WASH 132,277

NASA-CR-152279
19%0 000 7606

A Reproduced Copy

OF

VRS £p-/52,2 77

Reproduced for NASA
by the
NASA scientific and Technical Information Facility

HERARY G809V

FE2 181987

LANGLEZY RESZARSH CENTER
LIBRADY, NASA

HAMETOM, VIRGINIA
FFNo 672 Aug 65



. |

Appendix A

COMON BLOCK AND VARIABLS DEFINITION

(NASA-CR=-152279) DOCUMENTATICN OF THE N80-15866
ANALYSES OP THE BENFFITS AKD COSTS OF

AERONAUTICAL "RSEARCH AND TECHNOLOGY MODCLS Hc 403/an Ao/
{ABC-ART). VOLUHE 2: APPFNDICES Final 6nc1as
ideport {SRI International Corp., Men.o Park, G3/66 44234

. +
N o~ 15966



e —— —

" APPENDICES

A COMON BLOCK AND VARIABLE DEFIRITION . o « o o o
B DESCRIPTION OF PLOTTER SOFIWARE RCUTINES o o o &

c LISTING OF PROGRAM SOURCE CCDE FOR THE FLEET
Accomnlrm KUDULE s o . ¢ 8 L I ¢ & o % o O o

D LISTING OF PROGRAM SOURCE CODE FOR THE AIRFRAME
MANUFACTURER MODULE ¢ 4 o ¢ o o o o o o o ¢ s o

E LISTING OF PROGRAM SOURCE CODE FOR THE AIR
CARRIER mnm * L ] L] . L] L] LN L] . L] * e ° . L L]

F COSMIC SOFTWARE SUZMITTAL INFOFMATION .+ o« o o o

PRECEDINS PANT DLASK BQT FILMT?

1i1

P L T TerPuN

!

B-1

C-1

D-1

E~1

F-1



ﬂ,ytn

“’

A.l
A2
A3
A4

TABLES

Common Block Definition and Us2gC o o ¢ o o o o o o o

Definition of Fleet Accounting Module Variebles « o

Definition of Airfreme Manufacturer Module Variables

Definition of Air Carrier Module Variables . « ¢ « &



M cadatuies 8

-~

Gz |

Under NASA sponsorship the Analysis of the Benefits and Costs of |
Aeronautical Research and Technology (ABC-ART) models have been developed
for use in analyzing the economic feasibili:y of applying advanced aero-
nautical technology to future civil aircraft, The models were developed
through in-house efforts at the Ames Rescarch Center, with gsome contractor
support. SRI International did not‘patticipa:e in the dcvelopment‘of thege
models., The development work ended without the preparation of model docu~
mentation, SRI was contracted to document the ABC-ART models as they
existed., This two volume teport.is the result of the SRI effort. The
first volume contains the main body of th2 documentation thle the seccnd
contains supporting appendices.

The assistance and cooperation of NASA in this study effort is
gratefully acknowledged, particularly the contributions of Mr. Steven E.
Belsley, who served as technical monitor, and Messrs. Louis J. Williams,
Herbert Hoy, and Jeff V. Bov;les, who provided valuable background informa-
tion and technical sssistance. | |

This research was conducted within the Transportation and Industrial

. Systems Center of SRI International, Dr. Rubert Ratner, Cirector. Mr.

James Gorhem served as supervisor and Dr. John Bobick served as project
leader and principal investigator. Other research team members included

Mr. Ronald Braun and Ms. Rita Denny.



T el

D VYT i

LW ]

VOLUME I: Techaical Report
PREFACE ¢ o ¢ ¢ ¢ o ¢ ¢ o o o
LIST OF ILLUSTRATIONS « o« o «
LIST OF TABLES « o o o o o o
1 INTRODUCTION 4+ o o s o o

II FLEET ACCOUNTING MODULE
A, Methodology =« ¢ o o
B. Program Logic « « o«
C. Input ¢ ¢ o o ¢ o o
D. OCutput . « o o o o o

CONTENTS

1II AIRFRAME MANUFACTURER MODULE
A, Mcthodology e ¢ o o o o

B. Progrem Logic .+ « .
‘ c. Iﬂput . [ ] L] L] * * .
DQ output . . [ ] L] * * .

IV AIR CARRIER MODULE . « «
A. HMethodology =« « o o
B. Program Logic . «
Co Input o ¢ ¢ o ¢ o o
D.e OQULPUL & o o o ¢ o o

V SAMPLE PROBLEM & « « o
A. Job Setup ¢ ¢ o o o
B, Input Data . « « « o

C. Computer Resources .
VOLUME II:

APPENDICES

A COMMON BLOCK AND VARIABLE DEFINITION

iid

iv

vi

10
32
37

53
53
70
94
102

119
119
137
158
164

189
189
191
191



I )

ILLUSTRATIONS

Program Structure of the Fleet Accounting Module o o ¢ o o o o 11
Flowchart of Program BET LOZLC o « o o o o o ¢ o o ¢ o o o o o 12
Flowchart of Subroutine AMORTIZ Logic . « e s s v 55 s 0 s 19
Flowcharf of Subroutine MODS LOZIC o« o ¢ o o ¢ o ¢ ¢ o o o o : - 20
Flowchart of Subroutine BUYS LcoZic o o o o ¢ o ¢ o ¢ ¢ o o o @ 21
Flowchart of Subroutine SHARE LogIC o« o o o o o o o .0 o o o o 23
Flowchart of Subroutine UNITO4 LogiC ¢ o o « o o o o o ¢ o o o 24
Flowchart of Subroutine CURVES LOgic ¢ « ¢ o o o o o o o o o o 25

<2

O 0O N O WL

= =
O )

13

14

15

16
17
18
19
20

- 21

22
23
24
25

27
28

Flowchart of Subroutine SETUP Logic « o o o ¢ o e o o o 0 26
Flowchart of Subroutine PLOTSGL Logic o« o o o o e o o o e 28
Flowchart of Subroutine PLOTTER LOBIC + o o o« o o o o o o o 30
Sample Plotted Output of RPMs Flown versus Time for an

Individual AfxcTaft TYPE o ¢ ¢ ¢ o o o o o ¢ o ¢ ¢ s o o o o 48
Semple Plotted Output of Fuel Consumed versus Time for an

Individual Afrcraft TYPE « o o ¢ o o o ¢ o o o o ¢ o o o o o 49
Sample Plotted Output of RPMs Flown versus Time Accumulated

over ALTcraft TYPES o« o o o ¢ o o o o s ¢ ¢ s o o s ¢ o o o 50
Sample Plotted Output of Fuel Consumed versus Time

Accumulated over Ailrcraft TYPES « ¢ o ¢ o o ¢ o ¢ o o o o o 51
Program Structure of the Airframe Manufacturer Module . . . 71
Flowchart of Subroutine INPLANT LOSIC « « ¢ ¢ o o o o o o o 72
Flowchart of Subroutine PLANT Logic .« ¢ o « « &« « o o o o 75
Flowchart of Subroutine ACCOST Logic o+ ¢ o o o o o o o o o 77
Flowchart of Subroutine COSTPR Logic « o « o o &« e o o o s 80
Flowchart of Subroutine ACPRICE Logic .« « o o & e o s s e 82
Flowchart of Subroutine CASHFLW Logic « « « « e 4 o o 83
Flowchart of Subroutine RDTE Logic + « ¢ ¢ o « & o o s o 85
Flowchart of Subroutine REVENUE Logic « o o o o o o o ¢ ¢ & 86
Flowchart of Subroutine COMCOS Logic « « ¢ o o & e e o e s 87
Flowchart of Subroutine INTROR Logic « ¢« o o o o « o o o » 89
Flowchart of Subroutine INRR Logic o« ¢ ¢ ¢ & & & e o o o o 91
Program Structure of the Air Carrier Module . . « o o o o 138



TR Y ol

Lo

LW J

29
30
3l
32
33
34
35
36
37
38
39
40

Flowchart
Flowchart
Flowchart
Flowchart
Flowchart
Flowchart
Flowchart
Flowchart
Flowshart
Flowchart
Flowchart
Flowchart

of
of
of
of
of
of
of
of
of
of
of
of

TLLUSTRATIONS (Continued)

Program Q?LIFE Logic . .

Subroutine
Subroutine
Subreoutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine

Subroutine

INPUTS Logic
DIRECT Logic
INDIR Logic

REPAY Logic .
DEPSUB Logfc
NETSUB Logic
SUM Logic . .
CFSUB Logic .
DCFSUB Logic

»

TAX Logic . . .

OUTPUT Logic

vi

139
142
143
145
146
148
149
150
152
153
155
157



TABLES

Card Input Data for the Fleet Accounting Module « o « o o o o o o 33
i 2 Sample Printout of Market Input Data and Projected RPHY Demand 38

Sample Printout of Yearly Fleet Composition and Activity
Projections for an Individual Aizcraft Type . « « « ¢ ¢ o ¢ o ¢ 39

| 4 Sample Printout of Cumulative Fleet Composition and Activity

) Projections for en Individual Afrcraft Type « « « o « o o o« 41
5 Sample Printout of Cumulative Fieet Composition and Activity
Projections for a Market .« o« o « ¢ o o o e e e e e e e e e 42

6 Sample Printout of Cuzulative Fleet Composition and Activity
Projections for ALL Markets . « « « o o ¢ s o oo oo e e e e 43

7 Sample Printout of the Fractional Market Share of Curmulative
, : Fleet Composition and Activity Projections for a Market . . . . 44

i 8 Sample Printout of the Yearly Fleet Composition and Activity

Projections for a Market . o« v v o o o o o oo 000w e 45
- ¢ , 9 Sample Printout of the Total Yearly Fleet Composition and
A Activity Projections for All Markets . . o ¢ ¢ o o o o o0 o 47
10 Card Input Data for the Airframe Manufacturer Module .+ . . 96
11 Sample Prii out of Aircraft Demsnd Information . . « « « o 103
' 12 Sample Printout of Production Scheduling Results . . . . .- 104

13 Sample Printout of Values of Variszbles in Namelists INPUT1

8“d IIIPUTZ ’ . L] . . . L] . . - L] L] L] L] . * . . . . . . . - - . 105
14 Saumple Printout of Program Variables . « o « o o v o o o o o 108
15 Sample Printout of Aircraft Manufacturing fcst Components by

Production Level .+ o« o« o o o o o o o o o o o s 0 o 0 0o e 110
16 Sample Printout of Cost Breakdown for MNumber of Vehicles

T o L T I 111
17 Sample Printout nf Costs Versus Production Level . . . « . . 112
18 Sample Printout of Aircraft Price Estimation Results . . « . 113
19 Sample Printout of Internal Rate of Return Results. . « « « 115
20 Sample Printout of Individual Monthly Cost, Income, and

Cash Flow DAtA « « o o s o s o o o o o s o o o o o o o o o 0 116
21 Sample Printout of Cumulative Monthly Cost, Income, and

Cash FLow DAt ¢ « o o o o o o ¢ o o o s o o o o o 0 o 0 o o 118
22 Card Input Data for the Air Carrier Module .« .« ¢ ¢ ¢ o o o & 159

vii

PERECEUG M cre v oman o 54T FILLIED

B TR VPRt * oI



TR, : e B e b 16 ;]

- O

30
31
32
33

34

35

36

37

38

39

40

TABLES (Continued)

Sample Printout of Initial Investment Costs by Year . . . .
Sample Printout of Input Values for Nameiist NSTAGE . ., . .

Sample Printout of Input Tahle Heading and Vzlues for
Namel ist -\VPLA‘VE . . . . L] L] . . . L] - . . . L] . . . . . L] .

Sample Printout of Direct Operating Costs per Aircraft Mile
Sample Printout of Direct Operating Costs per Block Hour. .

Sample Printout of Input Parameters for Indirecct Operating
Cost Calculations . . . . . . . . . . ... ¢ e e e e

Sample Printout of Irdirect Operating Costs per Trip by
Stage Length. . . . . . . v v v v v v . .. © e e e e e e

Sample Printout of Total Operating Costs by Year . . . . .
Sample Printout of Depreciatior and Farnings by Year. . . .
Sample Printout of Total Initial Investment Costs by Year .

Sample Printout of Double~Declining, Straight-line and
Total Aircraft Depreciation by Year . . . . . . e e e

Sample Printout of Cash Flow by Year without Operating Loss

Carryovers or Capital Gains Tax. . . . . ¢t e e e e e
Sample Printout of Capital GCains by Year . . . . ... ..

Sample Printout of the Cash Flow by Year with Tax
Adjustments for Loss Carryovers and Capital Gains . . . .

Sample Printout of Trial Rates of Return on Investment and
Associated Discounted Cash Flow Sum . . . . . . © e e e e

Sample Printout of Summary Financial Analysis Statistics
(Part 1) « v v v v 0 oo e e e e e e e e

Sample Printout of Summary Financial Analysis Statistics
(Part 2). . . o v o Lo e e e e .

Listing of Card Input Data for Sample Run of the Fleet
Accounting and Airframe Manufacturer Modules. . e e e e

Listing of Card Input Data for Sample Run of the Air
Carrdier Module . . . . .. .. ...... t e e e e e e e

viii

G ora s B a2 i it e 8 e o M\ b L

165
165

166
168
169

170

174
175
177
178

179

180
182

183

184

185



ooy,
T g TR e By

-

St

- O

L....»‘I;;;..d....,‘........_...,..u....“....5._‘; Cn e A e P

"I INTRODUCTION

The Analysis of the Benefits and Costs of Aeronautical Research and
Technology (ABC~ART) models have been developed by IASA for use in analyzing
the economic feasibility of applying advanced zeronautical technology to
future civil aircraft. The methodology is compbsed of three major modules:
Fleet Accounting Module, Airframe Manufacturer Module, and Air Carfiet
Module.

The Fleet’Accounting Module is used to estimste the number of new
aircraft required as a function of time to meeﬁ deﬁand, This escimate
is based primarily upon the expected retirement age of existing aircraft
and the expected charge in revenue passenger miles demanded. Fuel con-
sumption estimates are also generated by this module. The Airframe
Manufacturev Module is used to analyze the feasibility of manufacturing
the new aircraft demanded. The module includes logic for production
scheduling and for estimating manufacturing costs. For a series of aircrafe
selling prices, cash flow Gnalyses are performed and rates of return on
investment are calculated. The Air Carrier Module provides g.tool for
analyzing the financial_feasibility of an airline purchasing and operat-
irg cﬁe new aircraft. This module includes a methodology for computing
direct and indirect operating costs, performing cash flow analyses, and
estimating the internﬁl rétesof'return on investment for a set of ai?craft
purchase prices. |

Documentation for the Fleet Accounting, Airframe Manufacturing, and
Alr Carrier Modules ia provided in Sections II, III, and IV, respectively.
The documentation for each module begins with a déscription of the methodo~

logy, which includes an explanation of the mathematical model (including

1
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equations and'assumpcions) embedded within the program. The implementa-
tion of the mathematical model into computer code is described in the
program logic section of the docuzentation; this includes flowcharts of

the logical construction and descriptions of the functions of the various
program routines. Then, a description of the input to the module is pro-
vided in sufficient detail to emable a user to prepare an input data file.
Finally, examples of the output of the module ave provided, and the various
entries in the output are described.

The sample output presented in the documentation of each moduie is
extracted from a sample run of the ABC-ART models. This sample run is
described in Section V of the report, including job setup, input data,
and computer resource requirements. The sample problem was run at NASA
Ames Research Center on a CDC 7600 computer system.

Additional programmer-oriented documentation is provided in Volume II of
this report. This includes definition of common blocks and variables
in Appendix A and listings of the program code, to which comments have
been added, in Appendices C, D, and E. Also included in Appendix B 1is
a detailed description of the ZETA plotter routines, which are used to
plot results in the Fleet Accounting Module. This portion of the docu-
mentation is valuable for users interested in reading the program or
modifying the code.

The docuvmentation contained in the appendices 1s designed to meet the
requiremencs* for submitting the ABC-ART models to the NASA Computer Soft-

ware Management and Information Center (COSMIC) operated under contract by

*
"COSMIC Software Submittal Guidelines," Computer Software Management
and Information Center, April 1976.

2
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the Information Services Division of the University of Georgia's Computer
Center. The specific COSMIC recuirements are aidressed in Appendix F. ‘he

appendices (Volume 1I) plus a copy of the program are available from COSMIC.

The scope o: this research effort was limited to documenting the
ABC-ART models as they exist. Code changes, program debugging, and
justification of assumptions or relationships embodied in the models
are outside the scope of the work. With the exception o'f the sample
problem, which was supplied by NASA, SRI did noi exercise the models.

The documentation was prepared by reading the FORTRAN program code.

The ABC-ART models were originally developed for application within
a specific study. As a resulg, assumptions have been made in the program
code which constrain its flexibility. 1In addition, because of this limited
past applicatiéu, the computer program has not béen subjected to a
tﬁorough series of debug test runs. Kence, program bugs can be expected
to be present. In fact, in tlie course of reading the progvam code, several
bugs were disccvered ani corrected. It is quite lika'y that other more
subtle bugs still exist in the code. These generally can be found only

., 7 testing the program via a series of computer test r.ns.

Two steps need to be taken before the ABC-ART program can reasonably
be expected fo be useful in a variety of applications. First, the
program cede needs to be made more general and ‘iexible. Parameters set
in the code need to be made user inputs; and assumptions need to be re-
laxed. iost of the required reprogramming is In the air Carrier Module,
with some in the other two moduels. Second, all modules need to be

subjected to a thorough set of debugging runs.
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IT FLEET ACCOUNTING MODULE ?

The function of the Fleet Accounting sodule is to project fleat
composition and associated fuel consumption for ezch of the 31 yours

from 1975 through 2005. The fleet projections are based on the number

of aircraft required to meet tiaffic passenger demand. Prmovisicas are

&
male in the model to account for modsfications nf a&w*aft in the fleet.

4
New aircraft are assumed to be purchased as necessary to replace aircraft
that have reached retirement age or to meet increased traffic  emand.

Descriptions of the mathema:ical modeling methodology, program logic,

input, and output for the Fleet Accounting Module follcw.

A. Methodologz

The aircraft fleet can be arbitrarily dividad into as manyv as three

markets. For examp.., aircraft might be categorized in markets by stage

length of flights, i.e., short. medium, and long haul markets. For a

glven market, the iser must spr_ify, for each of the 31 years cf znalysis,

GROWT. , = grovth rate (in percent) of revenue passenger miles
demanded in year j over those in the previous year

LF, =~ average load factor for flighte serving the market
v in year j

where j = 1 to 31 witl j = 1 for 1975.

For a market, up to ten types of aircraft can be treated, includiag
éxisting and new aircraft. These atlzcraft types may be generic types

(2.g., four engin~ narrow-body aircrafc) cor apecific alrcraft tyres

(e.g., Boeing 747-100). Tha parameters defining an aircraft type i include:

YIN'I‘RO:L = year o. introduction

SEATSi = average n'mber of seats

Tie ey
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SI-‘Ci = average fuél consunption (in pounds/seat mile)
SPEEDi = average block speed (in miles’nhour)

UTILTZ, = average utiliza;iou (in hours/year)

LIFETIMi = average aircraft lifetime (in years).

For aircraft types currencly in the fleet, a history of buys and
retirements is required. This history consists of the numbei of aircraft
bought and retired in each year from 1960 through 1975. The methodology
assumes that the fleet as of midyear vepresents the averagm»flee:
for the year for the purposes of computing fuel consumed, seat miles
flown, etc. Therefore, the history of buys and retirements uust be
given on a midyear to midyear basis. For example, the aircraft bought

in 1960 are those bought between 1 July 1959 and 30 June 1960.

Tﬁe model provides the capability to account for owe future modification
of each airecraft currently ié the fleet. The user specifies such a
modification by identifying the type of aircraft to be modified and the
year the modification is to begin. Then the new values of the parameters
for the modified aircraft type are specified, i.2., the ner values of
number of seats, fuel consumption, block speed, utilization, and nominal
retirement age. The modcl assumes that the modifications occur over a
two-year period. Half the aircraft of the designated .ype are
moaified in the year specified. The remaining aircraft are modified in

the followlng year.

In projecting the evolution of the fleet, the fleet accounting metho-
dology keeps track of several major juantities. For each of the aircraft

types (up to 10) defined for a given market, these quantities include:



-y

‘ &
NOBUYS4k = nucber of aircraft of type i bought in year k

*®
NORETIRik = number of alrcraft of tyvpe { retired in year k

POPULij = number of aircraft of tvpe { in the fleet on 30
June of vear }

SEATMI1J = geat miles flown by each type i alrcraft in yesr J.

B)Slj = rgvenue passenger mileé flown by each type i aircraft
in year }J '

FUELBRNL.' = fuel consumed (in barrels) by each type i aircraft
J in year J

HARKETj = tctal RPMs demsnded in year J

where

k = 1 to 46 with k = 1 for 1 July 1959 to 30 June 1960 and
3 = 1 to 31 with jJ = 1 for 1975.

The number of aircraft of each tyvpe in the buse year of 1975 (as
Pf nidyear) is computed from the input l6-year hisaory of aircraft buys
and retirements as follows:

16

POPUL,, = T  [NOBUYS

- T
13 1 ™ NORET;Rik] (1)

with § = 1. The seat mileé flcwn, revenue passenger miles flown, and fuel

consuned in the base year by each aircraft of type i are computed as follows:

- EE S . 2

SEATMIiJ (SFLEDi)(UTILIZi)(SEAT i) 2)
RPM - (SEATMI, )Y(LF R}
1y SRATNLLED | @)
FU:LBRNij -'(SF01/281.&)(SEATinJ) (4)

with j = 1. The total number of RPMs demanded in the market under consid-
eration in the base year {s given bv:

MARKET, = zi: [(RP.‘(U)(POPULU)] . _ (5

*
The values for k = 1 to 16 are the input histories for existing aircraft
types. v



For ecach year of analysis beyond the base year, the first step iIn
the methodology is to cetire those aircraft scheduled to retire. 'The
number of aircraft retired of a specific type in a given year is taken
to be the number bought in a past year, which is determined by going
back the number of years equal to the inpuc retirement age. The next
step is to update the characteristics of those aircraft scheduled for
modification. Characteristics which are updated include the number
of seats, speced, utilization, retirement age, and fuel consumption.
Since it is assumed that modifications occur over a two ye#r period, in the
input year of modification, the average of the old and new values of air-
er .£t characteristics are assumed to hold. In subsequent years, the new
values hold.

Having retired and modified aircraft in the year of analysis, the
next step is to determine if any new aircraft need be purchased to meet
demand. The number of RPMs demanded, HARKETJ, for any year j (greater
than 1) is computed as follows:

MARKET, = (1.0 + GROWTH,(/100) (MARKET

] 3 i-1
The number of RPMs supplied by the fleet without any new aircraft in year §

). 6)

is computed using Egs. (2) and (3) to compute RPHij for each aircraft type
i in the year j, and then summing over aircraft types. The difference
between the RPMs demanded and those available is given by:
RPMDIFF =MARKET, - i [(RPMij)(POPULij)] . (7)
If RPMDIFF is not positive, no new a‘rcraft are purchased. In the
case where RPMDIFF 15 negative, supply e¢x:eeds demand and the average load

factor will be less than that expected for the year. If RPMDIFF is positive,

more aircraft are needed to meet demand. The number cf aircraft purchased
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is given by

= RPMDIFF/RPM : (8)

NOBUYS g

1'y
where i' designates the aircraft type to be purchased in year j.

When defining aircraft types in the input.data, existing aircraft
types are defined first, then new* aircrafc types. The order of definition
of aircraft types is important in detemmining which aircraft is purchased
in a given year. The aircraft purchased in ygar.j is the first afrcraft
type encountered that has been introduced in year j or earlier, vhere the
aircraft types are considered in the reverse order (last to firsc) in
which they were input.

The methodology records statistics on fleet population, buys,
retirements, seat miles flown, RPMs flown, and fuel conmsumed. These are
gathered on a yearly and cumulative basis for individual aircraft t&pes
an¢ for markets. This information is provided in printed and plotted output.

In the remainder of this chapter, detailed descriptions of the program

logic, input, and output for the Fleet Accounting Module are provided.

*
New aircraft types are not necessarily aircraft types to be introduced
at a later cate. They may be current aircraft types.
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B. Program Logic

Figure 1 illustrates the interrelationships among the routiﬁes which
make up the Fleet Accounting Module program. BET acts as the main
program for the Fleet Accounting Module and the Airframe Manufacturer Module.
Subroutine INPLANT provides the interface between these two modules. Since
it copcrols the flow of logic for the Airframe Manufacturer Module, it is
considered part of this module aid will be discussed in the next Secticn
Brief descriptions of each routine :n the Fleet Accounting Module, together

with flowcharts of the logic follow:

BET

Program BET serves as the main program for the Fleet Accounting Module.

‘A flowchart of the BET logic is shown in Figure 2. The BET routine controls

the flow of logic for the Fleet Accounting Module, considering the markets
sequentially. It reads the data defining the market as well as the

parameters defining the existing aircraft, new aircraft, and difcrdft
modifications. BET cal’s upon routines AMCRTIZ,.MODS, and BUYé for each

year to‘determine aircraft retirements, modifications, and buys. BET controls
the printing of various statistics regarding fleet compesition and activity

projections, including humbér of retirewents, buys, seat miles flowm, ﬁPHs

flown, and fuel consumed. These are printed for individual aircraft types

and for markets on a yearly and cumulative basis. The BET program calls
upon various routines to create ;lots of RPMs flown and fuel consumed on

an irndividual aircraft type and market basis.

10
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Figure 1 Program Structure of the Fleet Accounting Module
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PROGRAY
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CALL
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0 000

'
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CONSIDER
NEXT AIRCRAFT
TYPE

OF BUYS AND RETIRES
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Figure 2 Flowchart of Program BET Loglc
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Figure 2 (Continued)
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PROJECT RPMS DEMANDED IN
FUTURE YEARS

YEAR = 1976

CALL AMORTIZ (YFAR)

RETIRE AIRCRAFT THAT
HAVE REACHED RETIREMENT AGE

CALL MODS (YEAR)

YODIFY ANY AIRCRAFT SCHECULFD
FOR MODIFICATION

s

CALL BUYS (YEAR)

BUY NEW AIRCRATT NEEDED TO
MEET KPMS DEMANDED

CONSIDER THE
NEXT YEAR

YEAR = 2005
?

Figure 2 (Continued)
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CONSIDER F°RST
AIRCRAFT TYPE

> YEAR = 1975

PRINT FOR THE AIRCRAFT TYPL:

NIMBER OF AIRCRAFT

NUMBER RETIRED DURING YEAR
NUMBER BOUGHT DURING YEAR
SEAT MILES FLOWN DURING YFAR
FPMS FLOWN DURING YFAR

FUEL CONSUMED DURING YEAR

000000

I

CALL
SHARE

CONSIDER
NEXT YEAR

CALL
CURVES

CONSIDER NEXT
| AIRCRAFT TYPE

Figure 2 (Continued)
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NONEW=0
?

CALL
INPLANT

4

CALL
PLOTSGL

l

PRINT FOR EACH AIRCRAFT TYPE BY YFAR, CUMULATIVE VALUES FCR:

NUMBER RETIRED
NUMBER BOUGHT
SEAT MILES FLOWN
RPMS FLOWN

FUEL CONSUMED

0O 0o0O0C¢C

NEXT '
MARKET — p—"O.

Figure 2 (Continued)
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PRINT VARIOUS YEARLY AND CUMULATIVE MARKET SHARE

- AND TOTAL STATISTICS FOR:

NUMBER OF AIRCRAFT IN THE FLEET
NUMBER OF AIRCRAFT BOUGHT
NUMBER OF AIRCRAFT RETIRED
SEAT MILES FLOWN

RPMS FLOWN

FUEL CONSUMED

0O0O0OO0OO0QOO

QPLOT=0

END

Figure 2 (Concluded)
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AMORTIZ

This subrouvtine ig called upon in each year of the anelysis to retire
aircraft that have reached retirement age. AMORTIZ stores data on
retirements for ruture use and upaates the number of remaining aircraft

in the fleet. A flowchart of subroutine AMORTIZ logic is shown in Figure 3.

xops |

Subroutine MODS is called upon by BET in each year to update the
characteristics of aircraft scheduled for modification. A modification is
assumed to occur over a two-year pericd. In the year a modification begins,
the aircraft.characteristics are assumed to be the average of the old and
new valves. In the following (and subsequent years), the new values hnld.

A flowchart of the subreutine MODS logic is shown in Figure 4.
BUYS

Subroutine BUYS is called upon by BET in each year for each market
to deternine the aircraft buys. A flowchart of this routine is shown in
Figure 5. Aircraft are purchased if the difference between the RPMs demanded
and the RPMs supplied by the remaining fleetvin the market (after retiremencs
and modifications) is positive. The aircraft type to be purchased is the
first aircraft type encountered whose year of introduction has occurred,
determined by examining the list of existing and new aircraft types in the
market in the reverse order they were specified in the data input. The
humber of aircraft purchased is computed by dividing the additional RPMs

needed to meet demand by the RPMs available per aircraft of the type to be

purchased.

18
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ROUTINE

AMORTIZ
(YEAR)

CONSIDER FIRST
AIRCRAFT TYPE

DETERMINE PAST YEAR SUCH THAT ALL ATRCRAFT
BOUGHT IN OR PRIOR TO THAT YFAR HAVE
REACHED RETIREMENT AGE

RETIRE AIRCRAFT IN THE FLEET THAT ART OF
RETIREMENT AGE IN THE CURRENT YEAR

CONSIDER
NEXT
AIRCRAFT TYPH

LAST
AIRCRAFT

o

Figuve 3 ‘lowchart of Subroutine AMORTIZ Logic
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LAST

CONSIDER —’
No EXISTING

NEXT

AIRCRAFT

AIRCRAFT
?

Yes

COMPUTE SEAT MILES, RFMS, AND FUEL
CONSUMED PER AIRCRAFT OF EACR TVZ

Cam)

Figure 4 TFlowchart of Subroutine MODS Logic
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ROT™TINE
MODS
(YEAR)
CONSIDER THE FIRST
EXISTING AIRCRAFT TYPR
. MODIFY
MODIFICATLSH 23 W FIRST HALF
7\\_DUE TO BECIN ‘| OF AIRCRAFT
THIS YEAS
MODIFY
SECOND HALF N
OF AIRCRAFT
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ROUTINE

BUYS
(YEAR)

COMPUTE:

KPMDIFF=RPHS DEMANDID MINUS TOTAL RDMS SUPPLIED
BY ALL REMAINING AIRCRAFT SERVING THE CURRENT
MARK®T IN THE CURRENT YEAR

COMPUTE AND PRINT TUF
LOAD FACTOR ASSUMING ALL
AIRCRAFT IN THE CURRENT

FLEET CONTINUE TO OPERATH

CONSIDER

LAST TYPE
OF AIRCRAFT

CONSIDER NEXT
AIRCRAFT TYPE

(GOING UP THE LIST)

FIRST
AIRCRAFT
TYPE

'EAR OF INTROS

DUCTION LATER THAN

CURRENT YEAR
?

RT AIRCRAFT TYP® TO BE
BOUGKT THIS YEAR EQUAL
TO THE TYPE CURRINTLY

UNDER CONSIDERATION

e Y

COMPUTE:

TO BE BOUGHT

NUMBER OF RLYS e RPMDIFT
DIVIDED BY RPMS SUPPLIE
PER AIRCRAFT OF WHE TV

|

-
¥

UPDATE FLEET TO ACCOUNT
FOR AIRCRAFT BOITHT

G

e —

Flgure S Flowchare of Subroutine BUYS Logic
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SHARE

This subroutine.is called vpon by BET to maintain totals by market
and year of such statistics as: nunber of aircraft, number of retirements,
number of buys, seat miles, RPMs, and fuel'consumed; A flowchart of gub-
routine SHARE logic is shown in Figura 6, :

UNITO4

This subroutine is called by BET to reorganize thé card input data
file. A flowchart of subroutine UNITO4 logic is shown in Figure 7. Card

input up to the first end-of-file is copiled to a disk file on logical

unit 4 while card input between the first and second end-of-file is copied

to a disk file on losical unit 8. The data on units 4 and 8 are read by

the Airframe Manufac::rer Module program,

CURVES

This routine {s called ts store revenue passenger miles flown and
fuel ccnsumed by each aircraft type for use in plotting in subroutine
PLOTTER. The data is stored to enable plotting RPMs flown and fuel burned
as a function of time, accumulating over aircrafe types. A flowchart of

subroutine CURVES logic is shown in Figure 8.
SETUP

Subroutine SETUP is called by BET to initialize the plotting software

on logical unit 11, where subroutine PLOTSGL produces plots of RPMs
flown and fuel consumed for individual alrcraft types. A flowchart of

subroutine SETUP is shown in Figure 9,
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SUBROUTINE

SHARE

(MARKET, YEAK)

A\

TN AT

L - ——

NUMBER GF AIRCRAFT

SEAT MILES FLOWN
RPMS FLOWN
FUEL CONSUMED

00 O00O0O0

UFDATE TOYTALS BY MARKET AND YEAR OF:

NUMBER OF AIRCRAFT RETIRED
NUMBER OF AIRCRAFT BOUGHT

v

UPDATE TOTALS BY YEAR OF:

© NUMBER OF AIRCRAFT

o NUMBER OF AIRCRAFT RETIRED
o NUMBER OF AIRCRAFT BOUGKT

o SEAT MILES FLOWN
o RPMS FLOWN
o FUCL CONSUMED

\'4

4 RETURN ’ : -

Figure 6 Flowchart of Subroutine SHARE Logic
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SUBROUTIKNE

"UNITO4

e

b

READ A RECORD
. FROM UNIT 5
Z (CARD INPUT)

' WRITE THE RECORD

ON UNIT 4
(DISK FILE)

END -OF-FILE
’ ?

READ A RECORD
FROM UNIT 5
Z (CARD INPUT)

- O

WRITE THE RECORD
ON UNIT 8

(DISK FILE) / END-OF~FILE

REWIND
UNITS 4
AND 8

( RETURN )

Figure 7 Flowchart of Subroutine UNIT04 Logic
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INCREMENT
NUMBER OF
CURVES

\I

FOR EACH YEAR, LOAD ELEMENTS OF ARRAYS CONTAINING
RPMS FLOWN AND FUEL CONSUMED BY THE ASSOCIATED AIR-
CRAFT TYPE FOR USE IN PLOTTING

\

Figure 8 Flowchart of Subroutine CURVES Legice
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ROUTINE
SETUP
(UNIT NO.)

\/

CALL PLOTS (UNIT NO.)
INITIALIZE PLOTTING SOFT=-
WARE ON THE LOGICAL UWIT

GIVEN

( RETURN >

Figure 9 Flowchart of Subroutine SETUP Logic
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PLOTSGL

Subroutire PLOTSGL is called by BET to generate plots of RPMs flown

(in billions of miles) and fuel consumed (in millions of barrels) warsus

time (in years) for individual aireraft types. Separate plots of each
of these quantities is produced for each aircraft type for which the user
hae specified that such plots are desired. The plots are generated on

an 8 by 6 inch set of coordinate axes with the scale of the axes calculated

to cover the range of fuel consumed and RPMs flown in the market that

the aircraft serves. The logic assumes that the fuel consumed in a market
A g

11

exceeds 108 barrels and that RPMs exceed 107" miles. A flowchart of the

subroutine PLOTSGL 1bgic is shown in Figure 10.

PLOTTER

Subroutine PLOTTER generates two graphs,‘one for fuel consumption and
one for RPMs flownm. Thé yearly fuel consumption and RPMs flown versus time
by each aircraft type in all markets are plotted. Each successive plot for
an individual aircraft type is referenced tc the accumulated fuél consumed
or RPMs flovm by all airc:aft types already glottéd. Curves afc generated
on an 8 $y 6 inch set of coordinates. The 5caling.of the coordinates may
be specified by the user or the default may be used. In all cases, the
§rinted values along the axis are to three significant figures. For tHe
default, RPMs are in billions of miles and fuel consumption is in millions of
barrels. The scale is computed so that it covers the range of total RPMs
flown and fuel consumed. The default logic assumes that the total RPMs
exceed 1011 miles and the fuel consumed exceeds 108 Barrals. A flowchart

of the subroutine PLCTTER logic is shown in Figure 11.
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ROUTINE
PLOTSGL
(MARKET)

\V

CALCULATE
SCALE FOR
THE PLOTS

vl

CONSIDER FIRST
AIRCRAFT TYPE
IN THE MARKET

PLOT
THIS AIRCRAFT

TYPE
?

CONSIDER NEXT
AIRCRAFT TYPE

PLOT YEARLY
FUEL CONSUMP-

TION FOR THIS
AIRCRAFT TYPE

LAST

AIRCRAFT

TYPE
?

jo

Figure 10 Flowchart of Subroutine PLOTSGL Logic
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CONSIDER FIRST
AIRCRAFT TYPE
IN THE MARKET

CONSIDER NEXT
AIRCRAFT TYPE

_j(

PLOT
THIS AIRCRAFT
TYPE

PLOT YEARLY
RPMS FLOWN
BY THIS
AIRCRAFT TYPE

RETURN

Figure 19 (Concluded)
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ROUTINE

READ DATA
SPECIFYING

SCALE FOR
THE PLOTS

No

END-OF-FILE
?

CALCULATE
SCALE FOR
THE PLOTS

PLOT YEARLY FUEL CONSUMPTION FOR EACH AIRCRAFT TYPE,
REFERENCING EACH CURVE TO THE CUMULATIVE FUEL CON-
SUMED BY AIRCRAFT TYPES ALREAUY PLOTTED

v

PLOT YEARLY KPMs FLOWN FOR EACH AIRCRAFT TYPE,
REFERENCING EACH CURVE TO THE CUMULATIVE RDMs
FLOWN BY AIRCRAFT TYPES ALREADY PLOTTED

A4

‘ RETURN ’

Figure 11 Flowchart of Subroutine PLOTTER Logic
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The following are plotter softvare routines:
PLOTS
PLOTS iniéializes plotting routines; it must be called once for each
logical unit on which plotter output is to be generated.
PLOT
PLOT is the fundamental plotter functioﬁ. It causes the‘plctter pen
to be moved from where it is to a specified location with pen either up

or down.

LINAXS

LINAXS plots and labels a linear axis.

SYMROL
SYMBOL causes a string of alphanumeric information to be plotted in

a manner specified in theAcalling sequence.

NUMBER

NUMBER plots the EBCDIC reprecentation of a floating point number.

RSTR

RSTL. is called after each plot is finished. It clears the buffers,
moves the pen to a new page, and reinitializes the necessary variables for
a new plot.

Additional programyer-oriented documentation is provided in the
appendices. In Appendix A, definitions of the common blocks and variables
are provided. In Appendix B, descriptions of the plotter software routines
and their arguments are provided. A listing of the code for all routines is
provided in Appendix C. Comments have been added to this code to assist

a user in reading the programn.
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C. Input

The input data to the Fleet Accounting Modﬁle is in card format and
is read from logical unit 5. The input file is described in Table 1,
where a description of each euntry in this f;lc is provided. All the
cards are read by program BET except card 13, which is read by sub-
routine PLOTTER.

The informztion provided in Table 1 is of sufficient detail to
enable a user to prepare inpuf data for the Fleet Accounting Module.
When preparing input, it may prove useful to refer to the listing of

the input data for the sample problem in Secticn V.
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card

Columa

1-20

1-10

11-20

In incrementé

of 10 columms
1-10

11-20

in increments

of 10 columns
1-5
1-10

11-20
21-30

31-40
41-50

51-60

Parameter Format*
MRKTYPE (T) 2A10
GROWTH (1) F10.0
GROWTH(2) F10.0
GROWTH (J) F10.0
LF(Q1) F10.0
LF(2) F10.0
LF(J) F10.0
NOEXPLS 15
TYPE(K) A10
YRINTRO(xi F10.0
SEATS (K) F10.0
SFC(K) F10.0
SPEED(K) Fio.0
UTIle(Kj F10.0

. . . e T e R L L e T e o L et

Table 1 Card Input Data for the Fleet Accounting Module

Description

Alphanuneric name given to the Ith market, where
I=1, 2, ur 3. Cards 1 to 11 are repeated for each
market to be analyzed.

Growth rate (in percent) of revenue Passenger miles
(RPMs) demznded in market I during the flrst year
(1975). (This entry is not used in any

compatations, but is included for format consistency.)

Grouth rate (in percent) of RPMs demanded in market T
during the second year.

Growth rate (in percent) of RPMs demanded in market I
during the Jth year, J=3 to 31.

load facto. (decimal) for flights in market I during
the first year,

Load factor (decimal) for flights in w-arket I during
the second year.

Load factor (decimal) for flights in market I during
the Jth year, J=3 tn 31.

Number (no more than 10) of existing types of aircraft
gserving market I.

Aiphanumeric name gfven the Kth existing aircraft type
for market I, where K=1. .

Year tyoe K aircraft began operating (e.g., 1571).

Average number of seats available par flight by type K
aircrafe.

Averzge fuel consumption In pounds per seat-mile for
type K aircraft.

Average block-to-block speed 1in statute miles per hour
for type K 2ircraft.

Average util:zation in hours per year ror type X
airerafe. )



ve

Card

(4]

-4

Column

61-70

71-E0

1-10
11-20
In increments
of 10 columns
1-10

11-20

In increments
of 10 columns

.o
1
n

11-20

Table 1

Parameter Format*
LIFETIM(K) F10.0
PLOTS (K) Al0
KOBUYS(K,1) F10.0
NOBUYS (K, 2) F10.0
HOBUYS (K, L) F10.0
NORETIR(K,1) F10.0
NORETIR(X,2) F10.0
HORETIR(K,L) F10.0
NOMODS I%
MODATA (1) Al0
MODATA (2) F10.0

L e e e .

(Continued)

Description

Nominal retirement age in years for type K
afrcraft.

Enter the word "PLOT" 1f plots of the revenue passen-
ger miles and fuel consumption versus time for type K
alrcraft are desired, otherwise leave blank,

Humber of type K afrcraft placed into service
in year 1 (7/1/59 through 6/30/60).

Nuzber of afrcraft of type K placed into service in
year 2.

Hurber of aircraft of type K placed into service in
year L, L=3 to 16.

Number of aircraft of type K retired from service
in year 1 (7/1/59 through 6/30/60).

Number of aircraft of type K retired from service in
year 2.

Number of aircraft of type K retired from service in
year L, L=3 to 16.

NHote: PRepeat cards 5-7 for K=1 to NOEXPLS; 1i.e.,
repeat for each existing atrcraft type in
market T.

Number (nc more than 10) of modifications to existing
types of aircraft. '

Note: Omit card 9 1{f NOMODS = O,

Alphanumeric name of a previously defined existing
aircraft type which will undergo modification during
the time pgriod of concern.

The year (frem 1976 through 2005) during which the
aircraft modification 1s to begin. The modification
takes place over a two year perfod beginning in the
ycar specified.

"
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Card

10

11

12
13

14

Column

21-30

31-40

41-50

51-60

61-70

1-5

Table 1
*

Parameter Format
VODATA(3) F10.0
MODATA(4) F10.0
HODATA(5) F10.0
MODATA(6) F19.0
MODATA(7) F10.0
HOREW 15

QPLOT I5

TOPFBEN E10.4

e g = |

e —— 4

(Continued)

Description

Average number of seats available on the modified
aircrafe.

Average fuel consumption in pounds per statute secat-mile
for the modif‘ed afrcraft.

Average block~to-block speed in statute miles per hour of
the modified aircraf..

Average utilization of the modified 51rcraf: in
hours per year.

Nominal retirement age of the modified aircraft in
years,

Note: Repeat card 9 for each of the NOMODS modi-
fications to existing aircraft types., Only
one modification per aircraft type is allowed.

A et e ot ae e e o

Rumber of new aircraft types that will be available to
replace retiring aircraft in market I. (The sum of
NHOEXPL and NONEW must not exceed 10.)

Note: Omit card 11 1Ff NONEW = 0.

The contents of this card are the same as those for
card 5, only the data pertains to new types of ajr-
craft. Card 11 1s repeated for cach of the new
alrcraft types, i.e., for ¥=NOEXPLS + 1 to KOEXPLS +
HONEW.

Hote: The data on cardz 1-11 are rzpeated for each
market; the maximum number of markets 1s three.

End-of-file card.

Enter 3 one iF plotted output i3 desired which shovs
RPMs flown and fuel consured versus tinmz for each
aircraft type in a format for illustrating market
share; enter a zero otherwise,

Maximum value of fuel censumption (in barrels) on the
fuel azia cf the market share plot.

oy
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Table 1 (Concluded)

%
Card Column Parameter Forpat Description
14 11-20 NOMRKSF 110 Number of tick marks on the fuel axis of the fuel
consumption market share plot.
14 21-30 TOPRPHS E:J.4 Maximum valve of the RPMs flown (Iin miles) on tke
RPM axis of iue market share plot.
14 31-40 NOM:(KSR 110 Humber of tick marks on the LPM axis of the RPH

market share plot.

Note: Card 14 is optional. 1If oritted, the fuel
consucption will be shown in millions of
barrels, and RPMs will be shown in billions
of miles on the market share plcts. There
will te 40 tick marks on the exes. Card 13
rust be inserted Jf the total fuel consumed
does not exceed 108 barrels or thz total
RPMYs flown does not exceed 1011 riles.

9t

%
All data should be placed as far to the right as possiblz within the columns allocated. Parameters
with an "I" format must not contain a decimal point.

fActually_fuur cards are required.

tActually twn cards are required.
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D. Output

The Fleet Accounting Module output consisés of printed information and
plotter output. The printed information includes statistics describing
projected flcet composition‘and activity. These statiétics include number
of aircraft retired, number of aircraft bought, ceat statute miles flown,
revenue passenger statute miles (RPMs) flown, and fuel cunsumed for indi-
vidual aircraft types and markets on an individual vearly and cumulative
basis. The plotted output includes graphical presentation of RPMs‘flown
and fuel consumed as a function of time by individual aircraft types and
by markets. |

To facilitate describing the printed output of the Fleet Accounting
Module, excerpts from the printed output of the sample problem (see
Sgction V) are presented. As shown in Table 2, the printed output for
each market considered in the analysis begins with a printout of some of
the input data. The data p.inted incliudes the RPM growth rates for each
year of the analysis (1975;2005), the load factor for each year of the
analysis, aircraft characteristics and buy and retirement histories for -
each existing aircraft in the market, aircraft modification data,-and the
characteristics of the new aircraft in the market. The computed values of
the RPMs demanded in each year from 1975 through 2005 afe then princed.

Following the initial page of printout for the market, a table of data
like the one shown in Table 3 is printed for each new and existing aircraft
type in the market. The statistics in the table include, for each year
from 1975 through 2005, projections of the number of s-at statute wiles
flown, barrels of fuel consumed, revenue passenger statute miles flown,

number of aircraft (i.c., population), number of buys and number of
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Table 2

SAMI'LE PRINTOUT OF MANKLT INPUT DATA AND PROJECTED RPM DEMAND
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YEAR

1978
197%
w37
1974
1979
1989
1981
1382
193)
153%

1ans

199%%
1937
1G9
1932
188

S199

1997
19913
1994
1999
1966
1697
1998
1999
2000
201
2632
2033
2024
209%

Table 3
SAMPLE PRINTOUT OF YEARLY FLEET COMPOSITION AND ACTIVITY PROJECTIONS FOR AN INDIVIDUAL AIRCRANT TYPE
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retirements. The population, number of buys and number of retirements

are shown as of midyear. The number of aircraft as of midyear is assumed

“to be the average number of aircraft Operating during each year and is

used in projecting the activity data (i.e., seat miles, fuel burned, etc.).

The next type'of output provided by tﬁe Fleet Accounting Module is
1llustrated in Table 4. A table of this type is printed for each aircraft
type in the market. It provides accumulated (through each year of the
analysis) values for seat miles flown, fuel burned, revenue passengér
miles flown, number of buys, and nqmber of retirements.

The oﬁ:put discussed thus far is provided for each successive market
analyzed. After the printout for the last market, a table like the one
shown in Table 5 is printed for each market analyzed. This table provides
results analogous to that provided in Table 4, except the results are totals
for all aircraft types in a market. The next printed output is illustrated
in Table 6. This table provides the totals over all markets anclyzed for
seat miles, fuel consumed (inAbarrels), RPMs, buys, and retirements.

The next type of output is 1llustrated in Tabie 7. This output is
produced for each market analyzed, and includes the fractional share of
seat miles, fugl burned,_Rsz,and nunber of aircraft for the market re;ative
to the totals over all markets.

Table § illustrates the next type of output provided by the Fleet
Accointing Module. This table is produced for each market analyzed. For
each year of analysis, the seat miles flown, fuel consumed, revenue passen~
ger miles flown, number of aircraft serving the market, and the number of

aircraft bought and retired are shown. The final printed output is

40
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SAMPLE PRINTOUT OF CUMULATIVE FLEET COHMPOSITION AND ACTIVITY PROJECTIONS FOR AN INDIVIDUAL AIRCRAFT TYPE
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Table 5
SAMPLE PRINTOUT OF CUMULATIVE FLEET COMPOSITION AND ACTIVITY PROJECTIONS FOR A MARKET
it - T MAOKIT » MEDTUNM QANGE
YEA®R ACCUNMYLATIVE _ _ ACCUMILATIVE ___ _.___ALC":i'JI.Au&IE~ — . ACCUMULATIYE  __ ACCUMULATIVE
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Table 6§

SAMFLE PRINTOUT OF CUMULATIVE FLEET COMPOSITION AND ACTIVITY PROJECTIONS FOR ALL MARKETS

ACCUNULATIVE TNTALS FOR ALL MARKETS
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Table 7
SAMPLE ITRINTOUT OF THE FRACTIONAL MARKET SHARE OF CUMULATIVE FLEET COMPOSITION AND ACTIVITY PROJECTIONS FOR A MARKET

MARKZT = PZDIUNM QANGE

Y
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1976 o T7C25 o0t 76676400 «T702E 03¢ «6691E euu
1977 +7702E 42, «T666E4)) «T792E400 eb7uittul
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2000 « 77027400 065ISES20 077326430 «3984E¢00
2971 +77G2E+00 «6481E LD «TTI2E 40 «5913E+00
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Table &
SAYPLE PRINTOUT OF THE YEARLY FLEET COMPOSITION AND ACTIVITY PROJECTIOHS FOR A MARKET

YFaR
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W185CE412 #14C25 09 o103TE012 W1476Ee04 «2381£403 «1343E403

~ 08 _#19%1Ee)2 | L14833eC9_ . _ . 12785412 . __ W1514Fd4 . ... e2104EeLy . o3I26E433 .
$20T2E412 $158):409 21143012 «168CE+04 +181GE+03 o 75925462
022638412 «1629E¢(9 21212E¢]2 . #1TIBE+Q 292165492 +254GE02
$2335E412 +16588E 09 «1264E+12 +1805L 404 «7L0SE+C2 $13205032
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il _e374%Ee12 ~2031E4L9 L21T0Ee12 e24326¢06 02211E407 v J1566Ee0)
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46955012 «2UTHED 025845012 F2528E004 2292143 «23015+93
«4981E¢12 «2093E4L9 «2739E412 22702004 02874 03 $2106E423
o52PCZ012 $213984L9 e2904E412° +?%01E04 02779401 ¢1019£403
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illustrazed in Table 9. This table is analogous to Table 8, except it

provides the totals over all markets analyzed.

Plotted output can also be provided by the Fleet Accounting Modulé,
if che.user desires. .The plotted output is of two basic types. The
first type p:ovides separate plots of revenue passenger miles flown and
fuel consumed in barrels versus tihe for individual aircraft types.“These
plots are illus;rated in Figures 12 and 13. The results plotted are those
provided in the printed output illustrated by Table 3.

The second type of plotted output is illustrated in Figures 14 and
15, where revenue passenger miles and fuel consumed in barrels, respectively,
are plotted versus time in yearsjfor each aircraft in all markets. For each
aircraft type, the curve of RPMs flown or fuel burned versus time is plottzed
relative to that for previous aircraft types plotted. This format for
presenting results provides for illustration of the relative share of
RPMs flown and fuel consumed by various types of aiveraft in the markets

analyzed.
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Table 9
SAMPLE PRINTOUT OF THE TOTAL YEARLY FLEET COMPOSITION ARD ACTIVITY PROJECTIONS FOR ALl MARKETS

Ly

- TITALS FOR ALL MARKETS
YEAR SEAT-MTLES . FUELBURNED RPNS POPULATINN T 8yYS/YR ® RETIREO/YR
(YEAQR) (YEAR) {YEAR) _AS _NE _NMID=YEaR (THRY M[D-YEAR) {YHRY MID-YE&R)
__l9r3 14215032 . «lIT2ESCY «TSLEELL] +1239E404 *2630E+02 Oe
1976 015072412 «1137E4¢9 +8287€411 «1316F 404 77776402 0.
— 1917 «15975¢12 «1205€409 «B8784E¢11 ¢13G9E404 +8G09E+02 «5000E+01
1978 016932412 «1277E409 «9311E411 «1490E ¢34 «1612£:01 «1100€£402
1979 al198212 . W33S3ECLQ . __ ~aS0T2EAAL  ___ L1SOTEeAS G 11U2Een3 . _ ..e135QSe92 |
1920 19022012 «143BE439 «1045E412 o16EBE+0 4 «1591E+03 «5750E402
—1%8) __. .. 02U16Ze12 «l1525E40L9 «1119E¢12 .. al79tE+04 «2194E4C3 a211SE403 .. __ .
1982 021378412 018182409 L11T75E412 «1910E+04 02820E+C3 BYSIITE
—198) . . . .226%5E+12 iTi9E4L9 «1246E¢12 _e2035E+04 s 369TE+03 €2649E$03
1986 «24C1E¢12 «1825E449 «1321E012 #2170E¢04 «4328E¢03 «2977€+03
—~-3988 k20855612 . __ L1937Ee09 .. _ __ ~2d800Eed2 . LD3M0Ee0&...______ ,2520F403 SRS § § V-1 TS I
1988 028985412 ©2055E409 «1484E412 02460F 406 «2267E+03 « 15905402
1937, . «2860E+12 _ 21248409 «1573E412 225656494 01290E 43 024408402
1988 ¢30326+12 «2202E409 «156TE+12 $26BCESUS «1283E+02 #1330E+02
198n L e3214E412 02281E409 217576412 +28CCE+G4 01412€40) 0218DE¢)2
15%0 0340 6E612 *2351E409 «1874E¢12 +2915E+04 017056403 ¢5500E+02
sy 2306115012 . —.22539E409 ~-e9B0ER12. . 43089EsGé4 ———ee—.. ¢1399E40Y __ Ce203GERI2
1992 e3827E012 «2522E+09 «2135E+12 031825404 021075¢03 o TTTTEC02
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III AIRFRAME MANUFACTURER MODULE

The function of the Airframe Manufacturer Module 1s to estimate the

airerafte manufacturing rates of return on investment. These estimates

are based on the estimated numbers of aircréft required over time (as
Predicted by the Fleet Accounting Module) and assumed aircraft prices.
The major components included in this module are the following:

© PLANT - which generates production, order and delivery schedules
from estimated fleet requirementsg,

© ACCOST - which estimates RDT&E costs and individual and

total component manufacturing costs over the life of the pro-
duction program.

® CASHFLW - which estimates the net cash flow that the manufacturer
can expect to receive from manufacturing the new aircrafe,

Using the net cash flow, the rates of return’'on investment for the aircraft

manufacturer are estimated. Descriptions of the mathematical modeling

methodology, program logic, input, and output for the Airframe Manufacturer

Module follow.

A. Methodologz

The Fleet Accounting Module determines the demand for new aircraft and

the Airﬁrame Manufacturer Module estimates the economic viability of pro-

ducing new aircraft to meet that demand. Each pew aircraft type is

completely analyzed before analysis of subsequent types is initiated. Two

basic consrraints on the Airframe Manufacturer Module are that a new

airframe must be produced for at least two years and airframe manufactur-

ing must be continuous, that is, production cannot be zero in any

intermediate year,

‘ﬁaEungﬁa Rﬁgﬁ Elﬁf
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Production Scheduling

The methodology begins with an analysis of the demand previously
generated and develops optimized production, order, apd delivery schedules
to meet that demand. It is assumed that the manufacturer produces aircraft
at constant integer rates per month and may change the production rate once

during the entire production period. It is further assumed that the delivery

schedule is identical to the production schedule and that the order schedule
precedes the delivery schedule by 24 months.

Determination of the production schedule includes determining the two
constant integer monthly production rates and the breakpoint in the produc-
tion program when the production rate changes from the first to the second
rate. To determine these parameters, all possible breakpoints (gssumed to
occur at the beginning of a year) in the demand period are tested. For a
given breakpoint under consideration a conscant integer monthly production
rate is computed for each of the two production periods defined by the
breakpoint. These production rates are determined by dividing the total
- aircraft demanded in each period by the months of production in the period.

The month of demand for the last aircraft demanded in a year is assumed to
be the last month of the year. The best production schedule is that
y which has the smallest maximum deviation between the demand and production
months for the last aircraft demanded in any year. TFor the schedule chosen
as the best, the start of producticn is then shifted by as much as 6 months
earlier or later. This shift is chosen to minimize the algebraic sum of
the deviations betwecn the demand and production months for the last air-~

craft in each year of the production schedule.
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Cost Determination

Embedded within the Airframe Manufacturer Module is set of cost
relationships for estimating research, development, test and evaluation

(RDT&E) costs, aircraft manufacturing costs, and sustaining engineering costs

'/" '; over the life of the production program for a new aircraft. Paraweters in
. .i the cost estimating relationships include various aircraft structural and
T 5f operating characteristics, complexity factors, and costs. These parameters,
~‘7b which are inputé to the computer program, include:*
.
ADI = Avionics development cost.

AFSPAO = Airframe spares factor in the production phase.
AGEOI = oOperational ground support equipment cost.

AGEPI = Ground support equipment development cost.

f CFACS = Complexity factor for air conditioning system.
) | CFAERO = Complexity factor for aerodynamic control system.
CFANTC = Complexity factor for anti-icing system,
CFAVON = Complexity factor forvavionics system.
CFBODY = Complexity factor for aircfaft fuselage.
CFELCD = Complexity factor for electrical distribution system.
e . CFEMP = Complexity factor for empennage structure.

CFENAC = Compléxity factor for engine accessories.
CFENG = Cocmplexity factor for airbreathilng engines.

CFFUSY = Ccuplexity factor for the fuel systen.

*
All weights are in pounds and costs in millions of dollars, unless other-
wise specified.
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CFHNDL
CFHYCD
CFINST
CFLG
CFNAC
CFPACC
CFPNDC
CFPOW
CFTREV
CFWING
CONFIG
CTJI
EN
ENSPAO
ENSPAR
FACI
FEE
FIOL
FVSPAR
GISPAR

I0PS

LEARN
LEARNA
LEARNP

MACH

Complexity factor for the loading & handling system.

Complexity factor for the hydraulic system.

Complexity factor for the instrument system.
Complexity factor for alighting gear system.
Complexity factor for engine nacelles.
Complexity factor for passenger accommodations.
Complexity factor for pneumatic system.
Complexity factor for auxiliary power system.
Complexity factor for thrust reverser.
Complexity factor for wing structure.
Complexity factor for airframe engineering.
Cost per zircraft engine. |

Number of main engines.

Main engine uypares factor in the production phase.

Main engine spares factor in the RDT&E phase.
Production facilities cost.

Manufacturer fee factor.

Flight test operation cost.

Flight test vehicle spares factor.

Ground test vehicle spares factor.

Indicator for operational program (l=commercial,
O=other).

Alrframe learning curve factor.
Avionics learning curve factor.
Engine learning curve factor.

Maximum design flight mach number (decimal).
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NCREW =

NDATA =
NFV =
NGV =
NOCON =
NOCONL =
NOENG =
NOENGL =
NOYRS =
NOYRSL =
NV ]
PDTJI =
RATE =
RE -
RT =
SUBSYL =
T a
TOOLC =
WACS =
WAERO =
WANTIC =
WAVION =
WBODY =
WELCAD =

Number in flight crew.

Number of production levels to be analyzed
(from 1 to 5).

Number of flight test vehicles to be produced.

Number of ground test vehicles.

Number of concept formulation contractors.

Number of contract definition'contraccbrs.

Number of concept formulacién engineers.

Number of contract definition engineers.

Number of years for concept formulation.

Number of years for contract definition.

Number of operational vehciles to be produced.
Propulsion development cost.

Maximum vehicle production rate, number per month
Engineering labor rate, dollars per hour.

Tooling labor rate, dollars per hour.

Subsysten development cost.

' Thrust per engine at sea 1evel in pounds.

Complexity factor for tooling.

Air conditioning system weight.
Aerodynamic control system weight.
Anti-icing system weight.

Avionics system weight.

Fuselaée weight.

Electric power conversion and distribution system
weight.
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WEMP

'WENACC
- WENGS
WFUSYS

WFUTOT

,.’ - WGROSS

WHANDL
WHYCAD

T s

WINST
) WLG
WNACEL

WPACCO

WPNCAD

WPOWER
WIREVS
WWING
WPAYL
XAVD
XFASSY

B ' XNEW

Empenhage weight.

Engine accessories weight.

Engines total weight,

Fuel system weight.
Total fuel weight.
Alrcraft zross takeoff weight,

Load and handling system weight.

Hydraulic power conversion and distribution
system weight,

Instrument system weighc;
Alighting gear system weight,
Engine nacelles welght.
Passenger accommodations weight.

Pneumatic power and distribution system
weight.

Auxiliary power system weight.
Thrust reverrer weight.

Wing weight.

Maxim;m payload weight.

Avionics development factor.

Final assembly checkout cost factér.

Miscellaneous equipment development facter.

Using the input learning curve factors (LEARN, LEARNA, and LEARNP),

the cost methodology accounts for the effects on producticn costs of

the production quantity. Letting NVEH equal the total number of aircraft

produced, the production learning curve factors are computed as follows:

B 4

. engrere e
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. § AIRFRAME PRODUCTION LEARNING CURVE FACTOR (2)
ket
Y
; { Z = NVEH ** ZETA
o ZETA = 1.0 + (LOG (.0l * LEARN)/LOG(2.0))
VAR
- ’ AVIONICS PRODUCTION LEARNING CURVE FACTOR (ZA)
} .
ZA = NVEH ** ZETAA
ch ZETAA = 1.0 + (LOG (.01 * LEARNA)/LOG (2.0)); if LEARNA = O,
3} ZETAA = ZETA
,J’; ENGINE PRODUCTION LEARNING CURVE FACTOR (ZP)
ZP = NVEH ** ZETAP
’ ' ZETAP = 1.0 + (LOG (.0l * LEARNP)/LOG (2.0))
'_ 52 : Using these learning curve factors and the input values of the
cost equation parameters, RDT&E, aircraft manufacturing, and sustaining
e production costs components (in millions of dollars) are computed using
)

the following set of equations:

Airframe Manufacturer Cost Equations

RESEARCH, DEVELOPMENT, TEST AND EVALUATION COSTS
(RDTE = ADDE + SUBSYS + AD + PDTJ + DS)
e  AIRFRAME DESIGN AND ENGINEERING DEVELOPMENT (ADDE = CF + CD + DDEL)
CONCEPT FORMULATION (CF)
a CF = 35000. * NOENG * NOYRS * NOCON * 1.E - 06
, CONTRACT DEFINITION (CD)
CD = 35000. * NOENGL * NOYRS1 * NOCONL * 1.E -.06
AIRFRAME ENGINEERING LABOR (DDEL)

DDEL = 207. * WA ** ,931 # Rg *].0E * CONFIG, for subsonic pro-
duction aircraft

= RE * 3145. * WA ** (0,5825 * 1.0E -06 * CONFIG, for subsonic
prototype aircraft
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= RE * 348. * WA ** 0,931 * 1,0E -06 * CONFIG, for supersonic
: production aircraft

where
WA = WE - WENGS - WELCAD - WAVIOT - WACS ~ WPOWER
WE = WGROSS - WPAYL -~ WFUTOT
WAVIOT = WAVION + WINST
®  SUBSYSTEMS DEVELOPMENT (SUBSYS)
SUBSYS = SUBSYI, -IF SUBSYI # 0
= 0.35 * (WACS + WINST * .05 + WPOWER + WELCAD + WAERO +

WHYCAD + WPNCAD 4 WENACC + WFUSYS + WPPROV) * XNEW,
if SUBSYI = 0

where

WPPROV = NCREW * 500. - 500.

- @  AVIONICS DEVELOPMENT (AD)

AD = ADI, if ADI # 0.1
= (5.3 * (FAVION * 0.75) ** .439 + 2.19 * (0.25 + WAVION) **
-439 + 0.55 * (0.50 * WINST) ** .439) * XAVD, otherwize
©  PROPULSION DEVELOPMENT (PDTJ)
PDTJ = PDTJI, if PDTJI # 0.1
= 29.5 * (T/1000.) ** .55 * MACH ** .62 [(NVHF) * EN
(1. + ENSPAR + ENSPAO)] ** 0.1, otherwise
where
NVHF = NV + NFV
©  DEVELOPMENT SUPPORT (DS = GRV + GIS + FTS + TST + FTO + AGEP + TDP)
GROUND TEST VEHICLES (GIV)

GTV = AMFG (for first unit) * NG
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GROUﬂD TEST SPARES (GTS)
GTS = GRV * GTSPAR
FLIGHT TEST SPARES (FTS)
FIS = FV * FVSPAR
TOOLING AND SPECIAL TEST EQUIPMENT (TST)
TST = RT * .0267 * WA ** ,99 VMAX ** 1,21 # RATE #** .4 * NFV #%
.14 * TOOLC * 1.E ~ 06, for production aircraft
= RT * 6.19 * WA ** 1,062 * TOOLC * 1.0E - 06, for prototype
aircraft or if IPROP =
where o
'VMAX = 660.0 * MACH
RATE = maximum monthly aircraft production rate
FLIGHT TEST OPERATIONS (FTO)
F10 = FTOI, if FIOI # .1
= .90 * NFV *#% 1.1 * VMAX *#* 9 * 1 .E - WCTNSS k% 8
otherwise
GROUND SUPPORT EZQUIPMENT (AGEP)
AGEP = AGEPI, if AGEPT = 0,1
= ,15 * FV + .05 * ADDE, otherwise
TECHNICAL DATA (TDP)
TDP = .02 * FV
where

FLIGHT TEST VEHICLES ((FV = CAFFC + CAVFV + CPFV) * (1.0 +
XFASSY))
FLT. TEST AIRFRAME (CAFFV)

CATYV = AMFG (for 1lst unit) * NFV ** ZETA

61



T

i el gl

2= orw

ST

FLT. TEST VEH. AVIONICS (CAVFV)

CAVFV = CAVION (for 1lst unit) * NFV ** ZETAA

FLT. TEST PROPULSION SYSTEM (CPFV)

CPFV = PROPU (for 1lst unit) * NFV ** ZETAP

RDT&E FEE (RDFEE)

RDFEE = RDTE * FEE

AIRCRAFT MANUFACTURING COSTS (OV = AMFG + CAVION + . 2CPU 4 CFASSY)

AIRFRAME STRUCTURE (AMFG = CWING + CEMP -+ CBODY + CLG + CNACEL + CAERO

WING (CWING)

+ CHYCAl' _ CELCAD + CPNCAD + CACS + CANTIC

+ CPOWER + CPACCO + CHANDL)

CWING = .036 * WWING ** ,451 * Z * CFWING

EMPENNAGE (CEMP)

CEMP = ,01023 * WEMP ** .451 * Z * CFEMP

BODY (CBODY)

CBODY = .0561 * WBODY ** .451 * Z * CFBODY

LANDING GEAR (CLG)

CLG = .01043 * WLG ** ,541 * Z * CFLG

NACELLES GROUP (CNACEL)

CNACEL = .0561 * WNACEL ** ,451 * Z * CFNAC

AERODYNAMIC CONTROLS (CAERO)

CAERO = .004 * WAERO * Z * CFAERO

HYDRAULICS (CHYCAD)

CHYCAD = .00197 * WHYCAD ** 0.766 * Z * CFHYCD

ELECTRICAL SYSTEMS (CELCAD)

CELCAD = .00197 * WELCAD ** 0.766 * Z * CFELCD
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PNEUMATIC (CPNCAD)
CPNCAD = ,0002 * WPNCAD * Z * CFPNCD
AIR CONDITIONING SYSTEM (CACS) .
CACS = ,00643 * WACS ** 0.5065 * Z * CFACS
ANTI-ICING (CANTIC)
CANTIC = ,00023 * WANTIC * Z * CFANTC
AUXILIARY POWER SOURCE (CPOWER) v
CPOWER = .000243 * WPOWER * Z * CFPOW
PASSENGZR ACCOMMODATIONS (CPACCO) _
CPACCO = .000115 * WPACCO * Z * CFPACC
LOADING AND HANDLING (CHANDL)
CHANDL = (WHANDL/WBODY) * CBODY * CFHNDL _
® AVIONICS SYSTEM (CAVION = CINST + CAVONT)
INSTRUMENTATION (CINST = CINSTE + CINSTI)
EQUIPMENT (crxérs)
CINSTE = .00193 * (WINST/2.0) * ZA * CFINST
INSTALLATION (CINSTI) |
CINSTI =.000154 * (WINST/2.0) * ZA * CFINST
AVIONICS (CAVONT = CAVONE + CAVONI)
EQUIPMENT (CAVONE)
CAVONE = .00193 * (WAVION/2.0) * ZA * CFAVON
INSTALLATION (CAVONI)
CAVONI = .J0154 * (WAVION/2.0) * ZA * CFAVON

® PROPULSION SYSTEM (PROPU = (CENGS + CTREVS + CEUSYS + CENACC
ENGINES (CENGS) ”

CENGS = CTJ* EN
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where
CIJ = CTJI, if CJI # 1
w 00277 * T ** 0,60 * ZP * CFENG, otharwise
THRUST REVERSER (CTREVS)
CTREVS = .0028 * WIREVS ** 0.766 * 2P * CFTREV
FUEL SYSTEM (CFUSYS)
CFUSYS = .0000619 * WFUSYS * ZP * CFFUSY
ENGINE ACCESSORICS ( CENACC)
CENACC = .0003 * WENACC * ZP * CFENAC
FINAL ASSEMBLY AND CHECKOUT (CFASSY)
CFASSY = XFASSY * (AMFG + CAVION + PROPU)
MANUFACTURING FEE (MFEE)

MFEE = OV * FEE

SUSTAINING PRODUCTION COSTS (SC = OS + FAC + SE + ST + AGEQ + T20 + MEQ +

0T + IT + TRI)

OPERATIONAL SPARES (0S = OSA + OSP), if IOPS = 1, OS = O

PRODUCTION AIRFRAME SPARES (0SA)
0SA + AFSPAO * (AMFG + CAVION)
PRODUCTION ENGINE SPARES (QSP)

OSP = PROPU (for lst unit) ((NVHF * (1.0 + ENSPAQ)) **

ZETAP - NVHF * ZETAP)
FACILITIES (FAC)
FAC = FACI
SUSTAINING ENGINEERING (SE)
SE = .10 * oV, if I0PS = 1

= ADDE * (NVHF *x 2.0 - 1.0), if IOPS # 1
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SUSTAINING TOOLING (ST)
ST = TST * NVHF ** .14 - 1.)
OPERATIONAL GROUND SUPPORT EQUIPMENT (AGEO)
AGEO = AGEOI, if AGEOI # 0.:0
AGEO = .15 * OV, c<herwise
PRODUCTION AIRCRAFT TECHNICAL DATA (TDO)
TDO - .02 * oV
MISCELLANEOUS EQUIPMENT (MEQ); if IOPS = 1, MEQ - 0
MEQ = 500. * NPL * 4, * 1,0E - 06 |
NPL = NCREW * NVHF * 2.0
OP ‘RATIONAL TRAINING EQUIPMENT (OT); if IOPS = 1, OT = 0
OT = 1.442 E - OL * OV * NVHF *% (-0.4525)
INITIAL FLIGHT CREW TRAINING (IT); if IOPS = 1, IT = 0
IT = .05 * NPL
INITIAL TRANSPORTATION ( TRI)
TRI = .005 * (OV + OS + MEQ + OT + AGEO)
SUSTAINING COST FEE (SFEE)

SFEE = SC * FEE

Alrcraft Price Determination

A methodology for estimating aircraft selling price is embedded within

the Alrframe Manufacture Module. Subroutine ACPRICE, rhich contains the
logic for this methodology, is called upon to estimate‘aircraft selling
price and print results. However, at the Fresent time the computed selling
price estimate is not used in subsequent analysis of tash flows. Instead,

a base selling price estimate is read from the input stream along with a
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price increment. This input base price and thirteen successive upward in-

crements of the base price are used in subsequent calculations.

The aircraft price estimating telacionships depend upon several input

parameters. These include:

API - Average annual increase in the national price
cost index (decimal).

EN = Number of main engines.
RP = Engine design shaft horsepower (for non-jets).
! TAIRPL = An indicator for aircraft type (1 for conventional jet
transports, 2 for small jet transports, 3 for wide-body
! jet tramsports, 4 for turboprop transports, 5 for
f\g general aviation types, 6 for supersonic transports),
. ) IENGS = An indicator for engine type (1 for tﬁrbojet and turbo-
'_,* fan, 2 for turboprop, 3 for reciprocating, 4 for gir-
e breathing).
x ! : ' PN = Total passenger capacity.
Py T = Thrust per engine, pounds (for jets).
i WE = Aircraft empty weight, pounds,
WENGS = Engines Eotal weight, pounds.
YEAR = Year of introduction into service.

Using the values for these parameters, the following equations com-
prise the price escimatiqn @echodology, where all computed prices are in
millions of dollars and C = 10~ 0 :

\ Alrcraft Pricing Equations .
; s ° ESTIMATED AIRFRAME DEVELOPMENT COST (EDEVC)
. EDEVA = 128.9 ** (0.1097 * (YEAR - 1940.)) * WE * C
: ° ESTIMATEDC AIRPLANE UNIT PRODUCTION COST (EUPROC)
T ' EUPROC = 7.8 ** (0.068 * (YEAR - 1940.)) * WE * C
66
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©  ESTIMATED MARKETPLACE PRICE (EPRICE)
CONVENTIONAL JET TRANSPORTS (IAIRPL = 1):
EPRICE = 0.04867 * PN (1.0 + API) *X (YEAR - 1975.)
SMALL JET TRANSPORTS (IAIRPL = 2):.
EPRICE = 0.5 + 0.0305 * PN * (1.0 + API) %* (YEAR =~ 1975.)

WIDE-BODY JET TRANSPORTS (IAIRPL = 3):

EPRICE = 1.0 + 0.05935 * PN * (1.0 + API) ** (YEAR - 1975.)
i ®  ESTIMATED AIRPLANE PRICE BY SEAT COST (ESEPRI)
; FOR ALL AIRCRAFT AND ENGINE TYPES:
ESEPRI (1) = 3100.0 * PN ** (00,0641 * (YEAR - 1930.)) * C
FOR ALL AIRCRAFT AND ENGINE TYPES EXCEPT IAIRPL = 3 or IENGS = 1:

R J/ﬁ ESEPRI (2) = 4000.0 * PN ** (0.0652 * (YEAR - 1930.)) = ¢

V]

N FOR IAIRPL = 3 AND IENGS # 1:
ESEPRI (3) = 20500. * PN ** (00,0350 * (YEAR = 1950.)) * c
° ESTIMATED ENGINE PRICE (EENGPR)
TURBOJET AND TURBOFAN (IENGS = 1):
EENGPR = 111.114 * EN * T #* 0,362 * (1.0 + API) ** (YEAR - 1975.) # ¢
TURBOPROF (IE&CS = 2):
EENGPR = 173.075 * EN * HP ** (0,9283 * (1.0 + API) ** (YEAR-i975,) * ¢
RECIPROCATING - (IENGS = 3):
EENGPR = 4,693 * EN * HP #% ] 3917 = (1.0 + API) ** (YEAR - 1975.) * ¢
®  AIRFFAME WEIGHT (WAIRFR)

wAIRFR = WE - WENGS
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®© ESTIMATED AIRFRAME PRICE (EAIQFP)
CONVENTIONAL JET TRANSPORTS (IAIRPL = 1):
EAIQFP = 1663.07 * WAIRFR ** 0.7300 * (1.0 + API) ** (YEAR - 1975.) * C
SMALL JET TRANSPORTS (IAIRPL = 2):
EAIRFP = 400.40 * WAIRFR ** 0.8936 * (1.0 + API) ** (YEAR - 1975.) * C
WIDE-BODY JET TRANSPORTS (IAIRPL = 3):
EAIQFP = 3603.35 #* WAIRFR ** 0,69823 * (1.0 + API) ** (YEAR - 1975.) * C
TURBOPROP TRANSPORTS (IAIRPL = 4):
EAIRFP = 1878.04 * WAIRFR ** 0.65989 * (1.0 + API)** (YEAR - 1975.) * C
GENERAL AVIATION TYPES (TAIRPL = 5):
EAIRFP = .003408 * WAIRFR ** 2,1938 * (1.0 + API) ** (YEAR - 1975.) * C
SUPERSONIC TRANSPORTS (IAIRPL = 6):
EAIRFP = 176890. * WAIRFR ** 0.4506 * (1.0 + API) ** (YEAR - 1975.) * C
®  ESTIMATED AIRPLANE PRICE (EAIRPR) :

EAIRPR = EAIRFP + EENGPR

Cash Flow Determinatica

A determination of estimated manufacturer cash flow over the perlod
of production is made by the following procedure. Research, develcpment,
test and evaluation costs are spread over the perind of'production by
component. Airframe design and engineering costs, subsystems development
costs, and avionics development costs are distributed uniformly over the
42 month period ending with the month productiog starts. Propulsion develop-
ment costs are distributed evenly over the 52 month period ending with the
wonth production starts. Development Ssupport costs arz distributed evenly

over the 42 month pericd ending the twelfth month after start of production.
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Alrcraft production costs are.uniformly spread over the production
month and the eleven preceding months for each unit to be produced. Revenue
(income) basedbon the estimated aircraft selling price is distributed as
5 percent on order, 70 percent on delivery, and 25 percent'cvenly spread
over the months bécween order and delivery for each unit produced. Finally,
revenue minus the sum of the cost factors is calculated both for each month

individually and cumulatively by month.

Internal Rate of Return on Investment

The final calculation step in the methodology of the Airframe Manu-
facturer Module is to employ an iterative technique to calculate the
‘internal rate of return for each estimated cash flow generated. The
internal rate of return (or marginal efficiency of investment) is that
rate of interest or return which would render the discounted present value
of its expected future marginél }ields (income) exactly equal to the invest~

ment cost of the project. -

Since both the investment costs and the income are spread over time,
the internal rate of return sought is that which reduces the summed present
value of the cash flow stream over time to zero. The cash flow stream sum

can be represented as:

a .
- /10 1y 2 1 : (9)
SUE = (Tm) CFy H(ER) CRa b +(1+R) “Fa
where R = internal rate of return

CFi = net cash flow in year 1.
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The iterative procedure estimates values for R, calculates the SUM described
above using the cash flow figures previously generated, performs tests to
determine 1f SUM is getting closer to zero, then successively chooses hew

values for R in attempting to obtain a value for SUM closer to zero.

The methcdology described above p:oduces'output lists and tables that
summarize the calculations being performed. Outputs include time history
of demand for each aircraft type, breakpoints of production periods aad
startup times, component and cumulative cost tables, tables of costs versus
aircraft quantity, estimated price data, iteration results (every tenth
cycle) from rate of return calculations and final rate of return value, and
tables showing cost, income and cash flow by year and menth within year (toth

for individual months and for cumulative monthly figures).

In the remainder of this chapter, detailed descriptions of the program

logic, input, and output for the Airframe Manufacturer Module are provided.

B, Program Logic

Figure 16 illustrates the interrelationships among the routines which
make up the Airframe Manufacturer Module program. Subroutine INPLANT acts
as the interface between the main program BET and the rest of the sub-
routines comprising the Airframe Manufacturer Module, INPLANT then acts
as a driver for the rest of the subroutines in the module. Brief descrip-
tions of each subroutine in the Airframe Manufacturer Module, together with
flowcharts of the program loyic follow:

INPLANT

Subroutine INPLANT sarves as the driver for the Airframe Manufacturer

Module., A flowchart cof the program logic for INPLANT is shown in Figure 17.
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Figure 16 Program Structure of the Afrframe Manufacturer Module
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Figure 17 Flowehart of Subroutine INPLANT Logic
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Each time the main program BET calls INPLANT, the demand for each type of
new aircraft is analyzed. The beginning and end dates of demand for each
type are determined. INPLANT then calls subroutines PLANT, ACCOST, and
ACPRICE to compute order, prdduction and delivery scheddles; compute manu-
facturing .osts; and estimate market prices. Then, INPLANT calls subroutiAes
CASHFLW and INTROR to compute the manufacturer's cash flow and

rate of return on investment for the base estimaﬁed market price and 13
additional incremental price figures. INPLANT prints the demand history

by year and the calculated values of price and rate of return for each new

aircraft type.

PLANT
Subroutine PLANT determines a production schedule that best meets

demand for a new aircraft type, as datermined by BET. A flowchart of the
program logic for PLANT 1is provided in Figure 18, The algorithm assumes
that the manufacturer must produce aircraft at constant integer monthly
rates and may change rates once during the production program. To find

the breakpoint in the production program, 1i.e., the tima the manufacturer
changes production rates, each possible breakpoint in the demand périod

is examined. The possible breakpoints are assumed to occur at the beginning

of a year, A breakpoint divides the production program into two periods.

.The production rate during a period is computed by dividing the number of

aircraft demanded during the period by the number of moaths in the period.

For each possible breakpoint, the largest year-end deviation between
total aircraft produced and total aircraft demanded is zomputed. The

breakpoint with the smallest such deviation is taken as the best., The
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Figure 18 Flowchart of Subroutine PLANT Logic
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final productién schedule is determined by shifting the start of producrion

by as much as six months. The shift is computed to minimize the

magnitude of the algebraic sum of the year-end deviations between
cumulative aircraft demand and production. This shifted production program
is used to generate a production schedule, that is, a month of production
for each aircraft demanded., In addition, an nrder and celivery schedule

are generated. The month of delivery for an aircraft is assumed to coincide
with the month of production, the month of order is assumed to precede

production by 24 months.

The printed output of this subroutine include the demands and produc- ‘
tion rates for each pocsible breakpoint and the start of production for the

best schedule.

At JST

:ubroutine ACCOST comsists of a set of equations that estimate RDT&E
a.ﬁ.mﬂ;ufacturing costs for each specific aircraft type. The program
basically encodes the set of cost equations previously described in this
chapter. The manufacturing costs are adjusted to take into considerati a
cost reductlons associated with increased learning or familiarity with che
production of a particular aircraft tyye. The cost formulae are based on
aircraft characteristics (primarily system weights) and covrelations with

historical cost data.

-

A flowchart of the subroutine ACCOST logic is shown in Figure 19. The
input data is read via NAMELIST statements. Many of the input parameters
are initialized to a default value before the data is read. Thus, if such

parameters are not specified in the input data, the default values will hold.
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Figure 19 Flowchart of Subroutine ACCOST Logic
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The ACCOST progr#m next computes and prints a breakdown of manufac-
turing costs for up to five user-specified production levels. This cost
analysis provides information on the effect of the learning curve of

production costs on a component by ccaponent basis.

The ACCOST program next does a cost analysis for the number of aircraft
demanded plus the number of test vehicles as specified by the uéer. A break-

down of RDTSE and production cost for this case are computed and printed.

The ACCOST program next analyzes costs assoclated with an array of 33
potential production levels. These levels, which are set in the ACCOST code
are: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
3oo, 400, 500, 600, 700, 8nO, 900, 1,000, 1,200, 1,400, 1, 600, 1,800, and
2,000. For each of these production levels, average unit manufacturing costs
are computed for the airframe, propulsion, and avionics svstems, In
addition, RDTS&E and sustaining costs are computed; and total average unit

cost is computed.

Subroutine COSTPR is called upon by ACCOST to print the computed cosrs

for the various cases.

COSTPR

Subroutine COSTPR is called by ACCOST to print each set of computed cost

~ figures. The flow of the program logic for COSTPR is shown in Figure 20,

The first time COSTPR is called during the executioa of ACCOST, a title
describing the aircrafe type being analvzed is read and printed. Then, the
breakdown of component manufacturing costs for the five input levels of pro-
duction are printed as well as the cost results for the number of aircrafe

demanded,

79



\
.
\:‘l
R
]
i
\
.
hREN
)
)
]
.
.
EEE |
JEREN
“\ A
r .\ '_‘- } \n
\

B R

- e =

SUBROUTINE
COSTPR

READ AND
WRITE TITLE

PRINT COST RESULTS FOR THE FIVE
INPUT PRODUCTION LEVELS AND FOR
THE NUMBER DEMANDED.

SECOND
CALL FRCM

Na
ACCOsT :

Yes

PRINT COST
VERSUS QUANTITY
TAZLE HEADINGS

PRINT CCST VERSUS QUANTITY DATA
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Figure 20

‘ RETURN )

Flowchart of Subroutine COSTPR Logic
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On the second call to COSTPR, the table for printing the cost versus
quantity results is set up, and the results for the first of the 33 preset
production levels is printed. Each subsequent call to COSTPR prints che

cost data for one of the remaining 33 produztion levels.

ACPRICE

A flowchart for subroutine ACPRICE is shown in Figure 21. This routine
incorporates the aircraft price determination equations described in Section
II.B. The computed aircraft price is based upon the user input values of
the following parameters: average national price/cost index, airplane |
type, aircraft empty weight, total passenger capacity, type of engines,
number of main engines, engine design shaft horsepower, thrust per engine,

total weight of engines, and year of introduction into service.

As previously mentioned, the aircraft price computed by ACPRICE is not
used ir the subsequent cash flow analysis. It is overridden by input of an

alrcraft price in subroutine INPLANT.

Subroutine CASAFLW is called by INPLANT to estimate the net monthly
cash flow that the manufacturer can expect to receive from manufacturing
aircraft. A flowchart of the program logic fer CASHFLW is shown in Figure 22,
Each :ime CASHFLW is cailed by the driver program INPLANT, costs and
revenues are spread over the months of production, and the difference
between them calculated. CASHFLW calls three subroutines to spread
the cost and revenue data: RDTE (RDT&E cost factors), COMPCOS (production

cost factors) and REVEKUE (revenue).
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Figure 21 Flowchart of Subroutine ACPRICE Logic

82



-
2%

Figure 22

SURROUTINE -W\\

CASHFLW
' /

.

CALL RDTE

SPREAD RDT&GE COST
FACTORS BY MONTH

CALL REVENUE

SPREAD INCOME
BY MONTH

4

CALL COMPCOS

SPREAD PRODUCTION
COST FACTORS
BY MONTH

L

———y
'
!

 SUM CUST FACTORS
PER MONTH AND
CUMULATIVE BY MONTH

&

CALCULATE CASH
FLOW EACH MONTH AND
CUMULATIVE BY MONTH

C eom )

Flewchart of Subroutine CASHFLW Logic
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RDTE

A flowchart of subroutine RDTE logic is shown in Figure 23. This
routine is called CASHFLW to distribute five RDT&E cost components over
designated time periods. Airframe design and engineering costs, subsystem
development costs, and avionics development costs are distributed uniformly
over the 42 month period ending with the month production>SCarts. Propul~
sion development costs are distributed evenly over the 52 month period
ending with the month production starts. Development support costs are
distributed evenly over the 42 mdnth period ending the twelfth month after

start of production.

REVENUE

Subroutine REVENUE is called by CASHFLW to compute revenue*(income)
flows over time (individually and curulatively by month) for aircraft to
be produced. A flowchart of the program logic for REVENUE is shown in
Figure 24. Revenue is generated by payments of 5 percent of market price

on order, 70 percent on delivery, and 25 percent evenly spread in months

between order and delivery,

coMPOS

The logical flow of subroutine COMPOS is shown in Figure 25. This
routine is called by CASHFLW to allocate aircraft manufacturing costs and
sustaining produccion'costs over time for all aircraft produced. Each
of the cost comporents are allocated uniformly over a twelve month period
ending on the month of production for the unit. Seven of the sustaining

production cost components are taken to be equal for each unit produced, {i.e

the cost per unit is cocputed by dividing total component cost by the number of
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Figure 24  TFlowchart of Subroutine REVENUE Logic
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Figure 25 Flowchart of Subroutine COMCOS Logic
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units produced. These costs are faciiities, operational ground support
equipment, production aircraft technical data, miscellaneous equipment,
operational training equipment, initial fliéht crew training, and initial
transportation. The remaining taree sustaining production cost components
(L.e., operational spares, sustaining engineering, and sustaining tooling),
as well as aircraft wanufacturing costs, are computed on a unit to unit

basis depending on the current Fosition on the learning curve.

INTROR

Subroutine INTROR is called by INPLANT to compute and print the internal
rate of return; and to print tables of cost componenté (RDT&E and production),
income, and cash flow for each month within the yenrs 1975 - 2005. If the
user specifies that these tables are to be printed, individual monthly figures
and accumulated figures by month arec printed. The subroutine INRR is called
to calculate the internal return on investmeat based on the incoﬁe and cost

figures. A flowchart of the program logic for INTROR is shlown in Figure 26.

INRR
Subroutine INRR is called by INTROR to cocpute and print the internal
rate of return corresponding te the cash flow generared by subroutine CASHFLW.

A flowchart of the program logic for INRR is shown in Figure 27.

The iterative procedure utilizes a'current experimental rate of return
(R) and its two iterative predecessors (RR and PRR). Also utilized is the
sum of the discounted cash flow (S1M) which is biased by -0.009 to
obtaiﬁ K and its two 1iterative predecessor biased sums (KK and KKK) for test
purposes. The procedure is initialized by seleccingva small initial value

for R (+1.E-32 or -1.E-32, depending on whether the final sun of the cash
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Figure 26 Flowchart of Subroutine INTROR Logic
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flow {3 pesitive or uegative respectively), An incremental change value

for rate of return used during iteration f{s DELTAR (=0.001).

The iteracive portion of the Procedure uses the current value of R
and generates the sum of the discounted present value of the cash flow under
exanination (SUM). The bissed zum (K-ABS(SUH)¥0.009) i{s also celculated.
If KKK=K, the {teration procedure is completed and a final test is mede to
select the appropriate value for R (1f KX 13 greater than KKK, R ie sct
equal to RRR: and {f KK=KKK, R is sct equal to RR). If KKK is not equal to
K, the {teration procedure continues by storing the past two values of R
and K (into RR and RRR, and KK and KKK, respectively)., If the current value
of K is less than or equal to 1E-32, or if StM=0, the procedure also termi-
nates, Otherwise the velue for R is increased or decreased by DELTAR
(=0.001) depending on whether the discounted cash flow sum (SUM) isvpositive
or negative, respectively. The iteration procedure then continues ag
described previcusly until one of the three temination conditions is
met. At termination, both the values of the internal rate of feturn (R)
and the biased sum of the discounted present value of the cash flow (K)
are printed.

Additional prograrmer-oriented documentation i{s provided in the
appendices. In Appendix A, definitions of the common blocks and variables
are provided., A listing of the FORTRAN code for the routines is provided

in Appendix D,
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C. Input

The input data to the Airfrawme Manufacturer Module is fn card
format and is read from logical units 4 and 8. The input filcs are
originally read from input (unit 5) by Subroutine UNITO4 as called by
BET. They are the first two data files in the input data Subroutine
UNITO4 writes the input file to units 4 and 8 from which they are read
by the Airframe Manufacturer Module. _ |

The input fille is described in Table 10, where a description of each
entry in this file is provifed. Cards 1, 2, and 5 are input using the
FORTRAN Namelist* mode which allows the input of constant values for all
or only some of the variables specified by the named list. Variables and
their values can appear inthe input stream in any order in the form "NAME =
VALUE," where NAME can be a variable name, an array name, or an array
elemént name, and where VALUE can be a single constant ar a list of con-
stants when NAME 1s an array name or an array element name. Only columns
2 through 80 of the input cavrds may be used (colunr l‘must be blank). The
input list begins with "$NAMELIST" followed by at least one blank character,
followed by the desired list of input variables (NAME = VALUE,), and ter-
minated by a "$". This format allows the selective changing of some (or
all) of the input parameters, without specifving values for all the input
variables as is the case with fixed format inputs.

Cards 1, 2, and 5 contain input for namelists INPUT1, INPUT2, and IV,

respectively. Table 10 contains the default values for “he various parameters

*

The FORTRAN Namelist mode 18 a nonstandard FORTRAN feature available

at most computer installations. However, exact input derails may vary
among installations, so appropriate reference manuals should be consulted.
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which are asssumad when the user does>noc specify a parameter value. These
default values have been initialized in the program using data statements.
Cards i and 2 are read in by subroutine ACCOST, while card 3.is.read
b& subroutine COSTPR. Cards 4, 5, and 6 are read by subroutine ACPRICE.
The data on these six cards reside on logical unit &. Card 8 ie read by

subroutine INPLANT and resides on logical unit 8,
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Table i0

CARD INPUT DATA FOR THE AIRFRAME MANUFACTURER MODULE

Dafault : .
Card Value Paraxzater Format Decceription
2 ! 4.0 EN Real Nurber of main enpines.
L? 1 6.80 MACH Real Maxicum design flight mach nucher
] » (decimal).
$ 1 1.0 PN Real Not used.
i 1 None T Real Thrust per engine at sea level
I in pounds.
Q 1 0.0 WACS Real Alr conditioning system weight.
1 0.0 WAERO Real Aerodynamic control system wefght.,
5 1 0.0 WANTIC Real Anti-icing systen weight.
? 1 0.0 WAVION Real Avionics system weight.
] 0.0 WBODY Real Fuselage weight.
1 1 0.0 WELCAD Real Electric power conversion and
distribution system weight.
\ 1 0.0 WENP Real Ezpennage weight.
1 0.0 WENACC Real Engine accessories weight.
. 1 0.0 WENGS Real Engines total weight.
; 1 0.0 WFUSY3 Real Fuel system weight.
E 1 0.0 WFUTOT Real Total fuel weight.
j 1 0.0 WGROSS Real Alrcraft gross tzkeoff weight.
1 1 0.0 WHANDL Real Lead ard handling system weight.
1 0.0 WIYCAD Real Hydraulic power :onversion and
distribution systen weight.
| 1 0.0 WINST Real Instrument systenm weight.
1 0.0 WLG Real Alighting gear system weight.
1 0.0 WLGCON . Real Alighting gear controls weight.
1 0.0 WLGSTR Real Alighting gear structure weighe.
1 0.0 WLGTRS Real Weight of tires.
1 0.0 WLGWHL Real Wheels and brake weight.
1 0.0 WNACEL Real Engine nacelles weight.
1 0.0 WPACCO Real Passenger accormodations weight.
’ 1 6.0 WPNCAD Real Preumatic power and distribution

systen weight,
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Table 10 (Continued)

Default ,
Card Value Parameter Format Description

1 0.0 WPOWER Real Auxiliary power system weight.

1 0.0 WTREVS Real Thrust reverser weight.

1 0.0 WWING Real Wing waight.

1 0.0 WPAYL Real Maxicum payload weight.

1 0 IWLG Integer Indicato: for landing gear
component breakdowu.

(If set 2 1, then WLG is computed
as the sum of WLGSTR, WLGCON,
WLGWHL, and WLGTRS.)

2s 0.10 ADL Real Avionics development cost (omit
if this cost to be computed).

2 0.10 AGEOIL Real Operational ground support
equiprment cost (omit if this cost
to be computed).

2 0.10 AGEPI Real Ground support equipment development
cost (omit if this cust to be
computed).

2 1.0 CFACS Real Complexity factor for air
conditioning systen.

2 1.0 CFAERO Real Complexity factor for aerodynamic
control svsten.

2 1.0 CFANTC Real Complexity fac:or for anti-icing
system.

2 1.0 CFAVON Real Complexity factor for avionics
system.

2 1.0 CFBODY Real Complexity factor for aircraft
fuselage.

2 1.0 CFELCD Real Complexity factor for electrical
distribution systenm.

2 1.0 CFEMP Real Complexity factor for expennage
structure.,

2 1.0 CFENAC Real Complexity fauctor for engine
accesscries.

2 1.0 CFENG Real Complexity factor for airbreathing
enginscs.

2 1.0 CFFUSY Real Complexity factor for the fuel
systenm.

2 1.0 CFHNDL Real Complexity factor for the loadings

and handiing systen.
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& Table 10 (Continued)
}j Default ’
55 Card Value Parameter Formpat Description
¢t ' :
3 2 1.0 CFHYCD Real Complexity factor for the hydraulic
é systen.
’ 2 1.0 CFINST Real Corplexity factor for the
instrument system.
2 1.0 CFLG Real Complexity factor for alighting
' ‘ gear systen.
2 1.0 CFNAC Real Complexity factor for engine
nacelles. '
2 1.0 CFPACC Real Complexity factor for passenger
accomxcdations.,
2 1.0 CFPNCD - Real Complexity factor for pneurmatic
: system,
2 -0 CFPOW Real Complexity factor for ausiliary
power systen.
2 1.0 CFTREV Real Complexity factor for thrust
‘ reverser.
. 1.0 CFWING Real Complexity factor for wing stricture.
2 1.0 CONFIG Real Corplexity factor for airframe
) enginaaring.
: 2 1.0 CTJ1 Real Cost per aircraft engines (omit
: if cost: to be computed).
2 0.13 AFSPAO - Real Alrframe spares factor for
" production phase.
2 0.4 “NSPAO Real Main engine spares factor for
: production phase.
8 2 0.4 ENSPAR Real Main engire spares factor for
" » RDTSGE phase.
' A 2 0.0 FACI Real Production facilities cost.
' _ 2 0.10 FEE Real Manufacturer fee factor.
2 0.10 F101 Real Flight test operation cost (omit
_ 1f cost to be computed).
0.20 FVSPAR Real Flight test vehicle spares factor.
0.10 GTISPAR Real Ground test vehicle spares factor.
2 6 ICONTC Integex Indicator for aiicraft type
(6=subsonic, 7=prototype,
v 8~supersonic).
2 1 LDATA Integer Not used.
2 2 YPOWER Integer tlot used.
98
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Table 10 (Continued)
Default
Card Value Parameter Format Description
2 1 IPROD Integer Indicator (l=production, Q=
prototype tooling).
2 0 Iors Integer Indicator for operational program
{l=comercial, O=other).
2 80.0 LEARN Real Airtrame learning curve factor.
2 80.0 LEARNA Real Avionics learning curve factor.
2 90.0 LEARNP Real Engine learning curve factor.
2 1 NCREW Integer Number in flight crew.
2 5 NDATA Integer Number of production levels to
by analvzed (from 1 to 5).
2 1.0 NFV Integer Number flight test vehicles to
be produced.
2 1.0 NG Integer Number ground test vehicles.
& 2 0.0 NOcoxn Integer Number of concept formulation
] contractors.
( 2 0.0 NOocoN1 Integer Number of contract definition
: contractors.
: 2 150.0 NOENG Integer Nuzber of concept formulation
engineers.
2 500.0 NOENGL Integer Number of contract definition
engineers. .
2 0.75 NOYRS Integer Number or years for concept
formulation.
2 1.0 NOYRS1 Integer Number of years for contract
definition.
2 1.0 v Integer Number operational vehicles
: demanded (ac determined by BET)
minus the number of flight test
b vehicles.
| 2 1.0 NVEH(I) Integer Production levels to be analyzed,
I=1 to 5 (the input value for
NVEH(1) must equal 1),
: 2 0.10 PDTJI Real Propulsion aevelopment cost
(omit {f cost to be computed).
2 - RATE Real The value of this variable always
) defaults to the maxizum monthly
aircraft production rate deternmined
by PLANT.
2 17.0 RE Real Engineering labor rate in dollars
per hour.
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Table 10 (Centinued)

Default
Card Value Parameter Forpat
2 15.0 RT Real
2 0.0 SUBSYI Real
2 1.0 TOOC Real
0.0 XAVD Real
2 0.05 XFASSY Real
2 0.20 XNEW Real
3 None TITLE(8) 8A10
4 None COMENT (8) 8A10
| kk
5 0.06 APL Real
None EN Real
None FEE Real
None IAIRPL Integer
5 None IENGS Integer
5 None NVHF Integear
5 None PN Real
5 None T Real
5 None WE Real
5 None WENGS Real
5 None YEAR Real
5 None HP #ral
100

Description

Tooling labor rate in dollars
per hour.

Subsysters development cost
(omit if this cost to be computed).

Compiexity factor for tooling.
Avionics developrent factor.

Final ussembly checkout cost
factor.

Miscellaneous equipment development
factor.

Title to be printed on ranufacturing
cost table. :

Title to be printed on price
estimation results tabla.

Average apnnual increase in
natiocnal price/cost index.

Number of main engines.
Not used.

Indicator for airplane type,
l=conventional jet transports,
2=small jet ' ransports, ]
3=wide body jet transports,
4=turboprop transports,
5=general aviation,
6usupersonic transport.

indicator for engine type,
l=turbojetr and tuvbofan,
2=turboprop, 3areciprocating,
4=airbreathing.

Not used.

Total passenger capacity.

Thrust per engine (omit if IENG & 1).
Aircraft empty weight,

Engines total weight.

Year of intrcduction into service.

Engine design shaft horsepower
(onit 1f IENG = 1).
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Refault
Card Value Parazeter Format

MR

6 None COMENT (8) . 8A10

[}

None PO F20.0

PPN i e = T

2 8 None DELTAP F20.0

Table 10 (Concluded)

Description

Special coment card. Eater
22227222222 if aircraft price
estination process is nct to be
repeated. Otherwise, repeat

card 5 and 6 entering data to be
used during next price estimation
in subroutine ACPRICE for the
current aircraft type.

Note: Cards 1 through 6 must be
repeated for each new aircraft
tyre, in the sace ordev as defined
in BET.

End-of~file mark.

Initial aireraft price in aillions
of dollars.

Increment for aircraft price in
millions of dollars.

Note: Card § must be repeated for
each new aircrafe type,in the
same order as defined in BXT.

End-of-file mark.

Note: The card input to the Fleet
Accounting Maodule follows card 9.

#
' . All weights are in pounds and costs in millions of dollars, unless

otherwise specified.

-
‘Card 1 contains input data for Namelist INPUTI. More than one

.card may actually be required.
§

card may actually be required.

*
* Card 5 contains inpul data for Namelist IN.

actually be required,

101
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Card 2 contains input data for Namelist INPUT2. More than one

Yore chan one card nay



”34523

“

|
od
1&

D. Qutput

Excerpts from the output of the sample problem (see Section V) are
provided in Tabies 11 through 21. These tables illustrate the types of
output for the Airframe Manufacturer Module, which includes statistics on
demand, production scheduling, production costs, rates of return on in-
vestment, aircraft price estimations, and individual and cumulztive monthly
cost, income, and cash flow data, |

The output for each new aircrafe type begius with a printout of the
number of 2ircraft demanded in each of the 30 years bYeginning with the
year the aircraft was firsc demanded. Then, the length of the demand
period in years is printed. that is, the number of yoars from the first

to the last year of nonzero demand. This output, which i3 fllustrated in

Table 11, {s computed and printed by subroutine INPLANT.

) ' Next, results of computations to determine the prod.ction scheduie
are printed by subroutine PLANT. This printout is illustrated in Table 12,
For each yossible yearly breakpoint of the demand period into two periods,
the number of aircraft demanded and the coumputed zonthly production rates
for each of the two periods are ptinted. The finai entries in Tabie 12

are the production rates determined to be best and the month computed as the

best to start production (month 1 = January 1975).

The next information which is printed provides the user with the values
of the parameters used in the cost computations. This information,
illustrated in Tables 13 and 14, {is printed by subroutine ACCOST. Table 13
contains the values of the variables in namelists INPUTL and INPUT2. Table
14 also provides a printout of the valuas of many of these came variables.

It also prints the value of TOVERW (aircraft thrust over weight ratio) and
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Tabie 11
SAMPLE PRINTGUT OF ‘IRCRAFT DEMAND INFORMATION
o R210474Q272742224 2 }75=51"08°5535:;0:? «3E6ITTI7799.4124)2 1243795313108 403 e lITTTEE11347970 49

.
¢12329377442542 2 €3135269%3.0424645 474 3 e 1&TTIII2 LN TunE 4,3 Je Je
Je e Ve M 2.
de . ‘e te Js
N, e - ‘e Z2e
3. “. ‘e ). ;.

PERTN = 4
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Table 12

SAMPLE PRINTOUT OF PRODUCTION SCHEDULING RESULTS

TATAL N3vANN €9p FTOST DEOTAN
TRTAL NIMANN FOO S2CONDG PZOTNND =
TOTAL NEYMANN £OR THIS AIRFDAFT «
oeANNATYIAN OATZ FAR 1ST & 24P ofoAn
TATAL DIMAND FNR FIRST 222100 =
TOTAL NEMANY FIR SECONG 0€RTNN 4
TOTAL NPIMAND FQR THTIS A[OrRPAFT a
PRANYCTTIAN QATE FAR 3ST A 2ND PERTAN
TATAL DIMAND FGR FIRST o220TnR =
TITAL P344MN FQOR SECONN PERTION
TOTAL NIMAND FOO THTS ATRFRAFT =
POANNTTIAN QATE FNR ST ~ 28N oERIQN
TOTAL NEMANN FOR FIRST 0CRING «
TATAL REVANN FNR SECAND PI0[AN =
TATAL NIMAND FOR THTS ATQCPACT
OCANULTINN RATZ FNR (ST a ZNN DED AR
TATAL DIMAUN FNP FIRST 9g%[NN =
TITAL DPEZMAND FriP SECANN 0FGIT7N =
TATAL AFMAND FNO THIS ATRCRAFT =
PONNIETTAN RATZ FNR IST & 234D 02QTAN
TOTAL O(SMAND FOR FIRST OEQTEN =
TATAL NIMANN FOP SpCONE PEQIMM =
TITAL DSYANND FIR THYTS ATPRPACT o
SOANIATIAN RATZ FOAR 1ST & 240 222100
TITAL NEMAND FNAR FIPST 2ERTNN =
TOTAL DSMAND FNRP SECOND 02pTAN
TOTAL DZMANA €0P THIS ATQCQAFT =
PRANHT TT M ATE €AR ST & 2np 2E01TM
TITAL PEMAND FOP FIRST d2ZRINQD =
TATAL NIMAND FIR SECONP OERIAN =
TITAY PIMAND FIR THIS ATOCRAFT =
PRNNMITIAN RAT: FNF LST & 2NN DEOTAN

TIMS FNR CTART=I10 O DRINLFTTIAN = 157

1¢4

32
799
a72
RUSPEITIVELY
bl
1.
£72
RESOELCTIVELY
253
522
£72
QESOECTTIVELY
345
SL7
k72
RESPECTIVELY
465
430
872
RESPICTIVELY
$geQ
293
Er
QESPECTIVELY
724
143
R72
RESOECTIVELY
569
283
272
CESPESTIVELY

TS

TS

1§

IS

rs

IS

=
wn

7

7

(1)
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By

19
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11
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SAMPLE PRINTCUT CT VALUES OF

Table 13

VARIABLES IN NAMELISTS INPUT1 AND INPLTR

STaenTl

' A TITER

MACH * (REeQDy
TN . 183,
TTTTTT e easkeus

VACS % J198Ee 36y

TVAERD ¢ J109Eeud,

TwaRTTE
Tuivion
ooy

“wetcan

BELLLI

Te W3Eecy,

T 21200060
w J303284CH,
o J252EeGH,

. o.;l-;-E-OO-h.

) s126E2Ghe

e $20a1%e08,

WFUSYS
Twsyrar
wGRNSS
Twdannt
TwnYeao
TUINS T
LG
WLGCAN
NLGSTY
TWGtE

“Wemt

v WS4E0DS

" L4853E608,
o Q2691 Fe e,
v Lige03,

. JATTE04,

T e WbTEL3,

O e1357F 408,
. 2.0,

» el
KRN

« 0ets

TUNACEL T Te 411208039,

TVRICTR » JT037Ee0%

TWeNSID TV o0¢,

TNPOWER € G2UbFeQs,

LA 02 4 T T DT P

TVEING
“usart
VLG

T3END

m LA0T7YESDS,
Te GASTIELY,

Y
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Table 13 (Continued)

Rtwegrz T T Tt ot
BLEE v WLEtuls
TAGEOT  w JlEendr . T
TAGERT e G1Eetls
TCFIES T W L2TEe0Ns
CERERN = ASEeadsr
TCEARTE & J1Eetis
TEELVON o 3pe 01,

TeragnyY
" CFELED
CFEN®

TREENTE

TCrENG

TeREUSY

TCRMNALT

Trevyen

‘Eﬁruir

TRt
CPNAC

“ereace’’

TeerirD
. CEPOW

TeFTREY

Tervikg”

CONELE
“crat

TENSELD

TEnSoiR

Fact

FEE

“eror

« T TEeN,
o nEeuL,
" o 18Ee01l,

LAY 2+

T e JlEeyl,

* ¢1E¢CO,

T lEeSTy

. 52000,
v JTEe30,
v JTE400,
* J1Eeuis
* J11E401,
o LiEe3le
* JI2Eel1,
o J1ge01s
e a9E420,

e JlEe¢C1y

T e 1Ee01s

LIRLY ¥ AT

. Q‘E;_CO-U
Tedee, T T
* 7.0,

* J1E400¢°
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Table 13 (Concluded)

EVSPLP  a ,3gage,
TTISEAr @ peege,
TTCoNEE VTR . Tt
TT0ATE ST - T
TicuEr v 3, Tt
CERROR T W — - =
tars DT ST s e TR -

TUEARNT TeTiaTasE g,

TR e [ dinsea0z;

B T TU TR Ty e L P
TWEREE o TEeg T o - - .
TWOAtAaT T,

TRV T TR TRiegi, = e e —_—— e
NG * J1€e31,

THOSON = 4,0, i

TROCONT # 60T T e e
TROENET @ isgeid,

TROENGL e« 5EsD3,

TNOVER TN TFsgego, T

TNOYasy  dT1gess,

TNy " WM T7E403,

‘nVeTc""Tré;"oiﬁss.ci‘.‘:‘:‘ms‘. oIELT, WSETul,
TROTIT Y L1Eetu,

TEATE T i 12e402,

T"ﬁ',‘l"ﬁ'ﬁr" TTTTmE e o TTTTT s

“ar -

LI A

TSURSYE e 9,0, h

Ta0LlT
“Yivo

«1E+0T,
8oty

TYRARSY TS gy T

“YWW""—".“";‘?E?Z)F,""_" . T e——

tEwd
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Table 14
SAMPLE PRINTGUT OF PROGRAM VARIABLES

MVEY ’ 1.0 5.0 10042 38840 60040
XOATA o 5 1CONFG o & T0ATA » 1P0VER » 2 fpenn o

L ADI e e1CQ . Nh e l.0C2 . CONFIG o 1.002 LEARN o 81,3358 MOCON = 04200 NOJCOML = Danbl
FACT = Ga.0Co NV = 857,032 ENSPAD o %00 LEADN®e  £8,180 KOENG = 1%0,002 MNENRGY = 300,002
o FEE = 0e0CA.. __RE =_ 17,003 . ENSPAR - A1) LEAPNA= 81,€50 HOYRS o «752 %7851 - lalwy
BalY o 800 T = 15.000 FTng . «100 NFY - 5.2 XNIV = e 202 TAYD . CeO0L0
SATE = 12.002 i eem—. 1ODLE . o 1.002 CFAZS = . 2a700L _ . XFASSY=s | L0332 . ___ .. . . - -
ARENT «100 FVSPIR o 0233 POTY = 2.04) SUBSYS o Lol 02 1028 o < (4 L] 1.000
AGEPT = ollu GTSPAR = PE 14 POTIL = o122 sussyy - 0.€39 KCREW = 1.060
- CFAER] = «650 CFANTC = 1,00 CFAYNN & 1,00C CeEanpyY = + TGO CFELCN » e 89"
CRENG e 1.000____ CFSHMP .= 14900 . _ CFiual » abGle __ CEMYLD o 4350 . . CFFUSY. s | ,1°2
CFINST «700 CFLG . « 7200 CFNAC = 1,000 CFPNCD » 14230 CFP0Y o 3,20°
—— CFuMpL = 1.000 CFTREY = 1.00(C CFiING o «90C CFPACS o 3,100 CEACS = 2,7.1
TOYERY=  #33445E¢Qy £ - 02C1JLEs0]
T= A3000.R . . _maCHe __ ,80C HYe ABT.C3Y. . KEYs» 34222 . ENe 2400¢C
ENSPARS «400 ENSPLNe 2500 AFSPANS «13)

POTY = | 456325¢63
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the propulsion development cost (PDTJ) for the number of new alrcraft demanded

(NV + NVF).

Tables 15 though 17 illua:ratg results of the airframe manufacturer
cost analyses pefformed in subroutine ACCOST. The tables are printed in
subroutine COSTER. The costs presented in these tables are ccuputed by
using the airframe manufacturer cosﬁ equations givenvin Section III.A (Cost
Determination).

Table 15 contains conmputed aircraft manufacturing cost components for
each of the production levels (upAto five) input by the user (input variable
NVEI(I)). These costs do not include the manufaccurer's fee. Table 16 provides
a breakdown of rescarch, development, test, and evaluation costs; aircrafe
manufacturing costs; and sustaining production costs for the number of vehicles
demanded (NV + NVF). In addition, a breakdown of first unit atircraft manu-
facturing costs are provided.

Table 17 provides cost versus quantity data. At the top of this table,
several program variables are printed, Than, coéts are printea for various
levels of production. Thé first column shows that number of vehicles corres-
ponding to the duta in that row. The second, third, and fourth columns show
average unit manufacturing costs for the alrframe, propulsion, and avionics
systens, respectibcly. The fifth column, unit cost, 12 the sum of the pre-
vious three colucns plus final asgecbly and checkout costs and manﬁfacturer's
fee. Cunmulative manufacturing costs are shown in column six, while total
(including fee) RDT&E costs and sustaining costs are shown in columns gseven
and eight, respectively. The finzl column shows the average total cost per

unit (the sum of the previous three columns divided by the number of aircrafe).
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Tadle 15
SAMPLE PRINTOUT OF AIRCRAFT MANUFACTURING COST CCOMPONENTS BY PRODUCTION LEVEL

PIDVCEN ENCRGY PPCP=caAN (T767-762)

SREAXDOUN N6 CUMULATIVE mANUCACTURING €0ST, WELLTNNS OF DNLLAeS
N'IMRES IF VERICLES le IR 102, 190, 6C0e
T erwae 3,8870 1242076 122.,7386 224,.393) 367.3101
F'!FE_'UM';E - -t LT T T T o e -i._L?:;i o _--—-3;5§66' T 2-9.!§-7—5_ T 65;131‘.2” . - i06¢77-l-73‘2—- T
. RODY STeUCTURE 4.6739 14,0595 11062404 239,25%¢ 422.7690
TLANDIMG GEaR 1435934 4.250) I15.77¢C 7%.1229 227,8572
TMACECUES, Pn0S, erinns, Suspprrs T T T B P 7 2 T WYY PR 9.7326 T 217.8188 T 3shoseds
TeRAPULSINN SYSTEM ' t 5,5827) ( 22033680 € 239.3%63) € £37,4977) (  1126,2969)
EMGINES 3.4311 12,8103 168,7593 265,617 66647911
T4RIIST REVERSER 244662 9.2377 13649228 262,7902 463.45648
LSUEL SYSYER YT T . e€1l48 . a171% L. es221 a 7443
ENGIME ACCESSARIES $J0814 2030 3.929% . 6766 15,2983
T AERODYNARIF COMTOOLS (SURFAFE CONTROLS} 1.6136 3.1764 2647320 98,3434 95,5739
THYDRANLIE 25947 1.84577 © 13,7188 3643370 3641983
TECECTRICAC WOMES COXVERSINN AnD DISTRIAGTIAN ™ ’ Tet356° T 7T 1,0958 T 1847936 36,6773 &Jeua0?
T eMguMaATIC 240002 Vel 3ol €e00LD 2,099 CeCLUO
T AIR ¢cOMAITINNING +9932 3.1192 26,2511 57.3234 93,8547
TAMTI-ICING 01150 «3512 3.039% be6344 1L.35M
T aUXTLIARY snygR SOURCE 1.£019 5.C307 8243352 92e4693 151.3700
PLSSENGE® LCCONMODATINKS 649554 21.¢968 162.5147 293,619% 652,5317
T INSTAUMENTATICON t YT 1e%340) ¢ 12.9164) ¢ 29,2193 ¢ 4641803
EQUIP=ENT 06526 14224 1149623 26,1257 42,7678
IMSTRLLATION . «C161 01134 09345 240048 3.6126
AVIONTICS ‘ ¢ 2,23%90) ¢ 693750 ¢ 9839630 € . 127.%193) { 208.T469)
. EQUIPMENT 2,958 6.6260 54,0719 113,095 193,3213
[HSTALiaTION ‘ 01632 T eSa27 403145 9,423 1546256
LOAD ANY HANDLING » t123 o367 *3256 7113 1.1640
FINAL ASSESALY AKD CHECCANT 1.75¢3 5.6999 9:4535% 115.1577 194,1437

TVEHICLE 19Ta 36492493 119,6398 1092,272¢4 2630,2518 «0%6,a772
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Table 16
SAMPLE PRINTOUT OF COST BREAKDOWN FOR NUMBER OF VEHICLES DEMANDED

—BEAEARCY, NEVELNPHENT, TEST, AND EvaALMATION
LTRFRARE DESIGN AND ENGINEZERING OEVELMNPHENT

COASTEMILLIONS OF DOLLARSS

ey T e—
e U e e 'u",:‘w“‘;’“.ﬁ‘»”:“’\' Rgtarson !

CONCEPY EN®uyiAT AN - . Call
CNNTRACT DEFINITION CeC0D
_ ATRFRANME ENGINEERING 223,173
SUBSYSTEMS NEVZLAPHENT 129,12
s oo oo AVIONICS DEVELOPMENT 0.00
PRICPULSION DEVELOPHENT * 466,32
OEYELQPMENT SUPPORT . - — . — 452,68 .
GROUND TEST YEHICLES { 1.0} 26449
e e L GROIND TEST SPARES . . | e e e [ 2465 —
FLIGHT TEST SPARES 23,54
—————— e = - JOOLING ARD SPECIAL TEST EQUIPMENT. . e e e, 342415
© FLIGHT TEST OPERATIONMS 12,92
6ROUMD SUPRORT EQUEIPMENT __ _ It epuupOr-1. 1D L —e————
TECHNICAL NATa 2439
c———ee FEE . - e e e Q.00

fNANUFACTURING==FIRST_UNIT} _ 38492} . __

AIRFeANE ¢ 26449)
— e AVIONICS PxUSYREMENT A 24100 e s
PROPULSION PROCUREKENT ( 5.98)
_________________ ETHAL ASSEMOLY XMD CHECKQUT (. 1761 S

ALRCRAFY PRODUCT ICN,
— OPERATIOHAL VEMTCLES { 872,Q) _
SPaRT®
L FACILITIES e
SUSTAINING ENSTHECRING
— ——-—SUSTAINING TDOLING_ __ _ .
GRJUND SUPPORT EQUYPMENT
cmeeim - .TECHNICAL DATA
MTSCELLANEQUS EQUIPMENT
e e U TYRLNING ZouIrNEY

TINITIAL TPAINING .
———e—IMITIAL TRANSPORTATION ———
FCE

..TOTaL ensy
YOTaL _wuugFe qf FLIGHT YESICLES. PRCNNCED e e L Ll . e

AVERAGE UMIT AlRPLANE sy

e ———— v e

$200.39

931.79
2.00
662,00

540472,

807,09
237.81
10445
36424
251469
3393
0.00

“aige -

127%.84

e —— e ————e
1

877%.91

10553,75
R R TIR & 739 . D

1193
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Table 17
SAMPLE PRINTOUT OF COSTS VERSUS PRODUCTION LEVEL

AIRPLANE COST VERSUS CUANTITY

ARPR WETGHT (URS) 144310, NACH NO, «80 TAKE~OFF FROSS WT, (LAS)  2691(s,
T M. ATRCRAFT 067 PRADUCTION RATE AC/M0  12.C0 TEST AC s, PROGRAN TYPE PRONMICTION SSRCENT PRAFIT 0.0
AVERRGE WINUFACTURTNG TAsTS ~ — —— == —==m- ROT A SUSTAINING  ~AVEQAGE
LOUARTRTY AIRFREHE  PRIPULSTON AVIONILS  UNIT casy CUMILATE VE cosTS casts (4134
- 1 2644862 5.9827 245977 35092 36,92 1¢49, 46 17.87 1164426
__2___21:97?.9‘.592?3_5 ZQZOQL___ ~a62 . -_bhlﬁ -_.--ltéb-h? v 93481 . | 11466 _ - -
3 19.2822 409013 T 1 .964¢ 27,45 02,3 1¢76.97 147.55 435,83
_—5 17,7442 405520 18073 25.41 10‘-5’ . 1624469 197400 3¢3.50
5 16,6362 .4874 1.694¢ 23496 119,59 1090453 22149 288,40
_ b 15.7825 403220 146075 22.00 136,79 1095,95 250.59 247,22
? 1560350 4.2027 145378 2l.88 193,14 11G6.38 276.47 218,57
8 16,523 4,102 _ Le4793 21,11 168,80 | 1124,23 - - 397492 __ 165.63). . . S
$ 1440377 6.0154 144268 2)e88 184,11 1137.60 321,46 129,25
_ 10 11,6168 3,9393 1.3869 19,89 193,90 111¢. 51 34ie42 165,11
23 11.1453 3.4737 1.1252 16454 330.84 1132, 22 492,84 97.79
. L 9.91331 3.2273 1.0C397 14.86 445,73 1145,48 601.89 73.1¢
40 9.1224 3.,0831 03292 13,77 550,02 215%,1¢6 691,37 92,93
_%0 _823528 2,941 L5713 o 2.8 549,19 1162450 769.17 £1.83 .
60 80,1139 2.2458 8264 12.38 742,53 1169, 34 839,07 45,0¢
70 Te7804 2.7673 « 7904 11.28 831,89 1174489 933,22 41,57
80 Tehs67 2,701u 7635 11,67 917.97 1179.76 952,94 30,26
. 90 T.2189 2.6439 «7351 11.13 i901.31 1184,11 1019.13 35,61
120 T TeGdS 2459138 «7130 10.82 1082.27 1190.04 1072443 33,43
200 55,7299 2,287 o5336 402 18235.1% 1215.00 1512446 22407
T 3ge 5.0964 2.12%0 *5191 8.13 2438,26 1231.48 1266469 19,45
) L0 446899 2,069 4777 Te54 3017449 1243, 8¢ 2178462 18,10
500 44397} 149367 479 7.12 3560464 - 1253482 2464,10 14,56
600 401714 1.6738 04249 6479 4376419 1261.73 2731.01 13445
780 349397 1.08221 . 04066 64513 4570437 1268.71 2903494 12460
_6%0 _ _ 3.3397 1.7783 3910 . .3 5C464.88 1274,84 3229.8? 11.93
930 3.7103 1.740¢9 *3779 6412 5569445 12%0,32 3458,71 11.39
. 1630 3.59%¢ 1.7079 03664 5.98 5057,17 1235,2¢ 3684,06 13,63
1200 3e01643 . 31,8523 3678 5,69 6922.15 1293.97 4118,19 19,19
_ 1ac0 3.2658 1.6087 0332¢ 5,47 7851.25 1301, 48 4528,51 9,82
100 341420 1.5681 o3240 5.2¢8 8450,87 1301,03 © 452%,04 9e1n
1800 31,0368 1.53%51 «3093 5.13 9225461 1313.9C 539,59 8,95

209877 T 2.9458 15080 +300¢C 4,99 997%.92 1316.21 5681,1R %.49
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Printed results of the aircraft price estimation process appear next in
the output. These results are illustrated in Table 18. They are computed
and printed by subroutine ACPRICE. The methodology described in Section III.A

(Aircraft Price Determination) are used to compute these results.

The next printed information s 1llustrated in Table 19. This
table contains the following:
® The first line (printed by subroutine COMPCOS) contains 11 cost
components (in millions), including the first unit manufacturing
cost plus sustaining costs 0S, FAC, SE, ST, AGEO, D0, MﬁQ, 0T,
IT, and TRI for NV + NFV vehicles.
® The next 21 lines are the criél rates of return and residuzls
(one line for every 10th cycle) from the estimation of interval
rate of return by subroutina INRR, the last line indicating the
final value estimated. |
® The next line is the restatement by subroutine INTROR of the
rate of return determined by the iteration process of subroutine
INRR.
® Finally, the last line is output by subroutine INPLANT and shows
the determined rate of return and the aircraft price (millions
of dollars) for which this rate of return was computed.
F urteen tables such as that illustrated in Table 19 are printed.
The first for the input value of base alrcraft price (PO). The others are
for aircraft prices determined by incrementing the price upward by the

input price increment (DELTAP).

113



VAYS

— e v R e A A MR R
- . - i B S ‘--»:“w “’%‘J“"Mﬂ.&"*%‘iv

Table 18
SAMPLE PRINTOUT OF AIRCRAFT PRICE ESTIMATION RESULTS

FSTIMATED ATPPLANE NEVELOPMINT COST, MILLTONS 237245577

SSTTMATED AIRPLANE UMTT PRODUGCTION CASTs MILLINNS 2745634
FSTIMATED AIRPLANZ MAPKET OLAME PRICE | 19,1750
ESTIMATED AIRPLANI PRICT AY SEAT CAST» MILLIONS, (3SEPRT(1)) ‘ 13,0179
ESTTMATEN ENGINSS TNTAL PRICE 3.0032
ESTTHMATED ATRFRAME PRTCS 2549R32
ATOERAME WETGHT ' 145572.039%

ESTTHMATED AIRPLANE PRTCE 25,9882
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Table 19
SAMPLE PRINTOUT OF INTERNAL RATE OF RETURN RESULTS
*389ZE002 “,9518£403 3, s0829E433  ,540720C3  L8LT1E403 o1076E403 L 1C46E402 ,3624£¢92 e261634u3  L,3593E¢02
____‘_cﬂDSDDDu__.__-ﬂZ!._'I!i' A0 e e B T T e e
~¢ 6130000 4334,40327309
e e =al 29000y .. $5%743C94323
- 0399020 4793,R643175
meem = TeEAS00UC L s031.3984698 .
=¢059000v 532%.3483609 .
=+ 0690060 ,iéh’.}llh]?__;._.____._. oo e, ... - . —
=« 07906000 T 5935,02024130
e meCBOUGLG 627443712457 P . . .
=+ 0990200 6639,4385742 -
———— el 7C32,488795) ——— . _ - - - -
-e1190C3Q 7455.986943)
Te $233000 791244302197 .  — e S
~+13590090 8495,3424083 '
—— e 149000C §9317,2962988  _ . . -
~+ 1599000 952149202232
moe—— Ze10TQ00C L A0132.%0%2763 . - . e C
~e176030¢ 1080442013654
———=e']890000 .13532.0077104 __ e e e
=«1992300 12314.74670657 ' :
cememee =2 209000C 13163,0190773
=+2190000 14079.5354674
———— _Te 2230000 —..-.=13068,8998 71} - .. . oo .
=0 2390006 16135,9573542 )
222890000 17284,5336079. ————————— e o ——— e X —_—
-e2595020 16518,239)18¢ D !
- ———-_Ts2093000 | 19839.2825276 Dy
=.2799000 21249,0967792 gg
m——— . T 2090C00 -~ 22742,55339487 - oD - -
-~ 2990000 2431645928047 r~
'_“"JQEQ‘LU 2595847473681 _ T e LSO e - -
~.3150630 27649.6967747 SES
—— - T2290006 2936003637795 i 5)
~¢ 335000y 31049.5584458 RN
omee - TAAS00NG 320240676670 . Y
=+3593000 3405443566477 Q\ij
h__‘géé,‘:‘&_c’_»‘@._'_.}?!5295221929, —— . - - e — C e e - - .
<+ 3793¢30 35752.9401343
el =¢300000Q 35622.9989547 .
=5 3950000 34385,76324592
. .=e4030000 31568.5962798
=.'419990¢0 2690%5.9665€89
=+ 4290000 18281,403)116 T e e e e e e
«+ 4350000 5612,26911335 : T
~¢ 4420000 729.4042379

R S oa62E00e
EOIN = | ~4442000 PRAN = 2,000000.
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Next, 31 tables similar to those illustrated in Table 20 are printed,
one for each year from 1975 through 2005. For each month of the year,
this table shows, in millions of dollars, five RDT&E cost components (ADEE,
SUBSYS, AD, PDTJ,'DSZ manufacturer's income (i.e., revenue), aircraft manu-
facturing cost (0OV), ten sustaining producticﬁ cost components (0S, FAC,
SE, ST, AGEO, TDO, MEQ, OT, IT, TRI), and cash flow for the demand schedule

and number of vehicles demanded.

Finally, 31 tables similar to that illustrated in Table 21 are printed.
These tables are identical to the praviously described tables except they
provide cumulative data instead of individual monthly data. After the
last of these tables, the rate of return on investment for the iasu air-
craft price and the last aircraft price are printed. The tables illustrated
in Tables 20 and 21 are printed by subroutine INTROR.

The output described above is printed successively for each new air-

craft type,
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SAMPLE PRINTOUT OF INDIVIDUAL MONTILY COST, INCOME,
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Table 20

JAH FES
C_AIRTMOE1®I2 00 o4 g
SU3SYSDIQ9Z o, Ce [4
—_AVOAICS1592 0 be .. ___ 0
PROPULSLO02 U, Col

_DEVELDPL1992 ¢, 9
COKE 1992 146078402 1.500E402 1

. AANUF 1992 444208401 44339E49] &
SPARES 1962 7.906E-00 Te 8728400 7
_FACILITIA92 (o Lle 0
SUSENSRIG92 2+8ACE+LO 2,797F+00 2
_3USINNL1992 2,115E+¢u S:081c+00 2
GSZIUIPLQ92 Te404E¢0) T7.404E400 7
_TECHDATLS92 Pe873E~C1 9.873E-02 9
RESCEQUIv92 94 50QE=~C2 9.8C0E~-02 9
TRAINECL902 3.325E-C1 3,325F-01 5
TIYILTaR1993 2o SGOE400 2.400540072
IVILTRAL1992 34 298E~00 3,2988~21 3
-CKSH:lOl°¥2 9e148Es52 C+iBlE4J1 8

HAR APR

. -
. Q.

| S ,_ol- - e ——

. wve

. Co
o3TLEHY2 )

«368Eey; 16E+5)
«838E+0C 7.005€+00
L P
T56E40C ceT17E4GO
«0492+400 2,017E42C
o8J4ESID T,4C4E DL
*873E~31 9,8738-51
+603€~02 9,60h8-32
e5¢5F-01 3,325E-01 _
eGCQESLC 2.4CUERDO

“YREHY2

o

SN

AND CASH FLOW DATA

YT

Je | .
e [ 1Y
Qa. ... .
’. . o.

Q. Qo -
145426402 1.651E402
40329E40) 44339243}
TeT73E400 7.741E+30
. .
2.6TBE+CO 24441E+00
1.966E400 14936F+C0
Te4UAE200 74404E400
Fe8T73E=() 9,873E-0%
Se6COE~C2 9,600E=-02

1.66CE¢02

44290E001

Te71CE¢00

2,605E400

1.920£409
7.404£400
9.873E-C1
94600k~02

30325601 3.325F-01_3,327€~01.

2440CE G0 2, 0UE¢nC

2040CE+0)

+298E-0) 3,296E-03 3.2G6E-01 3.200E-01 3,298E-01

*SL2E00]1 9,5782401

Fe094Ee01 9.810E+01

P4 CL6E+OL

AUG

[\

Ce

[ P
0o

[

1,668E¢02
4,272E401
Te5600E¢0)
L]

2.5T0E+Q0
1.99CE403
Te404E¢00
9.873E-01
9.800E-C2
3,3200-01
2++LUE+0)
20295E-0}
1¢004g¢02

1.6773402
4+254E401
Tes5154d0
L ]
24536€¢00
1e873E420
7:404C¢00
9.373E-01
94€00E-02
2328501
204)2E429
3,296E-01
1.01584+0¢2

RT3 ;

oo

O

1e668E402
%e235E+01
T 8228 eLu
Lo

24 503E 4G
1+847€ 90y
Te404E 200
9,873E~01
9.603E=-02
Je3255-01
2. 4CIESGL
34298F -1
1027k 462

P R S

NoV

Go-

Qe

Qs

Oe

Ve
1+694E902
5.21’5001
74593E400
0. .
2.471E+00
Lo 821E4LL
Te4C4EQ0
9.873€-01
9.600E-22
3¢323¢=Ql
244%02E LD
3e296E-0]
1eC368E+02

- W:Ly’?«,ii"";;}-

“oec

Q¢

.
Qa._. . ...
D¢

Oe
1.703Eeu2
£42Q2E+21
T2366E400
Gy ..
2+440E¢00
1e797E+00
7e406E¢Q)
9.873E-01
9¢500E~02
34225501
2.40CE O
34293%E-31
1e2495+02

YRR
SR,
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JAN

€En

HAR

KTRFANEIG9Z 202376402 24237F 4002 242376002
JSUNSYSNI992 142916402 1a291E4u2 14291432
[\]

AVONINS1992 G,

2ROPILILG92 4, 003E452 42653E002 4.653E202.

DIVELOP1992 445978 L2
INCORE 1992 8,352E+0)
RANUF 1932 2,171£+403
CSPARES 1992 5,521E402
FACILIT1992 ¢,
JSUSEnR31992 5,2716¢C2.
$USTANLINI2 4.968F+L2
_GIEAIIPL992 3,9b1Fe2
TECHDATI92 5.,2826+L1
CRISCETUL9IL Selldeieiy
TRAIMEQL992 1,7763¢(1
SITILTRHLI992 1,284E002.
TTILTRA1I992 1.7645401
CASHFLOL992 1,747643)

Co

545975022
Ce512E+L3
2.21%E403
S¢40CE¢02

0.

32305E402.
4.3%9¢ (2
441)35E4C2
5.381€491
Se232E+23
1.812€+01
1e35¢CE*22
1.797€4+L1
10839€+93

459764352
8ab69c0u3
34259E¢02
Seb78E002

°o
943328402

€obL9E€Q2
401338002
5e8792 41
5e220€0.¢C
12658431
14332E422
1e230€e,1
1e928E+93

SMPLE PRINTOUT OF CLMULATIVE MONTHLY CIST, INCOME, AND CASH FLOW DATA

APR

24237€¢C2
1e292E¢C2
o'

$006535402
4e597E052
82832E453
2.303E+0)
54796E¢C2

G.

2223592422
4.509E4052
4elB4Eel2
5¢5782471
e 8242400
1.A79E+0)
1a356E4052
1e8625¢41
2ol 265403

44y

24237E402
2e291Z4L2
Je

4.603€9C2
4397212
8.997EL)
3.346E0L3
S54835E402

32380E¢C2
446497902
4e258E0L2
54577€¢C)
5¢520E402
1.912E+L2
la530£€¢C2
1e895Ee( 2
201218403

-~

Table 21

JUN

202375402
162312402
Ceo

446635002
6.597%40%
961562023
3.389E¢02
S.911€0C2

0.

04132502
4,0669E+02
6©4332E¢02
$775F401
SetlbE4D0
1le945cen}
1.404E902
1s920Ee02
20219E403

Jun

2.,237€402
1,291E902
O

. 6528402
44297402
9e3285403
3.432¢003
$eG99E¢32
0.

Je439E402
4,66G8%402
4$4406E902
54874E901
Se712E¢(0
1.970E+G)
la628E422
1951270l 1
24318E4L3

AUG

242376402
1.291€¢02
Co

46035402
4,397€+02
Q494403
3447%5€003
602065602
fe

Ja864E902
4707402
4.4C0F+02
Se973Z4G12
S.B808E+C)
2.D12€6901
1.852E+02
1,994E+01
20419E+03

SE?

202317€E4J2
1e291E¢02
Co
S.862E002
4,597E992
Q.6L2E402
3.517F+3°
6s.82E032
Ne
22 570E¢02
4.T726E422
0s5hE4D2
6. C72E401
54324E430
24045E401
1.476E402
2,0272¢01
24320E4)3

ner

2023TE 02
1e291E¢02
’.

§.603E¢02
$4597E8¢02
94831E003
3.55%E¢C3
6e22%E402
e

5e513Ee02
LoTOH4F Y2
§e462%C002
[ TP RLIXINY
6,002E 400
2.07A%eC]
1.500E+L2
240825002
2:523EeL)

HOV

2023TE+02
16291E¢L2
Ce

4.663E402
45978402
1.0u0E*C 4
3 tu2E*0)
62254E¢02
Ve

54539E¢02
Le7T62E002
4,732E¢C2
6eC89ECDL
6.396E4+¢0
24111E4L1
1e35246E442
2+093E¢01
2, 727E+0)

DEC

26237E02
1,292E432
Ge
4.053£202
4.597E402
1eG22E404
Job44E402
6,373%E402
O.
$0388E422
4,780E+02
G.77062+32
64353£401
6.192E409
21435401
1e548E002
20120E401
24832E493
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IV AIR CARRIER MODULE

The Air Carrier Mndule provides a tool for analyzing the financial
feasibility of an airline purchasing and operating an aircraft. The module
provides a methodology for computing the air carrier costs and revenues
over the economic life of the aircraft, perfcrming_a cash flow analysis, and
computing an internal rate of return on iavestment. The Air Carrier Module
includes models for estimating direct and indirect operating expenses and
techniques for accounting for initi&l investment, purchase loan repayvments,
deprecistion, and tax expenses. The salvage value of the aircraft at the
end of its economic life is treated as a capital gain.

The program for the Air Carrier Module contains bits and pleces of
code that would suggest that the module was intended to be quite gcnefal
and fiexible. However, these generalizations are not fully implemented.
Hence, the program that is actually workable is quite limited. In describ-
ing the Air Carrier Module, only the workable program code is treated.
Extraneous unworkable code is not documented, but remains in the program
code,

Descriptions of the mathematical modeling methodology, program logic,
input, and output of the Air Carrier Module follow. In addition, a listing

of the program code for this module is prcvided in Appendix D.

A, Methodologz

The methodology, as currently implemented, provides for analysis of
the costs and revenues an airline will experience in purchasing and operat-
ing one aircraft. Based on a set cf parameters, which ar: assigned values

via input or rreset within the program code, the methodology computer
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cslculates direct, Indirect, and total operating costs; repayment schedule
for the financed portion of the aircraft purchase price; depreciaticn
‘gchedules; net earnings before interest and taxes; interesc.and tax pecyments;
cash flow; discount factors and discounted cash flow; net present value;

tax adjustments (due to loss carryovere); adjusted tax paymente and éaéh
flows; and finally internal rate of return on investment based on the dis-
counted cash floﬁ.

The Air Carrier Module performs a finencial anaiysis for a satiés of
aircraft prices. The aireraft price is initially set at $5,000,000. After
the analysis based on the initial price hus been performed and results
printed, the aircraft price is increased by $2,500,000 and the analysis is
repeated, with the final aircraft price analyzed being $30,000,000.

Tn developing the methsdology, several assumptions have been "hzrd-
wired" into the code. Specifically, the initial investment cost (portion
of aircraft price not financed) is set equal to 40 percent of the price,
and the financed cost is set equal to 60 percent of the price.r.The annual
inflation rate is set ecial to zero, and the annual revenue is set at
$7,500,060. Values are also set for economic life (15 years), residual
value fraction (0.15), and interest rate (10%). The program code does not,
in general, aliow the usér Eo modify these assunptions simply. .

The methodology for performing the financial analysis includes models
for estimating direct and indirect operating expenses. Descriptions of
these models follow: |

Direct Cost Calculations

The direct cost medel is a modified version of the 1967 ATA (Air

Transport Association) formulae for estineting direct operating costs of
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turbine-powered transport airplanes.* This model limits direct operating
costs to flying costs (flight crew, fuel and oil, and insurance costs)
and direct flight equipment maintenance costs (labor, material, and
maintenance burden).

The methodology for calculating direct operating costs is based upon
parameters which describe aircraft physical and operational characteristics.

These parameters which are inputs to the cost model are:

ADCC = Costs of added flight crew (over 2),dollars.
AMT w  Air maneuver time, hours.

CLS = (Climb speed, uwph.

COFL = Cost of fuel, dollars per pound.

COIL = Cost of oil, dollars per gallon.

CRS = (Cruise speed, mph.

Dl = Distance at maximum payload point on range-pavload
diagrams, miles. .

D2 = Distance at maximum payload point on range-payload
diagrams, miles.

DESS = Descent speed, mph.

F1 = Fuel at maximum payload point on range-payload
diagrams, pounds.

F2 = TFuel at maximum fuel point on range~payload diagrams,
pounds.

FCK = Basic flight crew cost factor (for a crew of 2), dollars.
GMT = Ground manauver time, hours.

H = (Cruise altitude, feet.

*
"Standard Method of Estimating Comparative Direct Operating Costs of Turbine
Powered Trangport Airplanes," Air Transportation Asscciation of America,
December 1967.
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NRCREW = Number in crew.
NRENGN = Number of engines.
NRSEAT = Number of seats.

NSL = Number of flight stage lengths (up to 12).

RCH = Rate of climb at cruise altitude, feet per minute.

RCSL = Rate of climb at sea levei, feet per minute.

RL = Maintenance labor rate, dollars per hour.

SL(I) = Distance for the Ith stage length (I = 1 to NSL), miles.
T = Time factor in engine labor cost calculations.

U = Annual utilization per aircraft in block hours.

VA = Alrframe cost, dollars.

VE = Unit engine cost, dollars.’

WEM = Aircraft empty weight, pounds.
WEN = Unit engine weight pounds.

WGR

Gross vehicle weight, pounds,

Using these input parameters, various operationel characteristics and
direct operating costs are computed for each of the flight stage lengths.
The operational characteristics include specd, time, and fuel consumption,

which are computed using the following equations:

CLIMB TIME (hours)
CLT = 2 % H/((RCSL + RCH) * 60.0)
DESCENT TIME (hours)

DEST = CLT
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CRUISE TIME (hours)

CRT(I) = ((SL(I) + 0.015 * SL(I)) - (CLS * cLT + DESS * DEST))/cRs,
1f SL(I) < 1400

= ((SL(I) + 0.02 » SL(I).+ 20.0) - (CLS * CLT + DESS * p
CeS, if SL(I) > 1400
BLOCK TIME (hours)

EST))/

BI(I) = GMI + CLT + DEST + car(1) + AMT
BLOCK SPEED (mph)
BS(I) = SL(1)/BT(I)
BLOCK FUEL (pounds)
BF(I) = WGR * 0.01 + ((F1 - F2)/(p2 - D1)) * SL(I) + 0.032 ((F1 - F2);

(D2 - D1)) * cRs
FLIGHT TIME (hours)

FLIT(I) = BT(I) - oMT

The equations for Computing flighe crev, fuel and oil, and hull insurance

Costs are:

FLIGHT CREW COSTS ($/mile)
CFC(I) = (WGR * S.0E - 5 + FCK) /BS (1)

where FCK = FCK + ADDC * (NRCREW
FUEL AND 011 COSTS (3/uile)

= 2.0) if NRCREW > 2

CFO(I) = 1.02 * (CoFy * BF(I) + NRENGN * 0.135 * co

HULL INSURANCE COSTS ($/mile)
CI(I) = .001 * VT/(U * 35(1))

where VT = VA + vE % NRENGN
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TOTAL FLIGHT OPERATIONS COSTS ($/mile)

CFOP(I) = CFC(I) + CFO(I) + CI(I)

Direct maintenance costs are computed for the alrframe and engines using

the following cost equations:

AIRFRAME MAINTEMANCE LABOR COSTS ($/mile)
CLA(I) = RL * (FHAL * FLTT(I) + FCAL)/SL(I)
where WA = WEM - WEN * NRENGN
FCAL = (WA * (5.0E - 5) + 6.0 - 630.0/(120.0 + WA *
1.C2-3))
FHAL = 0.59 * FCAL
AIRFRAME MAINTENANCE MATERIAL COSTS ($/mile)
CMA(I) = (FHAM * FLTT(I) + FCAM)/SL(I)
where FCAM = VA * 6,24E - 6 * 0.5
FHAM = VA * 3.08E - 6 * 0.5
ENGINE MAINTENANCE LABOR COSTS ($/mile)
CLE(I) = RL * (FHEL * FLTT(I) + FCEL)/SL(I)
where FCEL = (0.3 + T * 3.03-5) * NRENGN * 0.5
FHEL = (0.6 + T * 2.7%-5) * NRENCN * 0.5
ENGINE MAINTENANCE MATERIAL COSTS ($/mile)
CME(I) = (FHEM * FLTT(I) + FCEM)/SL(I)
where FCEM = VE * NRENGN * 2.0E-5
CHEM = VE * NRENGN * 2.5E-5
MAINTENANCE BURDEN ($/mile)
CMB(I) = 1.8 * (CLA(I) + CLE(I))
TOTAL DIRECT MAINTENANCE COSTS ($/mile)

CM(I) = CLA(I) + CMA(I) + CLE(I) + CME(I) + CMB(I)
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Finally, several additiongl diréct operating costs ratios are computed.
These include:
DEPRECIATION OF FLIGHT EQUIPMENT ($/mile)
CD(I) = 0
TOTAL COST PER AIRCRAFT MILE (dollars)
CAM(I) = CFOP(I) + CM(I) + CD(I)
COST PER FLIGHT HOUR (dollars)
CFH(I) = CAM(I) * BS(I) * BT(I)/FLTT(I)
COST PER BLOCK HOUR (dollars)

CBH(I) = CAM(I) * BS(I)

COST PER AVAILABLE SEAT MILE (dollars)
CASM(I) = CAM(I)/NRSEAT
COST PER CRUISE MILE FOR THE AIRCRAFT (dollars)
CACM = (CAM(2) * SL(2) ~ CAM(1) * SL(1))/(SL(2) - SL(1))
COST PER TAKEOFF FOR THE AIRCRAFT (dollars)
CTO = (CAM(1) - CACM) * SL(1)
COST PER CRUISE MILE PER SEAT (dollars)
CSCM = CACM/NRSEAT
COST PER TAKEOFF PER SEAT (dollars)
CSTO = CTO/NRSEAT
COST PER ATRCRAEFT TRIP (dollars)
. CPAT = CSTO + CACM * SL(I1)
COST PER SEAT TRIP (dollurs)

CPST = SCTO + CSC * SL(I)
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The direct operating costs (flight aud maihtenance) are also computed
on a dollar per block hour basis. This is accomplished simply by multif
plying the dollar pér nile cost figures by the block speed (BS(I)).

The annual direct cost for an aircraft for use in the subsequent
financial analysis is taken to be the direct cost per block hour for ;he
first stage length, i.e., CBH(I), times the annual aircraft ucilizacion, u,
which is input by the user.

Indirect Cost Calculations

Within the OPLIFE model is embedded a metbhodology for éstimating the

indirect operating costs for the following indirect operating expenses:

Stewardess

Passenger food

Other passengers in-flight expenses

Aircraft servicing

Traffic servicing -

Reservations and sales

Advertising and publicity

Maintenance for grdund, property, and equipment

Depreciation and amortiéation of ground, ;ropcrty, and equipment
Depreciation of rmaintenance equipment

General and administrative expense.

The methodology is based on a set of parzmeters which are inputs to

computer program. These parameters include:
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-AI2

Al4

AIS
AI6

Al7

AI8

AI9

AIlO
AIll
ATl2
AT12A

AIl3

AIl4

AIlS

All6

AIl7

AIl8

AIl9

AI20

Flight operations expense (less 1entals) in dollars
per block hour.

Maintenance expense for flight equipment in dollars
per block hour.

Flight operations expense for rentals in dollars per
block hour. v

Dollar cost per stewardess per block hour.
Food expense in dollars per passenger per block hour.

Cost of other passenger in-flight expenses in dollars
per passenger per mnile,

Alrcraft line servicing expense per departure.

Aircraft control servicing expense in dollars per
block hour.

Landing fee per departure in dollars.

Passenger traffic servicing expense in dollars per passenger.

Baggage traffic servicing expense in dollars per ton.
Cargo traffic servicing expense in dollars per ton.

Reservation and sales expense per passenger in dollars.

Reservation and sales expense Per passenger-mile
in dollars. ’

Reservation and sales expense for property in dollars
per ton-mile.

Advertising and publicity expense per passenger-mile
in dollars.

Advertising and publicity expense for property in dollars
per ton-mile.

Maintenance expense for ground property and equipment

.per departure in dollars.

Expense for depreciation of general ground property, and
equipuent and amortization per departure in dollars.

Maintenance equipment depreciation factor.
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AI2l
AMT
BAG

CF(1)

CLF(I)
CLS
CRS
cs
CSTEW
DESS

DIS(I)

DPT(I)

FLF(T)

FOODR

FS

FSTEW
GMT

H
NRSEAT
NSL
RCH
RCSL

RTM

General and administrative expense factor.
Alr maneuver time, hours.
Baggage per passenger in pounds.

Passenger trip clrcuitry factor for stage length I,
I =1 to NSL.

Coach load factor (decimal) for stage length I, I =1 to NSL.

Climb speed, mph.

Cruise speed, mph.

Number of coach seats.

Average number of stewardezsess in coéch.
Descent speed, mph.

Passenger trip length in miles for stage length I,
I = 1 to NSL. .

Departureg per passenger-trip (flight basis) for stage
length I, I = 1 to NSL.

First class load factor (decimal) for stage length I,
I =1 to NSL.

First class food expense factor.

Number of first class seats.
122

Average number of stewardesses in first class.
Ground maneuver time, hours.,

Cruise altitude, feet,

Total number of seats in the aircraft.

Number of state lengths (up to 17).

Rate of climb at cruige altitude, fee* per minute.
Rate of climb at sea level, feet per minute.

Tons of mail per flight.
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RTP = Tons df property (cargo) carried per flight.

U = Annual aircraft utilization in block hours.

Using these parameters, several flight speed and time characteristics

are computed for éach of the flight stage lengths. The equations used are

as follows:

CLIMB TIME (hours)

CLT = 2 * H/((RCSL + RCH)* 60.0)
DESCENT TIME (hours)

DEST = CLT

CRUISE TIME (hours)

CRT(I) = ((SL(I) + 0.015 * SL(I)) - (CLS * CLT + DESS * DEST))/CRS,
if SL(I) < 1400

= ((SL(I) + 0.02 * SL(I) + 20.0) - ( CLS * CLT + DESS *
DEST))/ CRS, if SL(I) > 1400

where  SL(I) = DIS(I)

BLOCK TIME (hours)

TB(I) = GMT + CLT + DEST + CRI(I) + aMT
BLOCK SPEED (mph) '

SB(I) = SL(I)/TB(I)
FLIGHT TIME (hour)

FLTT(I) = TB(I) - GMT 4
Using these computed flight characteristics and the input parameter

values, the various indiregt operating cost components in dollars per trip

are computed for each stage length as follows:

FLIGHT OPERATIONS (LESS RENTALS) EXPENSE

CI(I) = AI1 * TB(I)

129



L

T —

-

.
T RS TS e ot R ot
s Sl e T b bl S b

MAINTENANCE EXPENSE FOR FLIGHT EQUIPMENT
C2(I) = AI2 * TB(I)

RENTALS OF FLIGHT EQUIPMENT
C4(I) = AI4 * TB(I)

STEWARDESS EXPENSE

C8(I) = AIS * (FSTEW + CSTEW) + TB(I)
FOOD EXPENSE

C11(I) = AI6 * (FS * FLF(I) * FOODR + CS + CLF(I)) * TB(I)
OTHER PASSENGER IN-FLIGHT EXPENSES

Cl4(I) = AI7 * (FS * FLF(I) + CS * CLF(I)) * DIS(I) * CF(I)
AIRCR4FT LINE SERVICING EY¥PENSE

C15(I) = AI8 * DPT(I)
AIRCRAFT CONTROL SERVICING EXPENSE

C16(I) = AI9 * TB(I)
AIRCRAFT LANLING FEES

C17(I) = AI10 * DET(I)
TOTAL AIRCRAFT SIRVICING EXCEY3E

TAS(I) = C15(I) + Cl6(I) + Cl7(T)

TRAFFIC SERVICING EXPENSE FOP. “ASSENGERZ AND TAGGAGE

C22(I) = (AIll + AI12 * L& /2000) * (FS % FLF(I) + CS * CLF(I))
TRAFFIC SERVICING EXPENSE FOR CARGO

C23(I) = AI12A * (RTM + RIP)
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TOTAL TRAFFIC SERViCING EXPENSE
ITS(I) = c22(1) + C23(1)
RESZRVATION AND SALES EXFENSE FOR PASSENGERS '
C26(I) = (AI13 + AIl4 * DTS(I) * CF(I)) * (Fs # FLF(I) + CS * CLF(I))
RESERVATION AND SALES EiPENSE FOR PROPERTY
C27(I) = RIP * AIl5 * D.S5(I) * CF(1)
TOTAL RESERVATION AND SALES EYPENSE
TRS(I) = C26(I) + C27(1)
ADVERTISING AND PUBLICITY EXPENSE FOR PASSENGERS
C30(I) = AI16 * (Fs * FLF(I) + CS + CLF(I)) * DIS(I) * CF(I)
ADVERTISITNG AND PUBLICITY EXPENSE FOR PROPERTY

C31(I) = RIT * AT17 * DIS(I) * CF(I)

TOTAL ADVERTISING AND PUBLICITY EXPENSE

TAP(I) = C30(I) + C31(I)
MAINTENANCE EXPENSE FOR GROUND PROPERTY AND FQUIPMENT
C32(1) = AI118 * DPT(I)
DEPRECIATION OF GENERAL GROUND PROPERTY AND EQUIPMEN™ AND AMORTIZATION
C33(I) = A119 * DPT(I)
DEPRECIATION OF MAINTENANCE EQUIPMENT
C34(I) = AI20 * ((C2(1) + c32(1))

GENZRAL AND ADMINISTRATIVE EXPENSE

C35(I) = A121 # (C1(I) + c2(1) + C4(I) + C8(I) + Cl1(I) + Cl&(r) +

- C15(I) + C16(I) + Cl7(I) + c22(1) + C23(1I) + Cc26(1) +

C27(1) + c30(1) + C31(I) + €32(%))
TOTAL INDIRECT EXPENSE

C36(I) = c8(1) + CLI(I) + C14(I) + C15(I) + c16(1) + C1l7(1) +
C22(I) + C23(1) + C26(I) + C27(1) + C30(I) + c31(1) +
C32(1) + c33(1) + C34(I) + c35(1)
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In addition, several indirect cost ratios are computed. These include:
INDIRECT COST PER AIRCRAFT MILE

CAM(I) = C36(I)/SL(I)

o - — =y

INDIRECT COST PER FLIGHT HOUR
CFH(I) = C36(I)/FLTT(I)
INDIRECT COST PER BLOCK HOUR
CBH(I) = C36(I)/TB{I)
INDIRECT COST PER AVAILABLE SEAT MILE
CASM(I) = JAM(I)/NRSEAT
INDIRECT COST PER CRUISE MILE
CACM = (CAM(2) * SL(2) - CAM(1) * SL(1))/(SL(2) - SL(1))
INDIPECT COST PER TAKEOFF
: T CT0 = (CAM(1) - CACN) * SL(1)
INDIRECT COST PER AIRCRAFT TRIP = CTO plus CACM per mile
INDIRECT COST PER CRUISE MILE PER SEAT
CSCM = CACM/NRSEAT
INDIRECT COST PER TAKEOFF PER SEAT
CSTO = CTO/NRSEAT

INDIRECT COST PER SEAT TRIP = CSTO plus CSCM per mile

For the purposes of the subsequent financial analysis, the annual
indirect cost for an aircraft is taken to be the indirect cost per block
hour for the first stage length, i.e., CBH(1), times the input value
aof the annual aircrafec utilization, U.

The sua of the annual direct and indirect operating costs for a single
aircrait for flights in the first stage length is assumed to be the total

annual operating cost in the subsequent financial analysis. The operating
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costs in each of the years during the lifetime (set at 15 years) of the
aircraft are identical since inflation is set at zero. The financial
analysis includes computation of th: purchase load repayment schedule,
depreciation, earnings and taxes, cashflow, tax adjustments (due to loss
carryovers and capital gains) and internal rate of return on iavestment.
These computations, which are performed for each of the eleven aircraft
orices analyzed ($5,000,000 through $30,000,000 in increments of $2,500,000),
are described belcw:

Loan Repayment Schedule

It is assumed within the model that the airline borrows 60% of the
aircraft price at 10X annual interest rate. This loan is repaid by equal
annual cash payments over the economic life of the aircraft (15 vears). The
amount of cash payment (M) is computed using the fcllowing standard formula:

N
Ma=p Lﬁl_*'i.g‘__ (10)
Q+1)y -1

where
P = anount of loan
1 = annual interest rate

N = total number of annual payments.

In addition, the amount of interest paid in each year is computed by
applying the interest rate to the outstanding principal. The amount of

principal payment in a year is the difference between M and the interest.

Depreciation

The aircraft is depreciated using the double decliring balance

method to the midpoint of the economic life ard the straight-line method
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for the remaining period. Aircraft are depreciated over a 1l5-year life
to L 15X residual (salvag:) value, and the sale at this residual value

is vetlected in the net cash flow,

Earnings and Takcs

Zarnings before interesc ani taxes are calculat.d by subtracting both
oprrating costs and depreciation irom the annual revenue. Earnlnés before
tax i3 csleulated by subtracting interest payments from the earnings before
interest and taxes. Income tax payments are calculated by applying a cor-
porate income tax rate (set to 48 percent) to thevearnings before tax.
Finally, net earnings are obtained by subtracting the income taxes paid

from the earnings before tax.

Cash Flow

The net cash flow for each vear under study 1is calculated by subtracting
tetal cash outflows from total cash inflows. Cash inflows consist of annual
revenue plus salvage vqlue rrom the sale of the aircraft at the end of its
economic life. Cash outflows cunsist of the inicial capital investment,

principal payments, interest costs, operating costs and income taxes.

Tax Adj:stments

The tax adjustments arz intended to account for cérporate practices
in the treatment of operating losses and capital gains and losses. Positive
values of revenue can be offsct by losres being carried back up to 3 years
or forward up to S years. However, the algorithm used is not géneral.
Carry-back of losses is not properly implemented. Carry-forward of losses
works properly only when all less=s occur in the ecarly years of the aircraft
life wich gains in later years. Once a gain is realized in a given year, any

loss in & subsequent year muy not be handled properly.
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Capital gains tax is computed on the residual value of the alrcraft
at a rate of 22 percent if the value is less than $25,000, or at 30 percent

if the value if $25,000 or more. However, this treatment is inconsistent

with the earlier calculations of depreciation which are performed only to
the residual value of the alrcraft, not to zero.
After the tax adjustments are made, adjusted earnings, taxes and net

cash flow are cooputed for use in estimating rateg of return,

Internal Rate of Return on Investment

The final step inthemechodology of the Air Carrier Module ig to

employ an iterative techniqueto Calculate the internal rate of return for

each net cash flow generated. The internal rate of return (or marginal

efficiency of investment) ig that rate of interest or return which would
render_the discounted Present value of its expected future marginal yields
(income) exactly equal to the investment cost of the project.

ince both the investment costs and the income are spread éver
time, the internal rate of ruturn sought is that which reduces the summed

present value of the cash flow Stream over time to zero. The cash flow

Stream sum can be represented as:

1 1\ 1 \Y
SUM-(1+R)CF1_+<1R) 2+...+(m)CFn (11)

where R = internal rate of return

CFi “ net cash flow in year i.

The {iterative procedure estimates values for R, calculates the SUM described

above using the cash flow figures previously generated, performs testsg
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to determine if SUM is approaching zero, then successively
chooses new values for R ir attempting to obtair. a value for SUM closer
to zero.

The procedure is initialized by selecting a small initial value for
R (+0.01 or -0.01,depending on whether the final sum of the input cash
flow is positive or negative,respectively ), The incremental valua for R
used during iteration is 0.001. The iteration procedure conctinues until
the discounted cash flow sum is near (or equal to) zero. At every tenth
cycle of the iteration procedure and for the final values, the internal
rate of return value and the sum of the discounted cash flow are
printed.

The program code for the Air Carrier Module provides output lists
and tables that summarize the calculations being performed. Outputs in-
clude initial investment costs, listings of input paramcters, summary
tables of direct and indirect operating costs, total operating costs,
depreciation and net earnings values, cash flcw, capital gains values,
rate of return cn investment and associated discounted cash flow sums
during iterations and final values, and final summary tables by year show-
ing annual revenue, initial investment, principal payments, operating
cost, depreciation, earnings before interest and taxes, interest,
earnings before tax, income tax, net earnings, net cash flow, discount
factors (with associated rate of return), discouncéd cash flow, and net
present value.

In the remainder of this chapter, detailed descriptions of the program

logic, input, and cutput for the Air Carrier Module are provided.
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B. Program Logic

Figure 28 i{llustrates the interrelationships among the routines

which make up the Air Carrier Noduie program,. Program OPLIFE 1is an

independent main program that controls the rest of the subroutines com=
prising the Air Carrier Module in a series of calls to produce aircraft
operating cost and financial performance data for varying aircraft
inicial prices. Brief descriptions of each subroutine in the Air Carrier

Module, together with flowcharts of the program logic, follow.

OPLIFE

The OPLIFE program serves as;the controlling driver for the other
subroutines in the Air Carrier Module. A flowchart of the program logic
for OPLIFE is shown in Figure 29. OPLIFE sets a basic a2ircraft price of
$5,000,000, then calls subroutine INPUT which initializes program parameters,
calls subroutine DIRECT to compute and print direct operation costs, and
calls subroutine INDIR to'compute and print indirect operating costs.

The operating costs for each year of the economic life of the aircraft gre
set equal to the sun of the computed annual direct and indirect costs for
one airéraf:. For each year in the 15 year life of the aircraft, sub-
routines are called by OPLIFE to calculate & repayment gchedule for the
flu:wced portion of 3ircraft cost (REPAY), a depreciation schedule (DEPSUB),
and earnings and tax data (NETSUB). OPLIFE then calls subroutines to cal-
culate individual and cumulative sums by year for computed income, cost

and tax data (SUM), cask flow (CFSUB), tax adjustments for operating

losses and capital gains (TAX), cash flow with tax considerations

(CFSUB), and internal races of return on investment. OUTPUT is then called

to print results,
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Figure 28

Program Structure of the Air Carrier Module
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PROGRAM
OPLIFE

Al

SET AIRCRAFT
PRICE TO $5,000,000

)

CALL INPUTS

INITIALIZE PARAMETERS,
COMPUTE AND PRINT

DIRECT AND INDIRECT COSTS,
SET TOTAL OPERATING COST
FOR EACH YEAR OF ECONOMIC
LIFE EQUAL TO sUi{ OF
ANNUAL DIRECT AND INDIRECT
COSTS FOR ONZ AIRCRAFT.

@

A

CALCULATE INITIAL INVESTMENT

COST (EQUAL 40% OF PRICE)
AND FINANCED COST
(60% OF PRICE)

I -

SET YEAR = 1 l

)

CALL REPAY
CALCULATE REPAYMENT

CONSIDER
NEXT
YEAR

Figure 29

Y

SCHEDULE FOR LOAN

v
CALL DEPSUB
CALCULATE DEPRE-
CIATION SCHEDULE

CALL NETSUB
CALCULATE EARNINGS

AND TAX DATA

Flowchart of Program OPLIFE Logic
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CALL SNy

COMPUTE INDIVIDUAL. YEARLY
AND CUMULATIVE SUMS FOR
INCOME, COST, AND TAX

STATISTICS.
l

CALL CFSUB ]

CALCULATE INDIVIDUAL YEARLY
AND CUMULATIVE CASH FLOW

L

CALL_TAX

COMPUTE ADJUSTMENTS FOR
OPERATING LOSSES AND
CAPITAL GAINS AND LOSCES

Y

CALL CFsuB

RECALCULATE CASH FLOW
WITH TAX CONSIDERATIONS

'

CALL DCFSUB

CALCULATE RATE OF
RETURN ON INVESTMENT

v

CALL OUTPUT

PRODUCE QUTPUT TABLES
SUMMARIZING CALCULATIONS

PRICE
GREATER THAN
30,000,000

Figure 29 (Concluded)
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the above analysis is repeated for 11 aircraft prices. The aircraft

prices range from $5,000,000 to $30,000,000 in increments of $2,500,000.

INPUTS
A flowchart of the program logic for subroutine input is shown in

Figure 30. This subroutine sets various program parameters, then computes

and prints initial investment by year. The initial investment is assumed

to be 40% of the aircraft price, paidbupon purchase. Hence, the initial
investment will always be incurred in year 1, with zero investment in

years 2 through 15 of the economic 1life.

Next, subroutines DIRECT and INDIRECT are called to compute direct

and indirect operating costs, respectlvely. The operating cost for each of

the 15 years of life is then set equal to the sum of the computed &\ nual

direct and indirect operating cost for a single aircraft for flights in the

first stage length. This cost is then printed for each year.

DIRECT

Embedded in subroutine DIRECT are the direct cost equations described
in Section IV.A (Direct Cost Calculations). A flowchart o: the logic is
provided in Figure 31. The first step in the progranm is tc read and
print the direct cost equation parameters. Direct costs for . single

aircraft are then computed and printed on a per mile basis for each of the

up to 12 input stage lengths. Direct costs are then computed and printed

on a per block hour basis.

Based on the input aircraft utilization in block heurs per year, the

annual direct cost of operating an aircraft for flights in the first stage
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Figure 30

SUBROUTINE

INPUTS

INITIALIZE
PROGRAM
PARAMETERS

A4

COMPUTE AND PRINT
INITIAL INVESTMENT
BY YEAR

/
CALL DIRECT /

READ DIRECT COST
PARAMETERS, COMPUTE
AND PRINT DIRECT
COSTS

7]

CALL INDIR

COSTS

READ INDIRECT COST
PARAMETERS, COMPUTE
AND PRINT INDIRECT

ONE AIRCRAFT FOR EACH
YEAR OF LIFE

COMPUTE AND PRINT
OPERATING COSTS FOR

4

‘ RETURN ’

Flowchart of Subroutine INPUTS Logic
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SUBROUTINE

DIRECT

READ AND PRINT
DIRECT COST PARAMETERS

CALCULATE AND PRINT
DIRECT OPERATING COSTS
ON A PER MILE BASIS
FOR EACH STAGE LENGTH

v

CALCULATE AND PRINT
DIRECT OPERATING COSTS
ON A PER BLOCK HOUR BASIS
FOR EACH STAGE LENGTH

COMPUTE ANNUAL DIRECT
OPERATING COST FOR AN
AIRCRAFT FOR THE FIRST
STAGE LENGTH

RETURN

Figure 31 Flowchart of Subroutine DIRECT Logic
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length is computed. This is the direct cost figure used for subsequent

financial analysis.

INDIR
Within subroutine INDIR is encoded the indirect cost equations
described in Section IV.A (Indirect Cost Calculation:). As indicated
in the flowchart of subroutine INDIR logic provided in Figure 32, the
first step in the logic is to read and print the indirect cost parameters.
Next, the indirect costs are computed on a per trip basis for each of
the up to 17 stage lengths. These costs are later printed. The annual
cost of operating an aircraft or flights in the first stage length category
is computed by multiplying the indirect cost per tlock hour by the input
annual hours of utilization. This is the indirect cost used in the subsequent

financial analysis.

REPAY

The logical flow for subroutine REPAY is shown in Figure 33. This
subroutinz computes the aircraft purchase loan repayme :t schedule. The '
constant annual loan payment due in each year of the economic life of the
aircraft is computed using the formula described in Section IV.A (Loan

Repayment Schedule). The interest and principal portions for each paywent

 are then computed,

DEPSUB
Subroutine DEPSUB calculates depreciation, book value, and salvage
value over the economic life of the aircraft. Depreciation is calculated

using the double~declining balance method (DEPR) to the midpoint of the
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SUBROUTINE
INDIR

v

N

¥

READ AND PRINT
INDIRECT COST PARAMETERS

4

CALCULATE INDIRECT
OPERATING COSTS ON A
PER TRIP BASIS FOR
EACH STAGE LENGTH

A

CALCULATE ANNUAL INDIRECT
OPERATING COST FOR AN
AIRCRAFT FOR THE FIRST
STAGE LENGTH

v

PRINT OPERATING COSTS
PER TRI¥} FOR EACH
STAGE LENGTH

Figure 32

\
( RETURN )

lowchart of Subroutine INDIR Logic
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SUBROUTINE
REPAY

COMPUTE CONSTANT
ANNUAL I.OAN
PAYMENT

SET
YEAR = 1

COMPUTE INTEREST AND
PRINCIPAL PORTIONS OF
PAYMENT FOR THIS YEAR

YEAR = YEAR + 1

Figure 33

LAST
YEAR OF
ECONOMIC
LIFE
2

Flowchart of Subroutine REPAY Logic
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economic life (in this case for 7 of 15 vears), and the straight=-line
method for the remaining period (in this case § years). The aircraft is
depreciated to & residual value (in this case 15 ﬁercent) at the end of
the economic life. A flowchart of the program logic for DEPSUB is shoun

in Figure 34.

NETSUB

Subroutine NETSUB: calculates earnings before interest and taxés,
carnings before taxes, income tax._and net earnings. Earnings defore
interest aﬁd taxes 1s calculated by subtracting both operating costs and
depreciation from annual revenue. Earnings before taxes is calculated by
subtracting interest paynments from earnings before interest and taxes.
Income tax is calculated by multiplying ecarnings beforec taxes by the
corporate tax rate (in this case 48 percent). Finally, net earnings are
obtained by subtracting the income taxes pcid from the earnings before

taxes. A flowchart of the program logic fer NETSUB is shown in Figure 35.

SuUM

Subroutine SUM calculates individual vearly and cumulative sums
over all vears for.annu#l révenue, initial investmenﬁ principal paymenfs,
operating cost, total depreciation (equal to the sum of double-declining and
straight-line depfeciation). ecarnings before interesﬁ and taxes, earnings
before taxes, interest payments, income taxes, and.net earnings. Also
combuted are yearly values for salvage, double—declining depraciation and

straight-line depreciation. A flowchart of the program logic for SUM is

shown in Figure 36.
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SUBROUTINE
DEPSUB

CALCULATE DOUBLE-DECLINING
RATE AND ECONOMIC HALF LIFE
AND SET BOOK VALUE TO PRICE

YEAR = 1

)

CONSIDER
NEXT YEAR

COMPUTE DOUBLE-DECLINING
BALANCE DEPRECIATION AND
DECLINING BOOK VALUE

ECONOMIC
HALF LIFE
OVER

COMPUTE STRAIGHT-LINE

TIME PERTAD AND SET

SALVAGE VALUE OF
AIRCRAFT

J

COMPUTE STRAIGHT~LINE

CONSIDER
NEXT YEAR

Figure 34

DEPRECIATION AND DE-
CLINING BOOK VALUE

NO STRAIGH]
LINE PERIOD

OV%R

Flowchart of Subroutine DEPSUB Logic
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SUBROUTINE )
NETSUB  /

N

COMPUTE AND WRITE
EARNINGS BEFORE
INTEREST AND TAXES,
EARNINGS BEFORE
TAXES, INCOMT TAX,
AND NET EARNINGS

Figure 35

Flowchart of Subroutine NETSURB Legle
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SUBROUTINE
SUM

\v

CALCULATE YEARLY AND CUMULATIVE
SUMS FOR: ANNUAL REVENUE, INITIAL
INVESTMENT, PRINCIPAL PAYMENTS,
OPERATING COSTS, DEPRECIATION,
EARNINGS BEFORE TAXES AND INTEREST,
EARNINGS BEFORE TAXES, INTEREST
PAYMENTS, INCOME TAXES, NET
EARNINGS, AND SALVAGE VALUE

4

WRITE INDIVIDUALLY BY YEAR:
DOUBLE-DECLINING DEPRECIATION,
STRAIGHT-LINE DEPRECIATION, AND

TOTAL DEPRECIATION /

Figure 36 Flowchart of Subroutine SUM Logic
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CFsUB

; Subroutine CFSUB calculates the net cash flow for each year under
study. Net cash flow 1s obtained by subtracting the sum of initial
capital investment, principal payments, interest paymenﬁs, operating

costs, and income taxes from cash inflow, i.e., the sum of annual ravenue

P and salvage. A flowchart of the program logic for CFSUB is shown in

Figure 37.

DCFSUB
i Subroutine DCFSUB computes and prints the interval rate of return on
,/f"i investment (R) for each cash flow generated by subroutine CFSUB. An
o iterative procedure is employed as described in Section IV.A (Internal
] Rate of Return on Investment). The iterative procedure utilizes a current
; . trial rate of return (R) and its two iterative predecessors (RR gnd RRR).
The sum of the discounted cash flow (SUM) 1s biased by ~9000 to obtain a
biased cash flow sum (K) and its two iterative predecessors (KK and KKK)
e | ; for test purposes. The procedure is initialized by selecting a small
initial value for R (+ O.bl or ~-0.01 depending on the corresponding sign of
the cash flow sum). Using the estimate for R, a cash flow SUM is generated
'/ and biased to obtain K. Successive tests are performed to determine if
the value for SUM is near or equal to zero. Then the value for R is
incremented by 0.001 and the process is repeated until the test conditions
are met. A flowchart of the program logic for DCFSUB is shown in

Figure 38.

151



o SHse ey e L
RN e P e T i d

P

-~

Figure 37

SUBROUTINE
CFsuB

COMPUTE THE CASH
FLOW FOR EACH YEAR
UNDER STUDY

W

WRITE THE CASH
FLOW FOR EACH
YEAR

COMPUTE THE CUMULATIVE

CASH FLOW OVER
ALL YEARS

v
‘ RETURN }

Flowchart of Subroutine CFSUR Logic
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SUBROUTINE
DCFSUB

INITIALIZE
PARAMETERS

=R+ 0.001

~

4
( RETURN )

Figure 33  Flowchart of Subroutine DCFSUB Logic
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R = 0.01 R ==0.01
.- N |
—_— N
CALCULATE PRESENT VALUE
FACTOR FIR EACH YEAR,
THEN COMPUTE CASH FLOW
SUM FOR THIS R AND SET
BIASED SUM VALUE = K
YES 20
VXK ~ K KKK=-KK R = RR
N ?
N
<0
RESET (SAVE) LAST
TWO VALUES OF R = RRR
R AND K
J g
R4
WRITE R & K CALCULATE
EVERY 10TH CYCLE CUMULATIVE SUM
OF MAIN LOOP OF DISCOUNTED
CASH FLOW
YES \L
Ksli; -3
L WRITE FINAL RATE
R = R <0 -0 OF RETUEN(R) AND
¢ -0.001 BIASED SO (K)
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TAX

Subroutine TAX provides logic for tax adjustments due to carfy-forward
of operating losses and computing capital gains_tax on the residual value oé
aircraft. Limitations and shortcomings of the methodology are discussed
in Section IV.A (Tax Adjustments). Some code for providing for carry~back
of losses exists but is never executed because of the structure of the
program; it is, therefore, not included in the logical flowchart of sub-
routine TAX provided in Figure 39.

Subroutine TAX operates by considering each successive year beginning

with the first. If there is a loss, it is carried forward againét future

operating profits for up to five years. The carry—forw§rd process stops
in the first year that a positive income (after adjustment for past losses)
0oCCurs.

After the carry-forward process is completed, earnings befére taxes,
net earnings, and income taxes are recalculated. Then, cumulative total
depreciation is computed.

Next, long term capital gains with capital gains tax are computed
based on the residual value of the aircraft. The capital gains tax rate
used is 22 percent if the capital gain in any year is less than $25,000,
or 30 percent if the gain is $25,000 or greater. New values for net
earnings and income tax are calculated, including capital gains and capital

gains taxes. Cumulative sums are also produced for earnings before taxes,

net earnings, and income taxes.
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SUBROUTINE

TAX

4

SET SINCOM
EQUAL TO EARNINGS
BEFORE TAXES
FOR EACH YEAR

YEAR = ]

. SINCOM YES
FOR YEAR >0
?

CARRY LOSSES FORWARD up
TO FIVE YEARS BY RESETTING
SINCOM FOR FUTLRE YEARS

CONSIDER
NEXT YEAR

RESET EARNINGS BEFORE TAXES TO SINC™M;
COMPUTE NEW NET EARNINGS, INCOME TAX,
AND CUMULATIVE TOTAL DEPRECIATION

J

—

COMPUTE CAPITAL GAINS ON RESIDUAL
VALUE, RECOMPUTE NET EARNINGS AND IN-
COME TAX WITH CAPITAL GAINS TAX

A

COMPUTE CUMULATIVE SuMS FOR EARNINGS
BEFORE TAX, NET EARNINGS, AND INCOM:
TAX

Figure 39

b

Flowchart of Subroutine TAx Logic
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QUTIPUT

Subroutine OUTPUT is called to produce summary tables of the major
parameters calculated by the Air Carrier Module. One basic table is
produced which is printed on two pages because of the number of columns
of values to be output. The values #rinted summarize information abohﬁ
each year of operation, with a cumulative total appearing as the last
line for all appropriate columns. The printout includes values for
annual cevenue, initial investment, principal payﬁénts, operating coéts,
cumulative depreciation, earnings before interest and taxes, interest,
earnings Eefore tax, income tax, ﬁe: earnings, cash flow, discount factors
far associated rate of return (R), discounted cash flow, and net present

value (or cumulative discounted cash flow). A flowchart of the program

logic for OUTPUT is shown in Figuzre 40.

Additional programmer-oriented documentation is provided in the
appendices. In Appendix A, definitions of the common blocks and variables

ave provided. A listing of the FORTRAN code for .the routines is provided

in Appendix E.
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SUBROUTINE

OUTPUT

/

PRINT BY YEAR VALUES FOR:
' ANNUAL REVENUE, INITIAL
INVESTHENT, PRINCIPAL
PAYMENTS, OPERATING COST,
CUMULATIVE DEPRECIATION,
EARNINGS BEFORE INTEREST
AND TAXES, AND INTEREST

-

/

PRINT BY YEAR VALUES FOR:
EARNINGS BEFORE TAX, IN-
COME TAX, NET EARNINGS,
CASH FLOW, DISCOUNT FAC-
TORS FOR RATE OF RETURN,
DISCOUNTED CASH FLOW, AND
NET PRESENT VALUE

RETURN

Figure 40  Flowchart of Subroutine QUTPUT Logic
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C. Inmput

The input data to the Air Carrier Module is in card format and is
read from logical unit 5. The input file is described in Table 22 where
a description of each entry in this file is provided. Cards 1 through 4
are read by subroutine DIRECT and cards 5 through 16 are read by subroutine
INDIRECT. The variable values read in by a routine are those used in calcu-
lations within that routine. Thus, the variablés on cards 1 through 4 are
those used in computing direct operating costs, while those on cards 5
through 16 are used in computing indirect operating costs.

Cards 2 and 5 are comment cards to be used as titles for output listings.
Any combination of craracters may appear on these card types except those

duplicating computer-control cards for the installation running the program.

All other cards use the FORTRAN Namelist moc 's the input of
constant values foc all ¢ only some of the varie ... 1ing to the named

list. The associated namelist is shown for ecach of these ca -n Table 22,
Variables and their values can appear in the input stréam in any order in
the form "NAME = VALUE", where M*E can be a variable name, an array nane,
Oor an array element nzme; and where VALUE can be a single constant or a
list of constants when NAME is an array name Or an array element name,

Only columns 2 through 80 of the input cards may be used (:olumn 1 must be
blank). The input list begins with "$NAMELIST" followed by at least one
blank :haracter,followéd by the desired list of inﬁut variables (NAME = ’
VALUE), and terminated by a "$". This format allows the s2lective changing

of some (or all) of the input parameters without specifyiang values for all

the input variables as is the case with fixed format inputs.
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Table 22
CAKD INPUT DATA FOR THE AIR CARRIER MODULE
Silﬂ‘ Parameter Format Description
1 u ) © ILstoger Annual aircraft utilization {n block hours.
(Nazelst RL Reul Haintenance labor rate in dollars per hour.
NSTAGE) NSL Integer Number of flight stage lensgths (up to 12). )
SL(I) Real Length of stage length I in miles, I = 1 to NSL,
FCK Real Basic flight crew cost factor (for a crew of 2)
. in dollars.
ADDC Real Costs of added flight crew (over 2) in dollars.
COFL Real Cost of fuel in dollars per pound.
colL " Real Cost of ofl in dollars per gallon.
2 XNAME(ZO) 2044 Corment card containing heading for direct
— operating cost output table.
3 3 H Real Cruise altitude in feet.
(Nazelist RCSL Real Rate of climb at sea level in fect per minute.
NPLANE) ‘ RCH Real Rate of cliub at cruise altirude in feet per minute.
CLs Real Climb speed in miles per huur.
CRS ®eal Cruise epeed 1in miles per hé;r.
DESS Real Descent speed in miles per hour.
CMT Real Ground mrneuver time in hours.
AMT Real Alr mancuver time in hours,
WGR Real Gross vehicle welght {in pounds.
Fl Real fuel at maximum payload point on range-payload
dfagrams in pounds.
D1 ' Real Distance at maximum payload point on range-payload

diagrams in miles.
\

* .
All cards except 2 and 5 contatin ioputs for a namelist. The namelist assoclated with each caord
is indicated. . More than one physical card may be used for any namelist input.



08T

Card

3
(Nameltse

KPLANE)

4
(Mazelfst
HSTACE)

5

Parameter
=2lameter

F2

D2

VA

veE
WEH
WEN

T
NRCHEW
HHENGN
HRSEAT
HPLANE

NUSTAG

XNAME(20)

Table 22 (Continued)

Format

Real

Peal

Keal
heal
Real
Real
Real
Integer
Integer
Intege-

Integer

Integer

20A4

Description

Fuel at maxioum fuel voint on range-payload
dlagrams in pounds.

Distance at maximum payload point on range-payload
diagrams in nfles.

Alrframe cost in dollars.

Unit engine cost in dollars.

hircraft empty weight in pounda.

Unit engine welght 1n pounds.

Time factor in englne labor cost calculation-,
Nuzber in crew.

Nunber of engines,

Number of seats,

Alrcraft number for thig set of input data.
(Since the number of alrcrafe is get equal to
one 1in the program, MPLANE zust equal 1.)

SET equal to zero, 1f previously read NSTAGE
nazelist 16 to hold. S¥T e€qual to 1 1f a new
NSTAGE namelist s to be entered to override
przviously read values.

If KUSTAG £ 0, namelist NSTAGE 18 entered here.
The format for this card 1s tdentical to that of
card 1,

Comuent card containing heading for indirect
Operating cost output table.



Card
6
(Nasp:l1st
NPLANE)

7
(Hacclist

ISTACE)

191

8 .
(Namells
STENS

9
(Hacelfst

¥OOU)

10
(Haeselist

PAXFLT)

Farameter

NSL
FLF(I)

" CLE(I)

D15(1)
cr(1)
[J24¢9)

u

AlS
FSTEE
CSTEW

Al6
FS

cs
FOCU2

217

Table 22 (Cuntinued)

Formst Descripeion

Same as for card 3, except only variables

#H, KCSL, kCH, CLS, CkS, DESS, CHT, AMT, and
HKSEAT may be entered. QMT and AMT are set to
0.16 regardless of fnput values.

Integer Humber of flight stage lengths (up to 17).
Real ¥irst clasa load factor (decfual) for stage length I,
I =1 to L. .
Keal Coach load factor (decimal) for stage length I, I = 1 to NSL.
Real Passenger trip length in miles for stage length
I, I =1 to NSL.
keal : Passenger trip circultry factor for stage leagth I,
I =1 to H5L.
keal Departure per passenger trip (flight basis) for
stage length I, I = 1 to NSL.
Keal Annual afrcrafe utilization rate in block hours.
keal bollar cost per stewvardews per block hour,
eal Average nusber of stewvardesses in first class.
keal Average nuzber of stewardesses in coach.
keal Food :xpencc in dollars per passenger per block hour.’
keal Huzbior of first class seata,
Eral tiue? ¢r of coach seats.
aeal Firct class food expense factor.
Real Cost of other passenger in-flight expenses in

dollars per passenger per mile.



Card
11
(Hanellst
ALSERY)

12
(Raseliot

TkARY)

1

A 13
(Hazellst

kLS)

14
(Haoe:]l (st

ALY)

15
(Manecltst

Ye1un)

Pirazeter

ALl
ALY

AlLLG

Alll

All2
AILZA
£AG
KTH
kTP

AL13
Alld

AllS

e

ALl

ALY?

AllE

LI19

Table 22 (Continued)

Forest

Keal

kecal

keal
kezl
Keal
keal
keal

keal
Real

Real

keal

keal

Lescription

Alrcraft line servicing expense 1in dollars per
departure.

Alrcrafe countrol servicing expense 1n dollars
per blouck hour,

Landing fee per departure in dollars.

Passenger traffic servicing expense in dollars

PEr paseenger.

Baggage traffic servicing ««pense 1n dollars per ton.
Cargo traffic servicing expense in dollave per ten.
aggage per paesenger in pounds.

Tons of mall carried per flighe.

Tons of property (cargu) carried per flighe.

Beservation and sales expense per passenger in dollars.

keservation and sales expense per passenger-mile
in dollars.

keservation and sales expense for property in dollars
per ton-nile.

Fraction of KIP that is express cargo. (The value
fngput docs not affect cosuts.) :

Auertining and publicity espense per passengec-atle
in dollarcs,

Mvert{sing and publicity expense for property in
dolilara per ton-nile. ’

Halatenance expense for yround property and
equipnent per departure in dollars,

Expense for depreciation of general groucd property
ard cquipzent ard asortization in dollars per
departure.

\
Ay
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Card
15
(Nameliag
HAIN

14
{Namelise

GENALY)

€91

Parameter
sazaneter

Al20
Al2

AI21
All

Al4

. i
- ’ = -- Ly~
1 - <1 ‘ 2 «
. e I
Table 22 (Concluded)
Format Descrlgtion
Heal Hafntenance equipment depreciation faceor.
Real Maintenance expense for flight equipment in
dollars per block hour.
Real General and adainistrative expenge factor.
Real Flight operations expense (less rentals) 1n
dollars per block hour.
Real Flight operutions expense for rentals in dollars

per block hour.,



The information provided in Table 22 is of sufficient detail to
enable a userto prepare input data for the Alr Carrier Module. However,
it {s important to remember that a number of major program variabies are
not input parameters but are "hard-wired" into the Program modules them-
selves, Changing these Farameters requires modifying the program code.
When preparing input, it may be useful to refer to the listing of the

input data for the sample problem in Section V.

D. Output

The Air Carrier Module output consists of printout showing the values
of input parameters, computed direct and indirect operating costs, and
various statistics computed in the financial analysis (includxng deprecia-~

tion, earnings, taxes, cash flows, and rate of return on investment). A

detailed description of the form and content of this printed output is

provided here. To facilitate this description, excerpts from the output
of the sample problem (see Section V) are presented in Tables 23 through
39, |

The printout begins with a display of the iniﬁiai investment cost
(INTINV) in dollars for tﬁe aircraft in each of the 15 years of econonic
life for the initial trial aircraft price of $5,000,000. This output is
illustrated in Table 23. It is printed by subroutine INPUTS. Since
the initial investmén: cost, i.e., the portion of the aircrafe purchase
price not borrowed, is assumed to be incurred in the first year, all entries
in Table 23 s=¢ zero except for the first,which will be equal to 40% of the
purchase price.

The information illustrated in Tables 24 and 25 are printed next by

subroutine DIRECT. Table 24 provides a printout of the input values for
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691

INTIHVe
INTINVe

Table 23
SAMPLE PRINTOUT OF INITIAL INVESTMENT CNSTS BY YEAR

+«2000E+CT Oe e 0. de Q. 0. '
Ce Ve 0. Q. Qo
Table 24

$MSTAGE
1]

RL

NSL

St

FCx
A00C
LoftL
cott
$EHD

SAMPLE PRINTOUT OF INFUT VALUES FOR NAMEL1ST NSTAGE

«30T79E+Q6»

«BE*OL,

4

JOTSEeN3, J1L5E¢04s oL1T726E¢240 o27E4042 D000 JIu0» 0e2¢ 0,99 000s 040s 0.0y 0.0,
«2£8¢03,

o1E402,

+4779£-01)

«2178E+01,

e



Table 25

SAMPLE PRINTOUT OF INPUT TABLE HEADING AND VALUES FOR NAMELIST NPLANE

SNPLANE
H
RCSL
RCH
cLs
CRS
DESS
GuT
ANT
WGR
Fl
01
F2
02

VA

wEn
WEN

T
NRCREW
NRENGN
NRSEAT
HPLANE
NUSTAG

$cND

*PROP FAN o

®* J3E¢05,

* 4375404,
8 J175€+04,
5 W 4E+03,

® 4542403,
* L3E+03,

®* J16€+00,

" J1l5Ee00,

® +2691E+Q06,
" +112E+08%,
* J575E403,
* .198E+05,
® +1115€+05,
e ,197g+038,

s L1755Ee07)

S ® L1845E¢00,

e ,1l483¢+05,
® 4374E+05,
= 2,

- 2

« 171,

166
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namelist NSTAGE (see card 1 in Table 22). Table 25 provides a printout of
the input table heading (card 2 in Table 22), followed by a printout of the

input values for namelist NPLANE (card 3 in Table 22). Another table like

' that illustrated in Table 24 may follow if input parameter NUSTAG is non-

Zero.

Subroutine bIRECT next prints the direct operating costs illustrated in
Tables 26 and 27. These costs are calculated using the equations provided
in Section IV.A (Direct Cost Calculations). Table 26 provides computed
direcc-operating costs in dollars per aircraft mile for each of the input
flight stage lengths. Table 27 provides direct operating costs in dollars
per block hour for each stage lenéth.

Next, the input pararceters for the indirect cost calculations are printed
by subroutine INDIR, This printout is illustrated in Table 28. It contains
a printout of the input table heading as well as the values of namelists
NPLANE, NSTAGE, STEWS, FOOD, PAXFLT, ACSERV, TRAFF, RES, ADV, MAINT, and
GENADM (see cards 5 through 16 in Table 22). As 1llustrated in Table 29,
subroutine INDIR next printsicomputed indirect operating costs on a dollar
per trip basis for each of the input flight stage lengths. These costs are
computed using the indirect cost equations described in Section IV.A (In-
direct Cost Calculations).

The next printed output is provided by subroutine INPUTS and {s
illustrated in Table 30. This table provides the total operating costs for
an aircraft in each of the 15 years analyzed. This cost is taken to be
the sum of the computed annual direct and indirect operating costs for a
single aircraft operatirg in flichts with the first stage length. The

total operating costs in each year will be equal since inflation is set
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Table 26

SAMPLE PRINTOUT OF DIRECT OPERATING COSTS PER AIRCRAFT MILE

$ PER AIRCRAFT MILE
$PROP FAN ¢

CRUISE ALTITUDE (FEET)

STAGE LENGTH (MILES)

BLOCK SPEED (HPH)
8LOCK TIME (HOURS)
FLIGHT TIME (HQURS)
CRYlIse TIME (HOURS)
8LOCK FUEL (PQOUNDS)

DeOeCe FACTQORS (INPUT) = ANN UTILIZATION(HR)= 3379,

DIRECT OPERATING COSTS

FLYING G?ERATIONS COSTS
FLIGHT CREW

FUEL AND AO1IL

HULL INSURANCE

TOTAL FLIGHT OPS

OIRECT MAINTENANCE COSTS
LABQR AIWFRANE
MATERIAL AIRFRAME
LABOR ENGINES
MATERIAL ENGEINES
MAINT, BURDEN
TOTAL MAIMTENANCE

TOTAL OIRECT OPERATING cOST

$/ALRCRAFT MILE
$/FLIGHT ~OUR
$/8LOCK KHOUR
$7avalle SEAT MILE

30000.

575, 1153 1726 270G.

377 442, 452, 485,
16525 24602 34734 54567
1385 244462 34574  5.407

€842 14919 34351  %ed2%

11200, 17803. 2832341 36300a

e566 0433 o052 e %40
e952 o841 «815 «b21
« 022 <017 «J15 «01l8
1538 1.341 1e293 1.07%

«288 ol46 0155 162
179 o118 +298 « 034
«Q50 0937 «J33 032
¢332 0249 0226 «203
«608 o417 e357 «31)
1e458 14015 «877 o768

24995 2e356 2.170 14345
1261¢5 1109.6 1J48,1 921.3
112941 124144 100342 69% .8

018 «0lé 313 «J11

COST PSR AIRCRAFT TRIP s $ 734,91 PLUS § 1e72/74ILE

COST PER SEAT TRIP = 8§ 4,30 PLUS $ «QLOO/MILE

168
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N ' Table 27
’ SAMPLE PRINTOUT OF DIRECT OPERATING COSTS PER BLOCK HOUR
]
$ PER BLOCK HOUR
*PROP FAN ¢
CRUISE ALTITUDE (FEET) 30000,
/);,”' STAGE LENGTH (MILES) 575  1153. 17264 2703
o BLOCX SPEED (NMPH) 377. 442, €52, 485,
/ 8LOCY TIME (HOURS) 14525 24602 34734 34557
4 FLIGHT TIME (HOURS) 1e365 24442 3,574 5,407
, CRUISE TIME (HDURS) 0842 14919 3,051 4,884
P 8LOCK FUEL (PQUNDS) 11200. 19800s 23330. 34300.
et 0¢0eCe FACTORS (INPUT) = ANN UTILIZATION(4R)s 3379. LA3:R RATE(S/4R)e 8,00
‘ DIRECT GPERATING COSTS
’ /. FLYING OFERATIONS COSTS
o FLIGAT CREw 213,455 2134455 213,455 213,%55%
T FUEL AND OIL 3584078 371,872 376.770 331.121
. HULL INSURANCE Te545 74545 Te545 7.545
;- TOTAL FLIGHT QPS 579677 5324672 537,769 522,121
oo DIRZCT MAINTENANCE COSTS
Y LABOR AIFRFRKAME 1084426 854920 764250 53.54¢
o MATERIAL AIRFRAME 674450 524793 45,500 43,507
S LABOR ENGINES 184985 15,458 15,373 16.0552
; MATERIAL ENGIMES 1254277 1094955 103,377 98.,:9%
rooee MAINT. 3JURDEN 2294326 1944282 1644940 152,293
: TOTAL MAINTENANCE 5490472 448,729 405,450 372,93
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sNPLANE
H

RCSL
RCH

CLsS

CRS
DESS
GNT

ANT
NRSEAT

$END

SNSTAGE
RSL

FLF

CLF

01s

CF

Py

SEND

.l

Table 28
SAMPLE PRINTOUT OF INPUT PARAMETERS FOR INDIRECT OPERATING CCST CALCULATIONS

SPROP FAN ¢

. .3500§p

* o378E+0Q4,
s 1756404,
e J4E+03,

s .542E¢03,
s J3Ee03,

* .16E£¢+00,
* J16E¢(O,
- 171,

e 3,

« ,3TE4CO, (35E%00s «4E*00s 040s OsOr 0eOr 0e0r 0os0» 040s Oed2» 0400 0.0,
. L64E¢00s +6E4G0» o+6TE+Q0» 0s3s 2,05 0¢0»s 0s0» 0.0s 0.0, 0025 0,0 0405
» ,575E+403, <115E404» 0172650050 0e0s 0405 Jeds 0ed» 0as0s 040s 0,0, Qe0»
* <101E¢0ls <101E¢C1s «101E¢01s 0.0» 0.3s De0s J20s dedp 000s 0.05 0e0s 0.0,
e o11E401y <1E401, «12E#01, 3400 0.0s Geds 2eD» 0e0s 0edo 0ods 0.0, . 00,

* «3079E¢05%,

0.0»
0.0,
0.0»
0.0,
0.0,

0.05
De0»
.00
3.9,
0.C»

0.3
0.0y
0e3»
0.0,
0.9,

0e2»
0" »
0.0»
0.0?
0.0,

0.0,
0.0»
0.0,
9,0,
0.0,

0.0,
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Table 28 (Continued)

$STEUS
Als
FSTEH
CSTey
$END

$FOOD
ALs
FS

cs
FOODR

SEND

SPAXFLT
AL?

$END

$ACSERY
Alsg

AI9
Allo
$END

0 2219E+02,
0125001’
«18E401,

«964995€+00,
«12€402,
e 159E+Q3,
+236E+0],

«107E=-02,

00885002’
«1978€4+02,
03"365002'



Table 28 (Continued)

$STRAFF

Alll}
AIl2
AL12A
8AG
RTH
RTP
$END

$RES
AIl3
All4
ALlS
EXP

$END

$ADV
Alls
AIl7
$END

«201E¢01,
+9900E+02,
¢9706E+02;
«3E€02,
«2E+00,
W 4E+COy

«121E+01,
«4T74E=Q2,
0625E~02,
+»14E+00,

0142E~C2y
05255’029
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Table 28 (Concluded)

SHAINT
AI)S 8 ,26432E+02,
Alle s ,2097E+02»

Al20 = ,1729£-01»

$SEND
$GENADH
AI21 = 5407E-01,
ALl ® ,38279E+03s
AI2 = ,15525€+02,
Al4 s ,2418E+02,
$END
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Table 29

SAMPLE TRINTOUT OF INDIRECT OPERATION COSTS PER TRIP BY STAGE LENGTH

$PROP FAN ¢

PASSENGER TRIP OISTANCE(MILES)

BLOCK SPEEN (MPH)
BLACK TIRE (N JRS)
ELISAT TINE (HOURS)
OEP/PAX TRI® (FLIGHT BASIS)
PASSENGER TRIP CIRCULTRY FACTQR
COACH LJAD FACTOR
FIRST CLR3IS LOAD FACTOR
FLYING OPERATIONS(LESS RENTALS) EXe
MAINTENANCE EXPENSE FLY EQUIPMENT
RENTALS FLT EQuUIP

PASSENGZR IN FLY EXPENSE
STEWS
FQoo
QTHER

AIRCRAFT SERVICING EXp
LINE SERVICE

CONTROL

LANDING FEES

TOTAL AIKCRAFTY SERVICING

TRAFFIC SERVICING gXp
PAX ~ 3AGGAGE

CARGO

TOTAL TRAFFIC SERVICING

RESERYATION ~ SALES

PAX

PROPERTY

TOTAL RESERYATION ~ SALES

ACVERTISING =~ PUBLICITY

PAX

PROPERTY

TOTAL ADVERTISING = PUBLICITY
NAINTENANCE E€XP~ GRD PROP o ceure

JEPR=-GENERAL GRD PRUP o EQUIP ~ AMORT

DEPR=MAINTENANCE EQUIP

GENERAL ~ aDM ExXPENSE

TOTAL INCIRECT OPERATING EXPENSE
INGIRECT COST PER AIRCRAFT MILE
INDIRICY C€3ST PER FLIGHT HOUR
INDIRECT CUST PER BLOCK HOUR
INDIRECT CIST PER AV, SEAT MILES

Cl
C2

cé

cs
Cll
Cle

Cl1s
Cls
17
TAS

€22
ca3

“TTS

€25
<27
TRS

€30
€31
Ta?
€32
(K]
Cis
€35
C3s

COST PER AIRCRAFT TRIP = 991.55 pPLYUS 8

575.

3art.
1.823%
16348
1130
1.01)
o840
37
58343901
235815
3564884

101.545
1524837
45992

73580
30.172
37.79%
143,548

371,265
F9443%
30,701

©23.8¢65
l.452
224298

87.579
1.229
33.739
25,752
234087
Re557
1264359
15944355
2e773
1158,
1045.,217
«J1S

1.05/41L2

COST PSR SEAT TRIP = § 5,80 PLUS $ .0061/41L:

1159, 1225,

482, 4562,
832 3,734
Zebe2 3874
1.000 1,200
1.01) 14010
«600 «870
«35) +&J0
V99.0381429.,213
4034988 579,553
924921 50.280

173,227 248,551
2504325 418.019
1234733 23746513

93.8%0 92.580
51e071 73.8%52
36,0360 €l.232
15944531 197,644

3+34192 339,139
274430 59,438
4074628 44846135

953485310544635
a9 4e 353
57147691058.993

154273 275.5%0
le b3S 3.661
Lose712 279.250
104323 29,134
2Ye970 25,154
Te405 104527
135,292 299,852
21374C5331393.291
l.910 1.850
900. 89¢,
3lae3ls 3554255
<011 211

oi‘?:'(?[/y’,I

& Pogy odee

QU 5
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to zero in the program.

Program OPLIFE then prints a repeat of Table 23, which provides initial
investment costs by vear for the first aircraft price ($5,000,000).

The remainder of the printout provides infcrmatioﬁ ccmputed during
the financial analysis performed for each of the 11 aircraft prices
(85,000,000 to $30,000,000 in increments of $2,500,000). The information
illustrated in Tables 31 through 39 are printed for each aircraft price.
The tables provided here are for the first aircrafe price, i.e., $5,000,000.
All the printed information is in dollars, unless otherwise noted.

Table 31 is printed by subroutine NETSUB. This table presents the
computed values for double-declining depreciation (DEPR), straight-line
depreciation (STDEP), earnings before interest and taxes (EBIAT), and
earnings before taxes (EBT) for each of the 15 years. Next, a table like
that illustrated in Table 23 is printed by subroutine SUM for the alrcraft
price under censideration. Table 32 is then printed by subroutine SUM.
This table provides the total initial investment costs (SINTIN) by year
for the aircraft price undes consideration. Because the nuﬁber of aircrafe
analyzed is preset in the program at one, the total initial investment cost
is always equal to the initial investment cost (INTINV) for one aircraft,
which was previously printed.

Subroutine SUM then prints the depreciation statistics illustratea in
Table 33. 1In this table, the double-declining aircraft depreciation (DEPR)
by year is printed, followed by the straight-line depreciation (STDEP)
by year, and the total depreciation (DEPREC) by year,

The next princed output is produced by subroutine CFSUB and is

illustrated in Table 34. This table provides the net cash flow in each year.
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Table 31

SAMPLE PRINTOUT OF DEPRECIATION ANXD EARNINGS BY YEAR

DEPR®
STOEFs
E3IAT"
EBT =
DEPRe
STOEPe
EBIAT.
EgT o
DEPRe
STOEPe
EgIATe
EBT o
DEPRe
STOEPe
EgIaTe
EBT =
pEP™
STOEPe
Ealave
EBT o
DEPRe
STOEPe
EB[ATs
EBT =
DEPR=
STOEPe
EBIAT=>
E6T =
QEPRe
STOEP
EBLAT»
E8T »
DEPR®=
STOEP=
EBIAT=
E3T =
DEPR=
STDEP=
EBIAT=
EBT o
QEPR=
STDEP.
EBIAT®
EBT =
DEPRe
STOEPw
EBIATS
EQT o
DEPRe
STDEPn
EBIATs
EBT o
DEPR®
STDEPs
EBIATe
€8T ¢
DEPR=
STDEPe
EBIATS
EBT =

«5587E¢00
0.
¢2383E%6
~e6154E405
e5Q24E+05

Q.
«302TE*QS

¢1212E+05

«4455E+00

Ce
03596E4Q6
e 7945E+05

¢395QE+00

«4101E+006
s 1414EeCH
03502E+06

0.

0654GE0Y
«1987E¢Go
«3105E¢006
Q.

0 4946HE NS
«2522€¢06.
«2754E¢00
Ce

s3298E+CH
¢3026E¢06

Coe

«1755E¢06

«5296E+00
2 4192E¢006

Co

«1755E+08

00296E v0d
«©3THEC00

Qe

«1T55E+C6

«6296E +0Q0
¢ 4578E+CS

O
«1755E¢CH
e52956E+06

«48C1ELOS

Co
«1755E+00
262T6E 00

«5046E¢06

C.

o 1755E+CH
«52906E+006
«5315E+06

Coe
«1755€+08
«623AL 400

«3H5L1EC0S

Ce
«1753E+Co
«H296E ¢

e SO3TESCS
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Table 33

SAMPLE PRINTOUT OF DOUBLE-DECLINING, STRAIGHT-LINE AND
TOTAL AIRCRAFT DEPRECIATION BY YEAR

DEPR= «5667E+06
DEPRs +5024E406
DEPR= +4455E006
DEPR® +3950E+06
DEPR= +3502€¢08
DEPRs «3105€¢06
DEPR® 02754E+06

DEPR= Ce
DEPR= Co
DEPR= Co
QEPRf O
DEPR® Coe
DEPR= Ce
DEPR= Co
DEPRs 0o
STDEP= O
SYTDEP= (18
STDEPs Q.
STDEP' Oe
STDEP® Ce
STDEp= Oe
STODEP= Qe

STDEPa «1755E4+Co
STDEPs «1755E+006
STpEp= «1755E+06
STDEP= «1755E+Q6
STDEP= «1755E+06
STDEP= «1755E+06
SToEp= e1755E+Q6
STOEP= «1755E+06

DEPREC®  ,5667E+06

DEPREC®  o5024E+06

DEPREC=  +4455E+06

DEPRECS +3950E+06 ORiGip
DEPREC=  43502E+06 OF Popr Pa
GEPRECS «3105E+06 R Qu
DEPREC®  ,2754E+06

DEPRECe  ,1755E+06

DEPREC®  (1755E+06

DEPRECY  +1755E406

DEPREC=  o1755E+06

DEPREC®  ,1755E406

DEPREC™  41755E+06

DEPREC*  +1755E406

DEPRECE  41755E+C6
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CASH FLOwe
CASH FLOwe

=«156CE+07
«18G3c+08

«4049E+08
«1685E+08

Table 34

SAMPLE PRINTOUT OF CASH FLOW BY YEAR WITHOUT OFLKATING LOSS
CARKYOVERS OR CAPITAL GAINS TAX

«3T25E*)S »3420E¢05 +3133E¢006 «2095E026 02654E006
«1555E¢06 «1918E+06 «8757€¢ 006

«2395E¢00

#«2007€+08

+1910E¢06

7l
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The net cash flow in any year 1s computed as cash inflow (revenue plus
salvage value of retired aircraft) minus cash oﬁtflow (Lnitial investment cést
plus payment on purchase loan plus total operating cost plus income ﬁaxes).
In this case, taxes ére computed at a straight 48% of earnings before

taxes, without operating loss carryovers or tax on capital gains. Earnings’
before taxes in this case is taken as revenue minus operating cost minus
depreciation minus loan interest.

Subroutine TAX provides the next printed output, which is illusﬁrated
in Table 35. This table provides the capital gainé (CG) after capital gains
tax by year. Since the aircraft is assumed to be retired in year 15, the
only nonzero capital gain will oécur in year 15. After tax adjﬁstments
are computed for carryovers of operating losses and capital gains tax (see
Section IV.A - Tax Adjustments), subroutine CFSﬁB prints the cash flow for
each yvear including these tax adjustments. This printout is illustrated
in Table 36. The cash flow with tax adjustments is used in the remainder
of the financial analysis.

Next in the printed output, subroutins DCFSUB provides information on
the iterative calculat (cas used to determine intérnal rate of return on
investgent. This printout is illustrated in Table 37. After every tenth
iteration, the trial rate of return in printed along with the associated
discounted caéh tlow sﬁm. vThe last line in Table 3? contains the final
values to which the itarative procedure converges.

Subroutine OUTPUT uext prints summary statistics computed in the
financial analysis for the current aircrafe price.» This printout is
illustrated in Tables 38 and 39. The information printed for each year

includes annual revenue, initial investment, principal payments on the
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SAMPLE PRINTOUT

CG
CG
C6
C6
CG
C6
c6
¢6
CG
CG
o]
Cc6
€6
CG
CG

/i

Table 35

OF CAPITAL GAINS BY YEAR

*5250E+06

~a
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Table 36

SAMPLE PRINTOUT OF THE CASH FLOW BY YEAR WITH TAX ADJUSTMENTL

FOR LOSS
CARRYOVERS AND CAPITAL GAINS

CASH FLawe ~,1589£407 «4107E¢06 «3953€408 «3204E¢05 «2331E05 «1120E¢06
CASH FLOWe «1803E+00 «1685E+08

+2654E¢08 *2095E¢06 «2007€4056 +1310£+08
e1556E400 olel6E 08 #«&307E006 .
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Table 37

SAMPLE PRINTOUT OF TRIAL RATES OF RETURN ON INVESTMENT AND ASSOCIATED

DISCOUNTED CASH FLOW SUM

«0190000
« 0290000
+0390000
+ 0490000
+Q590000
0690000
0796000
«0890000
0990000
«10900%0C
«1190000
» 1290600
+1390000
«149C000
«1510000

1590540.4742752
1386319.4164780
120245346305562
1036495.9877356
Bu6328.5796901
7501151137735
62625943143743
5133715913739
4102394515678
31580249055015
229133.46345741
16941602423242
7593446815853
8057.4316714
=4895.6622882
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TEAR

12
13
14

15

1374aLS

ANNUAL
REVENUE
(3

75000Gu,.00
7500000.00
7500000.00
7500C00,00
7500000, 00
75000C0,00
7500000.00
75000€0,00
1500GC0,.00
75C0000,00
7500000.00
7500000.00
75000L0,00
7500000,90
75C0000.00

1125000Cu. 00

Table 38

SAHFLE JRINIOIT OF SUMMARY FINANCIAL ANALYSIS STATISTICS (PART 1)

INVESTHENT
INITIAL PRINCIPAL PAY
ts) (%)
2020923,7) 99421.33
€.03 103353,45
0400 116249,061
0422 125574477
0.30 138242,27
6.0) 152366,5)
2.22 167273415
3.02 184000, 45
029 23243351
0,90 222640456
0¢dd 260730,51
0.92 259395.3¢8
0.00 295234,50
0430  325953,94
0,00 353354.8%
200000C.0) 3000390422

JPERATING
cosr
s

559487345

$694873.45

6699873445

6634873.645

8634573445

5594873445

5594823,45

66948723445

6694873,49

$694873.45

6594073.45

6594873445

3694873,45

65964873,45

6694873.45

- .-

100423101.29

OEPRECIATION
ts)

5666506,67
1069111411
1514611.85
1909622451
22590855,.,29
2570413.89
2843756,98
302129%.11
3196825,24
33723544306
35473083449
3723412462

30989¢1,.25 -

40744720,67
%250000.00

$250030,20

EARNING BEFORE
INTEREST AHD Tax
(3)

238459,.688
302682.10
359625.81
410115.89
454043.77
494577.93
529773445
629597.42
629597.42
829397.42
6295 ,7.42
6293597442
629597, 42
£29397.42
62959742

INTEREST
(s)
3000C0.00
290557.87
230171.52
258746454
256179.C6
2423%4,83
227148018
210420.87
192020.02
L71730.77
149516,.72
12502%.25
8LE6. 7S
$0453.29
35956.48

To26095,22

2916319.96

L e e R
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YEAR

10
11
12
13
1¢
15

TOTALS

EARNINGS
BEFORE Tax
(s)
~61540.12
0.
e30Lce0
« 176406
«37E+00
e 62E¢00
¢ 3J0E*04
sh2E086
e 84E000
«45E008
~48Lte00
e 90E+G0
e93Lels
e56L 08
« 59tk ¢06

rnmecaceen—--

«54E¢07

Table 39

SAMPLE PRINTOUT OF SUMMARY FINANCIAL ANALYSIS STATISTICS (PART 2)

INCORE
Tax
is)

0,02

9.00
16418,4)
82275.72
177653,.98
298722.00
145260.13
201204474
213636.77
219715139
230433.74
242194,.18
255125.12
259349,13
207995,65

Ll D L L POy

2856425.7C

NET
EARNINGS
(s)
-51542.12
342
15619497
89132.03
192453,48
323616450
157385.14
217971.3)
227539.33
23806%.65
243641,97
252377.01
278285.55
291794.95
833745.29

memccccco -

o33Ec¢)7

NEY CASH
FLOK
€s)

~1599294,78

410705%.22

396236.76

320429.49

233051,24

111984.1¢

255443,09

209500,47

220560.49

190953,23

180266.48

158511,04

155580439

141355,23

650709.57

20561524506

OISCOUNT
FACTOR

ROIe L1351
1.000).

+ 8688
o 7542
065358
«5578
*4950
«4301
«3737
43245
«282)
0263)
02129
01¢5)
+1607
«1396

DISCOUNTED
CASH FLOW
(s)
=138929%, 78
336824469
299129.29
213385.36
132785.34
55634447
1164162,31
78281.25
65144.31
53657,.85
44173,49
35675.6¢
20777.31
22716417
93851452

4104034

NPV

131
=1509294,78
~1232470.09
~933340.8)
~T1795%.4%
~565170.11
-529735.6%
~415573.33
~337292,0s
=272267, 77
-210289,91
=174116,41
~138240.75
-169463,45
-86747,26
4104436



purchase loan, operaring cost, depreciation, earnings refore intere
and taxes (excluding capitil gains), interest payment on the purcha
loan, eernings‘before income taxes (excluding capital gains), incom
(including capital gains tax), net earnings (including capit-~l gai=z
taxeé),net cash flow,‘discount factor for the cemputed rate of retu
discounted cash flow and cumulative sum of discounted cash flow (N
In addition, the totals for many of these quantities are provided.
The remainder of printed output of the Air Carrier Modules cons
of a repeat of Tables 31 through 39 for each of the other 10 aircre

prices.
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V SAMPLE PROBLEM

The somple outputs which were presented for illustration purposes
in Sections II, II1I, and IV were generated from a sample run of the ASC-ART
models. In this Scction, the job setup, input data, and computer resources
for the sample problem are described. This deséription should prove valuable
in preparing job control language for a run and preparing an input file. The

sample problem can also be run as a check on proper program installatiomn,

A.  Job Setup
The sample problem was run at the NASA Ames Rezearch Center using the

CDC 7600 i{n batch mode using the SCOPE 2.1.3 operating system. The ABC-ART
models are exercised in two distinct job steps. The Fleet Accounting Module
and Alrframe Hanufacturer Mcdules are run in the first job step. The Air
Carrier Module is then run in the second job step.

aAssuming that the FORTRAN source code for the Flect Accounting and
AMrfraze Menufaccurer Modules (as shown in Appendices C and D) reside in a
direct-access disk file named FILEL, :hat thie object code for fhe ZETA
plotter resides on a direct-access disk file nvared ULPLOT, and that the
‘nput data is m a card file (using 029 ASCII punch), the job setup on the

CDC 7600 to compile, load, and execute the Fleet Accounting and Alrframe

Manufacturer Modules is as follows:

Jzb card -

Account card

&4 TTACH, FILEL.

JIN, I=FILEl, R=3, OPT=2.

ATTACH, PLOTPGK, ULPLOT, ID=MSXELT.
LIBRARY, PLTPGX.
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LDSET, PRESET=2ERO
LGO.

DISPOSE, TAPE9, *PR.
DISPOSE, TAPEll, *pR.
7/8/9 card |
Card inpuat data
6/7/8/9 card

The 7/8/9 cord consists of a 7/8/9 punch in column oue; the'6/7/8/9 card
consists of a 6/7/8/9 punch {n columa 1.

The card input data 13 assumed te be read from logical unit 5 and the
pricter output is provided on logical unit 6. Logical units 9 and 11 pro-
vide temporary disk storage for output generated by the Fleet Accounting
Mocule that is to be plotted. Logical units 9 znd 11 are used by subroutines
PLOTTER and PLOTSGL, respectively, in plotting ~sults.

Assuning that the FORTRAN source code for the Air Carrier Module (as
shown in Appendix E) resides on a direct-access disk file named FILE? and
that the input data is on a card file (using 02§ ASCII punch), the job
setup on the CDC 7600 to cocpile, load, and execute the Air Carrier Module
is as follows:

Job card

Account card

ATTACH, FILE2.

FIN, I=FILE2, LCM=I, OPT=1, R=3.
LGO, PL=7777.

7/8/9 caxzd

Card input data
6/7/8/9 card

The card input data is assumed to be read from logiczl unit 5 and the

printed output is provided on logiczl unit 6.
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B. Input Data
The card input data for the Fleet Accounﬁ;ng and Airframe Manufhcturer

Modules are prepared in accordance with the specifications provided in

Sections II.C and III.C, respectively. As indicated previously, the -input

data for the Airframe Manufacturer Module precedes that for the Fleet
Accounting M>dule in the input stream. Table 40 provides a listing of the
card input data file for the sacple run of these modules. Note that- several
end-of-file cards (which consist of a 7/8/9 punch in column one) are embedded
in the data file.

The card input data for the aAlr Carrier Module {ic prepared using the
format described in Seccion IV.C. Table 41 provides a listing of the card

input data for the sample run of the Air Carrier Module.

C. Computer Resources

Hardware requirements to utilize the ABC-ART software include a card
reader, printer, disk storage, anda Z2ETA plqtter. The software is currently
programmed for use on tha CDC 7600 computer systeﬁ. The progrém rakes use
of both small core memory and large core memory on.the CDC 7600 systenm.

The jobh step to run the Fleet Accounting and Airframe Manufacturer
Modules requires 132K octal words of small core zemory and no large co;e
memory. The sample problem took 5 CPU seconds to compile and 17 C?U seconds
to execute. The Air Carrier Module requires 154K octal words of small core
memory and 144K octal words of large cove memory to run.. The sample prcblem

took 3 CPU seconds to ccmpile and 1 CPU second to exécute.
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Table 40

LISTING OF CARD INPUT DATA FOR SAMPLE RUN OF THE FLEET ACCOUNTING AXD
AIRFRAME MANUFACTURER MODULES

SINPUT]
El=2, 1y, rALhEl R,
T2450n0,

WACS 295y, WAEQUEIRY 4y whODYa30320.
WELCANZZNC, o0 WEPPEBIGU, *ENACCR2128yse mENGSS20110,,
\'FUSY':z("o. X "F'."tir:.n;-‘a\‘io -0“055926910000 t"\'CAO=377(.‘..
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LISTING OF CARD INPUT DATA FOL. SAMPLE RUW OT THE AIR CARRIER HODULE
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