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SUMYJ...RY 

Weapon system eva~uation involves systematic and critic~ examination 

of a.Ltemative me~s of performing specified military tasks or missions. In 

this analytica! process it is necessary not only to measure tec~~ical and 

operational capa'bility, but also to obtain a reasonable estimate of total 

financi~ requirements and the variations from case to case. This paper 

attempts to provide guidance in collecting the financia~ data necessary to 

the evalt~~tion. 

The brief background discussion in Section I deals with cost concepts, 

the handling of uncertainty, and the necessity of' insuring that financial 

information will prove appropriate to the end use for which it is intended. 

·section II sh~~s the overwheL~ing importance of descriptive data in ex~ining 

\each of the alternative hardware designs, operational concepts, or test and 

develooment schedc:les. Section III fu.T"!lishes two bas i.e forms which lay out 

the major cost elements that need to be estL~ated .in order to predict the 

econo~ic impact of the future weapon s,ystem. 

Form ~ lists functions which a commercia~ contractor or government 

arsena~ might perform when developing and producin~ the weapon. Form 2 pre­

sents a generalized list of cost elements coverinG the total resource require­

ments for development and test, for procurement in quantity, and for the 

operation of the system over a period of years. 
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I. B/>CKJR.OUND 

A. TEE PLACE OF COST IN THE 0~~-ALL EVALUATION PROCESS 

Weapon system evaluation involves srstematic and critical examination 

of alternative means of performing specified tasks or missions. In this 

process alternatives of several types are usually considered. Various wea­

pons or mixes of weapons are analyzed and within a weapon class alternative 

hardware designs are studied. ~umerous modes of operation on the more 

promisine of weapon syste~ designs are reviewed and test of these operational 

concepts in several time periods ascertains how effective they are against 

probable enemy threats durins each period. In such evaluations it is neces­

sary to measure in terms of military capability the value of each of ~~ese 

alternatives, and also to seek a reasonable estimate of the total financial 

requirement and how t~~s varies from ease to case. 

In past years the kinds of information on effectiveness and cost 

needed for systems evaluation seldom were available. ·When available, data 

was seldom found to be comparable. More recently, emphasis has been placed 

on developin~ parametric data on the technical capabilities that alternative 

proposa~s may exhibit. However, less attention has been given to the import­

ant over-all financial implications of the same series of possible systems. 

Future weapons now under consideration are so complej:, and proj~cted bud5et 

liMitations are so severe, that we must give more thorough study to financial 

aspects of the evaluation process ll/ 

Systematic review of the major human and material resources required 

in each phase of the development'l procurement, and operation of :a potential 

weapon system is necessary to arrive at realistic estimates of tot?l cost. 

Since this involves careful consideration of each successive step in 
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development and phase-in, the process offers an additional benefit--it 

assists in attempts to minimize leadtime. This is often an overpoweringly 

important factor. 

Since financial information plays a very i.mportant role in deter-

minin~ appropriate allocations of resources, the data to be accumulated 

must be relevant and consistent. The persons most capable of preparing 

these data are those with financial experience and thorough familiarity 

with the proposed systems. Because cost estimates for alternative systems 

are likely to came from several different groups of people, it is import-

ant to insure that these estimates are consistent in format and content. 

Otherwise, comparisons will not be meaningful. 

In the present research memorandum appear'~ three general types of 

guidelines for the accumulation of useful financial information. This 

introductory section discusses cost concepts and objectives. In the second 

portion is descriptive information necessary to evaluate financial data. 

This covers the major phases of the proposed development and operational 

schedule, the larger components of prime or mission hardware, the basic 

features of the operationa~ concept, a1d technologica~ or resource shortage 

problems. 

The third section of this paper provides basic check lists of cost 

e~ements to be considered when accumulating consistent and comprehensive 

estimetes of tota~ resource requirements. These check lists are divided 

into two main parts: development, production, and support items as well 

as the industrial facilities reauired bv the contractors or arsenals pro-
... "i -: 

ducing the equipment; and the cradle-to-grave costs for research and 

development, the initial investment to place the system in the i~eld, and 
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• costs of operation fC. number of years. Brief instructions and definitions 
\ . 

of ~ine items are provided. 

Because the systems involved are like~y to become available in the 

fairly distant future, the greatest emphasis is placed on comprehensiveness 

and comparability with somewh~t less importance being attached to accuracy. 

Since sizeable numbers of alternative cases are apt tc be involved, a 

minimum of computation and detail is desirable. The formats in Section III 

are concise and suggest summarization in categories meaninGful for ana~ysis. 

E. TI:'"E FINANCIPL rATA CYClE 

In the military weapon system evaluation process, where the number 

of intellectual disciplines and organizations involved are great, definition 

of categories and the usefulness of various types of financial data are 

often uncertain. Financial information is prepared for many different 

purposes. Usually the first time that costs are considered in a given 

weapon system program is when early feasibility evaluations are made. This 

paper is primarily addressed to that purpose. As indicated in Chart l, 

cost data also is required - often in increasine detail - as the proerem 

proceeds through the development and operational sequence. For the total 

planned force structure, the first demand fer financial justification is 

from the budget mechanism. 15,2]/ Later, cost data is required both in 

awarding contracts and in efforts to insure delivery at reasonable cost. 

Formal financial inform~tion (often highly aggregPted) is also reauired to 

control. e:xpendi ture levels and to insure lega.L and prudent disbu~sement of 

public funds.l~/ Finally, permanent rP.cords of actual costs incurred should 

be maintained in sufficient detail so that data ~~ll be available as 
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10-Repeat (using 
newly derived data~ 

0 

/ 
1-Early feasibility determination 

(cost sensitivity analysis) 
9- Permone/ actual cost record \ 

a-Control of Tid operations 2-Progromming 1\rce structure 

7-Deployment determinations 3- Budget justification 
(cost sensilivl\ analysis) J 

6-Cash flow and disbursement 4-Contract negotiation 

justification / 

~ c:-Management 
~control of 

cont rectors 

Chart I - The financial data cycle 

historical background for usefulness when preparing est.:i.Jnates for the nExt 

series of systems. Competent cost estimatin:; depends heavi.Ly en this 

reeenerative cycle of data inputs. 

In each of these financia.L phases somewhat different tJ~es of con-

siderations and levels of detail are relevant. An individual's views of 

what is required in the way of cost data often reflect only his familiarity 

with operations at a particular step in the cycle. In addition, cost work 

may.be initiated within each operational function with insufficient know-

lease of related information existin~ in other portions of the preparing 

agency. Accu:nulation of data for each of the purposes shown in this cycle 

means more and is simplified if there is understanding of the needs of 
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preceding and subsequent users of the- information. Snooth transitict frorr.. 

phase to phase in development, procurement, and operation is eased if cost 

repcrtinb requirements are carefully integrated. The pieces of the ever-all 

data accumulation system--and it. should be viewed as a single system--can 

best be tailored to the functions being served in each separate phase when 

the tota.i needs of a..L.l steps in the financial sequence are underst.ood. 

Determina"tion of appropriate content and level of detail is then fecilitc:ted 

ar.d the f .iexibilHy necessary to interpret rapidly various chan;;:PE in the 

weapon program is provided. 

c. C80::':' cc:;c~FTS 

L'1 order to prepare an:r cost estimate, it is necessary to construct 

a frame~·vcrk of basic assumptions on method. The follo•rl.ng discussion is 

intended to su::est conrepts that are intecr~.!.. to such a franeworJ.:.lO,.l§/ 

Chart 2 -Cost concepts 

• Toto I activity cost 

• Consistency in method 

• Rand D vs investment vs annual cost 

• Proration of support costs 

• Incremental cost 

• Time- phasing 
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1. Total Activity Cost 

The goal ir.. gathering financial data for earl;r feasibility evaluation 

pu .. -.oposes is to detenr.ine the total additional cort to the ftation that would ----- -----
be inc'xrred if the proposed system should be developed, procured, ano 

operated over a period of years. This requires outlining the developme~t 

prograrr, and projecting the system in an operational context in a specified 

unit of tactical capability, for exa"'lple, a squadron or battalion. The 

costs to be estimated need to be co:r1prehensive. They must include not only 

the pri.rr..e operRticnal hardware i terns, but also research and development, 

insta.Llaticns, personnel, support equipment, and supplies, etc. required to 

make the system fully operable over a designated number of years. 

2. ConsistencY in l:ethod 

Since the evaluation of future systeF.: proposals requires the com-

parisor.. of whatever alternative systems are availablE to perform a given 

task or mission, great care must be exercised to use cost estimating methods 

which avoid biases that either favor or discriminate against some of the 

possible alternatives. Particularly for systems which are in the distant 

future, consistency in estimatin::; method is more importnnt than an attempt 

at a high degree of arithmetic accuracy. It is especia.Lly siznificant when 

(as is often the case) several different contractors or other organizations 

are involved in the development and construction of a single weapon. 

3. Rf~ vs. Investment vs. Annual Cost 

The none-timen outlays for developing and introducing the system into 

the operational inventory should be segregated from the recurrinr, or annual 

operating cost to be incurred after the system has been phased into the 

force. This distinction is ~~ortant from the standpoint of identifyinG 
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costs that occur repeatedly. The two types of expenditures also differ 

considerably in their time of impact. 

It is important to differentiate between outlays required tc develop 

a workable system, and the expenditures necessary to procure and install 

an operational force of a given size. For systems currently in full-scale 

development~ the logical'segregation is found in the assignment of hardware 

and associated items procured for operational inventory. Eardware procured 

for test purposes should be included as an~R&r expense. For a system in 

the more distant future, assumptions should be made concerning the level of 

performance which must be achieved before purchasinG the weapon for 

operational use. Then the probable magnitude of the test prozram required 

to achieve that level of performance should be estimated. In selectin: 

this level one should take into consideration the fact that international, 

bud£eta~- and other pressures in the real world often force the accept2nce 

of a lmTer level of performance than is desirable in order to obtain an 

earlier operational capability. Whatever assumptions are used on t~is 

account in preparing the est~.ates should be specified. 

Since comparison of alternative systems may be sensitive to the 

nunber of years the weapons are to be employed, it is desirable to develop 

operating costs on the basis of several assumptions about the len[th of 

time the system will be operable. For example, three, five, &no seven 

years for each unit of the force to be deployed usually are appropriate. 

Time consumed by phase-in and phase-out would make the period of operation 

at peak force-level considerabl:t less than this in each case. 
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4. Proration of Support Costs 

Analysis of the effectiveness and cost of military missions implies 

orientation on a weapon system basis as well as the assignment of all major 

costs of the total military activity to the appropriate weapons. When 

total force structures are being analyzed, it is possible (although not .~ 

always logical) to prorate expense up to and including the cost of operat­

ing the Pentagon. In many situations, however, information on future total 

force structures is not available. Then it will be difficult to envision 

what portions of support activities are directly related to a particular 

weapon. Since record-searching and computation should be kept to a minimum 

in order that pricin~ of a large number of alternative cases may be feasible, 

certain approximation devices must be used. 

Conventional Sup!)ort. Frequently repeated demand for estilr.ating 

tools has lee experienced personnel to develop cost factors which can be 

used to prorate many of the more conventional elements of support required 

during the operational phase, such as installation and vehicle maintenance, 

personnel service function~, issuance of standard supplies, etc. For con­

venience, it is suggested that the estimator preparing data on alternate 

concepts for a single weapon system apply such factors but limit his 

efforts to support up throuch the depot-level. In other words, he should 

not attempt to allocate the costs of support provided by major command 

headquarters and above. 

New Support Systems, Development Support, and Interagency Sharing. 

In many cases development costs or other major investments in equipment and 

facilities are shared by several primary weapons. Current examples are 

elaborate electronic command and control systems, major propulsion boosters, 
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· test launch equipment, and data acquisition and anaLysis equipment. In 

such cases the sug?ested procedure is to include an estimate of the total 

cost of such support items as footnote materiaL and then clearly indicate 

what portion of this has been assigned to the weapon aLong with a brief 

statement of the reasoning behind the assignment. 

When estimating the cost of a potential system which is apt to be 

under the primary jurisdiction of a particular military service (and usually 

it is important tc segregate cost by service), totaL cost should be shown 

and breakout by service should be apprc)±mated as closely as possible 

accordine to the current assignment of rd.ssions. The alloc?tion o!: develor·­

ment and test costs is often difficult.; therefore, the assumptions used 

should be stated explicitly. This same procedure is appropriate when a;_:;e!i­

cies not in the Department of tefense--such as the National Aeronautics and 

Space Administration or the Atomic Energy Commission--are involved. Fer 

example, in costin[ a stratebic missile which ~ill be operated by the Air 

Force and uses nuclear propulsion, assume that development of the reactors 

and fuel for operation will be provided by th~ AEC but that the Air Force 

will pay all other costs, including production of the reactor after it has 

been developed. 

5. Incremental Cost 

During the next severaL years, it is anticipated that a substantial 

defense force will be in existence at the time of phase-in of new weapons. 

In clanring future systems, the sionificant costs are those which are 

incremental, that is, which represent the ~ resource drain that would be 

imposed upon the nation if the proposed system were to be purchased. Assets 

which can be made available from previous weapons should not be charged to 
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a new system. The most orderly method of handling this is to prevare the 

over-all total cost, assuming no inheritance, and then deduct all items 

which probably can be carried over frore previous systems. Inclusion of 

both the total and the net figures allows maAimum flexibility for adjustment 

of the estimate with changes in weapon development, design, or operational 

concept. Possibilities for inheritance should be examined under each cost 

element, especiRl.ly in the W.:e.D and investment categories. Often consider­

able amounts of available test equipment, operational support equipment, 

facilities, trained personnel, and stocks of supplies can be used ~Y the 

new weapons. Obviously, it is very difficult to estimate what the available 

inventory situation will be at the time of phase-in of a new system in the 

distant future. This is an additional reason for showinc the grand total 

cost, assuming entirely new procurement, and then explicitly listins all 

assumptions made re6arding subtraction of inheritable items. 

6. Time-Phasing 

From the budgetary standpoint, it is important to Understand the 

time-phasinz of the cost implied by future system proposals, i.e., the 

financial requirement imposed each federal fiscal year (1 July- 30 June) 

by the schedule or schedules furnished. To insure consistency of time­

phased data and to establish a standard conceptual framework of data 

accumulation, the following rather substantial list of assumptions is 

suggested. This is not meant to imply that time-phasing should be examined 

in great detail for preliminary feasibility proposals. It is provided to 

establish a standard basis for analysis. 

Importance of Scheduling. (1) Furnish a schedule which lays out 

as a minimurr. the main phases of the development program, the size and timing 

of the test ef1"ort, and the time of phase-in and phase-out of each operational. 



RM-2~83-ARPA 

ll 

unit. (2) Show data in terms of reguired obligational authority as 

opposed to expenditures or commitments. (3) In determining the obligationaL 

authority data, assume the new incrementaL funding concept as opposed to 

conventionaL funding. ConventionaL funding requires appropriation of the 

to~a~ cost of specific units of hardware or facilities regardless of the 

tL~e when disbursement of the funds would take place. Obligational author-

i ty under incrementaL funding covers expenditures required during the fiscal 

year with adjustments only for accounting lead times (plus certain ailo-r~-

ances for minimal advance commitments on materials).~- (1,) If a rough 

allocation by type of appropriation or fund is required, approximation to 

the major program level only is subgested.s/ For example: 

Program 
Nurr.ber 

600 

100 
200 
800 

300 

Title 

Approximate Lead Times 
Assuming Incremental 

Funding 

Research, Development, Test and Evaluation 1 year 

Major Procurement~~ - Aircraft 
-:t·:issiles 
-Electronics, Other Equipment 

Construction of Operational Facilities 

Y~intenance and Operation (includin£ pay 
of military personnel - 500) 

1-1-1/2 years 

2-3 years 

6 months 

Approx-i...mate lead times by type of fund, assuminc the incremental funding 

concept, are shown above at the right opposite the major fund designations.~~~* 

*Under the incremental funding concept, specific hardware itens often 
are funded from appropriations of two or more years. For si.;·nplici ty of 
explanation, it is suggested that the ~Ardware to be paid for out of a 
sinrle year of fundinc; be eXPressed in terms of the er.uivalent n1r.lber of 
units to be produced ~ith th~ funds available for the -year. 

~-Includin& test inventory, support equipment, and industrial facili-
ties. 

~~It should be noted that althou~h the trend is in the direction of 
incrementaL funding, as of May, L960, only a relatively small number of major 
procurement programs are as yet operatinc under the concept. 
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(5) Assume that replacements and spares will be procured and paid for as 

required, ailowing normal inventory pipeline time.* 

The Learnin;: Cu..T"Ve. Equipment costs per unit, and therefore pro-

grammed costs, are to reflect the fact that cost declines as the quantity 

produced increases. A cumulative average learning curve can be used in 

preparing the basic cradle-to-grave cost estimates to be used in the forms 

in Section III. In approximating the time-phased implications of this 

procurement, however, costs should be read from the corresponding unit 

learning curve by annual equivalent production lot at approximately the 

mid-point of the lot~ 

InflP.tionary (and teflationar;.r) Trends - Co~stant Current-Value 

Dollars. Constant dollars assumL~c the current year as a base should be 

used throughout the time-phasing exercise. As a matter of general interest 

one may wish to include in addition the impact per fiscal year assumL~g 

constant inflationary levels of, for ex~ple, two, three, or five per cent. 

Such economic computations should be supplemental to the basic cost analysis. 

Refiner1ents in Techni0U8 Not Recorr~"'l.ended. Other techniques which 

are not recommended for use either because they are not as yet perfected 

for use in military investment decision problems or tecause they are too 

involved for use i.n predictinr; the financial impact of highly futuristic 

systems include the follm-:ing: (1) atter1pts to take the cost of mone~,r into 

consideration by diflcounting to present value as is done in many investl"l.ent 

decisions in the priv~te sector of the econo~~; (2) inclusion of an allow-

ance for depreciation of government assets in estimating inheritable items; 

-,In other words do not assume a close out run to produce a lone;-terr. 

supply of replacements and spares immediately following production of items 
programmed for operationel phase-in of the weapon. 
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or (3) assumption of a formal functional relationship between total cost 

and the speed of development and procurement, that is, the tL~e-cost curve. 

(II) Comments on the appropriateness of including measures of probability 

are presented in Section D. 

D. TIE 1JNC.EP..TAI!:TY ISSUE 

It is recognized that great uncertainties are involved in evaluating 

future international political and economic conditions, rate of progrees of 

tec~-~ical state-of-the-art developments, and a host of other factors bee.r-

in£ directly or indirectly on weapon system requirements, capabilities, 

and producibility. Extreme care must be used in determining weapon design, 

operational concept, or appropriate phasing of the development, procurement 

and operational program. 

Unfortunately, it is not possible to deal with these uncertainties 

usinc traditional statistical or probability tecr~iques. Calculation of 

confidence limits and standard errors of es ti.ma te, fer e.:;ample, reqcires 

the drawin; of a sample from a defined population. In the c~se of future 

weapon systems, one has no sizeable sample to exa~Jne and from which to 

determine the usual statistical measures.9,2£/ 

In the absence of the applicability of such tools, a less formal 

technique--frequently called ~ sensitivitv analvsis--currently is proving 

useful in dealing with the financial side of this problem of uncertainty.1'1/ 

Since our objective is systematic and critical examination of alternate 

desisns, deplo)~ents, and sched~es, this tool consists of an or£~nized 

procedure for pricing the series of alternative cases being studied. The 

results thus derived provide estimates of the financial sensitivity to 

changes in value of a particular technical or operational parameter. This 
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·permits a bracketing of the range within which the economic impact of 

variations in the uncertain parameter may fall. It is convenient to con­

sider presentation of the impact of the differing resource requirements for 

• these alternative designs, deployments, development programs and schedules 

as ran2es ~ values. 

In many cases, there is also uncertainty on the cost estimate itself-­

even assuming a well-defined design. This uncertainty, though si?nificant, 

is often of considerably less magnitude and usually is confined to a 

relatively small number of cost elements. For example, since manufacturing 

techniquef have not yet been perfected for the fabrication of large stain­

less steel honeycomb sheets, it is indefinite what the cost of this process 

will be. On the other hand, many of the other elements of the over-all 

cost of producing and oper2ting a supersonic bomber,for instance, are far 

more conventional in nature. They ccm therefore be estimated with greeter 

certainty. To differentiate, presentation of alternative figures to 

handle this cost estimating uncertainty can be referred to as a range cf 

estimates. Chart 3 illustrates these two types of uncertainty. 

Chart h illustrates the plannin~ process in which great numbers 

of alternatives are fed into the analysis of the various methods for per­

forming a given mission in the distant future. As analysis progresses (and 

time passes) the breadth of range of alternatives as well as the range of 

their consequent financial impact becomes less broad until finally the one, 

two, or three best methods or weapon systems are forced to emerge. Like­

wise as experience on the type of system increases greater certaj-nty is 

gained about the cost estimate itself. Both the range of values and the 

range of estimates narrows over time. Throughout this process, real 
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Range of values 
(requirements uncertainty) 

.......... 
_.,.., --

. .....- ..... -
.,,."" 

.,. ..... 

,____,..,::;."-Range of estimates 
(cost estimating uncertainty) 

Payload weight 

Chart 3 - Types of uncertainty and 
ranges for a given parameter 

., All other assumptions concerning weapon system design, develop­

ment, and deployment remain constant 

world constraints--for example, the necessity of developin£ bud[et inputs--

are mitigating toward selection of an "expected" or "oo.st likely't value 

from these ranges. This "quest for certainty" and the resultin;; cietermin-

aticr: of a "certainty equivalent" is presented more ccnfidentl~r if a 

careful analysis of alternatives has been undertaken than if dcllar 

requirements have been selected intuitively.1/ 



,, 
PJ1-25f3_:AR.PA 

Breadth 

of 
ranges 

16 

Highly futuristic system 

- 15 - 10 -
Time (years to operational availability) 

Chart 4 - Cost sensitivity analysis 

.Ranges of values and estimates approach to uncertainty 

.. 
• ~ .... < ,, -· . ' ;. ", 

Whether one expresses himself in this operations-research-type 

terminology or states the problem as simply one of bringin[ a~l of the 

facts to bear to decide which weapon to build, the necessity for 

5 

accQ~ulating pertinent financial inputs for dealing with the uncertainties 

involved is equally pressing. Uncertainty implies change and a change in 

either a requirement or an estimate can result in revision of t~e financial 

support necessary for ~ program and more importantly, in the relationship 
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of the value to be received (effectiveness) to the cost to be incurred 

(Chart 5). Data accumulation in support of planning activities sho~ld 

attempt to collect information which is sufficiently flexible so that the 

financial impact of the change can be estimated expeditiously. More hope-

fully, the revisec situation may already have been studied as one of the 

al ternc:ti.ves in the original weapon s~rstem evaluation.ll,lll,/ 

Impact on: 

Prime 
hardware 

cost 

Chart 5 - Effect of change on findings 
of ·weapon system evaluation 

-- Total cast 
of 

system 

Total system Total 

effectiveness e f fee tiveness 

--(utility, value )-r- of system --

taken 

individually 

in 

mixed force 

Cost 
per unit 

of 

effectiveness"' 

~Calculated from the cost required to obtoln a desired level of effectiveness-i.e., the 

denominotqr of the ratio should be fixed in order for the comparison to be meaningful. 
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II. DESCRIPTION 

As mentioned above, the most severe problems in estimatL~ and 

hence, the grea~est potential for inaccuracy in assessing economic resource 

i~pact is the difficulty in predicting the form which a weapon system or 

its operational concept will take. And financial data not properly 

referenced to the system for which it was prepared is of little value. 

I:1 general, what is required is a framework of the system described. as 

specifically as possible with particular attention paid to any factors 

about which there is question with regard to sensitivity in ter~s of 

system cost. In view of the breadth of the national security mission 

(Cha!"t 6), it is extremely difficult to generalize a list of descriptive 

elements which adequately will cover all potential t3~es of weapons. 

CHART 6- BREADTH OF NATIONAL SECURITY MISSION* 

BASIC 

COMPONENT (INCL. NUCLEAR) 

PRESTIGE MISSIONS AND EXPLORATORY DEVELOPMENTS 

WEAPON SYSTEMS 

OFFENSE 
UNLIMITED (STRATEGIC (ESP. NUCLEAR!) 

MISSILES 
AIRCRAFT 

SPACE MISSIONS 

SEABORNE 

LIMITED (TACTICAL l 

LAND, SEA, AND AIR 

~ 
PASSIVE 

RECONNAISSANCE 

AIRCRAFT 
SATELLITE 

IDENTIFICATION AND TRACKING 
CIVIL DEFENSE 

ACTIVE 
AREA 
LOCAL 

COMMON/SUPPORT 
COMMAND AND CONTROL 
MAINTENANCE, SUPPLY, AND TRANSPORTATION 
TRAINING . 

. * NOT TO MENTION THE EVEN BROADER AND MORE SUBTLE AREAS 

SUCH AS ECONOMIC WARFARE, Ml LITARY SUPPORT TO UNDERDEVELOPED 

COUNTRIES, AND DISARMAMENT OR ARMS CONTROL. 
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For this reason the check lists included in this section must be considered 

to be illustrative rather than definitive. They should at least suggest 

the major variables to be described. However, to facilitate analysis of 

the data, descriptive information should be provided in the order and 

format shown whenever they ca~ be deemed to be appropriate. In this 

section, three major check lists are furnished covering characteristics of 

(1) the prime weapon hardware; (2) the development and operational concept; 

and (3) t!1e phasing of the development, procurement, and operational 

program. A brief fourth list of potential bottlenecks is included to 

enable the recipients of the data to review major possible problem areas 

in an orderly fas'::ion. 

This first characteristics list (Table 1) on mission hardware 

applies prirr..arily to missile and space weapons. Breakouts of major com­

ponents are furnished for selected types of equipment only; for example, in 

the propulsion area, liquid and solid rockets are iteTrized. 1·:eig!1ts of 

ramjets and nuclear turbojets and rockets also should be divided into 

their ow:1 appropriate subcomponents. Relatively minor modifications of 

this check list also are in order when describing aircraft systems. A 

brief check list on electronic defense or command and control systems is 

included in Table 2. It is suggested that one should select and furnish 

the appropriate key descriptive data, adding any other information 

necessary to an understanding of the cost material. 



I . ! 

Table 1- Prime hardware description* 

CHAllACTERISTICS: 

Perfonnance Physical Other 

Type of Vehicle - Weight-Dry (by component & Stage) Cognizant Agency 
Strategic, Defense, or -Wet (take-off weight with WS, SR, or Project Number 

Tactical propellant) Manufacturer( s) 
Launch/L11pact Points Size 
Trajectory Airframe Material 

staging Arrangement Type of Propulsion 
!~aximum Range Propellant 
Speed Recoverable or 
Flight Time Nonrecoverable 
Altitude Type of Guidance 

Accuracy 
Description of Payload Components 

--------

WEIGHT DATA 00 MAJOR C<MPONENTS: 

Airframe 
(By Stage) 

Structural 
Leading Edgell 
S!<in (Incl. Tankage) 
Structural Members (Frame) 

Subsystem~~ or Controls 
-Electronic 
-Mechanical 

System Integration or 
Asaembly 

Propulsion 
(By Chamber Within Stage) 

Liquid Rocket Solid Rocket 

Pump Drive Assembly Casing 
Turbo-Pump 
Gas Generator Nozzle 

Thrust Chamber Propellant 
Propellant Lines & 
Fittings 

Vernier & Exhaust System 
. Frame or '~ounting Structure 

Accessory Power Supply 

Guidance 

Inertial Radio 
(Airborne 

Element Only) 

Measurement Unit Decoder 
Platfonn 
Accelerometers Beacoqs 
Gyroscopes 

Computer 
Control & Assoc • 

Elect. 

Antenna 

*Primarily missile and epace system oriented. Minor adjustment is necessary for 
aircrart.. Part VI of Table 2 provides a list of characteristics for ground electronic 

defense networke. 

Missile System 

Nose Cone 
Shell 
Arming & Fusing 

Warhead 

Payload 

Snace System ' 

Urunannfld 
Structure 
Shell (incl. frame, 

skin & stabilization) 
Shielding 

Nonpropulsive Power 
Guidance 
Communications (Radio, 
.Video, etc.) 
Mi88ion Conaponent 
Sensor (Reconnaissance, 

Meteorological, Explor­
atorr, CoiiiDunicationa, 
ate.) 

Destructive Payload 
Other Specialised 

Packagee (incl. 
Biological) 

Recovery Mechanism 
(Rocket, Beacon, etc.) 

!!!!!!:!!!! 
Adcl: 
Crew Compartment (Life 

Support Elements) 
Escape Vehicle Compart­
ment 

1\) 
1-' 

ri 
I 

N 
Vt 
00 

···"' w I 

~ 
~ 
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B. n:sV"ELOP:SXT 1-JTJ OPE?cP.TIOI,TAL CONCEPT 

Table 2 attempts to organize the considerations of interest to the 

fina.'1cial analyst in studying the economic implications of a concept for 

development and operation of a proposed weapon system. These are divided 

into in:ormation concerning the development program, size of the force, 

mission, tJ~e of basing, and methods of support. Again the list is illus­

trative rather than defir~tive. In the final section of the table (Part VI), 

the problem of describing the layout of ground electronic systems is treated 

in some additional detail. 
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Table 2- Development and operational concept aescription 

CHARACTERLSTICS: 

I. Develoment & Test frogram 

No. of Live Tests. 
Number, general tn>e, and duration of Static Teate. 
Extent of State-of-Art Advance: Off-the-Shelf, Slight AdYaru:e, or 

Extensive Advance. 
Prime emphasis on Component, Static, or Live Test. 
Reliabilit7 required prior to turn over !or operational uee. 

II. Force and Organizational Unit Size 

Total Size of Force (no. of unit equipment (UE) itfiiU). 
No. of Prime Hard-re Items per Organizational Unit i.e., aqua<!ron, 

battalion, etc. (incl. complementar7 qstfJIU, for example: air-to­

surface missiles (ASM) on aircraft). 
No. of Squa<!rons (Battalions, etc.) per Group, Groups per Wing, etc. 

III. Mission 

Rate of Fire (Salvo Capability) - Initial volley per llE unit. 

Response Time - elapsed time between order to fire and actual launch. 

Single vs. Multiple-Target Capability - no. of destNctive payloads 

per llE item. 

Reliability of Prime Ham-re (example: orbit duration, mean-time-to­

failure, shelf life, etc.) 
Coverage - Per cent of total potential target or reconnaissance area 

being coirered at any point in time. 

No. of Flights per Year. 
Average Length of Flight. 
Per Cent of Force Airborne. 

Prepared Self-sufficiency Time - Amount of time llE unit can support 

itself independently. 

rl. Basing (Earthbound) 

Location - Countr7 
- Latitude 
- Type of terrain (Example: mountain, prairie, desert, or 

lush tropical). 
Fixed vs. Mobile Operation: 

Permanent vs. Temporary· Installation 
Independent Base vs. Tenanted 
Soft (above ground) vs. Hardened 

Degree of hardening - (Minimal up 
to lQ-20 psi; 100 psi; or superhard 
concrete or mountain cave). 

Truck, Train, Sea (river, lake, 
or oceanic) or Air. 

No. of Vehicles in Caravan, 
Train, or Fleet. 

Existence and Extent of Prepared 
Stop-Over Points. 

Set up Time. 

Dispersal - No. of dispersal points per squadron. 
- Distance between points. 
- Distance between squa<!rons. 
- Extent to which share c01111110n control centers or support areas. 

V. Support Programs 

Layout of Communications or COIIII!l&nd & Control S,..t-. 

Manning Concept or Crew Duty Period (example: eight hour shift; two-week 

i.e., firehouse; or number of months in orbit). 
Personnel Mix (example: military (ofticers vs. ai,.en), government 

civilian, or contractors. 

Training Concept - Location of initial individual and weapon qstem train­

ing, training of replacements and proficiencr training; no. of live 

operations; extent of use of simulation devices; length of courses, etc. 

Maintenance Concept - location of performance of organizational, field, 

and depot-trpes of maintenance; militar7 or contractor. 

Tran~~portation Concept - method .-of delivery of initial and continuing 

support materiel and manpower requirements to operational location; 

average distance. 

··-····--·:- -. -~ --- ··--·-.·~··- --~ 
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RM-2583-ARPA 
24 

Table 2-(cont.) 

VI. Ground Electronic Networks 

In 11111ey caaea, ground electronic gear represents an important and 

integral part of the complete weapon s;rate and in some circUIIIStancea such 

aa ~~&jor defenee warning networks or command and control s;rat.,.., these 

gear are in fact the prime equip11ent of the s;ratem. Suggested des-

criptive information for these networks is as follows: 

Type of Mission - Example: threat determination (surveillance and 
reconnaissance); warning; tracking; guidance and 
fire control; data anal;raia and presentation; 
command and control. 

Brief Functional Description of the S;rate - (Incl. such it.,.. as 
centralized vs. dispersed data processing; degree of 
automation of major functions; real vs. non-real 
time requi~ents. 

Lavout of System - No. and types of stations; general classes of 
equipDent at each type of station; approximate 
geographical locations; distances between stations, 
etc. 

Characteristics of Basic Eguiments: 

(l) Data Acquisition Equipment -

Radar, sonar, seismic, etc. 

Example: - Performance: 
Range, resolution, 
discrimination 

Radar level, noise level. 

- Ph;raical: Power 
requireenta, 
antenna size. 

Type of Sensor -
(Infrared, RF, 
visual, magnetic, 
etc.)* 

(2) Data Processing EQuipment -

Computer 

(;) 

(4) 

- Performance: Capacity, data 
handling rate 
(or if possible, 
such more detailed 
characteristics as 
erasable memory capacit7, 
program steps, word 
length, machine speed 
order structure, ate. 

Other (Incl. Input-Output) 
- Brieny outline other equip~~ent 

requirements - photographic, 
telemetry recording eq.uip~~ent, 
conversion equipDent (map-to­
digital; analog-to-digital), ate. 

-(NOTE: Also Indicate Approximate Programming Requirement.) 

Data Presentation and Management Control EQuipment 
- Brief description indicating nature and 

magnitude; manual vs. electronic; go - no-go 
or 1110re elaborate, etc. 

Communications Eguiment Incl. Landlinea (Among each of the 
3 above) 

- No. miles; mode of transmission (wire, 
radio, or cable); capacity (no. of channels); 
speed of transmission, redundancy and allowable 
error rate; psi hardening. 

*Airborne portion priced from Table l - Prime Equip~~ent. 
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C. PROORAH PHAS TIJG 

Detailed scheduling by subsystem and the programming of major 

milestones for each of these components is an unnecessary refinement for 

early economic feasibility analysis.2,S,l9, 2Q/ On the other hand, a general 

layout of the over-all program for development, procurement, and operation 

of this system is necessary in order to estimate the approximate timing of 

the financial impact. Such a layout is suggested in Table 3. A condensed 

table of this sort should be prepared for each schedule on which time-

phased costs are furnished. In this schedule, the left end of the bar 

indicates initiation date and the right end completion date. NQmbers of 

tests or numbers of units are shown during the period of occurrence or 

delivery with the area in the bar preceding these numbers indicating lead 

time. Bars on facilities show the construction period with the right end 

of the bar indicating the beneficial occupancy date (BOD). In preparing 
" 

the table it may help to refer back to the discussion on time-phasing in 

Section I. 

D. POTE~ITIAL BOTTLENECKS: STATE-OF-THE-A..;:LT A.TIJD fi.ESOURCE SHOR.TAG:SS 

In this section, list those potential problem areas wb~ch it is 

possible to identify at an early point in time. In the process, review 

factors such as those shown in Table 4, describe concisely the tech!"~ques 

to be investigated to resolve -these problems and.furnish an estimate of 

the magnitude of the effort involved. 



,/ 

PHASFS F.Y. 
Qtr. 

I. FeasibilitY Stuw & Preliminaa Desim 

II, Development (Incl. Testing) 
Engineering Design - Component 
Example: 

Airframe 
Propulsion 
Guidance & Control 
Payload 
Support Equipment 

(etc.) 
Engineering Design-Sy-stem 
System Mockup & Prototy-pe 
Engineering Tooling 
Testing 

Component Test 
(No. of Equivalent Unite) 

Sy-stem Static Test 
(No. of Equivalent Unih) 

Sy-stem U ve Teet 
(No, of Unitt) 

III. Production 
Production Engineering 
Production Tooling 
Operational Units (Mfg., Phase-In, 

Years of Operation, & Phase Out) 
Sqdn, or Btln, #1 (No, of Unih) 
Sqdn, or Btln, #2 
Sqdn. or Btln, #3 
Sqdn, or Btln. #4 
Sqdn. or Btln. #5 

IV, Support 
Support Equipment - Manufacture 

- Installation, 
Activation, & Test 

Data Acquieition & Analy-sis-Test 
- Operational 

Training - Personnel 
- Simulation Equipment 

Logistics - Spares, etc. 
'' - Maintenance 

Facilities- Industrial 
- Test (No. of Launchers, etc.) 
- Operational (No. of Sqdns.) 

Table 3- Program phasing 

Gov•t or 
Contractor 
Responsi­

bility- I 

g 
I I 

I I 
r 1 

COoT- EJI5) I 
r-1 _,l'-2s~J-~Iuo,.,~l 

I <3ol 1<301 I 

I -1 
L _ m- !2LI !4) I 

EKtend 
lhrouQhout 
pro9rom 

C(lsl 

I JUl 

~ 

~ 
I 
N 

··~ 
\1.) 

~ 
;! 



Table 4- Potential bottlenecks: state -of-the-art 
and resource shortages 

(1) State-of-the-Art 

Extent of Advancement Required 

To - Develop 

- Produce or F~bricate 

Each Co~po~e~t of -

PJ.f-2583-A.::::.PA 

Prime Hardv:are (Such as: Airframe-Aerodynamic heating 
( 
( problem, m~terials structural 
( 
( integrity preble~ 
( 
( Propulsion - Ceraoic to metallic 
( 
( bonding problem 
( 
( Guidance - Accelerorr:eter accuracy 
( 
( probla~ 

Support Equipwent (Ex: Re~l time requirement in processi~g 
( 
( data 

(2) Scarce Haterials <:zx: :Sxotic Fuels) 

o Estimate of Quantity which Weapon System will require. 

o Total National Supply - Current 

- Anticipated 

(3) Scarce Personnel Skills 

Ex: Prograrrmers, Astronauts, etc. 

(4) Large Test Fadlib~ ?.eauire:r.ents to Prove Feasibility 

Ex: \'lind Tun.'1el, Blow-do>m Facility 

(5) Other 
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III. REQUIREME!{TS -FO?. FINANCIAL DATA 

In this section, two basic forms are furnished which lay out the 

major cost elements that should be estimated in determining the economic 

impact of future weapon systems. 

Form 1 lists those functions which a commercial contractor or 

government arsenal might perform if the system or systems suggested were to 

be developed and procured. Highly detailed statements of requirements are 

not necessary but each line item appropriate to the potential syste~ should 

be evaluated and an estimate of the general financial magnitude furnished. 

Form 2 presents a list of the typical major types of cost incurred 

in developing, procuring, and operating weapon systems. The list should 

be supplemented as required. For example, if the suggested system utilizes 

two or three distinct types of orbiting space hardware, these should be 

shown individually. 

In Chart 7 which follows, the general relationship between the 

costs listed in Forms 1 and 2 is shown. The nature of the tie 

with major budget programs also is indicated. A more detailed cross-

referencing with budget designations is provided on Form 2 itself. 

The narrative material on the subsequent pages provides brief 

definitions· of the cost elements listed on Forms 1 and 2.4,13,16,17, 21, 2b/ 



Chart 7- Cross-identification of major cost elements* 

CONTRACTOR 
DEVELOPHENT, PRODUCTION & 

SUPPORT (FORH 1) 

I. Development -------

II. 

A. ,Development Engr'g 
B. Development Hardware 
c. other Development Costs 

Production (Prime Equipment) 
A. Manufacturing Cost 
B. Manufacturing Engr'g 
c. Engr'g Changes (ECP) 
D. Tooling 
E. Installation, Checkout, 

& Activation 
F. General & Administrative 

Expenses 
G. Profit or Fee 

CRADLE-To-GRAVE 
COST (FOHM 2) BUDGET PROGRAM 

I. R.esearch & Development, 100 Hajor Procurement--Aircraft**" 
A. Basic & Component li'esearch,~ 
B. Contractor and/ or Ar~enal:,: 

Development \ / 1 'l!200 Major Procurement--Missiles~!-r.· 
C. C',.overnmcnt Test & ' 1 ~/ 

I I 1 
Development Support '}' "• 

/ I ' '( ~-I-300 }fill tary Construction 
II. Initial Investment _;.,t..·;· : 
'-A T,. t ] 1 + • - -- - I/ \ I '- .• .u1s a ... 1l·JJ.ons -- ' ' 1 

B. Hajor EqtJipment ----/ \ : J,400 Haintenance & Operation 
'-1. Prime Hardvmre \ \~1! 

2. Support §quipment', //}! 

C. Training "'· ~, ,' ; / 
\. , \ J 
--\1. Formal Course Work ' ,' , , \ 

3. Ogn'l & Communications'•t500 Pay and Allowances 

··~ ...... -- 2. Prime Hardware,/ \' ,' 1 600 Research, Development, Test 
III. Support /,.. ".)',', _ ... -3. Simulation;;' Equipmet;t,' & Evaluation 

A. Opr'l Support Equipmentt'"'- _ -~(- _ --4. IncrementaL Training,>•, 
,. '\ .- .~~~-.... ' I 

B. Opr'l Spares-----~::' ... --~; __ -- ,. Command Investment,,' '. 1 ... ... ...... ...,.. .... , \. ,, , ' 

c. Training Equipffi€mt::8c- -· '~ ----.~--D. Stocks, Spares, & ,',' \ •700 National Guard, ~1iscellaneous 
Services~~-=----- '•,, ' ~\ Miscellaneous // \ \ Contingencies, etc. 

D. Contracto~- and/ or Aisenal \ \', / ,,,' ' \ 
.., ... ' ' / I 

Maintenance & Supply~-~··,. III .',• Operation" t/ '~ 

Support-·"=:.--- ·, :._ _.,':, '.\A. Pay and Allowances' 800 Major Procurement--Electronics-:H~ 
·~-:::::::----~--- ·--~~· Replacement Training 

IV. Innustrial Facilities ------ ... ·----.-... c. Haintenance & Attrition 
···--·~D. Services & Hiscellaneous 

*Illustrates major cross-references only. 
*:~Including related ground support equipment. 
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0 
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DEFINITIONS 

(FOR!•i 1) CONTP.ACTOR AND/OR ARSENAL DEVELOPHENT, PRODUCTION, AATD SUPPORT 

I. Develo .,ent - This elerr,ent is to include all costs in_curred by the 
contr~ctor and or arsenal to develop and test the weapon system. Com­
plete systems used for testing are included - i.e., all costs up to 
production of hardware assigned to operational use plus certain continuing 
develop~ent work thereafter. It may help to visualize the coverage of this 
category as shown in Chart 8 which shreds the total both by cost element 
and development phase. The line items included in Form 1 condense this 
layout considerably. 

A. Development Engineeri~ - Limit this line item to labor-related 
expenses. Cost of f~brication of mockups etc. is covered in I.B. 
below. 

1. Design· 

a. On Prime Equipment - This element is to be used to 
accumulate scientific and engineering services associated 
with research efforts, development, reliability work, and 
other areas except those which are either directly test 
associated or considered to be an essential part of pro­
duction or manufacturing costs. It should include the 
direct labor charge for engineers, technicians, direct 
engineering support labor, as well as subcontracted engineering 
services (except for fabrication of mockups), plus fixed 
and variable burden, general and adrrJr.dstrative expenses, 
and fee. 

b. On Sunnort Eouipment - This element is to cover all 
engineering design costs associated with support equipment 
development. For example, it should include all ground­
based support items (GSE) such as launchers, checkout 
consoles, handling equipment, etc., as well as ground­
based data acquisition, processing, presentation, and com­
munications equipment. It also should include the cost to 
engineer the various types of support equipment which may 
be required in orbit or on other planets. 

2. Testin~ - This element includes engineering and engineering 
services costs associated with proving of the parts and cow­
ponents, subsystems and systems. It is to cover test en~ineer­
ing at all locations - in-pl~nt, off-site, and gcvernrr.ent tes~ 
locations. This too is a labor-related item; no f~brication 
costs or speci~l test equipment are included. 



Chart 8- Frame work of contractor and /or arsenal development cost 

SYSTEM 

Ccm>oNENT A 

C<J6'00EN'l' B 

CCJfi'ONENT C 

ENGJNEERING 
(Labor 

(MATERIU.) Includ~~ 
Burden ManuracturiM Collt 

!natal-
lation. 

Techni- ~terial Direct Checkout 
c1ane (Outeide Produc- Burden & 

Phaee or ~ Engrtg Pur- tion or Mrs. 
lP.I'!JI 

Acth'a-
sumlo..t: chl!.eee Labor Onrhead IEr!U•t: tion G&A 'Toolinl: , .. 

ll!!!m 

Program Planning 

Prel.1m1nar:r Dee1gn 

Deeign 

Mockup & !'retot1JM1 

b!Y.!!& 

Component Tellt 

Sylltfl& Tellt -
s~\o (Silllu-
lated) 

S711te11 Tellt -
DJnamic (Fl1sbt) 

orHER 
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a. In-Plant - Includes engineering-type costs associate~ 
"1\rith the developme?:;.t ana reliability testing conducte:' 
within the manufacturing and laboratory facilities of t~e 
contractor and/or arsenal and other than that directly 
related to captive or dyna~c (flight) testing. 

b 0 +~.- c:·+ (St +" .-3 "'1" h+ s· ··1 + '"' ,..3 L" ) • .._-...,lve a .. lc an~ r 112:."- or. ll':'ll.. ave~ a:1'--' lVe -
Incl11des costs associated 1dth the static and flis;ht test 
program. It is to be segregated approximately by site 
location of the testing i.e., Atlantic I>rissile Rar.£e, 
Pacific Hissile Range, etc. System test engineering parti­
cipation by component (subsystem) developers sho·Jd be in­
cluded here. For other than missile or space systems, this 
category should include the costs associated with simulate( 
or live tests conducted at other than in-plant locatio:1s. 

B. Develonsent narcii·IS.re - This line item is to include both co::-.­
plete syster:. h'ardv;are assigned to test and all of the moclrups, 
components, parts, and develop~ent spares required. 

1. CO:!:'Olete Prime Ecuinment Items - This element is to be used 
to accumulate all costs associated with complete systems assig::ted 
to test except instrQ~entation gear which is not an integral 
part of the operating weapon. It is to cover all costs of 
fabrication of the hardware including material, labor, burden, 
manufacturing engineering, engineering changes, tooling, general 
and administrative expenses, and fee. 

2. Hockups and Comnonents fer Test - Use this element to cover 
the costs associated with special test articles, special modi­
fication to ground equip~ent for instr~~entation, mockups, bread­
board models, special devices, etc. It should also cover the 
cost of parts (bits a."1.d pieces) produced primaril~r for subcor.1pone:1t 
testing or other associated development or research purposes. In 
addition, it should include development spares. Also general and 
administrative expenses and fee should be applied. 

3. Instrumentation and Special Test Equipment - Include all 
material, direct labor, burden, gener~l and administrative 
expense and fee associated with the creation, fabricQtion, 
installation, or removal of instrumentation and special test 
gear. 

C. other Development Costs 

1. Fuels, PropellaLts, and Gases - Include estimated costs of 
those items which the contractor or arsenal would expect to 
furnish. 

2. Data - Include all costs associated with reduction and 
analysis of development and test data plus the preparaGion of 
recurring and nonrecurring management, tec~'lical, and film 

·reports. 
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Financia I requirements Form I: 

_J Contractor and /or arsenal development, production, and support 

.Uternati ve Columnar 
Headinu for: 

Guidance 
& Control Other 

strategic Offensive or Na viga-
"~~ s~temal Pa:vload Struct ure Propulsion tion S ems Total 

Data Communi-
Preaentatiot cations 

Electronic Defense Data Data & Mgm't Incl. 
s..,tems Ac sition Processi ontrol Land ines other To al 

I, DEVELOPMENT 

A. Development Engineering 
(Hours and Dollars) 

Direct Labor 
Burden or Overhead 

1. Design 
a, On Prime Equipment 
b. On Support Equipment 

Earthbound 
In Space 

2. Teeting 
a. In-Plant 
b. Off-Site (Simulated and Uve) 

B. Development Hardware 
1. Complete Prime Equipment Items 
2. Mockupa and Components for Teat 
.3. Instrumentation & Special Teet 

Equipment 
c. Other Development Costa 

1. Fuels, Propellants, & Gases 
2. Data 
.3. Manuals, QPRI and Other 

Total Contractor/ Arsenal Development 

I I. PRODUCTION (PRIME EClUIPMENT) 

No. of Units 
A. Manufacturing Cost 

1. Material and Other Outside Purchases 
2. Direct Labor 
.3. Overhead or Burden 

B. Manufacturing Engineering 
c. Engineering Changes (ECP) 
o. Tooling 
E. Inetallation, Checkout & ActiYation 
F. General & Adminiatra ti ve Expenses 
G. Profit or Fee 

Total Production 
II I. SUPPORT 

A. Operational Support Equipment 
(Quantity and Dcllaro) 

Sample Categorieo: 
1. Earthbound 

a. Launcher & Associated 
b. Checkout & Fire Control 
c. Ground Guidance 

(Radar and Computer) 
d. Maintenance & Logietic• 

2. In Space 
a. Power Source 
b. Life Support 
c. Major Electronica 

B. Operational Spares 
c. Training ~uipment & Services 
D. Contractor Arsenal Maintenance & Supply 

Support 
Total Support 

INDUS!!!IAL F!!;; n,;c:m 

GRAND TOTAL 

lJ.ircraft, Miosile, Space, _and certain Seabome Syetema. 
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3. Hanuals. QPRI. a."ld Other - Include all costs associated with 
the preparation of handbooks and manuals; effort towards furnish­
ing qualitative information on personnel required to operate and 
maintain the system, subsystem, and support equipment; and any 
other contractor or arsenal costs in support of the developrr.ent 
program. 

II •. Production (Pri~e Eouip~ent) - This element is to cover all prime 
hardware to be placed in operational use - as opposed to that to be used 
for test purposes. Detail is to be provided in conventional cost cate­
gories as follows: 

A. ~·fanufacturing Cost - Include material (outside purchases), labor 
and burden; and cover through acceptance testing of the hardware. 

1. ~·~aterial or Outside Purchases - Include all applicable rav: 
material i.e., items purchased in sheet, bar stock, casting or 
forging form, and described by metal specifications, weight, 
dimensional data etc. ; purchased parts, i.e., componentry that 
can be procured off-the-shelf; and subcontracted items, i.e., 
parts built by an outside firm to a specific new design for 
incorporation in the product. 

2. Direct Labor - Include an estimate of the hours and cost 
of wor:~ to be performed on fabrication, machining, assembly etc. 
Indicate the dollar/hour rates used in computing the cost. If 
the rates are assumed to change over time so indicate. 

3. Over~ead or Burden - Include all fixed burden itens i.e., 
indirect costs that remain constant regardless of vol~~e levels, 
such as depreciation, leasehold improvements, rent, property 
taxes, etc., and all variable burden i.e., indirect costs that 
change proport~onately or gradually with fluctuation in pro­
duction rate i.e., indirect labor, maintenance, power, factory 
supplies, telephone, transportation, etc. In selecting the 
burden rate assume normally efficient production methods and 
operation at expected per cent of capacity. 

B. !·,ranufacturing Engineering - This is normal engineering including 
all engineering services and miscellaneous material costs required 
to prepare for and monitor the actual fabrication or assembly line 
function. It is to be distinguished from development engineering. 

C. Endneering Chan2'es (ECP) - This is to be an estimate of the 
e~~ineering and manufacturing cost of modifications of hardware 
design which are of a lesser nature than ffiajor model changes. In 
many cases, the maximurr. allowable factor is 10 to 20 per cer:~ of ,.,.._a::u­
facturing costs. 

D. Tooling - This item is to include costs of jigs, dies, fixtures, 
production test equipment, etc., originating as a result of the 
requirement to manufacture the prime hardware. It is to cover both 
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the cost of the new tooling required and the cost of +epair and 
maintenance of tooling. <" 

E. Installation, Checkout, and Activation - This item applies to 
ground equipment. Include all costs associated with integration, 
installation, checkout, and activation of sites, such as overall 
planning, construction surveillance, installation, testing and check­
out of equipment, and other related activities and services prior to 
operational acceptance. 

F. General and Ad~inistrative Expense - Include a factor covering 
operating costs of corporate or other top staff agencies, plus the 
other li~ited company-wide expenditures normally falling in this 
category. 

G. Profit or Fee - Applies only to contractor organizations. 
Include at an average flat rate, for example, 7 per cent. 

III. Support - This item is to include all support equipment assigned to 
operational use, spares for both operational prime and support equipment, 
training equipment and services, and contractor and/or arsenal depot 
support. 

A. Operational Support Equipment - Fi~~res are to include all costs 
to produce and install the operational support hardware - i.e., 
material, direct labor, burden, manufacturing engineering, engineering 
changes, tooling, installation, activation and checkout, general and 
aduinistrative expenses, and fee. An approximate breakout by major 
type of equipment should be furnished as appropriate. 

B. Operational Spares - Include spare parts (bits and pieces) required 
for pipeline and consQ~ption on both prime and support equip~ent. 
Conceptually, spare complete end items of equipment are to be shovm 
under II.--Production (Prime Equipment) and spare parts manufactured 
to special specifications or for test are to be included under develop­
ment costs. 

C. Training Equipment and Services - This category should include 
all costs which are associated primarily with the training program. 
It should cover equipment requirements and contractor or arsenal 
manpower necessary for initial training of individual direct operating 
Personnel, training of the squadron or battalion as an integrated on-

<_-site operating unit, and maintaining the proficiency of the unit. 
T~is will include design and construction of trainers, standard parts 
for instruction purposes, training course preparation, salaries of 
instruct~rs, etc. 

D. Contractor and/or Arsenal Haintenance and SuPply Support (Depot­
~) - Include costs to cover repairs, time-phased inspection, 
modification, and all other depot-type maintenance to be performed 
by the contractor or arsenal. Also, include costs to be incurred 
in handling weapon system supply items. This may include such 
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functions a! rece~~ng, storage, inventory and associated locator 
record-keeping, packing and crating, issue, and shipping. 

IV. Industrial Facilities- Include an estimate of the cost of contractor 
or arsenal facilities ass~~dng all new construction and ~~jor production' 
equipment is required. Attach a brief description of the extent of this 
layout. Also co%~ent on the likelihood of inheritance of all or part of 
these facilities and equipment. 

(FOE.:! 2) CRAI:I3-T(}-G?.AVE COST 

Data on all line items of Ferre 2 which are.preceded by asterisks(*) 
can be taken from the appropriate portions of Form 1. In the case of line 
ite3s preceded by a plus (+) sign, the category includes cost elements froi 
Form 1 but is not lioited exclusively to contractor and/or arsenal-associate2 
costs. 

Also note the reference col~~ at the left on Form 2. This provides 
the approximate types of funds used for these line items ass~~ng current 
funding designations. 

Nmnbered col~~s at the right provide epace for pr~c~ng the series 
of cases necessary in order to determine the cost sensitivity of alternate 
hardware designs, development programs, or operational concepts. 

I. ~esearc~ and Develop~ent - This category is to include all costs 
required to bring a weapon system to the point wher·e it may be procured for 
operatio~al use. In most cases, it is convenient to divide this require­
ment into three major parts, na~ely, basic and component research, system 
developnent by a contractor or arsenal team, and test support at a rrdlitary 
or other gover~uental agency test facility. 

A. Basic and Com~onent Research - This element covers theoretical 
and conceptual vlork in each physical and social science field necessary 
in order to make early feasibility deterrrdnations on the system pro­
posal. It also covers efforts to develop new or improved major com­
ponents prior to official establishment of the program on a weapon 
system basis. 

B. Contractor and/or Arsenal Development - Include the costs of those 
functions which, under the weapon system management concept, a con­
tractor(s) or arsenal might be expected to handle. These costs are 
shown as the total of Item I - Development in Form 1. For a more 
detailed statement of content refer to the definitions of the line 
items under that category. 

C. Gover~~e~t Test and Deveiop~e~t Sup~ort - Include the costs of the 
functio~s which are carried on by goverrur.ent test ce:nters i:: =-u?port 
of develop~ent programs. The primary objective of these centers is 
obtaining data on test results. Their function is built around 
creation of the necessary environment in which to conduct the test. 
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J 
Current 

Budget 
Fund 

Designation 

;[, 

6oo 
1,2 & 800 * 6oo 

II· 

300 

1,2 & 800 
* 

* 

4 & 500 + 
1,2 & 800 * 1,2 & 800 * 1,2,3 & 800 + 

1,2,4 & 800 

UI. 

500 

4 & 500 
1,2 & 800 * 

1,2,4, 5 & 800 

+ 
+ .. 

1,2 " 800 
+ 
+ 
+ 

400 + 

Fino ncia I requirements Form 2: 

C ra dIe-to-g rave -cost 

RESEARCH & DEVELOPMEm 

4. Basic & Component Research 
B. Contractor and/ or Arsenal Development 
C. Government Test & Development Support 

Tor.&L R & D 

INITIAL INVESTMENT 

4. Installations 
1. Launch Areas 

a. launch Pads or Pits 
b. Propellant Storage, Transfer & 

Decontamination 
c. Blockhouse, utilities, & Tunneling 

2. Tracking Facilities 
J. Support Area 

a. Personnel Facilities 
b. Operations, Maintenance, Storage, & 

utilities 
B. Major Equipment 

1. Prime Hardware 
a. Payload 
b. structure 
c. Guidance & Control 
d. Propulsion 
e. other 

2. Support Equipment 
(Suggested Categoriee:) 
a. Earthbound 

1. Launcher & Aseociated 
2. Checkout & Fire Control 
J. Data Acquisition & Analysis 
4. Maintenance & Logistics 

b. In Space 
1. PoWer Source 
2. Life Support 
J. Major Electronics 

J. Organizational Equipment (Incl. Comm.) 
c. Training 

1. Formal Course Work 
2. Prime Hardware 
.3. Simulation Equipment (At Opn•l Site) 
4. Incremental Training Coamand Investment 

D. Stocks, Spares, and Miscellaneous 
Tor AL INVESTMENT 

OPERATION 

A. Pay & Allowances 
B. Replacement Training 

1. Personnel 
2. Prime Hardware 

C. Maintenance & Attrition 

D. 

1. Maintenance 
a. Installations 
b. Prime Hardware 
c. Support Equipment 
d. Training & Orgn '1 Equipment 

2. Attrition 
a. Prime Hardware 
b. Support Equipment 
c. Training & Orgn •1 Equipment 

Services and Miscellaneous 
TOfAL OPERATION 

TOfAl CRADLE-To-GRAVE COST 

*Entirely from Form 1. 
+Partially from Form 1. 

Sensitivity wrnis: 
Variable 

Basic case 
Case 2 

Case 
3 

Variable Variable Extend 
Case Case Case case as 

4 5 6 7 Required 
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Emp~asis is placed on acquisition of various types of electronic and 
photograp~~c test data. It also covers processing and analysis of 
this data. Include both. the investment required for test equip=ent 
and facilities and the operational cost of conducting and supporting 
the test through to presentation of results. 

II. Initial L~vestment - This category covers the cost of introducing the 
new weapon system into the operational force and of building this weapon to 
peak force strength. It includes not only the procurement of prime equip­
ment but also all of the other ele~ents of the system necessary in order 
to prov~de it with full combat capability, i.e., support equipment, facili­
ties, initial training of perso~~el, stocks and spares, etc. 

A. I~st~llations - Tr~s element is to cover all nonseverable con­
str·cctio:-. required to place a weapon system in the field after researcl-. 
and development is co:wplete. In other vmrds, test facilities are not 
to be included. Appropriate segregation of major elements of install­
ations vary considerably depending upon the type of mission for whic~ 
the weapon is designed. A breakout is she~~ which is useful for 
missile and space syste~s. For aircraft, perr~ps a split between 
personnel-associated and equipment-associated facilities (sir.~ar to 
that shown for support area construction on missile systems) is 
appropriate. Under aircraft equiprr.ent facilities a breako~t into 
airfield; fuel storage and dispensing; communication, navaids, and 
airfield lighting; facilities for operations, maintenance, trair~ng, 
storage, and shops can be used. For personnel facilities, division 
can be made into troop housing, family housing, ad.Ir.inistrative and 
community buildings, utilities, and medical facilities. Ground 
electronic systems require construction to house, and in rr:an? cases; 
harden, the often quite widely dispersed. equipments shown in a la:.rout 
of the system (Table 2 above). They, of course, also require the 
conventional types of perso~~el and a~inistration, maintenance and 
supply buildings. 

B. ~~a jor Equipment - This element covers post-R&D requiret:.ents for 
the major procurement ~~ds necessary to purchase initial U: equip-
ment including an out-of-com~ssion allowance in the case of aircraft 
systems. It does not include equipment to be used in training or to 
replace attritted hardware. Neither does it cover the spare parts 
necessary for maintenance. The subelements suggested again apply most 
closely to missile and space weapons and therefore, should be adapted 
with minimum changes as appropriate for aircraft, seaborne, or electronic 
systems. 

1. Prime Hard..,.rare.- .Sxcerpt the required figures from the colu:~ns 
of Ite~ II Production (Priwe Equip~ent) on Form 1 deducting the 
cost o:' non-U:::: prir.,e hardiv-are. 

2. Support Eouipment - Excerpt required figures from Item IliA­
Operational Support Equipment on For~ 1. Again deduct the cost 
of non-UE equip~ent. 
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3. Organizational Eauipment (Incl. Co~~unications)- Include the 

cost of conventional equipsent for support units, for exa~ple, 

motor vehicles, materials handling, construction, maintenance• 

food service, medical, etc. Also, include the cost of basic con­

ventional comrriunication equipment - i.e., telephone, teletype, etc. 

c. Training - Include all costs necessary to provide personnel with 

the initial capability required at the time of p~ase-in of the 

operational units. Do not include charges for ~zintaining proficiency 

or training of replacements because these are considered to be operat­

ing charges rather than investment costs. 

1. Forc.al Course Work - Include the costs of formal training (not 

OJT) by a training corn;;.and. Conceptually this should cover pay 

and allowances of students while taking the course, salaries of 

faculty, a pro rata share of the overhead of the training comuand 

including minor training aids, maintenance on training equip~ent 

assigned to the training unit, etc. 

2. Prime Hard'l'.rare - Covers all prime hardware to be exoended for 

the purpose of training initial crews. Excerpt the appropriate 

portions of t~e costs sho1~ in Ites IT-Production (Prime Equip~ent) 

on Form 1. This ~ele~nent applies primo.rily to missile arLd space 

systems where the hardvmre is destroyed in the process of training. 

In cases where the hardwc.re is retained for exar::ple in aircrc.ft 

and electro!l.ic systems, the cost should be shown under Ite~ II C 4, 

Incremental Training Corr~nd Investment, below. 

3. Sim~ation Ecuipment (At Qperational Site) - Include the cost 

of equip=ent which will sL~ulate the operational sequence for pro­

ficiency training purposes. Also, if the proposed training concept 

stipulates that replacesents will be trained on site, include the 

cost of training equipment required for this purpose. This cost 

is sho~~ as a portion of Item III C - Training Equipment and 

Services on Form 1. 

4. Incre1r.ental Training Corr'"'11and Investment - Include both the new 

facilities and equipment required by the training co:r.r:1and in order 

to present the formal courses necessary. This construction and 

equip:-nent would be located physically at the training base or bases. 

D. Stoc1(s, Spares, and Hiscellaneous - ConceptuallJr this item should 

include such costs as the initial stocks of conventional supplies; 

spares and spare parts required in warehouses and logistics pipelines; 

tra!l.sportation to the operational site of initial equipment, supplies, 

personnel including their dependents and household goods; initial 

operational fuel, propellant, and gas requirements, etc. 

III. Qperation- This category covers the cost of maintainingcthe capabil­

it:.r of the weapon system in the field after all costs of initial ph2.se-in 

have been incurred. Because total cradle-to-grave cost is sensitive to the 

number of years of deployrr1ent and since it is uncertain how long a weapon 

will remain in operation, it is suggested that financial requirements be 

shown for several periods, for example, 3, 5, and 7 years. 
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A. Pav and Allowances - Include the salaries or wages and the cash 
allowances to all military and civilian operational, mainte~ance and 
other support personnel, located at operational bases~ Do not include 
possible contractor and/or development arsenal people,: however. 

B. Renlacement and Proficiency Training 

1. Personnel - Include the cost of formal course work necessa~r 
to train new personnel to replace those who are transferred~ 

2. Prime Hard•·:a-e - Excerpt the appropriate portion from Item II­
Production (Prime Equipment) on Form 1. 

C. !-fainte~ance and Attrition 

1. ~-fa'intenance - Include the charges other than pay of personnel 
to keep operational facilities and the various tJ~es of req~irej 
equipment in repair. 

a. Installc.t.;o:-:s - Cover the cost of rr:aterial and contrac:.'..lal 
services necessary to maintain the facilities. 

b. Prime Hardware - Cover the cost of spare parts and other 
materials for organizational and field maintenance at the 
base level plus all costs including labor for depot-type re­
pairs. Spare parts cost is included in Item III B-Operational 
Spares on Form 1. 

c. Sunnort EguiP?ent - Same definition as for maintenance o.: 
Prime Hardware above. 

d. Trainin-:- and Organizational :Scuip~ent - Same definitior. as 
for maintenance of Prime Hardware above. 

2. Attrition - Include an estimate of the cost of replacing co~­
plete equipment i terns vlhich are destroyed or otherwise :naC.e 
permanently inoperable by accident, wear-out, etc. 

a. Prirr.e Hard11are - Excerpt the appropriate portion fro~. 
II-Production (Prime Equipment) on Form 1. 

b. Sunnort Eauin~ent - Excerpt the appropriate portion from 
Item III A, Operational Support Equipment on Form 1. 

c. Trainin7 and OrGanizational Eauipment - For the cost of 
replacement of training equipment, excerpt the appropria:.e 
portion of Item III C, Training Equipment and Services. 
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D. Services and l(iscellaneous - This item should include the cost of 
transporting replaceilient equipment and persorillel, and supplies cons~~ed; 
fuels, propellants, and gases; material and contractual service charges 
i.e., excluding pay of personnel-for administration, fiight service, 
supply operations, medical and food services, etc. In the case of 
ground electronic systems, show rental of leased lines and power costs 
separately when they are sizeable. 

rJ. Exa..;-nple of Sensi ti vi tv Anal iTS is 

In Section I, the importance of accmLulating financial data which 

\\'ill a.llovJ a:1alysis of sensitivity of cost to chan~e in develop~::-.ent progra:, 

hardvrare design, or operational concept is stressed. Ranf'"es of values which 

bracket the cost implications of alternative system characteristics and 

ranqes of estimates which indicate the impact of alternative estimates of 

cost for a given physical requirement are suggested. Form 2 just discussed, 

lay·s out the major ele~,ents which should be costed in order to obtain plot 

points for these ranges of values and estimates. The following chart 

(Chart 9) shows a sample format for presenting the resulting parametric 

relationship to:;ether with the primary financial back-up data needed to 

explain this relationship. 
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Range of estimates 

Payload we.ig-ht (OOO's of pounds) 

1000 2000 3000 9000 
l 2 3 4 

M H L H H L M H L H H 

Chart 9-Sensitivity to variation of a single characteristic* 

*All other assumptions concerning the weapon system design, development, 
or operation remain constant • 
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Ackoff, R. L., Arnoff, E. L., and Churchman, c. W., Introductio~ to 
Operations Rese~rch, John Wiley & Sons Inc., New York, 1957. 

Alford, L. P. and Bangs, J. R., Production Handbook, The Ronald Press 
Company, New York, 1953. 

Allen, R. G. D., Matheu""latical Economics, Y.tac!·lillan Company, London, 1956. 

Armed Services Procurement Regulation (esp. Section XV), Department of 
Defense; ~lashington, D. c., As Arr:.ended. 

As:1er, Harold, Cost-Q1..1.antity RelationshiPs in the Airfra.rr.e In:t:..:strY, 
T:1e R.Al~:) Corporation, Report .R.-291, 1956. 

6. Buqget of the United States Government - Fiscal Year 1961, Washington, 
D. C., 1960. 

7 •. Chernoff, Herman and Moses, Lincoln E., Elementary Decision Theorv, 
} John vJiley & Sons Inc., New York, 1959. 

8. Contractor Report Exhibit 58-1, Ballistic: V~ssile Division, United 
States Air Force, 1959. 

9. CroA~on, Fredericl~ E. and Cowden, Dudley J., ApPlied General Statistics, 
Prentice-Hall Inc., New York, 1960. 

10. Fisher, G. H., lieapon System Cost Analysis, The RAND Corporation, 
Paper P-823, 1956. 

11. Kahn, Herman and Harm, Irwin, Technioues of Systems Analysis, The ~T:2 
Corporation, Research Hemorandur!: RE-1829-1, 1957. 

12. Kohler, Eric 1. and vlryht, Howard \'/., Accounting in the Federal 
Gover~uent, Prentice-Hall Inc., Englewood Cliffs, N.J., 1956. 

13. Lang, Theodore, Cost Accountants' Handbook, The Ronald Press Company, 
New York, 1952. 

14. HcKean, Roland N., Efficiency in Government Through Systems Analysis, 
John lrliley and Sons Inc., Ne1-1 York, 1958. 

15. Hasher, Fredericlc c., Pro":raT:': Bucl.r:eting-Thecrv an:i Practice wit:--, 
Particulc..r :Reference to the U. s. Departnent of the ArmY, Public 
td::inistration Service, 1954. 

16. i-!ovick, David, ltleapon Syster:1. Cost Methodology, The P.;AND Corporation, 
Report R-287, 1956. 
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NovicK, David and Cost Analysis Department Staff, Weapon System and 
Total Force Structure Cost Analysis, The RAND Corpo~ation, Report 
R-361, 1960. (Forthco:ning) ~> , 

18. 
i 

20. 

Novick, David and Fisher, G. H., The Federal Budget Atf'A Business 
Indicator, Harvard Business Review, May-June, 1960. '~~~ 

PERT SUJ'Tl!Ilarv Report, Special Projects Of.fiee, Department of Navy, 
Washington, D. c., 1953. 

Program Pla~~ing and Contrjl Syste~, Special Projects Office, Navy 
Department, Washington, D.c., 1958. 

21. Program Planning Report - Cost Study, Ballistic Missile Division, 
United States Air Force, 1960. 

22.~ Schl~ifer, Robert, Probability and Statistics in Business Decisions, 
~ Mc~Graw-Hill Book Company, New York, 1959. 

23. Smithies, Arthur, The Budgetary Process in the United States, Mc-Graw 
Hill Book Company, New York, 1955. " 
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24. · Trueger, Paul H., Accounting Guide for Defense Contracts - Se,cond 
Edition, Commerce Clearing House Inc., New Yor~, 1958 • .... ~. 
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