gevernment ownership costs including operation costs, main-
tenance costs, and logistlics support costs.

Operation costs refer to all costs associated with the direct
operation of the system. This includes all costis of electrical power,
consumable materials and operational personnel. Maintenance and support
costs refer to all costs associated with the maintenance and supply
support of the system during the system's operaticnal life,

Cost Formula:

08 = 0P+ IMA + IS+ IM+ DS + SDT + PST + SI
where:
0S = Operating and support costs. (3)

OP = Operating costs. (3)
IMA = Organizational/Intermediate maintenance activity costs. ($)

IS = Installation support costs. (3)

E

Depot maintenance costs. (3)

DS = Depot supply costs. (3)

(é)

Second destination transportetion costs. ($)

o]

[&]

—3
"

Pergonnel support and training cos:s. (3)

SI = Sustaining investments cos%s. ($)
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3.1 Operating Zosts

TR

Definiticn:

! The cost of manpower, fuel, maverial, and other operating
' expenses lhargeabtle 10 the non-malntenance activities of the weapon
system including contractual support.

Cost Formula:

TP = IR - STA + MAT + 3EC + OTH + PER
wnere:

OP = Cperating costs. (3)

CR = Crew zost. {$)

STA = Staff cost. {§)

MAT = Material cost. (§)

SEC = Security cost. ($)

OTH = QOther deployed manpower zost. (3)

PER = Personnel suppor: cost. ()

e
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3.11 Crew Cost

Definition:

The cost of pay and ailowances of personnel required %o man
the weapon system; and the coct assoclated with the temporary assignment
of perscnnel away from the deployed system for training, administrative
or other purposes. These costs include transportation, lodging, mileage
and per diem allowances and incidental travel expenses.

Cost Formula:

Y B . ,
CR= ) 3 NCR(I,A) * PA (A)+ TAD
IS : :
where:
CR = Crew cost. ($)

NCR (I,A) = Total number of crew personnel of grade & in
year I. {men)

PA (4) = Annual pay and allowances per man of grade A. ($/man)

TAD = Annual temporary assignment of duties cost per member of
crew, ($/man)

I = Designator for a specific project year.
Y = Number of years in life cycls, (yrs)
A = Designator for a specific grade of crew personnel.

3 = Number of different grades of crew perscrnel. {zrades)
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3.12 Staff Cost

Definition:

Aircraft only: The cost of paying the personnel required for
unit flying supervision. Thege persomnnel perform such jobs as command,
operations control, planning and scheduling, flying safety, quality
control on aircrew training and flying proficiency and include the combat
commander, the squadron commanders and their respective staffs.

Cost Formula:

X
STA =

F
~ T NSTA(I,E) * PAS(E)
I=} E=1
where:
STA = Staff Cost. ($)

NS.A(I,E) = Total number of command staff personnel of grade E
in year I. (men)

PAS(E) = Annual pay and allowances per man of grade E. ($/man)
I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)

E = Designator for a specific grade of command staff personnel.

F = Number of differen: grades of command staff personnel. (grades)
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3.13 Material Cost

Definition:

This element refers to the costs incurred for items actually

consumed in the operation of the equipment. It includes: pertroleum,
oil and lubricants; repart parts used for equipment repair, but aot
considered reparable themselves; and consumable supplies and equipage
items not directly related to the support of specific equipment or
systems.

Cost Formula:

Y
MAT = ) NNN(I) * MATS

I=]1
where:
L
NNN(I) = VT NN (G)
G=1

for which:
MAT = Material cost. (§)

NNN(I) = Total number of weapon systems procured through
year 1. (systems)

MATS = Material cost per system per year. ($/system)

- NN(G) .= Number of weapon systems introduced into inventory
during year G. (systems/yr) '

I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)

G = Designator for a specific project year.
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3.l4 Security Cost

Definition:

The element refers to the cost of paying personnel needed for
equipment security. For example, entry coamtrol, close and distant
boundary support, and security alert teams.

Cost_Formula:

Y
SEC = _  ASEC(D)

- I=1

where:
SEC = Security cost. (§)
ASEC(I) = Security cost incurred during year I. ($§/yr)
I = Designator for a specific project year.

Y = Number of years'in life cycle. {(yrs)
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3.15 Other Deployed Manpower Cost

Definition:

The cost of paying all other personnel (for example, public
information and social action people) assigned to a typical deployed
unit, except those personnel included in cost elements 3.11 (Crew), 3.12
(Staff), and 3.2 (Qrganizational/Intermediate Maintenance Activity).

Cost Formula:
hd
OTH = _ ODM (M)
I=]
where:

OTH = Other depléyed manpower cost. (§)

ODM(I) = Government expenditures in year I for other deployed
manpower. (S$/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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3.16 Personnel Support Cost

Definition:
The cost of supplies, services and equipment needed to support
deployed unit personnel. Examples of included costs are administrative
supply items; travel expenses; expendable office machines and equipment;

custodial services; and other variables personnel-oriented support costs
incurred at the deployed unit.

Cost Formula:
R4
PER = . PSC(I)
I=]
where:

PER = Personnel support cost. ($)

PSC(1) = Government expenditures in year I for personnel
support. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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3.2 Organizational/Intermediate Maintenance Activity Costs

Definition:

This element refers to the cost of manpower and material
needed for maintenance of deployed unit weapon systems, support
equipment and ordnance including comntractual support.

Cost Formula:

IMA = AFL + ASH

where:

IMA = Organizational/Intermediate maintenance activity costs. ($)
AFL = Afloat facilities costs. ($)

ASH = Ashore facilities costs. (§)
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3.21 Afloat Facilities Costs

Definition:
The cost of manpower, material, services and repair parts
needed for afloat maintenance activity availabilities. For aircraft systems,
afloat facilities refer to aircraft carriers; for ship systems, afloat
facilities refer to tenders and repair ships.
Cost Formula:
AFL = AFLL + AFLM + AFLP + AFLS
where:

AFL = Afloat facilities cost. ($)

AFLL = Afloat facilities labor costs. (§)

ot

AFLM = Afloat facilities material cost. ($)

AFLP = Afloat facilities persoanel support cost. (§)

AFLS = Afloat facilities site maintenance cost. (§$)




g 3.211 Afloat Facilities Labor Costs

Definition:

This element refers to the cost of paying the personnel excluding
1 crew needed to meet below depot maintenance requirements (including contractor
support) of the deployed unit and its ordnance. For the case of aircraft

E systems, it includes organizational and interemediate level maintenance

personnel on the aircraft carrier; for ship systems, it includes the interemdiate
level personnel on tenders and repair ships.

Cost Formula:

AFLL = AFLW + AFLO

where:

AFLL = Afloat facilities labor costs. (§)

AFLW = Afloat facilities weapon system maintenance laobr cost. (S$)

AFLO

Afloat facilities ordnance maintenance labor cost. ($)
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3.2111 Afloat Facilities Weapon System Maintenance Labor Cost

Definition:

This element refers to the cost of paying personnel needed to meet
below depot maintenance requirements. For aircraft systems: included are per~
sonnel needed to meet maintenance of the assigned aircraft and aircraft support
equipment; precision measurement laboratory equipment; training simulacors;
and support equipment: to provide for maintenance supervision and control:
and to cover administrative requirements such as leave. For ship systems: the
cost of direct labor expended by tender and repair ship personnel.

Cost Formula:
Y U
AFLW = _ NMP(I,T) * MS(T) * POT(T)
I=1 T=1
where:

AFLW = Afloat facilities weapon system maintenance labor cost. ($)

NMP(I,T) = Number of personnel of grade T maintaining the weapon

- system during year 1. (men/grade/yr)

MS(T) = Unit pay and allowance of grade T personnel. ($/man)

POT(T) = Proportion of time persomnnel of grade T are dedicated
to weapon system. (ratio)

I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)
T = Designator for a specific pay grade.

U = Number of different pay grades of personnel maintaining
the weapon system. (grades)
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3.2112 Afloat Facilities Ordnance Maintenance Labor Cost

Definition:

Aircraft only: The cost of paying the personnel needed for:
loading, unloading, arming and dearming of munitions and missiles; inspection,
testing and maintenance of all aircraft weapons release systems; maintenance
ammunition loading, activation and deactivation of aircraft gun systems; and
maintenance and handling of the munitions and missile stockpile authorized
by the War Reserv. Material plan.

Cost Formula:

AFLO = ~ NOP(I,V) * MSO (V)

where:

AFLO = Afloat facilities ordnance maintenance labor cost. ($)

NOP(1,V) = Number of personnel of grade V maintaining ordnance
systems during year 1. (men/grade/yr)

MSO(V) = Unit pay and allowance of grade V personnel. ($/man)
I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)

V = Designator for a specific pay grade.

W = Number of different pay grades of personnel maintaining
the ordnance systems. (grades)
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3.212 Afloat Facilities Material Cost

E o PR

Definigigg:

The cost of material and repair parts consumed by the afloat
; facilities in support of the weapon system. This incudes only non-repairable

expense items; repairable items are included in cost element 3.81 (Replenishment
Spares) . '

b Cost Formula:

Y
g - - AFLM = NNN(I) * RMF
I=1
! = where:
1
NNN(I) = NN(G)
G=1
l for which:
~~ :
1 : ’ AFLM = Afloat facilities material cost. ($)

NNN(I) = Total number of weapon systems procured through year I.
(systems)

RMF = Repair material cost per system per year. ($/system)

NN(G) = Number of weapon systems introduced into inventory
during year G. (systems/yr.)

I = Designator for a specific project year

Y = Number of years in life cycle. (yrs)

G = Designator for a specific project year.
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3.213 Afloat Facilities Personnel Support Cost

Definition:

The cost of supplies, services and equipment needed to support
aircraft organizational and intermediate level personnel or tender and repair
ship intermediate level personnel. Examples of included costs are administra=-
tive supply items; travel expenses; expendable office machines and equipment;

custodial services; and other variable personnel-oriented support costs
incurred at the maintenance activities.

Cost Formula:
AY.
AFLP = APS(I)
I=1
where:

AFLP = Afloat facilities personnel support cost. ($)

APS(I) = Government expenditures in year I for personnel
support at afloat facilities. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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i - 3.214 Afloat Facilities Site Maintenance Cost

Definition:
This element refers to the cost of maintaining the afloat facilities
used to service the major weapon system. This element includes the material
and labor costs used to renovate the facilities.
Cost Formula:
Y-
AFLS = MFC(I)
I=1
where:

AFLS = Afloat facilities site maintenance cost. ($§)

MFC(I) = Government expenditures during year I for maintenance
of the afloat facilities. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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3.22 Ashore Facilities Costs

Definition:
The cost of manpower, material, sevices and repair parts needed
for ashore maintenance activity availabilities. For aircraft systams, ashore

facilities refer to Naval Air Stations (NASs).

Cost Formula:

A3H ASLL + ASLM + ASLP + ASLS

where: ! |

ASH = Ashore facilities costs. ($) K

ASLL = Ashore facilities labor costs. ($)

ASLM = Ashore facilities material cost. ($)

ASLP = Ashore facilities personnel support cost. ($)

ASLS = Ashore facilities site maintenance cost. (§)
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3.221 Ashore Facilities Labn~ Costs

Definition:

This element refers to the cost of paying the personnel excluding
crew needed to meet below depot maintenance requirements (including contractor
support) of the deployed unit and its ordnance. For the case of aircraft
systems, it includes organizational and intermediate level maintenance personnel
at the NAS; for ship systews, it includes intermediate level personnel at
ashore Intermediate Maintenance Activities (IMA's).

Cost Formula:
ASLL = ASLW + ASLO

where:
ASLL = Ashore facilities labor costs. ($)

ASLW = Ashore facilities weapon system maintenance labor cost. ($)

ALSO = Ashore facilities ordnance maintenance labor cost. ($)

4
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3.2211 Ashore Facilities Weapon System Maintenance Labor Cost

Definition:

This element refers to the cost of paying personnel needed to meet
below depot maintenance requirements. For aircraft systems: included are
personnel needed to meet maintenance of the assigned aircraft and aircraft
support equipment; precision measurement laboratory equipment; training simulators;
and support equipment: to provide for maintenance supervision and control:
and to cover administrative requirements such as leave. For ship systems: the
cost of direct labor expended by ashore IMA personnnel.

Cost Formula:

Y U
ASLW = " NMPA(I,T) * MS(T) * POT(T)

I=1 T=l
where:

ASLW = Ashore facilities weapn system maintenance labor cost. (§)

NMPA(I,T) = Number of persomnel of grade T maintaining the A
weapon system during year I. (men/grade/yr)

MS(T) = Unit pay and allowance of grade T personnel. ($/man)

POT(T) = Proportion of time persounel of grade T are dedicated to
wegpon system. (ratio) o

I = Designator for a specific project year. {

Y = Number of years in life cycle. (yrs)
T = Designator for a specific pay grade. ;o

U = Number of different pay grades of personnel maintaining the i
weapon system. (grades) :




3.2212 Ashore Facilities Ordnance Malntenance Labor Cost

Definition:

Aircraft only: The cost of paying the personnel needed for:
loading, unloading, arming and dearming of munitions and missiles; inspection,
testing and maintenance of all aircraft weapons release systems; maintenance,
ammunition loading, activation and deactivation of aircraft gun systems;
and maintenance and handling of the munitions and missile stockpile authorized
by the War Reserve Material Plan.

Cost Formula:

Y W
ASLO = . NOPA(L,V) * MSO(V)
I=l V=1

where:
ASLO = Ashore facilities ordnance maintenance labor cost. ($§)

NOPA(I,V) = Number of personnel of grade V maintaining ordmance
systems during year I. (men/grade/yr)

MSO(V) = Unit pay and allowance of grade V personnel. ($/man)
I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)

V = Designator for a specific pay grade.

W = Number of different pay grades of personnel maintaining
the ordnance systemc. {grades)
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3.222 Ashore Facilities Material Cost

Definition:

The cost of material and repair parts consumed by the ashore
facilities in support of the weapon system. This includes only non~repairable
expense items; repairable items are included in cost element 3.8l (Replenishment
Spares)

Cost Formula:

Y
ASLM =~ NNN(I) * RMFA
I=1
where:
\‘I'
NNN(I) = T NN(G)
c=1
for which: n;
ASLM = Afloat facilities material cost. ($) Yy

NNN(I) = Total number of weapoun systems procured through year I.
(systems)

RMFA = Repair material cost per system per year. ($/system)

NN(G) = Number of weapon systems introduced into inventory during
year G. (systems/yr)

I = Designator for a specific project year

Y = Number of years in life cycle. (yrs)

G = Designator for a specific project year.
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3.223 Ashore Facilities Personnel Support Cost

Definition:

The cost of supplies, services and equipment needed to support
NAS organizational aund intermediate level personnel or ashore intermediate
level personnel. Examples of included costs are administrative supply
items; travel expenses; expendable office machines and equipment; custodial
sevices; and other variable personnel-oriented support costs incurred at the
maintenance activities.

Cost Formula:
RS
ASLP = = APSA(I)
I=}
where:

ASLP = Ashore facilities personnel support cost. ($)

APSA(I) = Government expenditures.in year 1 for personnel support

at ashore facilities. (§/yr)

I = Degignator for a specific project year.

Y = Number of years in life cycle. (yrs)




3.224 Ashore Facilities Site Maintenance Cost

Definition:

This element refers to the cost of maintaining the ashore
facilities used to service the major weapon system., This element includes ‘}
the material and labor costs used to renovate the facilities.

Cost Formula:

Y
asLs = ' MFcA(I)
I=] i
where:
e . R
ASLS = Ashore facilities site maintenance cost. ($) ]

MFCA(I) = Government expenditures during year I for maintenance o
of the ashore facilities. (§/yr) e

1 = Designator for a specific project year.

Y ® Number of years in life cycle. (yrs)
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3.3 Installation Support Costs

Definition:
This element refers to the variable cost of providing support
for deployed unit personnel at the unit's support installation(s). It includes
contractual support.
Cost Formula:
IS = BOS + RPM + PS
where:
IS = Installaton support costs. (§)
BOS = Base operating support cost. ($)

RPM = Real property maintenance cost. ($)

PS = Installation personnel support cost. (§)
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3.31 Base Operating Support Cost

Definition:

The cost of installation personnel and material necessary to directly
support the deployed unit. Examples of installation functions which directly
support the unit include food service, supply and motor pool operations.

These personnel and material costs would no longer be incurred by the installa-
tion if the deployed unit were moved elsewhere.

Cost Formula:

i<

BOS = BosC(1)

.

1

"‘ .

I
where:
BOS = Base operating support cost. ($)

BOSC = Government expenditures during year I for base operating

support. (§/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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Definition:

This element refers to the variable costs of coastruction,
maintenance and operation of real property facilities, and related management
and engineering support work and services.

' 3.32 Real Property Maintenance Cost %

Cost Formula:
:Y-
! RPM = RPMC(I)
? T l=l )
where:

RPM = Real property maintenance cost. ($)

PPMC(I) = Government expenditures during year I for real property
maintenance. ($/yr)

1 = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)




3.33 Installation Personnel Support Cost

Definition:

This element refers to the cost of supplies, services and
equipyment needed to support installation support personnel. Examples of
included costs are administrative supply items; travel expenses; expendable
office machines and equipment; custodial services; and other variable
personnel-oriented support costs incurred at the installation(s).

A

Cost Formula:

Y : |-
PS = IpPS(I)
I=}

ity A et i s

where:

PS = Installation persomnel support cost. (§)

IPS(I) = Government expenditures during year I for installation
personnel support. ($/yr).

I = Designator for a specific project year.

Y = Number of years in life cycla. (yrs)

e
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Definition:

The cost of manpower and material needed to perform overhaul,
progressive maintenance, analytical rework, modification, repair,
inspection and test, manufacture and reclamation of the weapon system

‘ and subsystems, components, parts and support equipment at centralized
: - and contractor repair fgcilities.

; ’ 3.4 Depot Maintenance Costs

Cost Formula:
DM = SM + UM + MOD + DCR
where:
DM = Depot maintenance costs. ($)
SM = Depot scheduled maintenance cost. (§)

UM = Depot unscheduled maintenance cost. ($)

MOD = Depot modernization cost. ($)

DCR = Depot component repair cost. ($)




3.41 Depot Scheduled Maintenance Cost

Definition:

This clement refers to the depot rework/overhaul labor and material
costs for equipments in the weapon system.

Cost Formula:

Y 4

oM = " NNN(I) * OT * GOH(X)/MTGO(X)

=1 X=1
where:
I
NNN(D) = NN(G)
G=1 '

for which:

DM = Depot scheduled maintenance cost. (§)

NNN(I) = Total number of weapon systems procured through year I.
(systems)

0T = Annual operating time of the weapon system. (hrs/system/yr)

GOH(X) = Depot rework/overhaul cost for equipment X. o
($/(rework/overhaul))

MIGO(X) = Mean time between depot rework/overhaul of the Xth
equipment (hrs/(rework/overhual))

NN(G) = Number of weapon systems introduced into inventory during
year G. (systems/yr)

I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)
X = Designator for a specific equipment

Z = Number of equipments in the weapon system subjected to depot
rework/overhaul. (equipments)

G = Designator for a specific project year.
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3.42 Depot Unscheduled Maintenance Cost

Definition:

This element refers to the depot labor and material costs for
unscneduled maintenance for equipments in the weapon system,
Cost Formula:
YoooD
wm= NNN(I) * OT * BCM(CC) * GMC(CC)/MT3F(CC) .
I=1 CC=1
where:
I-
NNN(I) = 1 NN(G)
G=1
for which:

UM = Depot unscheduled maintenance cost. ($)

NEN(I) = Total number of weapon systems procured through
year L. (systems)

OT = Annual operating time of the weapon system. (hrs/system/yr)
BCM(CC) = Beyond capability rate of equipment CC. (ratio)

GMC(CC) = Depot repair material and labor cost for equipment CC.
($/failure)

MIBF(CC) * Mean time between failures of the CCth equipment.
(hrs/failure)

NN(G) = Number of weapon systems introduced into inventory during
year G. (systems/yr)

I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)
CC = Designator for a specific equipment

DD = Number of equipments in the weapon system subjected to
depot maintenance. (equipments)

G = Designator for a specific project year.




3.43 Depot Modermization C.st

Definition:

ol

The cost of tne installation of alteraticns and im!
J

(for example, SHIPALTS and ORDALTS) to effect chang
figuration 5r aqu iment to lmprove its safety, habi
or techntical characteristics. This cost 1s primari

tne cost of common, miscellaneous ladustrial material
fabricated by zhe ilnstallation activity is also included.

= T

itnclude a pro rata sharz of vaviable installation overhead zosts.

material required for these alterations or modificat:ons 1is
3.382.
Cost Formula:
MOD = NNNUI) * MODC(I)
where:

NNNCD) = ¥ NNGG)

for which:

MOD = Depot modernization cost. (§)

NNN(I) = Total number of weapon systems procured through

year L. (systems,

MODC(I) = Modernization cost per wz2apon system during year I.

($/3ystem)

NN(G) = Number of weapon systems introduced into inventory during

year G. (systems/yr)
I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)

G = Designator for a specific project year.
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3.44 Depot Component Repair Cost

Definition:

Ship systems only: The labor and material cost of the repair,
calibration, and testing of the ship's equipment and components at
industrial facilities. Missiles and other ordnance, ordnance equipment
and components, and electronic, hull, mechanical, and electrical equipment

and components designated for repair at industrial facilities are included.

Cost Formula:

<

S

I

CDR = NNN(I) * DCRS

U

1
where:
In
NNN(I) = 1 NN(G)
G=1
for which:
DCR = Depot component repair cost. ($)

NNN(I) = Total number of weapon systems procured through
year I. (systems)

DCRS = Depot labor and material cost per ship per year for
component repair. ($/ship/yr)

I = Désignator for a specific project year.
Y = Number of years in life cycle. (yrs)

G = Designator for a specific project year,
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3.5 Depot Supply Costs

Definition: i

The cost of manpower and material needed to buy, store, package,
manage and control the supplies, spares and repair parts used in operating
and maintaining the weapon and components and support equipment; and to 1
provide system sustaining (service) engineering and technical data support '
for the systems. Includes contractual support.

DS = MM + TES .
where: . '}
DS = Depot supply costs. ($) 'iﬁ«

MM = Material management cost. (§)

B
TES = Technical support cost. ($) ”]

ek
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3.51 Material Management Cost

PO 11

Definition:

The cost of manpower and material needed to fill requisitions
for supplies, spares and repair parts. Included are receiving, unpacking,
storage, inspection and packing and crating costs; the cost of manpower
and material needed to manage the procurement of supplies, spares and
repair parts and maintain control and accountability of these assets.

R St e Nl

Ttaa

Cost Formula:

i

Y . . L d - - -”
MM = NSNP + NSNS * RIM + FSA * NMFP(I) * NSNP + NMFS(I) * NSNS
=1 - . - © '
where:
MM = Government material management cost. ($)

NSNP = Number of new National Stock Numbers (NSNs) introduced
into supply system by the major weapon system. (NSNs)

. NSNS = Number of new NSNs introduced into supply system by support
systems of the major weapon system. (NSNs)

RIM = Average NSN retention cost in the supply system. ($§/NSN/yr)
FSA = Field supply administration cost of the NSN. ($/NSN/site/yr)

NMFP(I) = Number of maintenance facilities servicing the major
weapon system in year I. (sites)

NMFS(1) = Number of maintenance facilities servicing support systems
of the major weapon system in year I. (sites)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)




3.52 Technical Support Cost

Definition:

The cost of sustaining (service) engineering and technical data o
and documents needed to perform sustaining engineering and maintenance of
weapon system components and support equipment.

Cost Formula:
Y

TES = TESC(I) .
: I=1

where:

TES = Technical support cost. (§)

TESC(I) = Government expenditures for technical support during

year I. (§/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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- 3.6 Second Destination Transportation Costs

' 0 Definition:
o tion of spares, repair parts and other material between organizational,

This cost element includes packaging, handling and transporta~
intermediate, depot and supply points (overseas and CONUS) in support
- of maintenance operations. Also included is the transportation of the
- end item to the depot and return for the purpose of depot rework/overhual.

Cost Formula:
L SDT = SSDT + USDT
o where:
SDT = Second destination transportation costs. ($)
SSDT = Scheduled maintenance transportation cost. ($)

; o USDT = Unscheduled maintenance transportation cost. (§)
+

'
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3.61 Schedule Maintenance Transportation Cost

Definition:

This element refers to that portion of second destination trans-
portation cost incurred by scheduled maintenance of items in the weapon system.

Cost Formula:

Y oz )
SSDT = ' NNN(I) * OT * ATNS(X) + ALR(X) + AMTR(X)!/MTGO(X)
I=1 X=1 . -
where:
. ‘I.
NNN(I) =~ NN(G)
G=1
for which

SSDT = Scheduled maintenance transportation cost. (§)

NNN(I) = Total number of weapon systems procured through year I. (systems)

OT = Annual operating time of the weapon system. (hrs/system/yr)

ATNS(X) = Average two way shipping cost incurred in the process of
shipping rework/overhaul items in equipment X from intermediate to depot level
maintenance facility and return. ($/(rework/overhaul))

ALR(X) = Average two way packaging labor cost incurred during the
process of shipping rework/overhaul items in equipment X between the inter-
mediate and depot level maintenance facilities. (§/(rework/overhaul))

AMTR(X) = Average packaging material cost incurred during the process
of shipping rework/overhaul items in equipment X between the intermediate and
depot level maintenance facilities. ($/(rework/overhaul))

MIGO(X) = Mean time between depot rework/overhaul of the Xth equipment
(hrs/(rework/overhaul)).

NN(G) = Number of weapon systems introduced into inventory during
year G. (systems/yr)

I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)
X = Designator for a specific equipmeat

Z = Number of equipments in the weapon system subjected to depot
rework/overhaul. (equipments)

G = Designator for a specific project year.
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3.62 Unscheduled Maintenance Transportation Cost ;

Definition:

This element refers to that portion of second destination transporta=- -
tion cost incurred by unscheduled maintenance of items in the weapon system.

Cost Formula:

Y bp
uspT = | . NNN(I) * OT * BCM(CC) *
I=] CC=1 , N
LATRN(CC) + ALBR(CC) + AMAT(CC) /MTBF(cCC)
where: .
nI'
. NNN(I) = _ NN(G)
G=1
for which:

USDT = Unscheduled maintenance transportation cost. ($)

NNN(I) = Total number of weapon systems procured through year I.
(systeds)

OT = Annual operating time of the weapon system. (hrs/system/yr)

RCM(CC) = Average beyond capability of maintenance rate of item in
equipment CC. (BCM's/failure)

"ATRN(CC) = Average two way shipping cost incurred in the process
of shipping failed items in equipment CC from intermediate to depot level
maintenance facility and return. ($/BCM)

ALBR(CC) = Average two way packaging labor cost incurred during
the process of shipping failed items in equipment CC between the intermediate
and depot level maintenance facilities. ($/BCM)

AMAT(CC) = Average packaging material cost incurred during the
process of shipping failed items in equipment CC between the intermediate and
depot level maintenance facilities. ($/BCM)

MTBF(CC) = Mean time between failures of the CCth equipment.
(hrs/failure) ‘

NN(G) = Number of weapon systems introduced into inventory during
year G. (systems/yr)

1 = Designator for a specific project year.
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Y = Number of years in life cycle. (yrs)

CC = Designator for a specific equipment.

DD = Number of equipments in the weapons system subjected to depot
maintenance. (equipments)

G = Designator for a specific project year.
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l 3.7 Persoanel Support and Training Costs H
{
—_ ) ’
Definition: ' !
l. This element accounts for the variable cost of replacement i
S training; moving; health care and support of personnel.
l Cost Formula: ;
PST = TRA + HC + PAC + PES ]
l L where: 3
. PST = Personnel support and training costs. ($)
I - TRA = Individual training cost. (§)
§ HC = Health care cost. (§)

POAC = Personnel activities cost. (§)

v PES = Personnel support cost. (§)
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3.71 1Individual Training Cost

.

Definition:

jé ‘This element accounts for the replacement costs associated with

training personnel to operate and maintain the weapon system. This

: element includes the replacement cost of training equipment as well as
. the services cost associated with training personnel to replace
those lost through attrition. *

Cost Formula:

; Y _

! TRA = RTRE(I) + RTRS(T)
I=]1

where:

'TRA = Government attrition training cost. ($)

RTRE(I) = Government expenditures in year I for replacement
training equipment. ($§/yr)

. RTRS(I) = Government expenditures in year I for training services
for personnel replacing those lost through attrition. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)

102

. 'y L A . &0
RN Sl i Jade el




3
f
¢
i

3.72 Health Care Cost

Definition:

The variable cost of providing medical support to deployed unit,
below—-depot maintenance, installation support and training pipeline personnel
including:

== the pay of medical personnel who provide this support
-~ the cost of medical material

Cost Formula:
RS
HC = HCC(1)
I=1
where:
HC = Health care cost. ($)
HCC(I) = Government expenditures in year I for health care. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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3.73 Personnel Activities Cost

Definition:

The permanent change of station costs of: deployed unit, below~depot -
maintenance, installation support, training pipeline and medical persomnel.

Cost Formula:
R4
PAC =  PACC(I)
I=1
where:

PAC = Personnel activities cost. ($)

PACC(I) = Government expenditures during year I for personnel
activities. ($/yr)

I = Designator for a specific project year.

P . Y = Number of }eats in life cycle. (yrs)

Los




3.74 Personnel Support Cost

' Definition:
' . The cost of supplies, services and equipment needed to
support training pipeline and medical personnel. Examples of included
costs are administrative supply items; travel expenses; expeandable office
equipment and machines; custodial services; and other variable personnel-
oriented support costs incurred at training centers and medical facilities

Cost Formula:

Y
PES = _  PESC(I)

I=]1

where:

PES = Personnel support cost. ($)

PESC(I1) = Government expenditures during year I for personnel
: support. (§/yr)

l ' 1 = Designator for a specific project year.

o Y = Number of years in life cycle. (yrs)
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3.8 Sustaining Investments Costs ‘ K
Definition: B
This element refers to the cost of procuring spares, modification f
kits and material, support equipment and training ordnance needed to sustain '
deployed unit peacetime operations. T :
Cost Formula: )
. =N |
SI = RS + MDF + RSE + EXS i
o i
where: : »»} ;

SI = Sustaining investments costs. ($)

i Mk B

RS = Replenishment spares cost. (§)
MDF = Modifications cost. ($)
RSE = Replenishment support equipment cost. ($) 1

EXS = Expendable stores cost. (§)
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3.81 Replenishment Spares Cost

Definition:

Replenishment spares cost accounts for the recurring cost of
inventory (parts, subassemblies, assemblies, units, etc.) purchased to
resupply the system stock requirement due to items being discarded or
scrapped during the maintenance process. Inventory already purchased
as initial spares and repair parts is not included.

Cost Formula:

Y FF :
RS = _ _  NNN(I) * OT * ACST(EE) * ADSC(EE) /MTBF(EE)
I=1 EE=l
where:
.I.
NNN(I) = NN(G)
G=1

for which:
RS = Replenishment spares cost. ($)

NNN(I) = Total number of weapon systems procured through year I.
(systems)

OT = Annual operating time of the weapon system. (hrs/system/yr)

ACST(EE) = Average cost of item per discard or scrap maintenance
action to the EEth equipment. ($/scrap action)

ADSC(EE) = Average scrap rate of items in the EEth equipment.
(scrap actions/failures)

MIBF(EE) = Mean Time Between Failure of the EEth equipment. (hrs/failure)

NN(G) = Number of weapon systems introduced into inventory during year G.
(systems/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)

EE = Designator for a specific equipment.

FF = Number of equipments in the weapon system. (equipments)

G = Designator for a specific project year.
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3.82 Modifications Cost

Definition:

The cost of the acquisition of special material for alterations
or modifictions needed for effecting improvements in the weapon system's
safety, habitability, maintainability, or technical characteristics.
Included are spares for modified equipment.

Cost Formula:

Y
MDF = NNN(I) * MODK(I)
I=1
where:
~ I' :
NNN(I1) = - NN(G)
G=1
for which:

MDF = Modifications cost. (§)

NNN(I) = Total number of weapon systems procured through year I.
(systems)

MODK(I) = Modification kit cost per weapon system during year I.
($/system)

'NN(G) = Number of weapon systems introduced into inventory during
year G. (systems/yr) :

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)

G = Designator for a specific project year.
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3.83 Replenishment Support Equipment Cost

Definition:

The cost of replenishing common servicing equipment, maintenance
and repair shop equipment, instruments and laboratory test equipment, and
other equipment including spares for these equipments. Covers such items as
generators; jet engine stands; test sets for radios, radars and fire control
systems; hand tools; compressors; gauges and other minor items. These
equipment demands are generated by a need to: (1) replace peculiar support
equipment bought using procurement funds; (2) obtain common off-the~shelf
equipment that is needed to support operations; and (3) replenish support
equipment that is no longer useable.

Cost Formula:
Y
RSE = __ RSEC(I)
I=]
where:

RSE = Replenishment support equipment cost. (§)

RSEC(I) = Government expenditures during year 1 for replenishment
support equipment. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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3.84 Expendable Stores Cost

Definition:

The cost of the expendable ordnance, ammunition, pyrctechnics,
missiles, ballistic weapons, guided weapons, torpedoes, mines, depth charges
and sonobuoys used in training exercises.

Cost Formula:

: Y
EXS = . NNN(I) * EXSC(I)
I=]
where:
L :
NNN(I) = _ NN(G)
G=1

for which:
EXS = Expendable stores cost. ($)

NNN(I) = Total number of weapon systems procured through year I.
(systems)

EXSC(I) = Stores cost per weapon system during year I. ($/system)

NN(G) = Number of weapon systems introduced into inventory during year

G. (systems/yr) '
I = Designator for a specific project year.
Y = Number of years in life cycle. (yrs)

G = Designator for a specific project year.
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- 4. Associated Systems Costs

l; o Definition:
. Ship systems only: The procurement and operating and support
i costs of additional hardware needed to insure effective operational
use of the new ship. These additional hardware needs can range from
- new logistics support force ships to helicopters which will be deployed }
on the new ship. ;
—— Cost Formula:
T ASC = ASCI + ASCO ' ' ‘

where:

" ASC » Associated systems costs. (§) §
. ASCI = Associated systems investment costs. ($)

. ASCO = Associated systems operating and support costs. ($)

=,
3
&
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Associated Systems Investment Costs

Definition:
This cost refers to all costs associated with the procure-~
meant of additional hardware needed to insure effective operational
use of the new ship.

Cost Formula:

ASCI = MLI + TRI + AIlI

where:
ASCI = Associated systems investment costs. (§)
MLI = Mobile Logistics Support Force investment cost. ($)
TRI = Tenders and repair ships investment cost. (§)

AIl = Ashore Intermediate Maintenance Activity (IMA) investment
cost. (§)




4.11 Mobile Logistics Support Force Investment Cost

Definition:
The cost of constructing, converting, altering, or modifying
oilers, ammunition ships, supply ships, etc., to support the operation
of these particular ships.

Cost Formula:

MLI = MLIC(I)

Y
=
where:

- MLI = Mobile Logistics Support Force (MLSF) investment cost. (§)

MLIC(I) = Government expenditures during year I for constructing,
converting, altering, or modifying the MLSF. ($/yr)

I = Designator for a specific project year.

Y = Number »f years in life cycle. (yrs)
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i 4.12 Tenders and Repair Ships Investment Cost “E:
1

Definition: l.?

The cost of constructing, converting, altering, or modifying ﬁ;

tenders and repair ships for the intermediate maintenance of these a2
particular ships. K’
=1 B

TRIC(I)
I=1

TRI =

L . at

where: ' 1
" TRI = Tenders and repair ships investment cost. ($)

TRIC(I) = Government expenditures during year I for constructing,
converting, altering, or modifying tenders and repair ships. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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- 4.13 Ashore Intermediate Maintenance Activity Investment Cost ;
I - Definition:
' . s 3
C The cost of constructing, converting, altering, or modifying H
l . of shore facilities to provide intermediate maintenance for these ‘
; particular ships. Investments made solely for repairable component ;
R repair facilities, which should be reflected in 2.27 are excluded. ;
‘ - Cost Formula: B
’! -

l - All = — atrc(n) .
: : . I']. * ‘
! where: ;

AIT = Ashore Intermediate Maintenance Activity investment cost. ($) y

AIIC(1) = Government expenditures during year I for coastructing,
U converting, altering, or modifying shore facilities. ($/yr)

. 1 = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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3 4.2 Associated Systems Operating and Support Costs

Definition:

This cost refers to all costs associated with the operating -
and support of additional hardware needed to insure effective operational
use of the new ship.

ey e e

Cost ‘Formula:

e

ASCO = MLO + TRO + AIO + ES

where: . ' : 2

ASCO = Associated systems operating and support costs. ($) -
. MLO = MLSF operating and support cost. ($) s
TRO = Tenders and repair ships operating and support costs. ($§) !

AIO = Ashore IMA operating and support cost. (§)

ES = Embarked systems operating and support cost. ($)

e
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4.21 Mobile Logistics Support Force Operating and Support Cost

Definition: -

The significant incremental costs of operating and supporting the
MLSF (except tenders aad repair ships) that, result from the introduction and
operation of these particular ships. The operdting and support cost of the
MLSF ship is to include the cost categories in the 300 series defined
by this report.
oy
Cost Formula:

Y :
MLO = | MLOC(I) .
I=1

where:

»
MLO = MLSF operating and support cost. (§)

MLOC(I) = Incremental éos;s during year I for operating and
. support of the MLSF. ($/yr) -~

I = Designator for a spewific project year. 3

Y = Number of years in life cycle. (yrs)
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4.22 Tenders and Repair Ships Operating and Support Cost

Definition:

The significant incremental costs of operating and supporting the
tenders and repair ships that result from the introduction and operation
of these particular ships. The 0&S cost of the tenders and repair ships is '
to include the cost categories, (except for direct labor, covered in 3.211)
in the 300 series defined by this report. If these particular ships require -
particular tenders or repair ships, the costs associated with them must be .
shown separately. c 1Y

-

Cost Formula:

Y A
TRO = _ TROC(I) h
I=1

where: - -~

TRO = Tenders and repair ships operating and support cost. (S)

. TROC(I) = Incremental costs during year I for operating and support
of the tenders and repair ships. ($/yr) L

1 = Designator for a specific project year.

. Y = Number of years in life cycle. (yrs)

118




4.23 Ashore IMA Operating and Support Cost

Definition:

The significant incremental costs of operating and supporting
the ashore IMAs that result from the introduction and operation of
these particular ships. The 0&S cost of the ashore IMAs includes
manpower, (except for direct labor, covered in 3.221), training,
personnel support, and other support as defined by the 300 series of this
report. These costs also include support services received from host
facilities. If these particular ships require particular IMAs, the costs
associated with them must be shown separately.

Cost Formula:
\Y'
AIO = AIOC(L)
I=1

where:

AI0 = Ashore IMA operating and support cost. ($)

AIOC(I) = Incremental costs during year I for operating and support

of ashore IMAs. ($/yr)
I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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4.24 Embarked Systems Cost

Definition:

Pro rata share of the operation and support costs of embarked systems,
such as helicopters, etc., not intended to be permanently affixed to the
ship. The pro rata allocation of aviation systems is to be based on a pro-
portionate share of the total squadron operating and support costs as defined
by the cost categories in this report. Costs will be shown separately for
each kind of "embarked system." The "embarked systems" will be specifically
identified.

Cost Formula:
Y
ES = ESC(I)
1=1
where:

ES = Embarked systems cost. ($)

ESC(I) = Pro rata share of operating and support costs of embarked
systems during year I. ($/yr)

I = Designator for a specific project year.

Y = Number of years in life cycle. (yrs)
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S. Termination Cost

i Defintion:

This element refers to the saglvage value and/or disposal

; cost incurred when the weapon system is removed at the end of its
' economic life.

Cost Formula:

Y

- TERV = ~ NPO(I) * TERM
o I=1

. where:

(

. TERV = Termination cost. (§)

l NPO(I) = Number of major weapon systems phased out during
L. year 1. (systems/yr)

TERM = Major system terminal cost/value. (+/-$/system)
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IV. Guidelines

A. Introduction

This section presents situations for tailoring the CBS and cost methodol-
ogy. The material presented is for guidance - it should in no way limit the
use of imagination and good judgement in performing cost analyses relevant to
acquisition program decisions.

B. Tailoring The Analysis

The conducting of a life cycle cost analysis must be tailored to the phase
of the acquisition program and the cost issues involved. As a program pro-
gresses, the issues change, and both the uncertainties in the cost estimation

and the opportunities to affect those costs diminish. Consequently, the

" nature of decisions and the related cost analyses will change as the design

progresses.

Depending on the phase of the program and the specific issues involved,
the cost analysis might address alternative weapon systems, subsystems, or
support glaus. .Additionally interest will frequently focus on the sensitivity
of certain costs to the goals established for mission performance and support
of the weapon system.

C. Objectives Of The Cost Analysis

Although each cost analysis and its format must be tailored to the deci-

sions at hand, it gshould always:

Define each alternative

Identify differences between alternatives

Show cost impact of the differences, taking uncertainty
into account
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- Explain the rationale of the cost analysis (assumptionmns,
limitation, methods, data) and note any deviations from
the guidelines set forth by the requesting activity for
the cost analysis

- Relate the results to the decisions being considered

D. Illustrations For Altering The CBS And Cost Equations

This sub-section presents examples where the CBS and cost equations
presented earlier are altered to address the issues under consideration during
the cost analysis. The illustrations are hypothetical, through based on real
world issues. They are descriptive rather than prescriptive.

Example 1. Assume that it is desired to compare the life cycle cost of
two proposed weapon systems in similiar stages of development.

In this example, it .is iﬁportant that the cost-estimating model, where
feasible, be the same for the two systems. This is to ensure that differences
between cost estimates of the systems result from differences inherent in the
gystems, and not from differences in the cost-estimating approaches.

The depth of detail of the CBS used in the cost-estimating model 1is
dependent on the stage of development of the weapon systems. Comparing two
systems in the conceputal stage, may require the cost coverage of Research and
Develop?emt costs suggested in this report; whereas, the Operating and Support
costs ma; be estimated on a more aggregate level than that presented.

Cost-estimating techniques also vary as the stage of development pro-
gresses. During the early stages of development, it may be desireable to
astimate costs based on historical cost trends of similiar or analogous
systems. These estimates may be made at the system-level. As the system
design matures, the estimating techniques become more related to the weapon
systems characterics and operating scenario. Cost estimates may be made at

the subsystem or component level.
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Example 2. Purpose of analysis: Compare the cost of modifying an exist-
ing weapon system to that of developing and acquiring a proposed new weapon
system.

This example would require two different cost-estimating models. The
cost-estimating model for the modified weapon system would focus on research
and development, and investment costs for the proposed modifications. Operat-
ing and support costs would be considered for the entire system with the
proposed modifications. Previous expenditures for developing, acquiring, and
supporting the weapon system would not be considered.

Historical data would be the predominate basis for cost estimates of the
operating an support costs for the portion of the weapon system not undergoing
modification. .

The proposed new weapon system would require a cost-estimating model that
considers the costs of developing, acquiring, and supporting the entire weapon
system. As in the previous example, the CBS and cost-estimating technique
used would. depend. on the systems stage of development.

Example 3. Purpose of analysis: Trade-off two different component
designs.

Here again, it is desirable that the cost-estimating model be the same for
the two alternative components. The model should involve only a small portion
of the total weapon system’s cost, focussing on the selected components
trade-offs. Detailed analysis considering acquisition cost versus mainten-
ance cost as a function of reliability should be a charazceric of the model
used.

Example 4. Purpose of analyses: Trade-off two different support concepts.
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Again, it would be desirable to use one cost-estimating model for the two
different support policies. The model would focus on the cost differences of
the support concepts concentrating on the cost of maintaining the systenm,

subsystem(s), or component(s) being considered for alternative support

concepts.
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V. LCC FLEX Computer Program
A. Introduction

This section discusses the LCC FLEX computer model. The model is an

o o vaa

updated version of the models previously developed for major weapon system

and equipment level life cycle cost analysis. This updated version allows i
the user to store on a computer file, rather than program into the model,

the standard CBS and associated equations. This feature allows the user

to permanently change the CBS or equations without changiné the computer

program.

B. Standard CBS and Equationﬁ

The Life Cycle Cost Breakdown Structure and Equation Directory which
identifies the CBS number gssigned to each element; and the cost category,
funding type, and inflation factor type assigned to each basic equation
is provided in Table 4 .

Every cost element in the CBS is assigned a CBS number. The numbering
scheme determines the hierarchy from which lower cost elements are aggregated
into higher cost elements. The FLEX model is comstructed to accept six digit
CBS numbers, with the hierarchy determined from left to right. Thus cost
elements 1100060 and 120000 are aggregated into cost element 100000.

Every cost element without lower cost elements below it, must be defined
by a cost equation. Every :Sst equation is assigned to one of ten major
cost categories. For reference purposes, each is assigned a numerical code.

These Cost Categories and their assigned code numbers in the Equation Directory

are: .
Contracted Research 1 !
Management 2 i
Testing 3 1
Prime Equipment 4 I
Training 5 1
Supply Support 6 k
Technical Data 7 ;
Support Equipment 8
Operation 9 ,
Maintenance 10 ‘ 1
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' ' Every cost equation is assigned to one of six funding types. These
e funding types and their code numbers in the Equation Directory are:

Research & Development
Procurement

{ Construction
Operation & Maintenance
Military Personnel
Others

S WM~

Each cost equation in the Equipment Life Cycle Cost model can be

adjusted for the time value of money by one of four types of inflation

factors and one discount factor. These inflation factors and their code

numbers in the Equation Directory are:

, R&D 1
\L Procurement 2
Construction 3
0&M 4 ~

Operation and Maintenance and Military Personnel are assumed to
‘ use the same O&M type of inflation factor. Funding type "Others" could
use any one of the inflation factors.

{ C. Data Collection

Life Cylce Cost analysis requires the collection and pro;essing of 109
cost factors. The principal data sources are the System Project Office,
the Contractor, and the Logistic Support organization. The Project Manage-
ment Office will provide data concerning the system operations, acquisition
. costs, project schedules and various contractual related information.

Information pertaining to the inherent design characteristics of the system
. will be available from the contractor. The ILS Manager and his Logistic
] = Element Managers will have access to data on maintenance, personnel and
training, technical data, transportation, etc., during the ownership period.

The analyst will be required to provide all other cost factors by converting

P
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129 !
!
|




some of the raw data collected during the interviews into applicable informa-
tion. It is recommended that the cost equations' description presented in
section III be used as a guide during the interviews.

The basic steps in the data collection and processing are the same
whether life cycle costs are calculated manually or by using the Automatic
Data Processing (ADP) program. The ADP method simplifies the calculation
requirements, but it also requires an analyst to become familiar with traas-
lating LCC factors into a format aceéptable to a computer.

Sections D ~nd E will provide information on how to use the ADP techniques
for the LCC model. Section@ will present the FLEX technique on how to modify
the FLEX LCC Mogel.

D. Automatic Data Processing

Although an analyst cén use the model without knowing all the details
of the calculations, a general knowledge of the logical content contained
in the model is useful in properly developing input data, in properly
interpreting results and in appreciating the capabilities and limitations
of the model.

The LCC model consists of three functional processes:

1. ADP Model Input Logic

Like any computer model, a problem to be analyzed by the LCC
model must be presented in the form of input data of particular types.
Once the analyst has prepared data on the input forms, the data is converted
to punched cards. Each type éf data card is read in and the data is converted
to a form needed for subsequent operations. The model routines that process
input data also apply various logical tests to verify that the data is correct
and complete within certain limits. If these tests or edit checks uncover
discrepancies in the data, erro. messages are produced. For some errors

operation of the model will stop, while for others processing will continue.
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The input routings also provide reports of the input data which are returned
to the analyst along with results of the output reports. These input reports
can be used to check thag the data has been properly entered. They also

serve as ready reference for interpreting the results of the model. Once

all input data is read in and established in arrays, the logical process

of the model automatically begins. All of the processing is done internally
and does not require the attentiomn or intervention of the analyst.

2. Cost Calculations

In calculating Life Cycle Cost, the model considers the hierarchal
structure of the cost elements that have been defined in section II. The
cost of a cost element is the sum of the indentured cost elements below
it. For example: total life éycle cost is calculated as the sum of the
Research and Development, Investment, Operating and Support, Associated
Systems, and Termination costs. This feature requires that only those cost
elements that do not have lower indentured cost elements need be described by
equations. The model calculates the cost of each equation by year. These
costs are'then adjusted as required by the time value of money theory.

Every cost element described by an equation also has identified with
it a life cycle phase, cost category, funding type, and adjustment factor.

3. Reports

The purpose of a life cycle methodology is to take the diverse bits
of information describing a specific bid or set of circumstances and produce
4 unique value called the total life cycle cost. The comparison of the LCC
values provides the System Project Manager with an important decision-making
factor. The ADP program provides various reports at different depth of detail

and types of information that are grouped into two basic categories.
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{3) The COST BREAKDOWN BY YEAR report presents the yearly | ]
breakdown of the basic cost elements. . !i

(4) The COST BREAKDOWN TOTALS report presents the total life

cycle cost of each basic cost element. The cost of each basic cost element is ﬂ»
also expressed as a percentage of total LCC. '1‘
(5) The GENERAL FUNDING report presents the total life ~z(;
cycle cost cross-referenced by fqndiqg types. 5?
(6) The ANNUAL COST BY FUNDING TYPE report ﬁtesents the »] T
total life cycle cost b§ year by funding type. "}{é

(7) The ANNUAL.COST BY COST CATEGORY report presents the
_ 1
total life cycle cost by year by cost category. ' J

(8) The SENSITIVITY ANALYSIS repor:t summarizes the effect

—
Ry

65 varying a single cost factor's value on the total life cycle cost. -
£ E. LCC Model Input Formats ’“1 ;
% : The operation_of the Equipment Life Cycle Cost model requires that -
% | a variety of ianput data be prepared by the analyst to describe tlie equipment ->? g
o
( being analyzed. A Run Deck sequence of the computer cards is shown in figure 1. )
A Major Weapon System LCC model sample computer run is provided in Appendix B. _EAE
F There are five types of input formats required from the analyst. These are: ?';
¢ 1. Analysis Identification ~d
k This form identifies.the analysis and prints the title on the cover e’y
_ page and on the succeeding report pages. The maximum number of characters for #l'x
E the analysis identification is 100. The identification is to be contained _,j ;f
in columns 1 through 80 of the first card and columns 1 through 20 of the )
second card (if required). All characters will appear as the analysis - 4
identification on each report page; if no information is given then "No analysis } ;
identification was provided” will be printed. -
1
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1
|
' - LCCFLEX RUN DECK SEQUENCE
- //NWQPxxxx JOB (13440dii,C,U,N), 'LCC-Analyst’'s name)
// EXEC LCCFLEX,RUN=1,LINES=5000
' //IDENT DD *
{ : : Identification cards go in here :
S B R EEETREEREES e reiee e e e et e .
//CS DD *
CS and EQ cards go in here
Referred to as CS FILE and used oanly for FLEX optionm
//NV DD *
f . Tes s e et o s P e L R I T I ST AT A TP PP S e et e P R R IR IR AP P P 4
L;J : NV and DS cards go in here
Referred to as NV FILE and used ounly for FLEX option
s //DATA DD *
»\’"\
‘ CN card
' o : RM cards
&INPUT

NAMELIST input data cards go in here
&END

SA Sensitivity analysis cards go in here

1
} /1 '
/1
. xxxx Project identification
d department code

} ii Analyst's initials

< ' FIGURE 1

.f
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2. Control Options Card (CN card)

The control options card (CN card) has several switches to suppress
printing of reports.

Input Data Reports are selectively printed or not printed in accordance

with the following code:

0 or blank = No report printed
1 = Report printed

1 Output Reports are selectively printed or not printed in accordance
4

with the following code:

0 or blank = No report printed
1 = Report printed in constant dollars
2 = Report printed in inflated dollars
4 = Report printed in inflated and discounted

dollars




\

v
)
N

o

If more than one type of printout is desired, simply add the
integer of the individual reports and enter the resultaat number. For
example, the number 3 (1+2) will produce two reports, on; in constant
dollars and the other in inflated dollars. An entry of 7 (1+2+4) will
produce three reports, one in constant dollars, one in inflated dollars,
and one in inflated and discounted dollars.

The last switch on the form provides the user witp an option of

entering the adjustment factor for the inflation in the form of either the

inflation rate or the inflation factor. The switch is controlled as follows:

0 or blank = Inflation rates
1 = Inflation factors

1f there is no CN card all of the reports will be nrinted.
The format of the CN card is as follows:

Column(s) Description

l- Card type 'CN"

Equation
Remarks
Dictionary
Built-in variable values

User input variable values (Used only
for LCCFLEX)

NV WN

8 Cost adjustment factors

9 Summary

10 Funding by cost category

11 ' Cost breakdown by year

12 Cost breadkown totals

13 General funding

l4 . Annual cost by funding

15 Annual cost by cost categories

16 Sensitivity analysis
17-19 Not used

20 Taflation rate/factor input option
21-80 Not used

e AL Pl
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3. Remark Cards (RM Cards)

The remark cards allow the user to describe or provide additional
information for explanatory purposes. The remarks entered in this format are
printed on a separate output page. If no remark card is used, "No remarks”
is printed. Each remark card should be coded with the characters RM on
the first and the second column of the card. The user can include as maay
RM cards as needed.

4. Input Card (for NAMELIST input)

The basic input data is entered on NAMELIST input cards. NAMELIST
is a special input processing technique that allows a great deal of freedom
and brevity in providing input data to a program.

Certain rules govern the use of the NAMELIST techaique; these rules
are described here. The first card for NAMELIST input must have "&" in
column 2 followed by a NAMELIST name (for this program that name is input) and
the name followed by a blank. Subsequent cards do not use this identificationm
but column 1 must be blank. The end of NAMELIST data is signified by entering
“SEND" after the final model input data. Data is entered in the format
“Variable name = Variable value.” 1If the variable is defined as an integer
(in this program only dimensioned scalars are integers), the value must
be an integer (not coatain a decimal point). Embedded blanks in the name
or value are illegal, but blanks mayr appear before or after each (CAUTION:
Blanks after a value with no decimal point will be interpreted as zeros).
A comma must be used to delimit and separate data entries. Input to arrays
(matrices) may be done in one of several ways. Some of these ways are

illustrated in the following example.
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Assume an array "A'" dimensioned as two by three, into which it is
desired to enter the values
228
8 88
This can be done, under NAMELIST input by:

A(1,1)=2.,A(1,2)=2.,A(1,3)=8.,
A(2,1)=8.,A(2,2)=8.,A(2,3)=8 .,

or
A=2.,2.,8.,8.,8.,8.,
or
A;2*2.,4*7.,
or
A(l,1)=2.,A(1,3)=8.,
In the last form each of the missing elements will take the immediately pre-
ceeding value given, as their default value.
The Major Weapon System Life Cycle Cost model contains 77 cost factors
which are written in the NAMELIST format. There are three types of co;t factors:
a. Scalars
These are the single value cost factors. There are 19 scalars
in the LCC model. All scalars have a range varying from 0 to 109except
scalars "BY" and "IFY" which are restricted to vary from 1 to 30, and scalar

'TERM' which varies from -10° to 10°. Scalar names are listed in alphabetical

order as follows:

AA CSPB CSPs CTPE DCRS FSA

GF IFT: MATS NSNP NSNS oT
RIE RIM RMF RMFA SS§ TAD
TERM




b. Dimensioning Scalars
These are the single value cost factors governing the dimensions
of the arrays. There are 9 dimensioning scalars in the LCC Model. Dimensioning
scalars and their respective minimum and maximum range values are listed as

follow~:

Name Min. range Max. Range

5
30
50

5
50

5

5
30
50

N ECQCT™®MOUW
kel ekl

Arrays
These are the subscripted multiple entry cost factors. Dimensions

of these arrhys are controlled by dimensioning scalars. All arrays have

a range varying from 0 to 10° except arrays "MTBF'" and "MIGO' are restricted

to a minimum of 0.0l to avoid division by zero during calucations. There
are 84 arrays in the Major Weapon System LCC model. The listing of the arrays
by dimension types are as follows:
(1) The 65 arrays subscripted by “I" and dimensioned by "Y"
(which has a range from 1 to 30) are as follows:

AD ADC ADG AlIC AIOC
AQSE  ASZ ASEC  BOSC CIF
csy CTE CTS DC bpCD
DCPM DCS DCSE  DCT DCTE
DGTA DCTT ESC EXSC FA
IPS MFC MFCA MLIC MLOC
NB , NFMP  NMFS  NNN NPO
PESC PMG pPsC PTE RPMC
RTRS SA §S§ TESC TRE
TROC TRS




—y

(2) The 6 arrays

(which has a range from 1
ALBR AMAT

(3) The 5 arrays

(which has a range from 1
ALR AMTR

(4) The 2 arrays

(which has a range from 1
ACST ADSC

(5) The 2 arrays

(which has a range from 1

MS POT

subscripted by '"CC" and dimensioned by ‘'DD”
to 50) are as follows:

ATRN BCM GMC MIBS
subscripted by X" and dimensioned by "Z"
to 50 are as follows:

ATNS GOH MTGO
subscripted by “EE" and dimensioned by "FF"

to 50) are as follows:

subscripted by "T" and dimensioned by "U"

to 5) are as follows:

(6) The 1 array subscripted by "A" and dimensioned by "B"

(which has a range from 1

PA

to 5) is:

(7) The 1 array subscripted by "E" and dimensioned by "F"

(which has a range from 1

PAS

to 5) is:

(8) The 1l array subscripted by V" and dimensioned by "Z

(which has a range from 1

MSO

~

to 50) is:

(9) The 1l array subscripted by "C' and dimensioned by "D"

(which has a range from 1
CSE

d. Matricies

These are the double subscripted multiple entry cost factors

controlled by 2 dimensioning scalars simultaneously.

to 30) is:

in the model. They are as follows:

There are 7 matricies




(1) The 2 matricies subscripted by "“I" and "T" and dimensioned by

"Y" and "U'" are as follows:

NMP NMPA

(2) The 2 matricies subscripted by "I" and "V" and dimensioned by

“Y" and "B" are as follows:
NOP NOPA
(3) ' The matrix suchtipted by "I" and "A" and dimensioned by
Y and “B" is:
NCR
(4) " The matrix subscripted by "I" and "C" and dimensioned by
"Y' and "D" is: )
NSE
(5) The matrix subscripted by "I" and “E" and dimensioned by
"Y" and "F" is:
NSTA
Table 5 presents an alphabetically sequenced Life Cycle Cost Directory with
names and descriptions of the Cost Factors and a cross reference of the
Equations in which they are used.

5. Sensitivity Analysis Card

Variables to be sensitized are noted on the sensitivity analysis
card. These cards are identified by punching SA in columns 1 and 2.

The mnemonic of the variable to be sensitized is entered in
columns 10 through 17. The lower and upper values of the range over which
the variable is to be sensitized are entered in columns 20 through 29 and
30 through 39 re;pectively.

Up to ten scalar variables and up to ten array variables may be

sensitized in a given program execution.
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TABLE 5
I LIFE CYCLE COST FACTOR DIRECTORY 1
—_— 4
NAME DESCRIPTION CBS NO
' ) AA First piece cost of weapon system. ($) 211000
{ ACST(EE) Average cost of item per discard or scrap maint- 381000
enance action to the EEth equipment. ($/scrap
— action)
' AD(I) Documentation acquisition cost during year I. ($/yr) 216000
l . ADC(I) Contractor payments paid by the Government to 111000
K contractors for the major weapon system validation
’ effort during year I. ($/yr)
‘
. ADG(T) Government expenditures during year I for the major 112000

weapon system validation effort. ($/yr)

ADSC(EE) Average scrap rate of items in the EEth equipment. 381000
(scrap actions/failure)

AIIC(I) Government expenditures during year I for construct- 413000
N . ing, converting, altering, or modifying shore facili-
ties. ($/yr)

. AIOC(I) Incremental costs during vear I for operating and 423000
support of ashore IMAs. ($/yr)

ALBR(CC) Average two way packaging labor cost incurred during 362000
the process of shipping failed items in equipment CC
between the intermediate and depot level facilities.
' ($/BCM) ,

ALR(X) Average two way packaging labor cost incurred during 361000
the process of shipping rework/overhaul items in
equipment X between the intermediate and depot level
maintenance facilities. ($/(rework/cverhaul))

AMAT (CC) Average packaging material cost incurred during the 362000
process of shipping failed items in equipment CC be-
tween the Intermediate and depot level facilities.
($/8CM)

AMTR(X) Average packaging material cost incurred during the 361000
process >f shipping rework/overhaul items in equip-
ment X between the intermediate and depot level maint-
enance facilities. ($/rework/overhaul))
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NAME

APS(I)
APSA(I)
AQSE(I)
ASE(I)

ASEC(I)

ATNS(X)

ATRN(CC)

: BCM(CC)
BOSC(I)
CIF(I)

CIT(D)
CPM(I)

, CSE(C,

TABLE 5 (CONT'D)
LIFE CYCLE COST FACTOR DIRECTURY

DESCRIPTION

Government expenditures in year I for personnel
support at afloat faciliries. ($/yr)

Government expenditures in year 1 for personnel
support at ashore facilities. ($/yr)

Government expenditures in year I for the acquisi-
tion of common support equipment. ($/yr)

Government expenditures in year I to make common
support equipment available for support of the
weapon system. ($/yr)

Security cost incurred during year I. ($/yr)

Average two way shipping cost incurred during the

process of shipping rework/overhaul items in equip-

ment X between the intermediate and depot level
maintenance facilities. ($/(rework/overhaul))

Average two way shipping cost incurred during the
process of shipping failed items in equipment CC
between the intermediate and depot level mainten-
ance facilities. ($/BCM)

Beyond capability of maintenance rate of equipment
CC. (ratio)

Government expenditures during year I for base
operating support. ($/yr)

Government payments to contractors for industrial
facilities during year I. ($/yr)

Contractor payments paid by the Government during
year I for integration and test of the complete
weapon system. ($/yr)

Contractor paymenés paid by the Government during
year I for program management of the production
units. ($/yr)

Acquisition cost of support equipment type C. ($/
equipment)
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CBS NO

321300

322300

222000

222000

314000

361000

362000

342000
362000
331000

218000

214000

215000

212000




B i

l NAME

CSPB
CSPS

Csu(ID)

CTE(I)

-~y

CTPE

' CTS(I)

oo DC(D)

DCD(1)

‘ DCE (1)
DCH(I)
DCPM(T)

DCRS

DCS(I)

—— . P

TABLE 5 (CONT'D)
LIFE CYCLE COST FACTOR DIRECTORY
DESCRIPTTON

Cost of initial spares and repair parts per aircraft
supporting base. (§/base)

Cost of initial spares and repair parts per ship sys-
tem. (§/system)

Government payments to contractors for technical sup-
port during year I of the investment phase. ($/yr)

Cost of contractor training equipment in year I. ($/vr)

First destination transportation cost for the weapon
system. ($/system)

Cost of contractor services in year I. ($/yr)

Government expenditures in year I for storing, repro-
ducing, packaging, and shipping technical and manager-
ial data. ($/yr)

Contractor payments paid by the Government to con-
tractors for documentation during year I for the full
scale development effort. ($/yr)

Contractor payments paid by the Government to con-
tractors for engineering during year I for “he full
scale development effort. ($/yr)

Contractor payments paid by the Government to con-
tractors for prototype hardware during year I for
the full scale development effort. (§/yr)

Contractor payments paid by the Government to con-
tractors for program management during year I for
the full scale development effort. ($/yr)

Depot labor and material cost per ship per year for
component repair. ($/ship/yr)

Contractor payments pald by the Government to con-
tractors for development of software during year I
for the full scale development effort. (S$/yr)
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CBS NO

219000

219000

217000

213000

229000

213000

226000

121600

121200

121300

121100

344000

121400

H




NAME

DCSE(I)

DCT(I)

DCTE(I)

DCTS(I)

DGPM(I)

DGTA(T)

DGTIT(I)

ESC(I)

EXSC(I)

FA(I)

FM(I)

FSA

TABLE 5 {CONT'D)
LIFE CYCLE COST FACTOR DIRECTORY

DESCRIPTION

Government expenditures during year I for systems
engineering for the full scale development effort.

($/yr)

Government expenditures during year I for AGE/GSE/
TE used in support of the Test and Evaluation pro-
gram during the full scale development phase. ($/yr)

Contractor payments paid by the Government to .con-
tractors for integrating and testing the weapon
system during year 1 for the full scale development
effort. (S/yr)

Government expenditures during year I for test
spares for the full scale development effort. ($/yr)

Government expeaditures during year I for project
management for the full scale development effort.

(8/yr)

Government costs for test site activation/deacti-
vation during full scale developmen* Test and Eval-
uation program in year I. (§/yr)

Government expenditures during year I for test per-
sonnel and training cost for the full scale devel-
opment effort. ($/yr) :

Pro rata share of operating and support costs of
embarked systems during year I. ($/yr)

Stores cost per weapon system during year I. (§/
system)

Government expenditures in year I for maintenance
facility activation. ($/yr)

Moneys received by the Government from the foreign
military sales of previously developed weapon sys-
tems, to defray the R & D cost of the major weapon
system. ($/yr)

Field supply administration cost of the NSN. ($/NSN/
site/yr)
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CBS NO

122200

122330

121500

122320

122100

122340

122310

424000

384000

227200

122400

351000




“BF

NAME

o Ay

GF

GOH (X)

GMC (CC)

HCC(I)

IPS(I)

MLOC(T)

MODC(TI)

MODK(I)

e T

MS(T)
| MS0 (V)

& MTBF(CC)

i

TABLE S (CONT'D)

LIFE CYCLE COST FACTOR DIRECTORY

DESCRIPTION
Cost of GFE/GFM per weapon system. ($/system)

Depot rework/overhaul cost for equipment X. (S$/
(rework/overhaul))

Depot repair material and labor cost for equipment
CC. ($/failure)

Government expenditures in year I for health care.

($/yr)

Government expenditures during year I for installa-
tion personnel support. ($/yr)

Materiel cost per system per year. ($/system)

Government expenditures during year I for mainten-
ance of the afloat facilities. ($/yr)

Government expenditures during year I for mainten-
ance of the afloat facilities. ($/yr)

Government expenditures during year I for constuct-
ing, converting, altering, or modifying the MLSF.
(3/yr)

Incremental costs during year I for operating and
support of the MLSF. ($/yr)

Moderization cost per weapon system during vear 1.
($/system)

Modification cost per weapon system during year I.
($/system)

Unit pay and allowances of grade T personnel. ($/
man)

Unit pay and allcwances of grade V personnel. ($/
man)

Mean time between failures of the CCth equipment.
(hrs/failures)
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CBS NO
221000

341000

342000

372000

333000

313000

321400

322400

411000

421000
343000
382000
321110

322110

321120
322120

342000
362000



&
v

MTGO(X)

NB(I)

NCR(I,4)

NFMP( I)

NMMFS(I)

NP(I,T)

MMPA(I,T)

NN(I)

NNN(I)

NOP(I,V)

—— e

\-“ :
5

TABLE 5 (CCNT'D)

LIFE CYCLE CCST FACTCR DIRECTCRY

DESCRIPTION

Mean time between depot rework/overhaul of the Xth
equipment, (hrs/(rework/overhaul))

Humber of newly introduced bases supporting air-
craft during year I, (bases) '

Eotal number of crew personnel of grade A in year I.
men )

Number of maintenance facilities servicing <he major
weapon system in year I. (sites)

Number of maintenance facilities servicing support
systems of the major weapons system in year I.
(sites)

Number of perscnnel of grade T at afloat facilities
maintaining the weapon system during year I. (men/
grade/yr)

Number of personnel of grade T at ashore facilities
maintaining the weapon system during year I. (men/

. grade/yr)

Number of weapon systems introduced into inventory
during year I, (system/yr)

Number of weapcon systems in inventory during year I.
(systems)

Number of perscnnel of grade V at afloat facilities
maintaining ordnance systems during year I. {men/
grade/yr)

154

CBS NO

341000
361000

381000

219000

3110C0

351000

351000

321110

322110

221000

211200
2190C0
221000
229000
3130C0
321200
322200
341200
342000
343000
344000
361000
362000
381C2C0
382000
384000




MG,

i i RPTR,

Lo

———_eh,

NAME

NOPA(I,V)

NPO(I)

NSE(I,C)

NSNP

NSNS

NSTA(I,E)

ODM(I)

0T

PA(A)

PACC(T)

PAS(E)

PESC(I)

PMG(I)

POT(T)

TABLE S{{INT'D)

LIFE CYCLE COST FACTOR DIRECTORY

DESCRIPTION
Number of personnel of grade V at ashore tacilities
maintaining ordnance systems during year I. (men/

grade/yr)

Numter of weapon systems phased out during vear I.
(systems/yr)

Total population of support equipments of type C
during year I. (equipments/yr)

Number of new NSNs introduced into supply system by
the major weapon system. (NSNs)

Number of new NSNs introduced into supply system by
support systems of the major weapon system. (NSNs)

Total number of command staff personnel of grade E
in year I. (men)

Government expenditures in year I for other deployed
manpower. ($/yr)

Annual operating time of the weapon system. (hrs/
system/yr)

Annual pay and allowances per man of grade A. ($/man)

Government expenditures during year I for personnel
activities. ($/yr)

Annual pay and allowances per man of grade E. ($/man)

Government expenditures during year I for personnel
support. ($/yr)

Government project management cost incurred during
year 1. (§/yr)

Proportion of time personnel of grade T are dedicated
to weapon system. (ratio)
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CBS NO

322120

500000
212000
228000

351000

228000
351000

312000

315000

341000
342000
361000
362000
381000

311000

373000

312000

374000

225000

321110
322110
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NAME

b PSC(I)
PTE(I)
RIE
RIM
RMF

- RMFA

RPMC(I)
RSEC(I)
RTRE(I)

RTRS(I)

SA(I)

$s(1)

SSS

TERM

TABLE 5 (CONT'D)

LIFE CYCLE COST FACTOR DIRECTORY

DESCRIPTION

Government expenditures during year I for personnel
support. ($/yr)

Test and Evaluation costs incurred during year I.($/
year)

Average NSN entry cost into the supply system. ($/
NSN) '

Average NSN retention cost in the supply system. ($/
NSN/yr)

Repair material cost at afloat facility per system
per year. ($/system)

Repair material cost at ashore facility per system
per year. ($/system)

Government expenditures during year I for real pro-
perty maintenance. ($/yr)

Government expenditures during year I for replen-
ishment support equipment. ($/yr)

Government expenditures in year I for replacement
training equipment. ($§/yr)

Government expenditures in year I for training
services for personnel replacing those lost through
attrition. ($/yr)

Government expenditures in year I for operational
site activatiom. ($/yr)

Cost of system stock for year I. ($)
Slope of learning curve. (ratio)

Annual temporary assignment of duty cost per member
of crew. ($/man)

Major weapon system terminal cost/value. (+/-$/sys-
tem)
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cBS NO

316000

224000

228000

351000

321200

322200

332000

383000

371000

371000

227100

219000
211000

311000

500000

[
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- NAME

TESC(I)

TRF(I)

TRIC(I)

TROC(I)

TRS(I)

TABLE 5 (CONT'D)
LIFE CYCLE COST FACTOR DIRECTCRY
DESCRIPTION

Covernment expenditures for technical support
during year I. {3/yr)

Government expenditures in year I for training
equipment. (3$/yr)

Government expenditures in year I for training
facilities. (3/yr)

Government expenditures during year I fcr con-
structing, converting, altering, or modifying
tenders and repair ships. ($/yr)

Incremental c~sts during year I for operating
and support of the tender and remair ships.
{($/yr)

Government expenditures in year I for *raining
services. {3/yr)

157

oBs 10

32520C0

223000

223000

412000

422000

2230C0




— T Sha i

The sensitivity analysis for a scalar begins by setting the variable
to the lower range value, performing the model calculations, and printing a
line of output. The process is repeated ten times successively adding
1/10 of the range to the variable's value.

The sensitivity analysis for an array variable begins by multiplying all
original elements of the array by a multiplier initially set equal to the lower
range value, performing the model calculations, and printing a line of output.
The process is repeated ten times successively adding 1/10 of the range to
the multiplier. Array elements are subsequently printed giving the original
and eleven modified values of each element.

If more than ten scalars or ten arrays are used for sensitivity analysis,
the excess will be ignored and a warning message issued for each.

-F. Output Formats

In this section each of the eight output reports will be described followed
by an example output report.

1. Summary Report

In this report, the total life cycle cost is broken down into the ten
cost categories and three life cycle phases. Within each cdst category as
identified by life cycle phase is given: cost-percent of total category
cost, and percent of total life cycle cost.

On the left side of the report, the ten cost categories are listed
by name; and within each category are given the headings: % of Cost Category
Total, and % of Cost Element Total. The ten cost categories are followed
by a total line of the cost of the life cycle phase and its contribution of
total life cycle cost. Across the top of the report, the cycle phases
(labeled as Cost Elements) are identified ending with a Cost Category Total

heading. The entire report is contained on one page.
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2. Funding vs Cost Category Report

This report breaks out the total life cycle cost into the ten cost

|
l
'. ) categories and six funding types. The format of the report is similar to the
Summary Report. Within each cost category, costs for each funding type
' are given. In addition to the cost for the funding type, its contribution 4
to total cost of the cost category is given as a percent. Additionally,
' within each funding type, the contribution of the cost to the total cost of
! o the funding type is given as a percent. On the left side of the report, the
ten cost categories are listed by name; and within each category are given
‘ g the headings: % of Cost Category Total, and % of Funding Type Total. The
ten cost categories are followed by a total line of the cost of the funding
_type and its contributions to the total life cycle cost. Across the top
of the report, the funding types are identified, ending with a Cost Category

Total heading. This report is contained on one page.

/ 3. Cost Breakdown by Year Report

In this report, annual costs are given for each element contained
in the cost breakdown structure. The report is organized with the cost
breakdown structure numbers and elements listed down the left-hand side by
order of their hierarchical structure. Up to forty-six lines may be
identified on one page. This format is repeated with forty-six line items
per page until the cost breakdown structure is completed. The years of
. the life cycle are identified by column headings across the top of the

k report, organized into groups of five. This format is successively repeated

l for as many years as are given. The number of pages for this report will

depend upon the number of years in the life cycle (three times the number

} of five year groups).

]
!

l 161 3




¢
|

4. Cost Breakdown Totals Report

In this report, life cycle costs and percent contributions to their
next higher indentured cost element are identified for each element in the
cost breakdown structure.

On the left side of the report, the cost breakdown structure numbers

and elements are listed in order of their hierarchial structure. Up to forty=-

six lines may be listed on one page. This format is successively repeated until

the entire cost breakdown structure is listed. Across tﬁe top of the report,
column headings are identified for total cost and percent contributions.

The percent contribution he#ding is divided into six columns corresponding to
the six indenture levels established by the cost breakdown structure

hierarchy. The right-most column represents the highest indentured cost

element (total life cycle cost). Under the appropriate column, the percent

contribution of the cost element to its next higher indentured level cost
element is identified. This report consists of three pages.

5. General Funding Report

In this report, life cycle costs are given by cost breakdown structure
element and by funding type. The cost breakdown structure numbers and
elements are listed by hierarchical structure down the left-hand side of the
page. This format is successively repeated per page until the structure is
completed. Across the top af each page, headings identify the six funding
types. The funding types are followed by a total column. The entire report
is contained on three pages.

6. Annual Cost by Funding Type Report

This report breaks out the annual costs into the six funding types.
On the left side of the report, each year of the life cycle is listed. The

last year is followed by a total line of the cost within the funding type.

Across the top of the report, the funding types are identified, ending with a

total heading. The entire report is contained on one page.
162
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7. Annual Cost by Cost Category Report

Annual costs are identified in this report according to the ten cost
categories.

The format of this report is similar to the previous report. Each
year of the life cycle is listed down the left side of the report followed
by a total line. Across the top of the report, the cost categories are
identified followed by a total heading. The entire report is contained on
one page.

8. Sensitivity Analysis Report

" The results of senéitivi:y analysis are presented in this report. For
each value of the sensitized variable, the life cycle cost is broken out into
the five life cycle phasgs. ‘In addition to the cost, the percentage change
from the cost derived for the base value is given. If the sensitized variable
is an array, a supplemental report displaying the values of the elements is
preseunted.

On the left side of the report, the number of different values an
element assumes is numbered starting with zero to denote the base value.
Across the top of the page, the sensitized variable is identified. Beneath
the identification of the sensitized variable, column headings are identified
for the value of the sensitized variable, the life cycle phases, and total
life cycle. For each life éycle phase and total life cycle, there are two
sub~headings, one for the lﬁfe cycle cost and the other for the percent change i
in the cost from the base analysis.

For the case where a scalar is sensitized, the value column displays
the different values of the variable. 1f an array is sensitized, the value

column displays the value of the multiplicative factor.
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The supplemental report provided for sensitized arrays lists the

number of elements in the array down the left-hand side of the report. Across
the top of the report, the values of the elements are identified by sensitivity
number and multiplicative factor corresponding to the values in the for-
mentioned report. The number of pages for this report depends upon the

number of elements in the array.

G. FLEX Technique in LCC Methodology.

FLEX option of the LCC Model provides the analyst the flexibility to
modify thg standard LCC mode} to his specific project needs. It is
realized that within the limits of the standard LCC model it is not feasible
to cover a wide range of possible unique situations of every project. With
this in mind, the FLEX techniqde is introduced. Using this technique, the
analyst can modify the standard LCC model to the extent of even redefining the
entire cost structure. However, this is neither intended nor recommended.
The user should stay within the same framework of the standard cost model and
add or delete cost elements, define and use new variables, or make use
of other Qiscell#neous options provided by the FLEX technique to emphasize
certain cost areas or make some changes in the cost calculation methodology
that is more fitting to his specific project. Run Deck sequence of the
computer prdgram is shown in‘Figure 1. The basic optional changes of the FLEX
technique are as follows:

1. Revision, Addition, or Deletion of Cost Elements

Revision, addition, or deletion of a cost element is done by providing
A "CS" card in the "CS" file (refar to figure 1). The format of a'CS$S" card

is as follows:
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Column(s) Description
1-2 Card type "'CS"
3-8 Cost Breadkown Structure number
9-10 Not used
11-50 Cost element description
51-54 Not used
55-56 Cost category
57-59 Not used
60 Funding type
61-64 Not used
65 Inflation factor type
66-69 Not used
70 Equation code
71-79 Not used
80 Deletion code

Code numbers of cost categories, funding types, and inflation factor types
are provided in sectiom II.
a. Revision
If the analyst wants to maintain the cost element but make
changes in the description, cost category, funding type, or inflation factor
type, he must prepare a 'CS" card and identify the cost breakdown structure
number and modify only the changes to be implemented.
b. Addition
If the user is introducing a new cost element, he should prepare
a "CS8" card, and by using th: standard LCC model as a reference, define a
cost breakdown structure number. If the cost element is not the lowest
indenture level, a cost breakdown structure number and description of the cost
element is all that is needed. However, if the cost element is at the lowest
indenture level, then the analyst must provide the information asscciated with [ 4
the cost category, funding type, inflation factor type and also indicate that
an equation card will follow the "CS" card (Lowest indenti:e level cost

elements must have equations). The computer program is dimensioned to accept

100 new cost elements.
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¢c. Deletion

If the anlayst wants to delete a cost element, he prepares a
"C8" card, defines the cost breakdown structure number and punches 1 in the
80th column. Caution: This will delete the cost element specified and also all
the lower indenture level cost elements below it. The analyst may use the
deleted cost structure numbers for new cost element defintions. Note: If a
standard LCC model cost factor is deleted thru deletion of cost elements not
being used again, it may be exciuded from the NAMELIST data.

2. Equations for Cost Elements

‘Equations are identified with an "EQ" card provided in the same
field with "CS" cards. Equations may be provided to modify the existing

equations or for new cost elements. In either case, an "EQ" card must follow

" a "CS" card with the same cost breakdown structure number. Equatioan card

format is as follows:

Column(s) Description
1-2 Card type "EQ"

3-8 Cost breakdown structure number
9-10 Not used

11-80 Cost equation

Equations may be continued to another card by breaking off at a comma
or semicolr. and resuming in the next card. A continuation card must be an
"EQ" card and must be identified by the same cost breakdown structure number.

Equations are written in Reversed Polish notation in which each
operation ( + , = , *  / _ %% ) acts on the two quantities immediately

preceding it, working from left to right (many electronic calculators use this

technique). Thus A,B,C,+,* represents (B+C)*A. Equation elements are




separated by commas. Summation is indicated by the semicolon. The sequence
is "subscript, minimum value, maximum value". The subscript "I" always

{ denotes the year and is treated differently. Those years outside the range
of "I'" are assigned a cost of zero while those within the range are assigned

the cost obtained by fixing the value of "'I1" appropriately and summing over the

other subscripts. Samples of equations written in Reversed Polish Notation

are:
a.
ACL);I,1,Y
Same -as,
‘Y
_ A(I)
I=]
s b. .
A(L,J)(,B,+,C(J),*D,E,** - F,/;1,1,Y,J,L,N
- Same as,

¥ N E
. 1A, y) + B J *CJ) | - D |/ F
I=1 J=1
3. New Variables
In new equations, the analyst has the option to use the built=-in cost
factors defined for the standard cost model or define, describe, and use
values for new variables thru the "NV" file (refer to Figure V.l). The
computer program is dimensioned to accept 50 new scalars and S0 new arrays.

The analyst must use internally defined dimensioning scalars for the new

arrays, they must be read in before any of the arrays dimensioned by it.

e ol R ki
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a. Variable Description Card

This card is optionally used to describe the user input variables.
If one card is not enough, the description of the variable is continued on the
nex% card. A maximum of two cards can be uvsed for each variable. The format
of both cards are identical. If two cards are used, they must be consecutive
in the "NV" file. "DS" cards may appear anywhere in the file as long as they do
not separate an ''"NV" card from its continuation. The format of a "DS' card

is as follows:

Column(s) Description

1-2 Card type '"DS"

3-4 Not used

5-15 Variable name

16=-72 Variable description
" 73-80 Not used

b. Variable name and value input card ("NV" Card)

Whenever a new variable is used, it must be defined and its value
must be used by an "NV' card. An "NV' card may appear anywhere in the "NV"
file as long as it does not separate another "NV card from its continuation.
An “NV" card may be continued to another "NV'" card by breaking oft at a
comma (comma signifies the continuation of the card) and resuming on the
next "NV" card identified by the same variable name. Variable values are
used the same way as in the NAMELIST data input procedures as described

in Section V. The format of the "NV file is as follow:

Column(s) Description
1-2 Card type "NV"
3-4 Not used
5~15 Variable name
16-80 Variable value
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4., Other FLEX COptions

a. Cost Categories
The standard LCC cost model provides 10 defaulted cost categories.
However the analyst may vary the number of cost categories from one to twenty,
and define the cost category names at his option. These variables must be used
through the NAMELIST data as follows:
NOCAT- The number of cost categories (Integer) e.g.,
NOCAT=11,
CATL,CAT2..... CAT20~ The variables that define the cost category names.
The first ten default to the names in the standard LCC cost categories. These
variables must be entered in quotes in blocks of maximum & characters:
CAT8='FACILITL','ES",
CAT11='MANAGEME' ,'NT"',
b. Cost Elements (Cost elements defined in the summary report)

The standard LCC model defaults to five cost elements in the summary
report. However, the analyst may vary this by changing the LCC model cost
breakdown structure defintion. The first number of the cost breakdown structure
number determines the number of cost elements in the summary report. Using the
FLEX technique the analyst may vary this number from one to six. The reporting
format of the computer program automatically adjusts to the changes. The
analyst may also change the title of the cost elements in the summary report
by using the following variables which must be input thru NAMELIST data:

ELT1,ELT2,..... ELTA= Cost element titles. The first five default to
DEVELOPMENT, INVESTMENT, 0&S, ASSOC SYSTEMS and TrEMINATION . These variables
must be entered in quotes with a maximum of 8 characters:

ELT4='OPERATIO', 'NS",
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c¢. Funding type (Titles for the Funding reports)

The number of funding types are fixed to six. However, the analyst
may change the title of the funding type by providing the following variables
thru NAMELIST data:

FUNDL,FUND2,....... FUND6~ Funding titles default to R&D,
PROCUREMENT, CONSTRUCTION, O&M, MILITARY, OTHERS. They must be entered in
quotas with a maximum of eight characters (e,g. FUND6='SUNK COS','T',).

d. Years

Life cycle cost years are automatically generated in the program from

1l to tofal number of years }Y‘. However, the analyst may provide alpha-

numeric presentation of the years by providing values for the variable 'YEARS'

thru NAMELIST data:

Years are read in quotes in block of four characters (e.g.

YEARS='BY94', 'FY95','1996"',).

170




, R e e e e ey AW
- - - - IR N O A O O A 1 2:
- — — 0 -4 - —4 - 4 - L >_z
! { N
b s Lk B I R e I A . -+ {-1 A

] i UL fz ERRRREENEREEENEERERNE N H f>zt

AN !
‘ JREREERRARERRERRARRES ST e AN
ﬁ | e 1l L]l ﬁ 0 U O 1 +4 YL‘T ;l- H‘ L O I O O Ipz
* S0 U SO Uy DG O L | ] g ..LL O T Y A0 S I U S O Y 1N + 44 \HL\,Z
_ S S U 41 S S QU S S J N S f —-— 444 4 3 —4 - .l.ﬁx -4 - AN
AN

A \ HOHH T THHAH
| T i PHATH T
AN
O 0 O N 0 O O O - A
o-tgg:ﬁﬂ ez vyoe o”!.ognovun@wo_osnn-d—nuaonvngwn 1C[OS| e[| 10| ov | Colpp Ko |20 ] 1n|Ow|8€| BC] | ST ME 0| X[ 1C] 00|62 (02 |a2] 92|02 02 2|22 32|02 Ctim | Lr]oi{cr|ms n.ky—ﬁ ol et ey oﬁraﬁ.n it
INTIVA 3ANVYN
—30va S3INTIVA LN3INW3T3 viva AN 1300N 201
b
‘ _ —— .. a— A e~ e
— - 1




APPENDIX A

Learning Curve Concept




kg S L 7

A

A. Learning Curves

One of the assumptions needed to perform life cycle costing
is production quantity. Sometimes the cost data collected on unit
production cost does not correspond exactly to the production quantity
to be used for the life cycle costing analysis. This appendix presents
the theory regarding learning curves. It will allow the cost analyst to
convert the collected data to the production cost needed for the analysis.
The learning curve is based on historical evidence that as the total
quantity of units produced increases, the man hours or cost to produce that
quantity will be reduced by some percentages.
Some of the factors contributing to this decline are:
Repetition causes workers to become more familiar with job
. Development of more efficient tools and machines

Improvement in organization and management
Solution of engineering production problems.

;W

Figure A-l is an example of a learning curve plotted on rectilinear
graph paper. However, when this same example is plotted on log-log graph
paper, the curve becomes a straight line (Figure A-2). Thus, the learning
curve is known as ''log-linear."

The general form of the equation for Figure A-l and A-2 is:

B
Y= AX

where,

= cost for unit

= the cost to produce the first unit
= the cumulative output

= the slope of the learning curve

@ <
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The type of learning curve applicable to major weapon system programs
is the unit cost curve. For this learning curve, a fixed and declining
relationship exists between the unit costs and successively increased production
quantities.

It should be noted that the slope of the learning surve varies among different
products, contractors and even multiple production lines. Therefore, it is

necessary that the analyst exercise due care in estimating these slopes and in

application of the theory.

B. Unit Cost Learning Curve

When an increased production quantity results in a constaat percentage

decline in the unit cost, the unit cost learning curve is described by the function:

B
. _ y = Ax
. i 1 (1

where,

i .
; .

y, = cost of the ith unit

i X, = cumulative output
A = cost of the first unit
B = slope of the learning curve.
When the unit cost learning curve is log-linear, the cumulative average

cost can be found by the relationship:

n
-, - _B
- Aoy (2)
¢ = i=1
n
where, -

Y = cumulative average cost for n items
A = cost of first unit

X = cumulative output

B = gslope of the learniag curve.

B R N



Figure A-3 presents values of Equations (1) and (2) for selected production

quantities and slopes when A is equal to one.

C. Learning Curve Slope

The value of the learning curve slope, S, is defined as the ratio of
y values as two x values which differ by a factor of two. The slope may be

expressecd as:

T, aeo®
S = ——x = = 2
?x ‘ A(x)B

Figure A-4 presents values of B for slopes runaning from 75 to 90 percent.

When the slope S is known, B can be found in the tables and substituted in

‘one of the Equations (1) or (2).
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APPENDIX B

Sample Computer Run
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A. Introduction

This Appendix presents a sample computer run of =he FLEX LCC Model.
The values used in this sample should not be consiiered as reference for
actual calculations.

3. Sample Input Data

The following pages provide a listing of the input data used for the
sample run. Hecent modifications to the computer program have caused a
change to the input processing of data as described in the main part of this
document. These changes are described below and are obvious by examining
the listing of input data. .

1. NAMELIST Inputs

Table B-l identifies only those cost factors thnt may be entered ;
via the JAMELIST input technique. Prior to the recent modifications, all 1
variables contained in the defaulted equations were entered by this :
technique.

2. New Variable Inputs

All the cost factors listed in Table 5 of the main report are now
entered via NV cards. It should be noted that factor "NNN(I)" is no longer
calculated but entered directly. !
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B

NAME
BY

IRCON(I)
IROM(I)
IRPROC( 1)
IRRD(I)

IYI

Table B-1
NAMELIST INPUT CCST FACTOR DIRECTORY
DESCRIPTION
Base year during/from which all cost adjustments are made.

Annual inflation rate for future costs for construction
type of funding during year I. (ratio)

Annual inflation rate for future costs of O&M type of
funding during year I. {ratio) ‘

Annual inflation rate for future costs of procurement
type of funding during year I. (ratio)

. Annual inflation rate for future costs of R&D type cf

funding during year I. (ratic)
Year I during which initial costs occur.

Total nﬁmber of years covered by the life cycle cost
analysis.
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