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PRTTACT
Dl (e

It hus baen generally recognized thaw a need sxiats for more procise
and comprehansive methods of predicting weapon system toctal costs, Thie
eosting problam becomes v iy magniitied “n the case of postulated wsapon
systema which are radiral ~ d.%r2rent “rom =mnv system on which actual cost
date is avsilable. Since historical costs poovide the most -sasonable
baziz for projecting future cosis, il is desirsble to develop historical
data yolatlonwgiips, These relationshipes are gemﬁally raarred to g8 Cend
Factors or Cost Estimating Relationships (CER'a).

The CER?3 ave devalopad by gavhering and proces. .2 historical data
arnd applying varicus scatistical technigues. This paper reviews the statia-
tical technigques that are most appropriate for accomplishing this task
ard provides ilustravions of the application of these techniguea. Stme
of the pitfalls or difficultiss in daveloping and utitizing CER's ars
aleo disousaed,

This paper has been developed to assist the general AFSC sffort to

gtimulate activity by the Divisior= in developing CER's. It is also

interded for digscussion purposes by members of the "Statistical Tech-

niquag® Pansl of tha AFSC Cost Conference at Electronics Systems Division,

F L+3. Ransoom Pisld on -7 June 1962.
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Cost rrediction Dased on "R Utilization

Coat Estimating Problem

Similar probiems are encountered by Air Force and Industry cost
estimating personnel in the develonment of "accuiate'" cost esiimates
for advanced systems. All too frequantly the cost analyst musi prepars

a program cost estimate for a newly conceived system based upon nsbulcus

data - the configuration has not been identified, the statement of work
is inadequate, ard the time allotted for prepsration ané evaluation is
unrealistic. However, these couditions can be expected to continus in

advanced systems cost estimating, and the cost estimator must develop

the ability vo coampensate for gaps in data ty empiloying available
statistical techniques and individual judgment.

Considerable contractor cost information is alsc available, both

actual and planning type, which helps to expand the base for asysuem cost
predictions. This is an advantage that Air Force cos® personnal have

over ineir industry cournterparts, in that the historical exparience does

rot represent one source alon. The benefit of cost comparisons of the
different contractors' estimates is therefore gainad.

However, caution must be exercised in the use of any historical and
current data. Changes in configuration, work statement:, specificatiors,
detivery schedules, or in other concurrent programs all produce significant
of fects upon .ost. They must be recognized amd identified balore cenclu-

sions and recomzendations are prepared based upon the available data, j,,fjﬁ




€ stem Cost fatimates

Total eystem costs result from the comsolidation of the lollowing
thres {3) programminhg categories:

- #, ROTE (Raesearch, Development, Test & Evaluatiorn)

ba Investment {Hardware producticn, initial training, supplies, stc.)
0s Operations (Anuual Operating Costs)

Bach ot the above programming categories must be further identilied
by Alr Por<s fiscal year for the approyriste distribution of the total
fund re uirsments’ in terms of New ubligaticn Audhority rgquirod snd/or
anticipite :xpanditures.

In 2ddition to present 2g the System Cost Estimates as ocutiined
ab>r - L- US4T and DOU frequently demand extensive "back-up" amd justifi-
carion details to support the magnitude of the .ost estimate. This has
not. bxz~ accomplished Lo the satisfaction of thes» staff agencies in the
ras*,  Ma sy, it couse of this dissatisfaction can be attributed to
the conap’ .uwds absere. ¢f The use of cost factors in the profection of
the cos’ egstimates. It 1s difficuit to inspire confidencs in an estimatse
wh 3 th- 2<~s! estimator states that the cost estimate was developed from
pruvious ex;erience ard judgment, ard is unable to provide a progressive
cost calcvlation in & logical step sequence commencing «ith selected
besin data. However, this ia very often the cass.

Uge of CPR's in Cost Predizticn
The probless outlined in the preceding paragraphs fcrm the background

for this discussion of cost predictica tarough utilization of sost factors

or Cost Batimating Relaticuspips (Cii's). This ©< ' igue or methodology is

C e e .




asxrznt lelly nothing more than s precise method of wredicting costs of
sivanged gy tems based upon the development and utilization ¢f CER's,
Devel - m=nt of CER's depends upon the availability of pertinent
historical aata, The necessary basic or historical data may cover a
broad epsctram of Informetion scurces, both financial and non-financis?
Nats must be availahle, for example., whic. ,crtains to: Missic req
ments, planned configuration, design and perfo:mance cheracteristics,
AMFR saights, quantity and rate of production, logistics, and a pnitituds
cf  .ner variables.
Juviously, discretion and judgmsnt must be exercised in the aprliecatiaz
of CER's based on the cost sstimator's knowledze of the specific ccst problse
a~1 £ the quality ard ve.idity of tha basic dara,

"ER Teraivation

Firsu, what is 2 CER? Jt is a functionsl expression which statea
trat lhecoadb of an item mAay be pmedicted on the ba:sls of one ar morae
ijependsnt'variables. This exyression may be aisted as: o =t(X1’X?~~“XV)
voera O squals cost and Xy---Xp m& represent any rumber of cost predicling
»vinles,  The most comnon and widely uzed function ie ol Lha form
T = % wnere the total cost (Y depsnds upon & varizale X {wheres I may
zrexent aumber of pounds, flying hours, ste.) multir'i«’ by & constant
by wtsss b ow cost per pound, coat per flying hour, etc.) This, of
souras, is an oversimplified cass, but is illustrative cof the potentfal
atlization of CER's in the davelorment &nd justification of cest
cstimates. The foregoing axample is thal of & linesr funetion, or straight

iié relationship where the conatant {CER) may represant 'co.t per person®,
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“ost per fiying hour, “cost per pound”, ete. This function, in realiiy,

is of the f2om ¢ = » + tX, where a, the fixed cost value, equals sero.

~:; Tois cagreselor une, therefore, when plotted ~- graph paper will cross
%
the I axis at T = (0, This indicates tha* there are nc fixed costs
;‘ inciuded in this expression -~ only variable costs. Therefore, the total
| roet wsyies o rectly with the change in magnitude <* the variable.
"L .oy, ther« ace many situations in which tot8l cost will inclas -
L oLorgvant fixed cost as well as an increment of variable coat dependin:
o = 28 uf the independent variable (the X value). In this c.- |
i G trend f{ollows a lincar pattern, the function ¥ = s + LK becomes
‘noeppropridte estimating squation Tor total cost,
~2tial step, then i ¢ w -ioping CER's is o evaluate and ol ont
s the ap vopriste predict:ing varzaciss, In order to do this, one must first

Gow ahl types of curte cuw tovded, and in what manner they should be
vrustered.  The formats.ip geio al usage today for consolidat g total
system ostls are shown as Tablew 0, and I'T. In addi.i~: otper
formats may be designed to fit the particular needs of & specific cost
QY
JUrve the format has “omi csiabilshed Whioh calilnesn tha typea of costs

niesied, and the prescrices manner in which thay must be g - ped or

g segrasited, 2 reseArcrh . og-am onr 0 init a3 w.th the chlactive o
astermining vhe significant virlables which affect cost, As L.icat A
Provicusly, some of the commorly us~® variables for pradicting costs are:

wtighy, flying hours, spead, wantity, payiosd, etc.

It ix not advisable - atcemp. (. use avary posaitle variable to
Fred oo & subsystem cug! e cariaL. o Lhe verdabicor mar have an




Tasagnisloont erfect on vost. In some cases, the affect 01 cost may be
zo negligible as not to warrant the effort t> be eapended. In order to
reuce this task to menageables proportions, thersfore, it is nsccssary
to process the basic data that has been coullected a3 tnen identify the

»ogt significant variarlee by maans of a number of statisticel techniques

that are available.
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Researsh and Develommant (osla

™

Dasign & Devslopmsnt
Fralininary Study and Design

4

Dezign Naglineering

bs

Haraware Fabraication

Yaniocle Fabrdcstion

Installationa i
Othar Ressarch & Develogment Copuve

Depo. Hsintenance & Supply

Minor Modificationu

Other

Total Research & Development Cost
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Airvestaent Coste

Primery Hisaiown
Specizlized
Clhey
Lpiipment Spares & Spare Peria
Initisl Steck Levels
Initial “raining
initial Tranmsportasion
Initlal Travel

Dther

Total Investment Cost
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Ancel Opersting Costs

Equapmes® & Tnatallations Replacement

Ppinary Missism Equipment

Gther BEguipnont
Installations
Mei“?\;:‘m;xru:ér o
Primary Mission Equipment
Spt-laiized Sguipment
Installations
Pay & Allowances
Training
Fuslis, Lubricants, and Prorallants
Services am Miééallnneous

Tetal Annual Opsrating Cost
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Saiection of Significant Varisblea by Statistica; Msthods
AZter the _3sic data has bean gathered, it muet be statistically

processed to enhance its validity for further ressarch, Measures of
cemtral tendency {mesn, median, and mode) should be applied to each

gar.es of data to tetermine the relative reliability of the data. Thes:
statistical measures highlight extreme or unusial values which should
then te deleted from the sevri:ss of data or adjusted or the basis of knowm
eengss for unusual Gaviations. For example, & given engine unil ess’
@ny be considerably higher in one year tihan in the precaiing year s#ithcugh
the quantity of engines is the same in both years. Normally, ons wenld
axps:t the unit cost In he secund ysar o lscrease if an egual fu ity
of engines is being procurad. Howsver, furthar study may reveal thad
the quantity of commarcial 2ngines on order in the second yeer was
drartically reduced Melow the mmber on order in the previous yes-,
Tris affected the unit cesv of the ergines being produced for ths Alr
force and caused the higher unit coct experienced. This umit coet should,
vacsfore, be adjusted o- deletec from the ssries of data.

Measures of dispersion (range, standard devistion, et¢.) shourd alao
re appiied to provide an estimats of the degree of variation of volves
lr. "hie seriss. The greaisr tie ammint of scatter which occure atcut the
average, the less preaictahie will be any projections of the data. .ur
ex:mple, Case o5 below reprasents a1 much more predictable relativnship

than Case Ay

y y
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’hj,_gaggtwem Two_or Yore Series
Corpeleti ! : e
4% -7 ogch ssriss of data (!or every variable affscting veapon

system costs) has been sts.istically proceased, the relationship beiween
RNy 0 Ir mOre “varisbles may be measured mghmtiaﬂly Far axample,
assumes onat the cost of an engine is affected mot only by-the weight of
the, enzins, tut alse by the thrust. If each of these mrmtmra affectal
the ov =oually apd indeperdently, it would be ﬂaemasuffy to ca&puts the
relaticnsnip of the cost to both weight and thrust im aﬁsr to derivs ths
best 2s*imaiing relationshipe This is a much more inwvelved cgqubstion
than s v~ompocissn of cost to"weight.v alone, or cost to thrust alone.

It {s, thersfore, advisable to first determiné the relationship of coet to
each “ar at.e imdividualiy. If .o ie found that thrust bears only a
sligh'. ¢.gusa of reiationship to ost while weight is clpaeiy celated

b0 ocosv 1 woaddoomly be-n&ﬁm B¢ canput;é tm,a‘;m refati»ship
~hich ‘s less riscrous than the comparison of thfee or mbre val. bles.
This tec.ique e generally referrad to as Siuple Correlation. 1.

is knowr, as Simple Linear Correlation if tF . change in one variable is

at <« conat: - itar to the change in th.. other; if e change in one

variabie is at an licreasing or decreasing ratio to the changs in the

th

&

othar vardabie, - tcclindgue 1o woiied oumple #ou Linear Correlation.




The general equalion for cumpitation of the simple ccefficient eof

serrelation iss

y L\
re ;g.,(.}ﬁi i ( gff% where X is the indepsndent
# variable (in this case, weight of

av ’ engine), Y is the dependent
X GE/ variable (unit cost of engine
in this case)

- VER @)

qJo = V Y 2
y= -&L)
As an example of the asppliration of the method to an Air Force cost

problem assume the following hyvotheticai sst of data for & group of

LY
ergines which were developed throu,: *31‘_ Lypical growth progression:

) Last Qty Ve ;4$*, J'Eer Eng Coaz Per
ingine Procure! 1b3) Engine _
i 10 LoD 90,007
K 105 420 95,000
v 102 Lo 100,000
D 105 430 105,000

£ 98 500 110,000

To keep ihis computation relativeiy siwpie and easy to understard,
it will be assumed that aince the quantities précurod of sach engire
vary so slightly, the quantity variable need not be analysed as a factor
affecting t.s unit coet variations. Therefore, the camputation of the
relationship between X and Y using the formula for ths coefficient of

correlation {r) given in the previous pmagraph resulis in r = 0.5713.

1

. Y * ) . E
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Tnis indicates that the cost of any given engine of & weight within the
_panges listed in the ebove table can be ressonably well predictsd on the

' bani; of its weight, The coot of an engins of & weight exceeding any of
| the weights listed, can also be eaiimated from this relsticnship, but
with considerably leéss confidence. Whenever a varishle is projected
(extrapeiated) beyond the range of existing hisuorical data, a considerable
amount of uncertainty is built into the result.

The computed relationship (r) can be used to devalop a line of regres-
sion or estimating equation which will provide the basis for predicting,
in this csse, the unit cost of an engine of any given weight by anbstitution
of “he given weight in the equation,

The general equation for the linear line of ragreasion where ths
cosfticient of correlation has already been computed is:

ys A %" X l where y is the deviatiom fram its
* mean e

ard x is the devistion from its

mean
Y= o973 (107/.0671) o
3%.874/ by substituting into the general
equation the valuea previcusly
s 180,7936 K computed.

but eince ya Y—y af Xe X-X
ton  Y-T .« 180.993 (X-X)
~ therofore j- 100,000 = (£0,8936 (X -¥50)

a1 Y (8,577.8700 + (80,9736 X

Ty,




o
A

Sy This is the estimating equation for predicting an engins unit cost

. "-ﬁjbﬁ wny. sgsumed weight. For example, what 1s ths cosi of & camparable
| Angine weighing 600 pounds? Simply substituts the valus of 600 pquado for
1 in the squation of the prsceding paragraph as lollowss
Y = 18,597.8800 + 180.8936 (600)

therefore: Y = $127,13i (cost per engine)

However, supposs thet engine thrust aiso has s significant, and
indépendent effect upcu unit cost. This implies that engine weight alcns
is not adequate as the sole predictor of the engins cost. The case now
becames one where two or moere variables muat bs compared with cost, and
requires ths use of the te:nnique !mown as Multiple Corrslation,

This technigue involves a much mors laboricus computation than the simple
correlation method which has heen illusirated by a hypothetical applica-
tion. A suitable example of ths agplicstion of this method is, thersfors,
beyond the scupe of thi: pever. Consequently, only the genaral equations
are provided here for anyons interested in pursuing this form of analysis
further:

Coefficiert of Multiple fcrrelstion :
Yo wee Ty
Line of Remreseion or Eetimbing Bquation (assuming & linear regression)
Xie a+ bias o + bisa X

13 ]




?or & nan-linear smltiple corrslation, the ronom general aguatiem
Lo the reculting no.~iinsar regression line m;r be ussds

Xl,': a *f (Xs) + )C(XI) Yoo where £(X_, stc) indioates any
function 2of Xy, otc. 3uch as 8

parsvola, hyperbola or other type
of curve,

gcutter Diagram

It it 1a desired to investigste the relationship betwesn two
veriables without going through the involvsd mathematical proocedure of
computing coefficients of correlation, a device known aa" the Scatter
Diagrax may be ussd., The two seriss of values are plotted graphically on
arithmetic greph paper with one variable (the ixﬂspenderit variable) placed
on the X axis and the other (thq dependent variable-usually cost) en the
Y axis., If thers is a definite relati.onahiiB ruultir:xg from plotting the

assceinted variables on a ok ~t, the points will follow a definite line
of movemert ot ar“;;;t:ix“v as folle.wé: ‘

Yt
le” 4 ﬁfu
f/ et
.!.,.” 1 &
* o »
. : - ‘
# 50,000 | -
% w = T

weight/Engine (in pounds)
L




If ‘he reiatiousihip ware perfect, each pl~. point would coineide
with a computed line of best fit instead of being rendomly scattered
sorogs the face of the scatter dicgram.

In this example, the plotted points do not all fall on the straight
line, Therefore, the relationship of the two variables cbviously is not
perfect, However, otaervation of the scatter and path of theae pointe in
relation to the line will indicate that in all probability a straight
line will describe the data reasonably well. By initially using this
wethod it can De determined whether a significam relationship exists
hetweon the variables before consuming an extensive amount of time per-
forming the rigorous mathematical computations. This procedure msy
o>viats the need for the mathematical ccmputationi if the result indicates
a lack of eignificast correlation between the variables.

Ratios

e e —AROLHAT MRl) known, and widely used atatistical technique iz the
retip. A ratico exprecses the relation of casurrence of a given kind of
svent to ths cccurrence of other evenus or of one kind of data to another.
In formils fora this measurs is repressnted as;

Ratio = a/0
vhere: a = mmber sf times the event occurs
2. = pumber ¢ timss another event occurs

Retios are jartisulary applicable in the developaent of cost eatimating
relat torahipe, A simplified exazple i3 the method gensrally used in
est‘mating manufacturing overhesd costa. Ovarhead is almost alwvays

regarded as being & linear hoaogeneous function of direct labor cost.

13




T™is mevhod of trsetment obvicusly assumes that every item in the overhead
oategory veries with direct labor cost. Although it is known thst certsin
of ‘hese items do not (bullding depreciation, rent, etc.), the percentage-
of=direct labor approach will pr-bably contimue to be used because of the
cass of computation and justification.

A somewhat more invoived epplicaticn of ratios in developing CER's
may «gain be illustrated by an example pertaining to estimating the cost
of engines - one of the examples contained in a previous psragraph
illustrated a method of computing a CER to estimate engine cost based on

the parameter of engine weight., I. was further indicated that ang. ie

thrust also appsared (o have some influence upon engine cost. The method
of multiple ecorrelation, therefors, could be utilized to cetermine the
total influence upon coet of both weight and thrust., However, if engine
costes are examined s a function o, the dry weight of the engins divided
by thrust (the-so-calisd spscific weight) the same amount of cost variation
san be explained by utilieing the less complicated simple correiation
itechnique, Hers the ratioc technique has been used 1o reducs the number

~ of indepandant variables from two sets (weight and thrust; to one
(epocific weight), thus reducing ths amount of work required *o derive s

E coat eatims.ing relationship,

Examplet Engine Waight Thrust Weight/Thrust Cost/Engina
(pourdg) (SHP) X Y
T 56 2930 3700 0,79 $120,000
T 58 30 1250 0.24 £9,000
J 85 100 4000 0.35 0,000
16




Index Numbers

“ 8till annther commonly used statisticsl technique and vita. tool
of the cost estimator is thc ‘.dex number. An index numbe: is a statis-
tical device for measuring changes in groups of data., It .s of particular
value when "ovplied to the yearly changes in the prics level. This measvre-
ment is known as & pri.. index. Tt provides the basis for asdjusting any
prior year saries of c- .t data to current dollars ¢. to any other desired
basis. This is cbviouslv an important tool for use in cust cumparisona,
such as ths total costs of two campeting systems, o (Jee Table IV)

CER Development by Component Level ¢~ Cost Element

CER's may be doveloped either at tne total subsystem level {e.g.,
airframe, propulsion, electronics) or at the mat~r cost sliement level
(e.8., labor, materials, werhead,) However, ragardless of thes level of
detail desirsd, an initial separation must be made betwsen those costs
thet are recurring-and those that are one-time costs or non-resurring.
Examples .. non-recurring costa are initial engineering and tooling,
angineeri g tests, and test vehicles. Fecurring costs are those costs
whioh continue over the 1ife of a mroduction run and are allocable on a
pe~ unit basia. The major portion of the DT&E costs of &n estimats are non-
recurring costs, The investment cost porticn of an estimate includes a
much amaller percenmtags of non-recurring costs-production tooling is generally
the mkior expeaditures in tuis categery. Although it s more diffisu’t to
develop cost sstimating relationships for non-recirring costs, estimating

methods applicable to thess types of costs will be discussed.




Ird ey Prorop to-Balse

feay {1936 = 100) T ﬁé&é‘

"6k5 51,6 243.0

1946 7.9 27,5

1947 71.6 1759

1948 72.5 3-5&5. :

1943 a1.5 154 .8

1950 Bl .5 9.7

1951 | 3.7 13.9

1952 9k .7 133.7

1953 98.8 128.1

1954 100,0 126.8 '

1956 103.8 | 122.0 3

1956 109.2 1161 7

1957 119.1 106,8

1958 1204 105.5 |
1959 | 123 .4 103.1 f
'_ 1960 125.2 101.6 f
1961 126.5 100,0
;
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Cost est unating rolat.onsnhips in use today generally relate cost teo
queniity end vomponent waight. The effsect of quantity and weight is
cansidaro? in the cost eatimeting of al. sirsraft compolsnts., However,
very little sffort seems to have been devotsd to studying the effect om
sost of the marny technical and performance characterisgtics of weapon systams.
This is probably dus &t lesst partially to the difficuities sncountered
when the relationships involving more than two variables ars measured. The
effecta of intersctions bestween indepsndent vari&?lee Mgt oo determined
in arder to obtain a valid eatimat: of total explained cost variation.
However, this is a complicated and time consuming effort amd requires an
extenaive am~unt of data which usually is not available,

The relationship bstween the cost of preducing & component and ths
mimber ¢f componentes produced is usually referred to &s a "progress
curve' or "learning curve' as defined earlier in this paper. In general,
the leerning ourve effect is s deowsase in recurring production crets a«
the rumber of units produced increases.

Next to quantity, weight a&ppesrs to explain mors var:ationg in com-
ponent. coet than any other physical characteristie. There have been many
regression studies releting weipht to cost which, at & given quantitqdhuva

indicated the validity of this relationship., However, . the caas of?
electronic oquipment, this relationship does not hold true. The costiof
slectronic equipment is still contimuing to rise and miniaturizaticn hes
csusad coet per pound to go up. This in itselfl indicates that cost

par pound is a poor relationship for estimating the coat of electronie

equipment at this time. In general, the estimator 1.t ves the cost of

¢
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similar types ol éisclrunic devices a0 “rese for estimating the ~ost
of new egquipment, This is known as "nricing by analogy”.

though it is generally preferable to estimate costs on the basis of
the major ccmponent elsments (labor, materials, and overhead), the air-
frame portion is ususlly the ¢nly component eastimated on this basis,
This is due Lo the fact that seldem is adequate data asvailsbls to estimate

sngine and elsctronice costs at this level of detail,

g Relationship

NoneRscurring Costs

Estimat ing the cost of an airframe requires a brsakdown into

two parvs. One part includes all non-recurring costs; the other, all
recurring costs. Most of the recurring costs are acccunt;d for by mamu-
facturing and most of the non-recurring costs by initial tooling and
engineering, and flight test. Adrframe weight ia tk_m parameter in
gon:ral usage t&day for astima:t'iné‘: both ;e_curring and nonﬁecurring air-
frame costs.

Studies of ‘mn-ref:urring airframe costs are being conducted in order
to ,aftenpt to cvlevalop‘a more valid predictor of this category of éoats.
However, for the present, & rsasonable method for estimating total non-
recurring cost is by developing non-recurring cost versua airframe weight
~irves, This total cost can then be subdiviced into initial tooling and
enginsaring, and fiight test costs on the basis of past cost distributjon

axperisnce.
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Mamifacturing costs, as stated proviousiy, account for the major
priden of recurring costs, “he principal cost elements of mnnufacturing
Are materisis, direct laber, and overhead.

Cost-weight curves or regression estimating eguati~ns may be developed
to estimate the airframe meterials cos* based on any given airframe weight.
This relat’onship would Le subject to certain adjustments in the event a
mor® _xr%ic me srial is substitutsd for tne tyve of materiai upon which
the CER was based, rigure 1 presents a typical cost-welight curve for
aizframe material.

The direct labor involved in manufacturing an airframe is defined to
include all hours expendsd con fabricaticn, sub-assambly, final sssembly,
and testing. Thess direct manhour expenditures are kspt up tc date and
rep?rted quarterly inlan AFSC documerit gntitled " AMPR/MMFR, Quarterly
Tabélation ~ Baaic Pxoductivity.and Utilization Data fram Producers of
Adrcraft, Missiles, and Major 3upporting Sub-Systems'. The manhours are
reported as "on and o."~-site direct man-hours'" in order to give consider-
ation to the off-site manhours which reflect the amount of airframe sub-
contracted, It is generally felt that this data provides & séund basis
for sstimating airframe direct labor cost. The most useful cost estimating
relstionship for this cost element has been the cost-weight curve. An
examsle ¢f this type of curve is given in Figre 2.

Mamafacturing overhead is generally regarded as being a linear funetion
of direct la... cosh. A'though certain items in the overhaad category do

'
not vary with dirsct labcr cost, this percentage-cf-direc. .abor method
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appsers to be the most satisfactory cost estimating relationship
qurpently aveilable, Review of available data contained in Air Force
cant¥acts indicates that within the airframe industry the overhsad rates
in general use appear to be within the range of 150-200% of direct labor

cogt.

In addition to manufacturing rost, another fairly significant recurring
cost item is "Sustaining Tooling and Engineering". As a result of consid-
srgble stetistical analysie, it appears that the most appropriate meagure
of this cost slement is its relationshis (in terms of ﬁccntugo) to
manufacturing cost. A ~ange of 20 to 30% of marufacturing cost is con-

sidsred to bs a reasonabie approximation.

g Relationshi

Adrframe éosting techniques are not applicable to n~osting of engins
amd other -ubayatam;. The distribution of labor hours is usually quite
_ different. ALsY the smount of cost detail available for airframss is
seliom available to the same extent for the other subsystems. The method
generally used for prodictiixg engine costs, therefore, i: to develop a
eoog o!\'.hating'?ehtithip of engine cost to the raiio of ergine dry
weight divided by engine thrust, or the engine specific weighi. This may
be accomplished by the Correlation and Regrasaion Analysis technii;uo which
was ducrit;cd mvimal;r in this paper, or by use of the Scatter Diagrar.
Figure 3 presents an example of turbojet engine costs plotted as a function

of specific weight.
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Subsystems (exclusive of engines) do not appear to follow any cost-

weight or any other statistical relationship by wich custs could be

predicted from sny given parameter. The most common method for predicting
these subsystem costs n+s been "costing by analogy"; thal is, projection
-from these coets of comparable existing subsystems by the application of

complaxity fa. srs to account for increased sophistication in the system

above the basic system.

Examples of CFR's for predictinz DT&E and investment costg.

1. Airframe design engineering cost as a function of airfrems weight.
2. Airf.ame hardware fabrication as a function of airframs weight.
3. Airframe manufacturing facilities cost &s a functica of airfreme

diageter.

g: Erigine design erngineering cost ag a function ¢cf specific weight.

5. Airframe dirsct labor cost per pound of airframe »-ight as a function

of cumlative output and/or rate of output.
b, ramufacturing overhead cost 4s a percentage of direct labor cost
7; Material cost per pound as a function of cumulative output.

8. Subaystem spares cosiL as a percentage of initial inveatment coc*.
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fnmal Operating Costs

" Annual operatins costs are rscurring coste which continue over the
1ife of & system, The maior cost elements &8 iilugtrated in Table III
are;

1. Equipment and facilities replacement

2, Equirment and facilities maintenance

3. Pay and allowances

L., Training

5. Fuels, lubricants, and propellants

6. Transportation

7. Travel

8. Cther services

4 number of cost estimating relationships have alrsady been devaloped
and are available in ths USAF Plannine Factors Manual AFM 172-3. Thesse
relationships are constantly being revissd or replaced as mors operating
command experience becames available., The CER's are ranerally of the form:
cost per person, cost per flying hour, or cost per squadron.

Pay and allowances costs are usually computed on the basis of an average
anrual cost factor psr man, for example, $6000 per man. The total anmal
cost may then be increased by an arbitrary percentage based on the asswmed
turnover rate.

kquipment and facilities replacement and maintshance are usually
predicted on the basmis of the expected anmual flying hours per aircraft.

Training costs are based on Alr Training C wessrd expurience factors of

training cost per man,




POL costs are also determined from the ~nnual flying hours and specific

fusl consampiion par engine,
The other items are generally based on a factor of cost per man,

i




-

Surmsry
‘Ths CER's ‘hat have beon develored to date are largely directed
toward predicting recurring costs. This, therefdre, provides fairly

adsaquate coverage of the Investment and Anmual Operating cost categeries.

“ Howevar,; the DT&R ares, which consists primarily of non-recurring cost items,

does not have currently available CER's to provide the vame cost pre-
diction capability. This has been, and will continus to be, & difficult
area for developing cost estimating relationships becauss regrassion
techniques and other statistical methods do not logically apply to thaese
types of costs. Studies are continuing, however, which hopefully will
result in the develcopment of at lesst some C®™R's needsd to injsct a

msasure of validity into DI&E -~cst estimates.
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