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FOREWORD

This report was prepared by the Convair Division ol General Dynamics, San Dicgo,
Calilornia, under USAT Contract F33615-73-C-2083. The contract, titled "Weapon
Syvstoem Costing Methedolopy for Afveraft Aivirames and Basic Structures, " was
mitiated under Project 1368, "Advanced Structures for Military Acrospace Vehicles, ™
Task 136802, "Structural mtegration for Military Acrospace Vehicles. ™

The work was administered wnder the direction of the Air Foree Flight Dynamics
Laboratory, Structures Division, Weight-Patterson Air Foree Base, Ohio, under
the divection of Mr. R, N. Muclier AFFDL/FBRD) as Project kngineer.

This report covers work conducted from July 1972 to February 1975 and was sub-
mitted by the author in February 1975, under Air Foree Plight Dynamies Laboratory
Report No. TR-75-44 as a Pinal Report. This report includes one additional
volume: Veoelume I, Technical Volume. Both Volume | and H are final technical
reports.,

The Tollowing Interim Technical Report volumes have been issued wder this program
as AVFDL-TR-73-129:

Volume 1: Cost Mcethods Rescearch & Development
Volume I Supporting Design Synthesis Programs
Volume 11 Cost Data Base

Volume IV Estimating Techniques Handbook

The principal author and project leader on this program is Mr., R, 1. Kenyon, wnder
the administration of Mr, G, F. Vuil, Chiet of Economic Analysis and Mr,

AL Van Duren, Manager of Operations Rescearch. Others who contributed to the
studies wd who contributed in the preparation of this report include Messrs.

JoAM Youngs and R, ). Reid, Peonomic Analysis: B H.o Oman, W, 3. Honcyceutt,
and T 1. Reed, Mass Properties; L. M, Peterson and G, 5. Kruse, Structural
Analysis; G. G, Clark, Analyticad Programming: and T. Kell, Industrial Engineering.
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SECTION |

INTRODUCTION

This volume in the torm ol an Estimating Handbook and Uscer’ s Manual provides the
instructions necessary for makimg a cost estimate asing cither what is reterred to as
the trade study cost estimating method or the airtrame system cost estimating method,
It descerihes these estimating techniques in terms ol inputs and outputs ol the computer-
tzed programs used, the cost estimating relationships involved, the organization and
sources ol inputs, including other supporting computer programs, and the cost model
computer program,  An exasnple estimate in the torm ol a demonstration case is also
desceribed,  The Estimating Handbook together with a Technical Volume comprise the
Final Report for Air Forcee Contract F33615-72-C=2083, The Technical Volume supple-
ments this discussion by desceribing the development of the methods, by delining cost
ciategories, and by discussing some of the limdtations ol the methods,  The emphasis

in this volume is on the user’s point of view and thus on the mechanics of the procedure,
The two estimating methods to be discussed are distinet in terms ol the categories of
cost involved, the level of detail at which estimates are made, the cost estimating re-
lationships involved, and the resulting inputs and input sources,  The trade study
method involves a very detailed level of estimating for haste structure only, The sys-
tem costing method involves a higher subsystemy tevel but includes both structural and
medchanical subsystems of the aireraft airframe. The term wirtrame, which may be
used in conjunction with cither method, is defined as including only hasic structure in
the case of the trade study method but as including basic structure plus mechunical
subsystems in the case of the system method.  The ditferent sets ol input required for
cach method in tum entail a different output from the arca ol prelinmary design sup-
port, or specifically from the supporting design synthesis programs in the case ol the
trade tudy method.

The trade study estimating technique, in genceral, requires that the supporting design
svnthesis programs operate in an iterative manner, although, pomt design estimates

can be made with the input data bheing developed manually,  The number of inputs re-

quired initially to sct up a run is quite extensive,  Generally, however, only a lew in-
put variations are required for subscquent trade study alternatives,

A combined trade study-system method mode of operation may be selected,  This is
hasced on a modular estimating approach whercein both subsystem level CERs and de-
tailed estimating routines are available for structural subsystems,  This option is ex-
creised by zeroing out one or the other method selectively by subsystem,  Thus, a
structural clement of particular interest may be estimated in detail with the remaining
clements being estimated at an aggregate level,




The tollowing subsccetion of the introduction provides an overview ol hoth estimiating,
ethods to answer the guestion: How to make an estimate?  The organization of the
handbook is then deservibed, I the interest is in simply making an estimate, the reader
maty wish to begin study of the method with this volume rather than Volume 1,

Lot HOW TO MARE AN ESTIMATE

1,1, TRADE STUDY ESTIMATING METHOG,  Figure 1 gives an outline of the trade
study estimating method and the flow ol information required in this process, In this
desceription of the method, which is intendoed to provide an introduction only, the dis-
cussion will hegin with the cost output and work backwards through the various phascs

ol the program to the procedure lor the development of input data,

The cost output is desceribed and defined by the computer printout formats, samples ol
which are given in Figures 2 through 5. These represent a complete set of computer
printouts except that two additional Recurring Production (Manuwfacturing) Cost print-
outs arce provided for two alternative production quantities, and also that this series
of printouts is provided for cach of the structural elements: wing, horizontal siabil-
izer, vertical stabilizer, fusclage, nacelles and landing gear,

The Cost Model, comprising the cost estimating logic, consists of sets of CERs devel-
oped for cach of the items of cost identificd in the computer printouts, Thesce CERs
arce described in Section 2,3, Their derivation is discussed in Volume 1,  Figure ¢
gives examples of manulacturing first unit CERs for labor and material,  Many other
forms arc involved, Manufacturing Fivst Unit Cost is an estimating convention based
on using theorcetical first unit cost as the basis for estimating manufacturing costs,

It is sometimes necessary to augment the standard procedure, as represented by the
CERs, with special procedures and analvses,  These vequire definition for cach in-
dividual casce and may or may not he ol a nature to permit incorporation in the main
hody of CERs.

The estimating method makes use of an existing general cost program, designated as
COSTC, that operates as a data manager program and handles the cost estimating
logic as a program input, This provides a simple means of modifying cost estimating
refationships, Thesce are accomplished simply by changing an input model card and
the corresponding input variable(s). This program is discussed further in Scetion 2, 2,

The total st of CERs generates the variable input requirement entered in the pro-
gram as NAMELIST variables., These, together with the model cards, constitute the
input package, The model cards, which include the CER entrices, constitute an input
whenever they are to be revised,  They may be revised for cither of two reasots:

(1) as previously mentioned, to change the form ol a CER, or (2) to change an esti-
mating cocflicient, These cocelfficients appear as constants within the CERs, and

9
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comprise such items as haseline costmg factors, seabme factos <0 and ether Tactors
hased on historical data, Input categories are determmed with respect to the cost

model computer program desceribed in Section 2,2

The compater progiean deek set=up is tllustrated by Ficoare 700 The program deck
consists of the COSTC general cost proprant, Inputs comprise NAMELINE SIZ 1,
NAMPELIST CURVE, and Model Carad entries, Saomple model card entries are illus-
trated in Figure s This is a very limited sample, the total Model Card Deck consis-
ting, as it does, of approximately G50 entries,  The Tunctions ol the model card age
expliined in Scection 2,2, Figure O cives an exiuimple of the relationship hetween o=
puts cud input sourcesyand the CERD A general idea of the input organization is fur-
nished by Figure 10, 1t should be noted that numerous additional CER forms and in-
put relationships are involved as might he suspected Trom the nnmber of modet card
entries involved,  Section 2,2 provides a complete cost model computer program des-
cription, including COSTC program subroutines, model card tisting, input listings,
NAMELIST variables dictionary, and an estimating coclticients summary and locator,
Section 2,3 identities cae of the CERs involved and relates then to the computer
program,

mput development is illustrated by Figure P, The option of CER revisions, shown in
Ficure 10, is excluded, however, since such changes, lthough Titevally handlod as
inputs, are best thought ol in a separde category,  Input development is then detined
as being within the context of an existing sot of CLERs,

As shown by Figure 11, various synthesis program s are requirad to support the
tdevelopment of inputs,  These provide desien information required in the estimating
process,  There arve three such programs: (1) An Automated Prograr, for Acrospace
-— Vehicle Synthesis (APAS), (2) A Program {or Development of Airerad:. Fusclage,
Nacelle and Landing Gear Weights, wud (3) The Tip, Lewding and Teailing bdge Analy-
sis Program,  The first ol these in turn supports the sceond, The thivd program opev-
ates independentty, A technical desceription of these programs s given in Secetion V

of Volume [,

Fach of these programs «iso has an input requirement,  These input requirements,
operating instructions for program runs, and outputl data transtfor worksheots arve
covered in Section 2,1 of this Handbook,

The weight analysis for acrodynamic surfaces primary structure involves the use ol
correlation luctors applicd to the output of APAS,  These lactors are in turn based on
weights rescurch data Irom studies conducted concurrently with hut separate from
this study, A separate design synthesis and weight analysis procedure, the Tip,
eading and Trailing Fdge Analysis Program, is used for acrodynamic surlaces sece-
ondary structure,  These results, combined with those for primary structare, result
in data such as shown in ‘table 1. Correlation factors are caleulated as the ratio of
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Table 1. Acrodyvnamic Surfaces Structural Weights

Part Actual Svnthesis  Correlation
Definition Weight Weight Factor

A-N Wing

Inter-Spuar Cover THo 672 P
Spars 410 286 [
Ribs 316 GO 0,27
Loeading FEdge & Tip 125 166 0.75
Trailing Fdge 52 92 0.56
Allerons -9 21 1,87
Flaps & Foreflaps 359 281 1. 28
Slats 278 198 1,40
Spoilers 83 1344 0,67

Does Not Includes
1. Misc, Structure: 88 1bs
2, Alleron Balance Wis,: 15 Ibs

actual weight to synthesis weight,  They provide a measure of the credibility of the
srnthesized weight and can he used as analogs in estimating similar structural ele-
monts,

The weight analysis for fuscelage structure, both primary and sccondary, is handied by
the Program for Development of Aireraft Fuselage, Nacelle and Landing Gear Weights
driven by the APAS program, It provides weights data as shown in igure 12,

Historical data is used to develop various faclors: learning curve factors; scaling
exponents; engincering, tooling, and manufacturing factors; and matcerial cost factors,
The tables summarizing these factors, the location in the Handbook ol back-up data,
and the model card deck location of the CERs in which these faclors are used are
given in Section 2,3,

The development of baseline costing lactors and complexity faclors is interrelated,
Their development is fully explained in Volume I, Scction I,  Bricefly, the following
steps are involved:

a4,  Development of complexity factors for primary structure by means of an industrial
engineering snalysis relating alternate types ol construction and material o a
hascline hardware element of known cost, therehy indicating cost ratios.

b, The normalization of historical data by weight and by type of construction and
material,
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o Phe dervivation of CERsS Trom the normalized dati, assuming that the signilicant
cost related variables are weight, type of construction, and type of material, and
further that o consistent scaling relationship is applicable,

d, The continuing collection of historical cost data and apdate of the CER devivations,

The industrial engineering analyvsis investigates manulacturing operations associuted
with vitrious ciategories of hardware construction and material (ypes and determines
numerical relationship to i nominal clement of hardware that utilizes a haseline type
ol construction and material,  The mdividuad manuluceturmy operations arce evaluated

by mcans ol standard hours and aoratio ol cost is established as @ measure ol complexity,

The original intent of this study was to deal only with primuary structure, 1L was recog-
nized corly in the study, however, that the secondary structure was of equal significance
[rom o cost standpoint, wnd the effort was redivected accordingly,  Hardware elements
miithing up sccondary structure do not tend to fall into type of construction categories

ws conveniently ws do those of primary structure,  This complication is reflected inthe
complexity factor tables for sccondary structure,

A provision is included in the method for applyving learning curve factors at the detailed
level shown in Figare 2, Development of the factors themselves was not included with-
in the scope of the study,  Vidues for these factors muay be supplicd by the uscer, how-
cver, according to available data,

Labor rates are inputs to the model,  Feonomic escalation relating to labor mayv be
hundled through these inputs,  Variations in lehor costs, as lor example dilterences be-
tween manufacturers, can thus he accounted for,

Fbob,2 _SYSTEM COST ESTIMATING METHOD,  Figure 13 gives an outline of the sys-
tem cost estimating method and the flow of information required in this process, The

cost output is defined hy the set of computer printouts shown as Figures 14 through 17,
The Cost Model consists ol sets of CERs developed for cach of the items of cost identi-
fied in the computer printouts,  These CERs are described in Section 3,3, Their der=-
vation is discussod in Volume {, Figure 18 gives exanples of o few of the various
tvpes of CERs used,

The estimating method makes use of the same genera! cost program as the trade stady
method,  The computer program module for the system costing model is desceribed in

Seetion 3,2, ‘The conventions reparding NAMELIST variable inputs, model cards and

model card changes is similar to the trade study method,

The computer program deck scet-up for system costing is the same as for the trade
study method illustraded in Figure 7, Variations occur in the use ol control carvds,
title ciard, and option card, Inpu's comprise NAMELIST CURVE, NAMPELIST SUM-
MARY, and Model Card entries,  Individual subsets of model cards are assipgned to

17
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each method, Thevelationship hetween inputs and CFRs is similar fo the Trade Study
mothod, X ceneral idea ol the inpul orpanization is furnished by Figure 13, Scetion

J.7 provides a complete desceription of that portion of the cost model computer pro-

L comprising the svetem costing method,

Input development for the svstem costing method can be explained with reference to
Figure Th, Weights datacis obtained from o standard group weight statement,  Com-
plexity factors, scaling lactors, estimating factors, and fuctors for inflation and
learning are derived from historical cost data,  Fhe concept of complexity at this level
ol estimating is dilterent than at the trade study Tevel,  Speed is used as a cost relat-
cd variahle in estimating one clement of cost ardd is obtained from the design data,
Labor rates are scelected and input as appropriate,  Production rates and quantitices
arc obtained from program scheduloes,

The development of haseline costing tactors and complexity Tactors is again inter-
rolated,  Their development is explained in Volume I, Section 11,

In the syvstom costing method, manufacturing costs are estimated in dollars by combin-
g lbor and materials,  This introduces the need for considering cconomic escala-
tion und the time reference tor dotlar values,  In the trade study method, Libor and

material are separated and ondy material costs require an adjustment for inflation,

The two estimating methods can be used ina combined mode whereby a detailed tivst
unit cost estimate from the trade study method can be substituted for the comparahle
estimate of the system costing method,  This mode might he used, for example, when
o detaited andyvsis is required for only one structural component while, at the same
time, a total arrtriume systom estimate is needed,

1.2 ORGANIZATION O THE HANDBOOK

The remainder of the handbook provides complete instructions in the use of the methods
bhriefly described above,  ‘The remainder of this scection desceribes the Handbook
orguanizuation,

Both estimating methods are described in details the Trade Study Method m Scetion 11
and the System Costingg Method in Section M, Similar outlines are followed lor cach
desceription,  The compldte set of computer printouts is described under Costs Esti-
mated,  The cost model computer program is completely described in Secetion 2, 2,
This description is supplemented by appendices that replicate pertinent portions ol the
program, Scction 2,3 provides a type listing of all CERs used, gives inpul summaries
organized by cost ciategory and related to the CERs, cross references items ol cost
and the corresponding CER, identifies the location of the model card calling out a
given caleulation, summuarizes the values uscd lor estimating cocefficients, and locates
the relevant back-up data,  Section 2,1 gives additional instructions covering the sub-
mittal of the program deck to the computer operation,
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Scction HI provides o similar treatment for the systens costing methodd, althou s modi-
fied by differences in the methods and by the simplibicanon brom (he use ol a conanon
computer program,  Scection IV desceribes o demonstration case perlormoed for three
PUIPOSEeS:

a,  Toillustrate the deseription ol methods,

b,  Todemonstrate the estimating capubility,

¢, Toprovide o basis lor testing the installiation of the capability at AFEFDL,

Incluwded in the discussion of the demonstration cases in Section IV is o discussion of

how the two methods can be used in a combined fashion.,



SECTION 11

TRADE STUDY COST ESTIMAYTING METHOD

This scction deseribes the trade study cost estimating method and provides the user
with the instructions necessary for making an estimate, including information

relevant to the supporting design synthesis programs involved. The subject of methods
research and development is covered either in Volume 1 or in previous reports, as
referenced.

2.1 COSTS ESTIMATIED

Costs are estimated in a variety of ways for each of the following hardware com-
ponents:

Aerod;namic Surfuces:
Wing
Horizontal Stabilizer
Vertical Stabilizer

IFuselage
Nacelles

Landing Gears

The Qifferent types of cost oulpuls provided consist of:

—3

it IFirst Unit Manufacturing Costs

b, RDT&LE Units Manufacturing Costs

c. Production Units Manufacturing Costs - Quantity 1
d. Production Units Manufacturing Costs - Quantity 2
(¥ Nonrccurring Design and Development Costs

f. Recurring Production Costs - Summary

The combination of components und types of outpul produces 36 separate printouts for
a given cost estimate. Shown in Section 1.1.1 was four types of output corresponding
to a, b, e, and { above. Output types ¢ and d are identical to type b except for the
production quantity involved. The variation in output form:at by hardware component
is illustrated by Figures 19 through 24, representing first unit cost for each com-
ponent, The 36 printouts are summarized in Table 2. The hardware components
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listed comprise the hasice structure, or “airframe, " when related to trade study

methodology,

Production quantitics are obtained by learning curve projections of the first unit
costs for each item of cost broken out,  This permils giving ceffect to different degrees
of learning involved in different types of material and construction,

The relationship of the above subset of costs to a complele weapon system cost
structure and to the CIR definitions of cost elements is covered in Volume 1, Scction

2.2 COST MODEL COMPUTER PROGRAM

The computer program serves Lo organize the cost estimating task,  The estimating
process is accomplished in terms of going to the proper sources for the necessary
input diti, evaluating estimating coefficients in view of additional data aequisition and
previous estimating resulis, and setting up the computer program declii. The cost
estimating logic is also of immediate relevance, but its discussion has been deferred

to Section 2.3 so that computer oriented terminology will have been covered.

The cost model computer progriom makes use of i general cost model program (desig-
nated as COSTC) taking advantage of certain features of that program. COSTC is a
data manager program written in FORTRAN IV for the CDC CYBI it 72, TFeatures
include treating the cost estimating logic as a program input, handling the cost output
as anarray (called the SAV matrix) in a manner whereby it is both addressable and
displavable, and providing for a consisten' pattern of costing in going from one hard-
ware element to the next.

Trecting the estimating logic as o program inpul provides o simple means of modify-
ing cost estimating relationships. These are accomplished simply by changing an
input model card and making an appropriate inpul variable change. Changes to esti-
mating coefficients, which might, for exampie, result from additional analyses of
historical cost data, can be accemplished simply by an input model card change;

and il a time=sharing set-up is being used, this can be done on the cavd and graphically
on o CRT display by means of u keyboard control.

Use of the SAV array printout provides for a display of intermediate computational
resulls and permils the costl analyst to utilize computational results that are not
typically available in a cost outpul format. Elemnents in this array may be used us
terms in the cost estimatling rclationships.

The deck set-up for the complete cosl program was shown in Figure 7. As can be
seen, the major elements of the program are the control cards, the program deck,
title and option cards, the variable input, i.e., NAMILIST, section of the input

34




section, and the model cards of this same section,  The various clements of the
program, including o NAMELIST variable dictionary and o summary of estimating
coefficients, arve deseribed in the following sections,

2.2.1 CONTROIL. CARDS, The control cands entail an optional compiler usage. At
Convair the program is compiled with the "RUN" compiler, but it may be compiled by
cither "RUN" or "I"I'N" compilers. The contrel cards for the use of 1 source deck
with the "RUN" compiler are:

RUN,
1.GO,
REWIND (AP 5)
COPYSBY (TAPIE 5, OUTPUT)
EXTT.
The control cards for source decks under the "FTN'" compiler are:
TN,
1.GO,
REWIND (TAPE 5)
COPYSBF (TAPIL 5, OUTPUT)
EXIT.
The control cards for binary decks under either compiler are:
INPUT,
REWIND (TAPE 5)
COPYSBI' (TAPE 5, OUTPUT)
EXar.

The control cards for updating @ routine and executing the updated package with the
"RUN" compiler arce:

RUN (P)

COPYBR (140, DISK)
REWIND (LGO, DISK)
COPYL OISK, 1460, NPL)
REWIND NPL)

NP,

REWIND (TAPE 5)

e
(W7}




COPYSBI (TAPE 5, oUTPUT)
IFXIT,
TR0

2.2.2 PROGRAM DECK. The program deck consists of the COSTC general cost pro-
gram, plus subroutines and {unctions as follows:

Driver:  Program COSTC

The driver initiatizes all variables, reads in the input cards, checks
program options, and exccutes various subrout:nes as "KEY" input
cands are recognized,

Subroutine: GETPAR

This routine Jdetermines what is contained in each field of ten
characters of the 'Z' and 'R’ cards and returns this information.

Subroutine: SEARCH

This routine searches the variable nime array and returns the sub-
scripl that corresponds Lo the name requested.

Subroutine: FXPR

This routine evaluates the expression between parenthesis used by
the 'F' card.

Subroutine: CHIECK

This routine checks to see if the next card is a continuation eard.
Subroutine: TITLE

This routine is used Lo print titles.
Function: PWORD

T'his function selects nonblank characters from variable names and
left adjusts them in PWORD,

Function: NUMBER

This function gets an integer from any vector between given locations.,
Function: MRGCRD

This function checks for several of the "KEY' denoters for the

merge option,
Subroutine: RICORD

This subroutine interrogates input cards for a line location in the
SAV array. 36



FFunction: ICHKILIN

This function checks lines in the array SAV for zero values.
Subroutine: FINDINT

This subroutine {inds the single integer up to 99 from an input f1eld,
Subroutine: TNMERGE

This subroutine merges new inpul cards with the current cost model,
Function: ROUND

This function rounds a real nwnber to two decimal plices,
Function: VALUL

This function finds the value of a term, paraumeter, or a coefficient.
Subroutine: FEQEVAL

This subroutine is the driver for the 'I'' cards of the model cards.
Function: TPACK

This function packs characters of inpul tields for input to subroutine
GETPAR.

Subroutine: UNPAK

This subroutine puts duata into a predetermined number of separate
words for output.

Function: TERM

This function computes terms involving parameters and cocflicients.
Coefficients are input its real numbers and parameters are variable
inputs or recalled sums,

Subroutine: READW
This subroutine reads input varinbles from the namelists, 8171,

CURVIE, and SUMMARY,

2.2,3 INPUT CARDS., The input cards consist of the following subsels:

TITLE CARD
OPTION CARD
NAMELIST INPUT CARDS

MODE L, CARDS



A general ftow diagram of the input sequence is shown in Figure 25, A printout ol o
complete set of input cads i shown in Appendix A,

The Title card user S0 columns of alphanumeric data to be printed as the main Litle.
The Option card is composed as follows:

Column
1-5 CLEAR If this »rord is punched in this ficld, the variables are
setl to O before reading the new variables.

hlank If the ficeld is blank, the variables used in the previous

case are not clearced before reading new variables.
6-10 CARDS If the model is going to be read from cards.

TAPE2 If the model cards are either on Tape 2 for the first
case only or the previous cost model information is
Lo be reused,

MIRGE If the model cards are either merged from card input
and TAPEZ2 for the first case only or the previous model
data is merged with revised cards thereafter.

11-15 Integer thul specifier the muaximum number of variables
to he used by 2n element of the model.

16-20 Name of Flement 1, i.e., Wing

21-25 Name of Flement 2, i.e., Horizontal Stabilizer

26-30 ..o.ele, L.,

Columns 6-10 of the Option card control the form of the input data, TAPE 2 indicates
that the model cards have been entered on tape by appropriate request. Fntering the
word MERGI provides for obtaining input from both TAPE and new input cards and

is used for any change in input vidues or CERs for multicase runs,

When the MERGL option is being used, the program will assume that o baseline model
hias been previously stored on tape and that the cards contained in tue Cost Model section
of inputl are to he merged with the baseline model to produce and process an updated
model. The following rules should be obscrved when merging:

a. 7, Rand F cards only can be merged.

b. When replacing an element of the SAV muatrix all the terms that make up that
clement should be replaced.
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Figure 25, Cost Model General Flow Diagram,
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M Mervge cards should he ordered monotomenlly inereasing by line and column

nunhor,

d. New columns may he inserted to oo defined Tine in the baseline model,  New
Pines may not be inserted,

e, A combination of 7 cavds moye replacee an Roeard, The converse is nol valid,

NAMELIST input cards record the input variables, The NAMELIST identificrs are
SIZ0 and CURVE L (NAMPLIST SUNMMARY is part of the system costing method),

One = ol varinbles in o SIZ1E or CURVYE block corresponds to an clement of the mode!,
As many bloeks are read as are specified by the number of elements punched in the
option card, and the inclusion or exclusion of an clement is controlled by the option
card., Sets of variables must then be furnished to correspond.,

The Tirst case should contain adl the variables that are used by the model,  FPor sub-
sequent eases, only the variables that 2re to be changed are input, Variables are
stored in a single dimensional array called PL, They are stored by clements and
are printed out by clement for cach case run. A sample input element printout is
shown in Appendix 13,

The model cards consist of o series of different type cards that carry the costing
logic, These cards perform different functions, and column one of eich card is used
as  "key' o determine the specific function of that card. The various types of cards
and their function are desceribed in Appendix A\,

2.2,4 THI COSTC PROGRAM, The COSTC program is @ general cost model that
acts as o data manager. I provides o printed-out array of the results of the cal-
culations dirvected by the model cards, This printout is called the SAV matrix, and

o osample printoul is shown in Appendix C. It is organized in lines and columaos, which

are numbercd and which are addressable by the model cards., A value "stored" in

any clement of this matrix may be used as a term, and manipulated by certadn types

of model cards, ‘The SAV malrix is dimensioned by the driver program, COSTC, The
number of rows in the matrix corresponds Lo the number of lines containing cost
vitlues that are to be printed out, I is limited only by the dimension statement and, in
turn, core capacity. The current program is dimensioned for 699 lines and 12
columns. .\ 13th column is used foe < . oming a given line, The number of columns

in the matrix corresponds to the number of columns that may be printed out, The
program presets the SAV muatrix Lo zeroes before the execution of o run., Terms are
computed and added to o specific location in the matrix addressed by line and column
number by the operative model cards. s an example of the operation of the matrix and
the correspondence to the model cards, reference is made to Appendix A, a listing of
the input deck, and Appendix C, @ sample SAV mulrix,

In Appendix A the Tirst I -card entry appears as foltows:
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O 1T WEAWNGH CFTWNG E W2 AWNGE CF2WNG o WS WNG CFRWNG

This is an "7 card as noted by the Foin the tirst colunm, The SAV nabrix Line is 5
and the column is e In Appendix C, the SAV Matrix, on the livst line, line 5, in the
first column will be found recorded the resulls of this caleulation (the sum of rib Lype
weights and complexity facter productsy,

A< amother exampte of the relationship, Appendis A Showe,
F 161 ((5,8) ¢+ (6,3) * (T,3)) % .20 ¢ (15,%) * 2.0,
This translates as follows:

Fnter on line 16, column 1, of the SAV mulrin the sum of line 5, column 3, line 6,
column 3, and line 7, column 3, multiplied by .20 and the value entered in line 15,
column 8, multiplied by two. This program thus provides visibility of computlations

and provides o high degree of programming flexibitity.

The functions of the various types of model cavds are desceribed in Appendix A, in-
cluding the rules applicable to the use of cach type of card. The cards are discussed
in the order in which they appear in the printout in Appendix A, except that adl of the
input oriented cards are grouped together and discussed first, The complete list of
card tvpes in the order in which they appear in the model deck, is B-cavd; 1-card;
2-card; 3-card; F-card; blank-curd; C~card; N-card; T-card; D-card; R-card; P-card;
Z-urd; L-card; and F-card., The input orviented cards are: IF-card; R-card; Z-card,

2,2.5 INPUT GRGANIZATION. Figure 1 showed inputs organized as NAMELIST
variables and Model Cards,  As deseribed above NAMELIST variables are recorded
on the NAMUELIST input cards. Model cards, in addition to providing the estimating
togic in the form of CERs, conain what are called estimating cocfficients, which were
briefly mentioned in connection with Figure 9, These appear as constants on a given

input card but are, however, subject to change, .\ discus sion of these so-calted
F-card variables and how they might change in value (giving them the effect of an

input variohle) is nceded to completely describe the organization of inputs, NAMFLIST
variables are subject to change with cach study case, wherceas the F-camd variables

do not usually change from case Lo case and usually change only as the result of
additional cost rescarch,

Revisions can be made in the above categorization, if nced dictates, simply by chang-
ing the I'-card to indicate the variable name rather than o constint and by including
the variable in NAMELIST, It can be scen from this comment that the distinetion is
partiadly one of convenience describing the Lype of input card muanipulation required
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for o ne input. The nature of the V-card varichie will become clear from the dis-
cussion in Section 2030 Adictionary of NAAE LIS T variables is provided in Appenedix
DA sumenaey of estimating coefficients, or F-card variables, is provided in
Appendix oo Section 2.3 provides a complete discussion ol CERs, the resulting input
requirements and input sources, and a veferencing of back-up data.

2.3 COST ESTIMATING RELATIONSHIPS AND INDPUT DIESCRIPTION

The step by step development ol input data includes providing NAMELIST variable in-
puts and determining the suitability of estimating cocefficients called out by the CERs
and recorded as model card coetlicients, Tables are provided tor the purpose of cross
referencing individual costs as given in the various computer printouts, the pertinent
CER equation number to be described  and the modei card location within the com-
puter program.

2.3.1 FPIST UNIE ¢OST. Theoretical first unit cost is used as a means of esti-
mating recurring manufacturing costs.  Manufacturing costs for the production

quantities for which estimates are desired arc obtained by learning curve projections
against this theoretical first unit cost. First unit costs are estimated by a series of
peneral CERs that are used in a specified sequence to estimiate major structural
components: wing, horizontal stabilizer, vertical stabilizer, fuselage, nacelle, and
landing gear. The computer program controls the repetitive use ol the CERs with the
input data serving as the key to the structurad elements and categories of cost that
are estimated. Tables 3, 4, 5, 6, 7 and 8 cross reference the cost printout, CERs
and model cards for the above structurul clements. Operations such as subtotaling
and the conversion of labor hours to dollars are handled within the program model
deck.

The general CERs that provide these estimates and the input requirement that is
generatec by their repetitive use, matched to the output shown, are discussed below.
The discussivi of inputs will provide a transition from the estimating output to the
CER structure and a means of identifying the computational indices applicable to the
general CERs.

Detail fubrication. and subassembly hours and material costs are estimated for each
item listed, if th: structural component occurs on the airceraft being estimated.  The
(IR structurce provides for the simultancous evaluation of up to three different types
of ribs, spars, ana covers with respect to these cost categories,  The structural box
major assembly hours subtotal is estimated by means of a series of CERs as de-
scribed,

Structural material costs are considered in two general classes: the cost of raw
material for the fabrication of structural components and the c¢ost of assembly hard-

ware, which includes fasteners, seals, bearings, paint, preservatives and other
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Table 6. Cost Output, CER Equation, and Model Card
Cross Reference - Fuselage First Unit Cost.,

Popnaion nmbe s are ooty the amie e shown for Wongs Toest Tt Cost, Table 3, o xeept that T ogusbion
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special hardware or supplies used in the course ol completing the structure assembly.
The detaited breakdown of material costs follows the breakdown used for manulactur -
ing lubor hours. CER forms, the resulting input requirements, the organization of
these inputs and their respective back-up datacis the subject of the discussion that

tollows,

DETALL FABRICATION HOURS FOR RIBS, FRAMES, SPARS, LONGIRONS AND
COVERS

CER Form

A CER of the following form is used for estimating detail fabrication hours:

W Cr, W CIF,+ W, COF, i}
i i i i i i . N i
I, (HE) (WT) (1)
i WT. i i
i
where
I, fabrication hours for ribs, frames, spars, longerons and
i . :
covers corresponding to element inputs
W, a series of weights for the components estimated: ribs,
i
frames, spars, longerons, and covers
Cr, a series of complexity factors corresponding to com-
i R
ponent tvpe related to fabrication
WT, computer summi:ilion of the weights:
l re 1 o I3 .
WT - Sum of rib weights
Wl Sum of spar weights
WTe Sum of cover weights
HI, a series of reference cost per pound values for ribs, frames,
1 ] . I3
spars, longerons, & covers related to fabrication lubor
b a series of weight sealing exponents for ribs, frames, spars,
i

longerons, and covers related to fabrication labor

I, vadues are stored by the computer program and aggregated by structural compo -
i
nent.,

Inputs
This CER uses three types of variables:

(1) Weights data
(2) Complexity factors
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)

) Cost estinating coelticients - cost per pound and
other factors and scating exponents

Fhe first two are handled as NAMELIST varviables and vary with the airveraft design.
The thira is handled through the model card convention with values usaed hised
on analvses as desceribed in Volume 1.

Weights data and complexity factors for estim:ting detail fabrication hours for ribs,
spars and covers lor wings, horizontal stabilizers and vertical stabilizers and frames,
longerons and covers for luselages are input as shown in Figure 26, As mentioned
above, the estimating method provides for the simultancous evialuation ol three diff-
crent types of ribs, frames, spars, longerons or covers. Ribs and frames may be,
alternatively, bulkheads. These components may appear in various combinations
limited to the muximum of three types. The nacelle and landing gear involves sce-
ondary structure only. They are included in IMigure 26 only to denote the overall
computational sequence.,

Fhe remaining two inputs, referance cost per pound, P, and the weight scaling ex-
ponent, I, are entered on model cards. They may be cfumgcd in the progrem simply
by chungix{g the appropriate I card as discussed in Seetion 2.2.3. They are subject
to change il the subsequent acquisition and analysis of historical data indicates a more
appropriate value. Henee they are not necessarily variables within the context ol a
given estimating problem. Currently available back-up data for refererce cost per
pownd values appeuars in Appendix

Input Data Sources

The discussion in this section provides a map for locating the required program in-
puts. With reference to Figure 26, weights data arce obtained from the APAS program
and the secondary structure weight estimating routines by a process to be described
in Section 2.4.2, Complexity factors are obtained from an appropriate complexity
factor tuble. For primary structure detail fabrication labor, these are Tables 9, 10,
i1, 12, 13 and 14, Back-up date for complexity factors is given in Appendix G. Also
located there is data that can be used to develop a multiplicer for application to com-
plexity {uctors for construction types involving machining with differing tolerance
requirements.

The derivation of reference cost per pound and weight scaling exponents is described
in Volume 1, Section 2. The values developed are summarized in Table 15, This
table also serves to summarize the model cards where Equation 1 is used.

E. follows the same map as I, A consistent finding of the cost rescarch has been
that the s aling of hours to wcié;ht is very nearly a constant with a value of approxi-
mately 0,67, E, values are thus not listed in Table 15, This finding is discussed
more fully in Vo'lumc I,
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SUBASSEMBLY HOURS FOR RIBS, FRAMES, SPARS, LONGERONS AND COVERS

CER Form

This CER is of the same general form as that used for detail fabrication.

WOOM, « W CM, + W, (M, i
i i i i i i i
1 HE ) (WT 2
; W ( i) ( i) (2)
i
where
H, subassembly hours for ribs, {rames, spars, longerons and
i
covers corresponding to variable inputs
W, weights used for detail fabrication
i

O, a series of complexdty factors corresponding to component
i
type related to subassembly

WT, computer summation of weights
i :
HI, a series of reference cost per pound values for ribs, {rames,
i
spars, longerons, and covers related to subassembly labor
I'Zi a series of weight scaling exponents for ribs, frames, spars,

longerons, and covers related to subassembly labor

Inputs

The same types of inputs are involved for subassembly as for fabrication. The weights
data is unchanged. The additional NAMELIST inputs required consist of complexity
factors as shown in igure 27. These are obtained from Tables 16, 17, 18, 19, 20,
and 21. Reference cost per pound and weight scaling exponents are summarized in
Table 22. Backup data appears in Appendix I, Pages I'=7 thru I'=12, The points of
usage of Equation (2) arc also represented by Table 22,

STRUCTURE BON OR BASIC STRUCTURE MAJOR ASSEMBLY LABOR

CER Form

A secries of CERs of the following general form are used for the acrodynamic surfaces
and fuselage for major assembly labor.

Transporting and Positioning - Aero Surfaces or Fuselage

¢
I, - [(W’l‘i) (HSA1) + (ISA2) (CN + RN +SNE + SNI) " ] <2 (3)

-
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where

Wr
1
11SA 1
1SA2
CN
RN
SNI
SNI
Q

primary structure najor assembly hours lor acrodvnamic surfaces
sthructural boxes and fusclage basic structure,

weights used for detail fabrication

assembly hours per unit weight for transporting and positioning
assembly hours per subassembly for transporting and positioning
number ol cover panels

number of ribs or [rames

number of external spars

number of internal spars or longerons

quantity scaling factor

operator for aerodynamic surfaces only

Panel Fit and Trim - Acrodynamic Surflaces

where

I,

i
SPIL
RP
Hr -
TJ4
TS

IIi' 2 (SPEIRP) (HT) ('T34) {4)

hours for panel fit and trim

average spar perimeter in feet
average rib perimeter in fect

hours per lineal feet for fit and trim
joint thickness ratio: 2 TS/0. 04

average skin thickness

Panel Tt and Trim - Fuselage

where
H, -

SPE
RP

HT =

Ili (SPERPY (HT) ('TJ4) (5)

hours for panel fit and trim
average fuselage length
Average frame circumference

hours per lineal feet for fit and trim
(differing from aero surfaces value)
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Assembly Chiomp And Layoul = Acro surbiaces Or Fuselave

Hl 2 (Rl’)H (HN)Q ! (SPI‘I)R (ST\‘I'I'SI\'HQ HI. (H)
where
Hi hours for assembly clamp and lavout
R size scaling exponent
1L assembly hours per unit length for clamp and lavout

Note: Definitional differences between acrodynamic surliaces ad tuselaze
indicated above for the terms RN, SNI, SPE, and RP apply. lor
the fuselige, the computer program negleets the doubling of value
indicated above.

Hole Drilling - Aero Surfaces or uselage

R Q R - Q .
= 2 [(RP) (RNY ~ 4 (SPE) (SNEtSNI) (ITD) (T4 (7)
i
where
11, hours for hole drilling (not doubled for fuselage)
i
HD hours per foot for drilling

Finish Operations - Aero Surfaces or Fuselage

R Q v R RSN ¢ —_—
H, 2 [(RP) (RH) + (8PF) (SNEiSND) (HE) (‘TJ4) (FF1) (%)
i
where
Hi hours tor finishing operations (not doubled for fuselage)
HE hours per unit length for finishing

I"171 factor for fastener selection

Fastener Installation - Aero Surfaces or Fuselage

Q

R R
”i = 2 [(RP) (RN) "+ (SPL) (SNIC'SNI)QJ (HEFD) (TJ4) (FI'2) (9)

where

IIi = hours for [astener installation (not doubled for fusclage)
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Hi'l hours per foot for {astener installation

[ factor for fastener selection
Inpu(s
The categories of inputs used to estimiate major assembly are:

(1) the previously used weights data
(2) additional dimensional data and factors
(3} Reference cost per pound data and scaling exponents,
The data for Item (2) is required as shown in Figure 28. All of these data, cxcept
the two factors for fastener selection, are obtained (rom the APAS program. T'astencr

selection factors are obtained from ‘Table 23, Reference cost per pound data and
sculing exponents are summarized in Table 24, with buck-uvp data in Appendix 17,

DETAIL FTABRICATION AND SUBASSEMBLY HOURS FOR SECONDARY STRUCTURE

IR Forms
Both detail fabrication and subassembly hours estimating relationships for secondary
structure are covered in this section, conforming to the computer progran: ovganization

of input elements,  The bhasic equation forms are:

Detail Fabrication Hours

135,
i
o CB.(WC) (WD) (10)
i i i i
where
I, detail fabrication hours, secondary structure
i

B, i series of complexity lactors corresponding to component tvpe
i .
related to labrication

W a4 series of reference cost per pound values for secondary structure
components related to fabrication labor

WD, - a series of weights for the secondary structure components being
1 .
estimated

I a series of weight scaling exponents for secondary structure compo-
nents related to fabrication labor,
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Subassembly Hours

I,
i
H =CC (WF,) WD) (11)
i i i i
where
H. subassembly hours, secondary structure
i
CC, a series of complexity factors corresponding to component
! type related to subassembly
WI a series of reference cost per pound values for secondary

structure components related to fabrication labor
WD the same series of weights as for detail [abrication

o a series of weight sealing exponents for secondary structure
components related to subassembly labor

Inputs

The inputs for these CERs follow the pattern established above:

(1) Weights data obtained from a supporting computer program, the
secondary structure weight analysis program.

(2) Complexity factors obtained from complexity factor tables.

(3) Reference cost per pound data and weight- sculing exponents.

Separate irnput data are required for each structural element since the list of secon-
dary structure components (and consequently the series index) differs with ecach
element. Input data requirements are shown in I'igure 29. The applicable complexity
factors are obtained from Tables 25and 26, with back-up data in Appendix G.

The computer program provides for seventeen lines for secondary structure items

for each of the six computational elements. Since the cost estimating relationships

are general in nature, the listing of components is abritrary and governed only by a need
for correspondence hetween the component index and the input data,

The reference cost per pound and weight scaling exponent values are shown in Tables
27 and 28 with their model card and back-up data location,

COMPONENT MAJOR ASSEMBLY (SECONDARY STRUCTURE) LABOR

This task involves separate estimating approaches for aerodynamic surfaces and
fuselage - nacelles - landing gear.
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INPUT ELEMENTS —

DETAIL FABRICATION & SUBASSEMBLY HOURS
FOR SECONDARY STRUCTURE, ALL ELEMENTS

IN PU T VALUE

SECONDARY STRUCTURE CB. WD cC.
INDEX COMPONENT " ]‘ 1 ASS;
‘ah . ¢
Complexity Welalils Complexity
WING:
1 Leading Edge
2 Trailing Edge
3 Ailcrons
4 I'airings
5 Tips
6 Spoilers
7 Flaps & Flaperons
8 Attachment Structurc
9 Access & Other Doors
1r Air Induction
11 High Lift Ducting
12 Slats
13 Hinges, Brackets, Scals
14 Pivots & Folds
15 Center Section
15 Other
HORIZONTAL STABILIZER:
1 Leading Edge
2 Trailing Edge
4 Fairings
5 Tips
8 Attachment Structure
9 Access & Other Doors
13 Hinges, Brackets, Scals
14 Pivots & Folds
15 Center Scetion
16 Elevators
17 Balancce Weights
VERTICAL STARILIZER:
1 Leading Edge
7 Trailing Edge
4 Fairings
5 Tips
8 Attachment Structure
] Access & Other Doors
13 Hinges, Brackets, Scals

Figure 29. NAMELIST Inputs [orr Sccondary Structure Detail
FFabrication and Subassembly Hours, WORKSHEET
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INPUT VALUL

SECONDARY STRUCTURE Fabrication | Component | Subasscmbly
INDEX COMPONENT Complexity Weight Complexity
cnB. WD, CC,
i i i
VERTICAL STABILIZER (Cont, ):
17 Rudder
FUSELAGI:
] Cockpit
2 Nosc Landing Gear Door & Box
3 Wing Reaction (carrv-thru) Box
4 Tail Attachment
5 Windshicld & Canopy
§ Main Landing Gear Doors & Box
v IFuel Provisions
8 Engine Provisions
Y Duct Provisions
10 Stores Provisions
11 Speed Brakes
12 Cabin Flooring & Supporis
13 Windows & Window IFrames
14 Doors & Door Frames
NACELLLES:
1 Cowlings
H Pylon
3 Main Landing Gear Door &
Reinforcement
LANDING GEAR
1 Brakes
2 Brake Controls
3 Wheels
4 Tires
5 Olcos
6 Axles, Trunnions & Iittings
7 Drag Braces

IFigure 29.

NAMELIST nputs for Sccondary Structurce Detail

IF"abrication and Subasscmbly Hours (Continued)
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Acrodvnamic Surfaces

g_liR Form
T™wo CERs are involved:

Assembly Task

WR
H, [(\\'RRP) (CSO) v 2(FSL)y + 2(KRL) B(I(SL)}
1

(TITY (1F13) diED (('.\ll’,i) (J5)

where

”i component major assembly hours for acrodynamic surfaces

WRRP - root rib length in leet

SO center section operator: 1 without; 2 with

I'SL front spar length in feet

ERL = ¢nd rib length in feet

RSL rear spar length in feet

WR size scaling parameter

TJ7 - joint thickness ratio: 27187/0.04

TS7 average skin thickness

I3 factor for fastener selection

H Il cost per unit length for assembly

CMHi complexity factor for assembly
Paint and Finish

”i (’ASZi) (HS) (2) (L3

where

”i hours for paint and linish

AS:&i - surface area, I't2

HS - hours per square foot for paint and finish
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Fuselage = Nacelle - Landing Gear

S‘I-II{ F'orm
Two CERs are involved:

Assembly Task

I,
; S
H,  CMB, (RUP)) (W) (14)
i i i i
where
I, component major assembly hours for fusclage,
i
nacelle, landing gear
CNB, a series of complexity factors relate:d to the
i
component estimated
RIP, a series of reference hours per pound related to
i :
the component estimated
\\'i total weight of the component estimated
lii a series of weight scaling exponents

Paint and Finish (Excluding Landing Gear)

same as Acrodynamic Surfuces cxcept not multiplied by 2.

Inputs

The values for WRRP, (SO, I'SL, ERL, RSL, TJ7, AS2 and W are obtained from the
APAS program. These input requirements are as shown in Figure 30, IFI'3 is obtained
from Table 23. The size scaling parameter, WR, the cost per wit length for

assembly HEIL, hours per square foot for puaint and finish, 1S, and RHP are summarized
in Tuble 29 with the source table location identified. The complexity factor, CMB, is
obtained from Table 30.

Rework

Provision is made for the addilion of a rework factor to consider rework in a given
cost study.,

CER Form
A factor is appliced to cach of the labor cost subtotals according to the following:
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Rework Labor  Labor Subtotal - U (15)

where

U rework factor
Input =

The value to be used as a rework factor is entered on the appropriate F oceard, by ele-
mat. The factor is to be based on the analyst’s judgment,  This factor is used at -
card locations as follows:

Wing: 1" 5% (1, 2, 3 and 6)

Horizontal Stabilizer: ' 121 (1, 2,3 and 6)

Vertical Stabilizer: F 170 (1, 2, 3 and 6)

Fuselage: I 226 (1, 2, 3 and 6)

Nacelles: F 291 (1, 2, 3 and 6)

Landing Gear: ¥ 328 (1, 2, 3 and ()

STRUCTURAL MATERIAL COST FOR RIBS, FRAMES, SPARS, LONGERONS AND
COVERS

CER Form

A CER of the following form is used for estimating structural material cest for the
components of the aerodyvnamic surfaces structural box and the fuselage basis struc-
ture,

G G e L e
MW (RMC )Y S ) '\V_l (RMC )y 51 )) - W (RMC ) (817) (16)
i i i i i i i i i i
where
M, material cost for ribs, frames, spars, longcerons and
i
covers corresponding to inputs
Wi = a series of weights for the components estimated: ribs, frames,
spars, longerons, and covers., (Weight of finished structure)
G @ series of weights scaling exponents

RMC, a series of raw material costs per pound for each type of
i -
component estimated

SI - a series of scrappage factors related to the material and
component estimated
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M values are stored by the computer program and aggregated by structural component.
i

Inputs

Weights data is the same as was shown in Figure 26, Raw muaterial cost per pound and
scerappage factors are input as shown in Figure 31 and are categorized as NAMELIST
variables., Raw material costs and scrappage factors arc obtained, respectively, from
Tables o1 and 520 A value of 0,77 is used for (i and is entered as an I'-card coclfi-

cient. see Appendix H, Page H=1 Tor back-up ddta,

Raw material costs and scerappage lactors are catecorized as NAMELEST variables
bhecause they were felt to be more subject to chuange than the estimating cocfficients
for labor, which were treated as model card variables., In line with this distinction
their back-up data is given in 2 separate appendix, Appendix H.

STRUCTURAL MATERIAL COST FOR SECONDARY STRUCTURE

CIR Form

A CFER of the tollowing form is used:

M. WDQ (RMC)) (ST°) (17)
i i i i
where
I\Ii matcerial cost for secondary structure components
W, a series of weights for the secondary structurce components

i n .
Leing estimated

G - ua series of weight scaling exponents
RMC, a series of raw material costs per pound for cach type
i .
of component estimated

S a series of scerappage factors related to the material
and component estimated

This CER is of the same form as that for basic structure material costs as a simplify-
Ing convenicnce, It should he noted, though, that the terms RMC, and SIv, take on
different meanings in this case. In the case of basic structure, t}w scruplpage factor
was defined in relation to tvpe of construction. RMC values are derived from avail-
able data, and the term SF is available for future development as a complexity factor.
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Tuble 31, Primary Structure Raw Material Cost Factor (RMCO)

Longeron, and Covers —
Production Material

Ribs, Prames, Spars,

Aluminum

18,0

Steel

22,0

iy

Titanium

2K, 0

Aluminum
and Stecel

e 1 i
Back=up data appears in Appendix 1,
Table 32, Primary Structure Material Serappage Factor (S19)
¥
Built~up Integral
Structure Material Web Built-up | Sheet | Corrvugated Web Integral
Type Type Stiffener | Truss | Web Web Stiffener | Truss
Ribs, IF'rames | Aluminum 2.0 2,0 2.0 2.0 5.1 5.3
Sk, SIf2, SE3
’ ’ Titanium SR PR 3.5 8.5 e 3 5
steel
Spars, Aluminum 3.0 3.0 3.0 3.0 5213 5.3
Longersons
CONBETSORS - pianium | 8.0 3.0 | 3.0 3.0 5.3 5.3
SI4, SF5, SI'G
Stecel
Buiit-up Integral
Structurc Material Skin sSkin Machined
Type Type Structure Stringer Plate Sheet
Covers Aluminum 2,0 5.3 4.5 1. 0
SK7, SI®, SFY -y
‘ ’ Titanium 3,5 B 115 1.0
SLCCl 1- 0
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Inputs

Weiphts data is the same as entered in Pieure 250 Cost per powd and serappage lactors
are input as shown in Figure 32 to he recovded as NAMULIS'T variables, nput values
for RMC are obtained from ‘Fable 55, SI9 is given the value of 1 pending further devel-
opment of this estimating coneept and Table 31 is reserved for this development,

BASIC STRUCTURE ASSEMBLY MATERIATL COST

CER Form

A CER of the following form is used for each of the structural components exceept
nacelles and Tanding gears:

M, [l’rim:l v Structure Assembly I,:lbm'] (18)
1 - (g

S H{AMEFT Y(FMIL)
i i

where
NS cost of material for primary structure assembly
i
AMI, a series of assembly material cost per labor hour factors
i

related to the structural component being estimated

FMI, a series of complexity factors related to fastener type used
i
Inputs

Primary structure assembly labor hours are obtained by using the sum of the struc-
tural box and basic structure major assembly labor CERs, cquations 3 through 9.
AMET values arc obtained through Table 35, 1'M1 values are required as shown in
Figure 33, which are in turn obtained 1rom Table 36. The location of back-up data
is indicated in each table.

COMPONENT ASSEMBLY MATERIAL COST

CER Form
A CER of the following form is used for each of the structural componenis:

Mi [(‘omponcnt Assembly Lnbor} . (AMI-‘:Zi)(FMZi) (19}
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SECONDARY STRUCTURE
STRUCTURAL MATERIAL COST

INPUT FLEMENTS —

SECONDARY STRUCTURE

INPUT VALULRL

Figure 32,

111

INDEX COMPONENTS Raw Material Serappiage
Cost Factor
RMC, St
- i i
1 Leading Fdge
4 Trailing Edge
3 Allerons
-4 Fairings
.'ﬂp 'l‘ll)H
6 Spoilers
T Flaps & IFlaperons
b Attachment Structure
4 Access & Other Doors
10 Air Induction
11 High Lift Ducting
) Slats
13 Hinges, Brackets, Scals
1.1 Pivots and VFolds
15 Center Secetion
16 Other
HORIZONTAL STABILIZ KR
1 Leading Fdge
2 Trailing Edge
4 Fairings
5] Tips
S Atlachment Structure
] Access & Other Foors
13 Hinges, Hrackets, Secals
11 Pivots & Folds
15 Center Scetion
16 Flevators
17 Balancee Weights
VERTICAL STABILIZER
1 Leading Edge
) Trailing Edge
-4 Irairings
9 Tips

NAMELIS'T Inputs tor Sceondary Structure Structural Material Cost,

WORKSHEET



SECONDARY STRUCTURI

g s e ter e e o

INPUT VALUE

Drag Praces

COMPONENT Raw Material S("l'ummgv
LA DX (Tost FFactor
RMC, Sk,
i i

VERTICAT STABILIZER (Cont)

~ Attachment Structure

el Avcess & Other Doors

13 Hinpes) Brackets, Seilds

17 Rudder
FUSELAGE

1 Cochpit

2 Nose Landing Gear Door & Box

3 Wing Reaction warryv=thru) Box

4 Tail Attachmen!

o Windshicld & Canopy

6 Main Loanding Gear Doors & Box

n Final Provisions

s Fngine Provisions

i Duct Provisions

10 Stores Provisions

11 Spead Brakes

12 Cahbin Flooring & Supports

13 Windows & Window Frames

I Doors & Door Frames
NACKLLES

i Cotwings

0 Pvions

3 Main Landing Gear Door & Reinforcements
LANDING GEAR

] Brakes

2 Brake Controls

7 Wheels

4 Tires

0 Olcos

G Axles, Trunnions & Fittings

Figure 32,0 NAMELIST Inputs lor Secondary Structure

Structural Material Cost (Continued).,




Table 33, Secondary Structure Raw

Materiad Cost Factor (RMO)

Aluminum
Aluminum Steel Titanium and Steel
Scecondary and
Other Structure 40, 0 nh. 0 700 no, 0*
Basic Material
S T e ——

—

¥ Use when aluminum sccondary structure includes a steel pivot,

Back-up data appears m Apperdix H,

Tahle 34, Secondary Structure Material Scrappage FFactor (S5)

(This table is rescerved for future development of tactors indicated,
and will be of the following form.)

Type of Material
Construction

Aluminum Steel Titanium Iibreglass

Leading dge:

Typical
Construction:

Trailing dge:

Typical
Construction

Eites:
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Tabte G360 Fastener I'ype Complexity Factor
Related to Assembly, IFM

TYPE OF FASTENER
Aluminum Aluminum Steel and
(Subsonic) (Supersonic) | Composite Titanium
IOV 1.0 2.5 .0 3. 00
I"'M2 1,0 I& T I 17 2,90
—
where
M, cost of material for component assembly
i
AMF2  ~ a sceries of assembly material cost per labor hour factors
i . .
related to the structural component being estimated
FM2, a series of complexity factors related to fastener type used.
i
Inputs

Component assembly labor hours are obtained by using the sum ol equations 12
and 13 tor acrodynamic surfaces wd equations 13 and 14 for Tuselage, nacetles,
and fanding pear.  1°M O values are required as shown in Figure 33, and are
obtained trom Tuble ::(;.l

PRIMARY ASSEMBLY AND MAJOR MATE, Manufacturing labor for these items is
estimated as follows:

Primary Assembly:

Primary Assembly Hours - | Detailed Fabriceation Hours 4 Subassembly (20)
Hours + Major Assembly Hours - ¥ I'actor
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Major Mate:
Major Mate Hours [ Det: iled Fabrication Hours © Subassembiv Hours] (21
L~ Major Assembly Hours o Factor

F-Card locations where equiations are used are as foilows:

Primary Major

Assembly Mate
Wing: | SN S 7595
Horizontal Stabilizer: I* 122 171225
Vertical Stabilizer: 171 I 1715
Fuscelage: 1227 2275
Naccelles: i 260 I 260 5
Landing Gear: 292 4 F 2925

2.3.2 RECURRING PRODUCTION COSTS BY STRUCTURAL ELEMENT, Recurring
production costs arc estimated for three alternate production quantities: the RDT &I,
or {light test quantitics, and two alternate full scale production quantities. IMigure 17,
a printout of RDT&E production costs, illustrates the output format, which is the
same for all quuntities.

The calculation of production costs is a simple process of projecting first unit costs
by means of an appropriate learning curve and applying labor rates to convert to
dollars. The detailed first unit cost lTevel of detail is used lor this projection in orvder
to provide adequate trade study insight.  Substautions ol types ol material or con-
struction cuan be evaluated from the standpoint of effect on learning and resultant
quantity costs, The explunation of the method which follows is based on the computer
program with only one additional equationul form being added.

The 7-card option is used lor learning curve projections,  (See Appendix A for a dis-
cussion of model card functions.) -cards are used lor conversion of hours to
dollars, for cost-on-cost caleulations and for totaling, RDT&E costs and the re-
muaining recurring production costs are handled in the same way.

To illustrate the Z-card option, the model card entry at (335, 1) wiil be used.
This is the calculation for recurring preduction costs for the Wing, Structural
Box, Ribs, Detailed Fabrication hours and appears as:

7335 1290 31 1 PNZ2WNG PNITWNG POTL WNG

The 7 in the first column indicates use of the 7Z-card convention, The numbers 335 1
indicate the SAV matrix address at which the catculaton results are entered. The
117



number 29 signifies the usce of Teddl 29 as wn cquational form. The numbers 311,
which constitute an entry in the first subficld for entry of parameters, is the SAV
matrix address where the previously calceulated first unit cost of wing rib detailed
fabrication labor is stored. The remaining entries arve three additional parareters
used in the caleulation:

PN2 WNG The starting quantity for the caleulation
PN4 WNG The ending quantity for e caleulation
PC11 WNG The relevant Tearning curve factor

The meaning of these parameters is determined by the equational form specilied,
TERM 29 in this case. TERDM 24 is of the following form:

13
. . X
Cost estimated  P1 i (22)
P2
where
P1 I'irst unit cost
2 ' The beginning point of the projection
Py - The ending point of the projection
i The series of production units covered
In P
b - where
In 2
P4 The relevant learning curve factor expressed as a decimal

fraction.
The computerized caleulation procedure is embodied in the COSTC program.
An example of a cost-on-cost relationship is
IF'340 1 (339,1) - RM WNG,

which translates as

I 340 1 Labor cost in dollars of the structural box detail fabrication
hours
(839, 1) - The structural box detail fabrication hours subtotal from the

SAV matrix address.

RM WNG =  Manufacturing lubor rate.
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The entry (339, T is produced by an R-card operation from the model card
R339 163 4 330 1.

The R-card function is discussed in Appendix A, Table 37 serves to summarize the
above discussion by giving the cross reference between the cost output and model
cards lor Wing Recurring Production Costs (86 units in the demonstration case).
RDT&E and Recurring Production Costs lor the five other hardware clements follow
similar patterns that can be readily identified within the model card structure.

2.3.3 NONRECURRING DESIGN AND DEVELOPMENT., Nonrccurring design and
development costs are estimated by a series of CERs covering the following cate-

gories of cost:

ar Basic Structure Design Engincering liours

b. Configuration Design Engincering Hours

e Configuration Design Engincering Dollar Cost

d. Ingineering Material Dollar Cost

C. Total Trade Study kngineering

f. Basic Tool Manufacturing Hours

i Rate Tooling Manufacturing Hours

h. Total Tool Manufacturing Hours

i, Total Tool Manufacturing Dollar Costs

j- Basic Tool Engincering Hours

k. Rate Tool lngineering Hours

1. Total Tool Enginecring Hours

m. Total Tool Engincering Dollar Costs

n. Manufacturing Development and Plant Engineering Hours
O. Manufacturing Development and Plant Engineering Dollar Costs
p. Tooling Material and Other Dollar Costs

q. Manufacturing Support Dollar Costs

r. Quuality Control Hours

S. Quality Control Dollar Costs

Tuble 38 shows the interreiationship between CERs by equation number, the cost
printout, and the controlling model card. T'wo of the above categories, Buasic
structure Design Enginecering Hours and Basic Tool Manutacturing Hours, are
estimated by structural element. The remiinder are estimated at an aggregate
level. The CERs to provide the estimates are as follows:

BASIC STRUCTURE DESIGN ENGINEFRING HOURS

. KL
DEH SH, MP 2.
i 1 lll (WANMI Ri) (23)
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whete

DY, Design Engineering Hours
1
(R =~ Empirical estimating cocelficient by structural
i
component
WAMPR, AMPR weight of the structural component being estimated
i
Ik Scaling exponent of engineering hours to weight
Inputs

This CER entails two tvpes of inputs:
(1) Weights data input from the weights analysis program.
(2)  Estimating cocfficients: the emprirvical coctficients, EH, wd the
scaling exponent, EI, are basced on historical data,  FI is 4 NAMELIST

vitcTable and FE s a model card input at locations I 615 1 thru 6.

BASIC STRUCTURE DESIGN ENGINEERING DOLLAR COS'T

CER Form

DED DEH 2 ECLR (24)
where

DED Basic structure desipgn engineering dollars

ECLR Ingincering composite labor rate
Inputs

ECLR is input as a NAMELIST VARIABLIE, It is subject to variation due to time,
manufacturer and the nature of the engineering task and is to be provided by the
cost analyst according to the problem at hand.

Input Data Sources

The derivation of the above estimating coellicients is described in Volume 1.
Values lor EH and FE are summarized in Table 39, Back-up data is given in
Appendix b EH s a NAMELIST variable, FE s a model card entry.
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Table 39, Enginecring Labor CER Coceflic.ents

Structural Subsystem
Coefficient Horizontal | Vertical Luanding

Wing | Stabilizer | Stabilizer | Fuselage {Nucelle | Gear

I [‘ . SL'H“H{.‘; cxp()nan 0.69 0.60 0.060 0. 60 0. 60 0. 060
1

H 0 estimating
cocllicient 540 428 400 1200 1200 H6U

The trade study and system costing method use common factors in estimating non-
recurring design and development costs.

CONFIGURATION DIESIGN ENGINEERING HOURS

CER Form

CDhEN DENI « 11 (25)
where

CDEH Cowfigrration Design Engineering Hours

I = Tactor for Configuration Design Engineering Hours

Inputs

The factor, I'1, is a percentage factor increasing hasic structure design engineering
hours Lo add configuration design engineering. I'1 is a model card input at 1I° 616 7,
and its value, based on an historical average derived in Appendix I, is 1.15 for a
complete airframe and 0. 67 for basic structure or an individual structural subsystem.

CONFIGURATION DESIGN ENGINEERING DOLLAR COST

CER Form

CDED CDEHN < ECLR (26)
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where

ChED Conliguration Design Enginecering Dollar Costs
ECTR Enginecering Composite Labor Rate
Inputs

No additional inputs ave required.

ENGINFERING MATERIAL

CER FPorm

FMD CDhED - 2 (27)
where

FALD Engineering Material Dollar Cost

1 A Perceentage Factor Applied to configuration

design engineering dollar cost

Inputs
The value of F2 is input as a model card term at (1 617 8). A value of 0.15, based
on available cost histories is programmed into the present model. Variations are

to be provided by the cost analyst.

TOTAL TRADE STUDY ENGINEERING

This is a summing operation, Conliguration Design Engincering Dollar Cost plus
Fngineering Material Dollur Cost, performed by I'~Card 1" 618 8.

BASIC TOOI MANUFACTURING HOURS

CER FF'orm

DN
B3N [i TMLE, (WAMPR ) (28)
i i
where
B'l‘!\llli Basic Tool manwacturing hours
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TATE, Fmpirical estimating coefficient by structural component

T Scaling exponent, tool manufacturing hours to weight
Inputs

Two additional inputs are required. TMI is a NAMELIST variable obtained from
Table 40, FT is a model card mput appearing at (17 619 1, . . 6. s value has
been derived as 0,75, Back-up data is contained in Appendix 1.

RATE TOOL MANUFACTURING HOURS

CER Form

R ( Z BTN can'™ ) (29)
where
Zl%’l'.\llli (519, 7) SAV Muatrix summation
RTMU : Rate toel manufacturing hours
TAM = Monthly production rate
ER = Exponent {for scaling of rate tooling to production rate

TAM is a NAMELIST variable and is obtained from programmatic duta. KR is a
model card input appearing at (I 620 7) and (I 621 7). Its value has been determined
by current manufocturing experience.

TOTAL TOOL MANUFACTURING DOJ.LLAR COSTS

CER Iurm

TI'MD = Ty - THC (30)
where

TTND e Total tool munufacturing dollar costs

TI'MII = Total tool manufacturing hours )
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RUMI Zl%'l‘.\l]lj ©21, 7)
THC Tool manufacturing labor cost per hour
THC is a NAMELIST variable.  Its value is based on lubor rate information.,

BASIC TOOL. ENGINFEERING HOURS

CER Form

B BN ) '3 31
(> ) (31)
where
BreEn Basic tool engineering hours
I3 Decimal percentage: ratio of basic tool enginecring to basic

tool manufacturing hours.

Inputs

The additional input is the fuctor I3, appearing at (I 622 7)., This is a model card
input whose value is based on historical data. Sec Appendix 1.

RATE TOOI. ENGINEERING HOURS

CER Form

RTEH (RI'MI) 1I"4 (32)
where

RTEN Rate tool engincering ﬁours

14 ' Decimal percentage: ratio of ruate tool engineering hours

to rate tool manufacturing hours,
Inputs

I'4 is a model card input appearing at (I' 623 7). Its value is based on historical
date. An average value is 20% based on taking one-half of 3.
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TOTAL TOOL ENGINEERING DOLLAR COSTS

CER Form

TrED TTER - TEC (33)
where
TTED Total tool engineering dollar costs
TN Total tool engincering hours:
BTE - RTEH
THC Tool engineering labor rate

TEC is a NAMELIST variable. Its value is based on labor rate information.

MANUFACTURING DEVELOPMENT AND PLANT ENGINELERING HHOURS

CER Form

MDPEHR - CT'TMH - F5S (34)
where
MDPEH Manufacturing Development and Plant Enginzering Hours
I'5 Decimal percentage: ratio of MDPEII to total tool manufacturing
hours,

Inputs

5 1s 1 model card input at (I° 625 7). Its value is based on historical data, and an
average value is 27,

MANUFACTURING DEVELOPMENT AND PLANT ENGINEERING DOLLARS

CER Form

MDPED = MDPEIl < TDC (35)
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where

MDPID Manutacturing Development and Plant Fngineering Dollars
T The Composite labor rate
nputs

TDHC is o NAMELIST variable. Its value is bosed on Labor rate information.

TOOLING MATERIAL AND OTHER DOLLAR COSTS

CER Form

TATOD T'UNMH - 6 36)
where

TAMOD Tooling material and other dollar costs

16 Per hour allowunce for tooling material and other

costs ($/hr)
Inputs
The factor 6 is 1 model card inpul at (I 626 8). Its value is based on historical
data.  An average value is $1.00 per tool manufacturing hour based on '-106, '-102,

B-568 and 1"'-111 experience.

MANUFACTURING SUPPORT DOLLAR COSTS

CER FForm

MSD CDED - 17 (37)
where

MSD - Manufacturing support dollars

17 ' Decimal percentage: ratio of MSD to configuration design

engineering dollars
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Inputs
I'7 is a model card input at (F 627 5). Its value is based on manufacturing experience.

QUALITY CONTROIL THOURS

S

CER Form

QU (CDEIH - 1°8) - (UM - 179) (38)
where

GOl Quality Control hours

'y Decimal fraction: ratio of QCII to configuration design engineering

19 Decimal traction: ratio of QCH to total tool manuwfacturing hours
Inputs

s and F9 are model card inputs at (I" 628 7). Their values, based on manufacturing
experience, are respectively, 17 and 6'7.

QUALITY CONTROIL DOLLAR COSTS

CER Form
QCD QCH - RQC (39)
RQC : Quality Control labor rate

Inputs

ROC is o NAMELIST variable. Its values is based on labor rate informution.

2.3.4 RECURRING AIRFRAME PRODUCTION COSTS (SUMMARY)., A summary
format for recurring airframe production costs is also furnished as part of the cost
breakdown and computer outpul. Table 41 provides the cross-reference between

cost output :aimd model card., igure 34 is a sample computer printour tor the summary.
As wus the case for recurring airframe production costs by structuril elements, the
description of calculations thut follows is oriented to the computer program,

The items of cost that are summarized consist of:
Sustaining Engineering Hours and Dollars
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Sustanming, Toohing Hours and Dolliars

Manufacturing:  Detailed Fabrication Hours and Dollars
Subassembly and Assembly Hours and Dollars
Primary Assembly and Major Mate Hours and Dollu. s
Qualily Control Hours mand Dollars
Material by Structural Element

Primary Assembly and Major Mate Material

These items are repeated for RDT&E production wits and for each of the alternate
production quantitics. The discussion that follows, and Table 41, applies only to
RDT&E wnits.  Procurcement articles follow similar patterns that can be readily
discerned within the model card structure.  To illustrate, the sequence of model
card caleulations for the RDT&E summary that runs from I 630 7 to 1'638 8 is
repeated for the lirst quantity of procurement articles in the sequence of model cards
from 1I' 640 7 to I 648 8.

The conversion of hours to dollare is a repetitive process that follows the procedures
already described above. These calculations occur at (630, 8), 631, 8), (632, 8),

(633, 8), (634, 8), and (635, 8).

SUSTAINING ENGINEERING HOURS

0.2

SEH MOEM - CDETL) (PN2 -1) (40)
where

SEH sustaining engineering hours

DEN and CDEH: See Equations (23) and (25)

PN2 RDT&E number of wnits

SUSTAINING TOOLING HOURS

0.14
STH (I"UNE TR - NMDPLEH) (PN2 -1) (41)

where
ST sustaining tooling hours
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T Total tool muanulacturing hours
T Total tool engincering hours
MDPEH M, development and plant enginecering hours

MANUFACTURING: DETALLED FABRICATION, SUBASSEMBLY AND ASSEMBILY
AND MATERIAL COSTS

Fhese three items of costs are handled in exactly the same way as described for the
progress curve projection procedure for recurring production costs for structural
clemaents, except that in using the 7Z-card convention, TERM 24 is used dor RDTEE
wnits).  TERM 24 is of the following form:

P2
. , X
Cost estimated  P1 E i (42)
i1
where
P1 First unit cost
Pl The number of RDT&LS units
n P3
X where
In 2
P3 The relevant learning curve factor expressced as a decimal
fraction,

For the projection of costs for procurement articles, TERM 29 is again used in the
manner desceribed in Section 2, 3. 2.

PRIMARY ASSEMDB LY AND MAJOR MATLE HOURS

ML [©632, 1) + 633, 7] (MMPCTL)
where
MMPCTL Percentage factor (43)

QUALITY CONTROI. HOURS

en - [632, ) ¢ (633, 7) + MML] QCF (44)
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where
QUL (/C percentage Lactor

DRIMA LY ASSEMB LY AND MAJOR MATE MATERIAL

NN (636, 8) x MMI (45)
where

(636, 8) summation of material costs for structural elements

MATE Major mate material percentage factor

2.3.5 COMPLEXITY FACTORS. The development of first unit costs as desceribed
above makes extensive use of complexity fuctors. These are also used to o lesser

degree in the developmaent of nonrecurring design and (levelopment costs,

Complexity factors are used in the current methodology as a segmaent of an overall
costing process.  The costing process, as illustrated in Pigure 35, can be thought

ol as having busically three inputs: historical costs through the mechuanism of
estimating coeflicients, hardware definition translated as size/weight, and hardware
definition translated as complexity. These inputs interact within the costing relation-
ships to produce the cost estimate.  Definition of the hardware has the element of
size and complexity. Defining these two elements is sufficient to provide a suitably
unambiguous specification of the haraware. ‘The complexity of any piece of structure
is reflected in the material and the type of construction used. The complexity
associated with a given material and construction technique can he symbolized by o
numerical complexity factor.

The numerical corplexity factors are developed from a detailed analysis of the candi-
date structures and materials., The first step in this process is the selection of a
nominal structural element that provides a model of the manufacturing approaches

for that structure. This defines a baseline, which is assigned a reference com-
plexity of one.

Other structural approaches using different materials and construction techniques
are defined. The manulacturing processes for both the baseline and alternate
structures are then identified and listed. I'rom both historical and projected labor
data, hours can then be assigned to the various manufacturing processes. This
results in a number of hours being associated with cach specitic type of material and
construction technique as a variation of the nominal structural clemamt,
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By dividing the number ol bours tov cach nuderial construction technique combination
by the number of hours requived for the haseline, we arrive at o complexity factor
for each box of the material-construction techaigque matrix. The fow of this process
is shown i Figure 36, An example of & complceted material -construction technique
matrix for vib detai! fabrication wits shown in Table 4. A sample of the detailed esti-
metes used to generate hour requiremonts for the different types of construction and
material appears in Figure 37, 'The complete set of complexity factor tables was
shown in Section 2.3, and these arve hached up by projected cost data inceluded in
Appendix G

FFor cach type of construction, a sketeh delines the specilios, such as number of rails,
web parts, number of machined surfaces, number of stitfencrs, ete. A nominal size
wias defined to make the ditferent design approaches to ribs, spars, and covers com-
parable on a complexity factor basis,  For each piece of detail structure, the manu-
facturing operations were identified that sve requived te manulacture cach picee,
These included such operations as those shown in Figure 37, saw scet up, cdge burring.
router set up, routing of cutouls, processing to specilications, identifving and in-
specting, cte. Where assembly was requived, these operations were identificd and
included cltamping in place, hole drilling riveting, welding, identifying and inspecting,
cte.

Complexity [actors for secondary structure ave less well defined because distinetions
in ‘ype of construction are not as well defined.  lov secondary structure, complexity
facinrs have been developed by iwnalogy trom historical data and by industrial engineer-
ing studies that evaluate the impaet and relative cost effect of seleceted design alter-
natives. The sccondary structure complexity factors arve eomtained in Tables 25

and 26, Usce of these tables requires selection of a suitable analog or caalogs as o
point of reference for selection of o suituble complexity factor.

The use of complexity factors fn the estimating process at the level of detail depicted
above provides o great deal of flexibility. New types ol structure can he analyzed
from the stundpoint of impact on manufacturing processes and the resultant impact on
cost determined.  Some anomalies occeur, however, since the historical duta

does not always confirm presupposced patterns of cost. The detailed study as to the
reasons for such ambiguity is beyond the scope of this study.

2.3.6 DERIVATION O ESTIMATING COEPFICIENTS. A summary of cost elements
for which buseline coefficients were developed is shown in Figure 38, Historical

cost data wus collected for cach of the cost elements of the matrix.  This basic cost
duta was normalized, where appropriate, by making usce of the complexity lactors.
The construction and material type for cach of the cost elements was identified and
the appropriate complexity tactor divided into the baseline cost. The cffecet of this
procedure is to reduce all the data points Lo a common basis to which @ complexity
factor of one can be applied.
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RIB BUILT-UP

WEB STIFFENER

Low-C
Non-Hard. I 58 Al
Steel 1
Rib size 48 x 122 2.
Detatl parts are rails (2, web (1), stiffeners (2) & intercostals (3)
Fabrication of rals (2)
Setup saw (.50 0.50 0.50 0.5
Saw extrusion to length (2 0.75 111 0.4 1
Burr edges 0.42 0.75 111 0.3
Setup router 0.50 0.50 0.50 o5 [
Route stringer cutouts 0.98 1.75 2.5 0.7 [
Burr 0.2 o7 | otat | s [0]
Set up rolls 0.50 050§ 050 ] o5 [
Roll torm to contour 0.30 0 30 0.40 0.3
- 1
Prime surfaces 0.50 0.50 0.50 0.5 ]
Identdy & ispect 0.50 0.50 0.50 0.5
Fabrication of web (1)
Setup shear 0.50 0.50 0.50 0.5
Shear part to width & length (12 in x 48 in) 0.30 0.30 .30 0.3
Burr 0.50 0.50 0.50 0.5
Route web to shear 0.70 1.25 1.85 0.5
Burr 0.28 0.50 1.74 o2
Prime surfaces .50 0.50 0.50 s L
Identilv & inspect fabrication of stiffeners (2) ]
Setup saw 0.50 U.50 0.50 0.5 N
Saw extrusion (2) 0.42 0.79 1.11 0.3
Burr 0.28 0.50 0.74 0.0
Setup rolls 0.50 0.50 0.50 05 | 3
Roll form to contour .50 0.50 0.50 05 |
Prime surfaces 0.50 0.50 0.50 0.5 i
ldentify & inspect 0.50 0.50 0.50 05 | ]
Fabrication of intercostals (3)
Setup sawn 0.50 0.50 0 5H0 0.5
Saw extrusion {(4) 042 0.75 111 0.4
Burr 0.-42 0.75 1.11 0.3
Process to spec. (alodine) +.00 +1.00 1.00 4.0 e )
Prime surfaces 0.50 056 0.50 0.5 8 1
Identify & inspect _U.50 0.50 0.50 0.5
lotal detail Fabrication 1o BT DUER 16,3

Id

Figure 37, Detailed Industrial Engineering Estimates for Complexity

Factor Derivation
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FINST UNIT COST DETAIL FABRICATION SUBASSENMBLY

Structural Box
Rihs X
Spars

S
S

Covers

Sccondary Structure

l.eading Ldge N X
Trailing Edge X N
Ailerons X AN
Fairvings AN A
Tips N X
spoilers X X
Flaps - Flaperons X N
Attachment Structure X ~
Access - Other Doors N x
Air Induction X X
High Lift Ducting X X
Slats X X
Hinges, Brackets, Seals N X
Pivots -+ Folds X X
Center Section X X
Ilevators X X
Balance Weights X X
Rudder X x
Other X X

Figure 38. Summary of CER Coelficients,

Once the normalized data for the cost elements has been plotted on log-log paper, the
problem becomes one of simply determining the line that can bhest represent the ad-
justed data. The two basic parameters define the CER line: the slope of the line and
the intercept of the y axis where the value of the x axis (veight) is one pound. Based
on a composite plot of all cost data and the results of previous resecarch, in particular
References 1, 2, and 3, a constant exponential scaling relationship was used. With
the slope of the curves specified, cachy intercept was determined by fitting the

fixed slope line to the datu available for cach cost element. A cost plot showing the
technique for the rib detail fabrication is shown in Figure 39. Back-up data charts
for cach of the CERs appear in Appendix 1. The curve fit line is not plotted on these
chuarts since they are expected to chinge with the addition of new data.  Values used
were determined by plots on work sheets,
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Figure 39. Detail Fabrication Hours Versus Weight for Ribs
with Complexitly Factor normalized.

2.4 PROGRAM OPERATION AND INSTRUCTIONS

This section discusses additional considerations involved in the full set of trade study
cost estimating computer programs.  As the method is currently structured cach of
the programs depicted in Figure 1 operate independentiv, and data s transterred
manually between them,

2.4.1 COMPUTER PROGRAM INTEGRATION. The elements of the estimating method
have been designed to operate in a modular mode, as opposed to being hard-wired,

for two reasons: (1) Fach of the clements is in a state of development and changes in
input/output are to be expected and (2) It was desired to have the capability of opera-
ting the costing program independent of the structural synthesis program, limited,

of course, to those cases where the necessary input data could be provided manually,

In the modular mode then, coordination of the programs is accomplished by means of a
set of instructions covering input development, the preparation of input cards, and

the set-up of the computer deck for the desired operation,  Section 2.3 provided the
general instructions for input development and identified input sources. Specific
instructions for operation of the supporting programs and the transfer of relevant
input data are given next.
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2002 OPERATION OF SUPPORTING PROGRAMS. The sequence of operations for
the programs involved in analyzing acrodynamic surfaces is shown in Figure 10,

Also shown is the list of worksheets used in the transfer of data.  An illustrative set

of these worksheets s meludoed and discussed in Appendix J.,

Worksheets 2, 4 and 5 are the final output of the acrodynamic surfaces supporting
programs,  (The combined weight statement appears as Table 1.) These data are
entered as NAMEBELIST variables, They arve identifiad by means of the coding on the
NAMELIST Variable Dictionary in Appendix D, which also identifies the worksheet
location ol the input,

The sequence ol operations for the programs involved in analyzing the fuselage,
nacelles and landing gear is shown in Figure 41, Also shown is the list of work-~
sheets used in the transter of data. The situation parallels that of the acrodynamic
surfaces, In this case worksheets 3 and 4 are the final output of the supporting
programs, PFurther matevial is included in Appendix D.

2003 TIME SHARING. The use of Interactive Graphics was investigated as part
of this study.  From the results it appears that time-sharing using an INTERCONM
type system otfers significant advantages. A discussion of Interactive Graphics

bhenefits i time-sharving using INTERCONM is provided in Volume 1.

NTERCOM is being used as part of the installation at AFFDL, it provides a simpli-
fied procedure for making NAMELIST and model card changes. These are made at
a deskside terminal that displays a card and provides for a change in the card as a
kevboard operation. This capability is especially significant for maintaining
currency in estimating coelficients as new data indicates a need for revision and for
changes in the CERs themselves.
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SECTION

AIRTFRANME SYSTEM COST ESTINATING METHOD

The syvstenm cost estimating method is desceribed in this scection, User instructions for
making an estinate arve provided,  The system method does not require the use of the
previously deseribed, supporting structural synthesis programs, A group weight
statement and design information are the principal sources ol input information, The
rescarch leading to the development of the method is covered cither in Volume 1, or

in previous reports as referenced,

3.1 COSTS ESTINATED

Costs are estimated for cach of the airframe subsystems as shown in Figure b2,

Engincering Tool Mg, Manufacturing
Divect Labor Direct Labor  First Unit Cost
Structural Subsystems
wing, X N X
Horizontal Stabilizer N X X
Vertical Stabilizer N X X
Fuselage X N X
Nacelles X N X
Landing Gear X N
Functional Subsystems
Surface Controls X X
Environmenial Control System X Y
Hydraulics/Pneumatics X X
Flecetrical/Electronices X A
Instrunments X x ) Other X
Auxiliary Power X X
Armament Provisions X X
Engine Associated Lquipment X N
Fuel System X N
Avionics Provisions X X
I'urnishings and Fquipment X
Support Engincering X

fPigure 42, Airframe System Cost Estimaling Structure




The dilterent categories o cast ulpuls provided consist ol

d. Nomrecurring Design oand Development Costs
b, First Unit Manufaceturing Costs

¢, Recurrving Airframe Production Costs

Shown in Scction 1, 1, 2, Figures L4 through 17, are computer printout exaiunples of
cach ol these types of cost output,  The hurdware components listed comprise the

Sarframe when reliwed to system costing methodology,  The capability for alternate
production quantitics is the same as for the trade study method,  Production quantities

are again obtained by fearning curve projections ol first unit costs,

The system cost formats are laid out and programmed for later expansion in the casc
ol first unit cost,  Under the present approach the subsystems are estimated by a
combined labor and material CER,  With the acquisition of additional data it should he-
come possible o make separate labor and material estimates, as iHustrated by the
format in Figure 16,

2.2 COST MODEL COMPUTER PROGRAN MODULLE

The computer program for the system cost estimating method is o module ol the traae
study program, as stated previousiy, This module uses SAV matrix lines 700 through
799, The number of lines used is kept to a minimum for computer efliciencey and may
be inercased by a simple change in the DIMENSION statement in the COSTC program,
The details of the computer program remain unchanged Lor system costing operation
except that only @ subscet ol the model card deck is used: that pertaining to the cards
corresponding to the section deseribed above, Input organization is simplificd and is
deserthed in connection with the discussion of cost estimating relitionships,

Additional material desceribing the system costing computer program module is cov-
crod in Appendix K, This consists of a computer listing of input clements, the pro-
-gram module listing of model cards, a NAMELIST variables Jdictionary, and a sum-
mary of estimating cocfficients, hack-up data for which are given in Appendices 1 and
L. The NAMELIST variable dictionary serves as an input summary table in licu of
the individual input summary tables by cost category usced lor the trade study method,

3.3 COST ESTIMATING RELATIONSHIPS AND INPUT DESCRIPTION

A summary of the system cost estimating approach is given in the following sections
for cacly ol the major categories of cost. A complete deseription of CERs, the result-
ing input requirements, input sources, and references to back-up data are provided,
Tables are provided for cross referencing cost items as given in the output formats,
the CER equations, and the model card locations.,  The step-by=step development of

146




input data consists of providing NAMELIST variable inputs and determining the suit-
ability of estimating cocfficients called out by the CERs and recorded as model eard
constants,

3,310 NONRECURRING HESIGN AND DEVELOPMENT, Nonrecurring design and
development costs are estisaated by a series of CERs, cach of the same general form,

for cach of the costs in Figures 1 and 15, Table 12 c¢ross relerences the cost print-
out, CERs, and model cards for cach, The CER Torms and the input reqguirement that
is generated by their use are discussed bhelow,  BEquations are numbered separately
front the trade study method,

ENGINERING:

BASIC STRUCTURE DESIGN ENGINEERING

Definition

Basic Structure Design Engincering comprises the detailed design of the elements of
basic structure, plus such supporting activities as lines and lofting, checking, siress,
weights and viadue enginecering, as they relate to the elements of basic structure,

CER Form

A CER of the following form is used for estimating basic structure design engincering
for cach ol the elements of basic structure:

I': a
'; B [“ I': C I‘:
I)I i q ( . ) (W . )

where

I)l'Ji ©- Design enginceering hours for cach structural element estimated
l"i = Complexity factor

l'l(,‘i = Estimating cocfficient

WE,1 = Weight of the structural element estimated
Ei - Cost/weight scaling exponent

i Indexnumbers, 1 through ¢ for basic structure

Inputs

The eategorization of inputs used in the system costing method can be best expliined
hy reference to the model cards of the computer program, As an example, we have,
IF701 1 FIL WNG * 540.0 * WW WNG ** Kl WNG taken from the
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model card listing in Appendix K, The conventions are the sime as applicd in the
trade stwdy method,  This aodel card is of the F=card type,  Caleulated values of

DI are entered in the SAV matrix, in this case at the address (701, 1y and the follow-
ing cquivaloneies and categorization apply:

l~‘i 'l WNG (NAM ELLIST variable)
EC 5o (Model card coetlicient)
\\'I-I: WW WNG (NAMELIST variable)

l-Ii 1 WNG (NAMELIST variable)

Input oreanization is simple cnough so as to obviate the need for individual input sum-
mary tables by cost category as was used Tor the trade study, NAMELIST variables
arc entered on the NAMELLIST SUMMARY input cards, one for cach structural element
in the following scequences:

WNG Wing

1I'TL - Tlorizontal Stabilizer
V1L Vertical Stabilizer
FLG  Fuselage

NAC - Nuacelle

LGD = Landing Gear
It can be seen that the sample F-card above represents a calceulation for the wing,

Input vidues to be entered for 1y are obtained from the historical cost data supplicd as
back-up daticin Appendix I, (The same data is used in this case tor both trade and
system costing, ) The complexity factor is obtained by analogy to historical references
displayved in the Figures I-1 through 1-6, or through other comparanle data,

Vitlues for EC, are already entered on the appropriate model card and can be seen on
the listing in Appendix K, These values are developed from an analysis of the data

on the above referenced figures,

The estimated weight of the structural element being estimated, vVEj, is obtained
from an appropriate weight statement.,  In the system costing method, this inpul source
is not definitely established,

The scaling exponent, E, is obtained from the previously mentioned historical data
in Appendix I, Independent rescarch has shown this scaling to he a constant value,
as Indicated by Pigures I-1 through I-G,



In examining the NAM ELIST variables ws shown in the model card listing, a conven-
tion ol the COSTC program should he recalled:  An input elenmient remains the same
for the entire sequence ol elements (o he estimated unless a change is entered in
subscquent: NAMELIST variable input cad, Thus, ED VUL will cqual B0 1T will
coual ETWNG i only the origmal entry under WNG is made,  This is not true of 171
WG and F2 T, since L and F2 oare defined to he dilferent variables,

CONPIGURATION DESHOIN ENGIN FERING

Definition

Configuration design enginecring includes support engineering consisting of preliminary
design, acrodynamics, dynamics, and thermodynamics activity related to structure,
CER Form

A CER of the following form is usced lor estimating configuration design engineering:

L2

CDE  FT (EC) (WAMD) ()
where

CDE = Configuration desigh enginecering hours
I'7 Complexity factoy
EC - Estimating cocfficient = 1840
WARN P AMPR weight of the total basic structure

2 - Cost/weight scaling « xponent

lnpuls

IF7, WAMP and E2 are NAMELLST variable inputs.  EC is an estimating coefficient
entered on the model card,

Input values to be entered for I'7 arce obtained from the historical cost data shown as
Figurc L-1, or through comparable data, A value for EC is entered at line 707 of the
model card list, being derived from the same historical data,  WAMDP, the AMPR
welight of basic structure is obtained from a suilable weight statement,  E2, the scal-

ing exponent, is the same value as El above and is obtained from the same data basce,



FOQUIPMENT DESIGN ENGINEFERING

Detinition

Foagutprient design relates to th < design and desvelopment of aivesaft functional sub-
systems,

CIR Form

A ceneral CER of the following torm is usad:

I,
i
FDE. 0 (BC Y (WE ) 3)
! I 1 1

where
l-)l)l-ji Equipment design engineering hours lfor cach functional subsystem

and Iy, EC, Wi and Ej are as defined before, The index, 1, runs from 8 through
I~, inclusive, corresponding to the functional subsystems as listed in Figure 42,

Inputs

Categorizations are the same as before,  Input values for I are obtained by reference
to Figures L=2 through 1.-12, Values for EC;, derived from these same data, arc
given in model cards for lines 711 through 721, WE; values are obtained from a
weight statement, as before, The scaling exponent, i) remains 0.6 bascd on data

in the above ligures,

TOTAL ENGINEERING LABOR

Tatul engincering labor is the summation of the previous estimates accomplished by
an R-card, line 722, The formula appears as follows:

Th. - }: (701 . . . 718, 1) 1)
where
TEL : Total engineering labor,

and the summation is of the series of estimates recorded in the SAV matrix from line
701 through 721,
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ENGINFERING DOLLAR COSTS

Fngineering dollar costs are obtained by applying a composite engincering labor rale
by mewns of an F-card at line 723, 2, The formula s

EDC S TEL ((FECLRDY ()
where

EDC  Engincering dollar costs

FCLRL = Composite engineering liabor rate

ENGINELERING MATERIAL COSI'S

Detfimitien

This cost covers miscellancous costs associated with engineering design such as en-
gincering materials and supplies, travel and per diem and computer costs,  Material
for developmental hardware is exeladed here and included under development support,

CER Form
A CER of the lollowing form is used:
M EDC (FM) (t)
where
M = Engincering Material cost

EDC = Engineering dollar cost taken from the SAV matrix at (723, 2)

'M - A percentage tactor

Inputs

The NAMELIST input I'M is based on the contractor's experience and is currently
entered as 0,2,

TOTAL LABOR AND MATERIAL COST

This cost is calculated by an F-card at line (723,4) and is represented by

TLM - EDC + EM (7)



TOOLING:

BASIC TOOL MANUFACTURING HOURS

Delinition

Hasic tool manutacturing provides a complete set ol manulacturing tools assumed to
be capable of supporting ¢ manulacturing rate ol approsimately one aireralt per month,
CER Form

A CER of the toltowing form is used for estimating hasic tooi manulacturing hours for
cach ol the elements of basice structure,

T
i
e T, (e o T ()
i i i i

where

BT, Basic tool manufacturing hours by hardware element
T,  Complexiiy lactor for tooling
EC,  Estimating cocllicient
WE. - Weight of the structural element estimated
T Cost/weight scaling exponent
i Index numbers 1 through 7 for tooling elements
This CER is essentialiy the same as Equation 28 of the trade study method except

that here the complexity factor is treated explicitly whereas in the trade study method
it is built into Table 4G,

Inputs

Input values for TF; wre obtained from Table 40 except for TE7, which must be deriv-
ed as analogs from PFigure L-13, Additionally, decisions on the choice of complexity
factors for TEF1 through T may be hased on analogy from the data in Figuves 1-7
through 1-11, the saume data used in the trade study method, Data is not available for
the landing gear,  Values for I'IC.1 arc entered on model cards F731, 1 through 7,
bused on the above data,  Weights are the same as for engineering,  The scaling ex-
ponent, Ty, based on these data has heen taken as a value of 0,75,

A summation of hours is provided by 1631 8,
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RATE TOOR, MTANU FNC TR MRS

Delinition

Rate tooling is defined as (he tool provisioning required to inerease production capiu-
bitity to a required rate trom that provided by basic tooling,

CER Form

The CER nused is

T TS (RTIR— o)

whers

RT. Rate tool manulacturing hours by hardwarce clement
i
R Production rate

TR Scaling with production rate increasce
This calculation is applicd to cach of the hardware elements.

lnlmts

The inputs R and TR are NAMELIST variables entered in NAM ELIST SUMMARY, The
production rate is obtained from program plan data and will normally be the same for
all hardware elements, although provision is made lfor the application of separate
rates,  The vadue for TR is 0.3 based on manulacturing experience,

A summation of hours is aguin provided, 752 8,

TOTAL TOOL MANUFACTURING

Basic and Rate Tool Manulacturing Hours are summed by column for cach hardware
clement, for other subsystems and for the subtotals, The calculation by F-card at
line 733, column 9, converts ool manulacturing labor to dollars using the NAMELIST
variable, TMLR,

BASIC TOOL ENGINEKERING

Definition

The design of tools and preparation of production planning to accomplish production at
the initial rate of production,



CER Form

The CER used applies a factor to basic ool manufacturing labor:

BTEH,  BTP (TEF) (10)
i i i
where

BTEH,  Basic tool engineering hours by hardware element
i

TEF  Tool engincering factor: a ratio ol tool engineering o tool
i . .
manufacturing

Inputs

TEE is based on data shown in Table [-2 and is entered as a NAMELIST variable,

RATE TOOL ENGINEERING HOURS

Definition

The design of tools and preparation ol production planning to accompany an ‘acrease in -
production from an initial rate,

CER Form

The CER used is

RTEH, - RT, (RTEF,) (1)
1 1 I

where

RTEH, - Rate tool engincering hours by hardware element
i
RTLEF, - Rate tool engincering factor
i
Inputs
RTEF is bascd on manulacturing experience and is entered as a NAMELIST variable,

TOTAL TOOL ENGINEERING

Basic and Rate Tool Engincering Hours are summed in the same way as Tool Manufac-
turing. Tool engineering labor is converted to dollars by an IF-card calculation at
line 736, column 9, using the NAM ELIST variable, TELR,



TOOL MATERIAL COST

Delinition

This item covers miscellaneous costs associated with tool design, manulacturing, and
production plivming including materials Tor tool manufacture and procured tools,

CER l'orm

TA T'IM CPME2) (12)
where

TN Tooling material cost
TTM  Total too! manutacwuring hours
TMIE2: Tooling material factor: a ratio ol tooling material 1o tool

manufacturing

MANU FACTURING AIDS COSTS

Definition

This covers the plant enginceering function associated with the design, manutacture,
and maintenance of special noncupital manufacturing aids such as holding cradles,
work platforms, slings, load bars, transportation trailers, handling dollics, and
access stunds,

_(_,:_l'_ll_g__[ir)rm

MAI = TI'M (MAI) (13)
where

MAIH = Manwacturing aids hours

MAL = Manulacturnng aids factor

Inputs

The manufacturing aids factor is entered as a NAMELIST variable., Experience indi-
cates that on past aireralt programs these hours have ranged from 8 to 15 percent of
tool manufacturing hours, An average value of 0,12 is used,
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Manutacturing conds tabor is converted to dollars by an F-card calculation at line 738,
column 9, using as input the NAMELIST variable, MALR. This s a composite rate
that includes an allowance for required materials,

MANUFACTURING DEVELOPMENT COSTS

Definition

This consists of the development of manufacturing method associated with a given pro-
gram, including processes, standards and procedures,

CER Form

MDIT "IN (MDY (1-1)
where

MDIT A, Jacturing development hours

MDE  Manufacturing development factor

Inputs

The manufacturing development factor is entered as o NAMELIST variable., Manufac-
turing experience indicates a value of 0,15,

MANUFACTURING SUPPORT:

Detinition

Manulfacturing support hours represent the effort undertaken to support engineering
during the development phase of an airceraft program, It includes manufacturing labor
and material for such items as development test parts, test fixtures, mockups and
models, and other support activities, It also includes manwfacturing material and
other costs made up primarily of vendor costs for development, test and production
startup,

CER Form

The CER form used is based on Rand studies, Reference o g

873 1.89 346
MS = 0, 008325 (WAMP) (S) by %0 anF) (11

<1
~——

where

MS - Manufacturing support cost in 1974 dollars,
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S Maxtmum speed (kts) at best altitude
QD Development quandity: mumber of {light test aivframes)

INF A term to adjust the dolbar hase [rom 1870 to 1974 and o provide lor
subscquent adjustments as tollows:

Y - 1974
INT .o 200 RD and

11 Rate ol indation
Y Year in which doltars arve stated
Inputs

All ol the variables are entered as NAMELIST vaviables, WAMDP, the AMPR weight
ol the airtframe, is obtained from a suitable group weight statement,  Speed (S) is ob-
tained rom design characteristies data,  Quantity QD) is obtained from program
data, The rate of inflation is estimated, and Y is scif-evident,

QUALITY CONTROL

Definition

The establishment of quality control procedures and reguirements and set-up for
production,

CER Form

QCH = TEL (QCFLY: TTM (QCIF2) (16)
where
QCII + Quality control hours

QCK1 Factor appliced to enginceering labor

QCIE2 = l'actor applicd o tool manufacturing labor

Inputs

The Quality Control factors are entered as NAM ELIST variables, Based on contractor
expericnce, QCFL is 0,01 and QCEF2 is 0, 06,

3.3.2 PFIRST UNIT COSTS, Pirst unit costs, delined as before, are estimated by a
scries of CERs, cach of the same general form, lor each of the costs in Figure 16,
Table 43 cross references the cost printout, CERs, and model cards for cach, The
CER form and the input requirements that are generated by its use are discussed
below,
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JASIC STRUCTURE FIRST UNI'T COST

CER Form

A CER of the following form s used for estimating f1est unit cost (abor and material
combined) for cach of the clements ol hasic structure:

I,
i
('I“l'i Ul (I-IL‘i) (Wlii) (INF) (S.‘\\'i) (I7)
i
where
('l“l'i Cost of the first unit of the element estimat ed
U, Complexity factor
i
l-IL,‘i - Estimading coellicient
WE,  Weight of the structural element heing estimated
i
Iii Cost/weight sculing exponent

INI Adjustment of 1970 data base to 1974 hase as shown in Fqguition (15)

SAV, = SAV matrix address for pick-up of trade study method estimate
i

hputs

The complexity factors and the weights are handled as NAMELIST variabies,  The esti-
mating coelficients and the scaling exponents are entered as model card constants at
the model card locations shown in Table 13, Back-up data tor the complexity tactors,
estimating coctficients, and scaling exponent arce provided in Appendix L, Figures

L-11 through L-30, FPFigure L-16 is blank (with the page reserved for later data),

since for the pres-ont, the horvizontal and vertical stabilizer are combined as the
cmpebnage,

Inflation is treated as shown for Manulacturing Support, although for programming
convenience a separate F-card is used lor this caleulation,

The term SAV; refers to the series of SAV malrix addresses called oat on lines I'751
through F756. These represent the corresponding first unit cost estimates made by

the trade study method, It is necessary to make certain that one or the other method
is zeroed out, Usc of the combined method is discussed further in Secetion <, 3,

3.4.8 RECURRING PRODUCTION COSTS, Recurring production costs for the sys-
tem costing method are handled in 2 manner similar to that o the Recurring Produc-
tion Cost Summary for the {rade study costing method,  Pigure 17 gave a sample of

the computer printout involved,  Table 44 provides the cross-reference hetween cost
output and model cards. These cost items consist of the following:
161



Table 44, Cost Output, CER Fquation Number, and Model Card Address
Cross Reference - dSystem Recurring Production Cost.

Rt Praduction ‘ Production ()
Hardw ot e Comgpaone nt: Heonin o Dl Hory - Dotlars Hour Dollars
. ' .
Su-onig Docinoey g Foil=y [RYRRM TR T
IR ERig [P ESN S [ | [ [P I LR a1
Sstatntine Lol by 2ty Faathy g
[IGoE " B) [IGS I IR 6o [ Gz { I W= LI 2320005
Manutbio turing
W, *
A /T w 1050
Thorreontad Statnlieo ' .
VA= N T Tt 4
Viertieal Stabaln o . . .
7Z NN K /AR JoTmhh
Fuse L ¢ : g
7 T 779G ) 7T
Nicell ¢ ¢ 0
SR AN VAR
Landing Goar ‘ ‘ :
AL B JoTes AR N
Surbae: Controls . . %
7 s L ARt I ARE N
Fnvironmental Control Sy stem Z g 3
Zo7Ton 2 7 Tan AN
Iy drauhies Pneamaties b } ¢
7 Tl 7791 4 i 77016
Fiectrical ¢ ¢ : J
AR R | T2 . Y0
|
Instruments * ' j G
7598 & 7T EARPS
Auxthary Power Unit Y . ¢
YA VAHE I YA B Y
Armament Provisions g | * .
7. 5 2 I YAYE R 7790 6
Fnpine Assoctated T quipment Y % ' 3
’ VAT 7796 41 7T 6
Fuel Svstem ¢ + '
| 2797 2 271974 27976
Aviontes Provision # ' * '
77942 | 7798 7. T98 6
|
Furnishing and Equipment i ( & i
7799 2 7 799 4 7799 6
L’l‘uuxl Manufactur ing R 800 2 R 800 4 R 8OO 6

* Fquation 22 is used at each of these points,



Sustaining Fngincering

Sustaining Tooling

Manufacturing (Including Quality Control) for
Wing
Horizontal Stabilizer
Viertical Stabilizer
IFuscelagoe
Nucelles
Landing Gear
Subsystems

Estimates are provided for three alternative quantities: The RDT&E quantity and two

alternative production quantities,  Quantity inpuls are the NAMELIST variables QN2,
N3, and N3,

In the system costing method manufacturing costs arce estimated in dollars, Conver-
sion of engincering and tooling hours to dollars is the same process previously des-
cribed,  These caleulations occur at (781, 2), (781, 4), (781, 6), (782, 2), (782, 4).

SUSTAINING ENGINEERING HOURS

CER FForm

The equation used for the RDT&E quantity is

. ... 125 )
SEH = TEL (QN2 - 1) (18)

where

SEH : Sustaining engineering hours
TEL = Total engineering labor
QN2 RDT& K quantity
S = Scaling against quantity
The equation usad Lor procurement quantities is

1 N

1S ES
SEH = TEL (QN4 = - QN2 ), (19)
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IS oS .
or (QNG - QN2 ylor the sccond procuarement quantity, where

QN1 QN2 - QN3

NG QN2 v QND

lnpu ts

QN2 and ES are NAMELIST SUMMARY inputs, QN2 is obtained from program plan
datar, ES has w vadue of 0,2 as previously discussed, QN3 and QN5 wre allernative
production quantities,

SUSTAINING TOOLING HOURS

CER Form

The cquation used for the ROTEE quantity is
T
STH (TN - PTE)Y QN2 = 1) (20)
where

STH = Sustaining tooling hours
T'PM - Total tool manuwfacturing hours
TTE  Total tool engincering hours

T

—

Scaling against quantity

The cquation used for procurement quantities is
- TU v
STH - (TPM v 'T'TE) (N - QN2 ), (21)

T
or (QNG

A

. T .
- (N2 ) for the second procurcement quantity,

inputs

TU has aovalue of 0,14 as previously discussed,

MANU FACTURING RECURRING COSTS

Based on first unit manufacturing costs, recurring manufacturing costs ave projected
on a dollar basis, Exactly the same procedure is used as was used for the trade study
recurring production costs by structural clement, described in Section 2,3,2, A
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7Z-card caleulation hased on TERM 29 is usced,  This has the equational form,

123
Cost Fstimated 11 Z i'\ (22
I)"

with the same deflinitions as in Secetion 2,3, 2, The calealation is performed for ench
of the aireraft subsvstems,

Quadity Control costs arce inctuded in the first unit cost estimate since they were in-
cluded in the original data hase,

3.0 PROGRAM OPERATION AND INSTRUCTION

This discussion covers the same topics considered in connecetion with the trade study
method,  Computer proeram integration is not applicable, however, since for system
costing, supporting programs arce not described.  Input dita is developed from a
croup weight statement, certain design and propram data, and historical cost data,
requiring an appropriate pre=design activity, Time shaving is applicable in a mauner
similir to that deseribed in Sceetion 2, 4, 3,

NAMELIST CURVE and NAMELLST SUMMARY input cards are prepared according Lo

the NAMELIST variables dictionary (Appendix K), A computer printout of the required
input cards is given in Appendix K as a guide,
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SECTION LV

DEMONSTRATION RUNS

Test ciase estimates have heen performed tor cach of the two estimating methods using
the cost model computer program and the results from runs of the supporting synthe-
sis programs, in the casce of the trade study method,  Printouts from these runs have
been used to illustrate the methods in the previous sections,  This section desceribes
the steps tiken and the information gathered in setting up the demonstration runs,  An
evaluation from the standpoint of estimating results is provided in the Technicul
Volume, Results ol the demonstration runs are given in Appendix M,

The B-3s alveraft program was sclected as the test case Tor both the trade study and
the system cost estimating methods,  Other candidates were considered hut were not
selected for various reasons:

The scleerdon had to be limited to a Convair program since data collection ex-
perience indicated that access to data wus a problem otherwise,  Choice ol the
B=08 wis supported by the availability of results from a NASA-fundoed cost
data study, Reference 5.0 The F-111A was a candidate, but the cost ol collect-
ing comparative actual data was beyond the budgetary limits of the study,

hata for the B=38 program were obtained from four general sources: (1) B-5§
Cost Data Study Report, Referenee 5 (2) B=53 Cost History; (3) Actual Woight
and Balance Report for B=58A (Bomber Alrplane), FZW-4-0358, Relerence 63
and (1) other internal company data sources, The B-58 Cost History is a
specific internal document prepared as part of the company's ongoing cost
rescarch,

The results of the trade study and system runs cannot be direcetly compared since they
are set up in different time frames: the trade study method estimates historical costs
using a composite, then year labor rate, whereas the system cost estimate is made in
1974 doltars,  The trade study method estimates labor and material separately, so
that by applying the appropriate labor rate and material cost lactor, cconomic escula-
tion is tuken into account, Somce ambiguity occurs in the case of material cost, how-
ever, since the historical data typically intermingles production material associataed
with structure and purchased parts associated with the functional subsystems,

The system cost estimating factors were developed from a data base that had been ad-
justed to 1970 dollars.,  An inflation adjustment was applied to these results to convert
to 1974 dollars, Going back to the 1970 dala base, or any intervening year, roquires
only & simple series ol I'=card changes. However, moving back to any carlicr period
vould require a more comprehensive adjustment to the data base,
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For the usual estimating situation, estimates will be made in the current time frame,
and comparisons of the results from the methods can he made, dMaking a comparison
in the case of the B-58 would be time consuming and still not conclusive due to the
difficulties in determining precise escalation adjustment factors,

The demonstration cascas presently set up does provide a comprehensive test ol both
methods., An analysis of cstimates and a comparison to actuals, both from the B-58
aircraft and cther airceraft, at subsystem and detailed levels, has been accomplished
and is reported in the Technical Volume, Verification of the estimating logic and de-
bugging of the computer program have been largely accomplished, The demonstration
case also served as a vehicle to coordinate the installation of the system al AFFDL,

4,1 TRADE STUDY ESTIMATING DEMONSTRATICN RUN

The steps used in making this run are described below, They differ from the nominal
procedurce inasmuch as actual design and weights data werc available eliminating the
need for synthesis data and resulting in deemphasis on the demonstration of the design

synthesis computer programs.

I'irst Unit Cost Esiimate

a, Obtained detailed weights data by review of the detailed weight statement contained
in Reference 6,

h. Determined type of construction and material used for the basic structure from a
review of Reference 5 and determined approximate weight breakdown,

c. Dectermined complexity factor by reference to complexity factor tables for detail
fabrication and subassembly.

d. Prepared an input data summary similar to Figure 26 {or acrodynamic surfacces
and fuselage hardware clements for detlail fabrication hours and similar to Figure
27 for subassembly hours,

e. Decveloped design data required by Figure 28 from Reference 5.

f.  Entered detailed weights data for secondary structure in a Figure 29-type sum-
mary sheet,

g. Analyzed secondary structure descriptions contained in Reference 5, determined
type of construction and material, determined complexity factor by analogy to
data contained in Tables 25 and 26, and entered fabrication and subassecinbly com-
plexity factors in a Figure 29~type summary sheet,

h. Developed design data required by Figure 30 from Reference 5,
i, Obtained-matcrial factors required by Figure 31 from Tables 31 and 32 for pri~

inary structure,
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j.  Obtained material factors required by Figure 32 from Tables 33 and 34 for scecond-
ary structure,

K., Dectermined fastener complexity tor entries required by Figure 33, Data is ob-
tained from Table 36.

Recurring Production Cost [stimate

1.  Determined quantities to he estimated based on original program plan,

m. Analyzed historical cost duta to determine manufacturing and tool manufacturing
labor rates (o be used o represent historical B-58 costs,

n, Input values for the matrix of learning curve faclors: hardware elements by cate-
gory of cost, i,e¢., detail fabrication lahbor, assembly labor, and material. These
factors arc hascd on general experience. Analysis of learning curves at this level
of detail is considered to be beyond the scope of this contract, Appendix D shows
the extent of the learning curve breakout,

Nonrccurring Design and Development Costs

0. Determined AMPR weight values {rom Reference 6.

p. Inpul estimating coctficicnts obtained from Appendix I for engincering direct labor
(EH) and total manufacturing labor (TMF),

(. Determined maximum production rate [rom historical data,

r. Analyzed historical cosl data to determine other labor rates: enginecring, tool
manufacturing, tool enginecring, composite rate for manufacturing d: velopment
and plant engincering, and quality control,

s. Input values for composite learning curves for fabrication, assembly, and matcrial
CoSts.,

Appendix B gives a sample printoul of the input elements, This sample was taken from
the B-58 demonstration run and may be referred to for the input values used for this
test case. Appendix M provides the additional estimating resulls, in computer prini-
out form, which, when taken in conjunction with the other printout shown for illustra-
tive purposces throughout this Handhook, constitutes a complete sel ol printouts, Table
M-1 gives the location of the outpul sct.

4,2 SYSTEM COST ESTIMATING DEMONSTRATION RUN

The steps used in making this run are desceribed below. In the case of the syslem cost-
ing test case, sources lor the required input data are not precisely determined so that
the procedures described represent o typical case, Reference is made to Appendix K,
which contains a printout of the input clements as usced for the test case and a
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NAMELLIST variables dictionary, The latter scives as a summary table tor the re~
guired inputs and will bhe referred to in the discussion below,

Nonrecurring Design and Development Cost Estimale

m.

Obtained weights data for basic structure by review of the detailed weight state-
ment contained in Relerence 6.

Entercd value for cost-weight scaling hased on data contained in Figures I-1

through I-6, ard L-1 through L-12,

Developed complexity factor values by judgment based on a comparison of
characteristics between the B-58 component estimated and a suitable analog.
Input value is the ratio of the analog to the hest it curve suitably factored.
See pages 150 and 152 of this volume and page 93 forward in Volume 1.

Determined AMPR weight for basic structure from Reflerence 6.

Obtained weights data for sccondary structure by review of the detailed weight
statement contained in Reference 6.

Entered an estimated value for a composite enginecering labor rate (i, e., to cover
the various types of enginecring involved) and the values for FM and TI obtained
from the NAMELIST variahles dictionary.

Entered tooling complexily factors as ohtained from Table 40,

Entercd complexity factor TI7 as the ratio ol the B-58 actual cost to the compar-
able point on a best [il curve,

Determined production rate from historical data,

Entered value for TR, scaling with production rate increase, from NAMELILST
variables dictionary, Value is hascd on manuwlacturing expericnce,

Estimated tool manufacturing and tool enginecering labor rates based on historical
data or obtained from irade study data,

Determined ratio of tool enginceering to tool manulacturing rom historical data,

Sce Table I-2.

Obtained rate tool engineering factor, ratio of tooling material to tool manulactur-
ing, manulacturing aids factor, manuwlacturing development lactor, ratio of quality
control to engineering labor, and ratio of Q/C to tool manulacturing labor from
NAMELIST variables dictionary., Values are based on munufacturing experience,

Determined manufacturing aids, manufacturing development, and quality control
labor rates Irom historical data,

Obtained speed [rom design data,
Dotermined development quantity from historical dita,
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I'irst Unit Cost Estimate

4. Determined complexity factor values, UFL through UF17, from Figures L-14
through L-30 cither by taking the ratio of the B-58 actual cost to u comparable
point on a hest [it curve or by judgment basced on a comparison of characteristics
hetween the B-58 component and the average represented by a hest fit curve,

Recurring Airframe Production Costs

r. Determined quantities to be estimated based on original program plan,

s. Entered sustaining engincering and sustaining tooling exponents from the NAME-
LIST variables dictionary,

t.  Determined composite tool manufacturing-fool engincering labor rate.

u. Input values for the matrix of learning curve factors: hardware subsystem by
quantity hlock,

Appendix K gives a sample printout of the input elements, This sample was taken [rom
the B-58 demonstration run and may be referred to for the input values used for the
test case, The printouts shown in Figures 14 through 17 give the cstimating results of
these inputs.,

4.3 COMBINED METHODS OPERATION

The combined methods operation is limited to the substitution of basic structure first
wnit costs from the trade study costing method in the system costing results. The
combined mode thus involves basically the system cost estimating logic as augmented
by the substitution of certain trade study calculations: those occurring from F-cards
751, 4 through 1756,4. The series of terms (61,9), (124,9), (173,9), (229,9),
(280,9), and (314,9) serve to interconnect the two methods, If the combined mode is
to be used, then the first part of the respective cquations, i.c., the part in {ront of
the plus sign, must be zeroed out by an appropriate entry and the calculations produc-
ing these terms must he activated from the trade study model card deck, Each of
these terms is traced back through the calculations, the necessary model cards are
activated by insertion in the input deck, the relevant NAMELIST variables arc input,
and the case can then be run as before, The terms involved are defined as follows:

i

(61,9) Wing first unit labor and material dollar cost

(124,9) = Horizontal stabilizer first unit labor and material dollar cost
(173,9) = Vertical " B L e
(229’9) — l,‘USclag(\ 1 1 13 " T 1" r 1
(280,9) = NﬂCCllcb (A} 1 " " 1" e 1 "
(314,9) = Landing Gear " 0 J i mooon

170



If these terms are substituted, then the recurring airframe production costs automatic-
ally reflect the substitution, The system costing method then provides a detailed anal-
ysis of hasic structure costs, and detailed costs arce provided cither us a partial print-
out of the trade study format or from the SAV matrix,

4.4 ABBREVIATED RUNS

Abbreviated or partial runs can be made in the case of the (rade study cost estimating
method. This is exemplified in the B-58 test case in two ways: (1) Since the B-58
aircraft does not have a horizontal stabilizer, one of the six hardware clements
modeled is omitted and (2) Onc nroduction quantity, instead of two, is evaluated.

The climination of the horizontal stabilizer is accomplished by removing the
appropriate model cards:

a, Cards F-100 through I'-150, the eight cards immediately preceeding, and the
two cards immediately following.

h. Cards F-365 through -390 and the two cards immediately preceeding and
immediately following.

Cr. Cards I'-507 through F-532 and the two cards immediately preceeding and
immediately following,

The elimination of the second production quantity is accomplished by removing the
following cards:

a. Cards F-475 through F-613, the immediately preceeding two cards and the
following one card.

h. Cards F-650 through F-658, the immediately preceeding six cards and the
following card.

The elimination from consideration of other hardware clements is accomplished hy
removing comparable sets of cards.,

4.5 ESTIMATING ACCURACY

The demonstration runs give evidence of a fully operational cost model. A full assess-
ment of estimating accuracy has not been attempted, however, in view of the {act

that only one test case has been identified and completed. Based on this case, a
limited evaluation of estimating results is discussed in Volume 1, Seetion 6. In
addition, however, a lew qualitative statements can be made regarding the esti-
mating accuracy that can be expected from the use of a model of this type.
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The initial decision regarding the level of detail at which to pursue the development
and the concomitant acceprance of the state of data availabilitly described us un-
limited data dhe idea that the expected future availability ol data would be reflected
in the level of detail estimated) limited the use ol statistical estimating approaches.
In the form of the model that resulted, input development is an imporiaat key to
estimating accuracy. The experience of the uscer, the availability of expert judg-
ment, the retevance of available analogs, the performance of experiments, and

the results ol special swudies all are channels for improving input development,
which in turn improves the estimating results.

Again with regard to input, the accuracy of the ouput ol the supporting design
synthesis and weight estimating programs is ol great import. The overall accuracy
of the methodology must be judged on the hasis of the entire set of programs used.

In using a model ol this type, and in lact, in any estimating process, accuracy is
depondent upon the degree of product delinition and the extent to which the product
incorporates advanced technology. In sonme respects these amount to the same
thing: the application of advanced technology tends to make product definition more
difficult, but product delinition can lag for other reasons also. In this model im-
proved product definition enhances accuracy by facilitating the cheice ol hetter com-
plexity factor, providing more accurate definition of materials and construction
categories, and insuring a more representative choice of analogs. Dealing with
advanced technologies reduces the accuracy ol estimates because of data base
limitations. This will always be true, but the use of a detailed estimating procedures
permits a more precise focusing on the problem.

The current model provides credible estimates. It is felt, however, that develop-
ment ol the full potential of the model involves: (1) additional user experience; (2)
additions to the cost data base; (3) continuing improvements in the supporting
synthesis and weight analysis programs; and (4) development and incorporation of
specific additional fcatures in the cost model logic. The additional user experience
will also, undoubtedly, provide [ecdback for model improvements and steps 1o
augment the data base.
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