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FOREWORD

(U) This report  was prepared by the Voug ht Systems D ivisi on ,

LTV Aerospace  Corpora t ion , P .O. Box 6267 , DalLas , Texas 75222

under U. S. A r m y  Elec t ronics  Command Contract  DAAI 3 O9-72- C-0062 .

The work was in i t ia ted under the direct ion of Captain R . A . Dowd , USN

and completed under  Captain W. A. Greene, USN, Chief , Long Range

Forecast Div i s ion , Directorate of Estimates , Defense In te l l i gence

Agency (DIA-DE- l ) .

(U) Persons contributing to the development and test ing of

the procedure reported herein include:

DIA-DE-1

Capt. W. A. Greene , USN
Capt. R. A . Dow d , US N (R etired) -

Capt. R. F. Weiss , USAF
Mr. R. E. McQui ston

ARPA_ 
.

.

Cmdr . T. W . Hogan , USN

VSD

Mr. - J. S. Smith , Yr . Chief Project Eng ineer ,
- Special Projects

Dr . L. D. Gregory  Project Engineer , SEATJ .DE
• Mr. 3. R . Matthews Models and Anal ysis

Mr. F. E. Dye , Jr. Technolog ies (CM-CGSM)
Mr. R. K . McDonoug h Models and Anal ysis (CM-C G SM)
Mr. B. E. Dyer Models and Anal ysis (N EM)
Mr. C. G. Johnson Aerod yna m ics
Dr. J . A. Bottorff  PropuLs ion
Mr. A . C. Morris  E lectron ics  (Radar , Guidance)
Mr. H. R. Crow Operations Research
Mr. C. H. Harris Operations Research
Mr. G. S. McCorkle Propulsion
Mr. L. D. Cardwell Propulsion
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• ( U) Thi s report has been prepared in the following volumes:

Volume Classification Title

I S Summary

hA U Naval Engagement Model
(NEM ) - Users Manual

JIB U NEM - Appendices A - I
IIC S NEM - Appendices 3 - M

• lID U NEM - Appendix N

• lilA U Cruise Missile - Concept
Generation and Screening
Model (CM-CGSM) Users
Manual

IIIB U CM-CGSM Appendices A-B

IIIC S CM-CGSM Appendix C

h I D  U CM-CGSM Appendices D-G

IIIE U CM. CGSM Appendix H

• 
• 

IV Relative Wo rth Model (RWM)

V U Relative Cost Model (RCM)
• ( U) Persons contributing to the Cost Model work in Volume V

include:

DIA

Capt . R . F. Weiss , USAF
• Mr. Roger Garis

VSD
• Mr.  3. R. Matthews , Cost Analysis

Mr. R . K . McDonough , Models & Analysis
Dr. J . A. Bottorff , Propulsion
Mr. G. G. J ohnson , Aerodynamics & Cont rols
Mr. A. C. Morri s, Guidance & Radar
Mr. J. C. Mayo , Programming
Mrs. F. P. Cotten , Editing & Analysis
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ABSTRACT

(U) The SEATIDE Anal ysis Process is a semi-automated

procedure for the generat ion of t ime-phased , hi gh value cruise missile

weapon systems concepts , together wi th  the suppor t ing  techn o logy and

intelli gence indicators which would reflect that these technological goals

are being achieved. The SEATIDE process can also be used to evaluate
• the effectiveness of fixed force  levels , existing forces in SAL environ -

ments , or Naval defenses.
• 

. 
(U) The Defense Intelligence Agency, throug h its Directora te

of Estimates , and The Advanced Research Projects  Agency (ARP A )  have

sponsored the development or this computer based anal ysis at the weapon

system and Naval force s t ructure  level. A previous process , RIPTIDE,

was developed for DIA for use in analysis of strateg ic miss i le  systems.
• 

• 
(U) Generic to the SEATID E Anal ys is Process are three

.z ~aj c~ cemputer  mod e’s: The Naval Engagement  Model (NEM) , Cruise

Missile Concept Generat ion and Screening Model (CM-CGSM) and Relat ive

Worth Model (RWM). The NEM evaluates force effect iveness , tactics , and

• 
- 

tas k force confi gurations ; the CM-CGSM enables def in i t ion  and selection

of candidate , advanced cruise missile system concepts;  and the RWM per-

mits assessment of wor th  in accordance with a variety of objective and
subjective cri teria.  Each of these models has been checked out b y DIA.

• (U) In addition to exercis ing the computer  models , there are
several other analyt ical and eng ine ering tasks to be p erformed , e. g . ,  the
Identification of areas of current  interest  and the assoc iated c ri t e r i a  and
potent ial concepts , the creat ion of a foreign te chnology data bank in a
format needed b y the computer  models , the eng ineerin g of concepts to

• 
the required detai l , and the use of a verif ication analys is loo p.
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VOLUME V

I. INTRODUCT ION

On 28 June 1972 , the Vought Systems Division , a division of LTV
Aerospace Corporation , contracted with the Defense Intelligence Agency

(DLA ) to develop the SEAT IDE Anal ysis Process in support of the DIA Long

Range Forecast Division (DE_ 1) .  The SEAT IDE Analysis process is de-

fined to be:

a semi- automated procedure for the generation of
time phased , high value naval cruise missile concept s ,
together with the supporting technology and the intelligence
indicators which would reflect that these technological goal s
are being achieved . . . .

Generic  to the SEAT IDE Analysis Process are three major corn-

• puter models: the Naval Engagement Model (NEM), the C ruise Missile

Con cept Generation and Screening Model (CM- CGSM), and the Relative

• Wort h Model (R WM).

On 24 June 1974 , a modification was made to the basic SEATIDE

contract (Mod P00008) to expand the existing SEATIDE methodology to in-

d ude a c ruise missile relative cost model. This expansion would be

done within the C ruise Missile Concept Generation and Screening Model

to allow screening and ranking based on program generated relative cost

estimates of cruise missiles rathe r than the use of missile volume and

weight.  This relative cost model is contractuall y limited to c ruise

missile RDT&E and fi r st unit procurement costs. All missiles were

costed as thoug h they were produced in the U. S.

It is recognized that this relative cost model does not address

all areas of missile full life cycle costs or address costs from the

Soviet point of view. These limitations were necessary due to budgetary
restr ict ions and contractual specifications.

I _ i
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• This volume document s the development of the relative cost

model . It contains the data sources , the cost estimating relationships

(CERs)  developed from those dat a , a paramet ric exercise of each CER

over a range of values , and a discussion of the model structure .

Appendices to this volume contain a program listing of the relative

cost model and the results of two test cases using the expanded SEA-

TIDE process.  User inst ructions as to the input/output scheme for the

upd ated CM- CGSM containing the relative cost model are found in Volume

lilA , as revised on 20 February 1975.
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• II. RELATIVE COST MODEL (RCM) DEVELOPMEN T

• 2. 1 APPROACH AND DATA SOURCES

• The purpose of the RCM is to provide for cruise missile

• screening and ranking within the SEATIDE Concept Generation and

Screening Model (CM-CGSM) and Relative Worth Model (RWM) on

the basis of missi le  cost. The RCM required input and level of
detail were  to be compatible with the CM-CGSM. The RCM was

to address both missile system RDT&E and f irs t  unit procurement

costs. Total force costing over a production cycle was not to be

• included.

Numerous cost data sources were investi gated during the

RCM development. Primary data sources were the CAMS model

(Referenc e 1), the ADTC cost model (Reference 2), the Tactical

missile RDT &E cost model (Reference 3), and RAND studies (Ref-

erenc e 4 and 5). Costing equations were selected for use which

• addressed costs at a subsystem level of detail compatible.- with the

CM-CGSM desi gn options , required inputs which were either gen-

erated in the CM-CGSM or could be easily supplied by the user ,

L

and showed sensitivity to missile design and performanc e parameters.

After  the cost-estimating relationships (CERS) were  selected ,

each was modified by the addition of three cost t e rms .  One term

allow s for  an inflation factor to be input for use in adjusting the

cost for  fu tu re  yea r s .  Each CER was normalized to compute in

1974 dollars f rom whatever cost base the original cost estimate

addressed so that the inflation factor adjusts cost f rom that base.

I

I l_ i
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Figure 1 displays the factors used for these adjustments and f a c t o r s
• to be used for  fu tu re  adjustments.  The second t e rm  allows for

input of miscel laneous costs which a re  added to each CER . The

pr imary  purposo for  thi s term is to allow the u s er  to control  th e

cos t es t ima t e , if the cost of the subsystem is known or need s  to

be held at a constant level. The th i rd  t e rm , a complexi ty  f ac to r ,

ad jus t s  the cost values to allow for d i f ferent ia l  development  or
manufactur ing complexities or st a te -o f - the-a r t  increase  r e q u i r e -

• ments .

The RCM is broken down into five general  classes of sub -

systems: (1 )  a i r f ram e and integration, (2 ) propulsion , (3) guidanc e,
• (4) controls , and (5) warhead.  The specifics of the costing equa-

tions within each class is discussed in the following text . Within

thi s text , each equation is assigned a number which correspond s to

the FORTRAN statement number within the specific RCM subrout ine

that costs that part icular  subsystem . For example , equa t ion (5)

under the li quid rocket propulsion system discussions in Sect ion

2 . 3 .2  is p rogrammed as FORTRAN statement number  5 in the l iquid

rocket propulsion costing subroutine of the RCM .

/
I
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FIGURE 1

PRICE INDICIS FOR MILITARY SYSIDIS (U)

1974 Base

A ll M tLi t.t ry .~.il Mili tar ; Prucureaent P..014E
- rrocurewen t R1)T&E Conversion ConveislonYear I d  - — 

Index Factor Fector

1963 0.71746 0.67531 1.39 3 1.481

l9~.4 0.72213 0.68410 1.381 1.462

1965 0.74068 0.69662 1.350 1.436

1966 0.75588 
-- 

0.71276 3.323 1.403

1967 0.77243 0.73552 1.295 1.360

• 1968 0.79242 0.76143 1.262 - • 1.313

1969 0.81859 0.79576 1.222 1.257

1970 0.85968 0.84462 1.163 1.184
• 1971 0.90962 0.89205 1.100 1.121

1972 0.94418 0.92816 1.059 1.077

1973 0.97409 0.96404 1.027 1.037

1914 1.00000 1.00000 - 1.000 
- 

1.000

1975 1.067 1.068 0.937 0.936

1976 1.122 1.130 0.891 0.885

1977 1.176 1.190 0.8S~ 0.840
• 1978 1.223 1.245 0.817 0.803

1919 1.272 1.302 0.786 0J68
• 1980 1.323 1.362 0.756 0.134

1981 1.376 1.424 0.727 0.702

1982 1.431 1.490 0.699 0.671

1983 1.488 3.558 0.672 0.642
• Each Year

Thereafte r 42 4.62

.3. August 31 , 191J . BudR .t Cuidanc~ Meaor.ndua, FY 7 4 , Revised
and FY 75 Guidsne .t. OSb Controller ’s Offic ..

• 2. A pril , 1973 , John Reach , 0S1) Cont roller ’s Office , vii Art
Yen gling , 050 Coat At~aL,.i..

3. March 19, l9~3. Schs.Id.r, OSD Cost Ma lysis.
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2 . 2  AIRFRAME AND INTEGRATION

2 . 2 . 1  Sources and Assumptions

Airframe and integration CER’ s we re der ived f r o m  r e s u l t s

of the Rand studies documented in Referenc e 5. CER ’ s presen ted  in

that document are sensitive to overall missile performance (desi gn

speed) , to missile airfram e weight (missile weight less warhead ,

guidance , control , and propulsion system s weights) ,  and to the

number of missiles developed and produced . The “a i r f r a m e ’ corn -

• ponent of a i r f r ame  and integration cost includes engineer ing,  devel op-

ment , tooling, manufacturing,  testing and quality assuranc e cost

term s for those miss i le  subsystems and system s normall y produced

• by the a i r f r ame  contractor .  The “integration ” component includes

those same cost t e rms as they apply to integration of the warhead ,

guidanc e , control , and propulsion system s into the miss i le  a ir f r a m e .

The RCM CER’ s were developed by adding inflation f ac to r s ,

com pl exity fac tors , and miscellaneous cost t e rms  to the Rand cost

equations. Referenc e S contains detailed descriptions of each C ER ’ s

derivation , data source , regression analysis , uncertainty,  and limi-

tat ions.  Rand CER’ s are  based on aircraf t  a i r f r a m e  and in tegra t ion

cos ts  but are wi dely applied to cruise missile costing and have been

jud ged to be acceptable in the RCM due to the following cons idera tions :

(1 )  CER’ s in Referenc e S a r e  based on AMPR (Aero-

nautical Manufacturer ’s Planning Report )  wei ght .

AMPR weight is the dry  a i r c r a f t  weig ht less m a n -

H rating component s, a rmament,  f lu ids , power and

electrical equipment , G&C equipment , prop~ 1sion

subsystem s, and wheels , t i r e s , tubes , a nd b r a k e s .

AMPR weight thus includes onl y a i r c r a f t  s t r u c t u r e ,

11-4
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skin , wings , tails , inlets , ducting, and associated

4) hardware.  The complexity and cost of developing

and producing those AMI ’R c o m pon en t s  b r  .i

m iss i l e  is assumed to be compa rabic to tha t  t o r

an aircraft with the sam e desi gn speed .

(2 )  Rand CER’ s were  developed using cost data on 29

post World War II a i rcraf t  f rom 10 a i r f r ame

contractors .  Those aircraf t  wei ghed f rom 5000 to

• 113 , 000 lb and were designed to speeds from Mach

0. 5 to Mach 2 .2 .  The RCM may encounte r c ru i se

missi les  outside those bounds ( less  than 5, 000 lb.

in weight or greater  than Mach ~l.  2 in speed);

how eve r , costs gained by extrapolations of the

Rand CER’ s to those RCM conf igura t ions  are

assumed to be acceptable for  relative cost screening.

Comp lexity fac tors  and miscellaneous cost term s are  provided for

each RCM CER so that the cost output can be adjusted to account

for exceptional design and performanc e problem s or windfal ls .

2 .2 .2  RD T&E CER’ s

• 

• 

The cost for a i r f ram e and integration RDT&E is separated

• into engineer ing ,  development , fli ght test operations , tooling, manu-

fac tu r ing  labor , manufactur ing material, and quality a s su rance .

• A i r f r a m e  contractor profit is computed as a percent of the sum of

- • 

those cost t e r m s  and is then added to the total RDT&E cost. Individua l

• CER ’ s are  d iscussed  in the following paragraphs. Results of a para-

met r i c  variat ion of missile a i r f ram e wei ght and desi gn speed on the

cost output f rom each CER are  shown on the f igures  at the end of

Section 2 . 2. Each CER is assigned an equation number in this section

which can be correlated to a FORTRAN statem ent number in the RCM

11-5
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subroutine which computes those cost terms.  All mul t ip l i e r s  and

Rand CER coefficients a re  programmed into the RCM compute r

model as input variables and can be changed for special cases.

All RDT&E CER’ s include a term for quantity of missiles developed

Cost is then cumulative cost through 0D units.

Engineering RDT&E cost is computed in the RCM using

the following equation:

CRENG . 001 a b C d e A1 
5g 

+ ~ d ( 1)
Fig. 2

where:

CRENG Engineering cost in thousands of dollars for
the year of interest.

A ai r f ram e wei ght (lb)

S design speed (kts )

number of a i r f r ame  units produced dur ing  the
development phase.

a z engineering rate in 1974 dollars per man hour

b technology mul t iplier used to increase  cost when
advances are required in the s t a te -o f - the -a r t
(SOA) for  t e c h n o lr g y

c development multi pl ier  used to reduce cost when
off -the -shelf components a re  available

d inflation multi plier

e 0.0396

f 0.79 1

g 1.526

h 0. 183

miscellaneous engineering cost in thousands of
1974 dollars.

p
11-6
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The variables e through h were  taken from Refe renc e 5. Plotted
results of thi s CER for a selected set of variables are presented in
Fi gure 2. Each parameter in equation (1)  is p rogrammed into the
RCM and can be changed for a given missile throug h a simple
input procedure (including the coefficient s e throug h h) .

Development RDT&E cost is defined as:

1.163 a b c A
d 

~
e 

0
f 

+ bg (2)
1000 Fig. 3

where:

C
RDEV 

= development cost in thousands of dollars
for the year of interest

a comp lexity factor used to adjust cost for
exceptional development problem s or
windfalls .

b inf lati on multiplier

c 0.008325

d 0 .873

e 1.89

f 0.346

g = miscellaneous cost in thousands of 1974 dollars.

The variables A , S, and are the same as in equation (1) ,  while
c through f a re  taken from Reference 5. Plotted output of this
CER for variable A and S are  presented in Figure 3. All variables
are input to the RCM computer model.

Flight test operations RDT&E cost is defined by the CER:

C
RFTO = 1.163 a b c A C~ ?Q~~f + b g (3)

1000 Fig. 4

where:  H

C RFTO flig ht test operations cost in thousands of dollars
inflated to the year of interest

a comp lexity factor used to adjust cost for excep-
tional fli ght test problems or windfalls.  4

b = inflation multiplier

II-? 
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c = 0. 001244

d 1. 16

e = 1.371

f = 1.281

g = miscellaneous cost in thousands of 1974 dol lars

The variables A , S, and are defined in the discussion of Equation
( 1) ,  while c through f are derived in Referenc e 5. Plotted output
of thi s CER for variable A and S are presented in Fi gure 4.

Tooling RDT&E cost is defined by the relationshi p:

C RTOOL = . 001 a b c d e A~ ~~ Q
D

h 
R’ + jd (4)

Fig. 5

where:

C
RTOOL = tooling cost in thousands of dollars

a = tooling labor rate in 1974 dollars per man hour
b = technology factor used to increase cost when

advances are required to the SOA which increase
tooling complexity

c = complexity factor used to decrease cost when
existing tooling can be used

d = inflation multiplier

e 4 .0 127

f = 0.764

g 0.899

h = 0 . 178

= 0.066

j = miscellaneous tooling cost in thousands of 1974
dollars

R = production rate in missi les  per month

L 

The variables A , S, and are defined during the discussion of
Equation ( 1) ,  while e through i are developed in Referenc e 5. A
plot of tooling cost for variable A and S is included as Fi gure 5.
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Manufactur ing labor RDT&E cost is computed in the

as:

C RMFGL 
.001 a b c d A e ~f Q~~~ + ch (5)

- - -  • Fig. 6

where:

CRMFGL 
= manufac tur ing  labor cost in thousands of dollars

• for year of interest

a = manufacturing labor rate in 1974 dollars per
man hour

b = com plexity factor used to adjust cost for
exceptional manufacturing problem s such as those
caused by technology advances or mater ia l
changes

c = inflation factor

d = 28 .984

e = 0.74

f = 0. 54 3

g = 0. 524

h miscellaneous manufacturing labor cost in thousands
of 1974 dollars.

The variables  A , S, and are defined in the discussion of Equation

( 1) ,  while d through g are  developed in the stud y of Referenc e 5. A

plot of manufac tu r ing  labor cost is included for  var iable  A and S

(see Fi gure 6).

Manufacturing material  RDT&E cost is computed by the

CER:

C I~MFGM = 1.163  a b c A
d 

5
e 

~~D + b g 
Fi g. 7

w here:

C RMFGM 
= manufacturing mater ial  cost in thousands of dol lars

a = complexity factor  used to adjust  cost for  changes
in material  used for  a i r f ram e components

b = inflation factor

c = 37.632

11-9
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d = 0.689

e 0 .624

f = 0 .792

g miscellaneous manufac tur ing  ma te r i a l  cost
in thousands of 1974 dollars.

The var iables  c throug h f were  drawn f rom R e f e r e n c e 5. A and S

are  defined in the d iscuss ion  of Equation (1 ) .  A plot of m a n u f a c t u r i n g

mate r ia l  cost  for  variable A and S is included as Fi gure 7.

A i r f r a m e  and integration quality assuranc e cost for  R D T & E

is de f ined by the CER:

• C RQA = a b C
RMFG + cd (7)

Fig. 8
where :

C RQA quality assurance cost in thousands of dollars

CRMFGL 
= manufacturing labor RDT &E cost (see Equa t ion

a = complexi ty fac tor  for  quality assurance

b 0.13

c = inflation multi pl ier  H

d miscellaneous quality assurance  cost in thousands
of 1974 dollars .

The pa ramete r  b was der ived in Refe rence  5. A plot of qua lit y

as su ra nce cost for  var iable  A and S (variable manufac tur ing  labor

cost)  is presented in F igure  8.

Total RDT&E cost is compiled in the RCM by s u m m i ng

all components  and app lying a prof it  margin , a complexity f a c t o r ,

and a miscellaneous cost term .

The CER fo r  RDT&E total cost is:

C RAFI = a ( 1 + p) (C
RENG + CRDEV + C RFTO + C RTQOL (14)

+ CRMFGL + CRMFGM + C RQA ) + b c

11-10 
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where:

t C RA F I  
- total RDT &E cost in thousand s of (lo1lar~.

a - comp lexity facto r for total  cost

b inflation factor

c = miscellaneous cost term for total RDT&E cost
measured in thousands of 1974 dollars

p = profit margin (fraction) for the airframe contractor

2 . 2 .3  Production CER’s

The cost for a i r f rame and integration f i r s t  unit production
is separated into engineering, tooling, manufac tur ing  labo r , manufactur-
ing material , and quality assurance.  Airfram e contractor prof i t  is
computed as a per cent of the sum of those cost t e rms  and is then

added to the total production cost. Individual CER’ s are  discussed

in the following paragraphs. Results of a parametric  variat ion of
missi le  a i r f rame wei ght and desi gn speed on the cost output from each
CER are shown on fi gures at the end of Section 2. 2 . Each CER is
assi gned an equation number in this section which can be correlated

to a FORTRAN statem ent number in the RCM subroutine which

com putes those cost t e rms .  All multipliers and Rand CER coeff ic ients
are  programmed into the RCM computer model as input variable s
and can be changed for  special cases.

The CER’ s documented in Reference 5 are based on cumu-
lative cost through a set number of units. The f i r st  production
unit is  actuall y missi le  number Q

0 + 1, where is the total number
of miss i les  required for  the RDT &E phase. Cost of the f i r s t  pro-
duction unit is then the cumulative cost for + 1 units minus

the cumulat ive cost for units. That subtraction is present in
all CER’ s in this section.

‘I-il  
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Engineering first unit production cost is computed in the

RCTM using the following equation:

C PENG = .001 a b c d e  A1 ~~ 
~
0D + 1) h 

- Q h
) + j  d (8)

Fig.  9

• where:

CPENG = engineering cost in thousands of dollars for  the
year of interest.

A a i r f rame weight (ib)

S = desi gn speed (kts)

= number of airframe units required for the develop-
rn ent phase

a = engineering rate in 1974 dollars per man hour

b = technology multiplier used to adjust cost when
- advances are required in the SOA .

c = complexity factor used to reduc e cost when o f f -
the-shelf components are available.

d = inflation multiplier

e = 0.0396

f = 0. 79 1

g = l . 5 a6

h = 0. 183

i = miscellaneous engineering cost in thousands of
1974 dollars.

Variables e through h were developed in Referenc e 5. A plot of

engineering production cost for variable A and S is enclosed as

Fi gure 9. Each CER parameter  can be changed for  a given RCM

• job th roug h a simple input procedure.

A i r f r ame  and integration tooling f i r s t  unit production cost

is given by:

CPTOOL 
.001 a b c  d e A~ S~~((Q~~ + 1)

h 
- Q

D
h

) R’ + j d  (9)
F ig .  10

11—12 

•

__________________ • .



- • -
-

• 
-

~~~~~~ 
-_ 

.~~. ._

where:

C
PTOOL 

= tooling cost in thousands of dollars

a = tooling labor rate in 1974 dollars per man hour
b = technology factor used to increase cost when

advances are  required to the SOA which increase
tooling complexity

c = complexity factor used to decrease cost when
existing can be used.

d = inflation multi plier

e = 4 .0 127

f = 0.764

g = 0.899

h = 0. 178

i 0 . 0 6 6

j = miscellaneous tooling cost in thousands of 1974
dollars

R = production rate in missi les  per month

Va r i a bles A , S, and are defined in the discussion of Equation
(8),  while e through i are derived from Referenc e 5. A plot of
tooling cost for variable A and S is included as Fi gure  10.

L 

Manufactur ing labor cost for f i r st  uni t product ion  is:

C PMFGL = .001 a b c d A e 51 ( (Q + 1) g 
- Q~~~) + c h ( 1 0 )

F ig .  11
where:

C
PMFG L = manufac tu ring  labor cost in t h o u s an d s  of 1974

doll a rs

a = ma n u f a ct u r i ng  labor rat~’ in ~74 d o l l a r s  per
man hou r

b complexi ty  factor  used to ad jus t  co st for
exceptional manufacturing problems such as
those caused by technology advances  or mate r ia l
changes

c = inflation factor

11-13
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d 28.984

e = 0 .74

f = 0. 543

g = 0.524

h = miscellaneous manufacturing labor cost in thousands
of 1974 dollars

The variables A , S, and are defined in the discussion of Equation

(8), while d through g are developed in the stud y of Reference 5. A

plot of manufacturing labor cost is included, for variable A and S,
as Fi gure I l .

Manufacturing material f i r s t  uni t production cost is
computed through the CER:

CPMFGM 1.163 a b c Ad 
5e 

~~~~ 
+ - 

~~~~ 
+ b g

where:

CPMFGM = manufacturing material cost in thousand s of
dollars of the year of interest

a = complexity factor used to adjust cost for changes
in material used for airfram e components.

b = inflation factor

c = 37 .632

d = 0.689

e 0 .624

f = 0 .792

g miscellaneous manufacturing materia l  cost in
• thousands of 1974 dollars

Variables ~ through f were  developed in Referenc e 5. A and S are
• defined in the discussion of Equation (8). A plot of manufac tur ing

mater ia l  cost  for  variables A and S is included as Fi gure 12.

11-14
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Quality assurance cost for f i rst  unit production is defined
by:

CPQA = a b C
PMFG L + c d (1 2 )

I~~~ig .  13

where:

C
PQA = quality assurance cost in thousands of do ll a r s

CPMFGL = manufacturing labor first unit cost (see
Equation (10)).

a = complexity factor for quality assuranc e

b = 0 .13

c = inflation multiplier

d = miscellaneous quality assurance cost in thousands
of 1974 dollars

The parameter  b was derived in Referenc e 5. A plot of quality
assurance cost for variables A and S (variable manufactur ing  labor
cost) is presented in Figure 13.

Total f i r s t  unit production cost is compiled in the RCM
• by summing all components and applying a profit margin, a complexity

factor , and a miscellaneous cost term . The CER for that total cost
i s :

CPAFI = a ( 1 + p) (C
PENG + C~~ + C

PMFG ( 1 3 )

+ C
PMFGM + C~~~~~) + b c

wh ere:

CPAFI = total first unit production cost in thousands of
dollars

a = complexity facto r for total cost

b = inflation factor

c = miscellaneous cost te rm for total cost measured
in thousands of 1974 dollars

p = profit  margin (fraction) for  the a i r f r a m e  cont rac tor
.

~ ~~ •
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FIGURE 2
A I R FR A M E  AND INTEGRATION ENGINEERING COST ( U )

Reference:  Equation 1 Section 2. 2. 2

h
C

RENG = a b c d (e  S 0D~~ + i d
1000

• Assuming:

• a = 26 f = .79 1
• b = l  g l .52 6
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• d = 1  i = 0

e = . 0396

this becomes
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- • FIGURE 3
A I R F R AM E  AND INTEGRATION DEVELOPMENT COST (U)

• 

I 

Refe renc e :  Equa t ion  2 Section ~~~~~

• C RDEV I . l 6 3 a b 
~~~ d 

5
e

0 
+

• •
- • 1000

Assuming :

- 
a = l  e = 1 . 8 9

h = 1  f = . 346
c = . 008325 g = 0

d = . 8 7 3  h = 1

t his becomes

• C
RDEV = 1 .16 3  
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F I G U R E  4
A I R I ” R A M E  AN I)  INTEG RATION 1•’LIGH T TEST OPERATIONS COST ( U )

Reference:  Equation 3 Section 2 . 2. 2

c A
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CRFT O = 1. 163 a b D + b g

1000
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a = 1 e = 1.371
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FIGURE 5
AIRFRAME AND INTEGRATION TOOLING COST (U)

‘p

Reference :  Equation 4 Section 2. 2 . 2
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FIGURE 6
AIRFRAME AND INTEGRATION MANUFACTURING LABOR COSTS (U)

Reference:  Equation 
— 

5 Section 2. 2. 2.
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FIGURE 7
AIRFRAME AND INTEGRATION MANUFACTURING MATERIA L COST (U)

Reference: Equation 6 Section 2. 2 . 2.
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FIGURE 8
AIRFRAME AND INTEGRATION QUALITY ASSU RANCE COST ( U )

Reference: Equation 7 Section 2.2.2
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FIGURE 9

A I R F R A M E  AND INTEGRATION FIRST UNIT
PRODUCT ION ENGINEERING COST ( U )

Reference :  Equation 8 Section 2~ 2. 3
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FIGURE 10
AIRFRAME AND INTEGRAT ION FIRST UN IT PRODUCTION TOOLIN G COST ( U )

Reference:  Equation 9 Section 2. . 2. . 3

CPTOOL = [e A
1 ~~ 

~~~~ 
+ fl

h 
- Q h ) R ’J + jc

Assuming:

a 19 e = 4 .0127 i .066
b 1 1 = . 764 5 = 0
c = 1 g = -~~~~~~~~~ 

~~D 20
d 1 h = .178 

1

t his becomes.
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FIGURE 11
AIRFRAME AND INTEGRAT ION FIRST UN IT

PRODUCT ION MANUFACTURING LABOR COST (U)

Reference:  Equation 10 Section 2 . 2. 3
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FIGURE iz
AIRFRAME AND INTEGRATION FIRST UNIT

PRODUCTION MANUFACT URIN G MATERIAL COST (U)

Reference:  Equation 11 Section 2. 2. 3
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FIGURE 13
AIRFRAME AND INTEGRATION FIRST UNIT

PRODUCTION QUALITY ASSURANCE COST (U)

Reference :  E quation 12 Section 2. 23

CPQA a b C PMFGL + c d

As suming:

a 1 c = 1
b = .13 d = 0

thi s becomes:

CPQA = . 13 C
PMFGL
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2 . 3  PROPU LSION

This section presents the cost equations (CER ’ s) for the

solid sustainer motor, li quid rocket , turbojet , integral  ramje t ,

• non-integral ramjet , and external booster propulsion systems.

For each type of propulsion system , cost equations are f i r s t  S

presented for system components. These are then combined to

arrive at a propulsion system firs t  unit cost. A CER is then

given for  system RDT&E cost and finally the total propulsion

system cost ( f i rs t  unit plus RDT&E) is presented.

Where  a CER contains a propulsion system parameter

such as thrust , motor wei ght , etc. ,  which is communicated
• f rom the CGSM , a range of typical values for  the parameter  is

shown. Plots for most of the CER ’s using the typical value s

for propulsion system param ete rs are presented at the end of
each propulsion system section. All of the equations used were

obtained from references cited or f rom vendor data obtained

by VSD on other contracts. Equations taken directly from cited

references were modified as follows:

1. Terminology was changed to agree with that used

in the CGSM.

2. All costs were converted to 1974 dollars .

3. Factors were added to allow the user to increase

-~ the cost due to exceptional problem s in manufacture

or to reduce the cost because of unexpected windfalls.

A factor was also added to allow conversion from

1974 dollars to some other year of choice.

4. A factor was added to account for vendor profit .

Equations for tankage cost were developed from vendor

data and adjusted as outlined in the above steps. In addition , for

tankage costs , the overall coats were  broken down into tank labor

11-28
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• cost and tank material cost so that multiplying factors f rom Ref-
‘- p .

~
,, erenc e I could be applied to estimate costs for  other tankage

ma te r i a l s  ( the vendor data were for tanks constructed from 6A14V

Titanium).  This procedure is discussed in Section 2. 3.2 , Liquid

Propulsion System .

The details pertaining to each propulsion system are pre-

sented in the following sections .

1
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2 . 3 . I SOLID PROPULSION SUSTAINER

2 . 3. 1. 1 Moto r Case

1’lic cost of the su s t a ine r  rocket moto r  -asp is given

h~- t h e  f o l l o w i n g  t h r e e  equations .

C BLC 1 . l a (  b ( I )
Fig. 14

where

a 0.008166 S

b = 140

c z 0. 333

CBLC case labor cos t , thousands of 1974 dollars

W
MC 

= wei ght of the motor case (75-1500) ,  ibm .

The values for  the constants b and c were  taken direct l y
from Reference 1. The coefficient , a , is a combination of coeff ic ients

appearing in the equation taken from Referenc e 1 and its derivations

is explained below . A similar derivation of the final coeff ic ients  was
done for other equations taken from Reference 1. However , the

derivations are similar in all cases and the details of the derivat ions

will not be repeated for any of the subsequent equations reported

herein.  Thus , the original equation for the motor  case abor cost

is given below:

T 
BLC (AC x CF (I)) ( 140 \

0. ~~~ (W c) ( 6000\ 0 . 0291

~W~~J

whe r e:

BLC case labor cost , thousands of dollars

AC labor rate in dollars/ lb 0. 00634
C F ( I )  fabricat ion complexity fa-~tor = I

W
~ case weight , ibm

Q = number of units manufactured

/ ~0 .0249 1 . .The term , is a learning curve expression.
\ Q )
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Since all cost equations reported herein are for the f i rs t  unit , the

above expression results in a value of 1.288. The facto r , 1 . 1

in Equation 1, conv erts the cost obtained from the ori ginal Reference
1 equation from 1971 to 1974 dollars. A plot or typical case labor

cost appears in Figure 14 at the end of this section.

The case material cost is given by:

CBMC = 1. 1 a( b WMC (2)

\WMCI Fig. I~

where:

a = 0. 02022

b = 140

c = 0.333

= case material cost, thousands of 1974 dolla rs.

Figure 15 is a plot of typical case mater ia l  cost.
• The total case cost then becomes:

CCASE = a (C
BLC + C

BMC ) + b (3)

wh e r e:

a = factor  used to adjust for  exceptional problem s
or windfalls.

b = miscellaneous cost , thousands of 1974 dollars

CCASE case cost , thousands of 1974 dollars .

The case insulation cost is given by:

C LI = a b ( 1 . l )
1~~~~~~

Dp ÷ e  (4~
~~~ F i g . I 6

where :

a factor used to adjust insulation cost for excep-
tional problems or windfalls

b = 0.001039

c = 198

d = 0.333

11—3 1
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e = miscellaneous cost term in thousands of 1974
dollars.

CLI = insulation cost in thousands of 1974 dollars

D~~~ = insulation volume (250-5000),  cubic  inches

The value for  the constant , b is the product of the base cost per

cubic inc1~i of insulation and line r and the value of the learning c u r v e  - S
term , 1000 0 .069  

The constant , 1. 1 converts f rom 1971 to 1974
Q

dollars.

Typical case insulation cost is show n in Fi gure  16.

2 . 3 . 1 . 2  Nozzle

The nozzle cost is given by:

CNOZ = a b ( 3 . 3 ) (W ) (c + d D
THR + e R )  ( c \  

-1~i~ I ,

where:

a factor used to adjust nozzle cost f o r  t xcep t iona l
problem s or windfal ls .

b = 0 .00 1755

c = 4.6788

d = 1.4045

e 1.5487

f = miscellaneous cost te rm in thousands  of H74
dol la r s .

CN OZ nozzle cost in 1974 thousand s of dol lars
W

N = nozzle  wei ght (15 -30 0 ) ,  Ibm

D nozzle  throat  d iameter  ( 1.  13-5. 04) i nchesTHRT
R NOZI nozzle inlet radius ( 1 . 7 0 - 7 .  56), i nches

T he consta n t , 3 .3  is the product of the 1971 to 1974 inf la t ion f ac t o r
( 1 .  1) and a complexi ty  factor  (3) for  a pintle nozzle .  The constant ,
b is the product of the learning curve term , 2000\~~ 

074 
and t h e

0 1

coI*~ ersion to thousands of dollars (1Q~~ ).

Fi gure 17 is a plot of typical nozzle cost .
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2 .3 . 1 . 3  Propellant .

‘ Th e mixed propellant cost is given by:

C PRC = a ( W p) (  b 
d

( f )  + g (6)
\c W 1, e Fig.  18

where:

a = factor  used to adjust propellant cost for  exceptiona l
problems or windfalls .

b 100 , 000

c 32 . 006

d 0 . 069

e = 1000

I = cost per pound of propellant in 1974 dol la rs .

g = miscellaneous cost te rm in thousands of 1974
dollars.

CPRC = mixed propellant cost in thousands of 1974
dollars.

W~~ = propellant wei ght (425-8500) ,  ibm

The facto r c was derived from the factor , AMR appearing in

Referenc e 1 which is the average monthly rate expressed in t e r m s

of number  of missiles as follows:

AMR = 0. 2587 + 37. 0680Q - 5. 8389Q 2 
+ 0. 5185Q~

which reduces to a value of 32.006 for  Q = 1.

Typical  propellant cost is shown in Figure 18.

The propellant loading cost is given by:

C PLC = a ( 1 . 1 ) b w
P(d~~~~ )e ÷ f  

Fi g. H

where:

a factor used to adjust propellant loading cost for
exceptional problem s or windfal ls .
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b = 0. 00343

C = 100000.

d = 32 . 006 (see expiantion for  equation 6)

e = 0. 387

f = miscellaneous cost term in thousands of 1974
dollars.

CPLC = propellant loading cost in thousands of 1974 dollars

Figure 19 illustrates typical propellant loading cost.

2.3.1.4 Safe/Arm and Igniter

The cost of the safe and arm system is given by:

CSA = a (8)

where:

a = an assigned value for  safe and arm cost in
thousands of 1974 dollars. A value of . 175 is
used.

The igniter cost is given by:

CIGN a (9)

I 

whe r e:

a = an assi gned value for  igniter cost in thousands H
of 1974 dollars.  A value of .350  is used. H

2 . 3 .  1. 5 Motor First  Unit Cost

The f i r s t  uni t cost for the solid motor is given by:

CSRFU a ( 1 + PspC )
~~

b (1. 15) [cCASE + CLI + CNOZ (10)
+c PRC +c

P
+c SA +C

]+cJ

where:

a = inflation factor used to adjust cost from 1974
dollars to year of interest.

b = factor used to adjust f i rs t  unit cost for  exceptional
problems or windfalls.

11-34
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c = miscellaneous cost term in thousands of
1974 dollars.

total solid motor cost  in thousand s of 1974
dol lars .

contrac tors  percent  p r o f i t

The facto r , 1. 15 is for  a 15% cost of in tegra t ing the motor  components.

2 . 3 . 1 . 6  RDT&E Cost

The solid motor RDT&E cost equation was obtained

by curve fitting data from Reference 6. This graph is shown in

Figure  20 and the equation for  the curve is:

0 4263COST 14392 [(D) (W M)]

where:

COST = motor RDT&E cost in 1964 dollars

D = motor diameter , inches

W~~1 = motor wei ght , ibm

After  adjusting the equation for use in the cost model , it bec om es:

CSRRD 
- a (1 + P5p~~

)
~~

c [D) (W
M

)’] 
d (1 .46 2 )  + 

e) 
~~~~~~~ 20

where:

a = inflation factor used to adjust cost from 1974
dollars to year of interest .

b = factor used to adjust RD T&E cost for  exceptional
problem s or windfalls

c = 16.551

d = 0.4263 :~
e miscellaneous cost t e rm in thousands of 1974

dollars.

C~, RDT&E cost in thousands of 1974 dollars.
~ R RI)

contractors profit margin (fraction)

D = motor diameter (12-36) ,  inchc

W
M 

= motor wei ght (500- 10 , 000),  ibm

11-35
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The factor , c is derived from the original coeff icient , 14392 , by
mult iply ing  by the factor  for convert ing  to 1974 do l l a r s  div id ing  by
1000 to convert  to thousands of dollars  and multipl y ing by a f ac to r
of 1. 1 5 to account for the added comp lexity of developing a pintle
nozzle.

Figure 20 show s typical RDT&E cost.

2 . 3 . 1 . 7  Total Motor Cost

The total motor cost is the sum of the First  Unit Cost
and the RD T&E cost. Thus:

CSRT = C
SRFU + CSRRD (12)  F

11-36
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FIGURE 14
SOLID ROCKET CASE LABOR COST (U)

‘- - a

R ef erence:  Equation 1 Section 2. 3. 1

C BLC 
= 1. 1 a 

~~ ) 
C 

W
MC

A ssum ing: 1, -

a = . 008166 c = .333

b =  140

this becomes
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FIGURE 15
SOLID ROCKET CASE MATERIA L COST (U)

R e f e r e n c e :  Equat ion 2 Section 2 . : - .
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MC
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FIGURE 16
SOLID ROCKET INSU LATI ON COST (U)

R e f e r e n c e :  Equat ion 4 Section 2 . 3. 1

C
LI 

= 1. 1 a b )
d 

D~ + e

Assuming:

a 1  d = . 333

b = . 001039 e = 0

c = 198

this becomes

C LI 
= 1. 1  ( .001039)  ~~~ 

)
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FIGURE 17
SOLID ROCKET NOZZLE COST ( U )

Reference :  Equation 5 Section 2. 3. 1

CNOZ = 3. 3 a b W
N 

(c + d DTHRT + e RNOZI) + f

A ssuming:

a = 1 d = 1.404 5 R NQ?I = 1, 7

b = . 0 0 1 7 5 5  e = 1 .5487

c = 4. 6788 f = 0

this becomes

C
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( 4 . 6 7 8 8  + 1.4 0 4 5  D
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FIGURE 18
SOLID ROCKET RAW PROPELLANT COST (U)

Refe rence :  Equation 6 Section 2 . 3 . 1

b 
d

CPRC = a W
P
(

W
) (— )+g

Assuming:

a = 1  e = 1 0 0 0
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- b = 100000 f = 1
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FIGURE 19
SOLID ROCKET PROPELLANT LOADING COST ( U )

R ef e rence :  Equation 7 Sect ion 2 . 3. 1

C PLC 
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FIGURE 20
• SOLID ROCKET RDT&E COST (U)

- -

Reference:  Equation 11 Section 2. 3. 1
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2. 3. 2 Liquid Propulsion System

The following equations are  for  the li quid pr opu l sion

system which  consis ts  of a pump-fed engine and a regenera t ive l y
cooled th rus t  chamber .  Tank pressur izat ion for  providing the

necessary pum p net positive suction head is provided by stored H
nitrogen gas. All equations except where indicated were  taken
from Referenc e 8. All equations in Referenc e 8 are  for the
100th unit. They were  converted to f i r s t  uni t costs by mult ipl ying
by the factor , 3 .85 as recommended in the reference.

2. 3. 2 . 1 Thrust Chamber

The thrust  chamber labor cost is given by:

CLTC = a b (WTC)
c 

(1)
1000

where:

a = the labor rate , dol lars/hour

b = 639.1

c = 0 . 5

C = thrust chamber labor cost in thousands of 1974LTC dollars.

W
TC = thrust chamber weight (2 0-200) ,  ibm

The th rus t  chamber material  cost is given by:

C MTC 1.35 a ( W
TC )b 

(2)
l000

-
~

-__

where: 4
a 20 1

b 0 .75

C M TC thrus t  chamber mater ia l  cost in thousands of
1974 dollars .

The total th rus t  chamber cost is then:

S
i CTC = a (C LTC + CMTC ) + b ( 3)

Fig.
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1~ where:

a = factor to adjust thrust  chamber cost for  excep-
tional problems or windfalls.

b = miscellaneous cost in thousands of 1974 dollars.  - -

CTC = total thrust chamber cost, thousands of dollars

Fi gure 21 is a plot of thrust chamber cost for  typical chamber wei ghts.

2 . 3 . 2 . 2  Turbopum p S

The turbopum p labor cost is given by:

C LTP = 

~~~~~~~~ 

(W TP - WGG 
- W

SC )
c 

~~~~~~~. 22
- 

5 where

a = labo r rate , dollars  per hour

b = 234 .9

- -
~ c = 0.63

C = turbopum p cost in thousands of 1974 dollars.

W~~~ turbopum p weight ( 7 0- 1 5 0) ,  ibm H
W

GG 
= gas generator wei ght (2 - 2 0 ) ,  ibm

W
5~~ 

= start cartridge weight (5-10) ,  ibm

The weig hts of the gas generator and start car t r id ge are  subtracted

f rom W TP in equation (4) because the value of WTP as it is calculated in
the CGSM includes the gas generator and start cartridge weig hts whereas
the cost equation f rom Reference 8 is for just the bare turbopump. The
costs of the gas generator and start cartridge are calculated in later
equations .

Fi gure  22 is a plot of turbopump labor costs using the above equation.

The turbopum p material costs are calculated by:

CMTP l. 35a (WTP - WGG 
- W

SC
) (5)

Fi g. 2 3

5
11 0
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where:

— a = 340.7

b = 0.81

C MTP 
= turbopun-i p material  cost , thousands of 1974

dollars.

Turbopump ni~~ erial cost is plotted in Fi gure 23. The gas generato r

and start cartrid ge labor cost is given by:

CLGG = a b ( W
00 

+ W SC)
c 

(6)
1000 Fig. 24 F

where:

a = labor rate , dollars per hour

b = 361.9

c 0.5

C LGG 
= gas generator and start cartr id ge cost , thousands

of 1974 dollars.

A plot of equation (6) is shown in Fi gure 24. The gas generator

and start cartrid ge material cost is g Iven by:

CMGG = 1.35 a (WGG + WSC)
b (7)

1000 Fi g. 25

where:

a 174.8
S b = 0 . 8 6

CMGG = gas generato r and s tar t  car t r id ge cost in thousands
of 1974 dollars.  S _

i

Fi gure  25 is a plot of gas generator and start  ca r t r id ge mater ia l

cos t.

And f inal l y the cost of the turbopump delivery system , including gas

genera tor  and s tar t  cartridge is:

C TP = a (CLTP + CMTP + CLGG + CMGG) + b (8)

~~ 11-46
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11
where:

$ a factor to adjust turbopurn p system costs for
exceptional problem s or windfal ls .

b = miscellaneous cost in thousands of 1974
dollars.

CTP turbopump system cost , thousands of 1974
dollars.

2. 3 . 2 . 3  Engine Miscellaneous Equipment

• The engine miscellaneous labor costs is given by:

CLM = a b ( W )c (9)

where :

a = factor to adjust thrust chamber cost for
exceptional problem s or windfalls.

b = 125.9

c = 0 .7

C = miscellaneous labor cost, thousand s of
S 

LM 
1974 dollars.

W
LV = miscellaneous ha rdware wei ght (0) ,  lbm

and the engine miscellaneous material cost is:

C = 1.35 a ( W  ) b 
(10)MM LV

1000

where:

a = 1355

b = 0.63

C MM = material cost, thousands of 1974 dollars

The engine total miscellaneous cost is then :

C M a (C
LM + CMM ) + b

where:

a = factor to adjust engine miscellaneous cost forLi exceptional problem s or windfal ls  S

5 
5 

b miscellaneous cost in thousands of 1974 dollars .

j
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2 . 3.2. 4 Pressurizat ion System

As indicated previously, the propellant tanks a re

pressur ized by nitrogen from a high p ressure  storage bottle. The

cost equation for the storage bottle were  obtained by curve f i t t ing  
S

vendor data (Reference 7) as shown in the following table.

GAS TANK COST DATA

Tank Volume , 
~S~l

i

cubic inches Cost I :

185 $ 1650

445 2800

650 3300

870 3500

The final cost equation for the storage bottle is:

CGT = 1.059 a (V
GT

) b 
(12)

1000

where:

a = 122 .83

b = 0.4949

VGT = storage bottle volume ( 1 0 0 - 1 0 0 0 ) ,  cubic inc h es

The fac tor , 1.059 converts  f rom 1970 to 1974 dollars.

The cost equation for the entire p ressur i za t ion  system
is given by:

~~~~ = a (CGT + b + c) + d (1 3)
Fig. ~6where:

a = factor to adjust the pressur iza t ion  system cost
for exceptional problem s or windfalls.

b = regulator cost in thousands of 1974 dollars ( 0 . 2 7 5 )

c = miscellaneous valves cost in thousands of 1974
dollars (0.275).

11-48 
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d miscellaneous cost term in thousands of 1974
—
, dollars.

= pressurizat ion system cost in thousands of 1q74
dollars.

Figure 26 is a plot of pressurization system cost.

2. 3. 2. 5 Propellant Tankage

For the cost equations for  the liquid propulsion system

tankage , vendor cost data (Reference 9) shown below were combined

with cost equations from Referenc e 1. This approach was taken

in order to take advantage of recent vendor data and yet maintain the

flexibility in regard to material selection pr ovided by the type of

cost equations presented in Referenc e 1. The approach taken in

combining the actual cost data with the CAMS equations is outlined

be low .

F i rs t  the cost data were plotted in order to obtain an

- - equation for  cost as a function of tank weight. The plot of the

data are shown in the table below.

PROPELLANT TANK COST DATA

Tank Wei ght , ibm Cost F

7. 2 $ 2 4 , 200

7. 2 30 , 000

7 . 9  24 , 200

7 . 9  2 9 , 000

8 . 7  29 , 000

10 .09  33 , 000

1 0 . 9 7  30 , 000

1 2 . 1 7  3 1 , 000

1 5 . 7 5  31 , 000

U
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The resulting equation is:

C = 16500 W 0 2608

where:

C = tank cost, dollars S

W = tank weight, lbs

Breaking this equation into two equations for  labor cost and mater ia l
cost using the ratio from Referenc e 1 of:

AC = 0 .4 5 35
BC

wh e r e:

AC = referenc e labor cost per pound

BC = reference material cost per pound

The two equations become:

CL = 5148 W°
~

2608

CM = 11352 W ° 2608

where:

C
L 

= tank labor cost , dollars

C = tank material cost , dollarsM

Sinc e the above equations are for  titani um , th ey were adju st ed back

to the base equations for 300 maraging steel (which has, by definition

has a complexity factor of unity for  both the labor cost and n-ia ter ial
cost equations) by dividing the coeff icient  of each of the two equat ions
by its respective complexity factor for t i tanium ( 1 . 0  for  labor cost 

5

and 2 . 571 for  mater ia l  cost).  Thi s then gives a set of tankage cost
equations which can use the complexity fac tors  for  a number  of
d i f f e r en t  tankage materials  to a r r ive  at tank cost.

11-50
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Since there are onl y three mater ia l s  out of the l is t  of
options presented in Referenc e 1 suitable for  liquid propellant
tankage , the labor cost and material  cost equations were  combined
for  each material  for  convenienc e and are presented below .

C T = a b (1. 1) (W
T ) c 

+ d (14 )
1000 

F ig .  27

where:

a = factor used to adjust tankage cost for exceptional
problem s or windfalls.

b = 7 19 1(s taj n i ess  steel)

= 2165(aluminum)

= 16499 (titanium)

c = 0 .2608

d = miscellaneous tank cost in thousands of 1974
dollars

C T = tank cost in thousands of 1974 dollars.
-
~ tank weight (20- 150),  Ibm

Propellant tankage cost is plotted in Fi gure 27. 5

2.3.2.6 Propellants

The fuel and oxidizer cost is given by:

= a ~b ,’ c 
d w +e ’c ~

d w ~+ f (15)
l~~6~ [ ~~~~~~~~~ 

0 
~~~~~~

— F
j  Fig.  28

where :

a = factor used to adjust  propellant cost for
exceptional problem s or windfal ls .

b oxidizer co st , dol lars per pound
c = 3125

d = 0. 069

e fuel cost , dollars per pound

I l -S i  
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f miscellaneous propellant cost in thousands of
1974 dollars.

C~~ = propellant cost , thousands of 1974 dol lars .

oxidizer  wei ght (100-1000) ,  ibm

W F. fue l  wei ght ( 50 -500) ,  ibm

Fi gure 28 is a plot of propellant cost.

The propellant loading cost is given by:

CPL a b ( l . i ) ( ~~ ....~~’ W~~~+ e  ( 1 6 )
~W~~J Fig.  2~

where: S

a = f ac tor used to adjus t propellant loading cost
for exceptional problem s or windfalls.

b = l0~~
c = 3125

d = 0 .02 9

e miscellaneous propellant loading cost in
thous ands of 1974 dollars.

CPL propellant loading cost , thousands of 1974
d&llar s.

W~ = propellant weig ht (150-1500) ,  ibm

Propellant loading cost is shown in Figure 29.

2 . 3 , 2 .7  Safe and Arm

The cost of the safe and arm system is g iven by:

CSA a ( 17)

where

a = safe and arm cost in thousands of 1974 dollars .

11-52

--—S ~~~-~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —



I

2.3.2.8 First Unit Cost

The f i rs t  uni t cost of the liquid p rop u l s ion  s y s t em

then becomes:

C LRFU = [1.15 a b (C
TC + C~~P 

+ C
M 

+ 
~~PS + 0T (18)

+ CPL + CSA) + a cj ( 1  + 
~~LPC~

where:

a = facto r used to adjust  cost f rom 1974 dol lars
to year of interest

b = factor used to adjust fi r s t  unit cost for excep-
tional problems or windfalls .

c = miscellaneous cost tern-i in thousands of 1974
dollars

C LRFU = propulsion system f i r s t  unit cost in thousands
of 1974 dollars.

~~LPC = contractors profit marg in ( f ract ion)

2 .3 . 2 .9  RIJT&E Cost

The RDT&E cost for the liquid pr opulsion sy st em was

obtained from Reference  6 by fi t t ing on equation to the cu rve  in

that f i gu re .  It should be noted that the RDT&E cost is onl y f or the

eng ine and does not include the cost for  tankage which is included on

the air f r am e R D T &E  cost. The equation for  the cu rve  in R e f e r e n c e

6 is:

C = 2 .3  x F + 3

where:

C - li qui d engine R D T & E  cost

F eng ine th rus t , lbf

\
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The resu l t ing  equation is:

C LRRD 
= a ( 1. 4 62  d FMAX + e) + cJ (i + 

~ Lpc~
Fig .  30

whe re :

a = factor  to adjust  from 1974 dol lars  to
year of in teres t .

b = factor  used to adjust  cost for exceptional
problems or windfal ls .

c = miscellaneous cos t t er m in thousands o f
1974 dollars.

=
LRRD li quid engine R D T & E  cost in thousand s of

1974 dol la rs .

FMAX = maximum engine th rus t  ( 1000-10 , 000),  lbf

P = cont rac tors  profi t  f rac t ion
LPC

Figure 30 Ls a plot of liquid propulsion system R D T & E  cost.

2 . 3 . 2 . 10 Total System Cost

The total liquid propulsion system cost (excluding tankage

R D T & E  cost as explained above) is given by:

C L R T  = CLRR~~
+ C LRFU

w h e r e :

C LRF 
= liquid propulsion system cost in thousands of

1974 dollars.
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FIGURE 21
LIQUID ROCKET THRUST CHAMBER FIRS T UNIT COST (U)

___________________ ___________________

Reference :  Equation 3 Section 2 . 3 . 2

CTC 
= a~~~

b c (W TC )d 
+ 

1. 35 e (W
TC

)1 

~~~ g
1000 1000 

)

Assuming:

a = 1  e = Z O l

b = 10 f = . 7 5

c = 6 3 9 . 1  g = 0

d = .5

thi s becomes

= 
10 ( 6 3 9 . 1 )  (W

TC Y
5 

+ 1.35  (201)  (W
TC

)
~~

75

TC 1000 
-

~~~~~~~~~~

~~~~ 

l:o

i L ~~~~~~~~~~~~~~~~~~~~~~~ F
40 - ~t1i1iT +

F~ 3 ±h tt 1 T 
5-

0 40 80 120 160 200

WTC (LBS)

~~

a-

1L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - -  - -
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FIGURE 22
LIQUID ROCKET TURBOPUMP FIRST UNIT COST (LABOR) (U)

Reference:  Equation 4 Section 2. 3. 2

C a b (W
TP 

- WGG 
- W )

C

LTP SC
1000

As sum ing:

a = 1 0  W = 1 WGG TP
b = 234.9

c = .63 
~~~~ ~ . 3 WGG

thi s becomes

10 ( 2 3 4 . 9 )  (W — - W - w ~ 
63

LTP —

1000 
S

I

2: 4T~z ~ ~
0 40 80 120 160 200

W
1~~ (LBS)

‘ I  
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FIGURE 23
LIQUID ROCKET TURBOPUMP FIRST UNIT COS T ( M A T E R I A L )  (U)

R e f e r e n c e :  Equation 5 Section 2 . 3. 2

C MTP 
= 

1 .35  a (W Tp~~~~
W

GG - 
W SC)

S Assuming:

a = 340. 7 WGG = . 1 W
TP

b = .8i 
WSC~~ 

.3W
GG

this becomes

CMTP 
1. 35 (340. 7) (W TP - 

W
GG - 

W sc )
~ 

81

1000

30 - 
S

C ML P  
-

($K) 
S 

,

~~~~~~~

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~20 — 
~•~ -— ! -

~L ’  ~~~~~~~~~~~~~~~~~~~~ 

S 
~ S S ~~~~ -~~~  i - _ i~~~~~_ . . i

- 110 - - - — 

1
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- I 
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FIG~JRE 24
LIQUID ROCKET GAS GENERATOR FIRST UNIT COST (LA I3OR) ( U )

R e f er e n c e :  Equation 6 Section 2 .3 . 2

= 
a b ( W

GG + W
SC ) c

LGG 1000

As suming :

a = 1 0  W
SC~~~~

. 3 W
GG

b = 36 1.9

c = . 5

this becomes

10 ( 3 6 1. 9 )  (W
GG + W SC ) ~

LGG 1000

IT-

8 ± ~~~~~~~~~~~ 

- -

~~~~~~~~~~~~~~~~~~~~~ 4

4 

~!~± f--- ~
~~ ~ 

I r
- , 0 4 8 12 16 20

tj  
W

GG (LBS)
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FIGURE 25
LIQUID ROCKET GAS GENERATOR FIRST UNIT COST (MATERIAL) ( U )

-‘p

Refe rence :  Equation 7 Section 2 . 3 . 2

= 
l .35a(W

GG
+ W

S
) b 

SMGG 
1000

Assuming:

a 174.8 W
SC 

. 3 W QG
b = .86

this becomes

c = 
1.35 (174 .8 )  (W

GG + Wsc )’86

MGG 
1000

C _ _ H
MGG I 

Ht j ~~~($K) 
15:: : t

— 

~~~~~~~~ 

T

2 --k .
-

_ _ _ _ _  -
1 I/h” 1

0

W GG (LBS)
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FIGURE 26
LI QUID ROCKET PRESSURIZATION SYSTEM FIRST UNIT COST ( U )

Re fe rence :  Equation 13 Section 2 . 3 . 2

C = a ( 
O 5 9 b V c T

C
+ d + e) + fPS 1000

Assuming :  
S

a = 1 d = .2 7 5
b = 1 2 2 . 8 3  e = . 275
c = . 4949 f = 0

this becomes:

- 1.059 (122.83) VGT
4949

PS 
- 

1000 
+ .275 + .275

~~~~~~~~~~~
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FIGURE 
~7LIQUID ROCKET TANKAGE FIRST UNIT COST (U)

‘S p

Reference :  Equation i4 Section z . 3. 2

C
T 

= 1 .1  a b W
T + d

1000

Assuming:

a = l  c .2608

b = 7191 d = 0

this becomes:

1 . 1  (7191) W . 2608
= T

1000
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FIGURE 28
LIQUID ROCKET FUEL/OXIDIZER FIRST UNIT COST (U )

Reference:  Equation 15 
— 

Section 2.3.2

d d
C1, = a(b (~~~ 

) W0 + e ( ~~~ 
) W F

)
o F

1000
Assuming:

a = 1 d = . 069 W = 2 W
b .1 1 e = 1.18 ° F

c 3125 f = 0

this becomes:

3125 .069 3125 . 069
.11 w w + 1. 18 w F

C~ o o F
1000

L 

r
4- ~ 1-.J L ~ -

I ~~~~~~~~~~~~~

- 5- ~~~ L 
- -

0 5_~j~~~~ I I L U ,
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W
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FIGURE 29
LIQUID ROCKET PROPELLANT LOADING FIRST UNIT COST (U )

‘V

R e f e r en c e :  Equation 16 
— 

Section 2. 3. 2

4 PL 1 . l a b (
~~~~

_ ) W p +e

Assuming:

a = 1 d = . 029
-4b 1 0  e 0

c = 3 125

this  becomes

-4 3125 .029
S CPL = 1 .1  (10 )( ) W~~~

P

C PL 
~ _ I~~~~~~~~~~ ~~~~~~~~~I —j  

~~ I 

-
($K )

0 400 800 1200 1600 2000
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FIGURE 30
LIQUID ROCKET RDT &E COST (U)

Reference:  E quation 19 
— Section 2 . 3 .2  

H
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a
1

l a
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1 
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2 .3.  3 TURBOJET PROPULSION SYSTEM

The following Cost Estimating Re l a t i onsh ips  ~t re for  the

turboje t  propulsion system which consists of engine , tankage and fuel.

All accessory  equipment such as fuel pump, lub r i ca t ion  system s ,

etc., are included as a part of the engine.

2 . 3. 3. 1 Turboj et Eng ine

The CER for the turbojet engine f i r s t  unit cost was

taken from Referenc e 4. It covers three di f ferent  cost bands ,

depending upon the sophistication of the engine which is defined in

term s of turbine inlet temperatures. In general , a hi gher turbine

inlet temperature  requires the use of more exotic (and more  expen-

sive ) mate r ials and a more complex desi gn. 5

The cost of the engine is given by:

C ETJ = a b (F
NET )C ( 1 . 2 2 2 )  + d ( 1 )

F 1g. 31
S where:  S

a factor used to adjust  eng ine cos t for excep-
ional problem s or windfalls.

b = 1 .52 for  T4 < 2060°R

= 3.08 for  2060 - T4~ 2360°R

= 5.64 for  T
4

> 23 60
°

R

c 0 .6
S d = mi sce llan eous cos t term in th ousands of

1974 dollars .

CFTJ = turbojet engine cost in thousands of 1974 dollars.

FNET = eng ine design net thrust  (2000-8000) ,  lbf

A plot of typical turbojet  engine cost is shown in Fi gure  31.

1 
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2 . 3 .3 . 2 Tankage

The equations for  the fuel tank are  t’- e same as

those developed f or the liquid propuls ’on system and their  develop-

ment i s descr ibed completel y in that section of the repor t .

The tankage labo r cost is giveo by: 
S

CTL = 1 .22 2  a C
FT 

(W
T

)b (
~

)
Fig.  32

where:

a = 5. 148

b = 0 .2608 H

C L = tank labo r cost in thousands of 1974 do l la r s .

C FT 
= 0 .2  for  aluminum

= 1.0 for steel

= 1.0 for  titanium

W
T = tank weigh t ( 2 5 - l O O ) ,  ibm .

The fac to r , CFT is a tank fabr ica t ion com plexity f a c t o r  which ref lec ts

the relat ive di f f icul ty  in fabricat ing the d i f f e ren t  ma te r i a l s .

The tank material  cost is given by:

C
TM 

= 1 . 0 5 9  a 
~ FT 

(W
T

) b 
(3)
Fig.  33

where :

a = 4 . 4 1 5
S 

b = 0 . 2 6 0 8

C TM = tank mate r ia l  cost in thousands of 1974 dol lars .

~~~FT 
= 0 .2 5 7  for  aluminum

1.0 for  steel

= 2. 571 for t i tanium

- 
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The fac tor , 
~ FT re f lec ts  the relat ive d i f f e rence  in mate r i a l  cost .

The total tank cost is then:

C T = a (C
TL + CTM ) +b ( 4 )

w here:

a = factor used to adjust  tank cost for  exceptional
problem s or windfalls .

b = miscellaneous tank cost in thousands of 1974
dollars.  S

C T = total tank cost in thousands of 1974 dol lars .

T ypica l tankag e labor cos t and mat erial c o s t are shown in Fig u r es

32 and 33.

2 . 3 . 3 . 3  Fuel

Th e fue l cos t is given by:

C
TJLF 

= a b (  c \
d 

( 5 )
J F ig .  34

w h e r e:

a facto r used to adjust  fuel  cost for  exceptional
problems or windfal ls

b = fuel cost in thousands  of 1974 dol lars  per  pound

c = 3125

d = 0. 069

e = rn i3cel laneous cost t e rm in thousands  of 1974
dollars

C T J L F  fue l cost in thousand s of 1q74 d o l l a r s .  S _
i s

W 1~. = fuel  wei ght , ibm

Fi gt i r ~’ ~ l i ~ ~i p lot of typ ical fuel  cost .  S

Thi  fue l  loading cost is g iven by:

C
T , L F L  

1. 1 a b /~~~~
d 

(W F
) + (5

}‘i g. 3 ss,

I I — i 7
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wh~ r I :

fac tor  used to 5t d j us t luel  lo ;td ing cost  l ur
exceptiona l p r ob lems  or wind fa l l s .  

S

b 0 .000 1

c = 3 12 5

d = 0 .02 9

e = miscel laneous  cost in t e rm s  of thousands  of S

1974 dollars.

C TJLFL = fuel loading cost in thousand s of 1974 d o l l a r s

Fi gure 35 is a plot of typical fuel loading cost .

2 . 3 .3 . 4 F i rs t  Unit Cost S

The CER for  the f i r s t  unit cost is

C TJFU 
= a (1 + P

TJC
) L l .  15 b (C ETJ + C T + C

TJLF (7)

+ CTJLFL ) + c

w h e r e

a in flat ion fac tor  used to adjust  f r o m  1974
dol lars  to year  of interes t

b = factor  used to adjust  f i r s t  unit cost for  S

excep t ionaly problems or windfa l l s .

c = miscel laneous cost in thousands of 1974 dol lars
S C T J F 5 •U  turbojet  pro pulsion sys tem f i r s t  unit cost in

t e r m s  of thousands of 1974 dol la rs .

~ TJc = cont rac tors  prof i t  m a r g in (f raction)

2 . 3 . 3 . 5  RDT &E Cost

S The CER for  the t u rbo je t  propulsion system R D T & E

was o btained f r o m  Referenc e 4 and is given by:

S 
C

TJRD 
= a ~b 1 .462  d (F

MAx )
~~~

+ c }( l  + 
~ TJC~ 

( 1 0)

w h e r e :

a = fac tor  used to adjust  f rom 1974 do l l a r s  to
yea r of i n t e res t

b fac tor  used to adjust  RDT&E costs  fo r
exceptional problems or windfa l l s

c mi sce l laneous costs  in thousands  of 1974 do l l a r s

-
~ I I — o 8
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d 1 6 .2 2

e = 0 .7436

C T J R D  
- t u r b o j e t  p ropuls ion  system R D T & E  cost in

thousands of 1974 dol lars .

F
MAX = desi gn maximum thrus t , lbf

~~TJC = cont rac tors  profi t  marg in ( f r ac t ion )

Fi gure 36 is a plot of typical turbojet  propulsion system RDT &-E
cost .

2 . 3 . 3 . 6  Total Propulsion System Cost

The to tal propulsion system cost is given by:

C TJT = C TJFU + C TJRD

where: S

C TJT = total turbojet  propulsion system cost in
thousands of 1974 dollars .

I 
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FIGURE 31
TURBOJET ENGINE COST (U)

Re ference: Equation i Section 2 .3 . 3

CETJ = a b 1.222 FNET
C 

+ d

Assuming:  

1 c = . 6

b = 3 .08 d 0 
F

this becomes

CETJ 3.08 ( 1 . 2 2 2 )  FNET
6

~~~~~ :: 
>-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FIGURE 32
TURBOJET TANKAGE LABOR COST (U)

R e f e r e n c e :  l~qu~t tion 2 Section 2 . 3 . 3

C
TL 1. 059 a C

FT W
T

Assuming:

a = 5 . 1 4 8  CFT = I

b = . 2608

th i s  becomes

.2608C TL = 1.059 (5 . l48 )W T

:~~~~~~

0 20 40 60 80 100

W
1 (LBS)
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FIGURE 33
TURBOJET TANKAGE MATERIA L COST (U)

Reference:  Equation 3 Section 2. 3. 3

CTM = 1.059 a 
~ FT 

W
T

As sum ing:

a = 4 . 4 1 5  P = 1
FT

b = . 2608

thi s bec om es

CTM = 1.059 (4 .4 15)W
T 

2608
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FIGURE 3-~INTEGRA L AND NON-INTEGRAL RAMJET AND T U R B O J E T  LIQUII) FUFS L  COST (U)

Reference:  Equation 5 Section 2. 3. 3
S and Equation 12 Section 2 . 3 .4

and Equation 12 Section 2 . 3 , 5

CTJLF  a b 
WF 

)
d 

W
F 

+ e

Assuming:

a = l  d . 069

b . 00002 e 0

c = 3125

this becomes

3125 . 069
CTJLF

: . O O O O Z (
~~

5- ) W
F

~~1JLF ::
0 200 400 600 800 1000

- - W F 
(LB S)
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FIGURE 35
T U R B O J E T  FUEL LOADING COST (U)

Refe rence :  Equation 6 Section 2 . 3. 3

CTJLFL= l . l a b (
W ) W

F + e

Assuming:

a = l  d = . 029

b = . 0001 e = 0

c = 3125

this  becomes

. 029
C = 1 . l ( . 0001) (

3 l25
) WTJLFL W

F F S

1 2 - .
C
131 Fl - 

I 
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FIGURE 36
TURBOJET RDT &E COST (U)

Refe rence :  Equation J o  Section 2 . 3. 3

CTJRD 
= a 

[ b ( 1.462 d F e 
) + c] ( 1 + 

~~TJC

As sum ing:

a 1

b = 1 = 16 .22 
~~TJC = . 1

c = 0 e .7436

this becomes

C = 16. 22 ( 1. 4 62 )  F . 7436 ( 1 . 1 )TJRD max

CEIThD :: ~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 2000 4000 6000 8000 10000

F (LBS)
MAX 

- -----—---5- 
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2 . 3 . 4  Integral Ramjet

The following Cost Estimating Relat ionships a re  for  the

integral  rocke t - ramjet propulsion system . In this system , the

case of the solid rocket booster becomes the combustion chamber

for the rarnjet  subsequent to booster burnout.  All of the equations

except where noted were taken from Reference 1.

2 . 3 . 4 . 1  Fuel Tankage S

The CER’ s for  the fuel tankage are the same as those

used for the liquid propulsion except that a larger number  of tank

materials  are available sinc e the ramjet  fuel is compatible with a

larger  variety of materials.

The tank labor cost is given by:

0TL 
= l . O S 9 a b C FT

(W
TANK

) ( 1 )
Fig. )~

where:

a = complexity factor 
S

b = 5. 148

c = 0 .2608 i S

S i C TL = tank labo r cost in thousands of 1974 dollars

CFT = material  labor pricing factor

S 

W TANK = tank weight (2 5 - 100 ) ,  ibm 
Ii

Figure  37 is a plot of typical fuel tank labor cost.

The tank material  cost is given by: S

C TM = 1.059 a b 
~ FT 

(W
TANK

) C (
~

)
Fig .  .~4i

where:

a = complexity factor

b 4 . 4 1 5

• C 0. 2608
- 

- 

~~FT = mate r ia l  pricing fac tor

C tank mater ial  Cost  in thousands of 1974 do l la r sTM
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Typ ical fuel tank material  cost is shown in Fi gure 38.

The total tank cost is then:

C T = a 
~
°TL + CTM

) + b

where :

a complexity fac tor

b = miscellaneous cost in thousands o 1974 0

dollars

C T = total tank cost in thousands of 1974 dollars

The values for C
FT . ma t erial labor pri cing factor  and for  

~ FT ’ - ;

material  pricing factor  for  the ramjet  fuel tankage are  l is ted

below:

Material C 
~ FT

300 Grade Maraging Steel 1. 0 1. 0

4130 Steel 0 .6  0 .2 2 9

4340 Steel 1.0 0.274

17-4 PH Stainless Steel 0.6 0.929

2014-T6 Alurninum 0.2 0.257

S AZ-31B-0 Magnesium 2.5 0.723

6Al4V Titanium 1.0 2. ~7l

Rene ’ 41 Alloy 1 .0  1.386

Colun-ibium Alloy WC-1294 0.6 22. 857

Glass cloth 3.241 1.281

It sho uld be noted that the above mater ia l  l ist  app lies

t o solid mo to r  case , in tegra l  r o c k et - r a m j e t  comb us to r  and fue l

tanka ge. In the case of tankage , however , exotic m a t e r i a l s  such  a s
C o l umb i u m  al loy which  a re  suitable for  hi g h t e m p e r a t u r e  app l i c a t i o n s

suc h as ccrn hu st ion  chanibcrs , would not be a log ical choice f or a

tanka ge ma te r i a l  because of its hi gh cost as compared  to that  of

17 - - I  PH Stainless Steel or 2 0 1 4 - T 6  Aluminum . T h e r e f o r e , some

disc re tion should be used in selection of tankage m a t er i a l s  f rom the

available opt ions .
11-77
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The cost of the tankage external insulation iS given

by: 

CEXIN = 1. 1 a 
b ( c )d ( V )  + e (4

V EXIN Fig. 39

where: S

a = complexity factor

b = 0 .001039

c = 198.0

d = 0.333

e = miscellaneous cost in thousands of 1974 dollars

C EXIN = cost of insulation in thousand s of 1974 dollars

V EXIN = volume of insulation ( 2 0 0 0 - 3 0 0 0 ) ,  in
3

The volume of the insulation is not calculated in t h e  CGSM so it must

be calcu lated at this point using the insulation wei ght and densi ty

which a re  calculated in the CGSM. Thus:

V = EXINW TEXIN RHOX

S where :

EXINWT = external insulation wei ght , ibm

RHOX = external insulation densi ty,  l brn/ i ri 3

Fi gure 39 is a plot of typical external  insulation cost .

The fuel  de l ive ry  sys t ems  are:  s tored n i t rogen ,

monoprope l lan t  gas generator , solid propellant  gas genera to r , and

ram -a i r  tu rbopump.

For the stored ni t rogen system the cost equation for  S

the g~~ tank is the sam e as f or the li quid pro pulsion system .

CGT = 1. 059 a b (V
REQ

) C 
(5 )
F ig .  -10
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where :

a = com plexity fac to r

b = 122 .83

c = 0._4q-~9

CGT = gas tank cost  in thousands of 1974 d o l l a r s

V REQ gas tank volume (450-7 50) ,  in

Typ ical  gas tank cost is shown in Fi gure  40 -

The re~~-~la tor c I - t  is:

C REG = a ( 6 )

wh e r e:

a = gas regulator cost in thousands  of 1974
do lla r s

The cost of miscellaneous values , etc is given by:

CMV = a (7)

where :

a = cost of miscellaneous valves in t housands
of 1974 dollars.

The cost of the complete N2 p re s su r i za t i on  sys tem is:

= a (C
GT + G REG + CMV ) + b (8)

where:

a = comp lexity fac tor

b = miscel laneous cost in thousands o 1974 dol lars  S

C~~~~~2 = p r e s s u r i z a t i o n  sys tem cost in thousands  of
1974 dol la r s

11-79
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The cost  of the solid gas genera to r  p r e s s u r i z a t io n

system is given by:

C
~~~sCG 

= 1. 1 a b Lc 
(G

~
;
)

C (G GW ) + f~~+ g 
Fi g. 41

where:

a = complexity fac tor

b = 3.086

c = 0 . 0 5 7 7

d = 4 . 0

e = 0 .36

f 0.075

g = miscellaneous cost in thousand s of 1974 dol la rs

G PSSGG 
= solid propellant gas generator  cost in thousand s

of 1974 dollars

GGW 
= solid propellant gas generator weig ht ( 5 - 1 0 ) ,  ibm

Typical cost for  a solid propellant gas generator  is shown in F igure  41.

The cost of the monopropellant gas genera tor  pressur i -

zat ion sys t em is given by:

C PSMGG = a ( 1 0 )

where:

a = cost of monopropellant gas genera tor  in thousand s
of 1974 dollars.

The cost of the r a m - a i r  turbine fuel de l ivery  sy st em

is given by:

C pS~~~M 1.1 a [b (c + d H PPUMP ) - e (H
PPUMP )

1 
~+ g ( 1 1 k

F i g .

where:

a = complexity fac tor

b = 1.08

c = 2 . 5 4 3

11-80
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I
d = 0.014

I
g miscellaneous cost in thousands o 1974 d o l I t  r s

CpSL~M 
ram-a i r  turbine cost in thousand s of 1974 dol la rs  H

• F igure 42 shows the typical cost for a ram-air  turbine pressur izat ion

system .

HPPUMP 
= pum p horsepower (2-3) ,  HP

2 . 3 .4 . 3  Ramjet Fuel

The ramjet  fuel cost is given by:

CLF 
~~ 

(_  ~ )

d 
(W

TFUEL) + e (12)

TFUEL

• where: H

a = complexity factor

b = fuel cost per pound in 1974 dollars

c = 3125

d = 0 .069

e = miscellaneous fuel cost in thousands of 1974 dollars

C LF 
= fuel cost in thousands of 1974 dollars

W TFUEL 
= fuel wei ght (600-1000), ibm

and the fuel  loading cost is given by:

C LFL 
= 1. 1 a b ‘ c 

d 
(W TFUEL

) + e (13)
\.W TFUEJ.~, 

Fig. 43

where:

a = com plexity factor

b =

c = 3125 .0

d 0 .029

e miscellaneous fuel loading cost in thousands
of 1974 dollars.4 C LFL = fuel loading co8t in thousands of 1974 dollars
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Typical fuel loading cost is plotted in Figure 43.

2. 3 .4.4 Booster Motor/Rarnjet Combustor

The CER’ s for the solid propellant booster motor  w h i c h

also serves as the ramjet combustion chamber and nozzle a re  listed

below . The motor case labor cost is given by:

CBLC 
= 1. 1 a b cFCASE ( c 

)

d 
( W )  + e ( 14)

\W MC Fig. 44

where:

a = complexity factor

b = 0.0096

c 140.0

d 0.333

e = miscellaneous cost in thousands of 1974 dollars

CBLC 
= motor case cost in thousands of 1974 dollars

CFCASE 
= material pricing labor factor similar to C

FTdefined previously

W
MC 

wei ght of motor case (50-80), ibm

Figure 44 is a plot of typical case labor cost.

The motor case is given in term s of the following

variables solved for in the CGSM:

W
MC 

= CASEWT + WBOSS + TOMIS

where:

CASEW T = case structure wei ght , ibm

WBOSS = boss weights , ibm

TOMIS = skirt weight, ibm

The case material is given by:

CBMC 
= 1. 1 a b P

FCASE
( 

c 
)

d (W
MC ) + e (1 5)

WMC Fig. 4c

11-82



~
- - 

— -

~ ‘1

where:

a = complexity factor

b = 0.02378

c 140.0

d = 0.333

e = miscellaneous cost in thousands ~of 1974 dollars

CBMC 
= case material cost in thousands of 1974 dollars

~~FCASE = material pricing factor simila r to 
~~FT described

previously.

Typical case material cost is plotted in Fi gure 45. L

The case insulation cost is determined by:

C LI 
= 1.1 a b ( c \

d 
( V )  + e (16)

\VBI I Fig. 46

where:

a = complexity factor

b = 0.001195
‘S

• c = 198.0

d = 0.33

e = miscellaneous cost in thousands of 1974 dollars

= insulation cost in thousands of 1974 dollars

VBI = insulation volume (400-600) , in3

Case insulation volume air are calculated in the CGSM. Therefore ,

the calculation must  be performed in the Cost Model using the following

expression.

V FWDWTI + WCYLI + ADWTI + EXTIBI 
RHOIN RHOX

where:

FWDWTI = forward closure insulation weight, ibm

WCYLI = cylinder insulation weight , ibm

ADWTI = aft dome insulation weight , ibm

RHOIN = internal insulation density, ibm /in
3

EXTI = external insulation wei ght , ibm

RHOX = external insulation density, ibm/ in
3

11-83
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Figure 46 is a plot of typical case insulation cost.

The nozzle cost is given by:

CNOZ = 1.1 a b ( c  + Z d (R 5) + e  Y 1 
rSI

OZWT ) + f  (17)
Fi g. 47

where:

a complexity factor

b = 0.0026234

c = 4.6788

d = 1.4045

e = 1.5487

f = miscellaneous nozzle cost in thousands of
1974 dollars

CNOZ = nozzle cost in thousands of 1974 dollars

R 5 = nozzle throat radius (2-3) ,  inches

Y 1 = nozzle inlet radius (5-8), inches

NOZW T = nozzle weight (25- 100) , ibm

Figure 47 is a plot of typical nozzle cost.

• The booster solid propellant cost is given by:

CPRC = a b ( c ~d (Me) + e (18)
1000 \ M~ / Fig. 48

where:

a complexity factor

b = propellant cost per pound in thousands of 1974
dolla rs

c = 3125.0

d = 0.069

e miscellaneous propellant cost in thousands of
1974 dollars

~ PRC = propellant cost in thousands of 1974 dollars

M~~ = propellant weight (200-800), ibm • )
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Typical booster propellant cost is shown in Figure 48 and the pro-

pellant loading cost is given by:

CPLC. = I . 1 a b ~~~~~~~~(M~~) + e  (19)
M~~i Fig. 49

where:

a = complexity factor

b = 0.00343

c = 3125. 0

d 0.387

e = miscellaneous propellant cost in thousands of
1974 dollars

Figure 49 is a plot of typical propellant loading cost.

The equation for the igniter cost is:

= a (20)

where: -

a = igniter cost in thousands of 1974 dollars

and the safe and arm system cost is given by:

C -

SA - a

where:

a = safe and arm system s cost in thousands of
1974 dollars

The total booster/combustor first unit cost becomes:

CBOOC = a (CBLC + CBMC + CLI + C
NQZ 

+ CPRC (22)

+ C PLC + C IGN + C
SA

) + b

where:

a = complexity factor

b miscellaneous cost in thousands of 1974 dollars

0
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The total ramjet propulsion system first  unit cost becomes:

CIRTFU a (1 + 
~ RJC~ 

1.15 b ( CT + C EXIN 
} Cp~ (U )

+ CLF + CLFL + CBOOC) + c

where:

a = inflation factor to adjust cost from 1974 H
dollars to year of interest

• b = complexity factor

c = miscellaneous cost

integral ramjet propulsion system f i rs t  unit
cost in thousands of 1974 dollars

~ RJC = contractors profit marg in

2.3.4.5 RDT&E Cost

The integral ramjet propulsion RDT&E cost is given
by: 

CIRJRD = ( 1 + 
~ RJC~ 

a [i. 18 b d (DCOM) + ci ~~~~~~~~~ 

~~~~

where:

a = inflation factor to convert RDT&E cost from
1974 dollars to year of interest

b = complexity factor
c = miscellaneous total RDT&E cost in thousands

of 1974 dollars

d = 2422

= integral ramjet propulsion system RDT&E cost
in thousands of 1974 dollars

~~RJC = cont ractors profit margin
D
CQM 

= combustor diameter (12),  inches

A plot of typical integral ramjet propulsion system RDT&E cost
appears in Figure 50.
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FIGURE 37
() IN TEGRAL AND NON-INTEGRA L RAMJET TANK LABOR COST (U)

Reference: Equation 1 Section 2 . 3 . 4
and Equation 

__________ 
Section 2. 3. 5

CTL = l .O59abC FT W
C

Assuming:

a = 1  c = .2608

b 5. 148 CFT = 1

this become s

CTL = 1.059 (5. 148) WTANK 
2608

0 2 0 40 1 80 100

W1 (LBS)

4;
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FIGURE 38
INTEGRA L AND NON-INTEGRAL R.AMJET TANK MATERIA L COST (U)

Reference: Equation z Section 
~ 3 4

and Equation 2 — 
Section 

~ 3• 5 —

CTM 
1.059 a b 

~ FT 
W

TANK

Assuming:

a = 1  c = .2608

b = 4.415 
~~FT 

= 1

thi s becomes S

C = 1 059 (4 415) WTM . TANK

20 - •

CIM

($1() 

‘: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

W1(LBS)
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FIGURE 39
INTEGRAL AND NON-INTEGRAL RAMJET EXTERNA L

INSULATION COST (U)

Reference: Equation 4 Section 2. 3.4
and Equation 4 Section z. 3. s

CEXIN 1. 1 a b 
~
vE I N ~ 

VEXIN + e

Assuming:

a = 1  c = 1 9 8

b = .001039 d = .333

e 0

this becomes

1 8

- 

CEXIN 1.1 001039) ‘VEXIN~ ~ EXIN

C~~~~ N

1000 2000 3000

VEXIN ( cu. in. )
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FI G C RE  40
INTEGRA L AND NON-INTEGRAL GAS TANK COST (U)

Reference: Equation 5 Section z. 3. 4
and Equation 5 Section 2. 3. 5

CGT 1.059 a b (V
REQ

)
C

Assuming:

a = 1  c .4949

b = .12283

this becomes F

CGT 
= 1.059 (.12283 ) VRE0

4949

- . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -• • • . • . . •

:;
300 400 500 600 700 800

VRE Q ( ctl. in .)

[. , 11-90
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FIGURE 41

7 INTEGRA L AND NON-INTEGRAL RAMJET SOLID
GAS GENERATOR PRESSURIZATION SYSTEM COST ( U )

Reference: Equatinn 
— 9 Section 

~and Equation 9 Section ~~ 3. 5

CpSsGG = 1.1 a b [~ (G:W) 
GGW + f J + g

Assuming:

a = 1  e = .36

b = 3 .086 f = . 075

c = . 0577  g = 0

d = 4

th is becomes

CPSSGG 1. 1 (3.086) [.0577 
GGW 

GGW + .075]

1.6 -

CPSSGG • - • • •
~

($K) 
•

- 

~~~~~~~ 

- 

I

GGW 
(LBS)
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FIGURE 42
INTEGRAL AND NON-INTEGRAL RAMJET

RAM AIR TURBINE PRESSURIZATION SYSTEM
COST (U)

Reference: Equation ii Section 
~ 3.4and Equation i i  - 

Section ~~ 3~~5

C = 1.1  a l b  (c + d H ) - e H ~1+ gPSRAM L ppump ppump .1

Assuming :

a = 1  e .00002

b = 1.08 f = 2

c = 2.54 3 g = 0

d = .014

this becomes

C = L i f  1.08 (2 .543  + .014 H ) - .00002 HPSRA M ppurn p ppump

CPSRAM - 

•

($K ) :::
3. 03 , •

1 1.5 2 2.5 3

HPPUMP ( Horsepower)

- 
11-92
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FIGURE 43
INTEGRA L AND NON-INTEGRAL RAMJET FUEL LOADING COST (U)

Reference: Equation 13 Section 2. 3. 4
and Equation 13 Section 2 .3 . 5

C LFL 
= 1.1 a b 

~
w TF~~EL~ 

W TFUEL + e

Assuming:

a = 1  d = . 029

b . 0001 e = 0

c = 3 125

this becomes

3125 . 029
CLFL = 1.1 ( .0001)  

W TFUEL 
W

TFUEL

• 12 -

CLFL • • ;  ~~~~~~
•••

($K) 
08

. 04 - • -~~• • -  
,
- - .• •  ~• -- - -f - .  -~~

0 I I I I

0 200 400 600 800 1000

W IFUEL 
(LBS)
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— FIGURE 44
INTEGRAL RAMJET CASE LABOR COST (U)

Reference:  Equation 14 Section 2. 3. 4

C
BLC = 1.1 a b CFCASE ~~~~~~ 

WMC + e

Assuming:

a = 1  d = . 333

b =  .0096 e = 0

c = 140 CFASE = 1

this becomes

14CBLC = 1.1 ( .0096) 
~~~~ 

W MC

1. 2 — ~~
- 

• 
-

C
BLC - -

~ 

-1 --~~~ -•~-—~~~~~~~( $K) •~~ - • • • •  ,. ~ 1 ,...~r”T8~~

.4 - 

~~~~~~~~~~~~~~~~~~~~~~~~~~

- - - ~ --~ - -~- - • J • •  •.- - -  

0 —( •
~ 

• :  1 ~~
- -—• ~~ ~~~•- • •  -~~

0 20 40 60 80 100

WMC (LBS)
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FIGURE 45
INTEGRA L RAMJET CASE MATERIAL COST (U)

Reference: Equation 15 Section 2 . 3. 4

CBMC = 1. 1 a b 
~ FCASE (w~~~~ 

WMC +

Assuming:

a = 1  d = .333

b = .02378 e = 0

= 140 
~~FCASE =

thi s becomes

. 333
CBMC 

= 1.1 ( .02378) (~ 4O ) W MC

3 . .

C BMC - ••

($K) 2 - 
~

- -  — •
~~~ 

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~

- - --
i •~~~~~~~~~ 

-

- - • • ~~~~~ - -  L .~~~~, . • ,  ~~ -

1 -

0 

0 60 

• 

80 100

W MC (LBS)

C)
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FIGURE 46
INTEGRA L RAMJET CASE INSULATION COST (U)

Reference: Equation 16 Section 2. 3. 4

• C
LI  

= 1.1 a b 
~~~~~ 

V
BI + e

Assuming:

a = l  d = . 333

b = .001195 e 0

c = 198

thi s becomes

1 8CLI = 1.1 ( .001195) VBI 
) ~*TBI

I 

- -

~~~~~~~~~~~~~~~~
0 200 400 600 800 1000

VBI ( cii, in. )
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FIGURE 47
INTEGRA L RAMJET NOZZLE COST (U)

• Reference: Equation 17 Section 2. 3. 4

CNQZ = l . l a b ( c + d R + e Y ) N
OZWT + f

Assuming:

~~~~~~~ 

~;: 
1.5487

this becomes

CNOZ 
= 1. 1 (.0026234) (4.6788 + 2. 809 R + 1. 5487 Y) NOZWT

4
I ~

- - •
~

•.i••• : -  ~~~~~~~~~~

N
OZWT 

(LBS)

1 11-97 Li
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FIGURE 48
EXTERNA L BOOSTER AND INTEGRA L RAMJET SOLID PROPELLANT COST (U)

Reference: Equation 18 Section 2 .3 .4
and Equation 6 Section z . 3. 6

CPR 
a 

~~~~~~~~~~~ )

d 
+ e

Assuming:

a =  1 d .069

b = 1

c = 3125

this becomes

c = 
M~~ ~3l2~~~069

PR j -~~~ 
M~

~~~~ 

8

~~~~~~~~~t J 7 ~~~~~~~~~~~~~~~

0 200 400 600 800 1000

M~~ (LBS)
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FiGURE 49
EXTERNA L BOOSTER PROPELLANT AND

INTEGRAL RAMJET PROPELLANT LOADING COST (U)

Reference: Equation 19 Section 2 . 3. 4
and Equation __________ Section 2. 3. 6

C = 1.1 a b M ( 
C 
)
d 

+ ePL P M

As suming:

a = 1  d z .387

b =  . 00343 e 0

c = 3125

thi s becomes
. 387

CPL 
= 1. 1 (.00343) M~ (~~i 5 )

~~~~~~~

2

0 7 ~ 
I

0 200 400 600 800 1000

M1, (LBS)
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FIGURE 50
INTEGRAL RAMJET RDT&E COST (U)

Reference: Equation 26 Section 2 . 3 .4

CIRJRD (1 + 
~ RJC~ 

a [b (1.18 ) (d ) (D
COM

) + c]

Assuming:

a 1

= 2422 ~~RJC 
:

this becomes:

CIRJRD 1.1 [ 1. l84)(2422)(D
COM ) 1

Ci:j R D ‘ 

•

D
COM (IN .)

o

11-100
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2. 3. 5 Non-Integral Ramjet

The following CER’ s are for the non-integral ramjet  pro-

pulsion system. This system consists of a ramjet engine , fuel

tankage , fuel and pressurization system . The booster , which is

normally associated with this system is discussed in Section 2. 3. 6.

The CER’ s for the fuel tankage, fuel and various pressurizat ion

system options are identical to those used for the integral ramje t

system and were  presented along with the illustrative plots in

Section 2. 3.4. They will not be repeated in thi s section.

2. 3. 5. 1 Ramjet Combustor

The ramjet combustor labor cost is given by:

CCOML 
= a b CFC ( c 

)

d (WCOMM) 
~~~~~~~. 51

COMM
where:

a = complexity factor

b = 0.008166

c = 140.0

d = 0.333

CCOML = ramjet cornbustor labor cost in thousands of
1974 dollars.

CFC 
= material labor pricing factor for combustor

case and having the same values of CFT 
and

CFCASE 
described previously.

W
COMM 

= combustor metal weight (20-30), Ibm

For the combustor , the combustor metal weight is defined as:

W COMM = BOSDMP + SKTS + FWDWTS + W CMS

+ ADWTS + FTFNG

‘-a-

11-101
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where:

BOSDMP = boss wei ght , ibm

SKTS = skirts weight , ibm

FWDWTS = forward closure weight , ibm

WCMS cylinder weight , ibm

ADWTS = aft dome wei ght , lbni

FTFNG fittings wei ght , ibm

Typical combustor labo r cost is shown in Figure 51.

The combustor material cost is given by:

CCOMM 
= 1.1 a b 

~ FC I ~ 
)

d (W COMM) (15)

\WCOMM Fig. 52

where:

a = complexity factor

b = 0 .02022

c = 140.0

d = 0.333

CCOMM 
= combustor material cost in thousands of

1974 dollars

~ FC = material pricing factor , having the sam e values
as and 

~ FCASE 
described previously.

Fi gure 52 is a plot of typical combustor material cost.

The combustor insulation cost is given by:

CCOMI 
= 1.1 a b (  c 

)

d 
(VCOMI

) ( 16)
VCOMI 

Fig. 53

where:

a complexity factor

b 0.001039

c 198.0

d = 0. 333
• CCOMI 

combustor insulation cost in thousands of
1974 dollars

VCOMI 
= combustor insulation volum e, in

11-102 $
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The value for VCOMI is obtained using the various insulation weights

and densities as described in Section 2. 3. 4.

Typical combustor insulation cost is show n in Fi gure 53.

2 . 3 . 5 . 2 Nozzle

The cost of the ramjet  nozzle is given by:

CNOZ = l . l a b ( c + d R
5

+ e Y
1

) ( W ) (17)
Fig. 54

Ii
where:

-‘  

a = complexity factor

b = 0 .001755

c = 4.6788

d = 2.809

e 1.5487

CNOZ = nozzle cost in thousands of 1974 dollars

R
5 

= nozzle throat radius, inches

Y
1 

= nozzle inlet radius , inches

WNOZ = nozzle weight, ibm

A plot of typical ramjet nozzle cost is shown in Figure 54.

The total combustor cost is give.n by:

CRJC = a (C
COML + CCOMM + C

COMI + C
NOZ ) + b ( 18 )

where:

a complexity factor

b miscellaneous combustor cost in thousands
of 1974 dollars

The non-integral ram)et propulsion system f i r s t  unit cost is given

by:

CNRJFU a (1 + 
~ RJC~ 

[i. 15 b (C
T + CEXIN + ~~~~ + CLF (19)

0 + C LFL + C RJC ) + c ]

11— 103
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where:

a inflation factor to adjust cost f rom 1974
dollars to year of interest

b = complexity factor

c = miscellaneous f i r s t  unit cost in thousands of
1974 dollars

CN RJFU = non-integral ramjet  propulsion system f i r s t
unit cost in thousands of 1974 dollars

~ RJC = contractors profit margin.

The equation for the RDT&E cost is given below: F

CNRJRD 
= ( 1 + 

~ RJc~ 
aIb  (1. 184 d DCQM ) + c ] (22)

Fig. 55
where:

a = inflation factor to convert RDT &E cost f rom
1974 dollars to year of interest .

b = complexity factor

c = miscellaneous RDT&E cost in thousands of
1974 dollars.

d = 2040.

CN RJRD = RDT8Z E cost in thousands of 1974 dollars

~~RJC 
= contractors profit  margin

DCOM combustor diameter , inches

Fi gure 55 is a plot of typical RDT~~E cost for  the non-integral

- rarnjet system .
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FIGURE 51
E X T E R N A L  BOOSTER CASE AND NON-INTEGRAL RAMJET

COMBUSTOR LABOR COST (U)

R e f e r e n c e :  Equation 14 Section & 3. 5
and Equation i Section z . 3. 6

CCO~~ L 1.1  a CFC 
~~ OMM 

W
COMM

A ssuming :

a = . 008 166 c . 333

b = 1 4 0  C
FC 

= 1  
F

thi s becomes

1
0COML 1 1 ( .008166)  W

COMM 
W

COMM

~~~~~~~~~~ 

0 2 0 40 60 80 100

( W COMM (LB S) 
—
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FIGURE 52
EXTERNAL BOOSTER CASE AND NON-INTEGRAL RAMJET

COMBUSTOR MATERIAL COST (U)

Reference:  Equation 15 Section 2 . 3 . 5
and Equation 2 Section 2 . 3. 6

~~ OM~~ 
1.1 a 

~FC 
~~~ O~~M~~~

OMM

A ssuming:

a .02 022  c = .333

b = 1 4 0  
~FC = 1

th is becom e s

333
CCOM~~~

l .l  ( . 02022 )  

~~~ OM~M 
WCOMM

CCOMM a 

20 40 6 80 1

~~OM~~~
BS)
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FIGURE 53
EXTERNAL BOOSTER AND NON-INTEGRAL RAMJET

COMBUSTOR INSULATION COST (U)

Reference:  Equation 16 Section ~~~. 3. 5
and Equation 4 Section 2.3.6

CCQ~~I l . l  a b (
v~~0~~1

V CoMI

Assuming:

a = 1 d = .333

b = .001039

c 198

thi s becomes

~ 
.333

C = 1.1 ( .001039) ( i9~) 
) v

COMI “EOMI COMI

. 1 2 -  •
~~~

- - -

- 
I 

•

($K) 
• 

I 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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FIGURE 54
NON-INTEGRA L RAMJET NOZZLE COST (U)

Reference: Equation 17 Section 2. 3. 5. 2

CNOZ 
= 1.1 a b (c + d R + e Y) WNOZ

As suming:

a 1 e = 1.5487

b .001755 R =  2

c 4.6788 y =  6

d = 2 . 8 09

this becomes

CNOZ = 1. 1 ( .001755)  (4. 6788 + 2. 809R + 1. 5487Y) W
NOZ

.8 — • — - - -

CNOZ • _ _ •
: 

- -
, 

-
~

- - - H ,  • - L- ----H

• 
- • 

~~
-- - - - - - - -: •--• -

- •  •
~~~~~~

• ; • • - • - •  - - - I -

0 ; t~~~

0 5 10 15 20

WNOZ (LBS)
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F I G U R E 55
NON-INTEGRAL RAMJET RDT&E COST (U)

Refe rence :  Equation 22 Section .1. 3 . ~

CN R J R D  
= ( 1 + 

~RJC~ 
a [b (1. 184)(d) (DCOM) ci

Assuming:

a l
b 1
c = 0  

~ RJC = .1
d = 2040

thi s becomes:

CN RJRD 
= 1. 1 [(1. l84)(2 040 ) (D COM )I

C

:
~~
D 

‘:: : 

- 

-

~ 0 

40

DCOM in.

0
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2 . ~~~ E X T E R N A L  BOOSTER

The following C E R ’ s are for the external  booster  w h i c h  is

used in conjunct ion with  the non- integra l  rarnjet  or tu rbo je t  eng ines .

2 . 3 . 6 .  1 Motor Case

The case labor cost is given by

CCL = 1. 1 a CFM ( b (W MC) (1)

- 
w h e r e :  a = 0 .00o 166

b 140.0 • -
c = 0 . 3 3 3

CCL = case labor cost in thousands of 1974 dol lars

W
MC = booster case weig ht (25- 100) , ibm

• The case material  cost is given by

C CM = 1.  1 a 
~ FM ( 

~~~ 
) (W

~~ c
) ( 2)

whe re :  a = 0 .008 166

b = 140.0

c = 0. 3 3 3

COM = case material cost in thousands of 1974 dol lars

The total motor case cost is then

~ TC = a (C CL + CCM
) + b (3)

11-110
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w he re : a com p l e x i t y  fac to r

b misce l l aneous  case cost in t h o u s a n d s  of I
do l l a r s

The m o t o r  i n t e rna l  insula tion  cost  is g i v e n  b y

= 1. 1 ab ( d (V
BI

) + e (4)

w h e r e :  a complex i ty  f a c t o r

b = 0. 00103 9

C = 198 . 0  
- •

d = 0 . 3 3 3

misce l laneous  cost  in thousands  of 1 1)74 d o l l a r s

- ~
- LI 

•
~ insu lation cost in thousands of 1q74 do l l a r s

V
BI = insulat ion volume (65 -250 ) , in

The in su l a t i on  was obtained f rom the insulat ion weig ht and dens i t y  as des-

c r i b e d  in 2 . 3. 1.

2 .3 . b . 2 N ozz le

The ex te rna l  booste r nozzle cost is given by

CNO Z 1. 1 ab 
[

~~~~~+ (D THRT ) + e (RNO? 1 
(N o,w T~ ~~ .

)Ei g .

re a com plex i ty  facto r

0 . 0 0 1 7 5 5

c 4. 6788

(I 1 . 4045

1.5487
4~

.
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I = miscellaneous cost in thousands of 1974 dollars
CNOZ = nozzle cost in thousand s of 1974 dollars

DTHRT = nozzle throat  diameter (3-4) , inche s

RNOZ nozzle inlet radius (5-6), inches

NOZW T = nozzle weight (25-100) , ibm

Figure 56 is a plot of typical booster nozzle cost.

2 . 3 . 6 . 3 Propellant

The propellant cost is given by

d
CPR = ~~~~~~ 

~ c 
- \ + e (6)

1000 1

where :  a = complexity factor

b = propellant cost in 1974 dollars per pound

c = 3125 .0

d = 0 .069

e = miscellaneous nozzle cost in thousand s of 1974
dollars

CPR = propellant cost in thousands of 1974 do l la r s
M~~ = propellant weig ht (200-800) , lbm

h
and the propellant loading cost is

CPL = 1 .1 ab M~ (_ c 
— 

~ d 
+ e (7)

11— 112
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where :  a = comp lexity factor-

= 0 .00343

c = 3125.0

d = 0. 387

e = miscellaneous cost in thousands of 1974 dollars

CPL = propellant loading cost in thousand s of 1974
dollars

2.3.6.4 Igniter and Safe/Arm

The igniter cost and safe and arm system cost are given below.

CIGN = 0 .386 1

~~SA = 0 . 1 9 3 0 5

w h ere:  CIGN igni ter  cost in thousands of 1974 dollars

CSA safe and arm system cost in thousand s of 1974
dollars

2 . 3 .6 .  5 F i r s t  Unit  Cost

The booster f i r s t  unit  cost  is given by

~~EBFU = a [b(c TC + C
1 

+ CNOZ + C
PR 

+

+ CIGN + CSA) + C ] (1 + 
~~EBC~ 

~ (10)

w h e r e :  a f acto r  used to conver t  f rom 1974 dol lars  to yea r
of in teres t

b complexity factor 
-= miscellaneous product ion cost in thousands  of

1974 dol lars

C EBFU f i r s t  un i t  cost in thousands of 1974 dol lars  H

tiiiii~ 
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• Z XNB = number  of boosters

• 
~~EBC cont rac tor ’s prof i t  marg in

2 . 3 . 6 . 6 RDT&E Cost

The booster RD T & E  cost  is g iven by

C E B R D  = a {bc [(D wM l d  ( 1 . 4 6 2 ~ ~ C ~~( 1 + T EBC~ Fi g .~~~7

where :  a = factor  used to conver t  R D T &E  Cost  f rom 1974
dollars to year  of in teres t

b = complexity factor

c 14.392

d = 0 .42 63

e = miscellaneous cost in thousands of 1974 do l la r s  - -

CEBRD = RDT&E cost in thousands of 1974 do l l a r s

D = moto r diameter (10 -20) , inches

W M = motor weig ht (250- 1000) , ibm H

~ EBc = contractor t s prof i t  marg in

Figure  57 is a plot of typical booste r moto r RDT&E cost.
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FIGURE 56
EXTERNAL BOOSTER NOZZLE COST (U)

Reference: Equation 5 Section 2. 3. 6

CNOZ 
= 1.1 a b (c + d DTHRT + e RNOZ ) N OZWT + f

Assuming:

a = 1 d = 1.404 5 D THRT 
=

b = . 001755 e = 1.5487 RNOZ 
= 6

c = 4 . 67 8 8  f = 0

th is becomes

C - 1. 1  ( .001755)  (4. 6788 + 1.4045 D
THRT 

+ 1.5487 R
NOZ 

NQZW T

- 
1 

I - - 
7

’

CNOZ ~~ :

($K) 
- L ~~~~~~~~~~~~ 

-

2 •

I — - - -

0 
• I

0 20 40 60 80 100
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FIGURE 57
EXTERNA L BOOSTER R D T & E  COST (U)

Refe rence :  Equation 11 Section 2 . 3 .6

C EBRD = a{b c (D . W
M )

d 1.462 + e } (1 + 
~~EBC~

As suming:

a = l  d .4263

b = . 1  e = 0

c = 14.392 
~~EBC ~~~~

this becomes

C EBRD = 1. 1  (1 .462)  (14. 392) (D . W
M
)
~~

26
~

1600 - - -— - - — - -- - - • 
I 20

C E B R D  • ; - - - D (in. )
- -  • --- - - • 

~~~~~~~~~~~~~~ 
- - -

~~~~~~ 15($K) : •  ~~~ ~~~~~~1200 -  ~ —- f- -- - -- -~ 
- - - - — 

• 

~ 10
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2.4 GUIDANCE AND CONTROLS

2.4.1 Sources and Assumptions

Guidance and Control costing methodologies were obtained

from two basic sources: (1)  Cost Estimating Relationships for

Tactical Missile RDT&E (Referenc e 3), (2)  the ADTC Air Launched

Weapon System Cost Model (Referenc e 2) .  Three types of miss i le

guidanc e system s are costed: (1)  pass ive/semi-act ive, (2 )  active ,

ana (3)  i n f ra red .  Control Systems are costed with and without

autopilot. Both guidance and controls a re  costed at the system

level and no subsystem cost details on such item s as gyros ,

com puters , radornes are  available. Both RDT&E and Production

f i r s t  uni t costing methodologies were  derived.

2 . 4 .2  R D T & E  CERS

2 . 4 . 2 . 1  Guidanc e

The Guidance System RDT&E costing methodology was

lifted directly f rom Referenc e 3. It covers the three  miss i le  guidanc e

types of in terest  and is computed as a function of guidance s y s tem

f i r s t  unit cost.  The RDT&E costs include all costs necessary  to

develop a guidanc e system from conceptual design to the point of

manufacture.  The CER used is described as follows:

CORD = a (b (e 
(c + d CGFU 

~~
) + g) ( 1 )

Fi g. 58

whe re:

CGRD 
= guidanc e system RDT&E cost in thousand s of do l l a r s .

a = inflation facto r used to adjust cost to fu tu re  y e a r s .
For 1974 costs, a = 1.

b = RDT&E complexity factor.  For state of the a r t
system , b 1.

c = 8 . 3 7

d = . 0157
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- FIGURE 58
GUIDANCE RDT &E COST ( U )

Reference :  Equation 1 Section 2 . 4 .2

( c + d C  f )
C = a (b e GFU +~ )

GRD

As surfing

a = 1 d = .0157

b = 1 1 = .35
c = 8 3 7  g = 0 - ;

thi s becomes:

C = e (8.37 + .0157 COFU (

GRD

0 40 80 120 160 200

CGFU ($K )
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f = . 35

g = miscellaneous cost term in thousands of do l l a r s .
Normally, the value is zero.

CGFU 
= Guidance system f i r s t  unit cost in thousands of

dollars.

Figure  58 shows the CER resul t s  as a funct ion of gui-

danc e system f i r s t  unit cost , assuming values for  the other r equ i red

inputs .  The CER is assumed valid over the total range of miss i le

guidanc e system s used in the SEATIDE process .

2 . 4 . 2 . 2  Controls

The control system RDT&E costing methodology was

lif ted d i rec t l y f rom Referenc e 2 . It covers the type of control

sys tems of in terest  to the SEATIDE process and is a function of

the dynamic pressure  encountered , the control surface area , and

adaptive gain control (“dither °). The RDT&E costs include all

costs  necessary  to develop a control system to the point of manu-

f a c t u r e .  The CER used is defined as follows:

C CRD = a ((b + ~ 0
A 

+ d K
GA

) e + f) ( 1 )
Fig.  59

where :

CCRD = control system RDT&E costs in thousand s of do l l a r s .  F

a = inf la t ion factor to adjust cost for fu tu re  years .  For
1974 costs , a = 1.

b = 4798 .

c = 2 2 2 . 7

d = 5 7 9 6 . 3

e = R D T & E  complexity factor  used to adjust cost  for
exceptional problems or windfall.  For state of the
art syst ems , e 1.

f = miscel laneous cost te rm in thousands of dol la rs .

(J ~~A = product of dynamic  p res su re  encountered t imes  control
su r face  area in thousands of pounds. In SEATID E,
control  surface area is defined as tail a rea .  (Q A <1 7 0 )
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FIGURE 59
CONTRO LS RDT&E COST (U)

Reference :  Equation 1 Section 2 . 4 . 2 . 2

CCRD = a ( ( b + c Q
A + d K GAIN ) e + f )

Assuming:

a 1  d 5796 .3
b 4798. e l
c = 2 2 2 . 7  f = 0
K GAIN = l  Q

A Q ( A )

this becomes:

CCRD 
= 4798 + 2 2 2 . 7  

~~A + 5796. 3

160 w 
• : I

H 

- -

CCRD 120 ~ ~~ —i - 

(LBs/Fr ) / 1000

($M) I t.L: 20

:: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

__ 
__ ~~~ ~~~~~~~~~~~~~~~~~I

0 ~~~~ ~~~~~~~ 
‘

A (FT 2
)
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K A = an adaptive gain control t e rm.  If adaptive gain
G IN (I l d i t he r ll )  is used , = 1. If not , K

GAIr ~ 
0 .

F’i gure  59 show s the CER resul ts  as a funct ion of

d ynamic p r e s s u r e  (0) and tail area (A) ,  assuming values for  the

other  t e r m s  in the equation. The CER is assumed valid over the

total ranges of dynamic pressure and tail surfac e areas used in

the SEATIDE cruise missile systems.

2 . 4 .3  Production CERS

2 . 4 .  3. 1 Passive/Semi-Active Guidanc e System s

The f i r s t  production unit pass ive/semi-act ive  radar

seeker CER includes all hardware associated with the sensor sub-

system , including sensor electronics , sensor electromechanical

co m ponen ts , iner t ia l  components , wi ring, radorn e, and heating

protect ion elements housing the seeker.  The CER was lifted

direc tly f rom Referenc e 2 and is discussed as follows:

CGFUP 
a [1.i6 

~~c K LEG FC
d 

e KGTG F 1 + g KSTAB (2)

+ h KAGATE + ~ NCHAN 
KSGATE + ~ ~~~~~~~~~ + k] 

Fi g. 60

where:

CGFUP = guidance system first unit cost in thousands
of dollars.

a = inflation factor used to adjust cost for future
years.  For 1974 costs , a = 1.

b = production complexity factor used to adjust
costs for exceptional problem s or windfalls.
For state of the art systems, b = 1.

c = to be supplied by D E - l

d = to be supplied by DE- 1

e = to be supplied by DE- 1

f to be supplied by D E - l
(_) g to be supplied by DE- 1

h to be supplied by DE- l
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FIGU RE 60
G U I D A N C E  FIR ST UNI1’ COST . PASSIVE/SEMI-ACTIVE RADA R SEEKER (U )

Reference :  Equation 2 Section 2. 4. 3. 1

[1.l6 b 
dCGFUP = a [iooo (.35) ( c  K LEG 

F + e K
GTG F

1 + g KSTAB +

h KAGATE + i ~~~~~~~ K
SGATE + i KSGATE ) +

As suming:

a = I g = 10500 KSTAB = 1.

b = 1 h = 2400 K LEG , KGTG = 0 if F~~ 6

c 7 129.  i = 143 1 if F 6

d = - .056 j = 2885 KAGATE 1

e = 6 2  k = 0  — 0
f = 2 . 3 5  

KSGATE 
-

NCHAN = O

th is becomes:

CGFUP = 
1000 ( . 3 5 )  (7129 K

LEG F ° 056
+ 6 2  K

GTG F2 ~~ + 10500 + 2400)

C
GFUI~ 

300 

• 
: 

• -  - - .•

($~ ) . . 
~~

. . • 
~~ 

•
:

-

I i  F (GHZ)
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i to be supplied by DE-1

j to be supplied by DE- 1

k miscellaneous cost te rm in thousands of do l l a r s .

Fc = center frequenc y in GHZ

K LEG = If F
C~~~

6 I K
LEG = 1; If F

C
•>1 6 , K

LEG = 0.

K
GTG = If F

c~~~
6

~ 
K

GTG 
= 0; If F

C > 6 . K
GTG 

1 .

KSTAB = If system stabilized in place , KSTAB =

If not , KSTAB = 0.

= If angle gating used , KAGATE = 1. If not ,

K
AGATE 

= 0.

NCHAN = number of doppler channels if K
STA B = 1.

If not, KSTAB = 0, N
C HAN = 0.

KSGATE = If speed gating used , KSGATE = 1. If not ,
KSGATE 

- .

Figure 60 shows the CER sensitivity as a function of

frequency (F
c

)
~ 

assuming value for the other required inputs. The

validity of the CER is stated in Reference  2 as between 2 . 9  and 10

G H Z(F C) and zero to 30 doppler channels (N
CHAN ).

2. 4. 3. 2 Active Radar Guidance System (Magnetron)

The f i r s t  production unit active rada r seeker CER

include all ha rdware  associated with the sensor subsystem , including

sensor electronics , sensor electromechanical components , inertial

component s , wi r ing ,  radom e, and heating protection element s housing

- :  
the seeker .  A magnetron t ransmit te r is used. The CER is lifted

directly from Reference 2 and is descr ibed as follows:

11.16 ( 1.35) b d dCGFUA = a~~ 350 (c K LEG F
c + e KGTG FC

+ g KSTAB + h K
AGATE + ~~~~~~~ K

SGATE

+ KSGATE + k + 1 
~~ PEAK~ 

+ n F~~~ 
~~PEAK~ (3)

1 Fig. 61+ q j
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FIGURE 61
GUIDANCE FIRST UNIT COST , ACTIVE RADAR (MAGNETR ON)

Reference: Equation 3 Section 2. 4. 3. 2

[ 1 . 16 ( 1 .3 5) b d fCGFUA = a [m~~ ( 35) (C  KLEG F + e K
GTG F ± g KSTAB

+ h K
AGATE + NCHAN KSGATE + J K

SGATE k 1 
~ PEAK

+ n F P PPEAK ) + q ]

Assuming:

a = 1 g = 10500 1 = 1620 KSTAB = 1

b = 1 h = 2400 m = - 33 KOTCI 0 ii F~~6
c = 712 9 i = 148 n = . 0 4 1 

K L E G  = 1 if F > 6
d = - .0 5 6  = 2885 p = 2 . 5  

K = 1
e = 62 k = 1500 q = 0 AGATE

f = 2 . 35  - K
SGATE

N CHAN = 0

th is becomes:

CGFUA = ~;)~~ ( 7129 K
LEG F~~ 

056 + 62 K
GTG F

2 ~~ +

10500 + 2400 + 1 500 + 1620 
~~PEAK + .041  F2 5  

~~PEA K~

600 - 

• 
- ~~PEAK

:::~~~~~~~~~~

_

~~~~~~~~~~~~~~~~~~~~~

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F (GHZ)
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where:

CGFUA = guidance system firs t  unit cost in thousands of
dollars

a inflation factor used to adjust cost for future
years.  For 1974 costs , a = 1.

b = production complexity factor used to adjust costs
for exceptional problem s or windfalls.  For state H
of the art systems , b = 1. - 

-
c, d, e, ”~ H
f, g, h, 

~i . j , k , \= to be supplied by DE-l
1, in , n, J
p J
F
c

K LEG H
KGTG H
KSTAB = same as defined under 2 . 4 . 3 . 1.

KAGATE
N CHA N
KSGATE

~~PEAK = peak generated transmit power in kilowats

q = miscellaneous cost term in thousands of dollars.

Fi gure 61 shows the C~~R sensitivity as a function of

frequency and peak power , assuming value for the other required

inputs. The validity of the CER is stated in Reference 2 as between

2.9 and 10 GHZ frequency and .1 to 50 KW peak power. For the

purposes of the SEATIDE process , however , the CER is assumed

valid up to 20 GHZ and 250 KW peak power.

0
11-125

- ~----~~~~~~ -- -~-~-~ —~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~ ~“-~~ ~ -. ~~- -
-~~~~~ ~~~~~~~ ~ _____



—
~~~~~~~~~~-~

--- -.,‘—
~~~~~~~

- ----—-- 
-

2.4.3.3 infrared Seeker 
4

-

- 

• The f i r s t  production unit passive i n f r a r e d  s e e k e r  C E R

includes all hardware associated with the sensor subsys tem , in c l u d i n g

sensor electronic s , sensor electromechanical components , i n e r t ia l

components1 wiring, radome, and heating protection elements hous ing

• the seeker. The CER was lifted directly from Reference 2 and is

described as follows:

CGFUI = a [1.16 b 
(c FC

d 
BSP

e 
+ f (N DET 

- 1) + g) + h (5)

~ Fig. 62 H

— where:

CGFUI 
= guidanc e system f i r s t  production unit  cost in

thousands of dollars.

a = inflation factor used to adjust  cost for  fu tu re
years .  For 1974 costs , a = 1.

b = production complexity factor used to adjust  costs
for  exceptional problem s or windfalls .  For
state of the art  systems, b = 1.

c , d , ~)
~ ~

. = to be supplied by DE-l
e, ,g j

h = miscellaneous cost term in thousands of dollars.

F
C = c enter frequency in~~ M

B 8p = spectral bandwidth in~s~ M

NDET = number of detectors

Figure 62 show s the CER sensitivity as a function of

frequency and number of detectors.  The validity of the CER is

stated in Referenc e 2 as valid between frequencies of ~~~~~~~~
bandwidth of . 5-2j~ M , and numbers of detectors between 1 and

10. However , for  the purposes of SEATIDE , the CER is assumed

valid up to frequencies of l4 ,~~M and bandwidth up t~ 6,,~ M.

~ 
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FIGURE 62
GUIDANCE FIRST UNIT COST , PASSIVE IR SEEKER (U)

Reference: Equation 5 Section 2. 4. 3. 3

C
GFUI a(~~~~~~~~35) [c F

d 
B

SP
e + I (N

DET 
- 1) + g J + 

h]

Assuming:

a = 1 e = - 1 .147

b = 1 f = 175

c = 9018 g 3700

d = . 1 7 7  h = 0

th is becomes

CGFUI = 
1000 ( . 3 5 )  

{ 9018 F~ 
177 

B5~~~
’ 147 

+ 175 (N
DET l)  + 3700}

N DET

60 - -- 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

12

G PUT I 
-

($K ) 

40 - ~~~~_ _ L ~~~~~_ ’_~ 

Bsp l 

12

-

_ _  
_ _ _  

_ _ _ _  12

1 ~ 
~~~~• t 1

0 4 8 12 16 20

C F ( ~~M)
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2 .4 .  3. 4 Control System s with Autopilot

The f i rs t  production unit CER for control system s with

autopilot includes the costs of actuators , accumulators , energy

system , nozzles , thrusters, tanks , valves , wiring, structural and

heat protection elements , pumps, and plumbing of the control system

plus the movable arid nonmovable control surfaces. It also includes

autopilot related gyros , accelerometers, and electronics. The

CER was taken directly from Reference 2 and is described as

follows:

CCFU 
= a [1. 16 (b ~~~~ + c 

~A 
- 

~~) 
e + f 1 (2)

L 198 
Fig. 63

where:

CCFU = control system s first uni t cost in thousands of
dollars.

a = inflat ion facto r to adjust costs to fu ture  years .
For 1974 costs , a = 1.

b , c, •)
d 

3 
= to be supplied by DE- . 1

e production complexity factor used to adjust cost
for  exceptional problem s of windfall. For state
of the art systems , e = 1.

I miscellaneous cost term in thousands of dollars.

W CS 
= control section weight (including control surface)

in pounds.

Q maximum force on control surfaces in thousands
A of pounds. Thi s is the product of dynamic pressure

and control surface area.

Fi gure 63 show s the CER sensitivity to control section

weight and 0A ’ assuming values for the other required inputs. Re f —

erence 2 states that the CER is valid for control section wei ghts up

to 360 pounds and 0A 
values up to 170. These values are  probabl y

of sufficient magnitude for the SEATIDE process.
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FIGURE 63
= — CONTROLS FIRST UNIT COST (WITH AUTOPILOT) (U)

Reference: Equation 2 Section 2. 4. 3.4

[1. 16 (b 
~~~~ 

÷ C 0
A - 

d) e
CCFU = a l  198 + f J

Assuming:

a = 1 d = 5116
b = 4 8  e = l
c = 881 f = 0

this beco m es:
1.16 (48 W + 881 Q - 5116)

C = CS A
CFU 198

~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~ 4~~j~~4~~~~
4o

200 -~H~~ ~~~~~~~~~~~~~~~~~~~

- 

I

0
0 100 200 300 400 500

W~~~ (LBS)

C
1 1 - 1 29  

-.---- .— —---— - --------~~-- - .-.--- -.-- - ---- —- -—---—--—-----~~ ~~~~~—
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2. 4. 3. 5 Control Systems without Autopilot

Thi s CER was lifted directly from Referenc e 2 and

constructed in the sam e fashion as the CER for  control system

with autopi lots , except that no autopilot related i tems are  included

in the cos t ing .  The CER is described as follows:

C
CFU 

a [
i. 16 (b WCS + c 0A + d) e + (3)

L 198 J Fig. 64

where:

CCFU = control  system s f i r s t  unit cost in thousands
of dollars .

a , e , f = same as that defined under 2 . 4 . 3 . 4 .

b , c , d = same as that defined under 2 . 4 .  3 .4  except that
the value to be supplied by DE-1 are different
than those used in 2 .4 . 3.4. -

•

W~;~ = same as that defined under 2. 4 . 3 . 4

Figure 64 shows the CER sensitivity to control section

wei ght and 0A’ assuming values for the other required inputs. Ref-

erenc e 2 states that CER is valid for  control section wei ghts up to

360 pounds and 0
A 

values up to 170. These values are probably

of suff ic ient  magni tude for the SEATIDE process.
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FIGURE 64
CONTROLS FIRST UNIT COST (WITHOUT AUTOPILOT) (U)

Re fe rence :  Equation 3 Section 2 . 4 . 3 .~~

C CFN a [1.16 (b ~~~~ 
+ c 0

A ÷ d) e 
+

198

Assuming:

a = 1  d l880
b = 62 e = 1
c = 2 1 3  f = 0

thi s becomes:
1.16 (62 W

CS + 2 13 0A + 1880)
CCFN = 198

350 -. I

j  
~~~~ ioo 

~3 0 0 - . -  .- 
~~~~~~~

. . _ . 
~~~~~~~~~

.

20 0  - - ~~~~~~~ ~~~~~~~~~~~~~~ 
~

100 -HH ~~~~~~~~~~~~~~~~~

0 ,
r4  — —

0 100 200 300 400 500

W~~~ (LBS)

U

11-131 

- ~~~~~~~ ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



___ 
— — ~-,.--~- — — —‘- --

- - -~~~~~~~~~~~~~~~~~~~~ -- -- •

2 .5  WARHEAD

2 . 5. 1 Sources and Assumptions

Wa rhead costing m ethodologies were obtained from two

basic sources: ( 1) Cost Estimating Relationships for  Tactical

Missile RDT&E (Reference 3), and (2) The ADTC Air Launched

Weapon System Cost Model (Referenc e 2).  All warheads are  H

assumed to be high explosive blast , blast f rag ,  or shaped charge H
with either a contact or proximity fuze.  The warhead unit was

costed at a system level , and no subsystem details , such as

fuzing,  charge , and safe/arm device are available.

2 .5 . 2 Warhead RDT&E

Warhead RDT&E costs include the design and engineer -

ing associated with the warhead, safe/arm device, warhead firing

switch, booste r cha rge , fuzing, and necessary wiring. The cost

estimating relationship (CER) used to estimate warhead RDT&E

costs was taken directly from Reference 3 and is discussed as

follow s:

CWUR 
= a ((b + c WWH + d KFUZE ) e + f) ( 1 )  1 =

Fig. 65
where:

CWHR = total warhead RDT&E costs in thousands of
dollars.

a = inflation factor to adjust cost for fu ture  y e a r s .
For 1974 costs , a = 1.

b 103.43

c 23.096

d = 1352 .0

e = RDT&E complexity factor  used to adjust  cost
for exceptional problems or windfalls.  For
state of the art  warheads , this value equals
1. H

~~ 11-132
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FIGURE 6 5
WARHEAD RDT&E COST (U )

Refe rence :  Equation 1 Section 2. 5 .2

CWHR 
-~ a ((b + c WWH + d KFuze) 

e + f)

As sum ing:

a = 1 d = 1352 K = 0

b = 103.43 e = 1 
Fuze

c 2 3.09 & f = 0

this becomes:

CWHR = 103.43 + 23.O96Wwn
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f = miscel laneous cost  t e rm  in thousands  of
dol la rs .  This value is n o r m a l l y z e ro .

W
~~7H = war h ead wei ght in pounds.

K
FUZE 

= fac tor  for  fuz ing  type (0 fo r  contac t  f u z e ,
1 fo r  proximity  fuze)

Fi gure 65 show s the CER re su l t s  as a func t ion  of w a r h e a d

wei ght , assuming value f o r  the other required inputs .  The v a l i d i t y

of the CER has been tested in Referenc e 3 for  warhead we igh t s  be t -

ween 86 and 651 pounds. For the purposes of re la t ive  c o s t i n g ,  it

is assu med valid over the total range of non-nuclear  wa rhead  wei ghts

encountered in the SEATIDE process .

2. 5. 3 Warhead Production Costs

Warhead Production costs include the sus ta in ing  eng i n e e r i n g,

sustaining tooling, test equipment , ECO/ECP ’ s, lot acceptanc e , and

the cost of the warhead metal parts , explosive , and explosive loading.

The production costs represent  the cost to produce the f i r s t  unit

off the line af ter  RDT&E has been completed. The product ion cost

CER was l if ted directl y from Refe rence  2 and is d i scussed  as fo l lows:

CWHFU = a 
[1

. 28 (b + c (W
wH)

1
~~ )d + el

600 J Fi g.  66

where :

CWHFU 
= f i r s t  unit warhead pr oduc t ion cos ts  in th ousands  •

o f dol lars .

a = inflation factor to adjust cost for f u t u r e  yea r s .
For 1974 costs , a = 1.

b = constant to be supplied by DE - 1

c = constant to be supplied by DE-1

d = production complexity f ac tor u sed to adjus t  cos t
for exceptional problems or windfa l l s .  For state
of the art warheads , this value equals I .

- - 
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FIGURE 66
WARHEAD FIRST UNIT COST (U)

Reference :  Equation 2 Section 2 . 5. 3
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e = miscellaneous cost term in thousands of 1974 dol la rs.
Normally the value is zero.

W
WH = warhead wei ght in pounds.

Figure 66 shows the CER results as a func t ion  of warhead

wei ght , assuming values for the other required inputs.  The validity

of the CER is expressed in Referenc e 2 as between 8 and 250 lbs.

W WH . For the purposes of relative costing, however , the CER is

assumed valid across the total range of non-nuclear warhead wei ghts

used in the SEATIDE process.

_ )
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3 . 0  RCM STRUCT URE

• The Relative Cost Model (RCM) is an integral  part of the  Concept

Generat ion and Screening Model (CGSM). The roles of the RCM wi th in  the

CGSM are shown in the flow diagram on Figure 67. The RCM is pr imari l y
designed to provide relative cost data to the CGSM for  use in sc reen ing  mis-

sile concept s to dominance levels. Cost in that case is based on the sub-
sys tem and system sizing and pe rformance dat a computed as a rout ine  part

of concept generation.  The RCM is also desi gned to provide pa ramet r ic

data to the user  independentl y of concept generat ion.  Cost in that  case is

based on an input set of sizing and performance  pa rame te r s .  Input to the

CGSM required to execut e the RCM is d i scussed  in Volume l ilA , Sect ions

111-3.0 and I l T _ 4 . 0 .  Cost output is descr ibed in Volume lIlA , Sect ion I V .

The R C M  consis ts  of eleven subrout ines  and approximatel y 1300
cards  (exc lud ing  CGSM executive logic required for  input and t h roug hput of
data) .  A l i s t ing  of those modules is included as Appendix B.

The  RCM functional  flow is included as Figure 68. Each  sys-
t e r n  ( i 2 I l l d a n c e , con t ro ls , warhead , a i r f r ame  and in tegra t ion , and p r o p u l s i o n )
is cos ted  se quen t i a l l y, and total cost is the sum of all sys tem cos ts .  Both
f i r s t  un it p r o d u c t i o n  and R D T &E  costs are  computed fo r  each sys tem and
r~rr tot aled.  C o s t i n g  of individual  sys tems can be b ypassed  in a g iven JOB
if d e s i r e d , as shown on F igure  68. B ypass control  is ‘~i~~c u s s e d  in
\ o l  Lime l I lA , Sect ion 1 11— 4. 0.

(~
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APPENDIX A

SEATIDE RELATIVE COST MODEL TEST CASE

DEFINIT IONS AND RESULT S

1. TEST CASE DEFINIT ION

As required in Task 2 of the statement of work , test cases

for  the demonstration of the relative cost model are defined in this

appendix. The test cases involve all three models of the SEATIDE

process , but are specially de signed for testing the relative cost model .

- - T rade factors  are obtained from the Naval Engagement Model (NEM) ,

configurations are generated and screened using the relative cost model

in the Cruise Missile Concept Generation and Screening Model (CM-

CGSM) and ranked in the Relative Wort h Model (RWM).  Comparisons

are made w-~th and without the relative cost model as a screening para-

meter .  The f irs t  test cases utilized involve an air-launched ASM using

liq uid propulsion. Figure A. l_ l  defines the parameters used in thi s

test case, including the missile t ra jectory. Trade factor  variations

are made for  c ruise velocity, tot al range , and warhead weight. Figure

A. 1_ 2 describes the second test  case , a solid fueled , ship launched

surface-to
~
surface cruise missile with two external solid ro cket boosters .

Parameter variations and the missile trajectory are shown. Trade factor

calculations are made for  warhead weight , cruis e velocit y, and total

range.

Screening and ranking for  the two cases are  done separatel y

and controlled as follows:

L

UI =

A-i

— ~~~~~~-—- —~~~~- :. ~.. ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FIGURE A. 1-1

C A S E 1 - A S M

a. Propulsion: Liquid Rocket

b. Guidance

- Midcourse: Autopilot + Track , Command

- Terminal: Homing Radar

c. Warhead: HE (500 , 1000, 2000) * Lbs.

d. T rajectory:

- Launch: Air , 3 , 000 Ft , 400 Kts

— Cruise: 35 , 000 Ft , (500 , l000)~ Kts.

- Range, Total: (100 , 150 , 200)* NM

- Run-In:  Low Level , 5 NM , Vmax

— - ---

~‘Note : Numbers  in parenthesis show variations , baseline values are
under l ined .

A - 2

_________________ ~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~
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FIGURE A . 1-2

C A S E 2- S S M

a. Propul sion: Solid Rocket Sustainer with 2 Solid
- Rocket Boosters

b. Guidan ce

- Midcourse: Autopilot + Track , Command

- Terminal: Homing Radar

c. Warhead: HE (500 , 1000 , 2000) * Lbs.

d. Trajectory:

- Launch: Surface I

- Cruise: 500 Ft, (800 , 1250)~c Kts.

- Range , Total: (25 , 50 , 100)*

I —

- -- - - - ~~ 
-
,I I :,

/ 4.

3 1 .
~~~~~ ~~ 

A I . h l .

:~Note : Numbers  in parenthesis  show va r i a t ions , ba se l ine va lu es a r e

underlines.
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1. 1 Case I - ASM Analysis

Within the CM-CGSM , screening is done to obtain top level  i.~ant Ii-

date s for each of the following subcases:

Case 1. l . R  - ASM , 500 KT Cruise, Screen using RCM - -

Case 1. l . W  - ASM , 500 KT Cruise , Screen using Weight

Case 1.2 .  R - ASM , 1000 KT Cruise , Scr een using RCM

Case l .2 . W - ASM , 1000 KT Cruise , Screen using Weig ht

Comparison of Cases 1. 1. R and 1. 1. W will show the influence of

the relative cost model on ASM screening. I 
—

1. 2 Case U - SSM Analysis

Within the CM-CGSM , screening is done to obtain top level candi-

dates for  each of the following subcases: —

Case 2. 1. R - SSM , 800 KT Cruise , Screen using RCM

Case 2. 1. W - SSM , 800 KT Cruise , Screen using Weig ht

Case 2 . 2 .  R - SSM , 1250 KT Cruise , Screen using RCM

Case 2 . 2 .  W - SSM , 1250 KT Cruise , Screen using Wei g ht

Comparison of Cases 2. 2. R and 2. 2. W will show the influence of

the RCM on SSM screening.

Where feasible , several CM-CGSM runs may be combined and run

as a sing le CM-CGSM run.  These sing le runs will be screened jointl y with =
considerat ion taken with regard  to any penalty imposed on any part icular

des ign.  
. 

-

1. 3 RWM Analysis

These top level candidates for both the ASM and SSM analysis were

then put together  into the RWM and ranked as the following cases:

Case l . R - -  ASM , with RCM H

Case 2 . R  - SSM , with RCM

— I
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2. NAVAL ENGAGEMENT MODEL - TEST CASE RESULT S

T rade Factors , for  use in the CM-CGSM , as discussed in Vol .

IIA , Section V , were developed for  the ASM and SSM test cases pre-

viousl y defined . Two naval engagement s were set up similar to that

defined in Append ix A , Vol. IIB . While each contains a mix of Naval

weapons , one featured ASMs and the other SSMs. The element s common

to the two engagement s are:

A BLU Task Force is in transit in the open sea. The Task

Force has been under observation for several days , and RED plans a
coordinated attack at time T 0  hours . RED will attack with surface

ships and land-based aircraft , armed with cruise missiles. BLU will

defend with carrier- based aircraft , surface-to- air missiles , and guns.

Both sides move along pre-planned routes until engagement interact ion s

produce a change. Force composition , planned routes , and engagement

outcomes are given below for the test cases. All positions and planned

routes are in terms of an arbit rary  rectangular X-. Y coordinat e sys tem ,

scaled in nautical miles. Positive Y is north.

Value Lost on each side is in terms of the value scheme

developed in Appendix J ,  Vol . IIB , and shown here in Tabl e A. 2 _ l .

Worth is computed as:

BVLW BVL + RVL X 100

where:

BVL = BLU Value Lost

RVL = RED Value Lost

A-S

t V 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
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TABLE A . 2~~l

VALUE ASSIGNE D TO UNITS

T Y P E  SYMBOL N A M E  V A L U E

BLU

6113 CVA Aircraft  Ca r r ie r  400

6 132 CC Guided Missile Cruiser  80
- I 6153 DD Destroye r 20

6154 DDG De stroye r , Guided Missile 40

6155 DLG Destroye r , Guided Missile 40

6212 VF Fighter Aircraf t  2

6221 VA Attack Aircraft  2

RED

8137 CLGM Light Cruiser , Guided Missile 80

8154 DLG Destroyer , Guided Missile 40

8227 BGGM Bomber , Guided Missile 4

8242 BED Bomber , Director 3

A - 6

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _  ---
_ _ _ _
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2.1 ASM T rade Factors

The BLU side consi sts of one Carrier Task Group and one

Guided Missile Cruiser  Group. The RED side consists of two CLGM

Groups (KGRP)  and associated aircraft  (B_ RGPX) ,  and five a i rcraf t

Groups (BGRP) carrying ASMs. Each KGRP consists of one CLGM

and two DLGs. E ach BGRP consist s of four  BGGM aircraft  ca r rying

2 ASMs each. The planned deployment of the two sides at time T~~0

is shown in Figure A. 2-1. Detailed formations of the two BLU Groups

are shown in Figure A. 2-2 and A. 2-3. The planned routes f o r  the

RED G roups are shown in Figure A. 2-4.

A Baseline ASM and five variations were run with result s as

shown in T able A. 2~~2. These were obtained as two sets of run s of 4

Monte Carlo ~passes ” each , with averages taken of BLU value lost and RED

value lost. The variations of worth from the baseline worth are plotted in

Fi gure A. 2-5 . Note the multiple points shown for Delta Worth shown for

the 200 NM range variation. This is an example of the use of engineering

jud gement used to supplant a particular item generated by one of the

models.  In this case it was felt that the lower point (connected by the dashed

line) and the point shown for the baseline were both °outlier s ’ in the

statistical sense and that the delta worth versus  range did not actually

possess a negative slope between 150 NM and 200 NM range. In actual

pract ice  this point would be resolved by additional NEM run s and more = -

detailed anal ys is  of the resul ts .

:1

I ’

I

A - 7
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FIGURE A.2- 5
ASM TRADE FACTORS
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2. 2 SSM ‘1’ rade Factors

The BLU side consis ts  of one Car r ie r  Task Group  and One G u i ded

Missile C r u i s e r  Group.  The RED side consists of two CL GM G r o u p s  (K GlU ’~

and associated aircraft  (B-RGPX ) ,  and two Aircraf t  Groups (BGRI 3 ) c a r r y-

ing ASMs. Each KGRP consist s of three CLGMs each ca r ry ing eig ht SSMs

and fo rty- eight SAMs , plus two DLG s each carrying fo rty-eight SAMs. The

planned deployments of the two sides at time T~~0 is shown in Figure  A. 2-6 .

Detailed formation s of the two BLUGroups are shown in Figure s A. 2-7 and

A. 2-8. The planned routes for  the RED G roups are shown in Figure  A. 2 -9.

A Baseline SSM and six variations were run with result s as shown

in T able A. 2-3. The variations of Worth from the baseline Wort h is plotted

in Figure A. 2 - l O .
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3. CONCEPT GENERATION AND SCREENIN G MODEL -

TEST CASE RESULTS

CGSM test case resul ts  are  presented in th is  sec t ion . Thvs e

res ul ts a r e  di s c u s s e d  a s th ree  topi cs , including the fol lowing : (f l  ASM t e s t

cases with sc r een i ng  on RCM cos t ;  (2) SSM test cases  with s c r e e n i n g  or.

RCM cost;  and (3) ASM/ SSM test  cases with screening on weigh t .  Cases

1. 1 .R and 1- 2 . R  (see Sections 1. 1 and 1. 2 above) a re  d i s cus sed  as a p a r t

of top ic (1) ,  whi le  Cases 2. 1. R and 2 . 2 . R a r e d i s c u s s e d  under  top ic (2 ) .

The th i rd  topic includes Cases 1. 1. W , 1. 2 .  W , 2. 1. W , and 2 . 2 .  W.

3. 1 ASM TEST CASE - SCREENING USING RCM

The f i r s t  tes t  case called for  genera t ion  and sc reen ing  of a non -

boosted ASM to meet  the mission r eq ui r e m e n t s  l is ted on Fi g u r e  A . 1-1. A

sing le CGSM job was cons t ruc ted  and executed to meet thr se r e q u i r e m e n t s ,

and the input for  that job is listed in card  image form on Fi gure  A . 3- 1.

Missile d iameters  from 26 to 34 inches were requi red  along with  total m iS-

s u e  wei g hts f rom 8000 to 9500 pounds. Warhead  weig hts of 500 , 1000 , ari d

2000 pounds were postulated for  the tes t  case (see F i gu r e  A . 1-1).  E a c h

combination of diamete r and warhead weig h t h ad to be m atched  wit h a u n i que
( input pay load length using compatibility mat r i ces .  W in g a r e a and tail a rea

were  com puted and input f or eac h dia meter (bas ed on cr uis ing at 35 , 000 f t .

at Mach 0. 87) and were  matched with those d iameters  using a compa t ib i l i t y

m a t r i x .

An in tegra ted  missile desi gn was genera ted  fo r  each compatible

permuta t ion  of total weig ht , diameter , warhead wei g ht , pay load c o m p a r t m e n t

leng th , tai l a r ea , and wing a rea .  A total of 53 des igns  w e r e  s u c c e s s f u l l y

i n t e g r a t e d .  A s u m m a r y  plot of those missi les 1 a i r f r a m e  d imens ions  is in-

cluded as F igure  A. 3-2 for  a warhead  weight  of 1000 pounds.  Mis s i l e  length

is shown to vary  between 300 and 500 inches in that  plot.
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Each of the des igned missiles was fl own over the th ree  t e s t  ca st -

t r a j e c t o ri e s .  Several des igns  were  unable to fl y all of the t r a j e c t o r i e s  due

to p e r f o r ma n c e  l imitat ions ( incompat ib i l i t ies  between des ign  and pe r fo rm-

ance in pu t s ) ;  howeve r , a total of 138 d e s i g n / p er f o r m a n c e  combina t ions  w e  rt -

success ful . A s u m m a r y  plot of those miss i les ’ r ange  ca pabi l i t i es  is i n c l u d e d

as F igu re  A . 3 -3  for  two of the c ru i sc  speeds.  Total miss i le  range  is se&- n

to be v e r y  sens i t ive  to c r u is e  speed. That is , an i n c r e a s e  in speed is

ac hievable onl y at the expense  of a reduc tion in total r a n g e .  The dependenc e

of range on speed is itself dependent on such design p a r a m e t e rs  as c r u i s e

alt i tude , win g and tai l a reas , and maximum t h r u s t .  Those p a r a i i - e t e r s  can

be control led by input in a given CGSM job.

Each s u c c e s s f u l  d e s i g n / tr a j e c t o r y  com binat ion was a s s ic n e d  a

concept  number  in the CGSM and each was passed along to the Re la t iv e  Cost

Mode l  (RCM) wi th in  the C GSM for costing . F i r s t  uni t  p roduc t ion  cos t  \~~t S

desi g na t e d  as the s c r een ing  cost paramete r dur ing  th is  CG~ M j ob .  The

wor th  of each concept  is computed based on NEM data (see Section 2) and the =

set  of c -n c e p t s  i ’- cc~~-~ened on cost  ve r sus  wor th . ASM test  case s c rt ~e n i n g

r e s u lts a re  Sh e  - If l  Fi g u r e s  A . 3-4 throug h A . 3- 7. A copy of the COSM

sum m a r y  oi.~~ u t  1 ~
- top level sc reened  concepts is found in F i g u r e  A . 3 - 4 .

All t oD level  coi .cep t s  a r e  seen to be low speed miss i l es  (VCR = c r u i s e  M a c h

no. = 0.  87) . Small w a r h e a d s  tend to domina te  at lower  cos t,  w h i le  Li r c e r

w a r h e a d s  domina t e  at hi g her  cos t .  The NEM data on w o r t h  v e r s u s  t o t a l

r a n g e  (see Fi gure  A . 2 -  5 in -Section 2) shows that  wor th  levels off at r a n i c t  s

in e \c ess  I l l  a b o u t  150 ii. mi .  T h a t  t r e n d  in the w o r t h  da t a  a f f e c t s  s c r e e n i ng

t I  I t he  -x t t - n t  t hat  co n cep t s  w h i c h  d i f f e r onl y in total we ig ht te nd t u  c l i i s  tC -
-

at th e point  tha t  r a l ige  passes  150 n.  m i .  That  c l u s t e r i n g  is seen clc~t n v  I n

} i g u r (  A . 3 — 5 , w h i c h  is a plot in c o s t / w o r t h  c o o r d i n a t e s  of the  top f o u r  l e v i - i s

of ASM c o nc ep t s .  Con c ep t s  whose  r a n g e  is l ess  than 150 n . m i .  ap p e i r  s i n g l y

;tnd do n o t  c l u s t e r .
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Data shown in Fi gure  A . 3-4 (CGSM pr in to ut) and F i g u r e  A . 3-5

f (plotted) serve to aid in nar rowing down th e set of conce pts b y f o c u s i n g

a t tent ion on th ose wi th hi g h wo rth. Crossplots  suc h as those in F i g u r e s

A . 3-6 and A . 3-7 are useful  in explaining and i l l u s t r a t ing  t r ends  i d e n t i f i e d

in F igures  A . 3-4 and A . 3- 5. Effects  of var ia t ions  in speed and warhead

wei g ht on concept worth and cost are illust ~ ated in Fi gure  A . 3-6.  The

ver tical ” lines correspond to variat ions in warhead weig ht with all else con-
star-i t , and the “horizontal ” curves  correspond to c ru i se  speed v a r i a t i o n s .

Ver tical l ines in cos t/wor th  coordinate s cor respond  to extremel y f a v o r a b le

t r ends , while horizontal  l ines signif y unfavorable t r ends .  A ppl y ing those

cr i t e r ia  to Fi g u r e  A . 3-6 leads to a selection of low speed and l a rge  warheads

as favorable  ASM cha rac te r i s t i c s .  The crossplot on F igure  A . 3-7 illus-

t ra te s that the value of missi le  total weig ht is a funct ion of c r u i s e  speed.

At the lowest  speed , w here  even the smallest missile genera ted  in the tes t

case can fl y 150 miles or more , total weig ht does not s ignif icant l y a f f ec t

cost  or worth  (with all else constant) . At that lowest  speed , wei g h t cou ld be

f ixed  by launche r constraints.  At the hig her  speeds , i n c r e a s e s  in wei g ht

become des i rable.

3. 2 SSM TEST CASE - SCREEN USING RCM

— The second test  case called f o r  g e n e r a t i o n  and s c r e e n i n g  of a

boosted SSM to meet the miss ion r e q u i r e m e n t s  l is ted in F i g u r e  A . 1-2 . A

sing le CGSM job was c o n s t r u c t e d  and executed to meet  those r e q u i r e m e n t s ,

and the in put f or th a t job is listed in ca rd  ima g e f orm on F i gure  A . 3- 8.

M i s s i l e  d i a m e t e r s  f r o m  26 to 30 inches  were  r equ i r ed  along with total mis-

si le  wei ghts  f rom 6000 to 16000 po unds.  Warhead  weig hts  of 500 , 1000 , and

200 0 p o u n d s  we re postulated for the test  case (see F i g u r e  A . 1 -2) . Each

I - , ) l l l b i n a t i o n  of diamete r and warhead  weig ht had to be matched with  a unique

i n p u t  pay load l eng th  us ing  compatibi l i ty m a t r i c e s .  Wing area  and tail a rea

were  computed and input fo r  each diamete r (based on c r u i s i n g  at 500 f t .  at

Mach 1. 2) and w e r e  matched with those d iameters  us ing  a c o m p a t i b i l i t y

ma t r ix .
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An int eg rated miss ile des ign was gene r a ted fo r  each compat i ble

permuta t ion  of total weig ht , diameter , warhead weig ht , pay load cornpar t -

ment length , tail area , and wing area. A total of 36 des igns  were success-

full y in tegrated.  A summary  plot of those missiles ’ a i r f r a m e  d imens ions

is included as Figure  A. 3-9 , for a warhead weig ht of 1000 pounds.  Missi le

length is shown to vary  between 200 and 400 inches in that plot. A typica l

SSM launch tube length l imit  is plotted on Figure A . 3-9  for  r e f e r e n c e .  H

Each of the desi gned missi les  was flown ove r the th ree  tes t  case

tra jec tor ies .  Several desi gns were unable to fly all of the t r a j e c t o r i e s  due

to pe r fo rmance  l imitat ions (incompatibil i t ies between design and pe r fo rm-

ance inpu ts) ;  howeve r , a total of 108 des ign /pe r fo rmance  combina t ions  were

s u c c e s s f u l .  A s u m m a ry  plot of those miss i les ’ r ange  capabi l i t i es  is i n c l u d e d

as F i g u r e  A . 3 - l O  fo r  a c r u i s e  speed of 1 .2 .

The e f f ec t s  of c ru ise  speed on total range were  found to be m i n o r

within the SSM operating regime postulated fo r  this test case.  The depen -

dence of range  on speed is i tself de pende nt on such des ign pa r ame te r s  as

c r u i s e  a l t i tude , wing  and tail a r e a s , and maximum t h r u s t .  Those para-

m e t e r s  can be c o n t r o l l e d  b y input  in a given CGSM job. =

Each succes s fu l  desi g n / t r a j e c t o r y  combination was ass i g n e d  a

concep t  n u m b e r  in the CGSM and each was passed along to the R e l a t i v e  Cos t

Model (RCM) wi th in  the CGSM fo r  cos t ing .  F i r s t  un i t  p r o d u c t i o n  cos t  was

desi gna ted  as the s reen ing  cost  paramete r dur ing  this CGSM job.  The

w o r t h  of eac h c on c e p t  is compu ted  based on NEM data (see Sect ion 2) and the

se t  of concept s  is s c r e e n e d  on cost  v e r s u s  w o r t h .  SSM test  case  s c r e e n i n g

r e s u l t s  a rc  shown  Ofl Fi g u r e s  A . 3-11 th roug h A . 3- 14 . A copy of the CGSM

s u m m a r y  o u t p u t  f o r  top level s c r e e n e d  concepts  is found  in F i g u r e  A . -11 .

Low c o s t  w i t h i n  l e v e l  1 c o r r e s p o n d s  to small , low-speed  miss i l e s  w i t h  s m a l l

w a r h e a d s .  Cos t  and wor th  inc rease  as total wei g ht , w a r h e a d  \ \ e i g ht , and

speed i n c r e a s e , so that  t he hi g h e s t  cost  concept  in level  1 is the l a r g e s t  and

f a s t e s t  miss i l e  with the l a r ge s t  w a r h e a d .

A - 2 4

________ - - ~~~~~~~~~~~~~~~~~~



________- 
-

Data shown in Fi gure  A . 3 - ll  (CGSM printout)  and F igure  A . 3 - 1 2

$ (plotted) serve to aid in narrowing down the set of concepts by focus ing

attention on those with high worth. Croasplots such as those in Figures

A . 3-13 and A. 3- 14 are useful in explaining and i l lus t ra t ing trend s identified

in Figures A . 3-11 and A . 3-12. Effects  of variat ions in speed and warhead

wei ght on concept worth and cost are illustrated in Fi gure A .3-13. The

“vertical ” lines correspond to variations in warhead weig ht with all else

constant , and the “horizontal ” curve s correspond to cruise speed var ia t ions .

Vertical  lines in cost/worth coordinates correspond to extremely favorable

trends , while horizontal lines signif y unfavorable t rends.  Appl ying those

cr i te r ia  to Figure A. 3-13 leads to a selection of low speed and la rge  wa r-

heads as favorable SSM character is t ics.

The crossplot of F igure  A. 3-14 shows the effects  of total weig ht

and warhead wei g ht variations on cost and worth.  Increasing total weight  is

shown to increase both worth and cost with a generally unfavorable t rend.

3. 3 ASM/SSM TEST CASES - SCREEN USING WEIGHT

The CGSM test cases discussed in Sections 3. 1 and 3. 2 were

executed with total weig ht specified as the paramete r to be used along with

relat ive worth fo i  sc r een ing .  The resul ts  of those screening jobs are shown

on Fi g u r e s  A. 3-15 throug h A. 3-18. Fi gure  A. 3-15 and A. 3-17 present the

CGSM printed output  provided for level 1 concepts  for the SSM and ASM ,

- 
- respect ively. F igu res  A. 3-16 and A . 3- 18 include cos t /wor th  plots fo r  the

top four  levels of SSM and ASM concepts .  For both SSM and ASM miss i le

c lasses , level 1 contains only those concepts  with the l a r g e s t  warhead .

Level I SSMs are  all hi g h speed concepts;  howeve r , level 1 ASM s are  all

low-speed concepts . Those resul ts  are not compatible with the sc reen ing

results presented for the two missile classes in Sections 3. 1 and 3.2.

A comparison of s c r een- to - cos t  resul ts  and s c r e e n - t o-w e i g ht

-
~~~~ r e su l t s  is p resen ted  on F igures  A . 3-19 and A . 3-20 .  Data a re  presen ted  for

the SSM onl y;  however , all conclus ions  d r awn  in the sc reen ing  compar i son

‘j .‘ app ly equall y to the ASM missile class. The e f f e c t s  of c ru i s e  speed v a r i a t i o n s

A-25
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on cost and worth are shown on Figure A. 3-19 for both sc reen- to -cos t  and

screen- to-weight test cases. An increase in speed is seen to be an

“unfavorable ” option when cost is the screening paramete r , since cost  i n -

creases  much more rap idl y than worth . The opposite effect  is seen when

wei ght is the screening parameter , there  being a net increase in wor th  with

no cost penalty for  the hi gher speed concepts. The trend seen for  s c r e e n -

to-cost  is the valid trend. Missile cost (especiall y a i r f r ame  and cont ro ls

sys tem components) does increase as missile speed increases , as can be

ver i f ied  using historical  data. Ef fec ts  of warhead weig ht on cost and w o r t h

a re  shown on Fi gure A . 3-20 for  both sc reen- to-cos t  and s c r e e n - t o- w e i g ht

tes t  cases.  Comparable trend s are observed in both cases , al thoug h the

added cos t of the la rger  warhead is evident for s c r e e n - t o - c o s t  and is

o b s c u r e d  fo r  s c r een - to -we ight.

The CGSM user  is provided with the option of s c r een ing  on RCM

cost or on total weig ht .  That choice is a routine par t  of CGSM input selec-

t ions.  Screening on RCM cost is recommended to the user  as the more

realist ic  option.
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4, 4. RELATIVE WORTH MODEL - TES T CASE RESULTS

Relative Worth Model (RWM) analysis was conducted for the two

cases described in Section 1. 0 using the level one candidates (after initial

screening based on cost) for the ASM and the SSM CM-CGSM test runs.  The

— ASM case had 21 concepts in level one while the SSM case had 13. The trade
factors used are shown in Figures A. 4-1 and A. 4-2 for the ASM and SSM
cases , respectively. The ASM and SSM systems data , shown in Fi gures
A. 4-3 and A. 4-4, were generated within the CM-CGSM except for the years
to b C , which is an analyst input.

4.1 TRADE FACTORS

The theory of trade facto r derivation is contained in Appendix B,
Volume IV , Relative Worth Model Users Manual , and is not repeated here.
The trade factors derived for use in the two test cases are shown in Fi gures
A. 4-5 ind A. 4-6. They cover five areas: cost with respect to cost , total range
with respect to cost, cruise  velocity with respect to cost , warhead wei ght
with respect to cost , and years to IOC with respect to cost. Note that the

sign of the trade factors is chosen by the si gn convention that if the variable
(e. g .,  years to IOC) is such that low values are prefer red, the trade facto r
is negative. If hi gh values are preferred, such as warhead wei ght , the sign
is positive.

4 .2  RANK AND RANK BOUNDS

Use of the preceding data in the RWM produced the computer out-
puts shown in Figures  A. 4-7 and A. 4-8, g iving system name , rank , and
rank bounds (if any) .  The results show no rank bounds because the inputs
were limited tc level one concepts only. To illustrate how the ranking should
be interpreted , the hi ghest ranking SSM concept is concept SSM-80 (System
Numbe r 11) , which has a f i r s t  production unit  cost of $1. 007 million, a total
range of 85. 4 nautical miles , a cruise velocity of MACH 1. 5 , a warhead
weig ht of 2000 pounds HE , and a 4 year  time to lOG.

( )

A-53  

Li



~~~~~~~~~ ~~~~~~~~~~~~~~~ — - 
—~~~~~ ~~~~~ri~~.- 

- ‘—
~~~ 

—

LI

4.3 DISCUSSION -
The output of the RWM for both the ASM and SSM test cases

supports different conclusions than the CM-CGSM output regarding the pre- -
ferred systems. In the SSM test case, the CM-CGSM screening for level

one concepts suggest that ASM concepts costing around $900K would be near

the maximum worth per unit cost point on the level one curve. This area

would cover SSM system numbers 7, 8 and 9. The RWM , however , afte r

-~ considering the low cru ise  velocit y of these systems (MACH 1. 2) and the trade

factors discussed in Figures A. 4-5 , A. 4-6 downgraded these three systems to 
I

- 
positions 7, 2, and 5 respectively and elevated system number 11 to position

1. In the ASM test case , concepts costing $1. 35 million appear at the maxi-

mum worth per unit  cost point in the CM-CGSM level one sc reen ing.  This I

- point would contain system numbers 17 and 18. In the RWM , a hi gher cost

- system, system number 19, was prefer red  due to longer missile range ,

with all other system characteristics being exactly the same. System numbers

- 17 and 18 were lowered to position 5 and 3 respectively.
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FIGURE A.4 - l

- ---

. 

- - 

_ _ _

PAG E 6
~~~~~~~~~~~~ L IQU!D *S!..._ _ 

—- -- ~~~~~~~~~~~ — RUN 2— 1S—T~~

PAR AMET ER TRADE FACTOR DATA

NO. NAM E - - MINIMUM 
- AV E R AGE -- - M A X I W U M  -- ________

I
S F~~n~ T~~~~~~~~ — I,. 0caE oo~~~i O0oE~~O~~~i ooo E O o

2 RANGE TOTU . 2.4401 02 ISSI6F 02 - 5.9301 01 ____ ____- 3 VEL OCITY CRUISE 
- - 2.480 1 00 1.4801 00 4. 800E—O 1

~ W 5-D WI 5.SSSE 03 3.1031 03 1.8311 03 ___________—_______-

, YEAR S 
- 1oc . —1. SSCUOQT —3.7051 0o —3.3401 00

FIGURE A. 4-Z

PAGE 6
RW M . SOL ID SSM . *IN— 2—15—75

PARA MITER TRADE FACTOR DA TA PAGE l_

~C. P~AM1 MINIMUM AVERAGE MAX IPU~

I CPST — 1 .OCOE CC —1.0001 00 —1.0001 00
2 RAN GE TOTAL  4.ec0E 00 9.3001 00 1.3801 01 

____3 VELOC ITY CRUISE 4.0001— 02 6.0001—02 8.0001—02
4 W I-ID - ~T 1.0001 02 1.SOOE 02 ....2.000E o2_____5 YEARS IOC —4.0001—02 —1.700 1—01 —3.000 1—01 —

0
.A-55 

--- I
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FIGtJRE A . 4 - 3
- - - - PAGE ?

RWM . L IQU ID ASM . ~ J N— 2—15—75

S v S T I N 0 A T A 
- - 

PAGE 1 - -
SYS COST RANGE VELOCITY WHO YEARS
NC. TOTAL CRUISE WT ICC

I 1.0181 01 2.22~ F C2 8.700F—O1 5.0001 02 3.000F 00
2 1.0191 01 2.167F 02 8.1001—01 5.0001 02 3.0001 00 

- - - -

3 1.0191 CI 2.134E 02 8.1001—01 5.0001 02 3.0001 0(1
4 1.0201 CI 2.09SF 02 B.700E—O1 5.0001 02 3.0001 00 ~~~~ 

- - 

5 1.0201 CL 2.0621 02 8.7001—01 5.0001 02 3.00)1 00 -
t 1.021E 01 2.023E C2 e.lccIF—ol 5.0001 02 3.000E 00
7 1.022E 01 1.9881 02 8.1001—01 1.0001 03 4.0001 00
8 1 .0231 01 1.9-2~ f 02 € .1COF—O 1 t.000F 03 4.0001 00
S 1.0231 01 1.7411 02 8.700E—01 1.0001 03 4.0001 00

IC I.0~ 4E CI 1.8911 02 8.700F—01 1.000E 03 ‘,.000E 00
L I 1.024F Cl 1.85SF C2 e.700E—0L 1.0001 03 4.000E 00 

______________________

12 1.0?5}z Ut 1.8I~ F C2 8.7COF—01 
- 
1.OOJF 03 4.0001 00

13 1.0251 01 1.7131 02 8.7001—01 1.0001 03 4.000E 00
14 1.0251 CL 1.77SF C2 €. 1CCE— 01 1.0001 03 4.000E 00 

- -

15 1.02EE Cl 1.689E 02 8.7001—Cl I.000E 03 4.000E 00
l~ 1.0281 CL 1.6561 02 8.700E—OL 1.0001 03 4.0001 00 - ~~~~~~~~~ -

17 1.0321 01 1.347E 02 8.7001—01 2.0001 03 5.0001 00 
______________________

18 1.0331 01 1.5581 02 
- 
8.7001—01 

- 
2.0001 03 5.000E -00

19 I.044E 01 1.eS6E 02 8.700E—01 2.000E 03 5.000E 00
2C 1.0451 01 1.5721 C2 8.7001—01 2.0001 03 5.0001 00 

- - -

21 1.045E 01 - 1.5271 02 8.7001—01 2.0001 03 5.0001 00

FIGURE A. 4-4

- - ~~~~~~~~~~~~~~~~~~~~~~~~ - - p A GE 7
RW M . SO LID SSM. 

- 
RUN. 2— 15—75

S Y S T E M  D A T A  
_ _ _  

PAGE 1

SYS COST RANGE VELOC I TY WI-ID - 
YEARS

NO. TOTAL  
- 

C RU I S E  W T I OC

1 7.0801 CO 4.C2OE 01 1.2001 00 5.0001 02 3.0001 00
2 7.1001 CO 3.4101 01 1.2 COF 00 1.000F 03 3.000F 00 -  - - - -

3 1.2701 00 2.3301 Cl 1.20C1 00 2.000F 03 3.0001 00
4 7.5001 00 3.5~ 0F 01 1.20C1 00 2.0001 03 3.0001 00 —-

S 7.64Cr 00 -4.3401 01 1.20C1 00 2.0001 03 3.000E 00 ________________
8 1.8SCE CO 5.4501 01 1.2001 00 2.0001 03 3.0001 0O~~~7 e.49CE CC 6.7401 01 1.2001 00 2.000F 03 3.0001 00
8 8.8501 CO 8.39(1 01 1.2001 00 2.0001 03 3.0001 00 

- 

9 9.1501 00 7.64CE 01 1.2001 00 2.0001 03 3.000E 00
10 9.6801 CO 6.PIOF 01 1.SCCE 00 2.0001 03 4.0001 00 --   -

11 1.0071 Cl 8.5401 01 1.5001 00 2.0001 03 4.0001 00
- 12 1.048~ Cl 7.760E 01 — 1. ‘OcE 00 2. 000E 03 4.0001 00
13 1.1851 Cl 8.0001 01 1.9001 00 2.000E 03 5.0001 00 

-

A-56  
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F’I GtJU E A . 4 -5
__ ASM TRADE FACTORS

Range , NM —
222 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

tR
_ 66/ 27 :+244

- 161. 27 +59 .3

134 

~Lc~i :i ~
—

~~ 
10. 18 10. 45

Cost , $100K

Velocit y, MN 
- c

I i. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - -

~~~~~~~ 
- 6 7 / .  27=+2 .48

. 13/. 27=+ . 4~1.0
- R7 1 ~~~~~~~~~~~~ 

-*--

L~~~~~~ —---- -w10. 18 10. 45
Cost , $100K

‘

Warhead Wei g1~t , lbs - -
i ( 1  (5~~)2000 + 
l500~~   

- - - 1500/. 2 7=-I - 55 55.

kooo ~- 
500 I. 27=+ 1851.

50~~~ -

10. 18 10. 45
Cost , $100K

Years  to IOC -

~ 
~ 

(3 
-
~~~~~~

1 ~ 
- . 5 1. 2 7= ~ l. R5

1. 5 / .  27~~—5. 56

U 1  - -- -- - ___

10. 18 10. 45
Cost , $L OOK

0
A-57
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FIGURE A . 4-6

SSM TRADE FACTOR S

Range , NM 
(3

75 
L_ __ _

~~~-~~~~~~~~ tR 24/ 5= - f 4 . R 0

I --—
~~~~ 69/ 5=+ 13. 80

_

00 1200
Cost , $K

Veloci t y, M~~ (
~)1. ~ 

1 7 2 /  -5-+ .040

1.5 . 4 /5= -f . 080
1 ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -I 

~~~~~~

loo 12 0
Cost , $K

Warhead Wei~,%ht . lbs

2000— ‘—r-~
-- - -

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
500/5= -f  100 .

1000 
~~~~~~~~~~~~~~ 1000/ 5=-4-2 00

500~~~~~~~ 
- 

~- -

700 1200
Cost , $K

Years to IOC

4 . 5~ - - . 2 / 5 = - . 04

~~~~~~ ~~~~~~~~~~~~~~ 
1. ~~~~~~~ 3

3 _~~~~~: 
-

-- - 

Cost , $K
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FIGUR~~~A .4-7

t ~~~~~~ 
- 

~ ~ PAGE 5
RkM . L IQUID ASM . 

___________ 
RUN— 2—15—75

SYSTEM RANK ING SENSITIVITY — RANK BOUND PAGE

( e A S El ON SYST EMS RANKED 1 THROUG H 21)
UPPER AVE RAGE LOW ER

_NO._ _  S V S T F N D E S C R I P T I 0 N BOUND RANK BOUND

1 SSM— 57 
-- - 

~~~~~~~~~~~~~~~~~~~~~~~~~ 16 L6~~~~~ 16 
2 SSM—54 17 17 17
3 SS M—51 18 18 18
4 SSM—48 ___________________________________________ 19 _____ 

19 
_____ 

19
S SSM— 45 - 20 20 20
8 SSM—42 21 21 21
7 SS’4—74  6 6 6
P SSM—72 7 7 7
S SSM— 22 12 12 12

IC SS M— 69 
________________________________ 

8 
______ 

8 
______ 

8
Li  SSM 66 9 g

12 S S M—6 3 10 10 10
13 SS M—19  -- — 

13 13 ~~~~ 13
14 SSM — 60 11. 11 11
15 SSM I6 -— ~~~~~ ~ 14 ~ 14~~~~~~~~ 14
16 S S M—1 3 15 15 15
11 SSM—3 9 - 5 5 5
it SSM—91 3 3 3
19 S S M—1 3 6 - - — — —

~~~~~~~~
—

~~~~~~~
— t~~~~~~ 1 1

20 SS M—1 33 2 2 2
~ - 2 1 SSM—130  ~~~~~~~~

--- - - - — -  -- - _ _______
~~~~~

_ _ _ _ _ 6____ 
~~~~~~~~~~~~~~~

FIGURE A .4 - 8

PA GE 5
RW M. SOLID SSM. 

___________ 
RUN— 2—15—75

SYSTEM RANKING SE N S I T I V I T Y  — RANK BOUND  
- - -  

PAGE 
- 

1

( BAS IC  ON SYST EMS RANKE D 1 THROUGH 13) -

UPPER AV ERAGE LOWER
P40. S V S T I H 0 F S C R I P T 1 0 N BCUNO RANK BOUND

I SS M— 1 13 13 13
2 5514— 13 

- - 12 12 12
3 SSM—25 11 11 11
‘, SSM—28 

________________________ ____ 
10 10 10 

_____

S SSM-31 9 9 9
6 c5M~~34 8 8 8
P SSM—1 6 7 7 - 7 -

8 SS M— 79 - 2 2 2
S ScM—lO t 5 5 

- - - - 
5 

-

IC SS M—71 _________________ 6 
_______ 

6 6
ii SSM—80 

- — 1 —í
12 SSM— 107 4 4 4
13 SSM—81 — 3 3

/— -5° ( r e v e r s e  s ide  b lank)

_________  - ~~~~~~~~~~~~~~~ ~~~~- ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ —-~~~ ~~
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5. GENERAL CONCLUSIONSI
The test cases shown here  in Appendix A were chosen to

demonst ra te  the uses of a Relative Cost Model in the SEATIDE Process ,
involving all three models (NEM , CM-CGSM , and R W M ) .  Baseline mis-
sions and missile type s were chosen to provide as much variety as possible
with the bud get and time available (one Liquid Rocket ASM , and one Solid
Rocket SSM) . It is felt that the usefulness  of the Relative Cost Model was
shown in the resul ts  and discussion in Section 3. 3.

A reminder is in order about the conclusions to be drawn
concerning the “top ranked” concepts which emerge in these test cases.
The test cases are not studies of the relative merits of the general pro-
perties of a set of parameters (missile range , speed , etc.). Instead ,

they are a stud y of these parameters  on specified missions , in specified
Naval scenarios. Further stud y (and additional variations) mig ht  well
reveal that the answers are sensitive to parameters which were not
varied but which could be (e.g.  , the missile c ru ise  altitudes , the terminal
dive ang le , the wing areas used , e tc . ) .

Note should also be taken of the “top level”  screening results
in the CGSM. These are a function of th~ trade factors  derived from the
NEM and a good practice should be to analyze the sensitivity of the
screening results to variations in the trade factors .  At the present  time
this can onl y be done by systematicall y vary ing the trade factors  input to —

the CGSM and making multiple runs.  Additionally,  it should be remem-
be red that the CGSM screening does not rank concepts , but chooses the
“best ” for each cost. The analysis of the cost that should be expended

versus worth to be gained is to be studied with the aid of the Relative

Worth Model (RWM) .

A-6 1 ( reverse  side b lank)
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APPENDIX B

RCM SOURCE PROGRAM LIST ING

1. INTRODUCT ION

This appendix present s the complet e source program listing

of the RCM.  Data and Job C ontrol Lat -iguage cards required for  compila-

tion and use of this program within the CGSM have been discussed in the

CGSM Users  Manual (Vol. lilA).

The source program is coded in the FORTRAN IV Computer

language. Each subprogram is labeled in card column s 73 throug h 76 ,

and each card in the subprogram is assigned a sequence number in columns

77 through 80. The RCM includes 11 modules , and consist s of approxi-

matel y 1400 source cards. An index of those modules is contain ed in

T able 1.

B-2
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2 . RCM SOURCE LISTING

SIflPO UT INF COST ( IC Nfl ) CflSTO’11O
COMMON /CJSTS C / C T O T , C PT C T , C RT O T ,C O M P C ( I7 )  C1ST OO2O
COMMON /CONLV/ KIN’),DIAFRT,SOMM (JR (B) rr~sToo3o
CCMM(’ M /SfRN NL/ S C R 3 5 I ( 3 5 1 ) ,  10U4M4 (4 ) C~~ST 0O4O
EOUIVA L ENCF I EDU4’44 ( 3)- , ICOST ) CO ST OO 5O
COMMON /Q A COST/  QMAXQ , VMAXQ , DIJMQA (8) rnSTO0~~~ O

CCMMnN / P A S V A R / C P A S 8 ( 8 ) ,  TA REA,  OBAS II( 11J CO STOO 7O
RF A ( NOZWT,MP COST OOPO
COMMON /COMVLS/ ~TANK,VE~~IN,VREQ ,GGW ,HPPUMP,WTFUE1,~~CC MM ,VCOMI, COST0000
1 R5,Y1,WN flZ,KFM,M A TT K ,A ,DCOM ,WMC ,VRI,OTHRT ,R P4Oll ,NC1WT,MP,rASF M, rnsT’)lno
2 FN FT ,WT ,WF,FMAX,S,T 4,MF TTJ,ZXNB ,0,WP’,FC,PPEAK,BSP ,P~CET,CA ,WCS, COST OhIC )
3 WWH,WTC,WTP ,WGG ,bSC ,WLV,VGT,~~O,WP,DP ,WN,METAL,NCCN~ G CflSTOI2O
COMMON /COSTIN/ PRIAI,PRIA2,PRJC, PRI A3 ,PRIA3,PRIA 4,PRIF4,PRUS, C~ STOI3O

IPPIA 6,PRIA7,PRIA 8,PRIB8,PRIA 9,PRIG9.PRIA IO,PRIAII.P PIG11,PRIA I2 , CPSTO I A O
CPS T O 150

3PRIE 16, PR IAL7,PR IF 17,PR 1A1 8,PR LB 18,PRIF 18 ,PRIAI9 , PR! EI° ,PR5 £20
4PR IA2L,PR IA22 ,PR !R22 ,PR 1423 ,PR IB2 3,PRIC23 ,PR T A2 4,PRIC24, P R I A ?5,
5PRIB2 5 ,PRIA2~~,PR IR2( ,PRIC26 ,PR NAI,PRNA2 ,PRNA3, PRNB3 , RRN*4 ,PPNF4, (r~STf l 1RO
6PRI’ 1A 5,PRNA6,PRNA1, PRNA S , PRNR8, PRNA9, PRNG9 ,PR NA1O, P R PA Il,PRP1G1I, rnsrolg c)
7PRP1A12 , PPNP l2,PRNF 12, PPNA 13,PRNF t3 ,PRNA14,PR NF14, P PKA I5,PRP~A 16, CC51020D
SP RNA I7 , PRNA 18, PRNP 1R ,PRNA I9, PRNB 1 9,PR NCI9 ,PRNA 2O,PPNC2O ,P4NA21, CO STO2IO
gP R N p 2 1 , P R N A 2 2 , p RNR 22, p RNC 22 , pLp C ,p L A 1 , p L A 3 , P L R 3 , P L A 4 , P L A 6 ,P L A ~~, C0St0 220
A P L R P , P L A 9 , P 1 A 1 1 , P [B L I , P LA I 3 , P LB L 3 , PLC I 3 , P L D I 3 , P L A L 4 , P1!)14, P t A 1 S ,  C~ ST0?30
PPIB 15,PL FIS, PIF 1S, PLAI8 ,PL EL 6 ,p L41 7 ,PLA IO,P18 18, PLC 1B, P1A 19, P LA 7O ,Cf l ST o24O
CP L B 2 O , P L A 2I , PL B 2 I, P L C 2 I , PTA 1,P ID I , PTA 4, PT B4 ,PT A5 ,PTB S , PTE S , PT A 6 ,  cnS TO2 SO
CPTF 6,PT A7 ,P T~~7,PT C 7,PTJC ,PTA8 ,PTD8 ,PTA 9,PTR9,PTAl0 ,PTBI0, PTrt 0, C~ sTo2 6O
E PFA 3,P~~P3,PFA4 ,PFE4,PEA5, PEF5 ,PFA6 ,PFR 6,PEE 6,PEA7 ,PEE7, PF &’~ ,PE £9, CI ’STO?1O
F PF A1 O ,PEPIO ,P E C L O ,PEA I1,PEB1L ,PEEII, PE BC,PSPC ,PSA3 ,P583,P5 *4,P SF 4,C05T0280
GPSA 5 ,PSFS ,PSA 6,PSF 6,PSG6,PSA7 ,PSF7 ,PSA8, PSA9,PSA1O , PSBIO ,PSCLO , CflST02Q~
M P SAI1 ,PSB II, PSE 1I,CFT ,PFT ,CFCASE ,PFCASF,CFC ,PFC ,CFM ,PFM ,IV EA R CnS TOlOn
COMM ON /COSTIN / PR IB I, P R I C I ,PRIA 2 ,PRIC2 , PRIR4 , PRIC4,PR!O4,PRT85,COST 0~~Lfl

1PR IC 5 ,P R I~~9,PR IC S ,PRID 9,PRIE9,PRIF9 ,PR IB11 ,PR 1C 11 , PRID1l ,PRI E 1l, Cf1STO~ ?0
2PR IFI I ,PRIC12 ,PR !012,PR IR I3,PR IC13, PRID 13 ,PRIBI4, PR ICI 4,PQIf)14 , C~ STO330
3 PRIR15 ,PRIC I5 ,PR 1015,Pp18 16 ,PRICI6 ,PRI D I6 ,PRIBIT ,PR IC I 7,PR ID I7 , COSTO34O
4 PR !E17, PRIC19, PR1fl18, PRIRI9 ,PRLC19,PRIO19 ,PR I824, PRNP1,PRNCI, PRP~R2C OS T O 35 O
5,PRNC 2, PRNR4,PRN C4, PRND4 ,PRNB5,PRNC5,PRNB9,PRNC9, PRNC9 ,PRN F9, PRN F9 rOST O-60
6,PR~~R11,PRNCl1, PRNUI1,PRNE11,PRNF 11 ,PRNCl2,PRW0L2,P PNRl3,PRNCl3, COSTO37O
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ COS TO I P O
R P R N O I 6, PRNRL 7, PRNC I7 , P RN O 17,PRNEL1 ,PRNB2O ,PLBl ,PLCI, PLA2, P182 ,PLP4C °STO100
9,PIC4 ,PIA5,PLB5,PIB6, P1C 6,PLA 7 ,PLR7 ,PLB 9,PLC9, PLA 1O ,PL RIO ,PIA12, C~’ST040O
AP t 812,Pt814 ,PLC 14,PIC 15 ,P1 015 ,pL81 6, PLCI6 ,PLDL 6,PLP1 9,PLCI9 ,PTP1 , CPSTO 41O
ppTC 1,pTA2 , pTB2 , pTA 3 , p TB3, PTC 5 , pTfl 5, PTR6, PT C6, pT D6, pT~ R ,PT CR ,PFA I ,  ( C S T O 4 ? 0
C PF R I,P F C 1,PFA 2, 01P2,PFC2, PEB4 ,PEC4, PFD4,P FB5 ,PFCS , PEC5 ,PFF5 , P~~C6, Cr~c T O 4 3 O
rPFn 6 ,p Fp 7 ,PEC7 ,PEO7 ,PFC1L ,p E 011 ,p sAL ,PsBl, PSCI ,p542, p5B2 ,PSC2,PSp4C’ST0440
E, PSC4,PSO4 ,P SB5 ,PSC5, P S O 5 ,P S E5 ,PSR6,PSC6,PS D6 ,PSE6,PS B7, PSC7,P 50 7 ,COSTO 45O
cPS F7 , PSCI I , PSO I1,P’1N022,PLD2I, PIE2L, PTO IO, PTFIO, PR 1026 CO STO46O

CPMM(~M ICf lST IN/ PRfl FIT ,Qr) ,R,AF A I , A F R L ,A F C1,A FOI ,A F I I ,A FA 2 , AF B?, Cf ’ST 047t)
1 A F C ,2 , A F A 3 ,  A F~~3 ,A F ( 3 , A F A 4 , A F B 4 ,A ~~C4, A F O 4 , A F J 4 , A F A S ,A ~~PS ,,,rCS ,A F,~’5 , r c S T O 4 p ( )
2 A F A 6 ,  AF~~~, A F ( 6 ,  A F A 7 , A F C 7 ,4 F O 7 ,A F 4 ~~,4 Fc~8 , A F C R , A F~~B, A r t q , A F A Q ,AFP q , C~1S Tf l4QO

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r”s rr )son
4A FCI1, Ar r L2 ,A F A 1 3 ,Ar8 13 , A F C I3 , A FA I4 ,A F B I4 , A FC 14 ,K F( J F F ,W A I,W F i,w F I , r ns T o c l O
5wA2 ,wr2,wr2,Kr,AI N , 1,CFl,CF1,CA2,CF2,CF2,rA1 ,CF3 ,CF3 ,~~A l,rflI, r,Ft,rrS T~~S?O
8K(  -, KrT(~,KSTA ’i ,KA~~ATF ,P.JCHAN,KSC,A TF,G~ 2 ,0B2 ,GK2,GPt3 ,C~i3, rT~~1,GA~,, f~~ST053r)
7cp 4,c’44,r,A5,c 5 , rI- ~~,Kr.,Kc,Kw, x4,KP ,Tr,TypE ,,cTyPr ,,PRCsT (flST9541~
Cr’-lMr”~4 / r I I c T J P~I/  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r r - c T ~~c s )

3

1.
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1AF03, A F E3, AFF3 , A FF4 ,AFF 4 , A~~G4 ,A FH4 ,4F 14 ,AF D5,AF E5 ,AF F5 ,A FG5,A FC6 ,  C~ S1O560
24F06,AFF6,4FF6,AFB 7,AFFp,AFFR,A FGq ,AFH8,AFE9 ,AFF 9,AFG9,AFH9, A FIQ , C(’STOSTO
3AFC1O, A F F 10, A FF 10, AF G IC, AFC I1, APDII , AFF IL,A F FL1 ,A F 812, WBI ,W C I , wt~1, Cr~STc)5R ,
4Wp2,WC2,CP1,CC1,CPl,CR2,CC2,C02.CB3,CC3,C03,GCL,GO1,GEI,GC2,GD2, CflSTO’590
5C12, CF2,CC,2,GH2,G12,0J2,0C3,G03,GE3,GF3,GG3,GH3,G!3,GJ3,0K3,GL3, COSTO600
6CM?,G N3 ,CP3 ,C.C4 ,C D4,GE4 ,C ,F4,GG4,GH4,GI4,GJ4,GK4,G14 ,GC5,G~ 5,CE5, COSTf)611)
7CF5,0G5,CFTTAR ( 11I,PFTTAB(L1) C”ST0620
COMMON /CSTPRVI CBLC,CBMC,CCASE,CCFU,CCI ,CCM ,CCCML ,CCCML.,CCOMM , CDSJ0630
1 CCON T,CCRD,CEBFU,CFRRD,CFTJ,CFXJN ,CGFU,CGR 9, CDSTO64O
2 CC.T,CGTOT,CIGN,CIRJFU , CTRJRO, CLF,CLFL,CLGG,CLI,CLM , C°STO6SC)
3 CLRFU,CLRRD,C LRT,CLTC ,CLTP ,C M,CMGC, ,C MM,CMTC ,CMFP, C0ST0660
4 CMV,CP’fl?,CNRJFU, CNR JRD, CP ,CPAFI ,CPEP1G,CPL,CPLC, cOc To67o
5 CpMFGL,rpMFGM,cpoA,cpR,cPRc,cPS,cPSP~ G,CpsN2,CpsRAw,CpssGr,, rr)STO6BO
6 CPT0CL,CRAFI,CR0FV,CRE~~,CRENG,CRFTO,CPJC,CRMFGL,CRMFGM ,CRQA, C(ISTO6’0
7 CR TOOt,CSA,CSRFU,CSRRD,CSRT,CT,CTAFL,CTC,CTEB,CT !RJ,CTJFU, CflSTO700
8 C T J L F ,CTJLFL,CTJRD,CTJT , C1L,CTM ,CTNR J ,CTP,CI~I4 ,CWMFtJ,CWHP, CDSTO 7IO
9 CPOOC,CRPS,CP FU,PROFPR ,PRF UA F,PRRAF ,CCLB,CCMB ,CTCP,CL(B,CI’ CZR , CO STO72 O
A CPR R,CPL B,CLGNB ,CSAB, PRO FEX CDSTO73O
CIME N SION DUMMV ( 1) COSTO74O
EQUIVAL ENCE (CBIC,DI JMMY(1 )) C0ST0750
Ct M EP~’S1nM COMV (51), ICCMV (51) COSTO76 ()
EQUIVAL ENCE I COMV( 1) , WTANK), I ICONVI1I , WTANK I COSTO77O
NAMELIST FNCOUT/ COMV,ICOMV,KSTAB ,KAGATF,NCHAN ,KSGATE, COSTO78 O
1 KG,KC,KW,KA,KP ,IGTYPE,ICTYPE COSTO_T90
2 ,KIP4O,DIAFRT,SOMMOR CDSTOROO
3 ,OMAX C,VMAKQ ,DUMQA ,TARE A ,QASAV,SSAV CO ST ORI O
CASAV QA COSTO82O
SSAV S CO STOR 3O
IF I OM AXO .GT. 0.0 ) OA - QMA XQ * TAR EA / 144./ 1000. COSTO84O
IF ( VM A X O .GT . 0.0 1 S = VMA XQ * 3600. I 6076.1155 CDSTO85O
IF I ICOST.N E .O) CALL PAGE COSTOS6O
tEl IC flST .C,T .11 WR I TEI6 ,NCOUT) COSTOR7C)
DC 80 I 1,1C4 C0ST0880

80 DUMMY II )=O.C COSTOR9O
WTAP4X—O.O COSTOQOO
IF ((KIND .GE . 20) .ANO. (KIND .LT. 30)) WTAMX—WT CflSTO9IO
I F  ((KIND .GF. 40) .AWO. (KIND .11. 50)) WT AM X XWT Ab K COSTO97O
( F  ( K  IPIl L • (

~~~. 50) WTA NX W T CPSTO93O
* l — A + W T *NX C0S10940
IF (KG .F0. 0) CAL L GUCOST COSTO9 5O
IF ( K C  .IEQ. C) CALL CTCOST C05T0960
IF 1 K W  .~Q. 0) CALL WHCOST COSTO97()
IF ( K A  .FO. 0) CALL AA (CST(AZ ,DUMM Y ,1) COSTO9RO
( F  (KP •r’~~. 01 Of) Tfl 50 COSTOO9()
I F (KIP - C .ME. 10 .AND. K IND .ME . 13) c.o TO 10 rflS’lOOO
CAL L PSPCST Cf~’ST 10I0
IF (KIND •FQ. 13) CA LL PERCS T Cr STIO2 ()
rr in ~o rr,crIo3D

10 IF 1k INC .ME. 20 .ANP . KIND .NE. 23) 00 TO 20 CCSTIO4O
C A LL PI P C S T  rr~sT ( n s n
fF (Ii INO .FQ . 2J1 CA L t  PEPCST C°STIO6O

T O ~~20 IF ( K I P I~ .ME. 41) GO TO 3C
CALL PI RCST
CI) TO 50 rn cT IIn l

~, —  4
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3C (F (KIP C .ME. 43 .4M0. KIM) .NF. 44) GO TO 40 CO ST IIIO
CAL L PNRCST (OST1I2O
IF (KI NC .E0. 43) CALL PEBCST C~ 5T113f)
Cf TO 50 COSTII4O

40 IF ( KI NC .ME . 50 .AND. KIND .ME. 53) 00 TO 50 COSTII5’)
CALL P TJCST CO STII 6O
IF (KIN D .EQ . 53) CALL PEBCST COSTII7O

50 cON TINUE COSTLIRO
CPS INT = I CPFU — PROFPR ) * 0.15 I 1.15 COST11QO
CPFU = CP FU + CFBFU COST1200
CRPS CRPS + CEPP O COST
CPTOT = CPAF I + CPFU + CGFU + CCFU + CWHFU fl1STI22O
CPTOT CR AF t + CRPS + CGPD • CCRO + CWH R C~ STI23fl
rIOT = CPTOT • CR TOT COSTI?40
COMPCI 1I=CPAF ! COSTI25O
COMPC( 2)*CPFtJ COSTI26O
CCMPC ( 3)=CGFU CfST1270
CCMPC ( 4IzCCFU COST12PO

t COMPC ( 5)=CWHFU CoSTl2~iOt COMPC( 6) CRA FI CrISTL300
COMPC ( 7)=CRPS ~f lST1 3tt )
COMPC ( B)*CGR D Cr1ST1~~20
CONPC ( 9)=CCRO 

- 
COSTI33O

COMPC (1C)aCWHR C11S11340
NTEN 10 COST135O
NK INO MOfl (KLND,NT EN) COST13 6O —

IF I ICOST .EO. 0 ) GO TO 9876 C05T 1370
W R I T F (6 ,51111 NCONFC; COST I3PO

5111 FORMAT ( II BX, L 3HCONFIGIJRATION, 15 I COSTI3QO
WPITF (6,-4210) IYFAR COST 1400

4210 FORMAT (///23X23HRFLATIVE COST SUMMARY I COSTI410
1 16X22H(COSTS IN THOUSANDS OF , 15, I X8HOOLLARS) / p f0ST 1420
WRITFI6,4212) CRTOT ,CRAF!,CRPS,CGRD,CCRD,CwHR COSTI43O

4212 FORM AT( / 8X25HM I SSIIF DEVELOPMENT COSTS, F35.2 , CflSTl44O
I 19X 22HAI RFRAMF + I NT EGR AT I ON , F14.2 I I9X I7HPROPUL SLOP4 SY STEMCOST14SO
2 ,F1c.2 / 19X1SHGUIDANCF SYSTE M ,F2l.2/ 19XL SHCOM POLS SYSTEM , rnSTl 46O
3 F21.2 / L9X1HWAR HEAD,F29 .2 I COSTI47O
WRITF (6 ,4214) CPTOT,CPAFI,CPFU,CGFU,CCFU ,CWHFU cOST1 48()

4214 FORM *T( 8X3SHMISSILE FIRST UNIT PRODUCTION COSTS , F25.2 I COSTL49O
1 I9X22I4A IRFR AM E • INTEGRATION,F14 .2/ I9X17HPROPULSICN SYSTEM , COSIISOO
2 F19.2 / 1~ X15HGUIOANC E SYSTEM,F21.21 L9XI5HCONTRCLS SYSTEM , COST151O

~ F2).2 / 19X THWAR HFAD,F29.2 I COST 1520
W~~ITF (6,42l6) CTOT COST1S3’)

4216 FCRMAT ( RX4OH TO TAL COST THROUGH FIRST L J M T  PRODUCTION , F20.2) COST1S4O
IF I ICOST .tF. 0 ) On 10 9876 COST 1550
CALL PACE C~~5T1 56O
WRITE (6 ,5111) NCONF G Cf lSt l570
WR ITF ( 6,5210 ) (YEAR CPST ISPO

5210 FORMAT ( 15X371PFIATIVF COST BRE AKDOWN — OFVELOPMI !NT / CCST15°~
I 16X 22H (COSTS IN THOUSANDS I)F (5, IXBHDrLLAPS? I ~°ST1h00
WPITE (6,5212 ) CRA FI,CRFNG,CR flF~~,CRFTO,CRTflOL,CRMFC,t ,CRMFOM ,CR QA , Cfl5TL~,lO
I PRP AF COST16?0

5212 FORMAT ( ~X~~2f-~~fRfPA M ~ + INTEGRAT ION ,F37.2 / rnsii~’1~ o
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / I9XLL I-I f)EVFLOPMEMT, F25.2 /
2 19XI~~IFtICI .T TE ST fl()5• ,F20.2 ,‘ 19XIHTCf’IINC,, F29.? /
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3 19X101-MFG. LAROR , F2~ .2 / I9XI4HMFG. MATERIALS,F22.2 I COST I66 O
4 I9X I7HQIJAI.TTY ASSLJP ANCF, F19.2 I I9X6HPROFII, F~ O.2 I Cf)STI6TO
WPITE (6,5214 ) CRPS,CGRD,CCRD,CWHR,CRTOT CflSTL6BO

5214 FORMAT ( 8XI7HPR CIPULSI CN SYSTE M,F42.2 / COST 16 9O
1 8X151-GIJICANCF SYSTEM ,F44.2 I BXISHCONTROL S SYSTEM ,F44.2 / COSTI700
2 8X7HWARIEAD,F52.2 I 8X’5HTOTAL,F54.2 ) COST17IO
WR ITF (6,311C)IYEAP,CPAFI

3110 FORMAT (/ )4X,41t4RFLATIVE COST BREAKDOWN — FIRST UMT PRODUCT ION COSTI73O
1 I 19X ,22H(COSTS IN THOUSAND S OF ,15, IX, RHDCLLARS ) I COST 174O
2 8X24HAIRFRAM F AND INTFGRATION , F35.2 P CI)STI7~ 0
WRITF (6,31111 CPENG,CPTOCL ,CPMFr,L,CPMFGM,CPQA ,PPFUAF C~ S T h 7 60

3111 FORMAT ( 19XIIHFNGIP4EER (NG,F25.2 / 19X7HTOOL !NG,F29.2 / CUST177O
1 I9X 1OHMFG. LABOR , F26.2 I 19X1-4HMFG. MATERI ALS , F22.2 / COSTI78O
2 19X17HQUALI TY ASSURANCE , F19.2 / 19X6HPROFIT , F3fl.2 ) COSTI79O

W RITE (6 ,3120 ) CGFU,CCFLi,CWH FLJ,CPFIJ CO ST LROO
3120 FORMAT ( 8XISHGUIDANCF SYSTEM , F45.2 / 8XI5HCCNTRCL S SYSTEM , COSTIRIO

1 F45.2 I 8XTHWARHEAD , F53.2 I 8XI7HPROPULSIOP4 SYSTEM ,F43.2 )COST1B2O
IFI NKIND .FQ. 3 P WRITE (6,3130) CEBFtJ COST1~~30

3130 FORM AT( L3X16HEXTERNAL BOOSTER , F31.2 I COSTIR40
IF (NKIND.EQ. 3) WRITE (6,3140) CTCB ,CIIB,C NOZ B,CPRF,CPLB,CICNA , COSTI 85O

1 CSAR,PRUFEX COSTIB6O
3140 FORMATI 19X4HCASE,F32.2 / I9XIOHINSULATION,F26.2 I fOSTIR7O

1 I9X6HNOZZLE,F30.2 I I9XI OH PROPEILANT, F26.2 / COST IS RO
2 19X13HPROP . LOADING ,F23.2 I I9X 7HIGNITER , F29.2 I CDSTIR9O
3 I9XICI4SAFE + ARM, F26.2 I L9X6HPROFIT, F30.2 I COSTI900
IF I KIND .11. 2C I WRITE (6,3150) CSRFU COSTI91O

3150 FDRMAT ( 13X22HSOLID ROCKET SUSTAINE R , F25.2 ) C0ST 1920
IF ( KIND .11. 20 P WR ITE(6,3140)CCASE ,CLL ,C$OZ,CPRC, CDSTI93O

1 CPLC,CIGN,CSA,PROFPR C0ST1940
IFI (KIND.LT.30 ).AND.(KIND .GE.20) P WR I TE(6,3160) CLRFU,CTC,CT P, COST19SO

1 CM,CPS,CT,CP,CPL ,CSA,PROFPR COSTI96O
31E0 FORMAT ( I3X23ML IQUIO ROCKET SUSTAINE R ,F24.2 ‘ COST 19TO

I I9XI4HTHRUST CHAMBER ,F22.2 / 19X9HTURBOPUMP , F27.2 I COST198O
2 19XI5HMISC . EQUIPMENT , F21.2 / 19*2IHPRESSURIZATICN SYSTEM , cOsT 199O
3 F15.2 I 19X 1HTANKAGE , F29.2 / L9XTHFUEL/OX , F29.2 I COST2000
‘~ I9XI3HPROP . LOADING , F23.2 / 19XI OHSAFE + ARM , F26.2 / COST2OIO
5 I9X6FPROFIT , F30.2 ) COST2O2O

T F( KINC .GF. 50 ) WRITE (6,3170) CTJFU,CETJ,CT,CTJLF,CT JIFL,PRCFPRCOST2O3O
3110 FORMAT ( I3X18HTUR BOJFT SUSTA INER , F29.2 / 19X6HENGINE, F30,21 CI)ST2040

1 I9X7HTAP’KAGE ,F29.2 I I9X4NE IJEL, F32.2 I I9X13HFUEL LOADING , COST2DSO
2 F23.2 I I9X6HPROFIT, F30.2 I COST2O6O
IPOUT=O COST2O7O
IF( (KTND.CF.40 ) .AND. (K!ND.LT.50) I 1POUT~ 1 COST2O 8O
IfIKIND.F0.41 ) IPDUT=JPOUT + 1 COST2O9O
IF (IPOUT.FQ.1) WRITF (6,3210) CNRJFU COST2IOO

3210 FPRMAT ( 13X2514 0N—INT . RAMJFT SUSTAINER , F22.2 I COST2IIO
IF( IPf) IJT. EQ.2) W R IT E ( 6 , 3230) CIRJFU COST? 120

3230 FI1RM AT ( 13X25H!NTFGRAL RAMJE T SUSTAINER, F22.2 I C05T2130
tEl TPflUT .G~~.0)W R 1TE (6 , 32 II) C T ,CEXIN ,CPS,CLr ,CLFL COST2 L4 O

3211 FO R MAT I 19XTI~TAMKAG F ,F 29.2 I ISX I5HFXT. INSULAT ION , ~2I.2 / COS T2 15O
1 I9X2 1HPRESSUR I1ATION SYSTEM ,F15.2 I 19X4HFUEL, F32.2 / C0ST2160
2 I9X12HFUEL LOA DING , F~~4•~ ) fOS T 71TO

(Fl !PO IJT .F Q. I )WR ITF (6 ,32 2 0)  CRJC ,CCOML ,CCtV~M ,C CCM T ,rr~r7 ,pRrFpp rnsT 2l8o
3220 FCPM AT ( I9XcHCOMBUSTO R ,F27.2 / 22X5HLAROR ,F16.2 / rr~ST 21gO

1 22XPH MAT FRIAL , F13.2/  2 2x I c H t N ~~uLAT I0N ,rh1.2 / C ’ ) S T 2~ OO

6
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2 22X 6HMDZ7LE,F15.2 I I9X 6HPROFIT,F30.2 I C0ST7710
IF( IPOUT.EQ.2) WRITE (6,3240) CBOOC ,CBLC,CBMC,CLI,CKCI,CPPC, r05T222f)

I CPIC,CIGM,CSA ,PR OFP R COST 2 2 I O
3240 FCR NAT( 19X 17HPOO STEP /CDMBUSTOR ,F 19.2 / 22XIOHCASF L*RC P,Ft1 .2 / rr~ST 7 26o

I 22X IOHCASE MATL .,F 11.2 / 22XL OHCASF INSUL,FhI .2 / COS T22SO
2 22X 6f*JOZZLE,F1~~.2 / 22xcH~ Oa. PR QP ,F12.2/ ?2XlII f~. P. ICA !). , COST?~ 6()
3 F1O.2 / 22X7I4IGNITF P ,F 14.2 I 22X1 0H S4FE I ARM , FLL.2  I C0ST2 27 0
4 19X6(~PROFIT, F~ O.2 ) C05T22R0
WPITF (6,3366 ) CPSINT CO S T22 Q O

3366 FCRMAT (IQX1LI~tNTEGRAT1ON , F25.2 ) C~’5T230O
9816 CONT INUE C0ST2310

QA = QASAV Cf)ST2320
S — SSAV C0ST233O
RFTL~~N CflST2 I4O
(NC C0 ST235()

SUBROUT INE AA1CST (ASUPLD ,TEMP8,ENDI) AA(C0OI0
C *A1 C0020— 
C A IR FR AM E AND INTF GRATI CN COST AA ICOO 3O
C AA ICOO 4O

REAL NOZWT, MP *AI COO5O
COMMON /COMVLS/ WTANK ,VEXIN,VREQ ,GGW,HPPIJMP,WTFUEL,WCCMM,VCOMI, AA !C0060
1 R5,Yj,WNQZ,KFM,MATTK,A ,DCOM,W4C,VBI ,DTHRT ,RNOZI ,NCZWT,MP ,CASEM, AA ICOO70
2 FNF T ,WT,WF,FMAX,S,14,METTJ,ZXNB ,D,W$,FC,PPEL,K,B5P,P,DET ,QA ,WCS, AA ICOOBO
3 WW H,W T C ,WTP ,W GG ,WS C ,W LV ,~~ T,WO,W P,DP,WN,MfTA L,NCflNFG AA IC UO9O

COMMON /COSTINI PRIA L, PR IA2, PRJC,PRI A3,PRIB3,PRIA4,PRIE4,PRIAS, AAI C O LOO
IPRIA 6,pRI-47,PRIAB,PRIB8,PREA 9,PRIG9,PRIA 1O ,PRIA 11,PRIGI1,PRIA12, A A (COI1O
2PPIBI2 , PRIE12, PRIAI3, PRIEI3,PRIA14,PRIEI4,PRIALS, PPIEI5, PR IA16, AA1 C0120
3PR!E16, PRIA 17, PR1FI7, PRZA 18, PRIa18,PRIEIS,PRJAI9,PRIE19 ,PRIA2O , A*1C0130
4PRIA21,PR1A22,PR 1822,PR1A23,PRIB23,pR1C23 ,PR1424,PR!C24,PP1 h25, AA1C0140
SPP1825,PR!A26,PR 1826,PRIC26,PRNAL,PRNA2 ,PRNA3 ,PRNB3,PRNA4, PRNE4, *AICOI 5O
6PRNAS,PRNA6, PRNA7,PRNA8 ,PRNBB,PRNA9, PRNG9,PRNA 1O,PRPdA11,PRNGI1, AAI CO I6 O
7PRNA12,PRNBL2,PRNE12,PRNAI3,PRNE13,PRNAI4,PR?jEt4,PRMALS ,PRNA1 6, AA ICOI7O
BPRNAI7, PRNA LB, PRNR1A ,PRNA19,PR NR19,PRNC19,PRNA2O, PRM C2O, PRP4*21, AAI C0 1~ 0
9PRNB2 1,PRI4A22,PRNB22,PRNC22, PLPC ,PLAL,Pt.A3 ,PLB3 ,P1A4, PLA6,PLA$ , AA 1C0190
AP LBB,PLA9,PLA I1, PLBll,PLA 13,PLBI3,PLCL3, P1013,PLAI4, P1014, P(A15, AA ICO2 00
BPLB15,PLF15,PLF15,PLA L~ ,PLE16,PLAl7,PLAI8,PLB18,PLC1B,PLAI

q,PLA20,AAICO2I0
CPL P2O,PLA2I,PLB2I,PLC2I,PTAL,PTDI,PTA4,PTB4,PTA5,P185,PTE5,PTA 6, AA1 C022 0
CPTE6,PTAT,PTB7,PTC7,PTJC ,PTA8,PTDB,PTA9,PTB9,PTAIO,PTB1O,PTCLO , AA !C0230
EPFA3,PFB3,PEA4,PEF4,PFA5,PFFS,PEA6,PFB6,PEE6,PEA7, PFE7,PEA8,PF A~~, A 41C024f)
FPF A IO,PERIO,PEC1O,P EA 11,pE811,p (EhI ,pEBc,pSpC,pSA3,pSp3,psA4,p5E4,AAICO75O
GPSAS ,PSFS,PSA6,PSF 6,PSG6,PSA7,PSF7,PSA8,PSA9,PSAIO,PSBIO,PSCLO, AA !C0260
I4PSAII,PSBI1,PSE1I,CFT,PFT,CFCASF ,PFCASE,CFC,PFC ,CFN,PFM ,IYFAR AAICO27O
COMMON /COST1N/ PRIR1,PRICI,PRIR2 ,PRIC2,PRIB4 ,PRIC4,P R I D 4,PPIPS,A*1C0780
IPRIC5,PPIR9,PRIC 9,PRtOc,PRIE9,PRIF 9,PRIB11 ,PRIC11,PRIOII,PPIE1I, AAI CO?QO
2PR1F1I,PRICI2,PR ID12,PR(813,PRICI3,PIkIOI3,PR!814,PPICI4 ,P R 1 C 1 4, AAI f.0300
3PR1R15,PRICI5,PR IDL5,PR IR 1 6,PRIC16 ,PRJD16,ppIM7,Pp1C17,PRTOL7, AA ICO 31O
4PPIFI7,PRIC1B,PRID1B,PRIBI 9,PRICL9,PRIDI9,PR1 824,PRPPI, PRNC1,PRN82AAIC.03?O
5,PRNC 2,PRNR 4,PRNC4,PPMD4,P RNB 5,PRNC5,PRNB 9,PRNC9,PPPCq ,PRNE q,PRNF 9AAICO 33O
6,PRNB11,PRNCI1,PRNflII,PRNF1I,PRNFI1,PRNC12,PRND)2,PPP,B13,PRNC13 , AA1r0340
7PRND13,PPNB14,DRMr I4,PRPIlDl4,PRMBI5 ,pq?~JC15,ppP4DL5,PR*BI6,PRNC L4, AAI CDIc~’8pPMflI6, PRNB l7,PRNrI7 , PRNfl h7, PRMF 17, pR NB20, PL8l ,p L c L ,p L A 2, p

~~B2, pI p4*~~,rOi6c)
q,PLC4,PLA5 ,P1R5,PLflp

~
,PLC 6,P1A7,P1R7,p1B9,p1C9,PLAIO ,PLR1r),PLA 12 , AA Ir 0~~7o
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AP LBL2,PLBI4, PLC 14,PLC IS ,PLP LS, P L 8 16 ,PLCI6 ,PLf ) 16 ,PIPL9,PLCI9 ,PTR 1, AA ICO3B0
BP T C I , P TA 2 , pT B 2 , PTA 3 , PTB3 , PIC5, PT DS ,PTB6 ,PTCi’, ,PT D6, PTeR ,PTC8,~~F* I, AAI colq )
CPFR1, PFCI,PF A2,PFP?,PFC?,PFB4,PEC4,PEP4,PER5 ,PEC5 ,PED5,PEE5, PFC 6, ‘~A !CO 4OO
CPFD6,PFP7,PFC7,PEI)7,PFCL1,PEOII ,PSA1,PSBI ,PSC1,PSA2,PSB2,DSC2,P5P44A1C041d
E,PSC4,PSD4,PSBS,PSCS,PSO5,PSE S,PSB 6,PSC6,PSD6,PSE6,PSB7,PSC7,PSI7,AA T C0420
FPSET,PSCII,PSDLI,P RP’1022,PLD2I,PLE2I,PTDIO ,PTEIO,PR1D26 AP,1C0430
COMMON /COST!N/ PROFIT ,QD,R,AFA I,A FBI ,A FCL ,A FO [,A FEI, AFA 2 ,AFR2, 4A1C0440
IAFG2 ,AFA 3,AFB3,AFG3,AFA4,AFB4,AFC4,AFf)4,AFJ4,AFA’5 ,AFB 5 ,AFC5, AFHS, AA!C0460
2AFA 6,4FR6,AFG 6,AFA 7,AFCT ,AFDT,AFA8,A FP8 ,AFCR,AFD8 ,A FIB , AFA9,4F99, AAICO46O
aAccq ,AFCQ ,AFJQ ,AFAIO ,AF r5IC,AFCLO, AFHLO,AFAIL ,A FMI,AFGh1,AcftI?, F’AI Cf)470
4AFC12,AFOI2,AFAI 3 ,AFR I3,AFC13,AFAI 4,AFBI4,AFc14,KFUZE,WA 1,WEI,wFI,A A I C O 4BO
SWA2, WC2,WE2,KGA TPJ ,CA I ,CEI,CFI,C42 ,CE2,CF2,CA3, CE3, CF3 ,CAI, CR I, CF 1,AA IC0490
6KLE6,K6T6,KSTAB,KACAIE,NC HAN,KSGATE ,G42,GB2,GKZ,0A 3,GB3,GQ3,0A4, AAICO500
7GB4,GM4,GAS,GR5,GH5,KG,KC,KW,KA ,KP ,IGTYPE,ICT VPF,IPRCST AAI CO5IO
COMMON /COSTIN/ AFEI,AFFI,AFGI,AFHL,AFC2,AFD2,AFEZ,AFFZ,AFC3, AAICOS?f)
LA FD3,AFE3,AFF3,AFE4,AFF4,AFG4,AFH4,AFI4,AFD5 ,AFE5 , AFF5,AFG5,AFC6, A A 1C05 30
2AFD6, AF E6,AFF6,AFR7,AFF8,AFFB,AFG8,AFH8,AFE9,AFF9 ,AFG9,AFH9,AF (9, AA( C 054()
3AcD1o ,AFEIO, AFFIO,A FGLO ,AFC1I,AFDLL,AFEII ,AFF11,AFBL2,wBl,WCI,WD1,AA!C)55O
4w82,wC2,CRI,CCI,CDI,C82,CC2,C02,C83,CC 3,C03,GCI,GD1,GEI ,0c2,r,r)2, AAICOS 6O
5GE2,GF2,GG2,GH2,G12,GJ2,GC3,G03,GF3,GF 3,GG3,GH3,013,CJ3 ,C,K1,GL3, £A !C 0570
6C.M3,GN3,GP3, GC4,G04,GE4,GF4,GG4,GH4,614,GJ4,0K4,GL4,GCS ,r,OS,r,ES, AA ICOSQO
7GF5,GGS,CFTTAB (ILI,PFTTAB (l1) AAICO59O
COMMON /CSTPRV/ CBIC ,CBMC ,CC4SE,CCFU,CCL ,CCM,CCOM ( ,CCCPL,CCOMM , AAICO 600

1 CCON T,CCR D,CERFU,CEBRD ,CFTJ,CEXI,4,CGF U,CGRD, A4!C0610
2 CGT ,CGT0T,CI~~~,CIRJFU, CIRJRD, CLF ,CLFL,CLGG,CLI,CLM , AAI CO 62O
3 CLRFU,CLRRD,CLRT,C ITC,CLTP ,CM,CMGG ,CMM,CMTC,CMT P, A A 1C0630
4 CMV,CNfl1~,CPI4RJFIJ, CNRJRD, CP ,CPAF( ,CPENG ,CFL,CPIC, AA ICO64O H
5 CPMFCL,CPMFGM ,CPQA ,CPR,CPRC ,CPS,CPSMGG,CPSNZ ,CPSRAM ,CPSSGG, AA 1C0650 -

- 

-

6 CPTOOI,CRAFI,CRDEV,CREG ,CRENG,CRFTO,CRJC ,CRMFGL,CRWFGM,CR QA , AA!C0660
7 CRTOOL ,CSA ,CSRFIJ,CSRRO,CSRT,CT,CTAF I ,CTC,CTEB,CTIRJ,CTJFU , AA ICO 67O
8 CTJLF, CTJLFL,CTJRD,CTJT, CTL,CTM,CTNRJ,CTP,CWH ,CWHFU ,CWHP, AAI CO 6RO
9 CBOOC,CRPS,CPFU,PRO FPR ,P R FU A F,PRRAF ,CCLB,CCMB,CTCP,CLIR ,CNOZR, AA ICO69O
A CPRR,CPIB,CLGP4B,CSAB,PROFEX AA ICOTOO
NAMEL IST /ERRPRT / CRENG,CROEV,CRFTO,CRTOOL,CRMFGL,C~ MF GM ,CR QA , AAICO7IO
I CRAFt,CPENG,CPTOOL,CPMFGL,CPMFGM,CPQA,CPAFI ,CTAF I AA !C0720
TFMPI=AFA 1*AFBL*AFC1*AFD 1*(AF E1*ASUPLD**AFFI*5**AFC1*Qfl**AFH1 AA1C0730

1 /1000.)+AFII*AFDI AA!C0740
2 TFMP2 AFA2*AF82*1.163*IAFC2*A SUPLD**AFD2*S**AFF2*QC**AFF2/ L000.) AA ICO7SO

I +AFe2*AFG2 AA !CO 760
3 TEMP3=AFA3*AFA3*I.163*LAFC3*ASLPLD**AFD3*5**AFF3*Qn**AFF3II000.) AA ICOT7O

I •AFB3*AFG 3 AAICO7BO
4 TEMP4 =A FA4*AF B4 *AF C4 *AFD4 * (AF E4*A S UPLO**AFF 4 * S**A FG4* Qf l * *AFH 4 * R A AICO7 Q O

1 **AF1 4/l000.)+AFJ4*AFC4 AA ICO800
5 TFM P5=AFA 5*A FR5*AFC 5* (AF D5*A S U PLD**A FE5* S**AFF 5*Q D$** FG5/ I000.) A A I C O R L O

1 •AFCS*AFI- 4 5 AA ICO 8ZO
6 TEMP 6=AFA6*AFR6*I.163* (AFC6*ASUP1o*.4F06*s..AF E6.Qo.,AcF6/ lcrno,I AA(r0830

1 •AFP 6*AFC,6 AAI COR4O
7 TF M P7 =AFA7 *A FBT *T FM P5 ,AF C7*AF DT A A ! C O R S O
14 TF MPP=AFA I4* (t . .PP DFIT ) * (T EMPL+ T EMP4 +T FM p5+TEMP6+TFMP 7 +TEM p2 AA 1C0860

1 +TFMP3 )+AFRIA*AFC I4 AAI COR 7O
IF I INCI .EQ . 01 PETUR K A AI C OR8 O
CR FMG=TF ’~P 1 aA I c o B c 0
CPOFVzTEMP2 AA ICOQOO
CR FTO2TFMP3 AA!tC)910
C RT OP L— T F MP 4 A A I r O q~~-)

p
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CRN FGL=TEM PS A AICO93 ()
CRMF G M— T FM P6 Af t ICOQ4O
CRQAz TFMP 7 AA ICO9 5 O
C PA F I=TE MPB AAICD96 O
PPRAFz (CRAFI—AFBI4*AFCL4)*PROF !T/ (l. GPROFIT ) AAI CO 97O

8 CP FNGXAFA 8*AFRq*AFC8*AFD~~*-( AF E~ *A**4FF 8*S**AFCB*((Q0+I.)**AFHR AAICOQR ()
1 —QC**AFH8)/1000.I+AFIB*AFII 8 AA1C0990

9 CPTOOLzAFA 9*AER9*AFC9*AFD9* (AFF9SA**AF F9*S**AFG9* ((QC+1.)**AFH9 AA!C1000
1 —QD**AFI49)*R**AFIq/1000.)+AFJ9*AFC9 AA YC IOLO

10 CP MFGL~~*F*10tAcBI0*AFCI0* (AFD1fl*A**AFE10*S**AFF10* (CD+I.)*.AFCIO AAICID2O
1 — QD**AFGLO)/1000.I+AECIO*AFHLO AA ICIO30

11 CPMFGM=AFA1I*A FA PZ*1 .1 63*IAFCL1*A**AFDlI*S**AFEII* ((CD+I.)**$FFII AAIC1 O 4O
1 —OD **AFFII )/I000.)+AFBI1SAFGII AA ICIO5 O

12 CPQAzAFAI2*AFRL2*CPMFGL +AFCI2*4F012 AA ICIO6O
13 CPA FI=A FA I3*(1. ,PP O FIT)* IC PENG.C PTOOL+ C PMFGL+CPMFG M+CPQA ) A A I C 1O 7 O

I +AFRI3*AFCI3 AAI C IORO
PRFUAFz (CPAFI—AF813*AFC 13I*PROFIT/U. +PROFIT) AA !C1090

15 CTAFI=CPAFI *CRAF I AAI CIIOO
IF (IPRCST .ME. C) WRITE (6,ERRPRT) AA!C1II0
RETURN A A I C II2O
FM!) AAI C II3O

SUBROUT INE CUCOST GIJC0001O
c GUC0002()
C GU ICAPICE SYSTE M COST GUC1~0(Y~O
C GUC00040

R E A L  N OZWT ,MP GUC0005O
COMMON /COMVL S/ hTANK ,VE X (N,VREQ ,GGW,HPPUMP,WTFUFL,WCOMM ,VCOMI , C,IJCrIOO6O

1 P5,Y1,WNOZ,KFM, MATTK,A ,DCOM,WMC,VBI,DTHRT,RNOZI,NCZWT,MP,CASFM, GU C0007O
2 FN ET,WT,WF,FMAX ,S,T4,METTJ,ZXNB ,D,WM,FC ,PPEAK ,B SP ,PDET ,CA ,WCS , COC000RO
3 WWH,WTC,WTP,WGG,W5C,WLV,VGT,WO,WP ,DP,WN ,MFTAI,NCOI FG GIJC0009O
COMMON /COSTIN / PR IAI,PRIA2,PR JC,PRIA3 ,PRI B3,PRI A4,PRIE4,PR!A5, GUCOO 100

1PRIA 6,PRIA7,PRIAB ,PRIBB,PRIA9,PRIG9,PRIAIO,PRI A II,PRIGI1,PRIAI2, GUCOOIIO
2P P IB 12 ,PRIEI2,PRIA13,PR1E13,PIkIAI4,PR!E14,PRI AI5,PRIEI5,PRIAI6, 0tJC00I20
3PR1F16,PRIAI7,PRIF17,PRIA I8,PR1818,PRIE1B,PRIAI 9,pcl1Ejq,pRIA20 , GUCOOI3O
4PPTA2I,PR1A22,PR1822,pp1A23,PR1823,PRICZ3,PRIA24,PRIC24,PRIA25, GU~~~Ol 4O
5PP1B25,PRIA26,PR TB26,PR1C26,PRNAI,PRNA2,PR(IA3,PRP(83,PRNA4,PRNE4, GUCOOISO
6PPNA5,PRN A6,PRPIA7,PRNA8,PRNB8,PRNA9 ,PRNG9,PRNAIO,PRNAIL ,PRNGLI, GUCOO16O
7PRNAl2,PPNBl2,PPNEj2,PR NA1 3 ,p RI~IEI3,pRNAl4,pRNEt4,PRNAI5,pRNA16 , GUCOOI7O
8PPNA I7,PRN A L8,PRNRIB, PRNA 19,PRNB 19,PRNCL9, PRNA2O, PRNC2O, PRNA 21, 0JC00180
9PPMB2I,PRNA22,PRNB22,PRNC22,PLPC ,PLA1 , PIA3,PLB3,PLA4,PLAo ,PIAS , GUCOO I90
APIBS,PLAQ ,PLAII, PLRI1,PLAI3, PLB13,PLCL3,PLOL3,PIAL4,PL 014,PLAI5, GUCOO200
PPL 8IS,P1F15, PLF1!,PLAI6, P L E I 6,PLAII ,PLA18,PLRL8,PLCIR,PLA I 9,PLA2O,GUCOO2IO
CP1 R2-~

), P L A 2 L , PLB2I, PLC 2 I ,PTA1 , P 1fll ,PTA4,PT R4 ,PTA5 ,PTP5, PTF5 ,PTA 6 ,  f,UC00220
CPTF6,PTA7,PTR7,PTCT,PTJC,PTAB,PTOS,PTA 9,PTBO,PTAIO,PTRLO, PTC IO , 0UC00230
EPE A3,PFP3,PFA4,PEC4,PFA5,PE F5,PEA6,PFP6,PEF6 ,PF AT,PEF 7 ,PE AB, PF A9, GUCOO24O
FPFAIO ,PFDl0,PECLC ,PFA1I,P FB1L ,pEEhl ,PFRC ,PSPC,PSA3,PSB3 ,PS A4,PSF4,G(JCf10250
CPSA5,P5F5,PSA6 ,PSF 6,PSG6 ,PSA7,PSF7,pSA8,PSA9,PSA1O , F5810,PSC1O, GUCOO?60
I-PSAI1 ,PSRLL,PSEL1 ,CFT ,PFT,CFC ASE ,PFCASE,CFC,PFC ,CFM ,PFM ,IVE*R GLJ CO0?70
COMMON /fflSTIN/ PR IBL ,PRICI ,PR I B7,PPIC2 ,PRIR4 ,PRIC4,PRI fl4, PPIP5,OU(qD?QO

1pp Ic5,pp Ir~9,pRrc9, D~~~nc ,pRIF q ,pRIF9,PRIR11, p R 1c11 ,Pp 1D11, p R I Fh1, r~J r)f)7qf3
2PP IFIL , PR(C12,PP Ifl 12 ,PRIIU3,PRICL3,PRIOI 3,FR1814,PRTCI4,PRTI)14, rtJCOO300

L 3PPiB 15,P!~I C 1 S ,P R I t 15,DR! R16 ,P~~ICtb, pg Ifll6 ,DRtBI7, PP)C17,r~oIDh 7 , ri,rf IO3 I~)
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4 PPIF I7, PRIC IE, PR IDI8,PRIBI9 , PRIC I9,PRIDI9 ,PR 1R24 ,PRPI81 ,PRNC I , PRNP 2 C-UCOO3?O
5,PRNC 2, PRNB4,PR NC4,PRNfl4, PRNB5, PRNC5 ,PRNB9 ,PRNC9, PRP~O9, PPM E9,PRNF9GU COO330 - 

-

6,PRNR h1,PPNC11, PRN0 II, PRNF Il ,PRNF I1,PRNC 12, PRND 12 , PR NB13,PR P~CI~~, GUC00340
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ G~tCn035n
BPRMDL 6,PRNBLT,PPNCIT ,PRNDI7,PRNEI7,PRNB2O ,PIRI ,PLC1,PLA2,PLB2,PtB4GU C0O36O
q,PLC4,PIAS,PLB5,PLB6,PLC6,PLAT,PLRT,PLB9, PLC9,PL A1O ,PLPlf),PLAI2, GUCOOI7O
AP( c31?,PLRI4,PLC14,PICIS,p1015,p11316,PLCI6,PL016,P1p19,PICI9,PT 81, GI~CO0380
BPTCI,PTA2,PTR2,PTA3,PTB 3,PTC5,PTD5,PTB6,PTC 6,PTD6,PT BR ,PTCR,PFA1, r,IJcr)n jqo
CPEB1, PEC1, PFA 2 ,PER?,PfC2 ,  PEB4, PEC4, PED4 ,P EBS,PECS ,PFDS ,PEFS , PEt6 , OtJ CflO400
rPEC6,PEB7,PFC7,PFD7,PECII,PFDI1,PSAI,PSBI ,PSCI,PSA2,PSB2,PSC2,PSP4GIJ COf)410
E,PSC4,P504,PSB5,PSC S,PSD -5,PSE5,PSB6,PSC6,PSO6,PSE6 ,PSB7 ,PSCT,PSC7,rUCflO42O
FPSE7,PSC1I,PSDI1,PRND22,P1fl21,P1E21,PT D 1O ,PTF 1O ,PRIC26 OUCflOA~ O
COMMON /COSTIN/ PROFIT,Qt),R,AFA1,AFBI,AFCI,AFOL ,AFII,A FA ’,AF 82, C,1JC00440
IAFG2,AFA3,AFB3,AFG3, AFA4,AFB4,AFC4,AFI)4,AFJ4,AFAS, A FP5, A~ CS, AFH5, ((JC00459
2*FA6,AFB6,AFG6,AFA 7,AFC7,AFOT,AFAB,AFB8,AFCB,AFDB ,AFIB,AFA9,AFP9, G0C00460
3AFC9,AFC9,AFJ 9,AFAIO,A FBIO ,AFCIO,AFHIO ,AFA 1I,AFBI1 ,A FGII,A FAI2 , 011C00470
4AFC12, A F 012,AF*13,AFB13,AFC13,AFAI4,AFB14,AFC I4,KFU7F,WAI,WEI,WF1,Gt,C004R1)
5W A2,WC2,WE2,KGAIN,C41,CE1,CF I,CA2,CE2 ,CF2,CA3 ,CF3,CF3,CAI,G81,GF1,GUCOO44O 

- 
-

6KL ?6 ,KGT6 ,KSTA B, KA GATF, NCHAN, K SGATE ,G42,682 ,0K2 ,6A3,GB3,GQ3,GA4 , WC ODSOO
TGR4,GM4,GA5,GB5,CI45,KG,KC,KW,KA ,KP ,IGTYPE,ICTVPE,IPRCST ~ JC flO5 10
COMMON /COSTIPII/ AFE1,AFE1,AFGI,AFHI ,AFC2,AFD2,AFEZ,AFF2,AFC3, QjC00520
IAFD3, AFF3,AFF3,AFF4,AFF4,AFG4 ,AFH4,A F 14 ,AF05,AFES,AFF5,AFG5,AFC6, GUC00530
2AF06,AFE6,AFF6,AFR7,AFE8,AFFB,AEGB,AFH8,AFF9,AFF9 ,AFGQ,AFH9,AF I9, GUCIO54O
3AF010,A FE1O, AFF IO,AFGIO, AFCI1,AFD1I, A FE1I ,A FFI I ,AFRIZ ,WRL,WCI ,w01 , r,(,Cr10550
4W82,WC2,CBI,CCI,CDI,CB2,CC2,C02,CR3,CC3,CD3,GCI,GD1,GEI,GC2,Cfl2, GUC!10560
SGFZ,CF2,GG2,GI-42,G12,GJ2,GC3,G03,GE3,GF 3,6G3,GH3 ,G13,GJ3,GK3,GL3, GUC00570
60M3,GN3,GP3,GC4,C04,G(4,0F4,GG4,6H4,6I4,GJ4,GK4,0L4,GC5,Gfl5,GE5, GUCOO5RO
7CF5,CGS,CFTTARI 11),PFTTABIII ) C,UCrIO5QO
COMMON /CSTPRV/ CBLC,CBMC,CCASE,CCFU,CCL,CCM,CCOMI ,CCCML,CCCMM , G(ICOO600

1 CCONT,CCRC,CEBFU,CEBRD,CFTJ,C EX IPI,CGFU ,CGRD, GUCOO6IO
2 CGT,CCTOT,CIGN,C !RJFIJ, CIRJRD, CLF,CLFL,CLCG,CLI,CLP4, GUCf)0620
3 CLRFU,CLRRD,CLRT ,CLTC ,CLTP ,CM,CMGG,C MM ,CMT C,CMTP , G1C00630
4 CMV,CNOZ ,CNRJFU, CNRJRD, CP,CPAFI,CPFPIG,CPL,CPLC, GUCOO64O
5 CPMFGL ,CPMFGM ,CPQA ,CPR ,CPRC,CPS,CPSMGG,CPSN2 ,CPSRAM ,CPSSGC., r,UcOo6~ O
6 CPTOflL ,CRAFI,CRDFV,CREG,CRENG,CRFTO,CRJC,CRMFGL,CRWFGP~,CR QA , G0 C00660
7 (RTOI1L ,CSA ,CSRFIJ,CSRRD,CSRT,CT,CTAF I ,CTC ,C T F8,CT I RJ,CT JFU, C,IJCIO67O
8 CTJLF , CTJLFL,CTJR D,CTJT , CTL, CT M,CTNRJ,CTP,C WH ,CW HFU,CWHR , CJJCOO6 RO
9 CBOP C,CRPS,CPFU ,P ROFPR ,PRFUAF ,PRRA F ,CCLB ,CCMB,CTC P,CL ( R ,CNOFP , GkJCOO6~ O
A CPPR ,CPL B,CIGNR ,CSA B, PROFEX OUCOOTOO

NAMFI IS1 ~FRRPRT/ CGFUP ,CGE UA ,CGFUX ,CGFUI ,CGRU,CGTCT GtjCnO7Io
X DET— ’-IDE T 0tJC00720
X ST A B=K STAB G(J CrIO73O
x 6 C . A T F= KA G A T E GUfOD74O
XCHAN =NCMAN (‘

~UC OO750 - -

XS GAT EZKSGATE G&1C00760
KKLF6=I . Gtjrnollo
X KGT6=0.  GUCDO7RO

C EC IS ASSU MFO IN 0HZ GUC~~O7QO
IF IFC .IE. 6.) 00 TO 1000 GW~1OROfl
X K LF6=O .
XKOI6— 1 . GUC POQ2O

1000 IF I ICTYPE .~Q. 3 ) CO TO 1 (, t I ( 0 0 R 3 0

cr in (2, 3,4,5),TGTYPE O1Cr1O~ 40
C PA ~~S IV F / S F M I— A C T IV F  PAD A R SEE K FR
2 Cw =G r2sxK1 *FC**GD?+Gr2* GT6* FC.,GF~ +r 2 * r S R+O * x A O - ’tT r +C1? ‘~UCf l O Ro 1

1’— 11

5-—- --  _______ ~~~~~~~~~~~~ ~~~~ - 5-



5-- — ~~~~~~~~~~~~~~~~~ 
5-5-

1 *XrI~4N*XSGATE+GJ2*xSGATF C,tJCOOR7O
CGFUP=0A2*(1.16* G8- 2*CX/350.+GK2) C,(JCC’ORRO
GO TI) i C,(JCOOR9O

C ACT IVE RACAR (MAGNETRON )
3 CX=GC3*XKLF6*FC**G03+GE3*XKGT6*FC**GF3.GG3*XSTAB+GH3*XAGATE .0I3 CUCOO9IO

I *YCI4AN*XSGATE+GJ3*)CSGATF GIJ Cf)OQ 2f)
CCFUA=GA3*( 1.566*6R3/350.*ICX+GK3+GL3*PPEAK**GM3+GP3*FC**GP3 r~Jrr1oq3 o

1 *PP(AK),GQ3 ) GUCDOQ4O
CO TO I oucno~ so

C X BAND 0IJC”09F~O
4 CX=GC4*XKLE6*FC**G04+GE4*XIcGT6*FC**GF4+Gr,4*XSTAB.GH4*X AGAT E+CI4 r,UCriOqlo

1 *XCHAP4*XSCA TE+GJ4*XSGATE
CCFUXzGA4*( I.566*GB4/156.*(CX+6K4+G14*PPEAK)+GM4 ) cucooggo
CO TI) I f,UCOI000

C PASSIVE IR SEEKER GUCOIO1O
5 CGFUI—G*5*( l.16*G85,35C.*(GC5*FC**GOc*8SP**GF5.GF5*IXDFT—1 .) GIJCOPO2O

I 4GG5)+GHS)
IF (IGrIPE .EQ. 1) CGFU—CGF LP CIJCOIO4O
IF (IGTYPE .EQ. 2) CGFU—CGF UA GUCf)1050
(F I IGT YPE .EQ. 3) CGFU~~ GF UX GUC~

) 106O
IF (ICTYPE .EQ. 4) CGFU~~ GFUI GUCOIO 7O
CGRD=GAI*IGB1*(EXP (CCI+GC1*CGFU*GEI))+GFL) GUCOIOBO

6 CGTOT— CGRD+CGFU
— 

I F  IIPRCST .NE. 0) WRITE 16,ERRPRT) GIJCf)1100
RETURN GtJCOIIIO
(140 GUCOIL2O

SUBROUT INE CTCOST CTC000IO
c CTC0002C)
C CONTROLS COST 1TC00030
C CT00004O

REAL PIOZWT,MP CTC0005O
COMMON /COMVL S/ WTANK,VEXIN,VREQ,GGW ,HPPUMP,WIFUEL ,WCOMM ,VCQMI, CTC0006O

I R5,Yl,WNOZ,KFM ,NATTK ,A ,OCQM,WMC ,VBI ,DTIIRT,RNOZI,NCZWT,MP,CASEM , rTc0007o
2 FNET,WT,WF,FMAX,S,T4,MFTTJ,ZXNB ,O,WM ,FC,PPEAK,BSP,P~DET ,QA,WCS, CTCC?0080
3 WWH,WTC,WTP,WGG,WSC, WLV ,VGT,WO ,WP,DP,WN,METAL,NCONFG CICf)0090

COMMON /COSTINI PRIAI, PRIA2, PRJC ,PRIA3 ,PRIB3 ,PR(A4 ,P3IE4,PR(A5, CT COOIOO
1ppI*6,pRIA7 ,p RIA8 ,PRIRS,pRlAq,pRIG9,PRI ALO ,pRIAI1,pRIGIl,pqIAI2, CTCOOLLO
2PR1812, PRIE12 , PRIA 13, PRIEL3 ,PRIAI4, PRIEI4,PRIA I5,PRIEI5,PRIAI6 , CTCOOI2O
3PRIFI6,PRIA17 ,PRIF17 ,PRIA1B, PRIBIS,PRIEIS,PRIAI9, PRIF19,PRI*2fl , CTCOO I3O
4PPTA2I,PR I A22,PRIB22,PRIA23 ,PRIB2 3,PRIC23,PRIA24,PRIC24,PRIA2S, CTCOO I4O
5PRI825,PRIA26,PR1826,pR1C26,PRNA1, PRNA2 ,PRNA3 ,PRNB3 ,PRP1 A4,PPP(E4, CT COOLSO
6PRNA5,PRNA 6,PRNA7,PRNAR,PRP4BR,P RNA9 ,PRNG 9,PRNA10,PRNAI1 ,PRNGII, CTCOO I6O
7PPNAL2,PRNBl2,PRNEl2,PPNA13,PRNEl3,PRNA14,PRNF)4,PRPAI5 ,PR P~*I6, CT CDOL7O
PPPMAII,PRNAIe,PRNR I8,PRNA19,PRNB19,PRNC19,PRNA2O,pppC20,PRNA21, CICOO1BO
9PPM821,PRMA2Z,PRNB22,PRNC22,PLPC ,PLAI,PLA3, P183,PL*4,PLA 6,PL*P , CTCf)0190
APLBB,P (A9,PLA II,PIBLI ,PLAI3 ,PL’113,PLCI3,PL01I,PLA14, PLDI 4,PLA15, rTC00200
8P1BI5,PLF15,PL~~15,PLAl 6,PLE 16,PLAL7, PLAL8, P1BhJ3,PLCIR,PLAl9 ,PLA20,CTC f)O7lO
CPL B2O,PLAZL,PLR2L,PLC2L, PTAI,PTflt,PTA4,PTB4,PTA5,PTPS,PTE5,PTA 6, fTCflO22 ()
CpTF6,PT*7,PTB7,PTCT,PTJC ,PTA 8,PTOB,PTA9,PTR9,PTALO, PTRIO,PTC 1O , CTCDO2 3()
FPEA3,PF83,PFA4,PFF4,PEA5,PFFS,PF A 6,PEB6,PFF6 ,PFAT ,PEE7 ,PFAM ,PF A9, CTC0024()
Fp (A1O,PFB1C,PFCIO,PFAL1 ,PEB 1I ,PCEtl, PEBC,PSPC ,PSA 3,PSP3,PSA 4,PSFA,CTCI)0 250
GPSA5,PSF5.PSA 6,P SF 6,PSC,6,PSAT,PSt 7,PSA8,PSA9 ,PSA1O,PSPIO,PSC [O, C~ CflO2~~()

0
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I.PSAh1, PSRI1 , PSFII,CFT,PFT ,CFC4SF ,PFCASF,CFC,PFC,CFP,P FM ,IY FAR CTCOO2TO
CrMMr~4 /COSTIN/ PRIB 1,PR (C 1,PRIB2, PRIC2, PR IB4 ,PR !C4 , PRIO4 ,PR 185,CTC nO28O

L P R I C S , PPI R9 ,PRICS, PR IPS, PR IF9 ,PR!F9 , PRIRII, PRT C I L , P R I O I I , P R ! F I 1 ,  rTcoo 200
2PPIFL 1 , PPICI2,PR IP12,PRIB13,PRICI 3,PRIDI3,PRIBI4,PRICI4,PRIDI4, CTCN)100

~PPTB15, PPTCI5 ,PR Ifl1S,PRIRL 6,PRtCI 6,PRI016,PRIB17,PRIC17,PR(~~17, CTCOO31Q
4P0IE 17,PRIcLe ,PR ID1R,PP1819,PRIC I 9,PRID1 9,PR1624,PRNeI,PRNCI ,PRPB2C TCnn32o
5,PRNC2,8RNR4,ppMC4,ORND4,PRNR5,PRNC5,PRNB 9,PRNC9,PpKCq ,PRNF 9,PRNF9CTCr)r)330
Ei,PRNPII ,PQNCII,PRNDII,PRNE 11,PRMF1I,PRNCI2,PRNDI2, PRNBI3 ,PRN C 13 , CTCOO 34O
7PR!14013,PRNP14,PRNC I4,PRPIIDI4,PRNRZ5,PRNCZ5,PR NDIS,PRKR16,PRNCU,, CT Cf1O350
BppNoL 6,PpMBL7 ,PRNCI7,PRPIIDI7,PRNF1T,PRMB2O,PLB1 ,PLCL ,pLA2,pLB2,nl p4CTrno36o
9,PLC 4,PLA5,PLB5,PLR 6,PLC6,PIAT,PLB7,PL 89,PLC9,PLAIO,PLB1O ,PLAI2, CTCflO~ 7OA P L P 1 2 , PLRI 4,PLC I4,pLcls,PLDIS,pLBL6 ,pLcIe,P1016,plelq ,pLcIq ,pTBl, CTCOD3BO F
BPTC I, PT A2,PTB2,PTA3 ,PTB3 ,PTC S ,PTDS,PTB6 ,PTC6 ,PTD6 , PT PS , PTCR ,PE A l ,  CT Cf10300
CPFPI,PFC1,PE A2,PFR2,PFC2,PFB4 ,PFC4,PEO4,PEBS,PFC5, PED5,PFE5,PFC 6, CTC~’040O
cpFo6 ,pEpl,pFcl,pE07,pEcLI,pEDhL ,p sAl ,psBl,psCl,psA2,psR2,psC2,pse4cirno4lo
(,PSC4,P504,PSB5,PSCS,PSDS,P5E5,PSB6,P5C6,PSDb ,P SE6 ,PS R7,PSCT,PSO7,CT rI10470
FP SE7 ,PSCLL,PSDII,PRND22,PL021,PLE2I,PTDIO ,PTFIO,PRIO26 CTC~ O43!)
COM MON /COSTIN/ PROFIT,00 ,R ,AFA I,AFBI , AFCI ,AFDI , AF II,A FA2,4F82, CTCOO44O
1AF02,AFA3,AFR3,A FG3,AFA 4,AFR4,AFC4,4F04,AFJ4 ,AFA5 ,AF85,AFCS ,A FI5, ITCDO4 SO
2AFA 6,4FP6,4F66,AFA 7,AFC7,AF fl7,4F48,AFB 8,AFC8,AFD8,A r18,AcA 9,AF89, CTCOO4b’)
3A FC 9,AFD9,Ac~Jq ,AFA IO ,A FRl 0,4FCIO,AFH1i,AFA1 l,A FRlI, A FGh1 ,AFA L 2 , CTCIO47()
4*FCL2,A FDL2,AFA I3, AFP13,AFC I3,4FA14,AFRI4,A F C L 4 ,KFUZE,W41,WEI,WFI,CTCOO4RO
5WA2,WC2,W F 2 ,KGAIN,CAI,CF1,CF1,CA2 ,CE2,CF2,CA3,CF 3,CFI,GAI,GP1,CFI,CTC00490
6KLE 6,KGT6,KSTAB,KAGATE,NCHAN,KSGATE ,GA2,0B2,GK2,GA3,CR 3,GQ3,6A4, CTCOOSOO
7G84,0,M4,CAS,CB S,GH5,KG ,KC,KW,KA, KP ,IGTVPE,ICTYPE,IPRCST CTCOOS1O
COMMON /COSTIN/ AFEI,AF FI,A FGL,AFH1,AFC2,AFf )2,4FE2,AFF2,AFC3, CTCOO52O

lAFC 3,A FE 3,4FF3,AFE4,AFF4,AFG4,AFH4,AFI4,AFO5,AFE5,A FF5,A~ G5,AF C6, CTC00530
2Ac06,AF (6,AFF6,AFR7,AFE -R ,AFFB,AFGB,AF HB ,AFF9 ,AFF9 ,AFG 9, AFH9,AF (9, CTCOO54O
3A FCIO, AF FIO ,AFF 10, AF C, 10, AFC LI , AF DLI ,AFF I I ,AFF I I ,AFBL2  ,WBI ,WC I ,WCI ,CT COOS 5 O
4W82,WC2,CB1,CCI,CD1,CB2,CC2,Cr)2,CR3,CC3,C03,GC1,60I,CE1,GC2,002, CTCOO56O
SGF2,GF2,GG2,GI2,GI2,6J2,GC 3,G03,GE3,GF3,GG3,6H3,GI3,GJ3,r.K3,r,13, CTCDOS7O
6C1’3,CN3,GP3,GC4,CD4,Gf4,CF4,004,GH4,GI4,G J4,GK4,GL4,CCS ,005,GE5, CTCOO5PO
7CF5,005,CFTTAB(11),PFTTAR(11) CTCOOS9O
CCMMPN /CSTPRV/ CBLC,CBMC,CCASE,CCFU,CCL,CCM ,CCCMI ,CCCML,CCOM M , CTCOO600
I CCONT,CCPD,CEBFU,CEFRO,CFTJ,CEXIN,CGFU,CGRD, CTCOO6IO
2 CCT ,CCTO T ,CIGN,CIRJFU, CIRJRD, CLF,CLFL,CtOG,CII,CLM , CTCOO62O
3 CLRFU,CLRRD,CLRT,CLTC,CLTP,CM ,CMGG,CMM ,CMTC,C MT P, CTCOO63O
4 CMV,CNQZ ,CNRJFLJ , CNRJRD, CP,CPAFI,CPENG,CPL,CPLC, rTC00640
5 C P M FG L,C PM FG M ,CPOA , CPR,CPRC,CPS ,CPS) K’,G ,CP SN2, CPS R* M ,CPSSr,C, CT COO6SO
6 CPT IL,C R AF I ,CRfl FV,CREG,CRENG ,CRFTO,CRJC,CR MFGL,CPI’FGM ,CROA , CTCr)660
7 CRT fl’L,CSA ,CSRFU,CSPPC ,CSRT,CT,CTAFI,CTC,CTEB,CTtPJ,CTJF~J, CTCDO6TO
8 CTJL F,CTJLFI,CTJRD,CTJT , CII ,CTM ,CTNRJ,CT P,CWH,CW HF(j,CWHR, CTCIIObBO
9 C BOPC ,CRPS ,C PFU, PROFP R ,PRFU A F ,PRRA F ,CCI B ,CCMB ,CTC R ,CL I R ,CNC ZR , CT COO 69 D
A CPRR ,ID( B,IIGNR,(SAR ,PR O FFX CTCOO700
NAM FI (ST IFOP PPT/ rrEIJ ,CCPD,CCCNT CTCOO7IO
XGA!N= KGA IN CTrr)07?0
CC TO (2,3),ICTVPF CTCOO73O

C WIT I- AUTOPILOT CTCDOT4O
2 CCFU=CA2S (1.I (.* (CP2*WCS+CC2*QA—C r)2)*CF2/198.+CF2) CTC !)0750

CC TO 1
C W IT I- O UT AUTOPILOT CT~~OO 77O

3 C C F U = c A 2 * ( l . 1 6* 1 C 8 3* w( s .CC3* QA .C03)* C F3 / I9B . + c F3 )  rT rC n7Ro
( r R n r C A j * ( f C p I .C C t * r )A . C pt $X GA ( M) * Cf 1 , r F l )  rT Cno79o

4 CC~~~T=( CPf l +CCFU CT~~~n~~r1O
~r (IPPCST .PI1. C) W P I T F  ( 6 , F R R P RT )
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RETUR N C1r008?()
(NO C T C ’ 0 8 30

— SLRRO(JT INF W I-4 CDST W HC 0001O
C W HCI1002O
C WAPI -EA I) COST WHC0003O
C W HC0004O

REAL NOZWT,MP WHC1005D
COM MON /CDMVL S/ WTANK ,VFXIN ,VRE Q,GGW,HPPUMP,WTFUFL,WCOMM ,VCCM!, WHCP1006O
I R5,Y1,WNOZ,KFM,MATTK,A,DCQM,WMC ,VBI,DTHRT,RMOZI,N (ZWT ,MP,CASFM, WHC0007O
2 FNET,WT,WF ,FMAX,S,T4,MFTTJ,ZXNB ,D,WM,FC,PPEAK,BSP ,Pf)FT,CA ,WC5 , Wf4C000RO
3 WWH,WTC,WTP ,WGG,W5C,WLV,VGT,WC,WP,DP,WN,MFTAI,NCflPIFG WHC0009O
COMMON /COSTIN/ PRTAI ,PRIA2 ,PRJC,PRI A3,PR!B3,PRLA 4,PRIF4,PRIA 5 , WHC OOLO ’ )

1PRIA6,PRIA7,PRIA8, PRIPB,PRIA9,PRIG9,PRIA IO, PRIA II ,PR IG1I ,PP IAL?, W HC OOI1C )
2PR!RI2,PPIF12,PR (A 1 3,ppJFI3,pRIAI4,pRIEl4,PRIA I5,PP (Et5,PRIA 16, WI-~CflOl2O
3PRIF16,PRIAI7,PRIFI7,PRJAI8, PRIF 31

~~
,PRIE18,PRIAj9,ORT (1q ,pRIA20 , ~- ‘-‘COO1 304PPIA2 I, PRIA22 , PR 1822 ,PRIA23 , p R IB23 , PRIC23 ,PR IA24 , PR!C24, PRU?5, WF ’C00 140

SPPIR2S,PRIA 2 6,PR1 826,PR1C26,PRNAL, PRNA2,PRNA 3,PRNB3,PRKA4 ,FPNF4, WUCOOL5 O
6PRNA5,PRNA6, P R N A 7 ,PRNA 8,PRP188,PRNA 9,PRNG9,PRNAIO,PPN .8I1,PRNC ,IL, wHC~ O16()
7PRN A 12, PRMB L2, PRN Ej2, PRNA t3, PRNEI3,pRNA14 , P R N E 14,PRN* LS,pR,~A 16, W f l C f lOI7O
SPPNA I7,PRNAIB, PRNE31B ,PRNA I9 ,PRN9 L9, PRP4CI9, PRN A2O ,PRPC20 , PRNA 2 1, W HC O O I8O
9PRNB2I,PRP4A22,PRNR22,PRNC22,PIPC,PIAI,PLA3 ,PLR3,pLA4 ,PL A6,pI A8 , W~ CflOL~ 0
APLB8,P L A 9,PIAPI,PLBII,P1A13,PLBL3,PICI3,PLDI3,PIAI 4,PLt)14,PLAI5, WHC OO?OO
8PtB15,PLE15,P1F15,PLA 16,P1Et6,P 1AI7,PLA18 ,PLB18,PLC1B,pLAl 9,P1A2O,wI~lCnO ?lO
CPt B2O,PIA21,PLB2L,PLC2I,PTAI ,PTDI,PTA4,PTB4 ,PTAS ,PTRS ,PTE5,PTA 6, WHCDOflO
CPTE6,PT A7,PTB7,PTC7,PTJC ,PTA 8,PTD8,PTA9,PTB9,PTAIO,PTBIO,PTCLO , WHCOO23O
EPEA3,PEB3,PEA 4,P((4,PFAS,PEF5,PEA 6,PEB6,PEF6,PFA7, PEET,PEAR,PfA9 , W I’4C00240
FPEA 1O,PER1O,PECIO,PEAI1,PEBII,PFEI1,PEBC,PSPC,PSA3,PSP 3,PSA4,P5f4,WHCrIO 25O
CPSA5,PSE5,PSA6,PSF 6,PSG6,P547,PSF7,PSA8,PSA9,PSAIO,PSBIO, PSCIO, WHCOO26O
I’PSAI1 ,PSRh1~ PSE11,CFT, PFT ,CFC A SF ,PFCA SF,C FC ,PFC ,C FM ,PFM , T Y EAR WHCOO 2TO
COMMON /COSTIN/ PRIB1,PRICI,PR I B2,PRIC2,PRI B4,PRTC4,P R I D 4,PRIPS ,WH CO O2RO

1PPIC5,PRIB9,PPIC9,PRID9,PRIE 9,PRIF 9,PRIBII,PRTCII,PRIDII,PRIFII, WHC (10790
2PRIFI1,PRIC12,PR ID12,PRIB13,PRIC1~~,PRIO13,PRIB14,PRIC14 ,P R I 0 1 4, WHCOO300
3PR I B 1 S ,PR (C15,P R I D 1 S ,PRTBI6,PR!C1 6,PR!016,PR B17,PRICI7,PRIDI7 , WHCOOI1O
4pp !E17,PRIC18,PRIDIB,PPIBI9,PRICI 9,PRIOI9,PR I B24,PRPP1,PR P.1Cl,PRNP2WHCOO32O
5,P R N C 2 ,P P N B 4,PRNC4,PRND4,PRNBS,pRNCS,PRNB9 ,PRNC 9,PRNO9,PRNF O,PRNF9WHCO0330
6,PR P~8I1,PRNC11,PRN flhl ,PRNFh1 , PRNFI1,PRNCL2,PRND12,PPNB13,PRNCl3, WHCr1OI4O
7ppN0L 3,ppr .1p 14,PR NC I4,PRNO1 4,pRNBI5,PRNCIS,PRNDIS,PRPR I 6,PRP4C16, WHCOO35O
8PRNUI 6, PRMBL7 , PRNC 17, PRND 17, PRNE 17, PRP4B2O, PLB1 ,PLC l,PIA 2, PIB2, P1 84WH C00360
q,PLC 4,P L A S ,PLRS ,PLR6 ,PIC 6,PLA7,PLB7,P189,PtC9,PIALO, PLB1O,PLA1 2, W HCO O 3TO
A PI8L2, ~1PI 4,~~LC 1A , PICl5,~~LflI5,P1Bt 6,PLCI6,P1DL6 ,PLPI 9,PICL 9,PT8l, WHCOO38O
BPTCI,PTA2,PTR2,PTA l ,PTR3,PTC5,PTQS,PTR6,PTC 6 ,PTD6, PTPB,PTC8,PF*1, WHCf)03q0
CPFBI,PFCL,PEA2,PFP2,PFC2,P F B4,PEC4,PFO4 ,PEB5 ,PEC5, PEDS,PEFS,PFC6, WHC(10400
CPFD6,PFP7,P (Cl , PEP 7, PFC lI ,PFOIL , PSA 1, PSAL ,PSCt,PSA2 ,PSB2 , PSC2, PS PAWHCr1O4IC)
E,PSC 4,P5fl4,PSR5,PSCS,PSOS,PSE5,PSR 6,PSC6,PS D 6,P SE6,PSB7,PSCT,PSD7,WHC00420
F P SF 7 ,PSCLI, P5OhL,P RND22,PLD2I,PLf2I,PTDLO, PTELO ,PRIC26 WHCOO43O

COMMoN / C O 5 T I N~ PRPF(T ,00 ,R, A F A 1 ,A F B I , A F C L , A F O L , A F ! 1 ,A FA ? ,4 F 8 2 ,  W~~COO44 O
I A F C 2 ,  AFA 3, AF P 3,A FG3,AcA4 , ArR4, .~~C4,AF24,AFJ4 ,A FA5, AFPc ,A Frc ,AFH5 , WI~C~ O45-1
2AFAe, ,4FR6,AEr ,6 ,  A FA 7 ,A 1 C 7 ,AF f l 7 ,A FA q ,~~f f lp ,A FCR ,A Ff l R , A r I P ,Ar A9 ,AFP q ,  W P-C 00460
1AF(O ,AFC g ,4FJg ,AF * I O ,A F P L O , 4 F r 1 J , A F H ~ C ,A F A ~~1, A F B ) L , A Fr~11, A~~A 1?,  wHCfl D4T ()
4 A rCl2, A F C L 2 ,AF A I3, AF p t~~,AF C13 , A F A 1 4 ,A rR14 ,PIF C14 ,K F U7r ,w .~ 1 ,w F L ,w F L , w HC r’ 14 R)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
( KL F(- ,KC.T 6 ,K S T A B ,K A O A T F  ,Nr l-4A P1 ,K SC ,A T E,GA 2 ,GR2, C.K? ,0 A 4  , ç r ~i ,r,O1 ,0A4, ~‘ r ) ’ ~ -I ’~
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7C p4 ,CM4,C45 ,G B5 ,G1~5,KG, KC,KS, ,K A ,KP ,IGTYPE ,t CTYP F ,IPRCS T W H C OO5LO
CflMMPM /COSTIN/ AFFI ,AFF 1,AFGI,A FH1,AFC2,A FD2 ,AFF2,A FF2,AFC~~, WHCOOS?O

IA FC 3, 4FE3,A FF3, AFF4,AFF 4,4F04,AFH4,AFI’,,AFDS,AFF5 ,AFF5 ,AFG5, A FC 6, WH Cf)053C)
2AF06,A F F 6,A FF 6,AFR7,A FE 8,AFF8,AFG8,AFH8,AFF9,AFF9,AFG9 ,AFH9,AFTS, WHCOOS4O
3 A F C 1 0,A FEIO ,AFFt0,A FGlO ,A FChI ,AFDL1,AFELI,AFF11,AFBt2 ,W81,WCL,Wr)1,WHCfl05~ O
4W82,WC2,CBI,CCI,CD1,C82,CC2,C02,CB3,CC3,CD3,GC1,GOI,GE),r,C2,002, WHCOO ’560
5cE?,6F2,GG2,GH2,G12,GJ2,0C 3,Gn3,GE3,GF3,GG3,GH3,G1 3,GJ3,GK3 ,GL3, WHC00570
6CW3,C,fM~~,GP3,GC4,GP4,GF4,GF4,GG4,GH4,GI4,GJ4,GK4,GL4,GC5,r,fl5,0F5, WHCOOSRO
7CF5,CG5,CFTTAB (11 ),PFTTAR (11) w’~CO0S9O
CCMMCN /CSTP R VI CBIC,CBMC,CCASE,CCFU,CCL ,CCM ,CCOMI,CCCML,CCC MM , w f-. r rloooo

1 CCONT, CCR D.C EBFU,CFBRO ,CETJ , CEXIN,CG FU,CG RO, W HC O O6 LO
2 CG5 ,CCTO T ,CIGN,CIRJFU, CTRJ RD , CLF ,CIFI,CLGG,CIhCL M , WHCrIO62O
3 CLRFLJ ,CL PRD ,CLRT ,CLTC ,C LTP,CM,C $G G ,CMM ,CMTC, CMT P, wHfn063o
4 CMV,CN(’ Z ,CNRJFU, CNRJRD, CP,CPAFI ,C PFNG,CPL,C PLC , W HCOO6 4 I)
5 CPMFGL,CPMFGM ,CPOA,CPR ,CPRC,CPS,CPSMGG,CPSN2,CPSRA M ,CPSSGC,, WHC00650
6 CPTOO L ,CRAF I ,C R D EV ,CRE G ,CRFNG,CRFT O,CRJC, C RMFGL, CRMFGM, CR QA , W ’4C00660
7 CRTOOL ,CS A ,CSRFU,CSRRD,CSRT,CT ,CTAF I ,CTC,CTEB,CTIRJ,CT JFIJ , UHCOO67O
8 CTJI F,CTJLEI,CTJPD,CTJT, CTL,CTM,CTNRJ,CTP,CWH ,CWHFIJ ,CW HR, WHCOO6RO
ç CIIOOC,CRPS,CPFU,PROFPR ,PRFUAF ,PRRAF ,CCLB,CCMB,CTC P,CLf 8,CP1OZR, WHCCO69O
A CPPP,CPIR ,CIGNB,CSAB ,PROFEX WHCDOTOO
P~A NEIIST IERRPRT/ CWHR,CWHFU,C WH w,~coo7io
XFUZE=KFIJZE W HCr)0720
CW FR =WA )* ( ( W B 1+WC L*WW H+WD L*XF UZ E)*WE 1+W F L)  W HCO O 73O

2 CW)’FU=WAZ*( l.28*(WB2+WC 2*SQRT (WWH))*W02/600.+WE2) WHCflO74O
3 CWH=CWHR +CWHFU WHCOO7SO

IF (ID bCST .NE. 0) WR ITE l6,ERRPRT) WHCr)0760
RETURN - WHCOO77O
(NO WHCflO7RO

SLB~~O U T 1 N ~ PIR ST ‘~~~r_Oo1o
C PI RCOO2O
C LIQUID ROCKET PROPULSION COST PLRCOO3O
C PLRCOO 4O

REAL NOZWT ,NP PI.. RC0050
COMMON /COMVL S/ WTANK ,VFXIN,VRFQ,GGW,H PP UM P ,WTFL JFL ,WCOMM,VCCM!, P LRC OO 60

1 P5,VL,WN Ol,KFM ,MATT K ,A ,DCOM,WMC,VBI ,DTHRT,RP4O?I,NC7WT ,MP ,CASEM , P I RCOO 7O
2 FNFT ,WT ,WF,FMAX,  $ ,T4, MF TTJ,ZX P4B ,O ,W M, FC, PPEAK ,BSP, KC ET, Q4, WC S , PIRCOr)R0
3 W W H , WTC,W T P ,WGG ,~~SC,WL V, VGT ,WO ,W P ,OP,W N, MfTA L,NCONFG PIRCOO9O
COMM ON ICOSTIN/ PRIAI,PR (A2 ,PRJC,PRI 43,PRI$3,PR I A4, PRIE4,PRIA5, PLRCOLOO

IPPIA6 ,PP(A7,PRIA 8,PRIBR,PR IA 9,PRIG9,PRIA1O,PRIA II,PRIGl1,P RIA 12, PL RCO1IO
2PR1 812,PR (E12,PP 1A1 3,PRIFI3,PRIAI4,PRIE14 ,PRIA I5,pp !FI5,PRIA16, PLRCOI2O
3 P R f F 1 6,PR (A l7,PRIFh7 , pRjAlB ,pq~ RI8,PRIEj8,PR (A19,pRIf1q,pRI42O , PIRCO[30
4PRTA2L,PP1A22 ,PRI822,PRIA23,PR1823,PR1C23,pR I A 2 4 ,pR1C24,PRIA2S , PLRCO14O
5PPI R 2S,PP1A2 6,PR IR26,PPIC26,PR NA1, PRNA2 ,PRNA3 ,PR P183,FRNM,PRNF4, PLRC0I5O
6PPMA5,PRNA6,PRPIA7,PRNA B, PRNBS,PRNA 9,PRNG 9,PRNALO,PRNAI1 ,PRNC,l1, PIRCO16O
7PRNAL2, PPPIJRL2,PPNF12,PRNA 13,PRNEI3 ,PRNA14 ,PRNFI4,PPKA15,PRP~*I6, PLRCOI7O
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PI RCOL 8O
9PPNP2I,PRMA22 ,PPN 822,PPP4C22,PIPC ,PLAI , PLA3 ,PIR3 ,P1A4 ,P(A6,PIAR , Pt RCOLQO
AP1B8,P1AQ ,P1AI1, PLB L L , P1AI 3,P1BI~~,PLC13,PL 0I3,p1AL4,P1flL4,P1AL5 , PIRCO200
B P L R 1 5 ,P1F15,PLF15,PL4 16,PLFl6,PLA[7,P1AI6,P1RI8,PLCtp ,pLA1 Q ,pt~~2Q,P1PCO7Lg
CPL R2O,P1A21,PIB2I,PLC2I,PTAI ,PTDI,PTA4,PTR4,PTAS,0Tp5,DTF5,PT A6 , PL R C O 2 2 O
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~IR C023fl
FP FA3 , P F83, P F A 4 ,P F F 4 , P C A 5 , PFF5,P E46 ,PE B6, PFF6 ,PE4 7 ,PEF7, PV M3, PF A9 , D L P C O? 4 0
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FP FA LO, PFE tO , PFCj O ,P FA 1 1,PF~~11,PEEI 1,PFRC ,PSPC, PS A3 ,PS!~3, PSA4, PS E4 , Pt RCO ?5O
GPSAS,PS F5,P S A 6,PSF4~,PS(6,PSA7,0SF7,PSAB ,PSA 9,PSAIO, PSP1O, PSCIO , PIRC.O?6t)
H PSA 1L , PS P L L , PS E I L , C F T , P F T ,CFCASE ,PFCASE,CFC , PFC ,CF M ,PFM ,IY E A R  P( RCO?71

COMMOK /COSTIPII/ Pp (Bl,PRICI,P91132,PRIC2,PRIR4,PRIC4,PRID4 ,PRIP5, PL RCO2R9
IPRIC5,PPIB9,PRICS,PRIP9,PR(F9,PRTF9,PRIB1I,PRICLI ,PRIDLI , PQ I EIL , PIRC!)290
2PPIF1I,PRIC12,P PIPL 2 , PRI RI3,PRICI3,PR!013,PR!B14,PRICI4,PR (014, PIRC030t) - -

~

3PRIPI5, PR 1C15,PR I015,PRIRI 6,PIkICI6,PR1016 ,PRTBI7,PQ !C17,PRIDI7, PIRCO3IC)
4PRIFI1,PR 1C18,PR IDIB,PRIO 19,PRIC lc,PRIDI 9,PRIB24,PPNPL, PRMCI,PRpp2P ( RC0320
5,PRNC2,PRN ,PRNC4,P R NO 4,PRNB5,PRNC5,PRNB 9,PRNCQ ,PPNE9 ,PRNF9,PRPbF9PLRCO33O
6,PRNBLl ,PRNCI1,PPf~’D11,PR NEtI ,PRNFII,PRNC12,PRND12,PPN813,PRP4C13, PIRCO34O
7PRNO 13,PRMRL 4,P R N C I 4 ,PRNDI4,PRNBI5 ,PRMCI5,PRND15,PR KBI6,PRNCI6, PI QCO350
BPRNOI6, PPN317, PRNC 17, PRNO I7, PRNF 17, PRNR2O ,PIBI ,PLCI, PLA 2 , Pt 82, PIP4PL PC036)
q,p1r’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PLRCO3TO
APLBL2,P1814,PLC 14,P1C 1~~,PLOI5,PLB16,PLC1 6,P1OI6,P L P I 9,PLC1q ,PTRI, PIQCOIRO
PPTCI,PTA2 ,PTB2,PTA3 ,PTR3,PTC5,PTD5,PTB 6,PTC6 ,PTD6,PTPR ,PTCR,PFIsL , PLRCO39O
CP E8I ,P(CL, PEA 2,PFR2, PFC 2,9 E84, PEC4, PE04 ,PEB5, PEC5, P E O5 ,PF E5, PcCb, P( RCO4 00

— CPF D6,PE87,PEC7,PFfll,PEC LI,PEDhI ,PSAI,PSBI , PS C I ,PSA2 ,PS R2 ,PSC 2, PSE4PI RCO4I )
E,PSC 4,PSD4,PSB5,PSC5,PSO5,PSE5,PSB6,PSC6,PSO6,PSE6,PSBT , PSC T ,PSO 7,PLRCO42O
FPSE7,PSCI1,PSOII , PRND22, PLO2I,PIE2I, PT D1O,PTFIO, PR 1026 PLPCO43O

COMMON /CO STIN/ PPCF IT ,QD,R , A F A I , A F B L , A F C 1,AFDL, AFI I , AFA 2 ,A FP2 ,  P(RC044 0
LAFG2, A F A 3,AF B 3,A F G 3,AFA4,A F84,AFC4,A104,AFJ4,AFA5,AFB5,AFC5,AFH5, Pt RC0450
2A FA 6, AFB6,AFC,6,A FA7,AFC 7,AFD7,AFAB ,AFB 8,AFC8 ,A FDR , A F I R ,AFA9 ,AFP9 , PLRCO4f O
3AFC9 ,AFD9,4FJ 9,AFA 1O,AFBI O,A FCIO ,AFH1O,AFAI I,AFB1L ,$FGIL ,A FAI?, PIRCO47O
4AF C 12, AF DI2, A FA 13, AFB 13, AEC 13,AFA14 , AF BL4 ,A FC 14 , KFUZE, WAI ,  W Et ,  W F ! ,Pt. RC04R’)
5WA2 ,WC2 ,WE2 ,KGAIN,CA1,CEI,CFI,C42,CE2,CF2,CAJ,CE3,CF 3,GA1,G81,GF1,PIRCO4cO
6KLE6,KGT6,KSTAB, KAGAT E ,PICHAN ,KSGATE ,GA2 ,G82,GK2,GA3,G83,G03,6A4, PIRCO500
7CP4,CM4, CA 5 ,GB5,GH5,KG ,KC ,KW ,KA,KP ,IGTYPF,ICTYPE, I P R CST P( RCO5 1~)
COMMON /COSTIN/ A FFI,A FFI,AFGt,AFft-U,AFC2,AFOZ,AF (2,4FF2,4FC3, PLRCOS2O
1AF93, AFF3,AFF3,AFF4,AFF4,AFG4,AFH4,AFI4,AF95,AFE5, AFF5,A FGS ,AFCe, P’ RCOSlO
2AF06,A FF6,AFF 6,AFP7,AFE8,AFF8,AFG8,AFH8 ,AFE 9,AFF9,AFG9 ,AFH 9,AV19 , PI RCO54O
3AF010,AFELO ,A FFIO,AFGIO ,AFC11 ,AFDIL,AFE1I ,AFFII,4F812,WBI.WCL ,WCI,°IRCO 5SO
.,W82,WCZ,CBI,CC1,CDI,CB2,CC2,C02,CB3,CC 3,C03,GC I ,001,CE1,0C2,002, PLRCOS6O
5CF2,cF2,cr,2,GF12,612,6J2,0C3,Gr)3,0E3,GF3,GG3,GH3,G(3,GJ3,r.x3,GL3, Pl RrO5lO
6CM3 ,GN3,GP3,GC4,GD 4,6E4,GF4,GG4,Gf-14,GI 4,GJ4,GK4,G14,CCS,605,GF S, P(RC058’)
70F5,OCS,CFTTAB( L1I,PFTTAB(I1 ) PIRCOS9O
COMM ON /CSTPRV/ C81C,CRMC,CCASE,CCFU,CC1,CCM ,CCr?~ ,CCC ML,CCCMM , PLRCO600

- - 1 fCO NT,  CCRO, CEBFU,C EBRD,CETJ, CEX IN,CG FU,CGRD , PLRCO6 1O
2 CCT,CC,TOT,CTGN,CTRJFU, CIRJRD , C1F ,CLFL,CLG0,CII,CI M, PIRCO62I)
3 CIRIU,CIRRD,CLRT ,CLTC,CITP,CM,C MGG,CMM ,CWTC,CMT P, PIRCO6IO
4 CMV ,CNOZ,CNRJFtJ, CNRJRO , CP,CPAFI,CPENG ,CPL,CPLC, PIRCO64O
S CPM FGI ,CPMFGM ,CPO A ,CPR,CPRC,CPS,CPSMC,G,CPSN2,CPSPAM,CPSSC,r, PI RCOASO
6 CPTflO~ ,rRaFt ,CRDEV , C R F G ,CRENr,,CRF TO,CRJC,CRMFGI,CRMFC,M ,CRO A , P1RC066()
7 CPTflflL ,CSA ,CSRFU ,CSPRC ,CSRT ,CT,CTAF I ,CTC,CTFB,CTIPJ,CTJFU , PLRCO67O
8 CTJLF ,CTJLFL,CTJRD ,CTJT, C TL,cT M ,CTNRJ,CTP,Cw H,CwHFu,Cw~4R , PIRCO6R()

~ CBPflC,CRPS,C~ FU, P RP F P R ,P R F U A F ,P R R A F ,CCLB,CC MB,CTCB,C1IP,CNC7R , r,IRCOp,00
A (PPB,CPIP ,C (C-NR ,CSAP,PROF FX
rT Mr ’ S Ifl’

~~
PLR1 4AI 3 ) PFRCD7IO

L 

NA M FI (ST /FRPP~~T/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P’ RCO7?)
1 ; M ,C;T ,C P S , C T ,CP, C P L , ( S ~~,11RFu , C L P P O , C I RT PI RY)711
riT j ~ P L P 1 4 ~~/ 2 1 t5 . , 1 & 4c c . ,7 l 9 1. / P( P C OT 4 D
P t P I4 I J = P t R I A A ( M 1 . TAL ) PI Q P O T S O
PL(14 U .?6CP P(
If ( P I P I 4  .N~ • () .)  P1 P1’.U P1iU 4 ~l W f O 7 7- ~)

ir ( P t C I 4  •~~F.  t ) .)  Pt (  1 4 1 1 = P I C I 4  D~ QCO~~~P 1
CI IC=PI A1 * PL  P1*wT (*~’p (5 f I/1UI)~). pi ~? r ’~ 7 - 4 ~

IS

I
5-- — ~~~~~~~~~~~ - - .*~1W - -~ ~.s ~~~~~~~ - . ~~~~~~~~ ~

.- • - - —~~~~ -. S

- ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~S
- — - —~~~~~~~~~-



-—--—5-’— -
- 

5-~~~~~5 - ’~~ ~~~~~~~~~~~~~~~ —~~~~~~~ ---—-5-— -- ‘5 L~~~
’ 5 5 - 5 -  5-—-- - .  -==-,- -~~~~~~~-

r

2 CMT C=PL A2* i .35*W TC** PLR2/1000 .  PLRCOR OO
3 CTC= PLA3 * (CLTC+C MTC I+P IB !  Pt RCOP 10
4 CITP PL A 4*PLB4*(WTP WGG WSC)**PLC4/1000. PL~~Coq2O
5 CMTP PL A5*l.35*IWTP— WGG—WSC)**PLB5/1000. PLRC0R~ O
6 CLGG=P1 A6*PL 86$( %~CG+WSC )**P1C 6/1000. Pt. RCOR4O
7 CMGG=PL -A7*I.35*(WGG+WSC )**PLB1/1000. PIRCORS!)
8 CTP=PLAB*(CLTPGCMTP+CLGG+CMGG )+PLB8 PLRCOR6O
9 CIM=PLA9*PLBS*WIV**PLC9IL000. P( RC0870
10 CMM=PL A IO*1.35*WLV**PLB 1 C/b OO. PI. R CO8R O
II CMZPLAII* (CLM4CMM)+PLR 11 PLPCO89O
12 CGT=PL A 12*l.059*VGT**PLR 12/IOCO. PL RCOQOO
13 CPS PLAl3*(CGT+PL8I~ +PICL3)+PIDI3 PtQCO9IO
14 CTZPLAI4*PLB14U*1.I*WT**PLCI4U/I000.+PLD14 PLRCOQ2O
15 CPZPLA1S*(PLPISS(PICI5/WO)**PLD15*W0+PIEI5*(PLCI5/WF)$*P1015 wF1 PIRCO91O

1 /1000.+PLFI6 P1 RC0940
16 CPI=PLA16*P1816*1.1*(PLCI6/WP)**PLD16*WP+PLEIo PLRCO95O
17 CSA=PL A L7 PLRCO960
18 CIRFU=( Pt AI8*1.15*PLB1B*(CTC+CTP+CM+CPS4CT+CP+CPL+CSA)+PLAI8SPLCIRPL RC0970

1 )*(l.+PLPC) pt qcoqpo
CPFU=CLRFU PLRCO99O
PROFPR=CLRFU*PLPC/II .+PLPC ) PLRCI000

21. CL RRD—PIA2I*(PLB2I*(1.462*PL021*FMA X+PLF2I)+PLC21)*(1..PIPC ) PLRCLOLO
CRPS=CLRRD PLRC1O2O

22 CLRT=CI RRU+CIRFU PLRC1O3O
CL TC=CL TC*PLA 18 P1 PCi 040
CMTC—CM TC*PLA18 PIRC1OSO
CTC=CTC*PLA18 PL RC 1C)f,0
CLTPrCLTP*PLAI8 PLRC IO7O
CMTPZCMTP*PL*18 PLRCIORO
CLGG—CL CG*PLAI8 PLRCIO 9O
CMGG=CM CG*PLA 18 PLRC1IOO
CTP =C TP ~ PLA 1R Pt RCI1IO
CLM=CLM*PLA 1B PLRC1L2O
CMMzCMM*PLAL8 PLRCII3O
CM—C M*PLAIR PIRCII4O
CCT=CCT*P1AI8 PLRC1I5O
CPSz C PS* Pt418 PL RC1160
( T — C T * P ( A L P  PL PC 1L7O
CP*CP*PLALB Pt.RCIISO
CPL= ( RI *p( 118 PLRC 1190
CSA— CSA *PLA1B PIRCI200
IF (I~~PCST .ME. C) WP I TE (6,ERRPRT) PLRC121O

RET U RN PLRCI22 O
(PU!) PLRCI23O

SUBROUT INE PE RCST PFPCOO1O
c PEBCDO2O
C FXTF°NAI. ‘~flOSTER PROPULSI ON COST PFBCO0~ I)
C P(BCOO4O

COMMON /CDNIV/ kPUTG , OIAFRI , SOM MC)R(8) PFRCOOSO
PEA t NOZWT ,MP PC RCOO6’)
COMMON /C OMV I SI WTA NIC ,VFX IN ,VR EQ ,GGW , HPPUMP ,WTF UEI ,W C CMM ,V CC M I ,  DF BCDO 7O

1 R5 ,Y L , W P 4 D 7 , KFM ,VA TT K ,A ,PCOM ,b,MC ,VBI  ,DTHRT ,RNOZI ,NCZ W T ,MP,CA S F M , PrPCOO8-1
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2 FM FT ,WT,WF,F MAX ,S,T4,MF TTJ ,ZX PJB ,D,WM ,FC, PPEAK ,BSP ,1%CET,04,WCS , PF PC OO9O
3 WWH,WTC,WTP,WGC,WSC,WLV ,VO T,WC,WP ,DP,WN,MFTAL,NCONFC, P~~3C0LO0
COMMON /COSTIN/ PR IA I,PR!A2,PRJC ,PRIA 3,PRIB3, PR I  A4,PR I E4,PRIA5, PFRCOIIO

- - IPPIA6,PPIA7, PRIA8 ,PRIR 8,PRIA 9,PRIG9,PRIAIO,PRTA IL ,P RIGI1, PR (A12, PFRCOL?0
2PRIBI2,PRIEI2,PRIA I3,PRIF13,PRIAI4,PRIEL 4,PRIAI5,PPIE15,pRTAl6 , PFBCOI3()
3PRIFI6,PRIAI7,PRIFI7,PRIAIB,PR181 8,PRIEIB,pR1419,PRIEI9,PRIA2O, PERCO14O
4PRIA21,PRIA22,PR1822,PRIA2 3 ,PRIB23,PRIC23,PR IA24,PR1C24,PRIA25, PFBCOI50
SPRIR2S,PR IA26,PR 1826,PRtC26,PRNAI,PRNA2,PRNA3 ,PRN1I3,PRNA4 ,pRNE4, PERCOI6O
6PRNAS,PRN A6,PRNA7,PRNA8,P RN B 8 ,PRNA 9,PRNG9,PRNA1O, PRM*II,PRNG1I, PFRCOI7O
7 P R N A 12,PRNB12,PRNFI2,PRNAI3,PRNF13,PRNA14,PRP1E14,PPP%A15,PRNA16 , PFPCOL 8O
8PPNA 17, PRN A l8,PRNPlP ,PRNA IQ ,PRNBl9,PRNCtq ,PRNA 2O, PpP~C?fl ,PRNA 2I, PF8C0190
9PRNB2I,PRNA22,PRNB22,PRNCZ2,PLPC ,PLAI ,PLA3,PLB3,P I A 4,PLA 6,PL AS , PFPCO200
APLB8,PLA9,PLAII ,PLBII,PIAI3,PLBL3 ,PLC13,PLDIL3,PIA1 4,PLD14,PLA 15, P~ BCO2IO
8P1R15,PLF15,PLF15,PLA I6,PLE L 6,PIAI7,PIAI8,PLRL 8,PICIR ,PIA I9,PLA2O, PFRCO22O
CPLBZO,PLA2 I, PLB21,PIC2I, PTA L, PTDI,PTA4,pT R4 ,PTA5 ,PTB 5 ,PTFS, PTA6 , PER CO23 O

• DPT(6,PTA7,PTR7,PTC7,PTJC ,PTA 8,PTD8,PTA 9,PT89,PTA1o ,PTB1O,PTCIO , PF~3C0?4O
EPEA3,PE83,PEA4,PEF4,PEA5,PFF5,PEA 6,PE86,pE (6,PEA7, PFE7,PFA 8,PF A9, PERCOZSO
FPFALO,PEB1O,PEC1O,PEAII,PEBI1,PEEII,PFBC ,PSPC,P543,P583,PSA 4,p5F4,PE8C0260
GPSAS, P$F5, P S A6 ,PSF6,PSG6,PSA7 ,PSF7,P548,pS*9 ,PSA1O ,PSB 1O,PSCIO, PF BCO27O
HPSAII ,PSB11,PSE1I,CFT, PFT,CFCA$E ,PFCASE,CFC ,PFC ,C FP,PFM,(y FAR PEPCO2 RO

COMMON /COSTIN/ PR IBI,PRIC1,PRIB2,PRIC2,PRIB4,PRIC4,PRID4,PRIB5,PEBCO29O
1PRICS-,PRTB9,PRIC9,PRID9,PRIE9,PRIF9,PRIB1I,PRICII,PRLDI1 ,PR (E11, PEBCO 300
2PPIF11,PRICI2,PRIDI2,PRIBI3,PRIC13,PRID13,PRIB14,PRJC14,PRIO14, PERCO 3IO
3PR1815,PRIC15,PRID1S,PRIBI6,PRIC1Ô,PRID16,PRIB17,pp1C17,ppI017, PERCO 32O
4PRI( 17,PRIC 1e,PR 1018, PRIBI9,PRICI.9,PRIO19,PR 1824,PRPIB1 , PRP4CL, PRNP2PE B CO33 O
5,PRNCZ,PRNB4,PRNC 4,PPND4 ,PRNB5,PRNC5,Pp1489,PRNC9,PppC9 , PRNF9,PRNF 9PEBCO34O
6,PRNRII,PRNCLL, PRNOIL,PRNEIL,PRNFLL,PRNCI2,PRNDI2,PRP4813,PRP4C13, PEBCO35O
7PRN013,PRNBI4,PRNC 14,PRNDL4,P R N B I S ,PR(’1C15,pRN015,PRNBI6,pR(14C16, Pf8C0360
8PRNDI6,P*P4817,PRNC17,PRNDI7,PRNF I 7,PRNB2O,PIBI ,PLCI,PLA2 ,PLB2,PLB4PERCO3TO
9,PtC4,P1A5,PLB5,PLB6,PIC 6,PLAT ,P187,PLS9,pLC9, PIAIO,PLPLO .P1A12, PERC0380
AP IR12,Pt. 814,PLC 14,PLCI5,PIDbS,P1816,PICb6,PLDI6,P1819, PLCI9, PT BI, PEBCO 39O
PPTCI,PTA2,PTB2,PTA3,PTR3,PTCS,PTDS,PT B6,PTC6,PTD6 ,FT?8,PTCR,PE A l, PERCO400
CPFB1,PECI,P(A2,PEP2.PFC2,PEB4,PEC4,PFD4,P(85 ,PEC5 ,PFD5 ,PEE5,PEC6, P EPC O4 I O
0PED6,PF87,P(C7,PE07,PECI1,pfDbI,PSA1,p581,pSCl ,pSA2,p592,pSC2,PSB4 pEBCO42O
E,PSC4,PSO4,PSB5,PSC5,PSD5,PSE5,PSB6,PSC6,PSD6,PSE6,PSB7,PSC7,PSC7, PF B CO 43O
FPSF7, PSC11,P$DLI,pRN022,p1021 ,p1E21, PTD1O,pT FlO,pR1026 PEBCO44O

COMMON /COSTIN/ PRO FIT ,QD ,R,AFAI ,AFB1,AFCI ,AFOL ,AF ( L, A FA 2 ,AFB2,  PFB CO4 5O
(AFG2, AFA3,AFB3,AFG3,AFA4 ,4F84,AFC4,AF04,AFJ4,AFA5,AFB5, AFCS,AFH5, PE B C O4 6O
2AFA6,AF86,AFG6,AFA7,AFC7,AFD7,AFA8,AFB8,AFCB ,AFDR,A FIB,AFA9,AF89, PEB CO4 7O
3A 1C 9,AFO9,AFJ9,AFA 1O,AFBIO,AFCIO,AFH LO,AFA 1b,AF B1I ,A FGII ,AFAI 2, PE RC O48O
‘,AFCI2,AFD12,AFA 13,AFBI3,AFCI3,AFAL4, AF614,AFC14,KFUZE,WAI,WEI,WF J, PE BC O49O
5W A2,WC2,WE2,KGA IN ,CAl,CFI,CFL,CAZ,CE2,CF2,CA3,C (3,CF3,GA1,GR1,GFL,PERCO500
6K LF6, K GT 6 ,KC1~~R, KA GAT E , P~CHAN ,KSGA TF ,GA2 ,GB2,GK2, GA 3, GR3,GQ 3 ,GA4, PERC OSLO
7C B4 ,cM4 ,GA 5,-~~~ ,GI45,K G , KC , KW , kA , K P , I GT Y P E , I CT Y P E , IP RC S T  PF RCO S2O

COMMON /COSTIN/ AFF I ,A F FI ,AFG L,A FHL , AFC 2 , AFD2 ,A FE 2 ,A FF2 ,A FC3 ,  DFP CO53O
IAFC3 ,AE F3 ,A FF3,A FEA ,AF F4 ,AF G4,AFH4 ,&Fl4 ,AFDS,A FES, AFF 5, A FGS ,4 FC6, PFPCOS4O
2A !06,AFE6,AFF6,AFP7,AFF8,A FFB,AF GB, AFH8,A F F 9,AFF9,AFG9 ,A FHQ ,Ar I9, PFPCO5SO
‘AFDLO, A FFIO,A FFIO ,AFC ,IO,AFct I,AFDL1 ,AFE1I ,AFF1L,AFPI2 ,wp I,wcL ,wrl, pFProS6o
4W82,WC2,CB1,CCL,CPI,CR2,CC2,CD2,CR l,CC 3,CD 3,GCL,r,Dl,GEL,GC2,C,02, PFBCO57O

• SCF2,G~ 2,CG2,GH2,G!2,GJ2,Gr 3,Gfl3,GF3,CP3,GG3,GH3,r,t 3,GJI,GK3,G13, PFPCOSBO
6cM3,GN3,r,p3,r,C4 ,G04,GF4,cF4,r,r,4,r,H4 ,r,14,GJ4 , r,K4,014, CCS ,r,p5,cFs , PFPCOS9O
7CF5 ,GO~~,CFTTAB (I1),PFTTA S(t1) PFPCO600

COMMON /C STPRV/ rp~ r ,cpMr ,c C A S F , CCru ,cc L ,CCM ,CC PMI , CCCM L,C C O MM , PEPCO6 1(~
1 CCr1N T,((RU,CFRFU,CFP RP,CFTJ,CIXIN ,CCFU,CGRO , PF-RCO62D
2 f r ,T ,C C T P T ,((GN ,CI I IJ Ft’ , r f ~~J L~ ) , rL1,C LFL,( IGG,r1 I ,CIM , PFr~CO~~~o
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3 CL P FU,CLR Q I) ,CLRT, CLT C,CLT P,CP’,C MGG,C MM,CMYC ,CMT P, P FRCO64O
1 CMV,CNOZ,CNRJFU, CP-4RJRD, CP ,CPAFI,CPENG,CFL,CPIC, PFRCO6St)
5 CPMFCI ,CPMFGM ,CPCA ,CPR ,CPRC,CPS,CPSMGG,CPSN2,CPSR*M ,CPSSGG, PE PCO66O
6 CPTr1OL ,CRA FI ,CRDFV,CREG,CRF NG ,CRFTO,CRJC,C RMFGL,CRMFGM ,CRQA , PFR CO6TO
7 (RTOOI ,CSA ,CSRFU,CSRPP ,CSRT ,CT,CTAFI,CTC,CTEB,CTIRJ,CTJFU , PFBCO 6RO

- 8 CTJLF ,CTJLFL,CTJRD,CTJT, CTL,CTM ,CTNRJ,CTP ,Cb’H ,CWHFU,CW HR , PFRCO6a()
9 CBPOC,CRPS,CPFU,PROFPP,PRF U A F ,P R RAF ,CCLR ,CCMB ,CTCF,CLIB,CNOZR, PFRCOTV)O
A CPRB,CPI.B,CIGNB ,CSAB, PROFEX PFPCOT LO

NA MF LIST /E RRPRT/ CC LB, CC MB,CTC B ,CLIB ,CNOZB,CPRB,CFLB,CIGNP,CSA F, PFBfO7 2O
1 CEBFIJ,CEBRD,CTFE’ PFPCO73O
CSL 1K 0 P~~~CO74O
t = C * DTAFR T PFPCO75O
I=CASEM PEBCO76O
CFMU—CFTTAB (II PFBCO77O
PFMIJ=PFTTA8 ( I I  PERCO7PO
IF (CFM .NE. 0.) CFMUzCFM PEPCO7QO
IF (PFM .ME. 0.) PFMU=PFM PFBCO800

1 CCLB PEA1*CFMU*(PEBI/WMC )**PECL*WMC PE BCORIO
2 CCM B=1. 1*PEA2*P FMU*1PE82/WMC )**PEC2*WMC P(RCOR2O
3 CTCB PEA3* (CCLB+CCMB )+PE83 PFRCOB3O
I. CLIR=1.1*PEA4* PEB4*(PEC4/VB I)**PEO4*VB I+PFF4 PFBCOB4O
5 CNOZB=1.1*PEAS*PEBS*IPEC5+PEO5*DTHRT+PEF5*RNOZI )*NCZWT+PEFS PERCORSO
6 CPRB=PEA6*PEB6*MP/1000.*(PEC6/M P)**PE06+PEE6 PFBCOB60
7 CPLB=1.b*PEA 7*PEB7*MP*(PEC7/MP)**PfD7+PEE7 PFPC0R7O
8 CIGN B—P EAB PERCOBRO
9 CSAB=PEA 9 PF!3C0890
10 CERFU=ZXN B*(PEALO* (PEB1O* (CTCR+CLIB+CNOZB+CPRB+CPLB+CIGNB+CSAB) PFBCO900

1 +PEC LO )*(1.+PEBC)) PERCO9 IO
PROFEX CFRFU*PEBC/( 1.+PERC) PFPCO92O

I_ I CEI3RD=PEAI1* (PEBI1*PFC1I*ID*WM)**PEDh1*1.462+PFFLL)* (1.+PFBC ) P(~ C0930
12 CTEB=CEBPD+CEBFU PFBCO94O

CCLB=CCLB*PEAIO PFPCO9SO
CCMB CC MP*PEAIO PFPCO96O
CTCB=CTCB*PEA1O PFBCO9TO
CLIB=CL IB*PFAIO PFRCO9RO
CNOZB=CNO7B*PEA1C prpco~ oo
CPRP=CPRP*PEA1O PFBC1 000
CPL B=CPL H*PFA1O PFRCIOIO
CIGNB— C Itl~J R*PEAI0 PFRCLO2O
CSAR=CSAR *PFAIO PFRC1O3O
I~ (IPPCST .ME. C) WR I TE (6,ERRPRT) PERCLO4O
C = OSL IK PEPC 1OSO
RETURN PFBCIO 6O 

-

PFBC IO7O

SUBRO UT INE PS RCST PSRCOO1O
c PSRCOO2O
C SOt TI) SUS TAIN ER PROPULSION COST PSR0001O
c PSRCOO4O

COMMON /CONLY/ KIN flP~~,flIAFRT ,5WMC ,SflTHRT,SPNCZI,SWM ,SCMMOP (4) PSR0005O
PFAL ~1C7WT ,MP PSRCOO60
CCMMr (~ /CP’VIS/ hTANV ,VFXIPI ,VRFQ ,GCW ,HPPUMP ,WTFUEI,WCCMM ,VCCMI, PSRCOO7O
I P5, Y 1,W ?,k~ M,M A T T P ,~~,f lCnM ,WM C ,VRI ,DTIlRT ,RNOZI ,M ( ZW T ,MP, CA S [ M , PS’~C 00P0

‘4— Iq

- _________ - - ~~
- -______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -4 ~~~~ 5 1. ~~ ~~



2 FNET ,WT,WF,FMA X ,S,T4,MF TTJ,ZXNR ,D,WM,FC,PPP AK,BSP ,M~ET,QA ,WCS, P SR C O O 9O
3 WW H ,WTC,WTP ,WG0,bSC ,WtV ,VGT,WO,WP ,DP ,WN,METAL,NCDNFG PSRCOIOO
COMMON /COSTIN/ PRIA 1,PRIA2, PR JC ,PRIA3 ,PRIB3,PR!A4,PR IE4,PRIA5, PSRCOIIO

1PRIA 6,PRIA7,PRIA 8,PPIR 8,PRIA 9,PRIG 9,PRIA IO,PRIAII,PRIGI1,PRIA I2, PSRCO12O
2PR1P12,PRIF12,PRIA I3,PRIEI3 ,PRIA14,PREEI4,PRIA 15 ,PR!E15,PRTA1 6, PSRCOI3O
3PRI (16,PRIA I7 ,PRIF1T ,PRJAIR ,PRIB1 8,PRIF1B,PR!A19,PRIEI9 ,PRIA2O, ~SRC OL4 O
4PRIA21,PR!A22,PR 1822,PRLA23,PR1823,PRIC23,PR 1A24,PRIC24,PRIA25, PSRCOIS ’)
S P R I B 2 S ,PR 1A26 ,PR IB?6,PRIC26,PRNAL,PRNA2 ,PRP1A3 ,PRP4R3,PRNA4,PRNE4, PSRCOI6O
6PRNA5,PRN A6,PRNA7,PRNAR ,PRNB8,PRNA9,PRP1G9,PR N A I O ,PPNA1I,PRNG1I, PSRCO17O
7PRNAI2,PRNI4I2,PRNEI2,PRNAI3,PRNEI3,PRNAI4,PRNEI4,PPPA15,PRN*I6, PSRCOI8O
8PRNAI7,PRNA18,PRNBI8,PRNA I9,PRN B I9,PRNC I9,PRNA2O,PPNC2O,PRNA2I, PSRCO190
9PRNB2L,PRP1A22,PRP4622,PRNC2Z,PLPC,PLAL,PLA3,Pt 83,PLA4,PtA 6,PIA8, PSRCO 2O()
APLBB,PLA 9,PLA11,PtBL1 ,PIAI3,P1813,PIC13 ,P1013,PLAI4,PLOI4,PLA15, PSRCO2IO
PPLBb 5,P 1E15 ,PIF 1S, PLA I6, P1E 16, PIAI7 , PLA L 8 , P1818,PLC18 ,P L A I 9 ,P IA2O , PS R CO ? 20 —

CPLB2O,PLA2I, PLB2I,PLC2I, PTAI, PTDI,PTA4,PTB4,PTA5,PTB5 ,PT E5,PT A6 , PSRCO23 O
OPTE6,PTA7,PT137,PTC7,PTJC ,PTA8,PTD8,PTA9,PTB9,PTAIO ,PTR1O,PTC1O, PSRCO24D
EPFA3,PEB3,PEA4,PFF4,PFA5,PEF5,PEA6 ,PE86,PEE6,PEA7, PEE7,PFAS,PF A9, PSRCO2SO
FPEA 1O,PFBIO,PECIO,PFA11,PEB1I,PEEII,PEBC,PSPC,P543,PSB3,PSA 4 ,PSF4,PSRCO26O
GPSA5,PSF5,P5A6,PSF6,PSG6,PSAT,P5F7,PSA8,PSA9,PSAIO,PSBIO,PSCIO, PSRCO2 7O
HPSA11,PS811,PSE1I,CFT,PFT,CFC A SE,PFCASE,CFC,PFC,CFM ,PF M ,IVFAR PSRCO2BO
COMMO N /COSTIPIII PRIBI,PR1C I,PRIB2,PRIC2,PRIR4,PRIC4,PRIO4,PRIBS,PSRCO29O
IPRICS,PRIB9,PR ICS,PRIO9,PRIE9,PRIF-9,PRIBII,PRIC1I .PRIO1I,PRIFIL, PSRCO300
2PRIF1I,PRICI2,PRIO12,PR1813 ,PR 1C13,PRIDI3,PRIBL4,PRICI4,PRTOI4, PSRCO 31O
3PRIB1S,PRICI5,PRID1S,PR1816,PRIC16,PRIDI6,PRIBI7,PPICI7,PR1017, PSRCO 32O
4PR1E17,PRJCIB,PRIDIB,PRIBI9,PRICI9,PRIDI9,PRIB24,PRNPI,PRNCL,PRN P2 PS RCO3 3O
5,PRNC2,PRNB4,PRNC4,PRND4,PRNR5,PRNC5,PRNB9,PRNC9,PRI 09, PR NF 9,PPNFQPSRCO 34O
6,PRNB11,PRNC1I,PRND1I,PRNEI1,PRMFLI,PRNCI2,PRN012,PRNB13,PRPIC13, PSRCO35O

- . 7PRNU13,PRNBI4,PR NCT4,PRNO I4,PRP4BI5,PRP4CL5,PRNOLS,PRNPI6,PRP4C16, PSPCO36O
SPRNDI6,PRNBI7,PRNCI7,PRNDI7,PRPEL7,PRNB2O,PLB1,PLC1,P1A2 ,PLB2,PLR4PSRCO 37O
Q,P1C4,PLA5,PLB5,PIB6,PLC6,PLA7,PL97,P189,p1C9,PLAIO,PLPLO,PLA12, PSRCO38O
APIBI2,PLB14,PLC14,PLC 15,PLDI5,PLBI6,PLC 16,P1016,PLBI9,PLCI9, PT 81, PSRCO 3~0
BPTCI,PTA2,PTB2,PTA3,PTB3,PTC5,PTO5,PTB6,PTC6,PTD6,PTP8,PTCR,PE*b, PSR CO400
CPEBI,PEC1,PEA2,P(82,pEC2,PE 94,PEC4,PE04,PE85 ,PEC5,PEDS ,PEE5,PFC6, PSRCO4IO
CPE06,PEP7,PEC7,PED7,PFCI1,PEDhI,PSA1,PSBI,PSCI ,PSA2,PSR2,PSC2,PSB4PSRCO 42O
E,PSC4,PSD4,PSB5,PSC5,PSDS,PSE5,PSB6,PSC6,PSD6,PSE6,PSBT ,PSC7 ,PSO7,P SRCO4 3O
FPS~~7,PSC1b,PSflh1,PRND22,PLD2l,PLE21,PT01O,PTEb0,PR ID26 PSRCO 44O
COMMON ICI3STIN/ PROFIT,00,R,AFAI,AFB1,AFC1,AFOI,AFII,AFA2,AF P2, PSRCO45O
1AFG2, AFA3,AFB3,AFG 3,AFA4,AFB4,AF C4,AFD4,AFJ4,AFA5,AFBS,AFCS,AFH5, PSRCO46O
2AFA 6,4F86,AFG6,AFA7,AFC7,AFDT,AFA8,AFB8,AFC8,AFD8 ,AFIR ,AFA O,AFR 9, PSRCO 47O
3AFC9, AFCQ,AFJq,AFAIO ,AFBIO ,A F C t O,AFH1O ,AFA11,A FBLI ,*FGI1,AFAI2, PSRCO 4BO
‘,AFC12,AF fll2,AFA13,AFR 13,AFCI3,AFAt4,AF B14,AFCI4,KFUZE,WAI,WEI,wF1,PSRCfl4~ 0
5W A2,WC2,WF2,KGA 1N ,CA I,CE1,CF1,CA2,CE2,CF2,CA3,CF3,CF3,GA1,081,GEI,PS RC OS O O
6KLF 6,KC,T6,KSTAB,KAGAT E ,NCHAN,KSGATE ,GA2 ,G82,GK2,6A3,G83,GQ3 ,GA4, P SR CO S1O
7C84,6M4,GA5,GB5,GH5,KG,KC,KW ,KA ,ICP,IGTYPE,ICTYPE,IPRCST PSRCO5?O
COMMON /COSTINI AFF I,A FFI,AFGL,AFHL,AFC2,AFO2,AFE2,AFF2,AFC3, PSRCO S3O

1.6F03,AFE3,AFF 3,AFE4,AFF4,AF G4 ,AFH4,AFI4,AFD5,AFF5,AFFS,AFG5,AFC6, PSRCO54()
2AF06, 4FE6,AFF6,Art%7,AFE8 ,AFF8,AFG8,AFHB ,AFF 9,AFFQ ,AFGQ ,A FIr, AF Iq , PSRCO5SO
3A FCIO,AFEIO ,AF FLO ,A F G I O ,AFC IL,A FDII ,A FELI ,A FFII,4F 812,WRI,WC1,WD1,PSRCOS6O
4WP2,WC2,CBI,CCI,CD1,C82,CC2 ,C02,C83,CC3,C03,GCL,00l ,GFI ,0C2,002, PSQC0~~70
5CE2,CF2,002,GH2,C!2,GJ2,GC 3,003,r,F3,GF 3,003,0H3,C,13,r,J3,GK3,G(3, PcRCOSR)
6CM3,C.N3,GP3,GC4,004,0F4,0F4,004,0H4,0T4,0J4,0K4,014,GCS,00S,CFS, PSRCOS9O
7CFS,CGS,CFTTAB (1I),PFTTAR(1l ) (‘SOCObOO
COMMON /CSTDRV/ CPLC , (PMC,CCASC ,(CFU,CCL,CCM ,CC OMI ,CCC WI, CCCMM , ‘~~ ‘CO 61O

I CCONT, CCR fl,CFRFU,CFP pP,rFTJ,C~~xI N,CGCU,00,Rfl, PS RC~~S2r)
2 (CT ,C CT OT ,C 1r,N,C IPJ FU,  C I PJ R D , CIF ,C I F I , C L C O , C 1 I ,C LW , P CO6% ’ )

r’t
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3 CLRFU,CLRRD,CLRT,CLTC ,CLT P,CM,CMGG,CWM ,CMTC,CMTP , PSRCO 64O
4 CMV,CNOZ,CNRJFU, CNRJRD, CP ,CPAFI,CPFM ,cFI,CPIC, PSRCO6SO
5 CPM FGI ,CPMFGM ,CPQA,CPP ,CPRC,CPS,CPSMGG,CPSN2 ,CPSR A M ,CPSSGC,, PSQCO66O
6 CPTOOL ,CRA FI , CRO EV,CRF G ,CRFNG ,CRF TO,CRJC,CQ MFGL,CPM FGM ,CRQA , PSRCO67O
7 CR TOOL,CSA,CSRFU,CSPRP,CSRT,CT,CTAFI,CTC,CTEB,CTIRJ,CTJFIJ , PSRCO6PO
8 CTJL F,CTJIFL,CTJR D,CTJT , CTL ,CTM ,CT P4RJ,CT P,C~ M,CWHFu ,CW I4R , PSRCOh~ O
9 CBOOC,CRPS,CPFU,PROFPR ,PRF U AF ,PRRAF,CCLB,CCMB,CTC P,CLIR ,CNOZP, PSRCO 700
A CPRR ,CPL 9,CIGNP ,CSAR,PROFFX PSR CO71O
NAMEL (ST / ERRPRT1 CBLC,CBMC,CCASE,CLI,CNfJZ,CPRC,CPLC,CSA ,CICN, PSQCOY2O

I CSR FU,CSRRD,CSR T PSRCO73O
iS = W MC P SRCO T4O
ZSS = flTH~T PSRcOT 5C)
2S SS = RMDZI PS RCO76O - -

ZS SSS = W M PSRCO77O
WMC = SWMC PSRCO78O
CTI’R T = SOTHR T PSRCOTQO
P14011 = SPNOZI PS RCO ROO
W M SUM PSR COR 1O

1 CBLCsPSA1*1.1*(PSRIIWMC)**PSC I*WMC PSRCOB2O
2 C 1414C=1.1* PSA2*(PSB2/WMC )**PSC2*WMC PSRCOR3O
3 CCASF=PSA3t ICBLC+CBMC ) +P 58 3 PSRCO~44O
4 CL I=PSA4*PS84*1.1*(PSC4/DP)**P504*DP+PSF4 PSRCOASO - -

~

5 CNOZ=PSA5*PSB5*3.3*WN *(PSC5+PSD5*DT HRT.PSES*RNOZI)+PSFS PSRCO86O
6 CPRC PSA6*WP * IPSR6/(PSC6*WP ))** PSO6*PSF6/PSE6+ PSG6 PS RCOR7O
7 CPLC=PSA7*1.1*PSR7*WP*(PSC7/IPSD7*WPPJ**PSE7.PSF7 PSRCORRO
8 CSA PSAB PSRCOBqO
9 C IGN=PSA9 PSRCO900
10 CSRFU=P SA IO*lI.-’-PSPC )*(PSBLO*1.15* (CCASE+CLI+C NOZ+CPRC+CPIC+CS A PSRCO9 IO

I +CIGN )4PSC1O) PSRCO9?O
CPFU=CSRFU P5RC0930
PRO FPR=CSRFU*PSPC/(1.+PSPC) PSPCO94I)

11 CS~Rf)=P SAl1* I1.+PSPC)*(PSBI1*PSCl1*(O*WM)**PSDb1*1.462+PSF11) PSRCO95O
CRPS=CSRRD PSRCO96O

12 CSRT— CS RFU+C SRRD PSRCO9TO
CBLC=CBIC*PSA 1O PSRCO98O
CPMC=CBMC *PSAbO PSRCO900
CCASF=CCA SE*PSA IO PSRCI000
CLI=Ct I*PSA1O PSRCIOIO
CNO7=CNOZ*PSAIO PSRCIO2O
CPRCz CPRC* PSAIO PSRC1O3O
CPLC CPIC*PSA1O PSRCIO4O
CSA C S A * P SA I O  PSRCIO5O
CIC-N=C ICN*PSA1O DSRCIO6O
IF I I P PC S T  .ME. 0) WRITE (6,ERRPRT ) PSRCIO7O
WMC = 7S PSRC1OBO

— OTI-IPT = ?SS PSRCIO°O
RNI)fl = 7SSS PSRC1IOO
W

~
’ = ZSSSS PSRCIIIO

RFTUPN PSRCI 120
(P4 0 PSRCII3O

SURPO(JT D!F P 1R CS T PTR000 1O
C Pt~~CO12fl
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C INTEGR AL RANJET PROPULSION COST P1 RC~I03fl
C PYRCOO 4O

P(A L NOZWT ,MP PIRCOO5O
COMMON /COMVIS/ WTANK ,VF X IN,VRE Q ,GGW,HPPUMP ,WTFIJEL,WCOMM ,VCOMT , PIRCO~ 6fl
I R5,YI,WNOZ,KFM ,MATTK ,A ,DCQM ,WMC,VBI ,OTHRT,RNOZI,N C Z W T ,M P ,CASF M, P!RCOO7O
2 FNFT,wT,wF ,FMAx,S,T4,METTJ,zxpIR,i),wM ,Fc ,PPEA K ,RsP,PDET,C A ,wrc , P~1RCO0RO
3 W WH , W TC,WTP, WGG ,k SC,W LV ,V GT, WC ,W P ,OP ,W N,MFTAI, N C OP~FG PI~~COO9O

COMMON /COSTIN/ PR IA1, PR IA2,PRJC,PRIA3, PR IB3 ,PR IA4 ,PRIF4, PR V A S ,  P( R COI OO
IPRIA 6,PRIA7,PRIAB, PRIBR,PRIA 9,PRIG 9,PR!A10,PRIA II,PRIGII,PRIA I2, PIRCOIIO
2PPIB12,PPIF12,PRIA L 3,PP!EL3,PR1A14,PRIEI4,PR I A1S,PPVE 1S,PRIA L 6 , PTRCQI2O
3PRIE16,PR1A 11,PRIF1 1,PRI418,PRIB18,PRIEI 8,PRiAL 9 ,PRI~~1q ,PRIA2 0, PIQCOI 3O
4PPIA2I,PRIA22,PRIR22,PR!A23,PR(823,PRIC23,PRTA24,PRIC24,PRIA25 , PI PCO14O
5PR1825,PR (A26,PR IR26,PRIC26,PRNAL ,PRNAZ ,PRNA3 ,PRNI33,PRNA 4,PRNF4, PIRCOI5O
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PIQCOI6O
7PRNA12,PRNBI2,PRNEL2 ,PRNAL3,PRN( 13,PRNAI4,PRP1E14,PRN ALS ,PRNAI6, PTRCOI7O
8PRNAI7,PRNAI8,PRNR18,pRNAI 9,PR 11 19,PRNCI9,PRNA2O,PPPC20,PRNA?I, PIRCOLRO
9PRNB2I,PQNA22 ,PRNB22,PRNCZZ,PLPC ,PIAI,pLA3 ,PL143,pL A4,pLA6 ,PLAR , P!RCOI9O
API..88,PLA 9,PIAII,PIB1I,PLA1 3,PLBI3,PLC13,PLD13,P1A14,PL014,PLAI5, P T R C O 200
8PL815,PLEL5,PIF1S,PLA 16 ,PLEb6,PLAL7 ,PLAI8,P1818,PLCIB,PL AI9,PIA2O,P T PCO21O
CPL B2O ,P1A21,PLB2I,PLC21,PTAI,PTU1,PTA4,PTt44,PTA5,PTR5 ,PTF5,PTA6, PIRC O22O
CPTF6, PTA 7, PT B7, PTC 7,PT JC ,PTAB , PTDB,PTA9, PTB9,pTAlO ,P tRIO, PTCIO , PIRCO?30
EPEA3,PEB3,PE*4 , PEE4, PEA5 , PEF 5,PEA6, PER6,PEF6,PEA7 , PEE7 ,P E AA,PFA9, P IRCO24O
FPFA1O,PFB1O, PEC1O,PEAII, PEBII,PEELt, PFBC ,P5PC,PSA3,P 583 ,PS A4 ,PSF4, PIRCO 2 SO
GPSA5,PSF5,PSA6,PSF6,PSG6,PSA7,PSF7,PSA8,PSA9,PSAIO,PSBlO,P SCIO , PIRCO26O
I-PSAI1,PSBI1,PSE1I,CFT,PFT ,CFCASE ,PFCASE,CFC,PFC ,CFM,PF M ,1YEAR PI0C0270

COMMON /CDSTIN/ PRIB1,PRICI,PR IB2 ,PRIC2 ,PRIR4, PR IC4,PRIN,,PRIPS, P T RC O ?RO
-.0- IPRIC5,PRIB9,P R I C S ,PRIUS ,PRIE 9,PR F9,PRIBII,PRICII,PRIDII,PRIEII, PIRCO29O

2PRIFII,PRIC12,PR IO12,PRIBL3,PRICI3,PRIOL3,PRIB14,PRICI4,P R I D I 4, P IR CO 300
3PRIBI5,PRICI5,PR JDIS ,PRIIBL6,pR1C1 6,PRIOL6,PRIBI7,PPICI7,PRIDI7 , P I PCO 3IO
4PRIF17, PRIC1B,PRIDIB,PR !819,PRIC I9,PRIDI9,PR I B24,PRNPI ,PRNC1,PRNP2PIRCO 32O
5,PRNC2,PRN B4 ,PRNC 4 ,PRND4,PRNB5,PRI4C5,PRNB9,PRNC9,PRNC9,PRNF9,PRNF9PIRCQ33O
6,PRNR11,PRNC b I,PRN0I1,PRNF1~i,pRNFI1,ppNCl2,pRNr)12,

ppNRI3, pRNcl 3, P!RC0340
7PRNOI 3,PPNB14,PR NC 14,PRNDL4,pRN 815,PRNC15,PRPIDI5,PR?816,PRNCI6, PI RCO3SO
8PRNUI 6,PPMBI7,PRNCI7,PRNOI7,PRNFIT,PRNB2O,PL BI ,PLCI,PLA2, PLR2,PLB4PIRCO 36O
9,PLC 4,PLAS ,PLB5,P186,PLC6,p1A7,PLB7,P189,PIC9,PIAIO,PLR10,PLAI2, PIRCO 370
APLP12,PLB14,PLC 14,PLC15,PLOI5,P1816,PLCI6,PLD I6,P1819,PLCIq ,PT RI, P(R C O 3 R O
RPTC1,PTA2, PTB2,PTA3,PTP3,PTC 5,PTDS,PTB 6,PTC6 ,PTO6, PTP8,PTCS,PEAI, P !RC 0390
CPFBI,PECZ,PEA?,PEB7,PEC2,PEB4 ,PEC4,PED4 ,PE BS ,PEC 5, PED5,PEE5,PFC8, P I R C O 400
CPF C6,PFP7 ,PEC7,PED7,PEC11,PF0j1,PSA1,PSB1,PSCI,P542 ,PSR2,PSC2,PSR4PIRCO 4IO
(,PSC4,P504,P5R5,PSC5,PSt I 5,p5E5,P586,PSO6,p506,pSE6 ,PSRT ,PSCT,P507,PIRCO42O
FPSF7,PSCIL,PSU11,PRN022,PLO2I,P1E21,PTDIO,PTEIO,PRIO26 PTRCO43O
COMMON /CD5TIN/ PROFIT,QD ,R ,A FAI ,AFBI, AFCL ,A FOI ,A FII,AFA2,4F82, PIPCO 44O

1AFG2,AFA3,AFR3,AFG3,AFA4,4F84,AFC4,AFD4,AFJ4,AF A5 ,A FR5,AFC5,AFH’5, PIPCO45O
2AF46,AFR6,AFG6,AF A 7,AFC7 ,4F07,AFAB,4FR 8,AFCS,A FDR,A FI8,AFA9,A FR9, PIRCO46O
3AFC9,A FC9,AFJ 9,AFAIO,A FBbO ,AFCIO , AFI-I10,AFAI1 ,AFB1I , A FGII ,A FAI2, PIRCO 47O
4AFC12,AFD12,A FAb 3, 4F813,AFCI3,A FAI 4,AFBI4,AFC14,KFUZ(,WA1,WF1,WF1,PI RCO4BO
5WA2 , Wt2, WE2,KGA IN,C4 1,CEI ,CF 1,CA2 ,CE2 ,CF2 ,C43 ,CF3 ,CF~~,GAI , CR1, CF I, PIQCO49O

— ~KLF6,KGT6 ,KSTAB,KAGATF,NCI44N,KSGATt,GA2 ,GB2,GK2 ,C,A3,GB3,GQ3,GA4, PIRCO500
7Gp4,6M4,CAS,G85,GHS,KG,KC ,KW,KA ,KP ,IGTYPE,ICTYPF,IP RCST PIRCOSIO
COMMON /COSTIN/ A FE1,A FFI,A FG1,~~Fl11,AFC2,AFfl2 ,AF (2,AFF2,AFC3 , PIPr.0520

F IAFD3,AFE3,A FF3,AFE 4,AFF4,AFG4,AF H4,AFI4,AFD5 ,AFE5,AFFS , AFOS, A FC 6, °IPCOS3O
2AF06, A F I 6,AFF 6,AFBT ,AFc 8,AFFB,A FGR,AF I-48 ,AFF9,AFF9,AFGQ ,AFH9,AFIq , P(

~~CO54O
3AFc1 0,AFF1O ,AFF IO,AF C,1C,A EC11, A FDIL, AFEII, A FFI1,AFPL?,w Rl ,WCI,wr1, DTQCO5SC)
4WP2,WC2,CR1,CCI,CPl.CR2,CC2,C,)2,Cfl3,fC3,C~fl,r,C1,GL)1,0 1,’r2, fl?, P(R005h0
5CF2,CF2,Cr,2,Cp42,rj2,GJ2,GC3,G !)3,r,F3,GF3,GG3,GH1 ,0I 3,rJ 3,r,K3,~~1a , P(”C~P~7~)
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6CM3,CN3,0P3,GC4,Cr)4,GE4,CF4,GG4,GH4,GI4,G J4,GK4,G14,GC5,G05,GF5, P(RCO5RO
7C-F5 ,C,r,5 ,C FTTAR ( 1I) ,PFTTAB I I I)  P1~~COS9I)
COMMON /CSTPRV / CBLC,CRMC,CCASE,CCFU,CCL,CCM ,CCOM1,CCCML,CCCMM , PIRCO600

1 CCONT,CCR D,CERFU,CEBRO ,CETJ,CEXIN,CGFU,CGRU, PIRCO61O
2 (GT,CGTOT ,CIGN,CIRJFL J , CIRJRD, CIF,CLFI ,CLGG,CLI,CLM , PTPCO 62O
3 CLR FU,CLRRO ,CLR T,CLTC ,CLTP,CM,CMGG,CMM ,CMTC,CW TP, PIRCO’S1O
4 CMV ,CP’OZ,CNRJFU, ff-IRJRO , CP,CPAFI,CPENG,CPL,CPLC, PIRCO64O 

-
~~

5 CPMFGL,CPMFGM ,CPO A ,CPR ,CPRC,CPS,CPSMGG,CPSN2,CPSRAM ,CPSSGG, PIRCO6SO
6 CPTI)OI,CRAFI,CRDEV,CPEG,CRENG,CRFTO,CRJC,CRMFGL,CR NFGM,CRQA, PIRCO 66O
7 CR1001. ,C$A ,CSRFU ,CSRRD ,CSRT,CT,CTAFI,CTC ,CTEB ,CTIRJ,CTJF IJ, P11400670
B CTJIF,CTJLFL,CTJR D,CTJT , CTI,CTM,CTNRJ ,CTP ,CWH ,CWHF’J ,CW HR, PIRCO6PO
9 CBOOC ,CRPS,CPFU,PROFPR,PRFIJAF,PRRAF ,CCLB,CCMB,CTCP,CtjB,CNO7B, PIRCO6gO
A CPRB,CPLR ,CIGNB,CSAB,PROFEX PIRCO 700 -)

F~AMFL (ST /FRRPRT / CTt,CTM,CT,CEXIN,CGT,CRFG,cMV,CPSr~2,0PSsGG, PIRCO71O
1 CPSMGG,CPSRAM,CLF,CLFI,CBLC,CBMC ,CLT ,CNOZ,CPRC,CPLC,CIGN,CSA, PI~~C0F20
2 CBOOC,CIP JFU, CIRJRD,CTIRJ,CPS PIRCO73O
CFTU=CFTTAR (MATTK ) PTRCO74O
PFTU=PFTTAB (MATTK ) PIRCOT5O
I=C*SA4 P1 1400760
CFCASUzCFTTAB (I) P11400770
PFCASU=PFTTAR (I) PIRCO7BO
IF ICFT •NE . 0.) CFTUZCF T P (RCOT9O
IF IPFT .ME. 0.) PFTU=PF T PIRCOBOO
IF (CECASE .ME. 0.) CFCASU=CFCASE P11400610
IF (PFC*SE .ME. 0.) PFCASU.PFC4SE PIRCOR2O

1 CTL 1.059*PRIAI*PR IR1*C F TU$WTANK **PRICI PIRCOB 3O
2 CTM=1.059*PR I A2*PR!82*PF TU*WTANK**PRIC2 P!RCOB4O
3 CT PP IA3*~ CTL-.CTM )+PRIB3 PIRCORSO

CEX IN = 0.0 PIRCO86O
IF I VFX IPI .EQ. 0.0 ) GO TO ~cqi PI RCO8TO

4 CFXIN=I.1*PRIA4*PR IB4*(PRIC4/VEX1N)**PRI D4*VEXIN+PRIF4 PIRCORBO
99C1 CONTINUE PIRCOR~ O- 

IF (KFM.NE .I) GO TO 10CC PIRCOQOO
S CcT=1.069*PRIA5*Pp (145*VRFQ**PR1C5/t000. piRcoq bn
6 CREG= PPIA6 PIRCO92O
7 CMV=PR IA? PIRCOQ3O
8 CPSN2=PRIAS*ICGT*CRFG4C MV )+PRIB8 PI RCO94O
bOCO IF( KFM .NF.3) GO TI) 2000 PIRCO9SO
~ CPSSCG=I.1*PRIA 9*PRIR9*I PRIC9$ (PRID9/GGW)**PRIE9*GGW+PR IF9)+PR IC9 PIRC.0960
2000 IF(KFM .NF.ZP GO 10 3000 P114C0970
1C CPSMGG= PRIAI C PtRCO 9P~)30C0 IF(KFM.NF.4 ) GO TI) 40CC PIRCO99O
Lb CPSP AM= 1 .1*PR IA I1* (PRIBI1* (PRICII,PR1PII$I PPUMP )—PRIELL*HPP(JMP P11401000

I **PR1 FII) +PRIGI I P11401010
4CCO CONTINUE PIRC1O2O

CPS=O. PIRCIO3O
IF (KEM .EQ. 1) CPS=CPSN2 PIRCIO4O
(F (KFM .EQ1 2)  CPS=CPSMGG - PTRCLOSO
IF IKEM .!Q. 3) CPS~CPSSGG PIRCLO 6O
IF IK EM •FQ. 4) CPS=CPSRAM P(R0I070

12 CIFZPRIAI2*PR IR1Z*(PR ICI2/WTF UEL )**PRIOL2*WTFUFL,1000 .,PRTFI2 PIRCLO8O
13 CL FIZL.1*14W1A 13*PPIRI3 * (PRIC 13/WTFtWL)**PRIOI3*WTFUFL+PPIFI3 19RC1090 I -

14 CPLC=1 .l*P141A14*PPIRI4*CFCASU* (PRICI4/WMC )**PRIDI4*b,Mr.PPIFI4 P11401 1.00
1S CR MCSL.I*PRIA I5*PPIP15*DFCASU*IP14ICL5/WMC )s*PRID1S .WMC ,PpIULc P ,RC IILO
16 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PTRC II ,’I~
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17 CNOZ=1.1*PRIA17*PR IP17* (P141C17.PRIDI7*2.*R5+PRIE17*v1)*PICZWT P11401130
1 •PRIFI1 P1 RC1140

18 CPRC=PPIAIR*PRLBIB/t000.*(PR(C19/MP)S* pR (016*MP,PRIEIB P11401150
19 CPLCZL.1*PRIA19*PRIRI9*IPRICI9/MP)**PRIDI9*MP+PR1E19 PIRC1I6O
20 CIGM=PRIA2O P!RCLL7()
21 CSA= PRIA2 I PIRCIlPO
22 CPOOCZPRIA22*ICBLC +CBMC 4CLI+CNOZ+CPRC+CPLC+CIGN+CSA),PRTR?2 PIRCII9O
23 CIRJ FU=PPIA23*U.+PRJC P*(1.15*PRIB23*(CT,CEXINiCPS.CLF.CLFL+CR000)PIRC1200

1 •PR IC23I P11401210
CPFU=CIRJFU P1 1401220 H

PROFPRzCIRJFU*PRJC/11.+PRJC ) PIRCI21O H
26 CIRJROZII.+PRJC)*PRIA26*(PRIB26*l.I84*PRID26*DCOMs.PP1C26) PIRCI24O

CRPS CIRJRI) P1 1401250
27 CTIRJ=C IPJFU+CIRJRI) PIRCL ’60

CTL~ C Tt.*PP IA23 P1RC1270
CTM —C TM *PRIA23 P!RCI?R0
CT=CT*PRIA23 P11401290
CEXIN~CEXIN*PRIA23 P11401300
CGT—CGT *PRIA23 P11401310
CREGZCR EG*PRIA23 PIRCI 32O
CMVzCMV*PRIA23 P1RCII3O
CPSN2~ CPSN2*PRIA23 PIRCL 34O
(PSSGG ~ CPSSGG*PRIA23 P1 1401150
CPSMGG—CPSMGG*PRIA23 PIRCII 6O
CPSRAMzCPSRAN*PRTA23 PTRCI37O
CPSZCPS*PRIA23 PIRCIIBO
CL F CLF*PR IA23 P1 1401190
Ct FL~~CLR*PRIA23 P1~~CI4O0
CPL C=CBLC*PRIA23 PIRCI4IO
CRMC CBMC*PRIA23 P1 1401420
CL IzCLI$PRIA23 P1RC143t)
CNOZ CP4OZ*PRIA23 PIRCL44O
CPRCaCPRC*PRIA23 P1 RC1450
CPL C~ CPLC*PR!A23 P1 1401460
CIGN CIGN*PRIA23 PIRCI47O
(SA CSA*P141123 P (RC14BO H
CPI1flC~ C Pf1OC*PRIA23 PIRCI49O
IF (IPRCST .ME. C) WR ITE (6,ERRPRTI P1RC1SOO
RETURN P1 1401510
END P 1 R C I S 2 O  

l i

SURROUT (NE PNRCST PNP0001O
C PNRCO07O
C NON— INTEGRAL RA MJF T SUSTAINE R PROPULSION COST DNRCOOIO
c PPJRCOO4O

~~~~ NOZW T ,MP PNRCN)50
COMMON ~~)MVL SI W IANK ,VF XI N,VREQ,GGW, -IPPUMP,W1 FJ EL,WCCMM,vCt~4I, PMR 00060

I P5,YI,WP-’flZ,KF M ,MATTK ,A ,!)CflM,WMC ,VBl,DTHRT,RNDZJ ,WCZWT, MP,CASF M , PNRCOO7O
2 FNET,WT,WF,FMAX,S,T4,MFTTJ,ZXNB ,O,WM ,FC,PPEAK,13Sp ,POFT,CA ,WCS , P N R C OORO
3 WWH,WTC,WTP,WGC,,hSC ,WLV,VG T,WO,WP ,flP,WN ,MFTAL,P4CCK~G P14140.0(100
COMMON /CI)STIN/ PRIAI,PRIA2,PRJC, 0141A3,p14183,p14IA4,PRIr4,PPI AS, P14’1~’0 1Ofl

IPRIA 6,PRIA7, PRIA B, PRIBP ,PR IA9 ,PRIG9 ,PPIA1O ,PP (All,PPIGII, PPIA 12, PNRCOL IO
2PR1 812,PPIEI2,PR !A 13,PR1FI3,PRIAI4 ,PRIFI 4,PRIA I5, PQ IF1S ,PQ IA I6 , ~~~ ))20
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3PPIFI6,PPIAIT,PP!F17,PRI*18,P141818,PRIE18,PRIAL 9,PRI(19,PRIA2O , PNRCO 1IO
4PRIA7L, PP!422,PRIB22,PP1423,PPIB2-3,PRIC23,PR IA24,PP1C24,PR1A25, PNRCO14O
5PR( 1425 ,PRIA26 ,PR 1826,PR 1C26 , PRNAI, PRNA2 ,PRN*3 ,PR NR3,FPNA4 ,PRPJ(4, PNR CO LSO
6PRNAS,PRN *6,PRNA7,PRNA8,PRNB8,PRNA9 ,PRNG 9,PRNAI0,PRPA l1, PRNGII, P141400160
7PRNAI2,PRNB12,PRNEI2,PR NAI3,PRPF13,PRNAI4,PRNEI4,PRI4A15,PRNAI6 , P141400170
pp PN*17,pPN*1p,p14N81p,PRNA19,P1414819,pRNcIq .p p14a20,ppNc2o,p1414a21, PNRCOIPO
9PPNR21,PR14A22,PRNR2?,P1414C22,PLPC ,PLA1 ,PLA3,PLR3 ,PL A4,P L A 6,PL -AR , PI1RCOI9O
APLB 8,PLA 9,PLAI1, PLR11,PLAL3,PLB13,PLCI3,P1013,PLA14,P1014,PLAL5, PNRCO?00
eP1815,PLFI5,PIFL5,PLA1 6,PLE16,PLA1T,PLAI8,PLRI8,PLC18,PLA1 9,PLA2O,PNRCO2)o
CPL R2O,PLA2I,PLB2L,PLC2I,PTAI,PTD1,PTA4,P184,PTA5 ,PTP5,PTF5,PTA6, P141400220
CPT E6, PTAT, PTR 7,P T CT ,PTJC ,PTA8, PT08, PTA9 ,PT R9,PTAZO,PT BIO , PTCLO, PNRCO 23I)
EPEA3,PEP3,PEA4,P E E 4 ,PEA5,PEF5,PE A6,PEB6,P(E6,P(AT, P(E7,PEAB ,PF A9, P141400240
FPEAIO,PEFjC,PECIO,PEA1I,PER1I,PEEI1,PEBC ,PSPC ,PSA3 ,PSP3 ,P544,PS(4,c’NqC075o
CPSAS,PSF5,PSA6,PSF6,PSG6,PSA7,PSF7,PSAR,PSA9,PSAIO,PSPIO,PSCI0, P14140(1260
HPSA11,PSBII,PSEI1,CFT,PFT,CFC A SE ,PFCASE,CFC,PFC,CFP,PFP0,IYFAR PNRCO27O
COMMON /COSTIN/ PRIB1,PRICI,PR IB2,PRIC2 ,PR IB4,PRIC4,PR!04,PRIPS,PMRCO2 V1

IPRIC5,PRIR9,PRIC9,PRIOS,PRI (9,PRIF9,PRIB1I,PRICII,PRIOI1,PP!EII, P14140029(1
2PPIF11,PRICI2,PR IO12,pRIRI3,P141C13,PR1013,PRIBI4,PRTCI4,pRIt )14, P14140(1300
3PRIB1S,PRICI5,PR IU1S,PRTB16, PRICI6,PRID1A ,PRIRI? ,PRIC 17,P1410I7, PNRC O3 IO
4PR IE 17, PR IC 1B,PR 1018,PR 1819,PRIC 19,PR!019,PRI 824, PPNR1, PRNCI,PRNP2PNRCO32 ()
5,PRNC2,PRNB4,PRNC4,PRND4,PRNB5,PRNC5,PRNB9,PRPI(C9,PPNC9,PRI4E9,PRNF 9PNRCO33O
6,PRNBII,PRP4CZ1,pRNDLI,PRNE1L,PRNFIL,PRIjCI2,PRND12,P14148l3,pp 14C13, PN1400340
7PPND13,PR14814,PRNCI4,PRN O 14,PRNB1S,PRNCI5,ppNDLS,p p$816 ,pRNC16 , PNRCO3SO
8PP14016,PRNBI7,PRNCI7,PRNDI7,PRNEL7,PRNB2O,PL8L ,PLCL,PL 12,P1R2,P1A4P14R00361)
c,PLC4,PLA5,PIB5,P186,P106,PLAT,P LB ?,PIBQ,PLC9,p14I0,pLB1O ,PIAI2, PNR~ O 370
APLRI2,PLRI4,P1014,PLC l5,PLDIS,PLB16,PLCI6,PL016 ,Pt.819 ,PLCIQ ,P181, PIVRCO4140
BPTC 1 ,PTA2,PTB2,P1A3,PTR3,PTC 5,pT05,PT%,p1C6,pTDo,pTp8,pTCs,pf*1, PNRCO 39O
CPFRI,PFCI,PEAP ,PEB2,PEC2,PEB4,PEC4,PEO4,PE85,PE05,PFO5,PEFS,PEC6, PNRCO 400
CPFD6,PEB7,PEC7,P (07,pE011,PE011,pSA1,p581 ,PSC L ,PSA2,PSR2,PSC2,PSB4PNRCO4IO
E,PSC4,P504,PSB5,PSC5,P505,PSE5,PSBÔ,P506 ,PS% ,P$F6 ,PSB7 ,PSC7 ,PSU7, PNRCO 42O
FPSE7,PSC11,PSfl11,PRND22,PLD21,pLE21,pT010,pTEl0,p141026 PNRCO43O

COMMON /COSTIN / PROFIT,QO ,R,4FA1,AFBI, AFC I,A FO1,AcI1, A EA2 ,A F R2 ,  PN R C O44O
1AFG2 , AFA3,A FB3, AFG3,AFA4,4F84 ,4FC4,AFD4,Af J4,AF A5 ,AFB5,AF0 5 ,AFH5, PNRCO4SO
2* F*6,AF B6,AFG6,AFA 7,AFC7, 4 F07,AFA8,4 F88,AFC8 ,A FO8, A F I8 ,A FA9 ,AF89, PMR CO46O
3AFCQ ,AFOQ,4FJ9,AFAI Q,AE8IQ,AfCI0 ,AFHIO,AFAIL,AFB11,AFCI1,AFAI2, PNRCO47O 

- -4AF012,AF012,AFA 13,AFRL3,AEC I3,AFA I4,AFSL4 ,AF014,KFUZE,WA1 ,Wf1,WF1,PN R CO4RO
5WA2,w02,wF2,KGAIN,C 41,C(1,CFL,C42,CE2,CF2,CA3 ,C(3,CF3,GA1,GRj,GF1,p141400490
6KLF 6,K6T6,KSTAB,KAGATE ,NC I4A14,(SGATE,GA2,G62,GK2,GA3,083,CQ3,GA4, PNRCO500
7CP4,CM 4,GAS,CB5,C1~5,KG,KC,KW,KA ,KP,IGTYPE ,(CTYPE,IPRCST PNRCO51O
COMMON /COSTIN/ AFE1,AFF 1,AFGL,AFHI,AFC2,4F02,AF F2,AFF2,eF03 , PNRCO52O
1AF03,AFE3,AFF3,AFF4,AFF4,AFG4,AFH4,AFI4,AFOS,AFES,AFFS,AFGS,AFC6, PNRCOS3O
2AFO 6,AFF6 ,AFF~ ,AFP7,AFE8,4FF8,AFG8,AFH8 ,AFFq ,AFFq ,AcG 9,AFH9,Ar1q, PN R CO 54O
3AF01 0, AFE I L1, AFF lO,AFG 10, AFC11 ,AFDI1 ,AFE1 I ,AFF1 1 ,AFPL2 ,wpI,wC i,wnl, PNRCOSSO
4WP2,wC2,CRI,CC1,00 1,C82,Cc2,c02,083,cC3,C03,cc1,Gnl,GEl,Gc7,Go2, PNRC (1560
5C(2,0E2,GC2,G,42,012,GJ2,GC3,G03,G(3,6F3,G63,6H3,G13,GJ3,GK3 ,613, PNRCOS7O
6GM3,r,N3,rP3,r,C4,cr4,r,E4,GF4,6G4,GH4,G14,6J4,GK4,G14,r,cs,cos,GFS, PWR CO5RO
7CF5,GGS,CFTTAB (11),pFTTAB(LL) - PNRCOS140
COMMON /CSTPRV/ CPLC,CBMC,00ASE,CCFU,CCL,CCM ,CCCMI,CCOML,000MM , PNRCO600

1 CCON T,CCR D,C(RFU,C(BRt),C(TJ,C(XIN,CGF IJ,CGRD, P14140(16(0
2 (CT,CCTO T,CIGN,CIRJFUI , C I R J R O , ~~~~~~~~~~~~~~~~~~~~~~~~ P~’RC062O
3 CLPFU,CLPRfl,C LPT ,C1TC,C LTP ,CM ,CMGr,,C~~Pø ,CMTC,CMT P, PNRCO6J (1
4 CMV ,CNOZ,CNRJFU, CNR JRD, CP,CPAFI,CPFNG ,CRL,CPLC , P141400640
S CPMFGL,CPMFGM ,CPOA,CPR ,CPRC ,CP$,CPSMC G ,CPSN2 ,CPSRA~~,CPSSr.C., (1141400650
6 CR1001. ,CRAFI,CRDFV ,CREG,CRE14G,CRFTI),CRJC,CRMFGL ,CRMFGW ,r 14(14, P11140(11,60
7 CP T UC ) 1 ,CSA ,CS R F U ,C S RR D ,CS RT ,CT .CT A F I , CTC ,CTF R ,C T I P J , CT JF U , P’~’R C067O 
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B C T J I F ,CTJLFI,CTJR O,CTJT , CTL,CTM ,CTNPJ,CTP ,CWI- ,CW HFU,CWHP, PNRCO 6RO

~ CR(Iflc,CPPS,CPFU,PROFPP ,P R F U A F,PR P.A F,CftB,CCMB,CTcB,C118,CNC7R, PNRC06C)0
A CPRP,CPIR,CICN R ,CSAB,PPOFFX PN’4CO700
PAM EL IST /ERRPRT/ CTL,CTM ,CT,CFXIN,CGT,CR (G,CMV ,CPSP2,C p5SCG, P~4R CO7 10
1 CPSMGG ,CPSRAM,CLF,CLFt,CCOML,CC OMM ,000MI ,CNOZ,CRJC,CNRJF (J , P140C0720
2 CNPJPD,CTIIRJ,CPS PN~ CO710C FTUzCFTTAR (NATTK) PNRCO74O
PFTUJ PFTTAB(MATTK ) P14RC0750
I CAS EM PN’~C)76~
CFCU=CFTTAR (1) PNRCO77O
PFCUzPFTTAP (1) PNRCO7RO
IF ICET .NE. 0.) C FT U=CFT PNRCO79O
IF (PFT .ME. 0.) PFTUzPFT PNRC0ROO
IF (CFC .141. 0.) CFCU=CFC PNRC0RIO
IF (PEC .ME. 0.) PFCU~ PFC P14RC0820

I CTL~~1.05q*PRNA1SPRNB1*CFTU*WTANK**PRNC 1 PNRCOR 3O
2 CTM 1 .059*PRNA2*PRNB2*PF ‘TU*WTANK**PRNC 2 PNRCOR4O
3 CT=PRNA3*ICTL +CTM )+PRNB3 PNRCOR5O

CEX IN — 0.0 PNRCO86O
IF  ~ VEXIN .EQ. 0.0 ) GO 10 9991 PNRCO87O

4 CFXIN 1.1*PRNA4*PRNB4*(PRNC4IVEXIN)**PRND4$VFX1N+PRP ~F4 PNRCORRO
9951 CONTINUE PNRCOR 9O

IF(KFM.NE.1) GO TO 1000 PNRCOQOO
S CCTz1.059*PRNAS*PRNB5*VREQ**PRNC5I1000. P141400910
6 CREG— PRNA6 P141400920
7 CMV=PRNA7 PN~ COQ 30
8 CPSN2zPRNA8*(CGT-ACREG-AC MV)+PRNB8 P’VRCO94O
ICCO IF(KFM.ME.3) GO TO 2000 PMRCO95O H
9 CPSSGG=1.1*PRNA9*PRNB9*I PRNC9* (PRND9IGGW **PRNE9*GGW,PRNF9)+PR NG9 PNRCO96O
20CC) IF(KFM.NE.2) GO TO 3000 Pcb4RCO97O
10 CPSMGG=PR P1AIO PNRCO9BO
30C0 IF(KFM.NE.4) GO TO 4000 PNRCO99O
11 CPSRAM=1 .1*PRNA1I* IPRNB 1I*(PRNC1I+PRND1I*HPPUMP)—PRIiEII*HPPUMP PNRCI000

1 $*PR14F11),PRP4G11 PNRCIOIO
4CCO CONTINUE PN RCIO2O

CPS=0. PNRC1O3O
IF (KFM .EQ. 1) CPS—CPSN2 PNRCIO40
IF IKFM .EQ. 2) CPS=CPSMGG PNRCIO5O
IF ( KFM .EQ. 3) CPS=CPSSGG PNRCIO6O
IF IKFM .F0. 4) CPS— C PSRA M PI4RC 1O7O

12 CLFz PR14 A 12*PR14812*(PRNC12IWT FUEt)**PRNDI2*WTFUEL/1000..PRNEI2 P141401080
13 CLFL=1.1*PRNAI3*PPP1813* (PRNCI3/WTFUEL)**PRND13*WTFUEI+PRN(13 PNRCIO9O
14 CCOMI PRNAI4*PRNPI4*1.I*CFC U*(PR NCI4/WCOMM)**PRNDL4*WCCMM PNRCIIOO
1S CCOMM 1.1*PRNAI5*PRNRIS* PFC U* ( PR NC 1S/WC OMM)**PR N015*W CCMM PNRCIIIO
16 CCOM1 I.1*PRNAL6*PR14816*IPRNC16/VCOM1)**PRNDI6*VCOPI PNRCII2O
17 CPJOZ=1.1*PRNAI7*PRNBI7*(PR NC L T+PRNDIT*R5,PRNE17*Y1)*WNOl P141401130 H
18 CPJC PRNAb8* (CC0M1 44~C0MM +CCOMt+CNCZ)+PRMB18 P141401140 H
15 CNRJFU PRNAI9*( I.+PPJC)* ( I .15*PR NBI9*(CT+CEX IN+CPS,CLF,CIFI+CPJC ) PNRCI1SO

1 +PRNC19) PNRCI16O
C PFU— CP-!RJFU PNRC ’t 170
PPOFPR CNRJF U* PRJC/ ( Ie +PPJ C) PN~ C11R0

22 CNRJRO— (L .+PRJC )*PRNA22* (PRNR22*1.184*PRIjfl2?*000M+PpPC22) PNRCII0O
CP°SZCPJRJRI) P’~IRr12() fl

23 CT~’PJ 0l’RJFU,CNR JPfl P~~RC. !?1 O
CTI=CTI *PPNA I9
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CT=CT .pp P - IA l c PN14C1230
CFXI N=CExI r4.pRNA1S PNRCL24t)
CCTzCGT*PRNA19 P141401250
CRFC ,=CPFG*P1414419 P14140126(1
CMV=CMV * PRI3A1 9 P141401270
CPSN2=CPSN2*PRNAL 9 PNRCI?RO
CPSSC,G=CPSSCG*PRNI1Q P’~~0129flCpsMCG=CP SNGG*pRIvALc pNRcI;0O — —_

CPSR -AM=CPS RAM *PRNA 1S PNRC)310
CPS=CPS* PPN* 19 P141401120
CL F=CLF* PRNA I9 P’~RCI140
CLFL=CL FL *PRNAI9 P141401j40
000MI=CCOML*PRNA 19 P141401350
000MM=000MMtPRNA1S P1)140(36’)
CCr~ME=CCO M !*PRNA 1S P~ RC 1370
CNOZ=CNO7*PRNAI9 P1414011140
CRJCzCRJC*PRNAI9 P~’PCt39O
IF I IPR CST .ME. 0) WRITE (6,ERRPRT) P141401400
R ETURN PNPCI4 IO
END PNPC 1420

SUBR OUT INE PTJCST PTJ000IO
C PTJCOI12t)
C TURBOJET PROPULSION COST PT.J00030
C PTJC( 1040

REAL NOZWT,MP PT J000SO
COMMON /COMVISF WTAP4K ,VEXIN,VREQ,GGW ,H P P U M P ,WTFUEL,WCOMM ,VCCMI, DTJ0006O

I R5,YI,WN07,KFM ,MA TTK,A,DCOM ,WM C ,VRI,OTHRT,R14OZ1,MC7wT ,MP,CASFM , PTJ000T0
2 FP~JET ,WT ,WF ,FMAX,S,T4,METTJ,iXNR ,D,WM,FC,ppFAK,BSp ,NCfl,QA,WCS , P T J C O O R O
3 WWH,WTC,WTP ,WGG,W5C,WLV,VG1,WO,WP,DP,WP4,METAL,NCONFO, PTJC009O
COMMON /COSTINI PRIA I,PRIA2 ,PR JC,PRIA3,pRJR3,pR! b4,PRIF4,PRIA S, PTJC0IOO

IPP IA6 ,PP IA 7 ,PRIA E , PR IB8,PR!A9, PR IG9 ,PR IA 1O, PR(A 1l,PR1GII, PPI$12, PTJC .OllO
2PP1R12, PRIEI2,PR IAI3, PRIE13 ,PRIA14 ,PRIEI4,P PIA L5, PR IELS, PR IA16 , PTJCO L 2O
3PPIF16, PR(A 17 ,PR IFIT, PRIA 1R ,PR IBIR, PR IFLS , PR IAL9, PRIF1Q ,p141A20 , OT JCf lt lf l
4PRIA2I,P141A22,PRIP22,PRIA23 ,PR1823,PRI C23,PQ 1424,PP!024,PR1A25, PTJCOI4O
SPPIB2S,PRIA 2 6,PP IP26,PRIC26,PRNA I,PRNA2 ,PRNA3 ,PRNR3,PRPIA4,P RNE 4, PTJCO15O
6PPNA S ,PRPJA 6,PRNA 7 ,P R N A 8 ,PIkNB8,PRNA 9,PRNC9 ,PRNA1O ,PPP 111,PPNG1L, PT J CO I6O
7PR14A12,PRP’11412,PR!’1F12,PRNA 13, PRNF I3,PRNA14,P1414E14,PpPe 15 ,P1414A16, PTJC 0I7O
814R14A17,PPMAIR,PRNR18,PRP4419,PRNU4I9,PRNCI9,P1414420,PRPC20,pRN421, PTJCO1RO
QPRNB2I,PR14322,PRNB22,PRNC22 ,PLPC ,P141,P143,P1143,PLA4,pL46,PLAP , PTJCOI 9O
APt ’414,PtAQ ,P141I,P L R L L ,PLA13,p1813,pLCl3,P10I3,p1414,PL014,PtA15, PTJCO200
pP1R15,P(fI5,PLF15,PLA1~~,PLF 16,PLAt7,PLA )8,pLRt 8,pLCIct ,pLAl q ,p1A 2o,pTJC02 (fl
CPIB2O ,Pt. 421,PLB2 1,PLC2I ,PTA1,PTDL , PTA4 ,PTB4 ,PTA 5,PTPS ,PT ES ,PTA 6,  PTJCO22 O
cPTE6,PT A7,pTB7,p107,PTJC ,pTaR,PTDS,pTAq ,p-r Bq ,pTAlo ,PTQIO,pTClo, PTJCO?30
FPF A3,PFP3,PFA4 ,PFF4,PEAS,PE F5,PFA6 ,PEI4o,PFE6,PEA7, PFF7,PFAR ,PEA 9, PTJC.0240
FPFA (0,PER1O,PEC1C,PEA 1L,PEBI1 ,PEF11,PEBC,PSPC,p543,p5R3,pSA4,p5F4,PTJCO2SO
CPSA 5, PSFS ,P S A 6, PSF6,P566,PSA?, PSFT , Pc A R ,PSA9 ,PSAIO ,PSRIO , PS01O , P1J00 260
-PSA II,p5141I ,PSElL,CFT,PFT,CFCASF ,pFCASF,CFC ,pFC ,CF,1 ,pFM ,I VFAP PTJCO27 (1

COMMON /CflSTIN/ PR EBI ,PRIC 1,PRIR2,PPIC2,P RIR4,PR IC4,PRT (14,PPTP5 ,P1J002140
1PRIC5,PRIB 9,PRICS,PRtOq ,PRIE 9,PRIF 9,PRIB1I,PPIC 1I ,PQ IC1I ,Pr kIFLl, PTJ0O?90
2PQIFII,PRICI2,P14T012,PR!BI 3,PRICI3,PR(fl(3,PR pq4,p14Ic14,pR(014, 14T J00300
‘PP!P1S, PKICI5,PRI fll5,PRIIII6,PRIC L6,PRIOL6 ,0141r17,PfUC (7,PRfrIT , PTJCO~~I04P~~TF L7 ,pp IClB,pRTD[q,PRIB1c,P14!C1q,Ppyr,1q ,ppTc4?4,p p p p 1, pqNr1 ,pQlIp?pTJcn~~7o
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5,PRNC2,PRN84 ,PRNC4 ,Pp ND 4 ,°l~P4B5,pRNC5,ppNB9,pRNC9,pRpo9,ppNF9 ,pRl.ccpTJCo330
E,PRNRL1 , PRMCII, PRNO(1,PR NEI1,PRNFI1,pp 14012,pp14012,p1414813,PRNCI3, PTJ CO J4 O
7P1414013,PPNPI4,PRP4CI4,pR14014,PRAJRLS ,p1414C15,pR14015,Pppp 16,PRF4016 , PTJCOISO
RPRNDI6,PRN Rj7,PRN (t7, PP14017,PRNFI7,PR14820,pL141,PICI,pLA2,PLp2,pLp4PTJCO36O
9,PLC 4,PLA5,P1B5,P1 146,PIC6,PLA7,P1147,PLB9,PLC9,PIA i o,plpjQ,P1412, PTJCO37O

J,B-1-~-rPtP-14,Pt’C 14, 14L015, P1015,P1f416,p1C16,PLOI6 ,p1819 ,PLCI9 ,PTP1, PTJC O 3 RO
— RPTOI,PTA2,PTR2,PTA3,P1143,PTCS,PTD5,PTP6,PTC6 ,PTI)6,P1148,PTCR,PFAI , PTJCO39O

CPF~~1,PFCI,PEA2,PF142,PFC 2,PE 84,PFC4,PED4,PFB5 ,PEC5,PED5, P EES ,PFC 6, PTJCO400
CPrO6, PEBT,PECT ,PEO7,PF C I1 , PEDI1, PSAI, PSBI ,PSCI ,PS42, PSR2 ,PSC 2,PSB4 PT JCO 4IO
E,PSC 4,PSfl4,PSc35,PSC~~,PS95,PSF5,PSB6,pSC4,pSQ6,pSE6 ,pSp7,PSC7,PSC)7,PTJCo4?0
FPSE7,PSC1I,PSOII,PRND22,PLD2L,PLEZ1,PTDIO,PTE10,P141fl26 PTJCO4IO
COMMON ICOSTIN/ PROFIT,00,R ,AFAL ,4F81,AFCI,AfflL ,AFII,4fA2,AF 82, PTJCO44(1

1A FG2, A FA 3,AFB3,AFG3,AF44,4FB4,4F C4,4fl)4,AFJ4,AF45,AFI45 ,AFC5 ,AF)~5, PT JCO4 5O
2AFA 6 , AFP6,AFG 6,AFA 7,A FC7,A F O T ,AFA 8,4F118,AFC8,AF08,AFI8,AFA9 ,AF P9, PTJ00460
3A FC 9,4FC9,AFJ9,AFA IO,AFB1O,AFCLO,AFH 1O,AFA II,A FBLI ,AFG11,4F412, PTJCO 47O
44FC12,AF OI2,A FA 13,AF 813,AFC I3,Af414,AF814,AFC14,KFUZE,WA1,WFI ,WF1,PT JCO4RO
SW A2,W02,Wf2,KCAIN,CAI,0E1,CF(,042,CE2,CF2,043,Cf3,CF3,GAL ,GRt ,CFL , pTJCO4cO
6KLF 6,K6T6,KSTAB,KAGATE,NC HAN ,KSGATE,GA2,G82,GK2,GAI ,GB3,G03,r,A4, PTJCO500
7CP4,CM4,GA5,GB5,GHS,KG ,KC,KW ,KA,KP ,IGTYPE,ICTVPE,IPRCST PTJCO SIO
COMMON /COSTIN/ AFEI,4FFI,AFG1,AFII1,AFC2,4F02 ,AFE2,AFF2,AFC3, P T J CO 520

1AFC3,AFE3 ,AFF3,AFE4,AFF4,AFG4,AFH4,4F14,AF135,AFFS ,AFF5,4FG5, AFC6, PTJCO53O
2 AF 0 6 ,AF E6,A FF6,AF B 7 ,A FF8,A FFR,A FGR ,A FHR,AFE9 ,AFF9, A FG9,A FHQ ,AF I9, PTJCO 540
3AFD1O,A FF 10,AFF 10, AFG1O, AFC 11,AFDII,4FE11,AFF11, AF 812, W e t ,  W C l , W C1 ,PTJC0SS0
4WP2,WC2,CBI,CCI,CO1,CB2,CC2,C 02,083,CC 3,CD3,GC1,G01,GEL,GC2,Gfl2, PTJCI)560
50F2.CF2,GG2,GH2,G12,GJ2,GC3,603,6E3,GF3,GG3 ,GH3,GI3,GJ3,GK 3,G13, PTJCO57O
60143,GN3,GP3,GC4,Gfl4,GE4,GF4,G64,6H4,G14,GJ4,GK4,GL4,G05,00S,GE5, P’JCO5RC)
7CF5,CG5,CFTTAB (11),PFTTAB(111 PTJCO59O
COMMON /CSTPRV/ CBLC,CRMC,00ASE,CCFU,001,CCM ,CCCMI,CCCML,000MM , PTJC.0600

1 CCONT,CCR O,CEBFU,CE RRD ,CETJ,CEXIPI,CGFU,CGRO, PTJCO 61O
2 CCT ,00TOT,CI0,N,CIRJFU, CIRJRD , CLF ,CLFL,CLGG,CLI,CLM, PTJ00620
3 CIR FU, CIR R D ,CLR T,CLTC ,CLTP ,C M,C MGG ,CMP’,CMTC, CMTP, PTJCO63O
4 CMV,C1407,CNRJFU, CNRJRD, CP ,CPAFI,CPENG,CFL,CPLC , P T J CO 64O
~ CPMFG I ,CPM FGM,CPO A ,CP R,CPRC,C PS,CP SMGG ,CPSN2,CPSRA M,CPSSGG , PTJCO6 5O
6 CPTPOL ,(RA F I,C ROFV ,CR FG ,CRENG,CRE TO,CRJC,C RMFG [,CRMFGM ,CRQA , PTJ CO660
7 CPTOOI ,CSA ,CSR FLJ,CSRRD,CSRT,CT,CTAFI,CTC,CTEB,CT! pJ,CTJFU, PTJCO67()
A CTJIF,CTJLFL,CTJR t),CTJT, CTI,CTM,CTNRJ,CTP,CWII ,CWHFUJ,CW HR, PTJCO6RO
• CBOOC,CRPS,CPC (J ,PR(1FPR ,PRFUAF ,PRRAF ,CCLB,00MR,CTC Q,CLIA ,CNOFB , PTJCO 69O
A CPPB ,CPIB,CIGNB,0541(,P R O F E X  PT JCO 700
C I MENSION CFTARY (3),PFTARYI3) PTJCO7IO
NAM FI 1ST /FPPPRT/ CETJ,CTL,CTM ,CT,CTJLF ,CTJLFL,CTJFU , PTJCO72O
I CTJ RD ,CTJT PTJC O73O

C A T A  C FT ARV I.2,1.,1./ PTJC O740
0414 PFTA Qv/ .257 ,2 .57 1 ,1. /  PTJCO75O H

C FTCI=CrTA Pv(METTJ ) PTJCO76O
PFTII= PFTAPY (MFTTJ I PTJCOT70
PTP 1Uz 1,52 PTJCOTR ))
PTCIU= .6 PTJCO79O
I F I T4 .CE • 2060.) p Tt~ 111 3. CR PTJ 001400
IF (14 .GT. 2360.) PTPLU*5.64 PTJC0RIO
~F (OFT .ME . ( 1.)  O FT U—C ET PTJCOS2 (1
I!’ (PFT .~~F. 0.) P~~T U P ~~T P T J C O R 3O
t r ( PT 9 L •NF. 0.)  PT P L U = PT B L  PT JC OR4 O
~~F (PTC 1 .NF. 1.) PTC 1UJ=PTC 1 PTJ 0O B5 ( ~Cr TJzPT61*PTP1u* F1 F 1*sPTC.tu*l.222.PTrn PTJCOBbO

2 CTL 1.e~ 9*PTA2*CFTU*WT**PTB 2 PTJCOR7O
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? CT M = l . C~~0 * PT A 3 * P FT , J *W T * * P T R 3 PT j 00814()
4 CT=PTA4 * (CTI+OTM)+PTP4 PTJC0c~~)
5 (TJLI PTA5*PTRS* (PTC5/WF)**P105*WF/1000.+PTF6 ~ij roooo
6 CTJLFI=1 .I*PTA 6*PTR6* (PTC6/WF )**P106*WF+PTF6 D T J O O 9 ( Ø
7 CTJFu=rTA 7.( (.+PTJC)* (1. t5*PTRT* (CFTJ .CT+c1J1.F+0TJLFU+PTC7) PTJOO~~2O

(PFCJ= (TJF U PTJCO 91O
PPQFPP= (TJFIj*PTJC/ ( I.+PTJC ) P1J0094)

10 CTJPO=PTA IO* (PTPIO*1.462*PTO1O*FMAX**PTFIO+PTCIO)* (1.+PTJC) PTJOO95’)
C R P S = C T J F O  21J00915 () - 

-

11 CT JT = ITJF IJ 4C T JR D PTJry’197fl
C FT J = C FT J * PT A 1  P T J C O O A O
(71 =0 TI *P TA? (

~T.J C0Q’~1CTM =C TM *P TA7 PTJCI009
CT=CT*PTA 7 PTJOIOII)
CTJ LF C T J L F * P T A 7  PTJ O IO2O
CTJIFI=CTJIFI*PTA7 P1’J01030
IF ( IPPCST •NF. 0) WR ITE (6 ,FRRP RT)  pr jrt ’v ,o
RETu RN PTJCI 5O
END PTJCI’)60 
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Table 1. Module Index

MODULE COMMENTS PAGE

C~~ST RCM Executive 8.3

AAICST Airframe and Integration Cost B-7

GUC~~ST Guidance System Cost B-9

CTC~~ST Controls System Cost B _ l i

WHC~~ST Warhead Cost B- 13

PLRCST Liquid Rocket Sustainer System 8- 14
Cost

PEBCST External Booster System Cost B- 16

PSRCST Solid Rocket Sustaine r System Cost B-18

PIRCST Integral Ramjet System Cost B-Z0

PNRCST Non-Integral Ramj et System Cost B -23

- PTJCST Turbojet  Sustaine r System Cost B-26

-ii
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