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FOREWORD 3

(U) This report was prepared by the Vought Systems Division,

LTV Aerospace Corporation, P, O. Box 6267, Dallas, Texas 75222
under U, S, Army Electronics Command Contract DAAB09-72-C-0062,
The work was initiated under the direction of Captain R, A, Dowd, USN
and completed under Captain W, A. Greene, USN, Chicf, Long Range
Forecast Division, Directorate of Estimates, Defense Intelligence
Agency (DIA-DE-1).

(U) Persons contributing to the development and testing of
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DIA-DE-1
~Capt. W. A, Greene, USN
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ABSTRACT <

(U) The SEATIDE Analysis Process is a semi-automated
procedure for the generation of time-phased, high value cruise missile
weapon systems concepts, together with the supporting technology and
intelligence indicators which would reflect that.these technological goals
are‘t;eing achieved. The SEATIDE process can also be used to evaluate
the effectiveness of fixed force levels, existing forces in SAL enviren-
ments, or Naval defenses. -

(U) The Defense Intelligence Agency, through its Directorate ;
of Estimates, and The Advanced Research Projects Agency (ARPA) have
sponsored the development of this computer based analysis at the weapon
system and Naval force structur; level. A previous process, RIPTIDE,

was developed for DIA for use in analysis of strategic missile systems.

(U) Generic to the SEATIDE Analysis Process are three

.raajer cecmputer models: The Naval Engagement Model (NEM), Cruise p -

g

Missile Concept Generation and Screening Model (CM-CGSM) and Relative
Worth Model (RWM). The NEM evaluates force effectiveness, tactics, and
task force configurations; the CM-CGSM enables definition and selection
of candidate, advanced cruise missile system concepts; and the RWM per-
mits assessment of worth in accordance with a variety of objective and
subjective criteria. Each of these models has been checked out by DIA.
(U) In addition to exercising the computer models, there are
several other an.alytical and engineering tasks to be performed, e.g., the
identification of arcas of current interest and the associated criteria and
poténtial concepts, the creation of a foreign technology data bank in a
format needed by the computer models, the engineeririg of concepts to

the required detail, and the use of a verification analysis loop.
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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
(DIA) to develop the SEATIDE Analysis Process in support of the DIA Long ¥
Range Forecast Division (DE-1). The SEATIDE Analysis process is de-
fined to be:

HIgEL a semi-automated procedure for the generation of

time phased, high value naval cruise missile concepts,
together with the supporting technology and the intelligence
indicators which would reflect that these technological goals
are being achieved...."

Generic to the SEATIDE Analysis Process are three major com-
puter models: the Naval Engagement Model (NEM), the Cruise Missile {
Concept Generation and Screening Model (CM-CGSM), and the Relative ;
Worth Model (RWM). :

On 24 June 1974, a modification was made to the basic SEATIDE
contract (Mod P00008) to expand the existing SEATIDE methodology to in-
clude a cruise missile relative cost model. This expansion would be

done within the Cruise Missile Concept Generation and Screening Model

to allow screening and ranking based on program generated relative cost
estimates of cruise missiles rather than the use of missile volume and
weight. This relative cost model is contractually limited to cruise
missile RDT&E and first unit procurement costs. All missiles were |
costed as though 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

restrictions and contractual specifications.
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This volume documents the development of the relative cost
model. It contains the data sources, the cost estimating relationships
(CERs) developed from those data, a parametric 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 instructions as to the input/output scheme for the
updated CM-CGSM containing the relative cost model are found in Volume

IIIA, as revised on 20 February 1975.
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II. RELATIVE COST MODEL (RCM) DEVELOPMENT

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 missile 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 first unit procurement
costs. Total force costing over a production cycle was not to be

included.

Numerous cost data sources were investigated during the
RCM development. Primary data sources were the CAMS model
(Reference 1), the ADTC cost model (Reference 2), the Tactical
missile RDT&E cost model (Reference 3), and RAND studies (Ref-
erence 4 and 5). Costing equations were selected for use which
addressed costs at a subsystem level of detail compatible. with the
CM-CGSM design options, required inputs which were either gen-
erated in the CM-CGSM or could be easily supplied by the user,

and showed sensitivity to missile design and performance parameters.

After the cost-estimating relationships (CERS) were selected,
each was modified by the addition of three cost terms. One term
allows for an inflation factor to be input for use in adjusting the
cost for future years. FEach CER was normalized to compute in
1974 dollars from whatever cost base the original cost estimate

addressed so that the inflation factor adjusts cost from that base.
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Figure 1 displays the factors used for these adjustments and factors
to be used for future adjustments. The second term allows for
input of miscellaneous costs which are added to each CER. The
primary purpose for this term is to allow the user to control the
cost estimate, if the cost of the subsystem is known or needs to

be held at a constant level. The third term, a complexity factor,
adjusts the cost values to allow for differential development or

manufacturing complexities or state-of-the-art increase require -

ments.

The RCM is broken down into five general classes of sub-
systems: (1) airframe and integration, (2) propulsion, (3) guidance,
(4) controls, and (5) warhead. The specifics of the costing equa-
tions within each class is discussed in the following text. Within
this text, each equation is assigned a number which corresponds to
the FORTRAN statement number within the specific RCM subroutine
that costs that particular subsystem. For example, equation (5)
under the liquid rocket propulsion system discussions in Section
2.3.2 is programmed as FORTRAN statement number 5 in the liquid

rocket propulsion costing subroutine of the RCM.
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FIGURE 1
PRICE INDICES FOR MILITARY SYSTEMS (U)
1974 Base
3 Fiscal All Milicary A1 Military  Procurement PDTSE
2 Year Frocurerent RDTSE Conversfion Conversion
3 Index . Index Factor Factor
: 1963 0.71746 0.67531 1.393 1.481
1964 0.72213 0.68410 1.38% 1.462
1965 0.74068 0.69662 1.350 1.436
1966 0.75588 -, 0.271276 1.32) 1.403
1967 0.7724) 0.73552 1.295 1.360
1968 0.79242 0.76143 1526207 1.313
1969 0.81859 0.79576 1.222 1.257
1970 0.85968 D.84462 1.163 1.184
1971 0.90942 0.89205 1.100 1.121
1972 0.94418 0.92816 ; 1.059 1.027
& » 1973 0.97409 0.96404 1.027 1.037
«> 1974 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%
owmn 1.176 1.190 . 0.850 0.840
1978 1.223 1.245 0.817 0.803
1973 1.272 1.302 0.786 0.768
1980 1.323 1.362 0.75% 0.734
1981 1.37% 1.424 0.727 0.702
1982 1.0 1.490 0.699 0.671
1983 1.488 1.558 0.672 0.642
Each Year
Thereafter 42 4.6%
REFS:
3 August 31, 1973, Budget Guidance Memorandum, FY 74, Revised .
& and FY 75 Guidance, OSD Controller's Office, ’
2. April, 1973, John Besch, OSD Controller's Office, via Art
Yengling, 050 Cost Auslysis.

J. March 19, 1973, Schmelder, OSD Cost Analysis. ﬁ
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oAt AIRFRAME AND INTEGRATION
2.2.1 Sources and Assumptions

Airframe and integration CER's were derived from results
of the Rand studies documented in Reference 5. CER's presented in
that document are sensitive to overall missile performance (design
speed), to missile airframe weight (missile weight less warhead,
guidance, control, and propulsion systems weights), and to the
number of missiles developed and produced. The 'airframe' com-
ponent of airframe and integration cost includes engineering, develop-
ment, tooling, manufacturing, testing and quality assurance cost
terms for those missile subsystems and systems normally produced
by the airframe contractor. The 'integration' component includes
those same cost terms as they apply to integration of the warhead,

guidance, control, and propulsion systems into the missile airframe.

The RCM CER's were developed by adding inflation factors,
complexity factors, and miscellaneous cost terms to the Rand cost
equations. Reference 5 contains detailed descriptions of each CER's
derivation, data source, regression analysis, uncertainty, and limi-
tations. Rand CER's are based on aircraft airframe and integration
costs but are widely applied to cruise missile costing and have been

judged to be acceptable in the RCM due to the following considerations:

(1) CER's in Reference 5 are based on AMPR (Aero-
nautical Manufacturer's Planning Report) weight.
AMPR weight is the dry aircraft weight less man-
rating components, armament, fluids, power and
electrical equipment, G&C equipment, propulsion
subsystems, and wheels, tires, tubes, and brakes.

AMPR weight thus includes only aircraft structure,




i

skin, wings, tails, inlets, ducting, and associated

hardware. The complexity and cost of developing
and producing those AMPR components for a cruise
missile is assumed to be comparable to that for

an aircraft with the same design speed.

(2) Rand CER's were developed using cost data on 29
post World War II aircraft from 10 airframe
contractors. Those aircraft weighed from 5000 to
113,000 1b and were designed to speeds from Mach
0.5 to Mach 2.2. The RCM may encounter cruise
missiles outside those bounds (less than 5,000 1lb.
in weight or greater than Mach 2.2 in speed);
however, costs gained by extrapolations of the
Rand CER's to those RCM configurations are

assumed to be acceptable for relative cost screening.

Complexity factors and miscellaneous cost terms are provided for
each RCM CER so that the cost output can be adjusted to account

for exceptional design and performance problems or windfalls.
2.2.2 RDT&E CER's

The cost for airframe and integration RDT&E is separated
into engineering, development, flight test operations, tooling, manu-
facturing labor, manufacturing material, and quality assurance.
Airframe contractor profit is computed as a percent of the sum of
those cost terms and is then added to the total RDT&E cost. Individual
CER's are discussed in the following paragraphs. Results of a para-
metric variation of missile airframe weight and design speed on the
cost output from each CER are shown on the figures at the end of
Section 2.2. Each CER is assigned an equation number in this section

which can be correlated to a FORTRAN statement number in the RCM




subroutine which computes those cost terms. All multipliers and
Rand CER coefficients are programmed into the RCM computer
model as input variables and can be changed for special cases.

All RDT&E CER's include a term for quantity of missiles developed
(Q

D)' Cost is then cumulative cost through QD units.

Engineering RDT&E cost is computed in the RCM using

the following equation:
f_g h
= .00l deA S id 1
CRENG Olabcde S QD + i (.)
Fig. 2
where:
CRENG = Engineering .cost in thousands of dollars for
the year of interest.
= airframe weight (1b)
S = design speed (kts)
D = number of airframe units produced during the
development phase.
= engineering rate in 1974 dollars per man hour
b = technology multiplier used to increase cost when
advances are required in the state-of-the-art
(SOA) for technolrgy
c = development multiplier used to reduce cost when
off-the-shelf components are available
d = inflation multiplier
e = 0.0396
f = 0.791
g = 1,526
h = 0.183
i = miscellaneous engineering cost in thousands of
1974 dollars.
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The variables e through h were taken from Reference 5. Plotted
results of this CER for a selected set of variables are presented in
Figure 2. Each parameter in equation (1) is programmed into the
RCM and can be changed for a given missile through a simple
input procedure (including the coefficients e through h).
Development RDT&E cost is defined as:
Crne % b S QDf + bg g.i)g' .
where:
CRDEV = development cost_: in thousands of dollars
for the year of interest
a = complexity factor used to adjust cost for
exceptional development problems or
windfalls,
b = inflation 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 QD are the same as in equation (1), while
¢ through f are 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:
d _e
Capron, l.l_cl)_((;_g_abcA s®a,’ +bg Si)g.4

flight test operations cost in thousands of dollars
inflated to the year of interest

complexity factor used to adjust cost for excep-
tional flight test problems or windfalls.

inflation multiplier

1-7




o a 0

-

g

0.001244
1.16
. 3T
1.281

miscellaneous cost in thousands of 1974 dollars

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

(1), while ¢ through f are derived in Reference 5. Plotted output

of this CER for variable A and S are presented in Figure 4.

Tooling RDT&E cost is defined by the relationship:

c:RTOOL

where:

-

= Y

[

f

.00labcdeA SgQDhR1+jd (4)

Fig.

tooling cost in thousands of dollars
tooling labor rate in 1974 dollars per man hour

technology factor used to increase cost when
advances are required to the SOA which increase
tooling complexity

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

inflation multiplier
4.0127
0.764
0.899
0.178
0.066

miscellaneous tooling cost in thousands of 1974
dollars

production rate in missiles per month

The variables A, S, and QD are defined during the discussion of

Equation (1), while e through i are developed in Reference 5. A

plot of tooling cost for variable A and S is included as Figure 5.




' Manufacturing labor RDT&E cost is computed in the
' as:
: e f g ‘
CRMFGL— .00labcdA" S QD + ch (5.) i
1 b 2 lh. Fig. 6 f
where:
= i 1 in th d
CRMFGL manufacturing labor cost in thousands of dollars

for year of interest

a = manufacturing labor rate in 1974 dollars per
man hour

b = complexity factor used to adjust cost for |
exceptional manufacturing problems such as those E
caused by technology advances or material i

changes 4

c = inflation factor (

d = 28.984 i

e = 0.74

f = 0.543 !

g = 0,524 E
h = miscellaneous manufacturing labor cost in thousands

of 1974 dollars.

o 3 o

The variables A, S, and QD are defined in the discussion of Equation b
(1), while d through g are developed in the study of Reference 5. A ‘:'
plot of manufacturing labor cost is included for variable A and S

(see Figure 6).

Manufacturing material RDT&E cost is computed by the

CER:
d _e f
C = Jul6s a bic A § Q- 4 by (6) ‘
R et ;
i 1000 ¥ Fig. 7 i
where: |
CRMFGM = manufacturing material cost in thousands of dollars
a = complexity factor used to adjust cost for changes
i) in material used for airframe components
b = inflation factor

[~ = 37,632




d = 0.689
e = 0.624
f = 0.792
g = miscellaneous manufacturing material cost

in thousands of 1974 dollars.

The variables c¢ through f were drawn from Reference 5. A and S
are defined in the discussion of Equation (1). A plot of manufacturing

material cost for variable A and S is included as Figure 7.

Airframe and integration quality assurance cost for RDT&E

is defined by the CER:

= b + cd 7

“roa Ah Covirar. T © (7)
Fig.
where:
CRQA = quality assurance cost in thousands of dollars
CRMFGL = manufacturing labor RDT&E cost (see Equation
(5)).

a = complexity factor for quality assurance
b = 0.13
(o = inflation multiplier
d = miscellaneous quality assurance cost in thousands

of 1974 dollars.

The parameter b was derived in Reference 5. A plot of quality
assurance cost for variable A and S (variable manufacturing labor

cost) is presented in Figure 8.

Total RDT&E 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 RDT&E total cost is:

C = a(l +p)(C

RAFI b

C C

+
RFTO RTOOL
) +bec

RENG { RDEV g

(14)
+
CrmrcL t “rRmroMm ' Croa
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where:

CRAFI total RDT&E cost in thousands of dollars

a - complexity factor for total cost

b = inflation factor

(5 = 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 airframe and integration first unit production
is separated into engineering, tooling, manufacturing labor, manufactur-
ing material, and quality assurance. Airframe contractor profit is
computed as a per cent of the sum of those cost terms and is then
added to the total production cost. Individual CER's are discussed
in the following paragraphs. Results of a parametric variation of
missile airframe weight and design speed on the cost output from each
CER are shown on figures at the end of Section 2.2. Each CER is
assigned an equation number in this section which can be correlated
to a FORTRAN statement number in the RCM subroutine which
computes those cost terms. All multipliers and Rand CER coefficients

are programmed into the RCM computer model as input variables

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 first production
unit is actually missile number QD + 1, where QD is the total number
of missiles required for the RDT&E phase. Cost of the first pro-
duction unit is then the cumulative cost for QD + 1 units minus
the cumulative cost for QD units. That subtraction is present in

all CER's in this section.

II-11
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Engineering first unit production cost is computed in the

RCTM using the following equation:

5 g h h 3
CPENG = .00l abcde A S ((QD+1) -QD )+id (8‘)
Fig.
where:

CPENG = engmeer?ng cost in thousands of dollars for the
year of interest.

A = airframe weight (1b)

S = design speed (kts)

QD = number of airframe units required for the develop-
ment 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 reduce cost when off-
the-shelf components are available.

d = inflation multiplier

e = 0.0396

£ = 0,791

g = 1.526

h = 0.183

miscellaneous engineering cost in thousands of
1974 dollars.

g
n

Variables e through h were developed in Reference 5. A plot of
engineering production cost for variable A and S is enclosed as
Figure 9. Each CER parameter can be changed for a given RCM

job through a simple input procedure.

Airframe and integration tooling first unit production cost

is given by:

2 £ .8 h 1o LR TR
CPTOOL = .00labcdeA S ((QD+1) -QD)R +jd (1:“9i)g

10




T -

where:

CPTOOL = 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 multiplier

e = 4.0127

f = 0.764

g = 0.899

= 0.178

i = 0.066

J = miscellaneous tooling cost in thousands of 1974
dollars

R = Pproduction rate in missiles per month

Variables A, S, and QD are defined in the discussion of Equation

(8), while e through i are derived from Reference 5. A plot of

tooling cost for variable A and S is included as Figure 10.

where:

e f g g
= .00 d + 1)~ = o
CPMFGL labcdA S((QD ) QD) ch
CPMFGL = manufacturing labor cost in thousands of 1974
dollars
a manufacturing labor ratc in !)74 dollars per
man hour
b = complexity factor used to adjust cost for
exceptional manufacturing problems such as
those caused by technology advances or material
changes
c = inflation factor

Manufacturing labor cost for first unit production is:

II-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 QD are defined in the discussion of Equation
(8), while d through g are developed in the study of Reference 5. A

plot of manufacturing labor cost is included, for variable A and S,

as Figure 11.

Manufacturing material first unit production cost is

computed through the CER:

d _e i f
C = 1.163 abcA 8 (O . +1) -0 _J+bg (11)
FMEGM: 7 Ti50 " % Fig. 12
where:
CPMFGM = manufacturing material cost in thousands of

dollars of the year of interest

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

b = inflation factor

(o = 37.632

d = 0.689

e = 0.624

f = 08792

g = miscellaneous manufacturing material cost in

thousands of 1974 dollars

Variables ¢ through f were developed in Reference 5. A and S are
defined in the discussion of Equation (8). A plot of manufacturing

material cost for variables A and S is included as Figure 12,

II-14
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Quality assurance cost for first unit production is defined

’ by:

= 7 d
“paa &b Corar * ¢ o,
Fig. 13 ,
where: i
A . : l
CPQA = quality assurance cost in thousands of dollars '
CPMFGL = manuf.acturmg labor first unit cost (see
Equation (10)).
a = complexity factor for quality assurance :
b = 0.13 I
c = inflation multiplier i
|
d = ;‘

of 1974 dollars

The parameter b was derived in Reference 5. A plot of quality

f

]

i

|

!

{

miscellaneous quality assurance cost in thousands !
|

i

assurance cost for variables A and S (variable manufacturing labor i
i

cost) is presented in Figure 13,

Total first 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
is:
= 1+ + +
S INS 21+ P (Copng * CrrooL * CpmraL (13)
+ $C +b
“pmram t Cpaal TP €
where:
CPAFI = total first unit production cost in thousands of
dollars
a = complexity factor for total cost
{
b = inflation factor |
c = miscellaneous cost term for total cost measured '
in thousands of 1974 dollars
p P = profit margin (fraction) for the airframe contractor

~
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AIRFRAME AND

FIGURE 2
INTEGRATION ENGINEERING COST (U)

Reference: Equation 1 Section 2,2,2
f g h
CRENG:ade(eA 8 QD)+id
1000
Assuming:
a = 26 f =79
b=l g = 1.526
c =1 h = .183
d = 1 i =0
e = .0396 QD= 1
this becomes
L Sl 0396 A.791 sl.526 QD.183
RENG 1000
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FIGURE 3
AIRFRAME AND INTEGRATION DEVELOPMENT COST (U)

Reference: Ilquation 2 Section 2.2.¢2
d e {
R e
1000
Assuming:
a =1 e = 1.89 QD =1
b =1 f = .346
¢ = .008325 g =0
d = .873 h = }
this becomes
.008325A'873 Sl.89 0 . 346
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1000
20000 ~ ;
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FIGURE 4
AIRFRAME AND INTEGRATION FLIGHT TEST OPERATIONS COST (U)

Reference: Equation 3 Section 2,2.2
d _e f
e b A e e i e
1000
Assuming:
a =1 e = 1,371
b= ] f = 1.281
c = .001244 g =0
d = 1.16 QD =1

this becomes

z S 001244 A1.16 Sl.37l QDI.ZSI
RFTO :

1000

300 -

J 3000
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REIO . 200 « -4 g
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FIGURE 5
AIRFRAME AND INTEGRATION TOOLING COST (U)

Reference: Equation 4 Section 2:8.2
foog R
eA S°QpR :
= d
droor T 2 PcH 1000 tJ
Assuming:
= = .764 =]
a 9 f QD
b = 1 g = .899 R =1
e =% h = .178
dr="1 i = .066
e = 4,0127 j =0
this becomes
i e sdui o T64 . 899 a5} 78 R 066
RTOOL ~ 1000




FIGURE 6
AIRFRAME AND INTEGRATION MANUFACTURING LABOR COSTS (U)

Reference: Equation 5 Section 2.2.2
e f g
E dA S Op
Yelevor.” P qme o
Assuming:
a = 12 e = .74
b =1 f = .543
c =1 g = .524
d = 28.984 h =0
QD: 1

this becomes
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FIGURE 7

AIRFRAME AND INTEGRATION MANUFACTURING MATERIAL COST (U)

Reference: Equation 6 Section 2.2.2

CRMFGM ~
Assuming:

a = 1

b =1

e = 37.632

d = .689

this becomes

C

RMFGM
800 -
CrRMFGM
(SK)
600 -

400 - .-

200 - -

= 1.163

d e f
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1000
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FIGURE 8
AIRFRAME AND INTEGRATION QUALITY ASSURANCE COST (U)

Reference: Equation 7 Section 2.2.2
= b E +cd
“raa-" 2 RMFGL = ©
Assuming:
a = 1 ai= ol
b = .13 d =10

this becomes

C = . 13C
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FIGURE 9 i
AIRFRAME AND INTEGRATION FIRST UNIT
PRODUCT ION ENGINEERING COST (U)

4 +
Y ¥

Reference: Equation 8 Section 2.2.3 E
,!:
_ abcd f g h h T x
Cpeng - 1000 (A S (Qpt+1 -Q4 L e |
Assuming: %
3 = 26 = T ol i
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this becomes: ;
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FIGURE 10
AIRFRAME AND INTEGRATION FIRST UNIT PRODUCTION TOOLING COST (U)

Reference: Equation 9 Section

_ abcd f g h Jo ) X
CprooL =~ Tooo (€A ST (Qpt+1) -Q )R] +je

Assuming:

this becomes.

19
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FIGURE 11
AIRFRAME AND INTEGRATION FIRST UNIT
PRODUCT ION MANUFACTURING LABOR COST (U)

Reference: Equation 10 Section a3
_ abc e [ g g
CpmrGL = 1000 [9A S ((Qp *+ 1) -QF] +ch
Assuming:
a = 12 d = 28.984 g = .524
b=} e = .74 h =0
c = 1 f = .543 QD =20

this becomes:
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FIGURE ]2
AIRFRAME AND INTEGRATION FIRST UNIT
PRODUCTION MANUFACTURING MATERIAL COST (U)

Reference: Equation 11 Section 2.2.3 ‘
i
_1.163ab d e . 792 . 792 .
ComrGM = looo L€ A S ((Qp+1) -Q, " )l+bg i
Assuming:
a =1 d = .689 g = 0 |
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FIGURE 13
AIRFRAME AND INTEGRATION FIRST UNIT
PRODUCTION QUALITY ASSURANCE COST (U)

Reference: Fquation 12 Section _ 2,2,3
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|55 e d =0
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2.3 PROPULSION

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

solid sustainer motor, liquid rocket, turbojet, integral ramjet, ‘
non-integral ramjet, and external booster propulsion systems,

For each type of propulsion system, cost equations are first l
presented for system components. These are then combined to |
arrive at a propulsion system first unit cost. A CER is then

given for system RDT&E cost and finally the total propulsion ;
system cost (first unit plus RDT&E) is presented. '

Where a CER contains a propulsion system parameter
such as thrust, motor weight, etc., which is communicated
from the CGSM, a range of typical values for the parameter is
shown. Plots for most of the CER's using the typical values
for propulsion system parameters are presented at the end of
each propulsion system section. All of the equations used were f,
obtained from references cited or from vendor data obtained ';
by VSD on other contracts. Equations taken directly from cited l

references were modified as follows:

1. Terminology was changed to agree with that used g
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 problems 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 costs were broken down into tank labor

II1-28
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cost and tank material cost so that multiplying factors from Ref-

erence | could be applied to estimate costs for other tankage
materials (the vendor data were for tanks constructed from 6Al14V
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.
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P S SOLID PROPULSION SUSTAINER

3.1, 1 Motor Case

The cost of the sustainer rocket motor case is given

by the following three equations.

S el 3<Wb—)c Wnc (Fli’
MC g

where

a = 0.008166

b = 140

€ = 0.333

CBLC = case labor cost, thousands of 1974 dollars

WMC = weight of the motor case (75-1500), lbm.

The values for the constants b and ¢ were taken directly

from Reference 1. The coefficient, a, is a combination of coefficients

appearing in the equation taken from Reference 1 and its derivations
is explained below. A similar derivation of the final coefficients was
done for other equations taken from Reference 1. However, the
derivations are similar in all cases and the details of the derivations
will not be repeated for any of the subsequent equations reported
herein. Thus, the original equation for the motor case labor cost

is given below:

BLC = (AC x CF (1)) (ﬁ_)o'333 (W) (@9_9)0'0291
WC Q
where:
BLC = case labor cost, thousands of dollars
AC = labor rate in dollars/lb = 0.00634
CF(I) = fabrication complexity factor = 1
WC = case weight, lbm
Q = number of units manufactured
The term (M)O'OZ‘WI, is a learning curve expression.
Q
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Since all cost equations reported herein are for the first unit, the

T T

- above expression results in a value of 1.288. The factor, 1.1

in Equation 1, converts the cost obtained from the original 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:

C

, : CBMC = 1.1 a Wb WMC g_i)g 3 3
MC
where:
a = 0.02022
: b = 140
(o = 0.333
CBMC = case material cost, thousands of 1974 dollars.

Figure 15 is a plot of typical case material cost.

The total case cost then becomes:

= + +
Ccase s ¥ " Yaug! 1B (3)
where:
a = factor used to adjust for exceptional problems
or windfalls.
b = miscellaneous cost, thousands of 1974 dollars
CCASE case cost, thousands of 1974 dollars.

; The case insulation cost is given by:

d

C ab(l.1) (BC;) Dy +e ?i)g.lé
where:
a = factor used to adjust insulation cost for excep-
tional problems or windfalls 3
b = 0.001039 4
; c = 198 :
; d - 0.333
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e = miscellaneous cost term in thousands of 1974

dollars.
CLI = insulation cost in thousands of 1974 dollars
Dp = 1insulation volume (250-5000), cubic inches

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

cubic inch of insulation and liner and the value of the learning curve

0.06
term, [1000 9 9. The constant, 1.1 converts from 1971 to 1974
Q
dollars.
Typical case insulation cost is shown in Figure 16.
2.3.1.2 Nozzle
The nozzle cost is given by:
= b (3. w + + + f £y
CNoz ab{3.3) (Wd (e +d Dppppp * @ Ry (}.g =
where:
a = factor used to adjust nozzle cost for exceptional
problems or windfalls.
b = 0.001755
c = 4.,6788
d = 1.4045
e = 1.5487
f = miscellaneous cost term in thousands of 1974
dollars.
CNOZ = nozzle cost in 1974 thousands of dollars
WN = nozzle weight (15-300), Ibm
D = nozzle throat diameter (1.13-5.04), inches
THRT
RNOZI = nozzle inlet radius (1.70-7.56), inches
The constant, 3.3 is the product of the 1971 to 1974 inflation factor
(1.1) and a complexity factor (3) for a pintle nozzle. The constant,

0.074
b is the product of the learning curve term, (2000 and the
Q

conversion to thousands of dollars (10-3).

Figure 17 is a plot of typical nozzle cost.
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2.3.1.3 Propellant

The mixed propellant cost is given by:

d
c = a(w,) b)(f_wg (6)
PRC i (c T S Fig. 18

where:

a = factor used to adjust propellant cost for exceptional
problems or windfalls,

b = 100,000

€ = 32.006

d = 0.069

e = 1000

f = cost per pound of propellant in 1974 dollars.

g = miscellaneous cost term in thousands of 1974
dollars.

C = mixed propellant cost in thousands of 1974

PRC

dollars.

Wp = propellant weight (425-8500), lbm

The factor ¢ was derived from the factor, AMR appearing in
Reference 1 which is the average monthly rate expressed in terms

of number of missiles as follows:

v
AMR = 0.2587 + 37.0680Q - 5.8389Q + 0. 518503

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:

e
C = a(l.l) bW c i b7 (7)
o 1D(dw ) Fig. 19
12
where:
a = factor used to adjust propellant loading cost for

exceptional problems or windfalls.
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CPLC

= 0.00343

= 100000.
= 32.006 (see explantion for equation 6)
= 0.387

= miscellaneous cost term in thousands of 1974
dollars.

= 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:
Coa = a (8)
where:
a = an assigned value for safe and arm cost in

The igniter cost

thousands of 1974 dollars. A value of ,175 is
used.

is given by:

CIGN = a (9)
where:
a = an assigned value for igniter cost in thousands
of 1974 dollars, A value of .350 is used.
€315 Motor First Unit Cost
The first unit cost for the solid motor is given by:
= + %
CsrFu 2N pspc){b G [CCASE "1t CNoz it
+ + + i +
Cpre *Cprc t Caa CIGN] C}
where:
a = inflation factor used to adjust cost from 1974
dollars to year of interest.
b = factor used to adjust first unit cost for exceptional

problems or windfalls.

e g S




c = miscellaneous cost term in thousands of
1974 dollars.

= 1 st 1 ds 4
CSRFU total solid motor cost in thousands of 197
dollars.,
ISPC = contractors percent protit

The factor, 1.15 is for a 15% cost of integrating 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:

COST = 14392 [(D) (WM):] e
where:

COST = motor RDT&E cost in 1964 dollars

D = motor diameter, inches

WM = motor weight, lbm
After adjusting the equation for use in the cost model, it becomes:

CSRRD = a(l+ PSPC) bc [(:D) (WM)] g (1.462) + e} Sllg) &
where:

a = inflation factor used to adjust cost from 1974

dollars to year of interest.

b = factor used to adjust RDT&E cost for exceptional
problems or windfalls

© = 16.551

d = 0.4263

e = miscellaneous cost term in thousands of 1974
dollars.

CSRRD = RDT&E cost in thousands of 1974 dollars.

pSPC = contractors profit margin (fraction)

D = motor diameter (12-36), inches

w = motor weight (500-10, 000), lbm
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The factor, c is derived from the original coefficient, 14392, by

T ST oo o e X, AR, 1 g

multiplying by the factor for converting to 1974 dollars dividing by
1000 to convert to thousands of dollars and multiplying by a factor
of 1.15 to account for the added complexity of developing a pintle

nozzle.

i s et
St o - e ke

Figure 20 shows typical RDT&E cost.
23500 Total Motor Cost

The total motor cost is the sum of the First Unit Cost

and the RDT&E cost. Thus:

CsrT = Csrru * CsrrD LEE)
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FIGURE 14
SOLID ROCKET CASE LABOR COST (U)
r Reference: Equation 1 Section 250l
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FIGURE 15 ;
SOLID ROCKET CASE MATERIAL COST (U)

Reference: Equation 2 Section 2.3,1
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FIGURE 16
SOLID ROCKET INSULATION COST (U)

1

2.

3.

Reference: Equation 4 Section
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FIGURE 17
SOLID ROCKET NOZZLE COST (U)

Reference: Equation 5 Section 2,3,1
= 13, - +
CNOZ 3.3 a, b WN (c + d DTHRT e RNOZI) f
Assuming:
= = = 1.7
a 1 d 1.4045 RNOZI
b = .001755 e = 1.5487
c = 4.6788 f =0
this becomes
= 3.3 (.001 .6788 + 1.4 D .
CNOZ 3 (.001755) WN ( 4 8 1.4045 THRT + 2.633)

NOZ
($K)
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' FIGURE 18
SOLID ROCKET RAW PROPELLANT COST (U) ,

Reference: Equation 6 S ection 2.3.1

d
Cppe =2 Wy (—2—) (&9 + ¢
P

Assuming:
a =1 e = 1000 ’
b = 100000 f=] I
c = 32.006 g =0 H

d = .069

this becomes |

W 100000 g

(35 006 W)
oo 32-006 W

Cprc

12«
Loy ot
“prC bk |
8 - '
4 = 1'
...:.J,,..H
0 / |

0 2000 4000 6000 8000 10000

WP (LBS)
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FIGURE 19
SOLID ROCKET PROPELLANT LOADING COST (U)

Reference: Equation 7 Section 23l
- e
= 1. —_—
CpLc lawa(dWP)+f

Assuming:

a =1 d = 32.006
b = .00343 e = .387
c = 100000 f =0

this becomes

. 387
g 100000
Cpre = 1.1 (00343} W

S )
P 732.006 W,

PLC

($K)
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FIGURE 20
SOLID ROCKET RDT&E COST (U)

Reference: Equation 11 Section 2034
d

CSRRD =a (1l + PSPC) b c (D WM) 1.462 + e]
Assuming:

a =1 d = .4263

b =1 e =0

- - = -1
c 16. 551 PSPC

this becomes

4263
G o L el e ) 1.462
6
CsrRRD
($M)
2
0 B . 4ty

: 0 2000 4000 6000 8000 10000

W, (LBS)




2:.3.2 Liquid Propulsion System

The following equations are for the liquid propulsion
system which consists of a pump-fed engine and a regeneratively
cooled thrust chamber. Tank pressurization for providing the
necessary pump net positive suction head is provided by stored
nitrogen gas. All equations except where indicated were taken
from Reference 8. All equations in Reference 8 are for the
100th unit. They were converted to first unit costs by multiplying

by the factor, 3.85 as recommended in the reference.
2 3021 Thrust Chamber

The thrust chamber labor cost is given by:

c
= ab (W
CLTC ( TC) (1)
1000
where:
a = the labor rate, dollars/hour
b = 639.1
c = 0.5
C = thrust chamber labor cost in thousands of 1974
LTGC
dollars.
WTC = thrust chamber weight (20-200), 1lbm

The thrust chamber material cost is given by:

CMTC = e 3ba (W,I,C)b (2)
1000
where:
a = 201
b =00 TS
CMTC = thrust chamber material cost in thousands of

1974 dollars.
The total thrust chamber cost is then:

Crc = alC et Oyt (3)

Fig. 21
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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
Figure 21 is a plot of thrust chamber cost for typical chamber weights.
250202 Turbopump

The turbopump labor cost is given by:

C

s 1, - ";0%0 Wep - Was - Wsc! ;‘t’g T
where
a = labor rate, dollars per hour
= 234.9
c = 0.63
CLTP = turbopump cost in thousands of 1974 dollars.
WTP = turbopump weight ( 70-150), lbm
WGG = gas generator weight (2-20), lbm
WSC = start cartridge weight (5-10), lbm

The weights of the gas generator and start cartridge are subtracted
from pr in equation (4) because the value of WTP as it is calculated in
the CGSM includes the gas generator and start cartridge weights whereas
the cost equation from Reference 8 is for just the bare turbopump. The
costs of the gas generator and start cartridge are calculated in later

equations.

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

The turbopump material costs are calculated by:

b
C 2 1. 35a W, . «W.. =W, 3 (5)
MTP o GG T sC

Fig. 23
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é
where: :
a = 340.7
b = 0.81
CMTP = turbopump material cost, thousands of 1974

dollars.

Turbopump mecatierial cost is plotted in Figure 23. The gas generator
and start cartridge labor cost is given by:

(&)

= w + W
“166 %)%o( aa t Wsc (6)
Fig. 24
where:
a = labor rate, dollars per hour
b = 361.9
c = 0.5
CLGG = gas generator and start cartridge cost, thousands E
of 1974 dollars. 4
A plot of equation (6) is shown in Figure 24. The gas generator
and start cartridge material cost is given by:
C 1.35 w w P q
= 1. +
MGG —lma;( GG SC) (% i3
Fig, 25
where:
a = 174.8
b = 0.86
CMGG = gas generator and start cartridge cost in thousands ‘:A
of 1974 dollars.
Figure 25 is a plot of gas generator and start cartridge material 1
|
cost. |
|
And finally the cost of the turbopump delivery system, including gas i§
generator and start cartridge is: i
Crp alCrrp * °MmrP * CLaG * CMaa!) *P (6) !

-‘,-
-~
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where:

factor to adjust turbopump system costs for
exceptional problems or windfalls.

e R
n
1

b = miscellaneous cost in thousands of 1974
dollars.
C = turbopump system cost, thousands of 1974
5 )
, dollars.
2.3.2.3 Engine Miscellaneous Equipment

The engine miscellaneous labor costs is given by :

CLM ; 130% (WLV)C 6
? where:
, a = factor to adjust thrusti chamber cost for
; exceptional problems or windfalls.
3 b = 125.9
i c = 0.7
C = miscellaneous labor cost, thousands of
E i 1974 dollars.
va = miscellaneous hardware weight (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
| CMM = material cost, thousands of 1974 dollars

The engine total miscellaneous cost is then:

Cys = 3 (cLM + CMM) +b
where: ‘
> a = factor to adjust engine miscellaneous cost for j
L exceptional problems or windfalls
b = miscellaneous cost in thousands of 1974 dollars.
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! 2.3.2.4 Pressurization System

As indicated previously, the propellant tanks are
pressurized by nitrogen from a high pressure storage bottle. The

: cost equation for the storage bottle were obtained by curve fitting

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

GAS TANK COST DATA

Tank Volume,

£ cubic inches Cost
' 185 $ 1650
445 2800
650 3300
870 3500

The final cost equation for the storage bottle is:

€ = Los9a(vGTP (12)
1000
where:
a = 122,83
b = 0.4949
VGT = storage bottle volume (100-1000), cubic inches

The factor, 1.059 converts from 1970 to 1974 dollars.

The cost equation for the entire pressurization system

is given by:

(% = a(

B +b+c)+d (13)

Fig. 26

CGT
where:

a = factor to adjust the pressurization system cost
for exceptional problems or windfalls.

b = regulator cost in thousands of 1974 dollars (0.275)

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




d = miscellaneous cost term in thousands of 1974
dollars.

CPS = pressurization system cost in thousands of 1974
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 Reference 1. This approach was taken
in order to take advantage of recent vendor data and yet maintain the
flexibility in regard to material selection provided by the type of
cost equations presented in Reference 1. The approach taken in
combining the actual cost data with the CAMS equations is outlined

below.

First 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 Weight, lbm Cost
e $ 24,200
T2 30,000
9 24,200
9 29,000
8.7 29,000
10.09 33,000
10.97 30,000
12. %7 31,000

15, 75 31,000

T —




The resulting equation is:

C = 16500 W0'2608
where:

C = tank cost, dollars

w = tank weight, lbs

Breaking this equation into two equations for labor cost and material

cost using the ratio from Reference 1 of:

AC = 0.4535
BC
where:
AC = reference labor cost per pound
BC = reference material cost per pound

The two equations become:

CL = 5148 WO' Faus
X 0.2608
CM = 11352 W
where:
CL = tank labor cost, dollars
C\/I = tank material cost, dollars
I\

Since the above equations are for titanium, they were adjusted 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 material
cost equations) by dividing the coefficient of each of the two equations
by its respective complexity factor for titanium (1.0 for labor cost
and 2.57] for material cost). This then gives a set of tankage cost
equations which can use the complexity factors for a number of

different tankage materials to arrive at tank cost.




o bR

P p—

Since there are only three materials out of the list of

options presented in Reference 1 suitable for liquid propellant

tankage, the labor

cost and material cost equations were combined

for each material for convenience and are presented below.

Cr

where:

E

w =
i

Propellant tankage

ab(l.1) (W_) +ad (14)
psties iU, kot 8 T
1000 Fig. 27

factor used to adjust tankage cost for exceptional
problems or windfalls.

7191 (stainless steel)
2165 (aluminum)

16499 (titanium)
0.2608

miscellaneous tank cost in thousands of 1974
dollars

tank cost in thousands of 1974 dollars.

tank weight (20~150), lbm

cost is plotted in Figure 27,

£:3:246 Propellants

The fuel and oxidizer cost is given by:

where:

a b ;’S_“adWO+e!c \dWFJ+f (15)
000 W/ \W o Fig. 28

factor used to adjust propellant cost for
exceptional problems or windfalls.

oxidizer cost, dollars per pound
3125
0.069

fuel cost, dollars per pound
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d f = miscellaneous propellant cost in thousands of
‘ 1974 dollars.

Cp = propellant cost, thousands of 1974 dollars.

i
WO = oxidizer weight (100-1000), lbm
WF fuel weight (50-500), lbm |

Figure 28 is a plot of propellant cost.

The propellant loading cost is given by:

d "
s = ab(l.l){c 3 W, te (.16) !
\WP/ Fig., 29
where:
a = factor used to adjust propellant loading cost
for exceptional problems or windfalis.
b = 107%
c =L 05125
d = 0.029
i
i e = miscellaneous propellant loading cost in I3
i thousands of 1974 dollars.
| C = propellant loading cost, thousands of 1974
PL &
dcllars. |4
w = propellant weight (150-1500), lbm

P

Propellant loading cost is shown in Figure 29. 1

PR, P Safe and Arm i

S —————

The cost of the safe and arm system is given by:
!
§ ~ }
g Csa - (17) |
%

where

1Y)
i

safe and arm cost in thousands of 1974 dollars.
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25328 First Unit Cost

The first unit cost of the liquid propulsion system

then becomes:

= : + - - +
CLRFU I:l 15a b (CTC CTP * CM Cps CT Cp ik
+ + +
CPL CSA) a c](l + PLPC)
where:
a = factor used to adjust cost from 1974 dollars
to year of interest
b = factor used to adjust first unit cost for excep-
tional problems or windfalls.
(= = miscellaneous cost term in thousands of 1974
dollars
CLRFU = propulsion system first unit cost in thousands
of 1974 dollars.
pLPC = contractors profit margin (fraction)
23209 RDT&E Cost

The RDT&E cost for the liquid propulsion system was
obtained from Reference 6 by fitting on equation to the curve in
that figure. It should be noted that the RDT&E cost is only for the
engine and does not include the cost for tankage which is included on
the airframe RDT&E cost. The equation for the curve in Reference

6 is:

2.8 % 10 F 43

@
i

where:

C = liquid engine RDT&E cost

i

F = engine thrust, 1bf




The resulting equation is:

=
= b (1.462 d + + 1+
©LRRD a[( Fuax * o CJ( PLpc) {19
Fig.
where:
a = factor to adjust from 1974 dollars to
year of interest.
b = factor used to adjust cost for exceptional
problems or windfalls.
c = miscellaneous cost term in thousands of
1974 dollars.
d = 10.231
e = 3000
= liquid engine RDT&E cost in thousands of
ERES 1974 dollars.
FMAX = maximum engine thrust (1000-10, 000), 1bf
12 = contractors profit fraction
LPC

Figure 30 is a plot of liquid propulsion system RDT&E cost.

£2.3.2.10 Total System Cost

The total liquid propulsion system cost (excluding tankage

RDT&E cost as explained above) is given by:

= -
CLRT CLRRD CLRFU
where:
CLRF = liquid propulsion system cost in thousands of
1974 dollars.

30




FIGURE 21
LIQUID ROCKET THRUST CHAMBER FIRST UNIT COST (U)

Reference: Equation 3 Section 2,3.2
bc (W )d 1.35 e (W )f =
CTC = a TC + TC g
1000 1000

Assuming:

a =1 e = 201

=10 fio="" 75
c = 639.1 g =0
d = .5

this becomes

o) TS,
) + 1.35 (201) (WTC)

1000

10 (639.1) (W,

C C

1




FIGURE 22
LIQUID ROCKET TURBOPUMP FIRST UNIT COST (LABOR) (U)

Reference: Equation 4 Section 2.3.2
BhEW. I oW W)
CLTP = TR GG SC
1000

Assuming:

a =10 WGG=.1WTP

b = 234.9

wSC ~ .3 WGG
€ = .63

this becomes

_ 10 (234.9) (W_ =W__ - W e

C P ' GG SC

IC 1=

1000

LTP
($K)
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FIGURE 23
LIQUID ROCKET TURBOPUMP FIRST UNIT COST (MATERIAL) (U)

Reference: Equation 5 Section 2,3.2
1.35 a (W - W - W )b
CMTP I TP GG SC
1000
Assuming:
a = 340.7 WGG = &l WTP
b = .81 W ~ 3 W

SE = GG

this becomes

.81
~1.35 (340.7) (W -~ W LWL
€t = TP GG SC

1000

MTP
($K)

NPT RS S SIS
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FIGURE 24
LIQUID ROCKET GAS GENERATOR FIRST UNIT COST (LABOR) (U)

Section 2.3.2

Equation

Reference:

+
ab(WGG WSC)

1000

Y

CLGG

Assuming:

s, “Q]G

12}

.WSC

10

361.9

b

this becomes

8
G T Wsc!

1000

10 (361.9) (W

CLGG

L TAEs DI I )
: | !
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P T,..i )
1 R T
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FIGURE 25 :
LIQUID ROCKET GAS GENERATOR FIRST UNIT COST (MATERIAL) (U) !

Reference: Equation 7 Section 2.3,2

: b

’ 1.35 +

~ RO B S 1
1000 4

Assuming:
a = 174.8 w
b = .86

.3 W
SC GG

L4

this becomes |

. 86
_1.35 (174.8) (W_ . +W_ ) :
O e = GG SC |

1000

MGG

($K)
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FIGURE 26

LIQUID ROCKET PRESSURIZATION SYSTEM FIRST UNIT COST

Reference: Equation 13 Section 2,3.2
1.059 b Vor©
Cps=a(_;___._ﬂ+d+e)+f
1000
Assuming:
a = 1 g = o
b= 122.83 e = .275
c = .4949 f = 0

this becomes:

. 4949
1.059 (122. 83) VGT

1000 25 L2

Cps =

PS
($K)
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FIGURE 27
LIQUID ROCKET TANKAGE FIRST UNIT COST (U)

Reference: Equation 14 Section 2.3.2
c
cT=1.1abwT +d
1000
Assuming:
a = = ,2608
b = 7191 d =0

this becomes:

.2608
o o BER W
1000

($K)

W (LBS)
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FIGURE 28
LIQUID ROCKET FUEL/OXIDIZER FIRST UNIT COST (U)
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FIGURE 29
LIQUID ROCKET PROPELLANT LOADING FIRST UNIT COST (U)

Reference: Equation 16 Section 2.3.2
& d
(5 == _ +
PL 1.1 a b( W ) wp e
P
Assuming:
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FIGURE 30
LIQUID ROCKET RDT&E COST (U)

Reference: Equation 15 Section 2.3.2 !

| : ; i
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2.3.3 TURBOJET PROPULSION SYSTEM

The following Cost Estimating Relationships are for the
turbojet propulsion system which consists of engine, tankage and fuel.
All accessory equipment such as fuel pump, lubrication systems,

etc., are included as a part of the engine.
a03.3. 1 Turbojet Engine

The CER for the turbojet engine first unit cost was
taken from Reference 4. It covers three different cost bands,
depending upon the sophistication of the engine which is defined in
terms of turbine inlet temperatures. In general, a higher turbine
inlet temperature requires the use of more exotic (and more expen-

sive) materials and a more complex design.

The cost of the engine is given by:

c
Cprprs = ab(F ) (1.222) +d (1)
Fig.
where:
a = factor used to adjust engine cost for excep-
ional problems or windfalls.

b = 1.52 for T4<2060°R

= 3.08 for 2060 T, % 2360°R

= 5.64 for T > 2360°R
G = 0.6
d = miscellaneous cost term in thousands of

1974 dollars.
CFTJ = turbojet engine cost in thousands of 1974 dollars.

FNET = engine design net thrust (2000-8000), 1bf

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

31



A Tankage

The equations for the fuel tank are tke same as

those developed for the liquid propulsion system and their develop- i

ment is described completely in that section of the report.

The tankage labor cost is given by:

= . 222 3 w g
CTI., 4 & CFT ( T) (Fai)g. 32
where:
a = 5.148
b = 0.2608
CTL = tank labor cost in thousands of 1974 dollars.
CFT = 0.2 for aluminum
= 1.0 for steel
= 1.0 for titanium
| WT = tank weight(25~100), 1lbm.
The factor, CFT is a tank fabrication complexity factor which reflects

the relative difficulty in fabricating the different materials.

The tank material cost is given by:

Sty = 1.059 a P__ (wT)b (;i)g. r
where:

a = 4,415

b = 0.,2608

CTM = tank material cost in thousands of 1974 dollars.

pFT = 0.257 for aluminum

= 1.0 for steel

= 2.571 for titanium
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The factor, pFT reflects the relative difference in material cost.

The total tank cost is then:

2 + +
CT a (CTL CTM) b (4)
where:

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

b = miscellaneous tank cost in thousands of 1974
dollars.

& = total tank cost in thousands of 1974 dollars.

T

Typical tankage labor cost and material cost are shown in Figures

32 and 33.

Za3a5a3 Fuel
The fuel cost is given by:
/ d
C = ab/ ¢ YV W_+e (5)
FILE \WF ) F Fig. 34
where:
a = factor used to adjust fuel cost for exceptional

problems or windfalls

b = fuel cost in thousands of 1974 dollars per pound

c =0 325

d = 0.069

e = miscellaneous cost term in thousands of 1974
dollars

CTJ’LF fuel cost in thousands of 1974 dollars.

WF = fuel weight, lbm

Figure 34 is a plot of typical fuel cost,.
The fuel loading cost is given by:

ld
C'fJLFL = l.1la ple (WF) + e (f).) )
\WFI I‘lg. 35
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where:

CTJLFL

(JTJRD

where:

was obtained from

factor used to adjust fuel loading cost for
exceptional problems or windfalls,

0.0001
3125
0.029

miscellaneous cost in terms of thousands of
1974 dollars.

fuel loading cost in thousands of 1974 dollars

Figure 35 is a plot of typical fuel loading cost.
Z2.3.3:4 First Unit Cost

The CER for the first unit cost is :

= I't P I« 15¢b + HIE,
CTJFU o TJC)L (CETJ CT TIJLF (7
- +
CosrrL) * €|
where
a = inflation factor used to adjust from 1974
dollars to year of interest
b = factor used to adjust first unit cost for
exceptionaly problems or windfalls.
(3 = miscellaneous cost in thousands of 1974 dollars
CTJFU = turbojet propulsion system first unit cost in
terms of thousands of 1974 dollars.
- o { ] o
ITJC contractors profit margin (fraction)
2a3:3:5 RDT&E Cost

The CER for the turbojet propulsion system RDT&E

Reference 4 and is given by:

alb 1.462 d (F )e?+c}(1+p )
L -

Iy i MAX TJC

factor used to adjust from 1974 dollars to
year of interest

factor used to adjust RDT&E costs for
exceptional problems or windfalls

miscellaneous costs in thousands of 1974 dollars
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d = 16,22
e = 0.7436
CTJRD = turbojet propulsion system RDT&E cost in
thousands of 1974 dollars.
FMAX = design maximum thrust, 1bf
TIC = contractors profit margin (fraction)

Figure 36 is a plot of typical turbojet propulsion system RDT&E

cost.
2.303.6 Total Propulsion System Cost

The total propulsion system cost is given by:

Crrr = Cryru T C1IRD

where:

Q
I

TIT total turbojet propulsion system cost in
thousands of 1974 dollars.
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FIGURE 31
TURBOJET ENGINE COST (U)

Reference: Equation Section 2,3.3

c
CETJ = a b l.222 FNET +id
Assuming:
a =1

b 3.08

this becomes

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

Reference: Ilquation 2 Section 2. 3,

b
= T
CTL 9 a CFT WT
Assuming:
a = 5,148 CFT =1
b = ,2608
this becomes
.2608
CTL = 1.059 (s, 148)WT

($K)

W (LBS)
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FIGURE 33
TURBOJET TANKAGE MATERIAL COST (U)
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FIGURE 34
INTEGRAL AND NON-INTEGRAL RAMJET AND TURBOJET LIQUID FUEL COST (U)

Reference: Equation 5 Section 2.3.3
and Equation 12 Section 2.3.4
and Equation 12 Section 2,3,5
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FIGURE 35 !
TURBOJET FUEL LOADING COST (U) {

Reference: Equation 6 Section 2.3.3
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FIGURE 36
e TURBOJET RDT&E COST (U)
Reference: Equation 10 Section _2,3.3

= e
Soyrp = 2 [l;( L46zdF__ ) + c] FrE R )

Assuming:
a =1
= 3 = 22 = f
b 1 \ 16.2 pTJC 1 .
G0 e = ,7436
this becomes
. 7436
= o2 . S
CTJRD 16.22 (1.462) Fmax (1.1)

20000 -
CrsrD
($K)
10000 -
0
5 0 2000 4000 6000 8000 10000
7 LBS
1 FMAX( )




3
|

2.3.4 Integral Ramjet

The following Cost Estimating Relationships are for the
integral rocket-ramjet propulsion system. In this system, the
case of the solid rocket booster becomes the combustion chamber
for the ramjet subsequent to booster burnout. All of the equations

except where noted were taken from Reference 1.
23041 Fuel Tankage

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 since the ramjet fuel is compatible with a

larger variety of materials.

The tank labor cost is given by:

CTL = 1.059ab CFT (WTANK)
where:
a = complexity factor
b = 5.148
c = 0.2608
CTL = tank labor cost in thousands of 1974 dollars
CFT = material labor pricing factor
wTANK = tank weight (25-100), 1lbm

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

The tank material cost is given by:

) c
CTM = 1.059 ab PFT (WTANK)
where:
a = complexity factor
b = 4,415
c = 0.2608
PFT = material pricing factor
CTM = tank material cost in thousands of 1974 dollars

II-76

(1)
Fig. 37

(2)
Fig.

W
>




Typical fuel tank material cost is shown in Figure 38.

The total tank cost is then:

Cr ST Y 3
where: f
a = complexity factor |

b = miscellaneous cost in thousands of 1974 !
dollars |3

CT = total tank cost in thousands of 1974 dollars :

The values for CFT’ material labor pricing factor and for PFT’ J

material pricing factor for the ramjet fuel tankage are listed

below:

Material SE_T_ __PF_T
300 Grade Maraging Steel 1.0 1.0
4130 Steel 0.6 0.229
4340 Steel 1.0 0.274
17-4 PH Stainless Steel 0.6 0.929
2014-T6 Aluminum 0.2 0.257
AZ-31B-0 Magnesium 2.5 0. 723
6A14V Titanium 1.0 2. 571
Rene' 41 Alloy 1.0 1.386
Columbium Alloy WC-1294 0.6 22...857
Glass cloth 3.241 L. 281

It should be noted that the above material list applies
to solid motor case, integral rocket-ramjet combustor and fuel
tankage. In the case of tankage, however, exotic materials such as
Columbium alloy which are suitable for high temperature applications
such as combustion chambers, would not be a logical choice for a
tankage material because of its high cost as compared to that of
17-4 PH Stainless Steel or 2014-T6 Aluminum. Therefore, some
discretion should be used in selection of tankage materials from the

available options.
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The cost of the tankage external insulation i$ given

by:
C = l.lab d (Vv )t e (4)
EXIN <V—Q—— ) EXIN Fig.
EXIN
where:
a = complexity factor
b = 0.001039
€ = 198.0
d = 0.333
e = miscellaneous cost in thousands of 1974 dollars
CEXIN = cost of insulation in thousands of 19374 dollars
VEXIN = volume of insulation (2000-3000), in

The volume of the insulation is not calculated in the CGSM so it must
be calculated at this point using the insulation weight and density

which are calculated in the CGSM. Thus:

v = EXINWT
cok RHOX _
where:
EXINWT = external insulation weight, lbm
RHOX = external insulation density, 1bm/in3

Figure 39 is a plot of typical extermal insulation cost.

The fuel delivery systems are: stored nitrogen,
monopropellant gas generator, solid propellant gas generator, and

ram-air turbopump.

For the stored nitrogen system the cost equation for
the gas tank is the same as for the liquid propulsion system.

5 (24
Can 1.059a b (V) (5)

Fig.
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CGT
\'
REQ
Typical gas tank
The
CREG

where:

The

MV

where:

The

PSN2

where:

CPSNZ

= complexity factor

= 122,83

= 0.4949

= gas tank cost in thousands of 1974 dollars

gas tank volume (450-750), in3

cost is shown in Figure 40.
regulator cost is:

R

gas regulator cost in thousands of 1974
dollars

cost of miscellaneous values, etc is given by:

=0 e

cost of miscellaneous valves in thousands
of 1974 dollars.

cost of the complete N2 pressurization system is:

= a(C (5 $C.. 3 b

ar " “rec T “mv

1

complexity factor

miscellaneous cost in thousands of 1974 dollars

pressurization system cost in thousands of
1974 dollars
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The

system is given

where:

C

L

Q

G

PSSGG

PSSGG

GW

Typical cost for

The

zation system is

where:

C

PSMGG

The

is given by:

where:

C

PSRAM

cost of the solid gas generator pressurization

by:

. l.labl.c(Gd )e (GGW)+fJ+g (9)
GwW

= complexity factor
= 3,086
- Q5T

0

= 4.0
0.36
0.075

= miscellaneous cost in thousands of 1974 dollars

= solid propellant gas generator cost in thousands
of 1974 dollars

= solid propellant gas generator weight (5-10), lbm

a solid propellant gas generator is shown in Figure 41.

cost of the monopropellant gas generator pressuri-

given by:

= a (10)

= cost of monopropellant gas generator in thousands
of 1974 dollars.

cost of the ram-air turbine fuel delivery system

$

= l.laI:b (c +dHPPUMP) -e(HPPUMP) _j+g (l‘l“)

= complexity factor
= 1.08
= 2.543

I1-80
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d = 0.014

-

- e = 22107
f = 2.0
g miscellaneous cost in thousands of 1974 dollars
CPSRAM = ram-air turbine cost in thousands of 1974 dollars
Figure 42 shows the typical cost for a ram-air turbine pressurization
system.
HPPUMP = pump horsepower (2-3), HP
2.3.4.3 Ramjet Fuel
The ramjet fuel cost is given by:
C = ab = i (W +e (12)
LF 1000 (W ) TFUEL)
TFUEL
where:
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
CLF = fuel cost in thousands of 1974 dollars
WTFUEL = fuel weight (600-1000), lbm
and the fuel loading cost is given by:
Gy, = diian ;’W c )d (W“I‘FUEL) +e (Fl_a)
TFUEL oty
where:
a = complexity factor
b = 10-4
(o = 3125.0
d = 0.029
- e = miscellaneous fuel loading cost in thousands
O of 1974 dollars.
CLFL = fuel loading cost in thousands of 1974 dollars
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Typical fuel loading cost is plotted in Figure 43.

2.3.4.4 Booster Motor/Ramjet Combustor

The CER's for the solid propellant booster motor which
also serves as the ramjet combustion chamber and nozzle are listed

below. The motor case labor cost is given by:

d
— % +
CBLC : labCFCASE(w—-—C ) Wne! e (Fli‘” 3
MC B
where:
= 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 = maf:enal pnf:mg labor factor similar to CFT
defined previously
WMC = weight of motor case (50-80), lbm
Figure 44 is a plot of typical case labor cost.
The motor case is given in terms of the following
variables solved for in the CGSM:
WMC = CASEWT + WBOSS + TOMIS
where:
CASEWT = case structure weight, lbm
WBOSS = boss weights, lbm
TOMIS = skirt weight, lbm
The case material is given by:
d
= % (o]
Coiic LA e __) (Wit 1 (15)
wMC Fig. 45
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complexity factor

0.02378

140.0
d 0.333
e miscellaneous cost in thousands :of 1974 dollars
CBMC = case material cost in thousands of 1974 dollars
PFCASE = r;aetjix(':::lincmg factor similar to pF‘T described

Typical case material cost is plotted in Figure 45.

The case insulation cost is determined by:

Cr = L, Nz b(vc_)d (gl e (Fl_é)
BI ig. 46
where:
a = complexity factor
b = 0.001195
c = 198.0
‘ d = 0.33
) e = miscellaneous cost in thousands of 1974 dollars
1 Cy, = insulation cost in thousands of 1974 dollars
Vg1 = 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.
VBI = FWDWTI + WCYLI + ADWTI + EXTI
RHOIN RHOX
where:
FWDWTI = forward closure insulation weight, lbm
WCYLI = cylinder insulation weight, lbm
ADWTI = aft dome insulation weight, lbm
B RHOIN = internal insulation density, 1bm/in®
2 EXTI = external insulation weight, lbm
i RHOX = external insulation density, lbm/in3 ;
' 1I-83 :




Figure 46 is a plot of typical case insulation cost.
The nozzle cost is given by: :
=1, + +
CNOZ l.1ab(c+2d (RS) e Yl) (NOZWT) f (1‘7) E
Flg. 47 %
where: £
a = complexity factor t
N
b = 0.0026234 £
c = 4.6788 i
d = 1.4045 ‘
e = }.5487 ‘
f = miscellaneous nozzle cost in thousands of
1974 dollars
CNOZ = nozzle cost in thousands of 1974 dollars
RS = nozzle throat radius (2-3), inches
Y1 = nozzle inlet radius (5-8), inches
"i NOZWT = nozzle weight (25-100), lbm
Figure 47 is a plot of typical nozzle cost.
The booster solid propellant cost is given by:
d
C = ab c (M_) +e (18)
s 1000 (MP ) = Fig. 48
j where:
3 a = complexity factor
: = propellant cost per pound in thousands of 1974
dollars
= 3125.0
d = 0.069
3 e = miscellaneous propellant cost in thousands of
1 1974 dollars
; ;PRC = propellant cost in thousands of 1974 dollars
M = propellant weight (200-800), 1bm




Typical booster propellant cost is shown in Figure 48 and the pro-

e pellant loading cost is given by:
d
G el l.lab(c)(M)+e (19)
PLC e P i
MP 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:
CIGN = a (20)
where:
a = igniter cost in thousands of 1974 dollars
and the safe and arm system cost is given by:
CSA = a (21)
where:
a = safe and arm systems cost in thousands of
1974 dollars
The total booster/combustor first unit cost becomes:
“sooc © *“prc TUniie * %1 "oz * Yenc (22)
tupie Ciem . Sand "
where:
a = complexity factor
b = miscellaneous cost in thousands of 1974 dollars
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The total ramjet

C

+
IRJFU EXIN PS (23)
+
¥ Crp T Sppr S Snond t*
where:
a = inflation factor to adjust cost from 1974
dollars to year of interest
b = complexity factor
c = miscellaneous cost
CIRJFU = integral ramjet propulsion system first unit
cost in thousands of 1974 dollars
pRJC = contractors profit margin
2.5,4.5 RDT&E Cost
The integral ramjet propulsion RDT&E cost is given
by:
= + |
CIRIRD (1 +Ppsc)2 l:l 8 b d Poom! * © ] (26)
Fig.
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
CIR]RD = lintegral ramjet propulsion system RDT&E cost
) in thousands of 1974 dollars
PRJC = contractors profit margin
DCOM = combustor diameter (12), inches

A plot of typical

propulsion system first unit cost becomes:

= a(l+P (CT+C C

wye) EeTih

integral ramjet propulsion system RDT&E cost

appears in Figure 50.
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FIGURE 37
INTEGRAL AND NON-INTEGRAL RAMJET TANK LABOR COST (U)

Reference: Equation 1 Section 2,3.4
and Equation 1 Section 2.3.5

¢ = 1.059abC 8

TL FT WTANK

Assuming:
a =1 c
b = 5.148 C =

this becomes

. 2608

Cpp./= 1059 0B 4BL W, .

TL




FIGURE 38
INTEGRAL AND NON-INTEGRAL RAMJET TANK MATERIAL COST (U)

Reference: Equation 2 Section
and Equation 2 Section 2. 358
C... =105abP__ W £
4 FT TANK
Assuming:
gl =l c = .2608
b = 4.415 PFT =1
this becomes
.2608
CTM = 1.059 (4.415) WTANK
20 -
Cim
($K)

0 20 40 60 80 100
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FIGURE 39

:; INTEGRAL AND NON-INTEGRAL RAMJET EXTERNAL
INSULATION COST (U)
Reference: Equation 4 Section 2.3.4
and Equation 4 Section 25 3.5
& d
C =1l.1ab(z—m) V + e
EXIN VEXIN EXIN
Assuming:
a = 1 = 198
b = .001039 d = 333
e =0

this becomes

198 . 333

C = 1.1 (.001039) (—/—) A%
EXIN VEXIN EXIN

CEXIN
($K)

M 1000 2000

v ( cu.in.)

EXIN

N e TP R Vs P TR R NN Pt T St vt o

T

SN, o T e
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Reference: Equation 5 Section 2R

Assuming:

this becomes

GT
($K)

FIGURE 40
INTEGRAL AND NON-INTEGRAL GAS TANK COST (U)

and Equation 5 Section 2.3.5

Cc

Cop = 14059 a b (Vo)

GT

a = c = ,4949
b . 12283 ‘

1.059 (. 12283) v__ 1949

CoT REQ §

300 400 500 600 700 800

vREQ ( cu.in,)
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FIGURE 4)
INTEGRAL AND NON-INTEGRAL RAMJET SOLID
GAS GENERATOR PRESSURIZATION SYSTEM COST (U)

Reference: Equation 9 Section 25 e

and Equation 9 Section 2 3, B

e
d
C =1.1ab[c( ) G +f]+g
PSSGG GGW GW

Assuming:

] e =136

b = 3.086 £ = 075

e = 0577 g =0

d =4
this becomes

4 .36
CPSSGG = 1.1 (3.086) [.0577 (G— GGW + .075]

GwW

PSSGG
($K)

GGW (LBS)
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FIGURE 42
INTEGRAL AND NON-INTEGRAL RAMJET
; RAM AIR TURBINE PRESSURIZATION SYSTEM
; COST (U)

g i
' Reference: Equation 11 Section 2R :
{ and Equation 11 Section 2.3.5 I
f i
= c 5 - + K
CPSRAM il [b i 5 prump) & prump } & l
Assuming:
=] e = ,.00002
b = 1.08 fii="2
c = 2.543 g =20
d = .014
this becomes
2
e : 1.1[1.08 2.543 + .014 H - .00002 ]
PSRAM ( ppump) prump
CPSRAM i i) 3 i Y 2
($K) 3,07 |

1 15 2 iy 5 3

HPPUMP ( Horsepower)
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FIGURE 43
INTEGRAL AND NON-INTEGRAL RAMJET FUEL LOADING COST (U)

Reference: Equation 13 Section 2.3.4
and Equation 13 Section _2.3.5
2 d
C =l.l1ab(c/— W + e
LFL wTFUEL TFUEL

Assuming:

a =1 d = .029

b = .000I e =0

c = 3125

this becomes

. 029
. 3125
Copp = 11 (.0001) (

P w
WTFUEL TFUEL
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FIGURE 44
INTEGRAL RAMJET CASE LABOR COST (U)

Reference: Equation 14 Section 2:3.4
3 d
Cpre T BB G e Tl Wy e
MC
Assuming:
an =i} . d = 333
= .0096 e =0
c = 140 CFASE =1

this becomes

140 . 333

C = 1.1 (.0096) (z—) w
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FIGURE 45
INTEGRAL RAMJET CASE MATERIAL COST (U)

«»r

Reference: Equation 15 Section 2.3.4
c d
Same ™ 2 P Bpser e Ve Tt
MC
Assuming:
2=} d = .333
b = .02378 e =0
c = 140 PFCASE =1

this becomes

.333
140
5 = 1.1 (. 02378) (=) w
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FIGURE 46
INTEGRAL RAMJET CASE INSULATION COST (U)

Reference: Equation 16 Section 2 3 4

Gz * kel ab(v—c-)d Vi b0
BI
Assuming:
a =1 d = ,333
.001195 e
198

"
o

0
]

this becomes

198 ° 333

CLI = 1.1 (.001195) (V—BI—-) v

BI

LI
($K)

400 600 800 1000

VBI { cu, in,)
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FIGURE 47
INTEGRAL RAMJET NOZZLE COST (U)

Reference: Equation 17 Section 2.3.4
CNOZ= l.lab(c+dR+eY)Nozw,r+f
Assuming:
a =1 e = 1,.5487
b = .0026234 f =0
c = 4.6788 R=3
d = 2,809 Y =8

this becomes
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FIGURE 48
EXTERNAL BOOSTER AND INTEGRAL RAMJET SOLID PROPELLANT COST (U)

Reference: Equation _)g Section 2.3.4" 5
and Equation _ ¢ Section 2, 3,6

_abM

P( c )d + e
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1
1
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EXTERNAL BOOSTER PROPELLANT AND
INTEGRAL RAMJET PROPELLANT LOADING COST (U)

FIGURE 49

Reference: Equation 1 Section _ 2.3.4
and Equation 2 Section 2.3.6
- c d
CPL-l.labMp(M ) + e
P
Assuming:
a =1 d = .387
b = .00343 e =0
c = 3125
this becomes
. 387
3125
CPL = 1.1 (.00343) MP (ﬁ—)
P
6
CPL
($K) 4
2
0
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FIGURE 5
INTEGRAL RAMJET RDT&E COST (U)
Reference: Equation 26 Section 2.3.4
f, Cirgrp = 1 *Ppyclald (118 )@)(D g, ) + c]
Assuming:
| a =1
b =1 c =0
B
d = 2422 e

this becomes:

c = 1.1[1.184)(2422)(D

IRJRD )

COM

100 .
CIRJRD

($M)
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- —F et

40
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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 pressurization
system options are identical to those used for the integral ramjet
system and were presented along with the illustrative plots in

Section 2.3.4. They will not be repeated in this section.
2.3.5.1 Ramjet Combustor

The ramjet combustor labor cost is given by:

d
C =
COML ab CFC (_w___c__.. ) (WCOMM)

COMM
where:

a = complexity factor

b = 0.008166

€ = 140.0

d = 0.333

CCOML 11'31—';2]20:1(:::\1“01- labor cost in thousands of

CFC = material labo.r pricing factor for combustor
case and having the same values of CFT and
CFCASE described previously.

wCOMM = combustor metal weight (20-30), lbm

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

= +
wCOMM BOSDMP SKTS + FWDWTS + WCMS
+ ADWTS + FTFNG

II-101
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BOSDMP = boss weight, lbm

SKTS = skirts weight, lbm

FWDWTS = forward closure weight, lbm

WCMS = cylinder weight, lbm ;
ADWTS = aft dome weight, lbm

FTFNG = fittings weight, lbm

Typical combustor labor cost is shown in Figure 51.

The combustor material cost is given by:

Coomm - T PU PRl )d Wcomm! o
\wCOMM Fig. 52

where:

a = complexity factor
‘ b = 0.02022
] c = 140.0
; d = 0.333

CCOMM Tg;x;bt;s;)tlc;:r?atenal cost in thousands of

Sl e e e

FT FCASE 3
Figure 52 is a plot of typical combustor material cost.
The combustor insulation cost is given by:

4 d
: Copnt = ke b(v_g_ ) Vst (Fl.b) .
. COMI -
% where:

a = complexity factor

b = 0.001039
3 c = 198.0

d = 0.333

CCOMI = T;;r;bt;sotlc;:risnsulation cost in thousands of

VCOMI = combustor insulation volume, in
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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 shown in Figure 53.

235,22 Nozzle

The cost of the ramjet nozzle is given by:

= <l a b +d + w 1
CNoz belabide 0 Rt a0 IR con! (1)
Fig.
where:
a = complexity factor
b = 0.001755
c = 4.6788
d = 2.809
e = 1.5487
= i d 74 dol
CNOZ nozzle cost in thousands of 19 ollars
R5 = nozzle throat radius, inches
Y1 = nozzle inlet radius, inches
WNOZ = nozzle weight, lbm
A plot of typical ramjet nozzle cost is shown in Figure 54.
The total combustor cost is given by:
= + +
Cric 2 (CcomL * Ccomm * Ccomr F Cnoz) F P e15
where:
a = complexity factor
b = miscellaneous combustor cost in thousands
of 1974 dollars
The non-integral ramjet propulsion system first unit cost is given
by: »
= + 1D + + +
CNRIFU vy pRJC)[l 50 (Cr +Coxin " Crs * CLr (19

T T S c]

II-103

54

R




NRJFU

RJC

The

NRJRD

where:

0O

NRJRD
RJC
COM

o L 5 S

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

= complexity factor

= miscellaneous first unit cost in thousands of
1974 dollars

non-integral ramjet propulsion system first
unit cost in thousands of 1974 dollars

= contractors profit margin.

equation for the RDT&E cost is given below:

(1+PRJC)a[b (1.184dDCOM)+c] (inzg)

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

= complexity factor

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

= 2040.
= RDT&E cost in thousands of 1974 dollars
= contractors profit margin

= combustor diameter, inches

Figure 55 is a plot of typical RDT&E cost for the non-integral

_.ramjet system.
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FIGURE 5] g
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COMBUSTOR LABOR COST (U) :
i
Reference: Equation 14 Section 2.3.5 i
and Equation 1 Section I Rgne 9
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E
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i E
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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

C

Gomm ! 2 P (§ )MWCOMM

COM
Assuming:
a = ,02022 c = +333
b = 140 PFC =1

this becomes

Sap L4a53
G = 3.1 {02002 ( ) W
COMM - COMM

Ccomm ,
(SK)

0 20 40 60 80 100

Eom¥-B9)
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FIGURE 53
EXTERNAL BOOSTER AND NON-INTEGRAL RAMJET
COMBUSTOR INSULATION COST (U)

Reference: Equation 16 Section _2.3.5
and Equation 4 Section 2l

Assuming:

a 1
b .001039

c 198

this becomes

198 ° 333

C__=_1.1 (.001039) (=—) v
COMI Ve

40 60

o ine)
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FIGURE 54
NON-INTEGRAL RAMJET NOZZLE COST (U)

Reference: Equation 17 Section 2:13.5:2
CNOZ= 1.1ab(c+dR+eY)WNOZ
Assuming:
a=1 e = 1,5487
b = .001755 R=2
c = 4.6788 Y=6
d = 2.809

this becomes

1l
—

C .1 (.001755) (4.6788 + 2.809R + 1.5487Y) W

NOZz NOZ

“Noz
($K)

Wyioz (LBS)
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FIGURE 55
NON-INTEGRAL RAMJET RDT&E COST (U)

Reference: Equation 22 Section 2,3.5

G A+P, . ) [b (1.184)(d) (D 1) tel

Assuming:

] 1388

Q0 o

1
1

=0 12 = .1
2

COM)]

040 RJC

il

this becomes:

Cyryrp - 1-1[(1.184)(2040)(D

CNRJRD 100 -
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2.3.6 EXTERNAL BOOSTER

The following CER's are for the external booster which is
used in conjunction with the non-integral ramjet or turbojet engines.
2.3.6.1 Motor Case

The case labor cost is given by

%
€y = Liat (Wb ) (W) (1)
MC
where: a = 0.008166
b = 140.0
c = 0.333
CCL = case labor cost in thousands of 1974 dollars
ke T booster case weight (25-100), lbm

The case material cost is given by

Cogg = BraP (W%__>C Wy, 2)
MC
where: a = 0.008166
b = 140.0
c = 0.333
CCM = case material cost in thousands of 1974 dollars

The total motor case cost is then

(9 =
a (CC

TC Cpmnad B (3)

L " YoM
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4 where: a 2 complexity factor
b = miscellaneous case cost in thousands of 1974
dollars |

The motor internal insulation cost is given by

| Cp = l.lab(_{’_c__)d(VBI)+e (4) d
4 BI
where: a = complexity factor
f b = 0.001039

¢ = 198.0

d = 6333
' e miscellaneous cost in thousands of 1974 dollars
5 CLI insulation cost in thousands of 1974 dollars

VBI = insulation volume (65-250), in3

The insulation was obtained from the insulation weight and density as des-

Ty y—

cribed in 2. 3. 1.
2 3 02 & Nozzle

The external booster nozzle cost is given by

U P e —y

Cyeg = 1. Fab [c+ D piph * o B )‘I (P (EL 9
o 2. 56

where: a : complexity factor
b s 0.001755
(o = 4.6788
d = 1.4045
e = 1.5487
53
II-111 :
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f = miscellaneous cost in thousands of 1974 dollars

CNOZ = nozzle cost in thousands of 1974 dollars
DTHRT = nozzle throat diameter (3-4), inches
RNOZ = nozzle inlet radius (5-6), inches
NOZWT = nozzle weight (25-100), 1bm

Figure 56 is a plot of typical booster nozzle cost.
Z2a303 Propellant

The propellant cost is given by

d
()t i
P
where: a = complexity factor
b = propellant cost in 1974 dollars per pound
(> = 3125.0
d = 0.069
e = miscellaneous nozzle cost in thousands of 1974
dollars
CPR = propellant cost in thousands of 1974 dollars
: Mp = propellant weight (200-800), lbm
'" and the propellant loading cost is
C = 1.1ab M c : + e (7
2 e
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5 s where: a = complexity factor
b = 0.00343
(o = 3125.0
d = 0.387
e = miscellaneous cost in thousands of 1974 dollars
CPL =  propellant loading cost in thousands of 1974 ¥
dollars i
2.3.6.4 Igniter and Safe/Arm
The igniter cost and safe and arm system cost are given below.

pey

('IGN = 0.3861 ,

B

' 5 - 0. i
| C SA 0.19305 i
| ]
E 5 where: CIGN = igniter cost in thousands of 1974 dollars §
| £

b i CSA E safe and arm system cost in thousands of 1974 §
' { dollars :
2

! ]
2:3%.6.5 First Unit Cost E

The booster first unit cost is given by |

E | 3 =, + o
H “EBFU ~ “xnB { 8 [b(CTC * o T “nez Y Opr YOy,

{ + Crop + Cgy) *+ € J (1+ P ) } (10)

4
TR ey} SOOI | S TR T T

where: a = factor used to convert from 1974 dollars to year
of interest

b = complexity factor

c = miscellaneous production cost in thousands of
1974 dollars

B i S

= first unit cost in thousands of 1974 dollars
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AXNB = number of boosters

M : : :
pEBC = contractor's profit margin

2.3.6.6 RDT&E Cost
The booster RDT&E cost is given by

- (l b b
CEBRD = a{bc [(D)(WM)] (1.462) + e }(l +IEB(7) Fi(ll\
o

J1

where: a = factor used to convert RDT&E cost from 1974
dollars to year of interest

b = complexity factor
C = 14.392
d = 0.4263
e = miscellaneous cost in thousands of 1974 dollars
CEBRD = RDT&E cost in thousands of 1974 dollars
D = motor diameter (10-20), inches
WM = motor weight (250-1000), lbm
g = 1 . +
PEBC = contractor's profit margin

Figure 57 is a plot of typical booster motor RDT&E cost.




- FIGURE 56 ;
> EXTERNAL BOOSTER NOZZLE COST (U) £
i
%
Reference: Equation 5 Section 2535416 :
CNOZ =1.1ab(c +d DTHRT + e RNOZ)NOZWT+f
Assuming:
&= d = 1.4045 DTHRT =
B = 001755 e = 1.5487 RNOZ =5 E
c = 4.6788 f =0 E
£
this becomes ,
= 1.1 (. : : £ 1,54 i
C 1.1 (.001755) (4.6788 + 1.4045 DTHRT 1.5487 RNOZ )NOZWT
NOZ f
k
¢
* 2
i ‘é
]
Cnoz :
3
($K) |
t
*
1 |
:
o . ' ‘ v ' ;
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FIGURE 57
EXTERNAL BOOSTER RDT&E COST (U)

Reference: Equation 11 Section 2.3:6
c - a bc(D-W)dl462+e](l+P )
EBRD [ M EBC
Assuming:
a = 1 d = .4263
b = .1 e =0
c = 14.392 PEBC =.1
this becomes
.4263
CEBRD = 1.1 (1.462) (14.392) (D - WM)
1600
c:E‘.BRD
($K)
1200
800
400
0
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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 (Reference 3), (2) the ADTC Air Launched
Weapon System Cost Model (Reference 2). Three types of missile 1
guidance systems are costed: (1) passive/semi-active, (2) active,
ana (3) infrared. Control Systems are costed with and without
autopilot. Both guidance and controls are costed at the system
level and no subsystem cost details on such items as gyros,

computers, radomes are available. Both RDT&E and Production

first unit costing methodologies were derived.

Zodcd RDT&E CERS

2.4.2.1 Guidance

The Guidance System RDT&E costing methodology was
lifted directly from Reference 3. It covers the three missile guidance

types of interest and is computed as a function of guidance system

first unit cost. The RDT&E costs include all costs necessary to
develop a guidance system from conceptual design to the point of
manufacture. The CER used is described as follows:

(c+dC )

f

C = a (b (e GFU ') + g) (1) 1

GRD :
Fig. 58 ]
where: i

CGRD = guidance system RDT&E cost in thousands of dollars.
a = inflation factor used to adjust cost to future years. i
For 1974 costs, a = 1. :
l
b = RDT&E complexity factor. For state of the art !
system, b = 1,
( c = 8,37 }
s d = . 0157 |

!
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FIGURE 58
GUIDANCE RDT&E COST (U)

Reference: Equation 1 Section 2.4.2

(c + dcC Uf )
= GF +
CoRp a (b e )

Assuming:

o
1

.0157
235

a e

|
0 =
-
|

this becomes:

g (8.37 + ., €157 C (.35))
CGRD e GFU

Sk i i A i (R S 1
12 _.._.T.._i._.. AN S, (et < LN '!:".-f"h%”':_.‘—’:‘.-.; i
o L -
CGrD Vol M :
T e B i 5
($M) Tl | i
i S R
8 A Gted ol
1 V. , .-? l
3 -._,rt. = &
i .-}‘4‘
4 i [ — l' o5 (O, LA {

=3

0 40 80 120 160 200
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f = 35

g = miscellaneous cost term in thousands of dollars.
Normally, the value is zero.

CGFU = Guidance system first unit cost in thousands of

dollars.

Figure 58 shows the CER results as a function of gui-
dance system first unit cost, assuming values for the other required
inputs. The CER is assumed valid over the total range of missile

guidance systems used in the SEATIDE process.
2.4.2.2 Controls

The control system RDT&E costing methodology was
lifted directly from Reference 2. It covers the type of control
systems of interest 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-

facture. The CER used is defined as follows:

= b+ +d + 1
Clpa = * U H e 0 88 Ry &Y (1)
Fig.
where:

CCRD = control system RDT&E costs in thousands of dollars.

a = inflation factor to adjust cost for future years. For
1974 costs, a = 1.

b = 4798.

c = 222.7

d = 5796.3

e = RDT&E complexity factor used to adjust cost for
exceptional problems or windfall. For state of the
art systems, e = 1.

£ = miscellaneous cost term in thousands of dollars.

QA = product of dynamic pressure encountered times control

surface area in thousands of pounds. In SEATIDE,
control surface area is defined as tail area. (QA<170)
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FIGURE 59
CONTROLS RDT&E COST (U)

] Reference: Equation 1 Section 2ok.2.2
CCRD:a((b+cQA+dKGAIN)e+f) '
Assuming: 1]
a =k d = 5796.3
b = 4798. e = 1 |
c = 222.7 fi= 0 OL
Kgamw = ! Q,=Q(4) i
{
this becomes: i
i
1
CCRD = 4798 + 222.7 QA 8 HO6TS |i
'!,‘
i
|
|
|
I

CRD 150 | i | .
($M)

80

40
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Figure 59 shows the CER results as a function of 1
dynamic pressure (Q) and tail area (A), assuming values for the
other terms in the equation. The CER is assumed valid over the ’
total ranges of dynamic pressure and tail surface areas used in
the SEATIDE cruise missile systems. 1
2.4.3  Production CERS ‘;
2.4.3.1 Passive/Semi-Active Guidance Systems :
The first production unit passive/semi-active radar ;F
seeker CER includes all hardware associated with the sensor sub- ’
system, including sensor electronics, sensor electromechanical I
components, inertial components, wiring, radome, and heating :
protection elements housing the seeker. The CER was lifted
directly from Reference 2 and is discussed as follows:
Carup [1—.3;(‘;_1)“ KiEG ch teKarg Fcf teKgran 23
th Ky caTe ' Nouan ¥scate * ) ¥scate * k] i
where:
CGFUP = E?igzﬁiiss.ystem first unit cost in thousands
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 problems or windfalls.
For state of the art systems, b = 1.
c = to be supplied by DE-1
d = to be supplied by DE-1
e = to be supplied by DE-]
f = to be supplied by DE-1I {]
g = to be supplied by DE-1

to be supplied by DE-1
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Reference:

G A [1000 (

Assuming:
a =1
b ="
e = 7129,
d = -.056
e = 62
f = 2.355
this becomes:

CGFUP 3

Equation

FIGURE
GUIDANCE FIRST UNIT COST, PASSIVE/SEMI-ACTIVE RADAR SEEKER (U)

1.16 b

h

R
1l

(s
1

1.16

1000 (. 35)

. 35)

10500
2400
143
2885

(7129 K

(c K

Section

60

2.4

d

F +

LEG

LEG

F

a3l

e K

KSTAB =

K

LEG,

-0.056

K

+62 K

1.

GTG

GTG

Ff+ K +
GTG € ®sTAB

Kacate T Nouan Kscgate T ) Ksgare) {I

= 0if F£6
1if F>6

FZ' a8 + 10500 + 2400)
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i

to be supplied by DE-1

1 = to be supplied by DE-]

k = miscellaneous cost term in thousands of dollars.

FC = center frequency in GHZ

K 5G = If Fcﬁ 6, Kipg = i I Fo>6, B e O

KGTG = If Fcﬁé, KGTG= 0; If Fc>6, KGTG= L,

KSTAB = If system stabilized in place, KSTAB = 1.
If not, KSTAB =R

KAGATE = If angle gating used, KAGATE = 1. If not,
Kacate = ¥

NCHAN = number of doppler channels if KSTAB =
If not, KSTAB = 0, NCHAN = 0.

KSGATE = IKf speed g:at(i)ng used, KSGATE = 1. If not,

SGATE ;

Figure 60 shows the CER sensitivity as a function of
frequency (Fc), assuming value for the other required inputs. The
validity of the CER is stated in Reference 2 as between 2.9 and 10

GHZ(FC) and zero to 30 doppler channels (NCHAN)'

2.4.3.2 Active Radar Guidance System (Magnetron)

The first production unit active radar seeker CER
include all hardware associated with the sensor subsystem, including
sensor electronics, sensor electromechanical components, inertial
components, wiring, radome, and heating protection elements housing
the seeker. A magnetron transmitter is used. The CER is lifted

directly from Reference 2 and is described as follows:

1,16 {1.35) b d d
a[ 350 (¢ Kieg Fe *e¥g16 Fe

CGFUA

+hK ‘
t 8 Kgrap AGATE T ' Nepan BsgaTE

+k+1(P Y +n F

p
% PEAK ¢ Frrak

) KsGaTE )

A q] Fig. 61

(3)

BRSS! SR RSP




4 . e el DRRA 4 S e
U S o g N o A W S U G - e LGN s

FIGURE 4]
GUIDANCE FIRST UNIT COST, ACTIVE RADAR (MAGNETRON)

Reference: Equation 3 Section 2.4.3.2
ol .35y d £
Corua © @ [1000 (35 BB pgF T B dF gk
+hK +iN K +iK +k+1P it
AGATE ~ ' “CHAN "SGATE ' ¥sgaTE PEAK

P
+1n pPEAK) +q]

Assuming:
e g = 10500 1 = 1620 KSTAB = 1
b & h = 2400 m= .33 et waieaa
c = 7129 i = 148 n = .04l St vress
8 = -, D56 j = 2885 pi=i2.6 i i
e = 62 k = 1500 q=20 SOATE
f = 2 35 KsGATE,
Nemag " =9
this becomes:
1.16 (1.35) =056 2. 3%
= = =) +
Ccrua © Tooo( 35y (719K .. F t62Kong F
10500 + 2400 + 1500 + 1620 P A e )
PEAK : PEAK
600 - | e PoEAK
i !
Carua ! 250
150
K
200 -
0

F (GHZ)
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where:

GFUA

¢, 49, e,

f,
i,
I,

A X A Mm T

~

AGATE

bR a

0o

g, h,
j) k’
m, n,

Q

LEG
GTG
STAB

CHAN
SGATE

PEAK

e e s Sttt M s S T S 7 s e S b s S s s

guidance system first unit cost in thousands of
dollars

inflation factor used to adjust cost for future
years. For 1974 costs, a = 1.

production complexity factor used to adjust costs
for exceptional problems or windfalls. For state
of the art systems, b = 1,

to be supplied by DE-1

same as defined under 2.4.3.1.

peak generated transmit power in kilowats

miscellaneous cost term in thousands of dollars.

Figure 61 shows the CER 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.
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2.4.3.3 Infrared Seeker

The first production unit passive infrared seeker CER
includes all hardware associated with the sensor subsystem, including
sensor electronics, sensor electromechanical components, inertial
components, wiring, radome, and heating protection elements housing
the seeker. The CER was lifted directly from Reference 2 and is

described as follows:

1.16 b d e )
Cgrur . a[ 550 CTg Sgp Trpgp =l @geng (5)
Fig.
where:
CGFUI = pguidance system first production 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 problems or windfalls. For
state of the art systems, b = 1.

) d’g } = to be supplied by DE-1

h = miscellaneous cost term in thousands of dollars.
FC = center frequency inuM

BSP = spectral bandwidth 1n/uM

NDET = number of detectors

Figure 62 shows the CER sensitivity as a function of
frequency and number of detectors. The validity of the CER is
stated in Reference 2 as valid between frequencies of 3-5/4.M.
bandwidth of . 5-2/¢.M, and numbers of detectors between 1 and

10. However, for the purposes of SEATIDE, the CER is assumed

valid up to frequencies of 144M and bandwidth up to 6u M.
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FIGURE 62
GUIDANCE FIRST UNIT COST, PASSIVE IR SEEKER (U)

Reference: Equation Section 2.4.3.3

1.16b d e
g Bt
Corul a{lOOO (.35) [° F Bgp +EMpe. -Digl+ h}

Assuming:
a
b
c 9018
d 1T

this becomes

c WS 1D SR [ 918 F 177 + 175 (N

GFUI 1000 (. 35) SP -1) + 3700]
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EprecEE =

;
l
;
i
|
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;
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2.4.3.4 Control Systems with Autopilot

The first production unit CER for control systems 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 and 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:
= : + -c +f
CCFU a J1l.16 (b WCS c QA c) e :l (2)
198
where:
C = control systems first unit cost in thousands of
CFU
dollars.
a = inflation factor to adjust costs to future years.
For 1974 costs, a = 1.
b, ¢©;
d } = to be supplied by DE-1
e = production complexity factor used to adjust cost
for exceptional problems of windfall. For state
of the art systems, e = 1.
f = miscellaneous cost term in thousands of dollars.
WCS = control section weight (including control surface)
in pounds.
QA = maximum force on control surfaces in thousands

of pounds. This is the product of dynamic pressure
and control surface area.

Figure 63 shows the CER sensitivity to control section
weight and QA' assuming values for the other required inputs. Ref-
erence 2 states that the CER is valid for control section weights up
to 360 pounds and QA values up to 170. These values are probably
of sufficient magnitude for the SEATIDE process.
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FIGURE 63
CONTROLS FIRST UNIT COST (WITH AUTOPILOT) (U)

| ¥
s, O
| Reference: Equation 2 Section 2.4.3.4
P i it T et G dade i
2 =a1.16(bWCS+cQA-d)e+f]
CFU 198
Assuming:
3= d = 5116
b = 48 e = 1
c = 881 f =0

this becomes:
1.16 (48 W + 881 Q, - 5116)
C X cs A

CFU 198

(KLBS)

i
E
i
I
i
{8
"




2.4,.3.5 Control Systems without Autopilot

This CER was lifted directly from Reference 2 and
constructed in the same fashion as the CER for control system
with autopilots, except that no autopilot related items are included

in the costing. The CER is described as follows:

CCFU = & 1_.16(bWCS+cQA+d)e + f (F3.) (A
198 A8
where:
C = control systems first unit cost in thousands
CFU
of dollars.
a, e, f = same as that defined under Z2.4. 3.4.
bBs €, 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 2
CS = same as that defined under 2.4.3.4
QA

Figure 64 shows the CER sensitivity to control section
weight and QA, assuming values for the other required inputs. Ref-
erence 2 states that CER is valid for control section weights up to
360 pounds and QA values up to 170. These values are probably
of sufficient magnitude for the SEATIDE process.




€ »

v

FIGURE 64
CONTROLS FIRST UNIT COST (WITHOUT AUTOPILOT) (U)

Reference: Equation 3 Section 2.4.3.5
6. = [1.16 (bW, o & o O W) et f]
198
Assuming:
a =1 d = 1880
b = 62 e =1
c = 213 f =0

this becomes:

A
i : 1.16 (62 W_ + 213 Q, + 1880)
CFN 198
1 iy
| 100 @
300 .| . A
B O 70 ( KLBS)
“crx s 40
i '
i Fo 10
200 =+ -
1
100
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Z:5 WARHEAD
275} Sources and Assumptions

Warhead costing methodologies 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 (Reference 2). All warheads are
assumed to be high explosive blast, blast frag, or shaped charge
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, booster charge, 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

follows:
= + w +d + 1
Cwhr VB e W T Bl e D) (1)
Big. 65
where:
G = total warhead RDT&E costs in thousands of
WHR
dollars.
a = inflation factor to adjust cost for future years.
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
) 88
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FIGURE 65
WARHEAD RDT&E COST (U)
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Equation

Reference:
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Cwur “2 b+ Wop

Assuming:

1352

d
e
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b
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= , .096
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f = miscellaneous cost term in thousands of

dollars. This value is normally zero.
WWH = warhead weight in pounds.
KFUZE = factor for fuzing type (0 for contact fuze, ’

1 for proximity fuze)

Figure 65 shows the CER results as a function of warhead
weight, assuming value for the other required inputs. The validity

of the CER has been tested in Reference 3 for warhead weights bet-

ween 86 and 651 pounds. For the purposes of relative costing, it &
is assumed valid over the total range of non-nuclear warhead weights

encountered in the SEATIDE process.
2.5.3 Warhead Production Costs

Warhead Production costs include the sustaining engineering,
sustaining tooling, test equipment, ECO/ECP's, lot acceptance, and E
the cost of the warhead metal parts, explosive, and explosive loading. [
The production costs represent the cost to produce the first unit |4
off the line after RDT&E has been completed. The production cost

CER was lifted directly from Reference 2 and is discussed as follows:

3 1/2
CWI—IFU = afl.28(b+c (WWH) )d +e (2
where:
CWHFU = first unit warhead production costs in thousands
of dollars.
a = inflation factor to adjust cost for future years. %
For 1974 costs, a = 1.
b = constant to be supplied by DE-1
C = constant to be supplied by DE-1
d = production complexity factor used to adjust cost

for exceptional problems or windfalls. For state
of the art warheads, this value equals 1.




FIGURE 66
WARHEAD FIRST UNIT COST (U)

Reference: Equation 2 Section 2.5.3

(b + c(WWH)l/2 ) d

(@ = a [1.28 + e]
WHFU 500

Assuming:

a =l
B =
c = 43

this becomes:

1/2
65 & 45 (W)

C = 1.28 500

|
1000 1500

wy ( LBS)
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e = miscellaneous cost term in thousands of 1974 dollars.
Normally the value is zero.
WWH = warhead weight in pounds.

Figure 66 shows the CER results as a function of warhead
weight, assuming values for the other required inputs. The validity
of the CER is expressed in Reference 2 as between 8 and 250 lbs.

WWH' For the purposes of relative costing, however, the CER is

assumed valid across the total range of non-nuclear warhead weights

used in the SEATIDE process.

II-136
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3.0 RCM STRUCTURE

The Relative Cost Model (RCM) is an integral part of the Concept
Generation and Screening Model (CGSM). The roles of the RCM within the

CGSM are shown in the flow diagram on Figure 67. The RCM is primarily

designed to provide relative cost data to the CGSM for use in screening mis-
sile concepts to dominance levels. Cost in that case is based on the sub-
system and system sizing and performance data computed as a routine part
of concept generation. The RCM is also designed to provide parametric
data to the user independently of concept generation. Cost in that case is
based on an input set of sizing and performance parameters. Input to the
CGSM required to execute the RCM is discussed in Volume I1IIA, Sections
I11-3.0 and I11-4.0. Cost output is described in Volume IIIA, Section IV.

The RCM consists of eleven subroutines and approximately 1300
cards (excluding CGSM executive logic required for input and throughput of
data). A listing of those modules is included as Appendix B.

The RCM functional flow is included as Figure 68. Each sys-

tem (guidance, controls, warhead, airframe and integration, and propulsion)

is costed sequentially, and total cost is the sum of all system costs. Both
first unit production and RDT&E costs are computed for each system and
are totaled. Costing of individual systems can be bypassed in a given JOB
if desired, as shown on Figure 68. Bypass control is discussed in

Volume IIIA, Section 111-4.0.
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APPENDIX A

SEATIDE RELATIVE COST MODEL TEST CASE
DEFINITIONS AND RESULTS

112 TEST CASE DEFINITION

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 designed for testing the relative cost model.
Trade 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 Worth Model (RWM). Comparisons
are made with and without the relative cost model as a screening para-
meter. The first test cases utilized involve an air-launched ASM using
liquid propulsion. Figure A.l-1 defines the parameters used in this
test case, including the missile trajectory. Trade factor variations
are made for cruise velocity, total 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 rocket boosters.
Parameter variations and the missile trajectory are shown. Trade factor
calculations are made for warhead weight, cruise velocity, and total
range.

Screening and ranking for the two cases are done separately

and controlled as follows:

’ T
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FIGURE A.1l-1
CASE 1 - ASM
[- Propulsion: Liquid Rocket
‘ b. Guidance
- Midcourse: Autopilot + Track, Command
- Terminal: Homing Radar
Warhead: HE (500, 1000, 2000)* Lbs.
d. Trajectory:
- Launch: Air, 35,000 Ft, 400 Kts
- Cruise: 35,000 Ft, (500, 1000)* Kts.
- Range, Total: (100, 150, 200)* NM
- Run-In: Low Level, 5 NM, V
max
3000 pe—me ? e -
&, :
Alt. )
!
j
1000 -4 ! e o
- v - ) = fregsio
< E J RS ~. 7
i = 0 N
; *Note: Numbers in parenthesis show variations, baseline values are i3
underlined. 1
it
A-2 .




Propulsion:

Guidance
- Midcourse:
- Terminal:
Warhead:
Trajectory:
- Launch:

- Cruise:

- Range, Total:

underlines.

FIGURE A.1.2
CASE 2 - SSM

Solid Rocket Sustainer with 2 Solid
Rocket Boosters

Autopilot + Track, Command
Homing Radar

HE (500, 1000, 2000)* Lbs.
Surface

500 Ft, (800, 1250)% Kts.
(25, 50, 100)*

N4 & ‘\‘.

“Note: Numbers in parenthesis show variations, baseline values are




1.} Case I - ASM Analysis

Within the CM-CGSM, screening is done to obtain top level candi-
dates for each of the following subcases:

Case 1.1.R - ASM, 500 KT Cruise, Screen using RCM

Case 1.1. W

ASM, 500 KT Cruise, Screen using Weight
Case 1.2.R

ASM, 1000 KT Cruise, Screen using RCM
Case 1.2.W - ASM, 1000 KT Cruise, Screen using Weight
Comparison of Cases 1.1.R and 1. 1. W will show the influence of
the relative cost model on ASM screening.

) (P Case II - 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 Weight

Case 2.2.R

SSM, 1250 KT Cruise, Screen using RCM

Case 2.2. W - SSM, 1250 KT Cruise, Screen using Weight

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 single CM-CGSM run. These single runs will be screened jointly with
consideration taken with regard to any penalty imposed on any particular
design.

R 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 1.R - ASM, with RCM

Case 2.R - SSM, with RCM




2, NAVAL ENGAGEMENT MODEL - TEST CASE RESULTS

Trade Factors, for use in the CM-CGSM, as discussed in Vol.

IIA, Section V, were developed for the ASM and SSM test cases pre-
viously defined. Two naval engagements were set up similar to that [
defined in Appendix A, Vol. IIB. While each contains a mix of Naval

weapons, one featured ASMs and the other SSMs. The elements common

to the two engagements 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 interactions
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 arbitrary rectangular X-Y coordinate system,
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 Table A.2-1.

Worth is computed as:

# BVL
Wl B eRNL T
where:
BVL = BLU Value Lost

RVL = RED Value Lost




i
TABLE A.2-1 !
b | VALUE ASSIGNED TO UNITS

TYPE SYMBOL NAME VALUE
BLU

6113 CVA Aircraft Carrier 400
6132 CG Guided Missile Cruiser 80 %
6153 DD Destroyer 20
6154 DDG Destroyer, Guided Missile 40
6155 DLG Destroyer, Guided Missile 40
6212 VF Fighter Aircraft 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
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2.1 ASM T rade Factors

The BLU side consists 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 aircraft 4
Groups (BGRP) carrying ASMs. Each KGRP consists of one CLGM
and two DLGs. Each BGRP consists of four BGGM aircraft carrying
2 ASMs each. The planned deployment of the two sides at time T=0 | 4
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 for the

RED Groups are shown in Figure A.2-4.
A Baseline ASM and five variations were run with results as E
shown in Table A.2-2. These were obtained as two sets of runs of 4 E
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
Figure 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
judgement 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 ''outliers'' 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

practice this point would be resolved by additional NEM runs and more ;

detailed analysis of the results.
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2.2 SSM T rade Factors

The BLU side consists 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 two Aircraft Groups (BGRP) carry-
ing ASMs. Each KGRP consists of three CLGMs each carrying eight SSMs
and forty-eight SAMs, plus two DLGs each carrying forty-eight SAMs. The
planned deployments of the two sides at time T=0 is shown in Figure A.2-6.
Detailed formations of the two BLUGroups are shown in Figures A.2-7 and
A.2-8. The planned routes for the RED Groups are shown in Figure A.2-9.

A Baseline SSM and six variations were run with results as shown

P

in Table A.2-3. The variations of Worth from the baseline Worth is plotted

in Figure A.2-10.
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Ve

Xe CONCEPT GENERATION AND SCREENING MODEL -
TEST CASE RESULTS

CGSM test case results are presented in this section. Those
results are discussed as three topics, including the following: (1} ASM test
cases with screening on RCM cost; (2) SSM test cases with screening on
RCM cost; and (3) ASM/SSM test cases with screening on weight. Cases
1.1.R and 1 2. R (see Sections 1.1 and 1.2 above) are discussed as a part
of topic (1), while Cases 2.1.R and 2.2.R are discussed under topic (2).
The third topic includes Cases 1.1. W, 1.2, W, 2.1.W, and 2.2. W.

3ok ASM TEST CASE - SCREENING USING RCM

The first test case called for generation and screening of a non-
boosted ASM to meet the mission requirements listed on Figure A.1-1. A
single CGSM job was constructed and executed to meet those requirements,
and the input for that job is listed in card image form on Figure A,3-1.
Missile diameters from 26 to 34 inches were required along with total mis-
sile weights from 8000 to 9500 pounds. Warhead weights of 500, 1000, and
2000 pounds were postulated for the test case (see Figure A.1-1). Each
combination of diameter and warhead weight had to be matched with a unique
input payload length using compatibility matrices. Wing area and tail area
were computed and input for each diameter (based on cruising at 35,000 ft.
at Mach 0.87) and were matched with those diameters using a compatibility
matrix.

An integrated missile design was generated for each compatible

permutation of total weight, diameter, warhead weight, payload compartment

length, tail area, and wing area. A total of 53 designs were successfully
integrated. A summary plot of those missiles' airframe dimensions is in-
cluded as Figure A.3-2 for a warhead weight of 1000 pounds. Missile length

is shown to vary between 300 and 500 inches in that plot.

A-21




Each of the designed missiles was flown over the three test case
trajectories. Several designs were unable to fly all of the trajectories due
to performance limitations (incompatibilities between design and perform-
ance inputs); however, a total of 138 design/performance combinations were
successful. A summary plot of those missiles' range capabilities is included
as Figure A.3-3 for two of the cruise speeds. Total missile range is seen
to be very sensitive to cruise speed. That is, an increase in speed is
achievable only at the expense of a reduction in total range. The dependence t
of range on speed is itself dependent on such design parameters as cruise
altitude, wing and tail areas, and maximum thrust. Those parameters can
be controlled by input in a given CGSM job.

Each successful design/trajectory combination was assigned a
concept number in the CGSM and each was passed along to the Relative Cost
Model (RCM) within the CGSM for costing. First unit production cost was
designated as the screening cost parameter during this CGS5M job. The
worth of each concept is computed based on NEM data (see Section 2) and the
set of concepts is screened on cost versus worth. ASM test case screening
results are shown on Figures A.3-4 through A.3-7. A copy of the CGSM
summary oulput tor top level screened concepts is found in Figure A.3-4,
All top level concepts are seen to be low speed missiles (VCR = cruise Mach
no. = 0.87). Small warheads tend to dominate at lower cost, while larger
warheads dominate at higher cost. The NEM data on worth versus total
range (see Figure A.2- 5 in Section 2) shows that worth levels off at ranges
in excess of about 150 n. mi. That trend in the worth data affects screening
to the extent that concepts which differ only in total weight tend to cluster .
at the point that range passes 150 n.mi, That clustering is seen clearly in | 8
Figure A.3-5, which is a plot in cost/worth coordinates of the top four levels

of ASM concepts. Concepts whose range is less than 150 n.mi. appear singly

and do not cluster.
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Data shown in Figure A.3-4 (CGSM printout) and Figure A.3-5
(plotted) serve to aid in narrowing down the set of concepts by focusing
attention on those with high worth. Crossplots such as those in Figures
A.3-6 and A.3-7 are useful in explaining and illustrating trends identified
in Figures A.3-4 and A.3-5. Effects of variations in speed and warhead
weight on concept worth and cost are illustrated in Figure A.3-6. The
"vertical' lines correspond to variations in warhead weight with all else con-
stant, and the "horizontal' curves correspond to cruise speed variations.
Vertical lines in cost/worth coordinates correspond to extremely favorable
trends, while horizontal lines signify unfavorable trends. Applying those
criteria to Figure A.3-6 leads to a selection of low speed and large warheads
as favorable ASM characteristics. The crossplot on Figure A.3-7 illus-
trates that the value of missile total weight is a function of cruise speed.
At the lowest speed, where even the smallest missile generated in the test
case can fly 150 miles or more, total weight does not significantly affect
cost or worth (with all else constant). At that lowest speed, weight could be
fixed by launcher constraints. At the higher speeds, increases in weight

become desirable.

3.2 SSM TEST CASE - SCREEN USING RCM

The second test case called for generation and screening of a
boosted SSM to meet the mission requirements listed in Figure A.1-2. A
single CGSM job was constructed and executed to meet those requirements,
and the input for that job is listed in card image form on Figure A.3-8.
Missile diameters from 26 to 30 inches were required along with total mis -
sile weights from 6000 to 16000 pounds. Warhead weights of 500, 1000, and
2000 pounds were postulated for the test case (see Figure A.1-2). Each
combination of diameter and warhead weight had to be matched with a unique
input payload length using compatibility matrices. Wing area and tail area
were computed and input for each diameter (based on cruising at 500 ft. at
Mach 1.2) and were matched with those diameters using a compatibility

matrix.
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An integrated missile design was generated for each compatible

permutation of total weight, diameter, warhead weight, payload compart-
ment length, tail area, and wing area. A total of 36 designs were success-
fully integrated. A summary plot of those missiles' airframe dimensions
is included as Figure A.3-9, for a warhead weight of 1000 pounds. Missile
length is shown to vary between 200 and 400 inches in that plot. A typical
SSM launch tube length limit is plotted on Figure A.3-9 for reference.

Each of the designed missiles was flown over the three test case
trajectories. Several designs were unable to fly all of the trajectories due
to performance limitations (incompatibilities between design and perform-
ance inputs); however, a total of 108 design/performance combinations were
successful. A summary plot of those missiles' range capabilities is included
as Figure A.3-10 for a cruise speed of 1.2.

The effects of cruise speed on total range were found to be minor
within the SSM operating regime postulated for this test case. The depen -
dence of range on speed is itself dependent on such design parameters as
cruise altitude, wing and tail areas, and maximum thrust. Those para-
meters can be controlled by input in a given CGSM job.

Each successful design/trajectory combination was assigned a
concept number in the CGSM and each was passed along to the Relative Cost
Model (RCM) within the CGSM for costing. First unit production cost was
desigrnated as the screening cost parameter during this CGSM job. The
worth of each concept is computed based on NEM data (see Section 2) and the
set of concepts is screened on cost versus worth, SSM test case screening
results are shown on Figures A.3-11 through A.3-14. A copy of the CGSM
summary output for top level screened concepts is found in Figure A.3-11.
Low cost within level 1 corresponds to small, low-speed missiles with small
warheads. Cost and worth increase as total weight, warhead weight, and
speed increase, so that the highest cost concept in level 1 is the largest and

fastest missile with the largest warhead.




Data shown in Figure A.3-11 (CGSM printout) and Figure A.3-12
(plotted) serve to aid in narrowing down the set of concepts by focusing
attention on those with high worth. Crossplots such as those in Figures
A.3-13 and A.3-14 are useful in explaining and illustrating trends identified
in Figures A.3-11 and A.3-12. Effects of variations in speed and warhead
weight on concept worth and cost are illustrated in Figure A.3-13. The
'vertical' lines correspond to variations in warhead weight with all else
constant, and the '"horizontal' curves correspond to cruise speed variations.
Vertical lines in cost/worth coordinates correspond to extremely favorable
trends, while horizontal lines signify unfavorable trends. Applying those
criteria to Figure A.3-13 leads to a selection of low speed and large war-
heads as favorable SSM characteristics.

The crossplot of Figure A.3-14 shows the effects of total weight
and warhead weight variations on cost and worth., Increasing total weight is

shown to increase both worth and cost with a generally unfavorable trend.

343 ASM/SSM TEST CASES - SCREEN USING WEIGHT

The CGSM test cases discussed in Sections 3.1 and 3.2 were
executed with total weight specified as the parameter to be used along with
relative worth for screening. The results of those screening jobs are shown
on Figures A, 3-15 through A.3-18. Figure A.3-15 and A.3-17 present the
CGSM printed output provided for level 1 concepts for the SSM and ASM,
respectively. Figures A.3-16 and A.3-18 include cost/worth plots for the
top four levels of SSM and ASM concepts. For both SSM and ASM missile
classes, level 1 contains only those concepts with the largest warhead.
Level 1 SSMs are all high speed concepts; however, level 1 ASMs are all
low-speed concepts. Those results are not compatible with the screening
results presented for the two missile classes in Sections 3.1 and 3. 2.

A comparison of screen-to-cost results and screen-to-weight
results is presented on Figures A.3-19 and A.3-20. Data are presented for
the SSM only; however, all conclusions drawn in the screening comparison

apply equally to the ASM missile class. The effects of cruise speed variations
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on cost and worth are shown on Figure A.3-19 for both screen-to-cost and
screen-to-weight test cases. An increase in speed is seen to be an

"unfavorable"

option when cost is the screening parameter, since cost in-
creases much more rapidly than worth. The opposite effect is seen when
weight is the screening parameter, there being a net increase in worth with
no cost penalty for the higher speed concepts. The trend seen for screen-
to-cost is the valid trend. Missile cost (especially airframe and controls

system components) does increase as missile speed increases, as can be

verified using historical data. Effects of warhead weight on cost and worth

are shown on Figure A.3-20 for both screen-to-cost and screen-to-weight
test cases. Comparable trends are observed in both cases, although the
added cost of the larger warhead is evident for screen-to-cost and is

obscured for screen-to-weight.

The CGSM user is provided with the option of screening on RCM

cost or on total weight. That choice is a routine part of CGSM input selec-
tions. Screening on RCM cost is recommended to the user as the more

realistic option.
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4. RELATIVE WORTH MODEL - TEST 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 Figures
A.4-3 and A. 4-4, were generated within the CM-CGSM except for the years

to IOC, which is an analyst input.

4.1 TRADE FACTORS

The theory of trade factor 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 Figures
A.4-5 and 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 weight
with respect to cost, and years to IOC with respect to cost. Note that the
sign of the trade factors is chosen by the sign convention that if the variable
(e. g., years to IOC) is such that low values are preferred, the trade factor
is negative. If high values are preferred, such as warhead weight, 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, giving 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 highest ranking SSM concept is concept SSM-80 (System
Number 11), which has a first production unit cost of $1.007 million, a total
range of 85, 4 nautical miles, a cruise velocity of MACH 1.5, a warhead

weight of 2000 pounds HE, and a 4 year time to IOC.




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, after
considering the low cruise velocity of these systems (MACH 1. 2) and the trade
factors discussed in Figures A, 4-5, A.4-6 downgraded these three systems to
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 screening. This
point would contain system numbers 17 and 18. In the RWM, a higher cost
system, system number 19, was preferred 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.




et

&

FIGURE A. 4-1

A-55

" PAGE 6
RN CRQUBD NSNS e 0 T S e R R e RUN= 2-15-15
PARAMETER TRADE FACTOR DATA S IRERVS U . 5
NO. NAME MINIMUM®  AVERAGE  MAXIMUM e
1 costT X -1.0C0E 00 ~1.000E 00 <=1.000€ 00
2 RANGE  TOTAL  2.440E 02 1.516F 02 5.930F 01 g EG 1
" 3 VELOCITY CRUISE 2.480E 0C 1.480€E 00 4.800€-01
4 WHD _ MY 5,555 03 3.703€E 03 1.851E 03 4
'S YEARS 10c . =1e050E 00 <=3.T705€ 00 -5.560€ 00
FIGURE A.4-2
" PAGE 6
RWM, SOL ID SSM. Lt TR Aot LSS S Dl Py 1 RUN= 2-15-15
PARAMETER TRADE FACTOR DATA x RN R . | e B
AC. NAME MINTMUM AVERAGE MAXTOOY b
TN oSy TN =1.0C0E 0C <=1.000€ 00 =1.000F 00
2 RANGE TOTAL 4.8C0E 00 9.300E 00 1.380E O1 oo Gy
3 VAOCITY CRUISE 4« 000E-02 6.,000E~02 8.000E-02
4 WD WT  1.000€ 02 1.300E 02 2.000€ 02 L
S YEARS 10C ~4.000€-02 -1,7006~01 <=3.000€E-01 -




FIGURE A.4-3 ‘

e | ] ¥ i il : Bl e RSRE PAGF T
RWM. LIQUID ASM. o e N e S R L RiN=  2-15-7%
[ SYSTEM DATA : AR .
i SYS cost RANGE VELOCITY  WHD ~ YEARS PG ) e
; NCe. TOTAL CRUISE WT 10C =
[ 1 1.018E Ol 2.226F 02 .8.7006-01 5.000€E 02 3,000F 00
i ¢z 1.019F 01 2.167F 02 @8.700-0L S.000E 02 3.000E 00
F 2 1.019E C1 2.134€ 02 B8.700F-01 5.000€ 02 3.000€ 00 § )
4 1.020F Cl 2.099F 02 B8.700E-01 S.QC0F 02 3.000€ 00 —~— ~ ~ e
i € 1.020F C1 2.062E 02 @8.7006-01 5.000Ff 02 3.009F 00 .
T € 1.021E 01 2.023E C2 &.7C0E-01 5.000E 02 3.000FE 00 T
7 1.022E 01 1.988F 02 8.700F-01 1.000F 03 4.000E 00
€ 1.023€ 01 1.92¢F 02 E€E.7CO0F-01 1.000F 03 4.000F 00 PR - b
S 1.023F 01 1.747F 02 B8.700E-01 1.000E 03 &.000E 00
1C 1.024E Cl 1.891E 02z 8.700F-01L 1.000E 03 4.000FE 00 e E e
11 1.024F Cl 1.8%55F C2 8.700E-01 1.000€ 03 &.000E 00
12 1.025F 01 1.81€F C2 8.7C0F-01 1.000F 03 4.000E 00
12 1.025F 01 1.713E 02 8.7006-01 1.000F 03 &.000F 00
14 1.025€ 01 1.775F G2 €.7CCE-01 1.000F 03 4.000€ 00 -
1 15 1.02€E Cl1 1.689E 02 8.700E-Cl 1.000E 03 &.000€E 00
1 1€ 1.028F Cl 1.656F 02 8.70CE-0L 1.000E 03 4.000F 00 "
3 17 1.032F 01 1.347E 02 B8.700E-01 2.000E 03 5.000E 00 2
3 18 1.033F 01 1.558F C2 8.70CE-01 2.000E 03~ 5.000FE 00
19 1.044E 01 1.€5€E 02 8.7006-01 2.000E 03 5.,000E 00
2C 1.045FE 01 1.572€ C2 8.700E-01 2.000E 03 5.0006 OO ~— ~  — ~
21 1.045€ 01 1.527€ 02 8.700E-01 2.000E 03 5.000E 00 Eh '
3
i
1 FIGURE A.4-4
1
f: ER ey e A BNGET (T
k| RWM. SOLID SSM. 3 B P b _ RUN=  2-15-75
SYSTEM. DATA SR PAGE 1
SYS cosT RANGE VELOCI TY WHD " YEARS
NO. TOTAL CRUI SE Wt 10C SRR Y
‘ 1] 17.080E CO 4.C20€ 01 1.200€ OC 5.0006 02 3.000€E 00
| 2 7.1C0E CO 3.470F 01 1.2CO0F 00 1.000f 03 13.000F 00 TE T o e R e
| 3 7.270F 00 2.240F Cl 1.20CE 00 2.000F 03 3.000€ 00
| 4 1.50C0F 00 3.560F Ol 1.20CE 00 2.000E 03 3.000E 00 B SE I e s,
f; € 7.64CF Q0 -4.340E 01 1,20CF 00 2.000€ 03 3.000E 00
b | € 7.85CE CO 5.450€ 01 1.2006 00 2.000€ 03 3.000E 00
ﬁ; 7 B.49CE CC 6.740€ Ol 1.2006E 00 2.000F 03 3.000E 00
1 € B.850E CO 8.3SCF 01 1.2006 00 2.000F 03 3,000€ 00 IV S
: 9 9.150E 00 7.64CE 01 1.200€ 00 2.000E 03 3.000E 00 .
: S.680F CO 6.R10F 01 1.5CCE 00 2.000f 03 4,000 00 g g 7

 1.007€ 01 B8.540€ 01 1.500E 00 2.000E 03 4.000E 00
1.048€ C1 7.760€ 01 1.%0CE 00 ~2.000€ 03 4.000E 00
1.185€ C1 8.000€ O1 1.900€ 00 2.000€ 03 5.000€ 00

A-56




FIGURE A.4-5
.-
TS ASM TRADE FACTORS
Range, NM
222 A :
tR
134 A
10. 18 g
Cost, $100K
\ Velocity, MN - ;
7 W o @
1. 5— o
P ’ ,./"‘"’/ ‘
) ke A
o g e
L o
| i 18 10. 45
| Cost, $100K
Warhead Welg t b :
)
L 2000+ ' e
JSoo, ] ;l':’f““_ |
. ; - |
11000~ |
i : |
o 500 - ] \
iy !
| el @
& 10,35
u Cost, $100K
Years to IOC :
iy @
! 4.5\_,\ ‘
o SR SR
3 1 r —— e
- SR
10. 18 i
Cost, $100K

66/. 27=+244.
l6/. 27:.‘.50. 3

.67/.27=42.48

.13/.27=+. 48

1500/. 27=45555.

.5/.27= <1. 85
1.5/.27==5, 56




b i b S e B

FIGURE A.4-6
SSM TRADE FACTORS
Range, NM/_‘

WD, (2)

{ : - ! 69/5=+l3. 80
30 |
1 » -~
g oe ey
00 1200
Cost, $K
Velocity, M -~
e :
S5 e r = ,_;___/,__;.;'71
1.7:// ;' . 2/5=+, 040
* i
'1.5 | 1 .4/5=+. 080
LT = A
® o,
700 1200
Cost, $K
Warhead Weié.\f, ibs @

DR BN 500/5=4100
1000 —" { 1000/5=+200
4ol

500 ! 3 @
e ———
700 1200
Cost, $K

Years to I0C E
" O -
. < i .2/5=-. 04

l. 5/5=-‘ 3

S
By

>

4 2y TR IR B T T T S A

[
Y W TR R P A s BT} TN T W

P o e




. FIGURT A .4-7 |
£ « % = A, TR ~ PAGE S |
: __RWM. LIQUID ASM. At _RUN=__ 2-15-75 g
: SYSTEM RANKING SENSITIVITY - RANK BOUND P _ PAGE 1 ~
(BASEC ON SYSTEMS RANKED 1 THROUGH 21) o = ,
: UPPER AVERAGE LOWER
NO. SYSTEM DESCRIPTION BOUND  RANK BOUND
i
e R Ty R R e i o G Y6 T e e i
2 ssM-54 17 17 17 '
| e SN e ] PR | S | el
4 SSM-48 19 19 19 .
TTET SSM-45 20 " 20 ‘20
€ SSM-~42 21 21 21
7 SSM=-74 FE o S e R TR e I e R S PR |
8 SSM-72 7 7 7 ,
S $SM-22 ri e i g s SR S e | AT BEC LY o i
1C SSM-69 8 8 8
1l SSM~66 9 Q 9
12 SSM~€3 10 10 10 4
13 SSM~-19 7 % i i 13 13 ¢
14 SSM-60 11 11 1
15 SSM-16 § ST O ST SRR | AN | |
1€ SSM-13 15 15 15 :
L1 SSM-139 ) 5 5 5
1€ SSM-91 3 3 3
19 SSM-13¢ it e e I B SR i
20 SSM-133 2 2 2
RN SIS e e e T T4 < i
FIGURE A.4-8
N PRTE - e PR " PAGE 5
RWM. SOLID SSM. G SR by A _RUN=__ 2-15-75
SYSTEM RANKING SENSITIVITY - RANK BOUND il | Sl Ak PAGE 1
(BASEC ON SYSTEMS RANKED 1 THROUGH 13) e s LN
UPPER AVERAGE  LOWER
NC. SYSTEM DESCRIPTYION BCUND _ RANK BOUND
’
1 SSM-1 LT RSO . R - R
2 ssM-13 s i e 12 12
3 SsM-25 g SRR T S < S 1n -
4 SSM-28 Ry e 10 10 10
T8 ssMe3) ‘ ; 9 9 9
6 SSM~-34 8 8 8
: 7 SSM-176 SRR SO TR e SRR
i 8  SSM-79 o 2 2 2
| 5 SSM-10¢ e s Ny LR AP
; 1C SSM=77 X s 6 6 6
11 SSM-80 R eIt L 4 1
El O 12 SsM-107 b “ “ «
? L) 13 ssm-81 i S e SRS TEEE




r———ree

5. GENERAL CONCLUSIONS

The test cases shown here in Appendix A were chosen to
demonstrate the uses of a Relative Cost Model in the SEATIDE Process,
involving all three models (NEM, CM-CGSM, and RWM). Baseline mis-
sions and missile types were chosen to provide as much variety as possible
with the budget 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 results 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 study of these parameters on specified missions, in specified
Naval scenarios. Further study (and additional variations) might well
reveal that the answers are sensitive to parameters which were not
varied but which could be (e. g., the missile cruise altitudes, the terminal
dive angle, the wing areas used, etc.).

Note should also be taken of the '"top level" sc reening results
in the CGSM. These are a function of the 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 only be done by systematically varying the trade factors input to
the CGSM and making multiple runs. Additionally, it should be remem-
bered 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-61 (reverse side blank)
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APPENDIX B
RCM SOURCE PROGRAM LISTING

1. INTRODUCT ION

This appendix presents the complete source program listing

N

of the RCM. Data and Job Control Language cards required for compila-

i AR i £

tion and use of this program within the CGSM have been discussed in the

CGSM Users Manual (Vol. IIIA).
The source program is coded in the FORTRAN IV Computer

e i ST

language. FEach subprogram is labeled in card columns 73 through 76,
and each card in the subprogram is assigned a sequence number in columns
77 through 80. The RCM includes 11 modules, and consists of approxi-

mately 1400 source cards. An index of those modules is contained in

T able 1.




2. RCM SOURCE LISTING

SURROUT INF COST (ICNN) cnsrTonie
COMMON /CJOSTSC/ CTOT,CPTCT,CRTOT,COMPCI(17) C1ST0020
COMMON /CONLY/ KIMND,DIAFRT SCOMMOR(8) rnsTo003o
COMMON /SCRNNL/ SCR351(351), IDU4NM4(4) CNSTNO40
EQUIVAL ENCE ( IDU4M4(3), ICOST ) CNSTNOSO0
COMMON /QACOST/ QMAXQ, VMAXQ, DUMQA(8) cNSTONEO
CCMMNN /BRASVAR/ CRAS8(8)s TAREA, NDBASLL(11) cesSTON70
RFAL NOZWT,MP CNSTOO0RN

CCOMMON /COMVL S/ WTANKoVE XINyVREQ ¢GGW yHPPUMP,WTFUEL ywCCMM,VCCMI, cosTonao
1 RSyY1oWNNZ KFMoMATTK 3 Ay DCOM, WMC VAT yDTHRT,RNOZI ,NCZWT¢MP,CASFM, (NSTNI1NO
2 FNETyWToWFoFMAX 3 SeT4yME TTUoZXNB Do WNMoFCoPPEAK,BSP,ACET,QA,WCS, cNSTO110
3 WWHyWTC o WTP g WGG ¢ WSC ¢ WLV ¢ VG T g WOy WP yOP ,WN,METAL y NCONFG cNST0120

COMMON /COSTIN/ PRTIAL,PRIA2,PRJC,PRI A3 ,PRIR3 4PRIA4,PRIF4,PRIAS, CNSTOL130
1PRIA6,PRIA7,PRIA8,PRIBB,PRIAG,PRIG9,PRIALO,PRIALL+PRIG]11,PRIAL12, CNSTO140
2PRIB12,PRIEL24,PRIAL3,PRIEL3,PRIAL4+PRIEL14,PRIALS,PRIFEL1S,PRIALG, CNSTO150
3PRIE164PRIALT7,PRIF17,PRIA18,PRIBL18,PRIF18,PRIAL19,PRIEL1Q,PRYA20, CNSTOLED
4PRIA21,PRIA22,PRIB22,PRIA23,PRIB23,PRIC23,PRIA24,PRIC24,PRIA2S, CNSTN1T70
SPRIB25,PRIA2E,PRIB2E,PRIC26,PRNAL,PRNAZ yPRNA3 yPRNB3,FRNA4, PRNF4, CNSTO180
6PRNASyPRNAG6yPRNA 7,PRNAB,PRNAB, PRNA9,PRNG9 ,PRNALO yPRNAL1Ll,PRNGI11, cOsSTO190
7PRNAL12,PRNR12,PRNF12,PRNAL13,PRNF13,PRNAL14,PRNEL4 ,PRANALE (PRNALG, cNsSY0200
8PRNA17, PRNA18,PRNR18,PRNA19,PRNB]19,PRNC19, PRNA20,PRNC20,PRNA21, cNsSTo210
9PRNB21,PRNA22,PRNB22,PRNC22,PLPC yPLAL yPLA3 4PLR3 yPLA4,PLA6,PLAB, €NST0220
APLRB,PLA9,PLA11,PLB11,PLAL13,PLBL13,PLC13,PLD13,PLAL&,PLD14,PLALS, C(NSTO230
BPLBL1S,PLF15,PLF15,PLAL1E,PLELG6sPLALTsPLALB,PLBL18,PLC18yPLAL9,PLA20,CNSTO240
CPLB20,PLA219sPLB21+sPLC21+sPTAL,PTDLl yPTA%4 PTB4 ,PTAS ,PTRS5,PTES, PTA6, (NSTO0250
CPTF6,PTATPTRT7,PTCT,PTJYC +PTAB,PTD8yPTA9,PTB9,PTAL10 ,PTB10,PT(C10, fNST0260
EPFA3,PFR3,PFA4PEE4L,PEAS,PEFS PEAG,PEB6LPEEG PEATLPEET,PFAS,PFAG, CNSTN2T70
FPFA10,PEBRL1O,PECLO,PEALL,PEBLLyPEELLyPEBCPSPCyPSA3 ,PSB3,PSA4,PSF4&,CNSTN280
GPSASsPSF5,PSA6yPSF6,PSG64PSATPSFT7,PSA8,PSA9,PSAL10,PSB10,PSC10, €CNST0290
HPSA11,PSB11yPSELL+CFToPFT,CFCASF yPFCASFCFCoyPFC,CFVM,PFM,IYEAR CNSTO300
COMMON /COSTIN/ PRIBLly,PRICL,PRIB2,PRIC2,PRIB4, PRIC4,PRIN&G,PRIBS5,COSTO31N
1PRICS,PRIR9,PRICSyPRIDSyPRIEFyPRIF9,PRIB114PRIC11,PRIDL11,PRIE1ly, CNSTO320
2PRIF114PRIC12,PRIND12,PRIBL13,PRIC13,PRID13,PRIRL&4,PRICL14,PRID1&, cNST0330
3PRIR15,PRICLS,PRIN15,PRIBL16yPRIC16,PRID16,PRIBL1T,PRIC17,PRIDL7, COST0340
4PRIE17,PRIC184PRIDI8,PRIBLI9,PRIC19,PRID19, PRIB24,PRNE1,PRNC1,PRAR2COSTO350
5¢PRNC 2, PRNB4 s PRNC4yPRND4 yPRNBS yPRNCS ¢y PRNBGy PRNC9y PRNCO 4 PRNFI,PRNFICNSTO360
69PRNB]114PRNC11, PRND11,PRNELL,PRNF11,PRNC12,PRND12,PRNR13,PRNC13, CNSTO370
TPRND 13y PRNBL149PRNC 149 PRND L4y PRNBLS 9 PRNCL1 5,9 PRNDLS 4 PRNBL6 4, PRNCL6, c0SY0380
B8PRND169 PRNBL17,PRNCL7,PRND1T7,PRNELT,PRNB20PLB1 yPLC1PLA2,PLB2,PLP4CNSTO3C0
9,PLC4yPLASPLBSyPLBE6yPLC 64yPLATHPLR74PLB9,PLC9,PLALO,,PLRIO,PLAL12, CNSTO&0O
APLB12,PLBLl4yPLC14,PLCL5,PLD15,PLBLE,PLCLO6YPLDLIEyPLRL19,PLCL19,PTR], CCSTO41O
PPTC14PTA24PTB2sPTA34PTB3,PTCS4PTNS,PTRE4PTCEH ¢PTD6,PTRE ,PTCB,PFAL, CCST0420
CPFR1,PFC1,PFA2,PER2,PFC2,PEB4,PEC4PED4PFBS PECS, PELS,PFFES,PFC&, (NSTO0430
CPEN64PERTHPECTyPENTyPFC11,PEN11,PSAL,PSBL4PSCL4PSA2,PSB2,PSC2,PSR4CNSTN4&4D
EyPSC44PSD4,PSBS54PSCS5,PSNS,PSESsP SBO69PSCE4PSD64PSES ¢ PSBT 4 PSCT,PSDT,CNSTO4S50
FPSETyPSC114PSNL14PRND22,PLD21,PLE2LyPTDI04PTELO,PRIN26 CNST0460
COMMON /COSTIN/ PROFIT,ND yRyAFAL1,AFRL,AFCLl yAFN]1 , AF[1,AFA2,AFB2, CNSTO&TOD
1AFC2,AFA3,AFB3,AFG39AFAL JAFB4 JAFC4 ¢AFN&4 ,AF J4 ,AFAS y AFPS ,AFCS, AFKS, CNSTO4RO
2AFAG,AFRE,AFGO, AFAT,AFCTAFDT AFAB,AFA8,AFCRB,AFDB,AFI8,AFAQ,AFRg, (NSTO4Q0
AAFCY4AFN9,AFJ9, AFALN,AFR1N,AFCL10,AFHI0,AFAL1 ,AFRL]1 ,AFGL11,4FA12, CNSTNS00
GAFCL24AFD L2, AFAL3,AFBL133AFC13)AFALG)AFBL4yAFC 14 ¢KFUZF yWAL yWFl,WF]1,CNSTNS10
SWA2 ¢y W2 4Wr 24 KGAIN,CAL1 4CF14CF14CA2,CF24CF24CA3,CF3,CF3,RALl,CRL4GFL1,CNSTN520
EKL FEGKOCTE,KSTAR,KAGATFE NCHANGKSGATFE,GA2 yGB2 yGK2 ¢GA3,CR3,CNY,GA4, CNSTNS30
TCP4y CM4 yGASy GBSy GHEJKG 4KC yKW o KA KP o IGTYPE,TCTYPE, 1PRCST CNSTNS540
CrMmMnNN /CNSTINY AFFLWATFFLWAFGL yAFHLsAFC2 4AFD2 yAFFD ZAFF2,0FC3, rOgYNs§)




1AFD3,AFE3,AFF3, AFF4,AFF4,AFG4 AFH4 ,AF1 4,AFDS5,AFES, AFF5, AFGS, AFCE, CNSTOS60
2AFD6 9 AFF69AFFE AFB 19 AFE B AFF8,AFGR4AFHS JAFED AFF9 ,AFG9, AFH9, AFI9, CNSTOST0
3AFC10,AFEL10,AFF10,AFGL1C, AFC11 ,AFDLLl ¢ AFEL]l yAFF11 yAFRL12,WBL4WCLoWDL,CNSTNS58Y
4WP2,WC2,CR]14CC1,CD1,CR2,CC2,CP2,CR3,CC3,CD3,G6C1,GD1,GE1,GC2,GD2, CNSTO0590
SCE2, CF2,CGG2,GH2,GI12,GJ29GC3¢GD3yGEI+GF39GG39GH39G134GU3,6K3,4GL3, CNSTNHENN
ECMI,GN3,CP3,GC4,CD4yGE4,GF4,GG4yGH4 G146 J4,GK& 4GL4,GC5,GN5,CES, CNSTD61N

! 7CFS,GGS,CFTTAR(11),PFTTAR(LL) CNST0620
v COMMON /CSTPRV/ CBLC,CBMC4CCASE,)CCFU4CCL,CCMyCCCMIoCCCMLyCCOMM,  CNSTO0630
5 1 CCONT,CCRD,CEBFU,CEBRD,CFTJ,CEXIN,CGFU,CGRDN, CNST0640
| 2 CGT4CGTNT,CIGN,CIRJFU, CTIRJRD, CLF,CLFL,CLGGsCLISCLM, CNST0650
j 3 CLRFUsCLRRD yCLRT yCLTC,CLTP,CMyCMGG,CMM,CMTC,CHMTP, CNSTN660
! 4 CMV,CNOZ,CNRJFU, CNRJRD, CPyCPAFI,CPENG sCPL yCPLC COST0670
| S CPMFGL,CPMFGMy CPQAyCPR yCPRC yCPSyCPSMGG 4C PSN2 4CPSRAN,CPSSGG, rNST0680
6 CPTNOL,CRAF [4CRNEV,CREG 4CRENG CRFTO,CRJIC,CRMFGL yCRNFGMy CRQA, CNST0690
T CRTOOL yCSAsCSRFUGCSRROyCSRToC ToCTAFI 4CTC4CTEB,CTIRJ,CTIFU, CNST0700
8 CTJLF,CTJLFL,CTJRD,CTIT, CTL4CTM,CTNRJ yCTP yCWHyCWHFU ,CWHR, CNSTOT10
9 CPOOCy CRPSyCPFUsPRNIFPR o PREUAF PRRAF o CCLB,CCMB,CTCP,CLTBL,CANCZR,  COSTOT720
: A CPRB, CPLB,C [GNB,CSAB,PROFEX CNST0N730
‘ CIMENSION DUMMY( 1) COSTO740
EQUIVALENCE (CBLC,DUMMY(1)) CNSTO 750
CIMENSINN COMV(51), ICOMV(51) CNSTO760
EQUIVALENCE ( COMV(1), WTANK), ( ICOMV(1), WTANK ) COST0770 :
‘ NAMEL IST /NCOUT/ COMV,1COMV,KSTAB,KAGATE yNCHAN ,KSGATE, COST0780 ;
# 1 KGyKCo,KWoKA,KP,IGTYPE, ICTYPE CNSTO0790 f
2 LKINC,DIAFRT, SOMMOR €NST0800 ;
3 ,0MAXC,VMAXQ,DUMQA, TAREA,QASAV,SSAV CNSTOB10 %
CASAV = QA CNST0820 ?
: SSAV = § CNSTO830 |
IF ( OMAXO .GT. C.0 ) OA = QMAXQ * TAREA / 144./ 1000. COST0840 5
IF ( VMAXQ oGT. 0.0 ) S = VMAXQ * 3600. / 6076.1155 CNSTO850 ;
IF ¢ ICOST.NE.O) CALL PAGE CNST0860 5
IFCICNST.6T.1) WRITE(6,NCOUT) COST0870 ;
DO 80 1=1,1C4 cNST0880 f
80  DUMMY(1)=0.C COST0R90 :
WTANX=0.0 CNST0900 |
1F ((KIND .GE. 20) .AND. (KIND .LTV. 30)) WTANX=WT CNST0910 F
TF ((KIND .GE. 40) .AND. (KIND .LT. 50)) WTANX=WTANK CNST0920
[F (KINU oGE. 50) WTANX=WT CNST0930 '
AZ=A+WT ANX CNST0940
IF (KG .FO. 0) CALL GUCONST CNST0950
IF (KC .6Q. C) CALL CTCOST C0ST0960
IF (KW 0. 0) CALL WHCOST cNST0970 !
1F (XA .FO,. 0) CALL AATCST(AZ,DUMMY,1) COST0980 f
IF (KP NE., 0) GO TN S0 cAST0990 z
IF (KINE JNE. 10 JAND. KIND «NE. 13) GO TO 10 €NST1000
CALL PSRCST €rST1010
IF (KIND .FQ. 13) CALL PEBCST €NsST1020 |
cr 1N S0 £AST1030
10 IF (KINC .NE. 20 .AND. KIND .NE. 23) GO TN 20 CNST1040
CALL PLRCST €NST1060
[F (KIND .EQ. 23) CALL PERCST €NSY1060
GO TN S¢ cOST1070
20 IF (XIND JNE. 41) G0 TO 3C £AST 1080
CALL PIRCST €NST 1090
€0 10 S0 FASTL10N
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IF (KINC NE. 43 .AND. KIND .NF. 44) GO TN 40 €NST1110
CALL PNRCST €NST1120
IF (KINC .EQ. 43) CALL PEBCST £NST1139
GC TO SO COST1140
IF (KINC «NE. S0 .AND. KIND .NE. 53) GO TO 50 €nsT1159
CALL PTJCST CNST1160
TF (KIND +EQ. 53) CALL PEBCST CNST1170
CON T INUE COSTLLIRO
CPSINT = ( CPFU - PROFPR ) % 0.15 / 1.15 CNST1190
CPFU = CPFU + CEBFU CNST1200
CRPS = CRPS + CEBRD cNsST 1210
CPTOY = CPAFI + CPFU + CGFU + CCFU + CWHFU (0ST1220
CRTOT = CRAFI + CRPS + CGRD + CCRD + CWHR €NST1230
CTOT = CPTOT ¢ CRYNT CNST1240
COMPC( 1)=CPAFI €NsT1250
COMPC( 2)=CPFU COST1260
CCMPC( 3)=CGFU CNST1270
COMPC( 4)=CCFU cosvT1280
COMPC( S)=CWHFU C0ST1290
COMPC( 6)=CRAFI €NST1300
COMPC( 7)=CRPS cnsTli3lo
COMPC( 8)=CGRD CNST1320
COMPC( 9)=CCRD €NST1330
COMPC ( 10)=CWHR CNST 1340
NTEN = 10 COST1350
NKIND = MOD{KIND,NTEN) €OST1360
IF ( ICOST .EQ. O ) GO TD $876 COST1370
WRITE(6,5111) NCONFG CosT13e0
S111 FORMAT( // 8X, 13HCONFIGURATION, IS ) €0ST1390
; WRITF(644210) IYFAR CNST 1400
4210 FORMAT(///722X23HRELATIVE COST SUMMARY / CNsST1410
1 16X 22H(COSTS IN THOUSANDS OF o [5, 1X8HDCOLLARS) / ) cOST1420
WRITF(644212) CRTOT,CRAFI,CRPS,CGRD, CCRD,CWHR COST1430
4212 FORMAT( / B8X2SHMISSILE DEVELOPMENT CNSTS, F35.2 / CNST 1440
1 19X22HAIRFRAME + INTEGRATION o Fl4.2 7/ 19X1THPROPULSION SYSTEMCOST 1450
2 sF16.2 / 19X1SHGUIDANCE SYSTEM,F21.2/ 19X1SHCONTROLS SYSTEM, (OST 1460
3 F21e.2 / 19X THWARHEAD,F29.2 ) COST 1470
WRITF(6,4214) CPTOT,CPAFI CPFUyCGFU,CCFUCWHFU C0ST 1480
4214 FNRMAT( 8X3SHMISSILE FIRSY UNIT PRODUCTION COSTS , F25.2 / CNST1490
f 1 19X22HAIRFRAME + INTEGRATIONsF14.2/ 19X17THPROPULSICN SYSTEM ,  CONST1500
: 2 F19.2 / 1SX1SHGUIDANCE SYSTEM,F21.2/ 19X1SHCONTROLS SYSTEM , cOST1510
2 F21.2 / 19XTHWARHFAD,F29.2 ) COST 1520
WRITE(6,4216) CTOT CNST 1530
4216 FCRMAT( 8X4O0HTOTAL COST THROUGH FIRST UNIT PRODUCTION , F20.2) CNST1540
: IF (ICOST .LE. O ) GN TO 9876 £NST1550
CALL PACE €NST1560
WRITE (6451110 NCONFG NsT1570
WRITF(6,5210) IYEAR CNST1580
5210 FORMAT( 15X37THRELATIVE COST BREAKDOWN — DEVELOPMENT 7/ cOsST1500 |
1 16X22H(CNSTS IN THOUSANDS OF 15, LXBHDCLLARS) ) £AST 1600 |
WRITE(6,5212) CRAFT,CRENG,CRDFVyCRFTO,CRTOOL ,CRMFGL ,CRMFRM, CRQA, (NST1410 f
1 PRR AF €NST1620
5212 FORMAT( 8X22+F [RFRAMF + INTEGRATION 4F37.2 / €NST1630
1 19X11FFNGINFER ING,F 25,2 / LSXLLHDEVFLOPMENT, F25.2 / COST 1640 |
2 19X 1ERFLICKT TEST NPS, 4F20.2 / LIXIHTCOLING, F29.2 / (NST 1650 ‘
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3 19X10FMFG. LABROR, F2€e2 / 19X14HMFG. MATERIALS,F22.2 / COST 1660

4 19X 17THQUALTITY ASSURANCF, F19.2 / 19X6HPRNFIT, F30.2 ) CNST1670
WRITE(6+45214) CRPS,CGRD,CCRD,CWHR,CRTOT CNST1680

5214 FORMAT( 8X17HPROPULSICN SYSTEM,F42.2 / CNST1690

1 8X15FGUICANCE SYSTEM ,F44.2 / 8XLSHCONTROLS SYSTEM,F44.2 / CNST 1700

2 8X THWARHEADyF52.2 / 8XSHTOTAL,F54.2 ) CNST1710
WRITF(6,311C)IYEAR,CPAFI] CNST1720

3110 FORMAT(/ 14Xy 4 THRFLATIVE COST BREAKDOWN - FIRST UNIT PRODUCTICN CNSTLT730

1 /  19%X422H(COSTS IN THOUSANDS OF 4+I5¢ 1Xy 8HDCLLARS) / CNST1740

2 8X24HAIRFRAMF AND INTFGRATION v F35.2 ) cNST1750
WRITE(6,3111) CPENG+CPTOCL yCPMFGL,CPMFGM,CPQA,PRFUAF CNSTL1760

2111 FORMAT( 19X11HENGINEERING,F25.2 / 19XTHTOOLING,F29.2 / COST1770

3 1 19X 10HMFG. LABOR y F26.2 / 19X14HMFG. MATERI ALS , F22.2 / cNsST1780
: 2 19X17HQUALI TY ASSURANCE , F19.2 / 19X6HPROFIT , F30.2 ) CNST1790
WRITE(643120) CGFU,CCFU,CWHFU,CPFU (NST1800

3120 FORMAT{ 8X1S5HGUIDANCE SYSTEM , F45.2 / B8X15HCCNTRCLS SYSTEM , (CNST1810
1 F45.2 / BXTHWARHEAD » F53,2 / 8X1THPRCPULSION SYSTEM ,F43.2)C0ST1820

IF( NKIND .EQ. 3 ) WRITE(6,3130) CEBFU C0sST1830

2130 FORMAT{ 13X16HEXTERNAL BNOSTER , F3l.2 ) COST1840
IF (NKIND.EQ. 3) WRITE (6,3140) CTCB,CLIB,CNOZB,CPRR,CPLByCICNR, (CNST1850

: 1 CSAB,PROFEX COST1R60
{ 3140 FORMAT( 19X4HCASEyF32.2 / 19XLOHINSULATIONyF26.2 / cNST1870
1 19X6HNDZZLEyF30.2 / 19X10HPROPELLANT, F26.2 / cnsST1880

2 19X13HPROP . LOADING ,F23.2 / 1SXTHIGNITER, F29.2 / CNST1890

3 19X1CHSAFE ¢ ARMy F26.2 / L19X6HPROFIT, F30.2 ) CNST1900

IF ( KIND .LT. 2C ) WRITE(6,3150) CSRFU cNsST1910

3150 FORMAT( 13X22HSOLID ROCKETY SUSTAINER , F25.2 ) COST1920
IF ( KIND oLTe 20 ) WRITE(693140)CCASE+CLI sCNOZ,L,CPRCy CNST1930

1 CPLC,C IGN+CSA,PROFPR COSTi940

TF( (KINDeLT<30) cAND(KINDGE<20) ) WRITE(693160) CLRFULCTC,CTP, CNST1950

1 CM, CPSyCT4CP4CPL yCSA,PROFPR COST1960
3160 FORMAT( 13x23HLIQUID ROCKET SUSTAINER ,F24.2 / COST1970
1 19X14HTHRUST CHAMBER ,F22.2 / 19X9HTURBCPUMP , F27.2 / €NST1980

2 19X15HMISC. EQUIPMENT , F21.2 / 19X21HPRESSURIZATICN SYSTEM , COST1990

3 F15.2 / 19XTMHTANKAGE , F29.2 / 19XTHFUEL/OX , F29.2 / C0ST2000

# 19X13HPROP. LOADING 4 F23.2 / 19X1OHSAFE + ARM , F26.2 / CNsT2010

S 19X6KPROFIT 4 F30.2 ) C0ST2020

IF( KINC «GFe S50 ) WRITE(693170) CTIFUSCETJIsCTyCTILF,CTILFL, PRCFPRCOST 2030

3170 FORMAT( 13X18HTURBOJET SUSTAINER o, F29.2 / 19X6HENGINE, F30.2/ CNST2040
1 19X THTANKAGE ¢F29.2 / 19X4HFUEL, F32.2 / 19X13HFUEL LOADING , COST 2050

2 F22,2 / 19X6HPROFIT, F30.2 ) C0ST2060
1POUT=0 c0SsT2070

IF{ (KIND.GF.40) .AND. (KIND.LT.50) ) IPOUT=] €Nsv2080
IF(KIND.FQ.41) IPCUT=IPOUT + 1 CNSY2090
IF(IPNUT.FQ.1) WRITE(6,3210) CNRJFU cosT2100

3210 FORMAT( 13X25HENON-INT, RAMJET SUSTAINER v F22.2 ) CNST2110
IF(IPOUT.EQ.2) WRITE(6,3230) CIRJFU C0ST2120

3230 FORMATI( 13X25HINTEGRAL RAMJET SUSTAINER, F22.2 ) cOST2130
IF( IPOUT .GT.OIWRITE(643211) CT,CEXINyCPS+CLF,CLFL CNST21490

3211 FORMAT(19XTHTANKAGF sF29.2 / 1SX1SHEXT. INSULATION, F21.2 / CNST2150
1 19X 21HPRESSURIZATION SYSTEM 4F15.2 / L9X4HFUEL, F32.2 / COST2160

2 19X 12HFUEL LONDANING o, F24,2 ) rOsST2170
TF(IPOUTFQa LIWRITF(6,3220) CRJC yCCOML yCCOMM,CCCMI 4CNC7,4PRCFPR rnsT2180

3220 FCRMAT( 19XSHCOMBUSTNR,F27,2 / 22XSHLABOR,Fl6.2 / £NsST2199
1 22YEHMATFRIAL,F13.2/ 22X1CHINSULATIONsFL11.2 / £NSY2200

8- &




(ala e

2 22X6HNNZ7LE,F1Se2 / 19XEHPROFIT,F30.2 ) CNST2210
IFCIPOUT.EQ.2) WRITE(643240) CBOOC»CBLC,CBMC,CLI4CNCZ,CPRC, €NST2220

1 CPLC, CIGNCSA,PROFPR CNsST2239
3240 FCRMAT( 19X17HPDOSTER/CNMBUSTNR,F 1942 / 22X10HCASFE LABRCR,F11.2 / rNST2240
1 22X 10HCASE MATL.oFlle2 /7 22XLOHCASF INSUL,Fll.2 / CNsST2250

2 22XEHNOZZILE F15.2 / 22XSHBOO. PRQOP,Fl2.2/ 22X11HR, P. LFAD, o (COST2260

3 F10e2 / 22XTHIGNITER ,F14.2 / 22X10HSAFE ¢ ARM, Fll.2 / CcOST2270

4 19X EFPROFIT, F20,2 ) CNST22R0
WRITFl643366) CPSINT €NSY 2290

3366 FCRMAT(I9X11HINTEGRATION v+ F25.2 ) cNST 2300
9876 CCNTINUE CNST2310
QA = QASAV €NSY2320

§ = SSAV rNsSY2330
RETURN €NST2340

ENC COST2350
SUBROUT INE AAICST(ASUPLD,TEMP8,INDI) AAICO0O010
AAICO0020

AIRFRAME AND INTEGRATICON COST AAICO0030
AAIC0040

REAL NOZWT,MP AAIC00S50

COMMON /COMVL S/ WTANK o VEXINs VREQ ¢GGHWHPPUMPyWTFUEL ¢ WCCMM, VCOMI AAICO06D
1 RS9Y1oWNOZ KFMyMATTK9AsDCOMoWMC o VBI yDTHRT yRNOZI NCZWT ,MP,CASEM, AAICOO70
2 FNFT o WT WF FMAX3SoT4oMETTYoZXNB 4Dy WM FC oPPELK¢BSP yNDET » QA ,WCS AAICO080
3 WWHeWNTC o WTP s WGG s WSC s WLV yVGT oW Cy WP oDP, WNy MET AL ¢ NCONFG AAIC0090

COMMON /COSTIN/ PRIAL4PRIAZ2,PRJCPRIAI,PRIBIPRIAG,PRIE4,PRIAS, AAICO100
1PRIAG,PRIAT,PRIAB,PRIBB,PRIAG,PRIGS,PRIAL0,PRIAL]1,PRIGI],PRIAL12, AAICO110
2PRIB12,PRIE12,PR1A13,PRIEL13,PRIAL4,PRIEL14,PRIALS,PRIELS,PRIALG, AAICO120
3PRIF164PRIAL1T«PRIF17,PRIAL18+PRIB18,PRIE18,PRIAL19,PRIE19,PRIA20, AAICO130
4PRIA21,PRIA22,PRIB22,PRIA23,PRIB23,PRIC23 yPRIA244PRIC24,PR] A2S5, AATCO140
SPRIB2S5,PRTIA26PRIR264PRIC26yPRNAL, PRNA2  PRNA3 ,PRNB3,PRNAG, PRNE4y AAICOL150
EPRNAS, PRNAG,PRNAT,PRNAS, PRNB 8y PRNASy PRNG9¢ PRNA1DO,PRNA11,PRNGI11, AAICOL160
TPRNA12s PRNB12,PRNE12,PRNAL13,PRNE 13 ,PRNAL%,PRNELS ,PRNAL15,PRNALG, AAICO170
8PRNALT,PRNALB,PRNBL18,PRNAL19+PRNBL9,PRNC]19,PRNA20,PRNC20,PRNA2L, AATCO180
9PRNB21yPRNA22,PRNR22,PRNC22 PLPC yPLALyPLA3,PLB3,PLAGL,PLAG6,PLASB, AAICO0190
APLBB,PLAG,PLAL1,P1B11,PLA13,PLB13,PLC13,PLD13,PLAL14,PLDl14,PLALS, AAIC0200
BPLB1S,PLELS,PLF1S,PLALEWPLELG,PLALT,PLALS PLBL18,PLC18,PLAL9,PLA20,AAICO210
CPLE20,PLA21,PLB21,PLC21,PTALsPTDL yPTAL PT84 4PTAS PTBS5,PTES,PTAL, AAICD220
CPTEGyPTATPTBTPTCT+PTUC yPTAB,PTDB,PTA9,PTB9,PTALO+PTBL10,PTCI1O, AAIC0230
EPFA3,PFR3,PEALYPEEGIPEAS WPFEFSPEAGCIPEBG ¢PEEG «PEAT, PEFETPEABPFAQ, AAICO240
FPFAL10,PERICyPECI10yPEAL1]1,PEB11,PEELL,PEBC,PSPCo,PSA3yPSR34PSA4yPSEL,AAICD250
GPSAS,PSFSyPSAEIPSF6yPSG64PSAT PSFT,PSAB,PSA9,PSALO,PSBL0O,PSCLO, AATCO260
HPSAL1,PSBL1,PSELL,CFToPFT4CFCASE yPFCASE CFCoPFC,CFM,PFM,1YFAR AAICO0270

COMMON /COSTIN/ PRIBL1,PRIC1,PRIB2,PRIC2,PRIB4,PRIC4,PRING,PRIPS,AAICN280
1PRICS,PRIB9,PRICY9,PRING,PRIES,PRIF9,PRIB1]1,4PRIC11,PRID11,PRIF11, AAICO290
2PRIF11,PRIC124PRID12yPRIBL3,PRICL3,PRIDLI3,PRIBL14,PRICL14,PRICL4, AAICD300
2PRIALIS,PRICLIS,PRIDLIS,PRIBLEPRICLE,PRIDIGE,PRIBLITHPRICLT +PRIDLT, AAICO310
4PRIF17,PRICIE,PRIDLByPRIBLIG4PRICL19,PRID1IG,PRIB24,PRAR],PRNC],PRNE2AATC0320
59 PRNC 2, PRNB4, PRNC 4, PRND4 ,PRNRS ,PRNCS yPRNB9 ¢ PRNCIY ¢ PRACA 4 PRNEG, PRNFQAAICN 330
69PRNBLLyPRNCILyPRNDILoPRNEL1L1¢PRNFL1,PRNCL12,PRND12,FRABL3,PRNC13, AAICN3I40
TPRND 13, PRNRB14,PRNC 14,PRND14,PRNBLS,PRNCLS ¢PRNDLS ¢PRABLGE yPRNC 16, AAICO3S0
BPRNN1 6y PRNBL ToyPRNC 17,PRNDLTyPRNF17,PRNB20,PLBL 4PLCLyPLAZ2,P{ B2y PLRGAATICNTILD
Gy PLCG,PLAS,PLBS PLRAPLCHEPLATPLARTIPLBIGPLEIGPLALOPLRIN,PLAL2, AAICORTO
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APLBL2yPLB14,PLC 14, PLCLS,PLDLS,PLBL64yPLC16,PLNL16WPLFLI9,PLCL19yPTRL, AAICO380
BPTCLlePTA2,PTR2:PTA3,PTB3,PTCSsPTDS 4P TB6E +PTCH PTD6,PTBR,PTCB,PFAl, AAICO39)
CPEBL+PECL,PFAZ,PFR?2,PEC2,PER44PEC4PEN4,PERS yPECS yPFNS,PEFSyPFCEy AATICO400
CPFD6yPFPT,PFCT4PENT,PFCL114PEDLL,PSAL,PSBL,PSC1,PSA2,PSB2,PSC2,PSR4AAICNG1]
EePSC4,yPSDGyPSBS,PSCS5,PSDSPSES,PSBOE,PSCHPSDEIPSEL g PSBT 9PSCTyPSCT,AATC 0420
FPSET+PSC11,PSD11+PRND22,PLD21,4PLE21,PTD10,PTE10,PRIN26 AATICO0430
COMMON /COSTIN/ PROFIT,QD,R,AFALl yAFBL sAFC1 yAFDL,AFIlyAFA2,AFR2, AAIC0440
1AFG2+AFA3, AFB3I, AFG3,AFA4 AFB4 ,AFC4 ¢AFN4 (AF J4 ,AFAS, AFB5,AFCS, AFHS5, AAIC04S0
2AFA6, AFB6,AFG6,AFAT,AFCT,AFNT,AFAB,AFR8 yAFC8,AFD8,AFIB,AFA9,AFR9, AAIC0460
3AFC94AFC9yAFJ9,AFA10,AFBI1C,AFC10,AFH10,AFAL]Ll ,AFBL1]l ,AFGL11,AFAL2, ABMICN4GTO
4AFC12, AFD12,AFA13,AFR13,AFC13,AF A14,AFBl4,AFCl4KFUZE WAl ,WEL,WF1,AAIC0480
SWA2)WC2,WE2,KGAIN,CAL1,CE] ,CF1,CA2,CE2,CF2,CA3,CE3,CF3,GA1,CRL,GF1,AAIC0490
6KLE6yXKGT6H,KSTAB,KACATE yNCHANyKSGATE yGA2 yGB2yGK29yGA3,GR3,GQ3,GA4, AAICOS5N0
TGB4,GM4,GAS,GRSy,GHS y KG9 KC .KH.KA.KP.IGTYPE, lCTVPE' I PRCST AAICOS10
COMMON /COSTIN/ AFEL+AFFLlsAFGLlsAFHL sAFC2,AFD2,AFE2,AFF2,AFC3, AALCOS2N
1AFD3,AFFE3,AFF3,AFE4,AFF4 ,AFG4 ¢AFH4 ,AF14 ,AFD5 AFES, AFF5,AFGS5yAFC6y AAICDS30
2AFD6y AFE6,AFF6, AFRTH\AFEBAFF8yAFGB89AFHByAFE9,AFF9,AFG9,AFH9,AFT9, AAIC0540
3AFD10sAFE10,AFF10,AFG10,AFC11,AFDL11,AFELL ,AFF11,AFRL12,WB1,4WC1lyWD14AAICNSSO
4wBe2,WC2,CB1,CC1,CD14CB2,CC24CD2,CB3,CC3,CD3,GC1,GN1 ,GEL1,GC2,6N2, AAICO560

SGE29GF2,GG2yGH2 4 G12,GJ29GC3,GD34GE34GF3,GG3,GH3¢GI3,GJ3,GK3,GL3, AAICO570

6GCM3,GN3,GP3,GC49GD4yGE49GF49GG49GHG +G14¢GJ4yGKboGL4,GCS 4GNS, GES, AATCOSRO

7GFS,GGS,CFTTAB(11),PFTTAB(11) AAIC0590

COMMON /CSTPRV/ CBLC yCBMC yCCASE)CCFU,CCL oCCM,CCOMI ,CCCML,CCCMM, AAICO600

1 CCONT,CCRD,CERFU,CEBRD CETJ4CEXIN,CGFU,CGRD, AAICO0610

2 CGToCGTOTHCIGN,CIRJIFU, CIRJRD, CLFyCLFL yCLGGoCLI,CLM, AAIC0620

3 CLRFUyCLRRD yCLRTyCLTC yCLTP,CMyCMGG yCMMyCMTCoCMTP, AATC0630

4 CMV,CNOZ,CNRJFU, CNRJRD, CPoCPAFI ,CPENG,CFL,CPLC, AA IC0640

S CPMFGL,CPMFGM,CPQA,CPR,CPRC ,CPS,CPSMGG »CPSN2+CPSRAM,CPSSGG, AAIC0650

6 CPTOOL yCRAFIyCRDEVyCREG yCRENG ¢CRFTO4CRJC o CRMFGL 9CRMFGMy CRQA, AAIC0660

7 CRTNNL yCSA,CSRFU,CSRRDyCSRT,CT,CTAFI ¢CTC,CTER,CTIRJI,CTJIFU, AAICO0670

8 CTJLF, CTILFLsCTJIRD,CTJIT, CTLyCTM,CTNRJ,CTP,CWH,CWHFU,CWHR, AAICO680

9 CBO0OC, CRPS, CPFU,PROFPR ,PRFUAF,PRRAF yCCLByCCMByCTCR,CLIR,CNOZB, AAIC0690

A CPRR,CPLB,CIGNB,C SAB,PROFEX AAICOT00

NAMEL IST /ERRPRT/ CRENGs;CRDEV,CRFTO,CRTOOLyCRMFGL, CRMFGM, CRQA, AAICOT10

1 CRAFI,CPENGsCPTOOL yCPMFGL yCPMFGM,CPQA yCPAFI ,CTAFI AAICO720
TEMP1=AFAL*AFBI®AFCI*AFD 1*(AFE1*ASUPLD*®AFFL & S*®AFGL*QD**AFH] AATCO730 l

1 7/1000.)+AF[ 1%AFD1 AAICOT40 |
TEMP2=AFA2*AFB2% 1.163% (AFC2%A SUPLD*#AFD2&S**AFF2 *QC**AFF2/1000.) AAICO750 E
1 +AFB2*AFG2 AAICOT60 |
TEMP3=AFA3#AFB3I%1,163%(AFC3%ASLPLD**AFD3%S**AFF3*Q0**AFF3/1000.) AAICOT70 .
1 4AFB2%AFG3 AAICOT80 ,
TEMP4=AFA4*AFB4*AFC4*AFD 4% (AF E4*ASUPLD **AFF4 *S**AFG4*QD**AFH4*R  AAICOT790

1 #%AF14/1000.)+AFJ4*AFC4 AATICO800
TEMPS=AFAS®AFRS*AFC 5% (AFDS*ASUPLD *®AFES*S**AFF5 *QN**AFG5/ 1000 . ) AAICOS810 :
1 #AFCS5%AFHS AAIC0820
TEMP6=AFAG*AFRO®1.163%(AFCOXASUPLD*®AFDGXS*XAFEC SQD**AFF6/1000.) AAICO830 ,
1 ¢AFRE*AFGH AATCO840 5
TEMPT=AFAT*AFBT*TEMPS ¢AFC T*AFN7 AAICO8S0 i
TEMPR=AFA14% (1. +PROFIT)* ([TEMPL+TEMP4+ TEMPS+TEMP6+TEMPT+TEMP2 AA1C0860 :
1L +TEMP3)+AFR14*AFC 14 AAICORT0 a
IF (INDI .EQe< O) RETURN AAICORS0 f
CRENG=TFE™MP | AAI COB90 i
CPDEV=TEMP2 AAIC0900 i
CRETN=TFMP 2 AA1C0910 i3
CRTONL=TFMP4 AATC092)
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CRMFGL=TEYPS
CRMFGM=TEUP 6
CRQA=TEMP 7
CRAFI=TEMPE
PRRAF=(CRAFI-AFB 14%AFC 14 )%PROFIT/ (1. ¢PROFIT)
CFFENG=AFAB*AFRS*AFCB*AFN B+ (AF EQ*A*®AFF G SE#AFGB* ((QD+1. ) $#AFHR
1 —QC**AFH8)/1000.)+AF [ 8¢AFD 8

CPTOOL =AFAQ*AFBO*AFCO*AFDO* (AFF9# A*#AF FO#S*# AFGO*( (QC+1.)**AFH9
1 -QD*+AFHI)*R*#AF[9/1000. ) +AF J9*AFCI
CPMFGL=AFALC*AFR]0*AFC 10% (AFD1O®A$*AFELO*S**AFFL0#* ((CD+1.) **AFG10
1 -QD**AFG10)/1000. )+AFCLO*AFH10

CPMFGM=AFA11%AFR 1 1%1 .1 63%(AFCLI*A®SAFDL 1 #S**AFELL* (((D+1. ) #%2FF11
1 -QD*#AFF11)/1000.)+AFB11%*AFG11
CPOA=AFAL2¢AFR 1 2¢CPMFGL+AFC 12%AF D12

CPAFI=AFAL3%( 1.4PROFIT )% (CPENG+C PTOOL+ CPMFGL+CPMFGM+CPQA)
L +AFR13%AFC13

PRFUAF=(CPAFI-AFRB13#AFC13)#PROFIT/(1.+PROFIT)

CTAFI=CPAFI+CRAFI

IF (IPRCST .NE. C) WRITE (6,ERRPRT)

RFTURN

END

SUBROUT INE GUCOST
GUICANCE SYSTEM COST

REAL NOZWT,MP

COMMON /COMVLS/ WTANK o VE X INy VREQ ¢GGWyHPPUMP yWTFUEL ¢ WCOMM,VCCMI ,
1 RS5yY1,WNOZKFMyMATTKyAy DCOMyWMC ,VBI ¢DTHRT yRNOZI NCZWT, MP, CASEM,
2 FNEToWTyWFoFMAX 9y S9 T4y ME TTJ9ZXNB ¢yD9WMFC yPPEAK,BSP 4NDET ,QA,WCS,
3 WWHyWTC yWTP ¢WGG ¢ WSC ¢ WLV o VG T 9 WOy WP DPy WN,MET AL ,NCONFG

COMMON /CNSTIN/ PRIA1,PRIA2,PRJICyPRIA3,PRIB3,PRI A4 ,PRIE4,PRIAS,
1PRIA6yPRIAT¢PRIAB,PRIBByPRIAG,PRIG9,PRIALO,PRIALLl,PRIGL11,PRIAL2,
2PRIR12,PRTIEL12,PRIAL13,PRIEL13,PRIAL14+PRIEL&,PRIALS,PRIEL15,PRIALS,
3PRIF16sPRIA17,PRIF17,PRIAL18,PRIB18,PRIEL1B,PRIAL19,PRIEL19,PRIA20,
4PRPTA21,PRTA22,PRIB22yPRIA234PRIB23,PRIC23,PRIA244PRIC24,PRIA2S,
SPRIB2S¢PRIA26+PRIB264PRIC26yPRNAL yPRNA2 ,PRNA3,PRNB3 yPRNA%G PRNE4,
6PRNAS,PRNAG6yPRNATyPRNAByPRNB8,PRNA9, PRNG9y PRNA10yPRNAL11,PRNGL],
TPRNA12,PRNB12yPRNEL2,PRNAL3,PRNE 13,PRNAL4, PRNEL% »PRNALS5 yPRNALG
8PPNAL17,PRNAL18yPRNR18,PRNA19,PRNB194yPRNC19¢PRNA20yPRNC20,PRNA21,
9PRNB214PRNA22,PRNB22,PRNC22,PLPC yPLAL,PLA3yPLB3,4PLA4,PLAG,PLAS,
APLB8yPLA9,PLALLyPLBL1,PLAL3,PLB13,PLCL13,PLDL3,PLAL4,PLD14,PLALS,

AAICO930
AALCO940
AAICCSS0
AAICN960
AAICO970
AAICO0980
AAIC0990
AAIC1000
AATCLIO10
AAICL020
AATC1030
AAICL1040
AAIC1050
AATIC1060
AAIC1070
AAIC1080
AAIC1090
AAIC1100
AAIC1110
AAIC1120
AAIC1130

GUC00010
GUCN00N20
GUCN0030
GUCN0040
GUCNO0050
GUCNO060
GUCNo070
GuUCNO0 8o
GUCN0090
GUC00100
Gucnol110
GUCNo120
GUCNO130
GUTGH0140
GUCNOL1S50
GUCNO160
GUCNOL1T0
@ C00180
GUC0N0190
GUCN0200

EPLB1S5yPLFL1S5,PLF15,PLALE,PLELG6,PLALT,PLAL1B,PLB18B,PLC18,PLAL9,PLA20,GUCNO210

CPLRZD,PLA21,PLB21yPLC21yPTALsPTDL yPTAG yPTB4 oPTAS (PTRS5 PTFS5,PTAG,
CPTEGyPTYATPTBTyPTCT4PTIC,PTAB,PTDS,PTA9,PTBI,PTALO,PTRLIO,PTC10,
EPFA3,PFPR3,PFA4yPEFC4PFAS,PEFS,PEAGLPFR6PEF6 ¢ PFAT o PEFT 4PEAB,PFA9,

FPFA10,PFBLlO,PECLCyPFEALL,PFBLL,PEEL] 4PFRC yPSPCyPSA3 yPSR3yPSAL,PSEL,

CPSA54PSF54PSAEyPSF64PSG64PSATWPSFT7,PSAByPSA9,PSALO,FPSRLO,PSCL0O,
FPSAL1,PSBLLyPSELL14CFT,PFT,CFCASE yPFCASE+CFC+PFC yCFVM,FFM,IYEAR
CAMMON /rOSTIN/
IPRICS,PRIRG,PRICG,PRINS,PRIFI,PRIFG,PRIRL]LPRICI1,PRIDI1,PRIF]11,
2PRIF11sPRIC124PRIN12,PRIBL3,PRICL3,PRINL3, FRIBL4,PRICL4,PRINLG,
3PRIBLSyPRICLS,PRIDLS,PRIBLE4PRICLE4PRIDLIE,PRIALTPRICLT,PPIDL1Y,

GUCN0220
GUC00230
GUCNO0240
GUCNe250
GUCN026n
GUCNO270

PRIBL14PRIC]L4PRIB2,PRIC24PRIBLPRIC4,PRING,PRIPS,(UCNN2RO

G CN0290
cycno 300
cucoolln




1000

4PRIF17,PRICL1E,PRINLE,PRIBRLY,PRICLI,PRID19,PRIR24,PRNEBL,PRNCL1,PRNR2CUCNN320
SyPRNC 2, PRNB4 o PRNC49PRND4 ¢ PRNBS ,PRNCS ¢ PRNB9 y PRNC9Y 4 PRND9 ¢ PRNE9, PRNFIGUCNN3 30
69PRNB11yPRNC11, PRND11,PRNF11,PRNF11,PRNC12,PRND12,PRNB13,PRNC13, GUCND340
TPRND13,PRNBL4yPRNC 14,PRNN14,PRNBLS,PRNCL1S,PRNDIS 4 PRABLG yPRNCL6, GUCNO0350
8PRND]1 6y PRNBLT7oPRNCL7,PRNDLT7,PRNELT,PRNB20,PLAL,PLCL1sPLA2,PLB2,PLB4GUCNO360
9yPLC4yPLASPLBS¢PLBE6PLCO6WPLATPLAT,PLBSyPLC9,PLALO,PLRLIO,PLALY2, GUCNO3TO
APLBL12,PLB14,PLCL14,PLCL1S,PLDL1S5+PLBLO6yPLCLO64PLN16,PLPLI9,PLC19,PTELl, GUCND280
BPTC1,PTA2,PTB2,PTA3,PTB3,PTCS5,PTNS5,PTBE,PTC6H,PTD6,PTBB,PTC8,PFAL, GUCND 390
CPEBLl,PECL1,PFA2,PER2,PFC2,PEB4+PECL+PED4PEBS yPECS ¢+ PFNS,PEFS, PECE, GUCND400
CPEC6,PERTLPECT,PFDT7,PEC1] ,PEDL]1,PSAL,PSBL1,PSC1,PSA2,PSB2,PSC2, PSP4GUCNN4]O
EyPSC4yPSN4yP SBS,PSCS5,PSDS5yPSE S4PSB64PSCHyPSD64PSEL y PSBT yPSCT,PSCT,UICNO4G2D
FPSET,PSC11,PSND11,PRND22,PLD21,PLE21,PTD10,PTF10,PRIC26 GUCNN420
COMMON /COSTIN/ PROFIT+QDsR yAFAL yAFB14yAFC1 yAFD1, AFT1,AFA2,AFR2, GUCNO44O
1AFG2,AFA3,AFB3,AFG3,AFA4 ,AFR4,AFC4 AFD& ,AF J4,AFAS, AFRS, AFCS5¢ AFHS, CUCN0N450
2AFA6,AFB6,AFG6,AFAT,AFCTIAFDT1AFAB,)AFBB8,AFCB +AFDB,AFIB,AFAG, AFR9, GUCOO460
3AFC9,AFC9,AFJ9,AFA10,AFBR10,AFC10,AFH10,AFAll ,AFBl1,AFG11,AFALl2, GUCN04T0
42FC12,AFD12,AFA13,AFB13,AFC139AFA14¢AFB14 ,AFC14 ¢KFUZE WALl ,WEL,WF1,GlICMN4RN
SWA2,WC2,WE2,KGAIN,CAL1,CEL1,CF1,CA2,CE2,CF2,CA3,CF34CF3,GAL1,GB1,GF1,G6UCN0490
6KLE6, KGT6,KSTABy KAGATE yNCHAN y KSGATE yGA2,6B2,GK2 yGA3,GB3,GQ3,GA4, GUCON500
TGR4yGM49GASy GBS ¢ CHS s KG oKC ¢KWoKA9KP JIGTYPE, ICTYPE, IPRCST GYCNOS10
COMMON /COSTIN/ AFE1,AFF1,AFGl yAFH1,AFC2,AFD2 ,AFE2,AFF2, AFC3, GUCNOS20
1AFD3, AFE3,AFF3,AFE4,AFF4,AFG4,AFH4 (AF1 & ,AFD5 4AFES5 yAFFSyAFGS,AFC6, GUCNO0S30
2AFD6,AFE6 9 AFF69AFBT,AFEB¢AFF8,AFGB9AFHB AFF9 4AFF9 ,AFGO ,AFH9,AF I9, GUCNNS540
3AFD10,AFE10,AFF10,AFG10,AFC11,AFD11,AFEL1l,AFF11,AFRL2,WRBL,WC1,WD1,GUCNO550
4We2,WC2,CBlyCC1,4CD1,CB2,CC2,CD2,CR3,CC3,CD3,GCk+GO1,GEL,4GC2,GD2, GUCNOS60
S5GE24CF29662,6H2,612,602,6C3,6D3,GE3,GF3+GG3+GH3+GI3+GJ34GK3,G6L3, GUCNOSTO
6CM3,GN3+4GP3yGC4yCD4yCEG¢GF4 ¢GG49GH4G ¢GI4 ¢GJ49GKLyGLLHGCS4GNS,GES, GUCNNSRARO

TCFS¢GG5,CFTTAB(11),PFTTAB(11) GUCNO0S590
COMMON /CSTPRV/ CBLCCBMCCCASEyCCFU,CCL+CCM,CCOMI 4CCCML,CCCMM, GUCNO0600

1 CCONT,CCRC,CERFU,CEBRD,CETJ,CEXINyCGFUoCGRD» GUCNo610
2 CGTyCCGYOT4CIGN,CIRJFU, CIRJRD, CLF4CLFL3CLGGyCLT,CLM, GUCNO620
3 CLRFUSCLRRDyCLRT4CLTC ¢CLTP¢CMyCMGGyCMM4CMTC,CMTP, QICNOK30
4 CMV,CNOZ yCNRJIFU, CNRJRD o CPyCPAFI 4CPFNG,CPL,CPLC, GUCN0640
S CPMFGL yCPMFGM,CPQA,CPR,yCPRCyCPSyCPSMGG+CPSN2,CPSRAM,CPSSGR, GUCN0650
6 CPTODL+CRAFT,CRDFV,CREGyCRENG,CRFTOyCRJIC yCRMFGL,CRN¥FGM, CRQA, GUC00660
T CRTONL yCSA,CSRFU,CSRRD4CSRTHyCTyCTAFI 4CTC yCTEB,CTIRJ,CTIFU, GUCN0670
€ CTULFyCTILFLICTURD,CTUT, CTYLyCTMy,CTNRY CTP ,CWH,CWHFU,CWHR, GUCDO0680
S CBONCy CRPS,CPFU,PROFPR ¢y PRFUAF yPRRAF yCCLB4CCMB,CTCR,CLIB,CNOZR, GUC00690
A CPRR,CPLB,CIGNB,CSAB,PROFEX GUCN0 700
NAMEL IST /ERRPRT/ CGFUP yCGFUA yCGFUXyCGFUI ¢CGRD(4CGTCY GUCNO710

XDET=NDET GUCO0T 20

XSTAB=KSTAB GUCNOT730

XAGATE=KAGATE GUCNNDT40

X CHAN =NCHAN GUCNOT50

XSGATE=KSGATE GUC00760

XKLFE=1, Guroorro

XKGT6=0. GUCNO 780

FC IS ASSUMFD [N GHZ GUCNO790

IF (FC JE. 6.) GO YO 10CC G cno800

XKLF6=0. GUCNOR1N

XKGT6=1, QCNo920

IF t ICTYPE .FQ. 3 ) GO T0O 1 GUCNNA/30

GO TN (243¢9445), IGTYPE GCNO340

PASSIVF/SFMI-ACTIVF RADAR SEEKER GUCNORSH

CYX=GO2% XKL FEXFCRRCN24GF 2 XKG TORFC R ,GF24GR2¢ XSTAR+GH2EXAGAT I+ G2 ~CNORED

B~ 10

i
}
|




1 *XCHAN®XSGATE+GJ2*XSGATE
CGFUP=GA2#%( 1 + 16%GR 26C X/ 350, +G K2)
GO TN 1
c ACTIVE RACAR (MAGNETRON )
3 CX=GC 3*XKLE6*¥FC**GD 3+ GE 34 XKG T6#F C##GF3+GG3* XSTAB+GH3I#XAGATE+G1 3
L *XCHAN®XSGATE+GJI3*XSGATE
CCFUA=GA3%*(1.566%GB3/350.% (C X+GK3+GLI*PPEAK**GM3 +GA3I#FC #%GP3
1 *PPEAK )4GQ3)
co 10 1
c X BAND
4 CX=GC 4# XKL E6#FC*#GD4+GE4*XKGTE#FCH*GF 4+GG4%XSTAB+GH4 #XAGATE+GT 4
1 *XCHAN*XSGA TE 4GJ4*XSGATE
CCFUX=GA4* ( 1.566%GR4/ 156.%(CX+GK4+GL4*PPEAK) +GM4 )
, co T 1
| c PASSIVE IR SEEKER
» 5 CGFUT=GAS*(1.16%GB 5/35C.* (GCS*FC ##GD S*B SP¥#GES+GF5 # (XDET~1.)
g 1 +GGS5)+GH5)
1 IF (IGTYPE .EQ. 1) CGFU=CGFLP
IF (IGTYPE .EQ. 2) CGFU=CGFUA
1F (IGTYPE .EQ. 3) CGFUCGFUX
IF (IGTYPE .EQ. 4) CGFU=CGFUI
CGRD=GA1*( GB1*({ EXP { CC 1+GC1*CGFU*GE L) )+GF1)
6 CGTOT=CGRD+CGFU
IF (IPRCST .NE. 0) WRITE (6,ERRPRT)
RETURN
END

Cr e

SUBROUT INF CTCOST
c

i C CONTROLS COST

5 C

REAL NOZWT,MP

COMMON /COMVYL S/ WTANKVEXIN)VREQ GGW yHPPUMP 4 WTFUEL ¢WCOMM,VCOMI,
1 RS5,Y1LyWNOZyKFMoMATTK oA sDCOMsWMC oVBT ¢DTHRT,RNOZI yNCZWT 4 MP,CASEM,
2 FNET yWT o WFoFMAX ¢ SoT4oME TTYGZXNB ¢DgWM,FC o PPEAK,BSPoNDET ,QA,WCS
3 WWH WTC WTP g WGG s WSC o WLV oVG Ty WO s WP yDP,WN,METAL s NCONFG

COMMON /COSTIN/ PRIAL1,PRIA2,PRJYCyPRIA3,PRIB3,PRIAG,PRIES4,PRIAS,
1PRIA6,PRIAT7,PRIAB,PRIBS,PRIAS,PRIGS,PRT1AL10,PRIAL11,PRIG]11,PRIAL2,
2PRIB12,PRIE12,PRIA13,PRIEL3,PRIAL4,PRIEL4,PRIALS,PRIELSPRIALG,
IPRIF16,PRIALT,PRIF17,PRIAL18,PRIBL18B,PRIELB,PRIAL19,PRIEL19,PRIA20,
4PRIA21,PRIA22,PRIR22,PRIA23,PRIB23,PRIC23,PRIA24,PRIC24,PRIN25,
SPRIB25,PRIAEGPRIB26,PRIC26yPRNAL PRNA2 ,PRNA3,PRNB3,PRNAL, PRNES,
6PRNAS,PRNAGy PRNAT,PRNAS,PRNB8B, PRNA9,PRNG9, PRNALOyPRNAL1,PRNG11,
TPRNAL2,PRNBL2sPRNE124PPNAL3,PRNEL13,PRNAL14PRNF14,PRNAL1S5,PRNALG,
EPRNALT,PRNALB,PRNR1ByPRNAL19,PRNBL1G,PRNC]1 9, PRNA20,PRNC20,PRNA21,
GPRNBZ Ly PRNAZZPRNR229PRNC 22¢PLPC yPLAL yPLA3 ,PLB3 ,PLAL,PLAK,PLAS,
APLBB,PLAG,PLALL,PLBLL,PLAL3,PLRL13,PLC13,PLD13,PLALSL,PLN14,PLALS,

GuUCNo8?ro
GuCcooseon
GUCNORSN
GUC 0900
GUCND910
GUCN0o92n
GUCN0930
GUCNO940
GUCNO9SO
GUCNC9AKO
GUCNO9T0
GUCNO098O
GUCN099n
GUCN1000
GUCNLIN10
GUCN1IN20
®JCN1n30
CUCN1040
GUCN1050
GUCN1060
GuCo1070
Gucao1080
uCn1090
GUCN1100
GuUCnNl110
Gucnl1120

CTCnoo10
CTYC00020
CTCN0030
CTCN0040
CTC00050
CTC00060
cYcnooo
crceooso
CTCN0090
CTC00100
crcnotiio
cTCcnol20
crcool3o0
CTCNO 140
crcaoolso
CTC00160
crcnolvo
cTCcono18o0
CTCO00190
CTC0N0200

BPLBLSyPLELSyPLFL1S4PLALGyPLELG6WPLALTPLALB,PLBLYPLCIB,PLAL9,PLA20,CTCNO210

CPLB20,PLA21,PLB21,PLC2L,PTAL,PTDL,PTAL PTB4 yPTAS 4PTRS5,PTES,PTAG,
CPTEGsPTATPTYBT4WPTCT4PTJIC 4PTAB,PTDB,PTA9,PTR9,PTALO,PTRLO,PTC10,
FPEA3 4PFR3,PEALPFF4PEASPEFS,PEAGIPERG ¢PEFS WPFATPEET . PFAB, PFA9,

GPSASyPSFSyPSAGyPSF6,PSGHPSAT,PSFTyPSAByPSA9,PSALO4PSRLO,PSCLO,

i gk hoa e

moes

) i R

sl

£YCNo229
CTCno230n
CTCN0240

FPEALO,PFBLCyPFCL104PFALL14PEBLL14PEELL«PERC,)PSPCyPSA34PSR3,PSA4,PSF4,CTCNO2SD

CYCNO24&0




FPSAL11,PSBL11,PSF114CFT,PFT,CFCASF yPFCASF CFCoPFC,CFVN,FFM, YEAR CTC00270

COMMNN /CNSTIN/ PRIBLyPRICLyPRIB2yPRIC24PRIB4,PRIC4,PRING,PRIRS,CTCN0O280
IPRICS,PRIRG4PRICS,PRIDS,PRIF9,PRIF9,PRIRL]1PRICLL,4FRID11,PRIF11, C(CTCNO290
2PRIF114PRIC12,PRIDP12y,PRIB13,PRIC13,PRID1I3,PRIB14,PRIC14,PRID14, CYCND300
IPRIRLS,PRICLS5,PRINDLIS,PRIRL1E,PRICL6,PRIDLI6,PRIBLTPRICL17,4PRIN17, cTCNO310
4PRIEL174PRICL1E4PRIDIByPRIBLI9,PRIC1G4PRID19,PRIB24,4PRNEBL 4PRNC1,PRAB2CTCNN320
59 PRNC 2, PRNR4, PRNC4,PRND4 4PRNBS5,PRNCS5+PRNB9yPRNCI,y PRNCI, PRNF9,PRNFICTCNN 330
69PRNP11,PRNC11, PRND11,PRNE]1]1,PRNF11,PRNC12,PRND12, FRNBL13,PRNC13, CTCNO340
TPRND 13, PRNR14,PRNC 14,PRND14,PRNBLS+PRNCLS,PRNDLS5¢PRARL16yPRNC16, CTYCO00350
8PRND16yPRNBLT4PRNC 1 79PRNNL1T7,PRNF]1 74PRNB20,PLB1 yPLC14PLA2,PLR2, "LR4CTCND360
Qe PLC4yPLAS,PLBS,PLR6,PLCOE,PLATPLBT,4PLB94,PLC9,PLALO,PLB1O0,PLAL12, CTYCDO3T7N
APLR12yPLBL49sPLC14,PLC15,PLD15yPLBLE4PLCLOE,PLDL6,PLPI9,PLCL19,PTB]l, CTCNO380
BPTC1,PTA2,PTB2,PTA3,PTB3,PTC54PTNS5,PTREPTC6,PTD6,PTR8,PTCR,PEALl, CTCNO3Q0
CPER1,PFC14,PEA2,PEB2,PFC2,PFB4 PFC4,PED4,PEBS,PEC5,PEDS,PFES,PFC6, CTCNN40OD
CPFD6,PERT,PFCT7,PED7,PECLL+PEDLLyPSALPSBL yPSC1yPSA2,PSB2,PSC2,PSP4CTCNO4]10
EsPSC44PSD4yPSBSyPSCS54PSDS54,PSES 4P SBR64PSC6E4PSD6 yPSE6 PSRBT, PSCT4PSDT4CTCNO420
FPSE7,PSCL14PSND11,PRND22yFLN21,PLE21,PTDL1O,PTF10,PRIN26 CTCNO 430
COMMON /COSTIN/ PROFIT,QND,R,AFAL,AFBLsAFCl yAFDL,AFIl,AFA2,AFB2, CTCNO440O
1AFG2, AFA3, AFB3,AFG3,AFA4 AFB4,AFC4 AFD4 1AF J4,AFAS, AFBS,AFCS, AFHS, CTCON4S0
2AFAE . AFRE, AFGE, AFAT,AFCT 4AFDT7,AFA8 ,AFRB84AFC8,AFD8, AFI8,yAFA9,AFP9, CTCND469
3AFC9,AFN9,AFJ9,AFA10,AFR1CyAFC10yAFH1),AFA11,AFB11 ,AFG11,AFALZ, CTCN0470
4AFC12yAFD12,AFA13,AFR13,AFC13,AFAL14,AFBL14,AFC14,KFUZE WAL WEL,WFLl,CTCNO4EBD
SWA2,WC2,WF2,KGAINyCA1,CF1,CF1,CA2,+CE2,CF2,CA3,CF3,CF3,GA1,GR1,GF1,CTCN0490
EKLE6 KGT6yKSTAB, KAGATE yNCHAN, KSGA TE yGA2,GB2,GK2 +GA3+GB34GQ3,GA4%, CTCNQOsono
TGR4y GM4, CAS¢ CBS s GHS 9 KG ¢KC oKWy KA9g KP yIGTYPE,ICTYPE, I PRCST CYCNos10
CCMMON /COSTYIN/ AFEL,AFF1,AFG] AFH1,AFC2,AFD2 yAFE2,AFF2,AFC3, CTCNOS20
1AFD3,AFE3,AFF 3y AFE4)AFF49AFG4 sAFH4 »AF] 4 ,AFD5,AFES, AFF5, AFG5,AFC6, CTCNO0S530
2AFD6,AFE6,AFFE,AFBT,AFE8,AFF8,AFG8 ,AFH8,AFF9 ,AFF9,AFG9y AFH9,AFI9, CTCN0540
3AFC10,AFF10,AFF10,AFG10yAFC11,AFD11,AFF11,AFF11,AFB12,WB1,WCl,WC1l,CTYCO0550
4We2,wWC2,CB1,CC1,CD1,CB2,C2,CN2,CR3,CC3,C03,GC1+GD1,+GF1,GC2yGD2y CTCNO560
SGE2yGF2¢GG29yGFH24G129GJ2+6C2,GD3,,6E3,GF3,6G3,GH3,GI13,GJ3,GK3,GL3, CTCNOSTO
&€CM3,CN3,GP3,GC4¢yCD4yGE4,GF4¢GG4yGH4 ¢G1 449G J%¢GK&3GL4yGC5,4GN5yGESy, CTCNOS580

TCF5,GGS5+CFTTAB(11),PFTTAR(]11) CTC00590
CCMMON /CSTPRV/ CBLC,CBMC,CCASEsCCFUCCLCCMyCCCMIoCCCML,CCNAMM, CTYCNO600
1 CCONT,CCRDyCEBFU,CEBRDyCETJyCEXIN,CGFU,CGRD, CYC00610
2 CCT,CCTOT4CIGN,CIRJFU, CIRJRD, CLFJCLFL yCLGG 4T LI 4CL M, CTCNN620
3 CLRFUSCLRRD yCLRT4CLTC4CLTP4CM,CMGG oCMVM,CMTC,CNTP, CTC00630
4 CMV,CNOZ,CNRJFU, CNR JRD o CPysCPAFI ¢CPENG 4CPL,CPLC, CTYCN0640
5 CPMFGL ¢CPMFGMyCPOAZCPRyCPRC yCPSyCPSMGGyCPSN2,CPSRAM,CPSSGG, CTC00650
6 CPTOCL CRAFI,CRNEV,CREG yCRENG yCRFTO,CRJC yCRMFGL,CRMFGM, CRQA, CYCN0 660
T CRTOCL4CSA,CSRFUSCSRREyCSRT,CToCTAFI CTC,CTEB,CTIRY,CTJYFU, CTCNO6TO
8 CTJLF,CTULFL,CTJURD,CTIT, CTLyCTMCTNRJHCTP ,CWH,CWHFU ,CWHR, CTCDNO680
9 CBONC4CRPS,CPFU,PROFPR 4PRFUAF,PRRAF 4CCLB,CCMB,CTCB,CLIRL,CNCZH, CYCN0690
A CPRA,CPLB,CIGNB,CSAR,PRNFFX CTCNN700
NAMFL IST /ERRPRT/ CCFU,CCRDLCCCNT CTCN0710
XGAIN=KGAIN CTCN0720
GC TN (24,3),ICTYPF CTCNO730
WITE AUTCPILODY cYCNOT40
CCFU=CA2%(]1.16%(CR2*WCS+CC2*QA-CN2)*CF2/198.+4CF2) cTcNo7so
cn 0 1 CTCNOTHO
WITHOUT AUTCPILOT CYCNO7T70
CCFU=CA2%( 1. 16%(CR3*WC S¢CC 3%QA+(CN3)*CE3/198.+CF3) CTCCN78O
CORN=CAL*((CP1+CCL*0A+CD1I*XGAIN)*CF1#CF]) fYCNO790
CCNT=CCPN+CCFU cTYcNoenn
IF (IPPCST .NF. C) WRITF (6,FRRPRT) fTcNoe1n

B= 12




(2 Xa¥g)

RETURN crcrnos2o

END CT(C10830
SUBROUT INE WHCOST WHCONNO10
WHCN0020

WARFEAD COST WHCN0030
WHCNN040

REAL NOZWT,MP WHCO00 S50

COMMON /COMVL S/ WTANK o VEXIN,VREQ,GGWHPPUMP WTFUEL yWCOMM,VCCMI, WHCNON 60
1 R59Y1yWNOZ KFMyMATTKyAyDCOMyWMC 3 VBI yDTHRT,RNOZI ¢NCZWT 4 MP, CASFM, WHCO0070
2 FNEToWToWFoFMAX 43Sy T4, MFTTJ,ZXNB yDyWMsFCoPPEAK ¢BSP yNDET 4y CA,WCS, WHCN0089
3 WWHyWTCyWTP ¢ WGG y WSC y WLV ¢VGT yWOs WP ¢DPy WNy MFTAL yNCONFG WHCN0020

COMMON /COSTIN/ PRTAL,PRIA2,PRJCyPRIA3,PRIB3 PRI A4 PRIF4,PRIAS, WHCNO10)
1PRIA6,PRIAT,PRIAB,PRIBR8,PRIAG,PRIGG,PRIALO,PRIALL,PRIGI1,PRIAL2, WHCOO11l0
2PRIB12,PRIF12,PRIAL13,PRIE13,PRIAL4PRIEL4,PRIALS,PRIEL5,PRIALG, WHCNO 120
3PRIF164PRIA174PRIF17,PRTAL8,PRIB18,PRIELB,PRIALI,PRIELY, PRIA20, WHCN0 130
4PRIA21,PRIA22,PRIR22,PRIA23,PRIB23,PRIC23,PRIA24,PRIC24,PRIA25, WHC00 149
SPRIR2S,PRIA26,PRIR264PRIC26,PRNAL, PRNA2 ,PRNA3 ,PRNB3, PRNA%4,FRNF4, WH(CNO150
6PRNAS, PRNA6,PRNAT,PRNAB,PRNB 8yPRNAGy PRNG9y PRNA1OyPRNALL ,PRNGLIL, WHCNO 160
7PRNAL12, PRNB12,PRNE12,PRNA13,PRNE13,PRNAL%4, PRNEL 4 ,PRNALS 4PRNALG, WHCNO170
8PRNA17,PRNAL18,PRNB18yPRNAL9+PRNBLGyPRNC19,PRNA20,PRNC20,PRNA21, WHCNO 180
9PRNB 21, PRNA22,PRNB22,PRNC22 ,PLPC yPLA1,PLA3,PLR3,PLA%4,PLAG,PLAS, WHCNO0 190
APLB8,PLAS,PLA11l4PLBL1LlsPLAL3,PLB13,PLC13,PLD13,PLAL4,PLD14,PLALS, WHCGO200
BPLB15yPLEL1S,PLF15,PLA16,PLEL6,PLALT,PLALB,PLB18,PLC18,PLALD,PLA20,WHCNO210
CPLB20,PLA21,PLB21,PLC21,PTAL,PTD1,PTA4,PTB4 ,PTA5,PTR5,PTES,PTA6, WHCNO220
CPYE6yPTAT,PTBT7,PTCT7,PTJC ,PTA8,PTD8,PTA9,PTB9,PTALO0,PTB10,PTC10, WHCN0 230
EPEA3,PER3,PEA4yPEE4+PFAS yPEFS,PEAGL,PEB6 PEEG,PEAT, PEET ,PEAB,PEA9, WHC00240
FPEA10,PEBL10yPECLOyPEALL,PEBLL ,PFFL11,PEBC +PSPCyPSA3,PSR3I,PSA4,PSF4,WHCNO250
CPSASyPSFS5,PSAGsPSF64PSG6yPSAT 4PSFT7,PSA8,PSA9,PSAL10,PSBL10,PSC10, WHCN0260
HPSA11,PSB11:PSE11,CFT4PFT,CFCASE yPFCASECFC+PFC,CFM,PFM, IYEAR WHC00270

COMMON /COSTIN/ PRIB14yPRIC14PRIB2,PRIC24PRIB&,PRIC4,PRIN4,PRIRS,WHCO0280
1PRIC5,PRIB9,PRICY,PRIDS,PRIE9,PRIF9,PRIBL11,4PRICL11,PRID11,PRIF11l, WHCNOD290
ZPRIFL11yPRIC124PRID12,PRIB13,PRIC12,PRID13,PRIB14,PRIC14,PRID14, WHCN0300
3PRIR15,PRIC15,PRID15,PRIB16,PRICL164PRID164PR . BL1T,PRICL17,PRID17, WHCD0310
4PRIEL1T,PRICL1E,PRID18yPRIB19,PRIC19,PRID19,PRIB24,PRNP1,PRNC1,PRNR2WHC0O0320
59PRNC 2, PPNB4,PRNC4,PRND4, PRNB5 PRNC5+PRNB9 y PRNC9,PRND9, PRNE9, PRNFOWH(N0330
6yPRNB11+PRNC 119 PRNDL11,PRNEL1]1+PRNFL11,PRNC12,PRND12,PRNBL3,PRNCL13, WHCNO340
7PRND13, PRNRL14,PRNC 14, PRND 14y PRNB15,PRNC15+PRNDL15 4PRABL6 PRNC16, WHCD0350
8PRND16yPRNB17,PRNC17,PRND1T7,PRNELT,PRNB20,PLBL 4PLC1,PLA2,PLB2,PLB4WHCNO360
GyPLC4y PLAS,PLBS,PLR6,PLCEIPLAT PLBT,PLB9,PLCI,PLALO,PLR1O,PLAL12, WHCNO3TO
APLB12yPLP14yPLCL14,PLC15,PLD15,PLBL6,PLCLE,PLD16,PLP19,PLCL19,PTR]l, WHCNO380
BPTC1,PTA2,PTR2,PTA3,PTR3,PTCSyPTDS,PTR6+PTCE +PTD6,PTRB,PTC8,PFAl, WHCNO 390
CPFBLyPECL14PEA2,PFR2,PEC2,PER4,PEC4 ,PED4 +PEBS,PECS, FENS,PEES,PFC6y, WHCN0400
CPED6,PFRT,PECT,PEDT+PFC114PEDLL,PSALl,PSRL4PSC1,PSA2,PSB2,PSC2,PSR4WH(CDN0410
EePSC4yPSNG,PSB5,PSC5,PSDS,PSES5,PSB6E,PSCE,PSN6E,PSE6 ,PSBT 4PSCToPSNT,WHCN0420
FPSE7,PSCLL,PSOLLsPRND22yPLD21+PLF214PTDLO,PTELO,PRIC26 WHC00430

CNMMON /COSTIN/ PROFIT AN 4R JAFAL JAFRL ,AFC1 ,AFDLy AFI14AFA2 ,AFB2, WHCNN440
1AFG2y AFA3,AFR3,AFG I, AFAL ATRG JAFC 4 AFNG (AF J4 (AFAS , AFRS L AFCS, AFHS, WH(CND450
2AFAE,AFBR6yAFGO, AFAT,AFC T,AFDT,AFA8 ,AF0B,AFC8,AFDB4AF[R,AFA9,AFRY, WLCNO4EOD
3AFCO,AFCO9AFJIyAFALO0,AFRL1O,AFC 1O AFHI0 4AFALL JAFBLL 4AFGIL1,AFAL2, WHCNNGTN
4GBAFCL24AFDL2,AFA L3, AFR I3, AFCL3,AF AL4 AFRL14 ,AFC144KFUZF yWAL,WEL,WF1,WHCM048)
SWA2, WC2 ¢ WF2yKGA IN,CA1,CF 1,4 F1,4CA?24CF2,CF2,CA3,CF3,CF3,0AL,GRL,CFL,WHCNN40
EKLEG KGTE KSTAR KAGATE JNCHAN ,KSGATE ,GA2 4GR24GK2 4GA3,CR3,G03,GA4, WHCONS0N

R
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COMMON /COSTIN/ AFEL,AFFL4AFGLl yAFH1 ¢AFC2 yAFD2yAFE2,AFF2,AFC3,
LAFC3,AFE3,AFF 3, AFF4,AFF4,AFG4 yAFH4 AF 14 4AFD5 sAFES AFF5,AFGS5, AFC6,
2AFN6, AFF6,AFF6,AFRT,AFEBAFFB8yAFG8,AFHB8,AFF9¢AFF9,AFG9 ,AFH9,AF IS,
3AFC10,AFE109y AFF10yAFG109yAFCLl14AFDL1L,AFELL,AFFL11,AFBL2,WBLWCLyWN1,WHCNN550

4we2,wC2,CB1,CCl,CD1,CB2,CC2,CD2,CB3,CC3,CD3,GC1,GDN1,GEL,GC2,GD2,

SGE2,GF2,G6G2,GH2,G12,GJ24GC3,GN3,GE3,GF3,6G63yGH3+G13,GJ3,GK3,GL3,

6CVM3,GN3,GP3yGC4yGD4yGF4:1GF49GG49GH4 4Gl 494GJ4 ¢GK4 4GL4,GCS,GNS,GES,

TCF5,CG5,CFTTAB(11),PFTTAR(11)

COMMCN /CSTPRV/ CBLC+CBMC+CCASEyCCFU4CCL +CCM4CCOMI 4CCCNML,CCCMM,
CCONT, CCRDy CEBFUyCEBRDCETJ,CEXIN,CGFU,CGRD
CGTsCCTDTH,CIGN,CIRJFU, CIRJRD, CLF,CLFL yCLGG,CLI,CLM,

CLRFUSCLRRNDyCLRTHCLTC yCLTPyCMyCMGGyCMM,CMTC,CMTP,
CMV, CNCOZ 4 CNRJFU, CNRJRD, CPyCPAFI 4CPENG,CPL,CPLC,
CPMFGL yCPMFGM,CPQA,CPR,CPRC,CPSyCPSMGGyCPSN2,CPSRAN,CPSSGG,
CPTOOL yCRAFI1+CRDEV4CREGyCRENG,CRFTO,CRJCyCRMFGL yCRV¥FGM, CRQA,
CRTOOL 9 CSAZCSRFULCSRRD4CSRT4CT4CTAFI 4CTCoCTEB,CTIRY,CTJIFU,
CTILFyCTILFL,CTIRDL,CTIT, CTLyCTM, CTNRJ4CTP o CWH,CWHFU, CWHR,
CBOOC, CRPS, CPFU,PROFPR +PRFUAF yPRRAF 4CCLBsCCMB,CTCP,CLIB,CNDZB,
CPRB,CPLB,CIGNB,CSAB,PROFEX

NAMEL IST /ERRPRT/ CWHRyCWHFU,CWH

XFUZE=KFUZE

CWHR=WA1*( (WB 1+WC 1*WWH4+WD 1 *XFUZE ) *WE1+WF1)

CHHFU=WA2%( 1,28% (WB24+WC 2* SQRT(WWH) ) *%WD2/600.+HE2)

CWH=CWHR +CWHFU

IF (IPKCST «NEa O) WRITE (6,ERRPRT)

RETURN ;

END

PO ONIND WA~

SWBROUTINS PLRCST
LIQUIN ROCKEY PRCPUL SION COST

REAL NOZWT,MP

COMMON  /COMVL S/ WTANK VEXINGVREQGGWsHPPUMP,NTFUEL WCONMN,VCCMI,
1 RS5, Y1y WNDZ,KFM,MATTKyAyDCOM¢WMC yVBI yDTHRT 4 RNOZI yNCZWT,MP,CASEM,
2 FNET o WT o WFyFMAXy Sy T4GoMETTY sZXNB 4D WM, FC 9y PPEAKBSP yNDET,QA,WCS
3 WWHyWTCoWTP yWGG o WSCy WLV VG To WO WP 4NP yWNy METALy NCCNFG

COMMON /COSTIN/ PRIAL1yPRIAZ,PRJC,PRIA3,PRIB3, PRI AL, PRIE4,PRIAS,
1PRIA6,PRIAT,PRIAE,PRIBB,PRIA94PRIG9,PRIAL10,PRIALL,PRIGL1,PRTIAL2,
2PRIR12,PRIEL124PRIAL3,PRIF13,PRIAL4,PRIEL4,PRIALS,PRIF15,PRIALG,
3PRIF16,PRTA17,PRIF17,PRIA18,PRIBRLB,PRIE18,PRIAL19,PRIF19,PRTA20,
4PRIA214PRT1A22,PRIR22,PRIA23,PRIB23,PRIC23,PRIA24,PRIC24,PRIA25,
SPRIR2S,PRIA264PRIB26yPRIC26+PRNAL 4PRNA2 ,PRNA3,PRNB3, FRNA4 , PRNF4&,
6PRNAS, PRNAGy PRNAT,PRNAB, PRNB8,PRNA9,PRNG9, PRNA10,PRNALL,PRNGI11,
TPRNAL2,PRNB 129PRNE 12/PRNAL3,PRNEL3 yPRNAL4L ,PRNFL4 4PPNALS ,PRNALG,
8PPNA17,PRNA18yPRNR18,PRNALG,PRNBLI,PRNCL9,PRNA20 PRNC20sPRNA21,
SPRNR21yPRNA224PRNR 22, PRNC224PLPC,PLAL+PLA3 ,PLB3,PLA4,PLAG6,PLAR,
APLB8yPLAG,PLALL,PLBLL,PLAL3,PLBL3,PLCL3,PLDL3,PLAL4PLDL4,PLALS,

WHCNOS510
WHCN0520
WHCN0S30
WHC00 540

WHC00560
WHCNOS570
WHCOO0S5R0
WHCN0S590
WHCN0600
WHCN0610
WHC00620
WHCN0630
WHCN0640
WHCNO0650
WHCO0660
WHCNO6T70
WHCNO680
WHC00690
WHCNO 700
WHCNOT 10
WHCNO720
WHCDOT730
WHCNOT749
WHCDO0750
WHCNO 760
WHCNOT770
WHCNO 780

2LC0010
PLRCOO20
PLRCOO 30
PLRC0O040
PLRCOOSO
PLRCO060
PLRCOOTO
PLRCONBO
PLRCO090
PLRCO100
PLRCO110
PLRCO120
PLRCOL30
PLRCO140
PLRCO150
PLRCO160
PLRCO170
PLRCO180
Pt RCO190
PLRC0O200

BPLRLIS,PLELSyPLF15yPLAL6yPLELG6,PLALT,PLALB,PLBIBPLCLIB,PLALO,PLA20,PLRCO210

CPLB20,PLA21,PLB21,PLC214PTAL,PTN] PTA4,PTB4 PTAS,PYR5,PTES5,PTAG,
CPTE64PTATPTBT,PTC 74PTJC 4PTAB8,PTDB4PTA9,PTR9,PTALN,FTRLO,PTCLO,
EPFA3,PER3,PFA4,PEF4,PFAS,PFFS,PEAO,PEBGL yPEESWPEAT s PEET 4 PEAB, PFAQ,

A=~ 14

PLRCO220
PLRCO230
PLRCO240
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FPFALO,PFRLIOWPFC10,PFALL,PFBL11,PEF11,PERC,PSPC,PSA3 ,PSB3,PSA4L,PSEL,PLRCO25D
GPSAS,PSF5,PSA6,PSFA,PSC64PSATPSFT,PSAR,PSA9,PSALO 4PSRL10,PSC10, PLRCO260
HPSA114PSR11,PSELL1,CFT,PFT,CFCASE yPFCASE CFCyPFC,CFNM,PFM,]IYEAR PLRCNO2T7N
CCMMON /CNSTIN/ PRIB1,PRICLyPRIB2,PRIC2,PRIB4,PRIC4,PRING,PRIRS,PLRCDO28D
1PRICS,PRIBS,PRICS,PRIDG,PRIFG,PRIFI,PRIBLL,PRICLLyPRIDL1yPRIELL, PLR(D290
2PRIF11,PRIC124,PRIN12,PRIR13,PRIC13,PRID13,PRIBL14,PRICL4,PRIDNI4, PLRCN30ON
2PRIR]1S5,PRICLS,PRIN1IS5,PRIBLE,PRICLE6,PRIDL16,PRIBLT 4PRICLT74PRIDILT, PLRCO310
4PRIF17,PRIC18,PRID18,PRIR19,PRIC1G,PRTID19,PRIRB24,PRNRL,PRNCL,PRAR2P| RCN320
Sy PRNC2, PRNRG4, PRNC4, PRND4 ,PRNB 5,PRNC Sy PRNBGyPRNC9 yPRNL9 ,PRNF9,PRNFOPLRCO330
64PRNB11yPRNC11, PRNDL11,PRNELL,PRNF11,PRNC12,PRND12, PRNR13,PRNC13, PLRCN340
TPRND 13, PRNB14,PRNC14,PRND14,PRNBL5,PRNC15,PRND15,PRABL16yPRNC16, PLRCO350
8PRND 169y PRNB17,PRNC17yPRNDL1T7,PRNF17,PRNB20,PLBL 4PLC1,PLA2,PLB2,PLER4PLPCO36N
GePLC%4,PLAS,PLBS5,PLB6,PLC6,PLAT,PLBTyPLBOyPLCI4PLALO,PLBLOyPLAL2, PLRCO370
APLB12yPLB14+sPLC 149yPLC154PLDL54PLBL164yPLC16,PLN16,PLP19,PLC19,PTR]L, PLRCO380
BPTCL,PTA2,PTB2,PTA3,PTR3,PTC5,PTDS5sPTB6PTCHE,PTDHPTEB,PTCR,PFAl, PLRCO390
CPERL1+PECLsPEA2yPFB2,PEC2,4PEB4PEC4 4PED4,PEBS,PECS5,PENS ,PFE5,PFCH, PLRCO4DD
CPFD6,PERT,PECT,PEDT,PECL11,PEDLL1yPSAL1+PSB]1,PSC1,PSA2,PSR2,PSC2,PSB4PLRCO41D
EsyPSC44PSN4,PSB5,PSC5,PSD5,PSES5,PSB6,PSC6,PSN6,PSE6,PSBT,PSCT7,PSCT4PLRCO420
FPSE7,PSC11,PSD11,PRND22,PLD21,PLE21,PTD10,PTEL10,PRID26 PLRCO430
COMMON /COSTIN/ PROFIT QD4R AFAL,AFBLl 4 AFCl (AFD]1 ,AFI1,AFA2,AFR2, PLR(C0O440
1AFG2, AFA3,AFB3,AFG3,AFA4.AFB 44AFC4 s AFD4AFJ4 sAFAS 4 AFBS,AF(5,AFH5, PLRCO450
2AFAb69 AFB6yAFG6,AFAT,AFCT,AFD 7 AFAB,AFRB,AFC8,AFDB,AFIB,AFA9,AFR9, PLRCO4LO
3AFC9,AFD9, AFJ9, AFA10,AFB10,AFC10,AFH10,AFAll ,AFB11 4AFGl1,AFAl2, PLRCO4T0
4AFC12+AFD12¢AFAL13,AFB13,AFC13,AFAL14,AFBL1 4 AFC14,KFUZE4WAL,WEL1,WF1,PLRCO4RN
SWA2,WC2,WE2,KGAINyCA1,CEL1,CF1,CA2,CE2+CF2,CA3,CE3,CF3,GAl,GRLl,GF1,PLRCO490
6KLEG6sKGT69KSTAB, KAGATE yNCHAN,KSGATF GA2 ,GB2 yGK2,GA3,GR3+GQ3,GA4,y, PLRCO500
TCR4y CM4 . CAS,GR5¢yGHS5¢KG 9KC oKW 9yKA g KP,IGTYPEL,ICTYPE, IPRCST PLRCOS510
COMMON /COSTIN/ AFEL,AFFl,AFGL,AFHL,AFC2,AFD2 s AFE2,AFF2,AFC3, PLRCOS20
1AFD3, AFE3,AFF3, AFF4,AFF4,AFG4 yAFH4 JAFI 4 ,AFDS ,AFES 3 AFF5 4, AFGS 4 AFC6, PLRCNOS530
2AFD6, AFF6 . AFF6, AFR T, AFEB,AFFB8,AFG8,AFHB,AFE9,AFF9,AFG3,AFHI9,AF 9, PLRCOS40

3AFD10,AFE10,AFF 10, AFG104yAFC11,AFD11,AFEL1]l yAFFLL1,AFBL2,WBLyWCL,WC1,2LRCO550
4We2,wC2,CB1,CC1,CD1,CB2,0C2,CD02,CB3,CC3,CD3,6C1,G01,CE14+GC2,GD2y PLRCOSHD
| SCF24CF29GCG29GH24G124GJ2¢GC34yGN34GE3,4,GF3,GG3,GH3,GI3,6J3,GK3,5GL3, PLRCOSTO
i 6CM3,CN3,GP3,GC4,6GD4,GE4,GF4,GG4,GH4,G14+¢GJ4,GK4,GL4,CC5,GN54,GFS, PLRCOS589
: 1CF5,G65,CFTTAB( 11) PFTTAB(L1) PLRC0590
y CCMMON /CSTPRYV/ CBLC,CBMC ,CCASE,CCFUSCCL yCCM,CCCMT ,CCNAML,CCOMM, PLRCOGKOO
p 1 CCONTyCCRDy CERFUyCEBRDyCETJ,CEXIN,CGFU,CGRD, PLRCN610
2 CCT,CGTOT+CIGN,CIRJFU, CIRJRD, CLFsCLFLCLGGCLTCULM, PLRCOK20
3 CLRFUsCLRRDyCLRT,CLTCyCLTP4CMyCMGG4CMVM,CMTC,CNTP, PLRCDK30
4 (MV,CNDZ,CNRJFU, CNRJRD CPyCPAFI 4CPENG 4CPL,CPLC, PLRCO640
5 CPMFGL yCPMFGMyCPQA,CPRCPRC,CPS,CPSMGG,CPSN2,CPSRAM,CPSSGC, PLRCO650
6 CPTCOL 3 CRAFI,CRDEV,CREG,CRENG yCRFTN4CRJIC»CRMFGL,CRMFGM,CROA, PLRCOK 60
T CRTONNL yCSAyCSRFUJCSPROYyCSRT4CT,CTAFI ,CTC,CTFB,CTIRY,CTIFU, PLRCNGTO

8 CTULF,CTJLFL,CTJRD,CTYT, CTLyCTMyCTNRJCTPyCWHy CWHFU,CWHR, PLRCO6RO »

9 CBOPCyCRPSyCPFUyPROFPRyPRFUAF3PRRAF 4CCLByCCMB,CTCByCLIR,CNCZR, PLRCOKQAOD \
A CPRRB,CPLR,C ICGNR,CSAP ,PROFF X PLRCNTOO
FIMEMNSINN PLR14A(2) PLRCOTL1O
NAMEL IST /FRRPRT/ CLTCyCMTCyCTCyCLTP4CMTP,CLGG CMGG,CTP,CLM,CMM, PLRCOT2D
1 My GT,CPS,CT,CPLCPL,CSA,CLRFU, CLRRN, Cl RT PLRIOT 2N
PATA PLPL4A/ 216549 1€4SG,,7191,/ PLRCOT&N
PLRI4U=PLR14A(METAL) PLRCOTSO
- PLC 14U= ,26CFP PLRCOTAHND
IF (PLP14 NF. 0.) PLP14U=PLR14 PLRCOTTN
IF (PLC14 NF. 0,) PLC14U=PIC L4 D RENTAN
1 CLTC=PLAL#PLRL*WTC 2P LC1/1000. PLRENTYY
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16
17
18

21
22

CMTC=PL A2%1.35%*WTC**PLR2/1000.
CTC=PLA3*(CLTC+CMTC)+PLB2

CLTP=PLA4*PLB4* (WTP-WGG—WSC) **PLC4/1000.
CMTP=PL AS%*]1.35¢% ( NTP-NGG—-WSC ) #%PLBS5/]1 000.
CLGG=PL A6*PL B6*{ WGCG+WSC )**P1C6/1000.

CMGG=PL AT*1.35¢( WGG+WSC )**PLB 7/1000.
CTP=PLAR*(CLTP+CMTP+CLGG+CMGG)+PLBS
CLM=PLAS*PLBS*WLV*%PLC9/1000.
CMM=PLA10*1.35%¥WLV**PLB1C/1000.
CM=PLALL1%(CLM4CMM)+PLR]1
CGT=PLA12*1.059*%VGT**PLB12/10C0.
CPS=PLAL3%(CCT+PLBL3+PLC 13)+PLD13
CT=PLAL4*PLB14U*]1.1*WT**PLC14U/1000.¢PLD14&
CP=PLALS*(PLELS*(PLC1S/WO)**PLD15*WO+PLELS*(PLC1S5/WF)**PLDIS*WF)
1 71000.¢PLF1¢
CPL=PLA16%PLB16%1.1*¥(PLC16/WP)**PLD]16*WP+PLELE
CSA=PLAL7

PLRCOROO
PLRCOR 10
PLRCOS820
PLRCOR30
PLRCOB4D
PLRCNASN
PLRC0OB60
PLRCOBTO
PLRCO8RO
PLRCO890
PLRCO900
PLRCO910
PLRC0O920
PLRC09130
PL RC0940
PLRCO950
PLRCO960

CLRFU=(PLA18%1,15%PLB1E*(CTC+CTP+CM+CPS+CT+CP+CPL+CSA)+PLALB*PLC18PL RCO970

1 )*(1l.+PLPC)

CPFU=CLRFU
PROFPR=CLRFU*PLPC/(1.+PLPC)
CLRRD=PLA21*(PLB21%(].462%PLD21*FMAX+PLE21)+PLC21)*(1.+PLPC)
CRPS=CLRRD

CLRT=CLRRD+CLRFU
CLTC=CLTC*PLA 18
CMTC=CMTC*PLAL 8
CTC=CTC#*PLALS
CLTP=CLTP*PLALS8
CMTP=CMTP*PLA1SB

CLGG=CL CG*PLA 18
CMGG=CMCG*PLA 18
CTP=CTP*PLA1S8

CLM=CLM*PLALSB

CMM=CMM*PLALSB

Cv=CM*PLALS

CCT=CCT*PLA18

(PS=(PS*PLA1S8

CT=CT*PLALR

CP=CP*PLALSB

CPL=CPL*PLALE

CSA=CSAsPLALE

IF (IPRCST «NE. Q) WRITE (64,ERRPRT)
RETURN

END

SUBPOUT INE PEBRCST
EXTEPMAL 8N0STER PPOPULSICN COST

COMMNN /CONLY/ XPUTG, DIAFRT, SOMMOR(S8)

REAL NOZWT  MP

CAMMON /COMVL S/ WYANK 3 VEXINy VREQ yGGWoHPPUMP WTFUEL yWCCMM, VCCMI,
1 RSyY1LoWNOZ ¢yKFM MATTK Ay DCOMyWMC o VBT ¢DTHRT ,RNOZT ¢NCZWT 4 MP, CASFM,

B- 15

PLRCO98R0
PLRC0990
PLRC1000
PLRC1010
PLRC1020
PLRC1030
PLRC1040
PLRC1050
PLRC1060
PLRC1070
PLRC1080
PLRC1090
PLRC1100
PLRC1110
PLRC1120
PLRC1130
PLRC1140
PLRC1150
PLRC1160
PLRC1170
PLRC1180
PLRC1190
PLRCL200
PLRC1210
PLRC1220
PLRC1230

PERCNOI10
PEBCNN20
PFERCO020
PLBRCNO&O
PERC0OOS0
PFACON6D
PERCNNTO
PrRCOOED

Ry
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2 FNET WT  WFoFMAX Sy T4yMFTTJyZXNRyDyWVN,FCyPPEAK yBSP 4ACET,QA,WCS, PEPCONS0
3 WWHeWTCoyWTP g WGG o WSC o WLV g VG T o WL o WP ,DP o WNyMETAL , NCONFNR PF3CO100
COMMON /COSTIN/ PRIAL4PRIA2,PRJC,PRIA3,PRIB3,PRI A4 ,PRIES4,PRIAS, PFRCO110
1PRIA6,PRIAT,PRIAB,PRIRB,PRIA9yPRIGIyPRIAL10,PRIALL,PRIGLI]1,PRIA12, PFRCOLl20
2PRIB12,PRIE12,PRIA13,PRIF13,PRIAL14,PRIELS4,PRIALS,PRIF1S,PRIAL6, PFBCOL130
3PRIE16,PRIAL7,PRIF17,PRIAL18,PRIBL1B,PRIELB,PRIAL9,PRIEL19,PRIA20, PERCO140
4PRIA21,PRIA22,PRIBR22,PRIA23,PRIR23,PRIC23,PRIA24,PRIC24,PRIA25, PFRCOLSO
SPRIB25,PRIA26+PRIR264PRIC264PRNAL 4PRNA2 ,PRNA3 , PRNB3,PRNA4,PRNE4, PERCOL60
6PRNAS,PRNAGy PRNAT,PRNAB,PRNB8,PRNA9y PRNG9, PRNAL1O,PRNALL ,PRNGL1, PFRCO170
TPRNA12, PRNBL12+PRNEL12yPRNAL13yPRNE 13 ,PRNAL14,PRNEL4 ,PRNALS,PRNALG, PFRCO180
8PRNA17,PRNA18,PRNR18, PRNAL9,PRNB19,PRNC19,PRNA20,PRNC20,PRNA21, PFRCO19D
9PRNB21yPRNA22yPRNB22yPRNC22¢PLPC,PLAL,PLA3 ,PLB3,PLA%,PLAG,PLAS, PERCO200
APLB8,PLA9,PLALL1,PLBL1]1,PLAL3,PLBL13,PLCI3,PLD13,PLAL4,PLD14,PLALS, PFRBCD21D
BPLRL1S+PLF15¢PLF15,PLA16yPLELG6,PLALT,PLAL18,PLB18,PLC18,PLAL19,PLA20,PFRC0220
CPLB20,PLA21,PLB21,PLC21,PTAL,PTDL,PTA4PTB4 +PTAS5,PTB5,PTF5,PTA6, PEBCN230
DPTE64PTAT,PTB7,PTCT4,PTJC,PTAB,PTD8,PYA9,PTB9,PTAlQ ,PTB10,PTCI10, PFBC0240
EPEA3,PEB3,PEA4,PEF4,PEAS ,PFFS,PEAGPEB6PEE6+PEAT,PEFT,PFAB,PFA9, PERCO250
FPEA10,PEB104PEC10,PEA11,PEB11,PEEL1Ll,PEBC,PSPC,PSA3,PSB3,PSA4,PSE4,PEBCO260
GPSAS,PSFS5,PSAGyPSF6yPSG6E,PSAT,PSFT,PSA8+PSA9,PSAL10,PSB10,PSC10, PFRCO270
HPSA11+PSB11yPSEL1+,CFT,PFT,CFCASE yPFCASECFCoPFC,CFV,PFM,IYFAR PERCN280
COMMON /COSTIN/ PRIB1,PRIC14PRIB2yPRIC2,PRIB44PRIC4,PRID4,PRIBRS,PEBC0O290
1PRICS»PRIB9yPRICG,PRID9yPRIEG4PRIFG,PRIB11,PRIC11,PRID11,PRIEL1l, PEBCO300
2PRIF11,PRIC12,PRID12,PRIB134PRIC13,PRID13,PRIB14yPRIC14,4PRID14, PERCO310
3PRIB1S,PRIC1S,PRID15,PRIBL64PRICL16,PRID16,PRIB17,PRICL17,PRID17, PEBCO320
4PRIELT,PRIC18,PRID18,PRIB19+sPRICL9,PRID19,PRIB24,PRNB1,4PRNC1,PRNR2PEBC0330
S59PRNC2+PRNB4,PRNC4,PPND4 PRNBS5,PRNCS,PRNB9 ,PRNC9 yPRAD9, PRNF9,PRNFIPEBCO340
6y PRNRLL,PRNCL1,PRNDIL,PRNELL,PRNFLL,PRNC12,PRND12,PRNR13,PRNC13, PERCO3S50
TPRND13, PRNB14¢PRNC149PRNDL14o,PRNBL15,PRNCL15, PRNDL15,PRNBL6 yPRNC16, PFBCO0360
BPRND 16, PRINBLT,PRNC1T7sPRND1T7+PRNEL1T7,PRNB20,PLB1 yPLC1oFLA2,PLB2,PLB4PERCO3TO
9y PLC4yPLAS,PLBSPLB6sPLCE,PLAT,PLBT,PLB9,PLC9y PLALOsPLR1O,PLA12, PERCO380
APLR12,PLB14,PLC14yPLCL15,PLD15,PLB16,PLCL16,PLD16,PLRBL19,PLC19,PTBl, PERCO390
BPTCLoPTA2,PTB2,PTA3,PTB3,PTCS,PTDS,PTBE ,PTCH,PTD6,FTRB,PTCByPEALly PERCO400
CPEBL1,PECL,PEA2,PER2yPFC24PEB4PEC4+PED&,PEBS yPECS ¢PFD5 ,PEES,PEC6, PERCO410
CPED6yPERT,PECT,PEDT7,PEC11,PEDL11,PSAL1,PSB1,PSC1 4PSA2,PSB2,PSC2,PSB4PERC0420
EyPSC4,PSD4yPSBS¢PSC5+PSDS5yPSESsPSBE«PSC6¢PSD6,PSEL ¢PSBT 4PSCToPSCT,PFBCO430
FPSET4PSCl1,PSD11,PRND22,PLD21,PLE2]1,PTD10,PTE10,PRID26 PEBCO 440
COMMON /COSTIN/ PROFIT,QDsR,AFA]l ,AFB] ,AFCl ,AFD1, AFI1l, AFA2,AFB2, PFBC0450
1AFG2,AFA3,AFB3,AFG3,AFA4,AFB4,AFC4 ,AFD4 yAF J4 yAFAS , AFBSy AFC59 AFH5, PEBC0460
2AFA69AFB6yAFGO69yAFATIAFCT,AFDT,AFAB,AFB8 (AFCB ,AFDB8 ,AFI8,AFA9,AFB9, PEBCO04T0
3AFC9,AF09,AFJ9,AFA10,AFB10,AFC10,AFH10,AFAL1l ,AFB11 yAFGl11,AFAl2, PEBC0480
4AFC124AFD12,AFA13,AFB13,AFC13,AFA14,AFBl14,AFC14 KFUZE WAL,WEL,WFLl, PEBCO490
SWA2,WC2,WE2,KGAIN,CA1,CE1,CF1,CA2,CE2,CF2,CA3,CE3,CF3,GA1,GR1,GF1,PERCOS00
EKLF 69 KGT69KSTAR, KAGATE yNCHAN ,KSGATE ,GA2,6GB2,GK2,GA3,GR3,GQ3,GA4, PERCOS10
TCR4y CM4yGAS Lo yGHS5 KG ¢KC KWy KAy KP o IGTYPE o ICTYPE, I PRCST PFRCO0520
COMMON /COSTIN/ AFELl ,AFF]l AFGLl yAFH1,AFC2,AFD2 ,AFE2,AFF2, AFC3, PFRCOS30
LAFC3, AFE3 ,AFF3, AFE&L,AFF4,AFG4 yAFHG JAF1 &, AFD5 yAFES s AFFS  AFGS,AFC6, PFRCOS40
2AFCO9 AFEG6 AFFE.AFRT AFFB8,AFF8,AFGB,AFHB, AFF9,AFF9,AFG9,AFH9,AF 9, PERCOS50
IAFDIOo AFFLO,AFF10,AFGLl0sAFCLLsAFDLL1sAFELLAFFLL AFPL2yWRLyWC1 Wl 1,PFRCO560
4WP2,MC2,CBLl,CC1,CN1,CB2,CC2,CD2,CB3,CC3,CD3,GC1,GD1,GE1,GC2,4GN2, PFRCOSTO
SCF2yGF2,GG2,GH2,G12yGJ2+GC 3¢GD34GE3I¢GF3,GG3+sGHIGI3,6J3,6K3,GL3, PFRCOS580
6CM3,GN2,GP I, GC44GN4,GE4Ly GF4,GG4,0H4 4Gl 4 ,5J4yGKe,GL4,GC54GN5,GF5, PFRC0590

TCF54GGSCFTTAB(11)4PFTTAB(LL) PERCO600
COMMON /CSTPRV/ CRLC 4CAMC ,CCASEyCCFUGCCL 4CCM,CCNMI ,CCONML,CEOMM, PERCOAKLOD
1 CCONT, CCRD,CEBFUyCFRRN,CETIZ,CEXINL,CGFU,CGRN, PERCO62D

2 CGT4CGTOT,CIGN,CIRJFU, CIRJRD, CLFZCLFL oCLGGHCLISCLVMy, PERCO63D
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CLRFUyCLRRNDGCLRT,CLTC ¢CLTP,CMyCNMGGoCMN,CMTC,CMTP,
CMV,CNOZ ,CNR JFU, CNRJYRD, CPoCPAFI CPENG ¢CFL,CPLC,
CPMFGL yCPMFGM,CPCA CPRCPRC yCPSyCPSMGG4CPSN2,CPSRAN,CPSSHG,
CPTOOL yCRAFI,CRDFV,CREG¢CRFENG yCRFTOyCRJICoCRMFGL yCRMFGM,CRQA,
CRTOOL y CSAyCSRFULCSRPD,CSRTCT,CTAFI,CTC4yCTYEB,CTIRY,CTJYFU,

CBOOC, CRPSyCPFU s PROFPR o PRFUAF ,PRRAF 4CCLB,CCMB,CTCR,CLIR,CNDZB,
CPRB,CPLR,C IGNB,CSAByPROFEX

PO®~NOWVMPW

NAMEL IST /ERRPRT/ CCLB,CCMB,CTCB,CLIB,CNOZB,CPRB,CFLByCIGNR,CSAE,

1 CEBFU,CEBRC,CTER

CSLIK =D

C = C * DIAFRT

1=CASEM

CFMU=CFTTAB(I)

PFMU=PFTTABI(I)

IF (CFM .NE. 0.) CFMU=CFM

IF (PFM .NE. O.) PFMU=PFM
CCLB=PEA1*CFMU* (PEB 1/ WMC ) **PEC 1*WMC

CCMB=1. 1%PEA2%P FMU*(PEB 2 /WMC ) **PEC2*NMC
CTCB=PEA3*(CCLB+CCMB)+PEB3
CLIB=1.1%PFA4*PEB4*(PEC4/VBI ) **PED4*VBI +PEF4
CNOZB=1.1%PEAS*PEBS*(PECS+PEDS*D THRT+PFES*RNOZI ) *NCZWT+PEFS
CPRB=PEAG*PEB6*MP/1000.*%(PEC6/MP) **PED6+PEES
CPLB=1.1*PEAT*PEBT®MP* (PECT/MP)**PEDT+PEET
CIGNB=P EAB

CSAB=PEA9

CEBFU=ZXNB*(PEA10*(PEB10*(C TCB+CLIB+CNO2B+CPRB+CPLB+CIGNR+CSAB)
1 +PEC10)*(1.+PEBC))
PROFEX=CEBFU*PEBC/(1.+PEBC)
CERRD=PEA11*(PEBL11*PECL11*(D*WM)**PEDL1*1.462+PFFL1)*(1.+PFRC)
CTEB=CEBRD+CEBFU

CCLB=CCLR*PEA 10

CCMB=CCMR%*PEA 10

CTCB=CTCB*PEA10

CLIB=CL IB*PEFA10

CNOZB=CNOZB*PEALC

CPRB=CPRR*PEA 10

CPLB=CPLB*PEALQ

CIGNB=CIGNB*PEALOQ

CSAR=CSAB*PFA10

IF (IPPCST .NE. C) WRITE (6,ERRPRT)

C = DSLIK

RFTURN

EMD

SUBRCUT INE PSRCSTY
SOL IN SUSTAINER PRCPULSION COST
COMMON /CONLY/Z KINPPSyNIAFR Ty SWMC ySNTHRT ySRNOZI o SWM,SCMMOR(4)

RFAL NCZWT,MP
COMMEN /COMVL S/ WTANK ¢VFXIN ¢ VREQ ¢yGGWyHPPUMP yWTFUEL yWCCNMM,VCCMT,

1 PSeY1gWNN7 JKFM MATTE 4 A DCOMaWME ¢ VBT 4DTHRT ,RNOZI 4y NCZWT4MP, CASEM,

8- 18

CTJLFy CTULFL,CTURDCTIT, CTLsCTMyCTNRJCTP,ChH,CWHFU yCWHR,

PERCO640
PFRCO6S50
PERCN660
PERCO6TO
PFBCN680
PERCOGKCO
PERCOT7NO
PFRCOT71D
PFRCOT20
PERCOT730
PFRCOT40
PFRCOTSO
PEBCO760
PFBCOT770
PERCOTRO
PEBCO790
PFBCO800
PEBCOB10
PERCOR20
PFBC08130
PFBCO840
PERCORSO
PERCOS60
PERCO8STO
PERCO8BRO
PFBCO890
PERCO900
PERCO910
PERCO920
PERCO930
PFBC0940
PERCO950
PERCO960
PFBCO970
PERCO980
PFERCO%0
PFEC1000
PERC1010
PERCL1020
PERC1030
PERC1040
PERC1050
PERC1060
PFBC1070

PSRCOO10
PSRCON20
PSRCON30
PSRCO040
PSRCOOS0
PSRCO060
PSRCONTO
PSRCOORO




2 FNET WT o WFoFMAX 3SoT4yMFTTJoZXNB Dy WMoFC oyPPFAK,BSP ,ACET ,QA,WCS, PSRCO0SO
3 WWHoWTCoWTP ¢ WGG o WSC o WLV yVGT ¢ WOy WP, NPy WNy METAL s NCONFG PSRCOLND

COMMON /COSTIN/ PRTA1,4PRIA2,PRJC,PRIA3,PRIB3, PRI L4 ,PRIE4,PRIAS, PSRCOL10
1PRIA6,PRIAT,PRIAE,PRIBB,PRIA9,PRIGIyPRIALOyPRIALL,PRIGL1,PRIAL2, PSRCO120
2PRIB12,PRIF12,PRIA13,PRIEL3,PRIAL4,PRIELS4,PRIALS,PRIELS,PRIALG, PSRCO130
3PRIE16,PRIAL17,PRIF17,PRIAL18,PRIBL18B,PRIF18,4PRIAL19,PRIEL9,PRIA20, PSRCOL40
4PRIA21,PRIA22,PRIB22,PRIA23,PRIB23,PRIC23,PRIA24,PRIC24,PRIA2S, PSRCOL159
SPRIB25,PRIA26,PR IB264,PRIC 269PRNAL,PRNA2 ,PRNA3, PRNR3,PRNA4,PRNE4, PSRCO160
6PRNAS, PRNA6, PRNAT,PRNAB,PRNB8,PRNA9, PRNG9, PRNA10,PRNAL11l PRNG11, PSRCO170
TPRNA12, PRNBL12+PRNEL2yPRNAL13,PRNE 13 ,PRNAL14 yPRNE14,PRNALS5 4 PRNALG, PSRCO180
8PRNA17,PRNA]1 E€,PRNBL8y PRNAL19,PRNB19,PRNC19, PRNA20y PRNC20,PRNA21], PSRCO190
9PRNB21,PRNA22,PRNB 229y PRNC224PLPC yPLALyPLA3,PLB3 4PLA4,PLAG, PLASB, PSRC0200
APLBB,PLA9,PLA11,PI1B11,PLAL3,PLBL3,PLCL13,PLD13,PLAL4,PLD14,PLAL1S, PSRCO210
BPLBL1S,PLEL1S5PLF15/PLAL6sPLELGSPLALT,PLAL18,PLBLB,PLC18,PLAL9,PLA20,PSRCO220
CPLB20,PLA21,PLB21,PLC21,PTAL,PTD]1,PTA4,PTB4sPTAS yPTB54PTES,PTA6, PSRC0239
DPTE6+PTATPTBT,PTCT,PTJIC yPTA8,PTD8,PTA9,PTB9,PTAl0,PTR10,PTC10, PSRC0 240
EPFA3,PEB3,PEA4,PEF4,PEAS ,PEFS ,PEA6,PEBG6+PEE6PEATy PEET 4 PFAB,PF A9, PSRC0250
FPEA10,PEB10,PEC104PFA11,PEB11,PEEL]L 4PEBCPSPC4PSA3,P5B3,PSA4,PSF4,PSRCN260
GPSAS,PSFS,PSA6,PSF6,PSG6,PSAT,PSFT7,PSAByPSA9,PSA10,PSB10,PSC10, PSRCO270
HPSA11,PSB114PSE11+CFT,PFT,CFCASE yPFCASE,CFCy,PFC,CFVM,PFM,IYEAR PSRCN280
COMMON /COSTVIN/ PRIB1,PRIC1,PRIB2yPRIC2yPRIB4sPRIC4¢PRID4,PRIBS,PSRC0290
1PRICSyPRIBIyPRICSyPRID9,PRIEG,PRIFG,PRIBL11,PRICL11,PRIDL1,PRIF11l, PSRCO300
2PRIF11,PRIC12,PRID12,PRIB13,PRIC13,PRID13yPRIBL4,4PRIC14,PRID14, PSRC0O310
3PRIB15,PRIC15,PRID15,PRIB16,PRIC16,PRID16,PRIB17,PRIC17,PRID17, PSRC0O320
4PRIEL1T7,PRIC18,PRID18,PRIBL99PRIC199yPRID199PRIB24¢PRNB1,PRNCL1,PRNR2PSRC0O330
S9PRNC2yPRNB4yPRNC 4y PRND4 yPRNBS ¢ PRNC5 y PRNB9 , PRNCO yPRND9, PRNEG, PRNFIP SR CO 340
6,PRNB11,PRNC11,PRND11,PRNELL19PRNF11,PRNC12,PRND12,PRNB13,PRNC13, PSRCO0350
TPRND13y PRNB144PRNC14,PRND14,PRNBLS5,PRNC1 5, PRNDLS ,PRNBL16,PRNC16, PSRC0O360
B8PRND16, PRNBLT7,PRNCL17¢PRND17+PRNELT7,PRNB20,PLB]1 4PLC1,PLA2,PLB2,PLB4PSRCO370
99 PLC4yPLAS,PLBS5yPLB6yPLC64PLATHPLBT,PLB9,PLCY,PLALO,PLBLO,PLAL2, PSRCO380
APLB12,PLB14,PLC14yPLC15yPLD15yPLBL6yPLCL16yPLDLG6yPLB19,PLCL19,PTBLl, PSRCO390
BPTC1,PTA2,PTB24PTA3,PTB3,PTC5,PTD5,PTB6,PTC6,PTD6, PTRB8,PTCB,PEALl, PSRCO400
CPEB1,PEC1,PEA2,PEB2,PEC2yPEB4+PEC4+PED4+PEBS yPECS yPEDS4PFES5,PFC6, PSRCO410
CPED6,PERT,PEC7,PED7,PFC11,PED11,PSA1,PSBL,PSC1 ,PSA24PSB2yPSC2,PSB4PSRCO420
EyPSC4yPSD4&9P SBS59PSC59PSDS¢P SES9PSB6yPSCH P SD6 ¢PSE6 9 PSBT 4 PSCT4PSDT7,PSRCO430
FPSET,PSC114PSD11,PRND22,PLD21,PLE21,PTD10,PTELO,PRID26 PSRCO440
CCMMON /COSTIN/ PROFIT,QNyR,AFAL,AFB1,AFC]1 AFD1, AFIl,AFA2,AFP2, PSRC0O450
1AFG2,AFA3,AFB3,AFG3,AFA4, AFB4,AFC4 ,AFD4,AF )4 ¢AFAS s AFBS9 AFC5yAFH5, PSRC0460
2AFA6yAFB6yAFG69yAFAToAFCToAFDTAFA8,AFBB ,AFCB yAFDB 4 AFIB4AFA9, AFB9, PSRCO4T70
3AFC9,AFC9,AFJ9,AFA10,AFB10,AFC10,AFH10,AFAl119AFBL]l yAFGl1,AFAL12, PSRCO480
4AFC124AFN129AFA13,AFR13,AFC13yAFAL149AFB14¢AFCLl4 yKFUZE WALyWEL,WF1,PSRC0N490
SWA2,WC2yWE2,KGAINyCA1,CE1,CF1,CA2,CE24yCF2yCA34CE34CF34GAl+GB1,GF1,PSRCO500
6KLE69sKGTOWKSTAByKAGATE yNCHAN ,KSGATE 4GA2 ,GB2,6GK2,GA3,GB3,GQ3 ,GA4, PSRCO510
7CB4yGM4,GAS, GBSy GHSyKGyKC yKWo KA, KPy IGTYPE s ICTYPE I PRCST PSRC0OS520
COMMON /COSTIN/ AFFLyAFFLl4AFGL yAFH]1 yAFC2 4AFD2,AFE2,AFF2,AFC3, PSRCOS530
1AFD3,AFE3,AFF3,AFE4,AFF4,AFG4 ) AFH4 yAF1 4 ¢AFDS yAFFS yAFF5 yAFGSyAFC6y PSRCNS540
2AFC69AFE6)AFF6yAFR T AFEBAFF8yAFG8yAFHB y AFF9,AFF9,AFGI,AFH", AFI9, PSRCNS50
3AFCl04AFELO, AFF10,AFG10,AFCL1LsAFDLLy)AFELLoAFFL]1yAFRLI2yWRL1¢yWCLloWD1,PSRCO560
4WP2,WC24CB1,CC1,CD1,CB2,CC2,CN2,CB3,CC3,C03,6C1,GD1,GF1,GC2,GD2, PSRCOSTO
5CE2yCF2,GG2yGH24C129GJ2,GC39GN3yGF34GF3+4GGIyGHI yGI34GU3,GK3,GL3, PSRCOS580
6CM3,CN3,GP3yGC4y N4y OF4yGF4yGG4,GHA 4GT4,GJ4GK,GLL4,GCS,6G05,GF5, PSRCN’90

TCFS5,CGS,CFTTAB(11),PFTTAR(L11) PSRCN600
COMMON /CSTPRV/ CRLC yCRMC4CCASEZ,CCFUyCCL ¢CCM4CCOMI ,CCCMLCCCMM, PSRCOKIOD
1 CCONT,CCRD,CFBFU,CFBPN4yCFTJIyCEXINGCGFULCGRD, PSRCOS2N
2 CCTLCCTOTL,CIGN,CIRJFU, CIRJRN, CLFLCLFL yCLGOCLTILCLVM, PESRCNAZN
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3 CLRFUyCLRRD yCLRT4CLTC yCLYPoCMyCNGGyCNNyCNTC,CMTP, PSRCN640
4 CMV,CN0OZ,CNRJFU, CNRJRD, CP,CPAFI yCPENG ¢CFLoCPLCy PSRCO650
S CPMFGL +CPMFGMy,CPCAsCPRyCPRCyCPSyCPSMGG,CPSN2,CPSRANM,CPSSGG, PSRCN66N
6 CPTNOL ¢CRAFI,CRDEV CREG,CRENG,CRF Ty CRJICyCRMFGL yCRMFGM,CRQA, PSRCO670 |
7 CRTONL s CSA9CSRFU,C SRRN yCSRT ¢CToCTAFI 4CTC,CTEB,CTIRJ,CT JFU, PSRCO680 I
4 8 CTJLF, CTILFL,CTIRD,CTYT, CTLCTMyCTNRIZCTP,Ck4,CWHFU CWHR, PSRCO699
1 Q CBONC,CRPSyCPFU,PROFPR, PRFUAF ,PRRAF yCCLByCCMB,CTCR,CLIR,CNOZR,  PSRCOTNO ;
A CPRB,CPLB,CIGNR,CSAR,PROFEX PSRCOT10
NAMEL IST /ERRPRT/ CBLC,CBMC¢CCASE,CLI ¢yCNOZCPRC,CPLC,CSA,CIGN, PSRCO720
1 CSRFU,CSRRD,CSRT PSRCOT30 |1
7S = WMC PSRCOT40 |
2SS = DTHRT PSRCO750 ]
2SSS = RNOZI PSRCNT60 f
2SSSS = WM PSRCOTT0 |
WMC = SWMC PSRCOT80 |
CTHRT = SOTHRT PSRCNT90 '
RNOZ 1 = SRNOZI PSRCO8B00 14
WM = SWM PSRCORLO |
1 CBLC=PSA1*1.1#%(PSB1/WMC)**P SC 1*WMC PSRC0O820 i
2 CRMC=1.1*P SA2%( P SB2 /WMC ) *%P SC 2*WMC PSRCO8 30 l
2 CCASF=PSA3%(CBLC+CBMC)+PSB3 PSRCO340 t
4 CLI=PSA4*PSB4#%1. 1% (PSC&/DP)**PSD4*DP+PSF4 PSRCO8S0 ,
5 CNOZ=PSAS*PSBS5*3.3%WN*(PSC5+PSNS*DTHRT+PSES*RNOZI ) +PSF5 PSRCO860 |
6 CPRC=PSAG*WP* (P SB6/(PSCO*WP) ) %P SD6*PSF6 /PSE6+PSGE PSRCORTO i
7 CPLC=PSAT*1.1*PSRT7*WP*(PSCT/(PSDT*WP) ) **PSET+PSF7 PSRCORBO |
8 CSA=PSAB PSRCO890 1
9 CIGN=PSA9Q PSRC0900 i
10 CSRFU=PSA10%(1.+PSPC)*(PSB10*1.15%(CCASE+CLI+CNOZ+CPRC+CPLC+CSA PSRCO910 k
1 +CIGN)+PSC10) PSRC0920
CPFU=CSRFU PSRC0930
PROFPR=CSRFU*PSPC/ (1.+PSPC) PSRC0940
11 CSRRD=PSA 11* {1.+PSPC)*(PSBL1*PSC11 ®( D*WM) **PSDL1%1 .46 2+PSF11) PSRC0950
CRP S=CSRRD PSRC0O960
12 CSRT=CSRFU+CSRRD PSRCO9T0
CPLC=CBLC*PSA10 PSRCO980
CRMC=CBMC*PSA10 PSRC0990
CCASE=CCASE*PSA 10 PSRC1000
CLI=Cl 1*PSA10 PSRCLO10
CNO7 =CNOZ*P SA10 PSR(1020
CPRC=CPRC*PSA10 PSRC1030
CPLC=CPLC*PSA10 PSRC 1040
CSA=CSA*PSA 10 PSRC1050 13
CICN=C [CN*PSA 10 PSRC1060 ﬁ
IF (IPRCST JNE. 0) WRITE (6,ERRPRT) PSRC1070 *
WMC = 7S PSR(C1080 q
DTHRT = 2SS PSRC1090 i
RANOZY = 7SSS PSRC1100 A
WM = 2SSSS PSRC1110 ﬁ
RETURN PSRC1120 ;
END PSRC1130 i
i
SURRNYT INF PIRCST PIRCOO 10
C PIRCND20
R= 29
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INTEGRAL RAMJET PRCPULSICN COST PIRCNN30N
PIRCON&O
PEAL NOZWT,MP PIRCONSO

CCMMON /COMVL S/ WTANK 3 VF XIN o VREQ ¢GGWyHPPUMP 4 WTFUIEL ¢y WCOMM,VCM] , PIRCONEN
1 RSy Y1oWNNZKFMy MATTKy Ay DCOMyWMC o VBT o DTHRY 4RNOZT ¢ NCZWT o MP, CASFM, PIRCOOTO
2 FNFT o WToWFoFMAX gSoT4,METT)oZXNB ¢DeWMoFC ¢PPEAK RSP ¢ADET o QA,WCS, PIRCOORD
3 WWHeWTC oWTP o WGG ¢ WSC o WLV oVG T yWCy WP ¢DPy WN,MFT AL ,NCONFG PIRCONYGO

COMMON /COSTIN/ PRIA1,PRIA2,PRJCyPRIA3,PRIR3,PRIA4,PR]IF4,PRIAS, PIRCNLOD
1PRIAG6:PRTIAT7,PRIAB,PRIBB,PRIAG,PRIG9,PRIAL1O0,PRIAL11,PRIG11,PRIAL12, PIRCO110
2PRIBR12,PRIF12,PRIAL13,PRIEL13,PRIAL4PRIEL14,PRIAL5,PRIELS,PRIAILL, PIRCO120
3PRIE16yPRIALT74PRIFL7,PRIAL8,PRIBLB4PRIELB,PRIAL9,PRIF19,PRIA20, PIRCOL130
4PRIA21,PRIA22,PRIR22,PRIA23,PRIB23,PRIC23,PRTA24,PRIC24,PRIA25, PIRCO140
SPRIB2SyPRIA26,PRIR2€,PRIC26,PRNAL yPRNA2 ,PRNA3 ,PRNB3, PRNA%4yPRNE4, PIRCO150
6PRNAS,PRNAG6,PRNAT,PRNAByPRNBByPRNAGy PRNGI s PRNALO 4PRNAL1,PRNC11, PIRCO160
TPRNA12, PRNB12yPRNEL2,PRNAL3,PRNE L39PRNALSL, PRNEL4 ,PRNALS yPRNALG, PIRCO170
BPRNAL17,PRNALB8,PRNB18yPRNAL19,PRNB19,PRNC19,PRNA20,PRNC20,PRNA21, PIRCO1RO
9PRNB21,PRNA22,PRNB22,PRNC22,PLPC 4PLAL,PLA3,PLB3,PLA4,PLAG,PLAS, PIRCN190
APLBS8, PLA9,PLA11,yP1B11,PLAL13,PLB13,PLC13,PLD13,PLAL4,FLD14,PLALS, PIRCOZ200
BPLB1SyPLEL1S,PLF15,PLAL1&yPLELG6,PLALT,PLAL8,PLB18,PLC18,PLAL19,PLA20,PIRCO210
CPLR20,PLA21,PLB21,PLC21sPTAL,PTD]l sPTAL sPTB4 4PTAS 4PTR5,PTES,PTA6, PIRC0220
CPTF6,PTATPTBT7,PTCT7,PTJC yPTAB,PTD8,PTA9,PTB9,PTA10,PTBR10,PTC10, PIRCO230
EPEA3+PEPR3sPEA4sPEE4IPEAS sPEFSPEAGIPEBL ¢PEFS PEAT s PEET 4PEAB,PFA9, PIRCO240
FPFA10,PEBL1OoPECL10,PEALL,PEBLL,PEELL,PFBC yPSPCyPSA3 yPSB34PSA4,PSF4,PIRCD 250
GPSASyPSFS5,PSAGyPSF6yPSG69PSATPSFT4PSABPSA9,PSAL10,PSBL10,PSC10, PIRCO260
FPSAL14PSB11,PSEL1,CFT,PFT,CFCASE yPFCASEsCFCPFC sCFVM,PFM,IYEAR PIRCO270

COMMON /COSTIN/ PRIB1,PRICL1,PRIB2,PRIC2 ,PRIB4,PRIC4,PRING,PRIPS5,PIRCNO28RO
LPRICS5,PRIB94PRICS,PRIDS,PRIES,PRIF99yPRIBLLPRIC11,PRID11,PRIEL1l, PIRCO290
2PRIF11,PRIC12,PRID12,PRIB13,PRIC13,PRID13,PRIB14,PRICL4,PRID14, PIRCO300
2PRIB1S,PRICLS,PRID1S5,PRIB16,PRIC164yPRID16,PRIBLT»PRIC17,PRID1T7, PIRCO310
4PRIF17,PRIC18,PRID18yPRIB19,PRIC19,PRID19,PRIB24,4PRNE]L,PRNCL,PRNR2PIRCO320
5¢PRNC 2o PRNB4 oy PRNC4, PRND4 yPRNBSyPRNC5¢PRNB9 yPRNC9y PRNC9, PRNE9, PRNFOPIRCO 330
69PRNBL11sPRNC 119PRND11¢PRNF]11,PRNFLL1,PRNC12,PRND12,FRNB13,PRNC13, PIRCO340
TPRND13,PRNR14oPRNC 149 PRND14,PRNBLS, PRNCL1S yPRNDLS yPRABL6 yPRNC1 6, PIRCO350
BPRND1 69y PRNBL1T7yPRNC17,PRNDL17,PRNF1T7yPRNB20,PLB1 yPLCL1,PLA2,PLB2,PLB4PIRCO360
9, PLC4yPLAS,PLBS,PLB6PLCHIPLATPLBTyPLB9,PLC9,PLAL1O,PLB10O,PLAL12, PIRCO3T70
APLR124PLB14yPLCL14,PLCL1S5,PLD15,PLBL6,PLCL6,PLD16,PLE19,PLCL19,PTR]l, PIRCO380
BPTClyPTA2,PTB2,PTA3,PTR34PTC5¢PTDS+PTBEyPTC6 4PTD6,PTP8,PTC8,PEALl, PIRCO390
CPEB1,PEC1,PEA2,PEB2,PEC2,PEB4,PEC4 ,PED4,PEBS,PECSy PENS,PEES+PFC&y PIRCO400
CPFC6,PERT,PECT,PEDT,PEC11,PEDL11,PSALl,PSB]1,PSC1,PSA2,PSR2,PSC2,PSB4PIRCD410
E9sPSC4 4P SD4yPSR5,PSCSyPSDS,PSES,PSBE,PSCE P SD6,PSES PSRBT 4PSCT4PSDTyPIRCNG20
FPSFT,PSC1LyPSN11,4PRND22,PLD21yPLE21,PTD104PTE10,PRID26 PIRC0430

COMMON /COSTIN/ PROFIT QD4R ,AFAl ,AFB1,AFCl ,AFDl1yAFI1,AFA2,AFB2, PIRC0440
1AFG2, AFA3,AFB3,AFG39AFA49AFB 4 ¢sAFC4 4AFN4G 4AF J4 ,AFAS s AFBS5, AFCS5 y AFHS, PIRCO450
2AFAG6, AFRE6,AFGEyAFAT,AFCT,AFDT,AFA8 ,AFR8,AFC8,AFNDB,AFIByAFA9,AFR9, PIRCO460
3AFC99yAFL9,AFJ9yAFALC,AFBL10,AFC10,AFH10,AFALl ,AFB11 ,AFGl1,AFAl2, PIRCO4TO
4AFC12,AFD12,AFAL13,AFB13,AFC13,AFAL4,AFBL14 sAFC14 ¢KFUZE WAL yWF1,WF1,PIRCO48B0
SWA24WC2yWE2,KGAIN,CA 1,CEL1,CF1,CA2,CE2,CF2,CA3,CF3,CF3,GA1,GR1,GF1,PIRCN490
EXLE6yKGTHEyKSTABy KAGATE ¢yNCHAN, KSGATE,GA2 yGB2+yGK2 yGA34yCB3yGQ3 yGA4y, PIRCNS00
TGP4yCM4 3 GAS 9y GBS 9 GHS ¢ KG 9KC oKW g KAy KP 4 IGTYPE o ICTYPE L[ PR(CST PIRCOSIO

COMMON /CNSTIN/ AFEL AFFL,AFGL,AFH]L1 sAFC2+AFD2,AFE2,AFF2,AFC3, PIRCOS20
LAFN3, AFE3 AFF I, AFE4yAFF4oAFG4 yAFH4 (AF14 AFDS AFES, AFFS5, AFGSy AFC6, PIRCNK30
2AFLG o AFE6 AFFE AFB T AFFB,AFFB,AFGByAFHB yAFF9 yAFFI AFGI,AFHI,AF[S, PIRC0540
JAFCLO9AFEI109AFF 100AFG1CoAFCL1]1 yAFNL L AFELL JAFFL] yAFRLI2,WRL,WC1,WN14PIRCOS550
4WP24WEC24CBL4CLY4CPL4CR2,CC24CN2¢CBICCIZCNIGCLoGDL4GFLGC2,6D2, PIRCNSHO
SCF2yCF29CG29GCH29G1296GJ2¢GC3eGN34GF3,GF3,GG3,GH3 GT3,CJ3,GK3,5L3, PI2COSTO

B= 21




6CV3,CN3,GP3,GC49yGN4y GE49CF4 +GG49GH4+GI4¢GJ4+GK49GL4L49GCS9yGN59GFS, PIRCNSAOD

; TCFS5,665,CFTTAR({11),PFTTAB(11) PIRCO590
b COMMON /CSTPRV/ CBLC ¢CBMC CCASEsCCFUCCL 9yCCM,CCOMI CCCML,CCCMM, PIRCNGEND
{ 1 CCONT, CCRDyCERFU,CEBRD4yCETJY,CEXIN,CGFUoCGRD, PIRCO610
: 2 CGTyCGTOTL,CIGN,CIRJFU, CIRJRD, CLFyCLFL yCLGGo,CLI,CLM, PIRCODK20
1 3 CLRFUSCLRRDyCLRT,CLTC yCLTP4CMyCMGGyCMMoCMTC,CMTP, PIRCOAK30
4 CMV,CMNZ,CNRJFU, CNRJRD, CP,CPAFI yCPENG yCFL,CPLC, PIRCO640

§ CPMFGLCPMFGM, CPOA,CPRyCPRCyCPSyCPSMGGCPSN2,CPSRAM,CPSSGG, PIRCNAKS0

6 CPTOOL yCRAFIsCRDEV,CREG,CRENGyCRFTO,CRJC yCRMFGL CRMFGM, CRQA, PIRCO6K0

7 CRTOOL yCSAyCSRFU,CSRRD,CSRTsCToCTAFI +CTCCTEB . TIRJ,CTIFU, PIRCO6TO

8 CTJLF, CTULFLL,CTJIRD,CTYT, CTLyCTM,CTNRY,CTP ,CWH,CWHFI),CWHR, PIRCO6KRD

9 CBOOC, CRPSyCPFU,PROFPR yPRFUAF ,PRRAF yCCLByCCMBo,CTCR,CLIB,CNO?B, PIRCO690

A CPRB,CPLB,CIGNB,CSAB,PROFEX PIRCOTOO
NAMEL IST /FRRPRT/ CTL9CTMyCT4CEXINJCGT yCREG4CMV,CPSN2,CPSSGG,y PIRCOT710

1 CPSMGGyCPSRAM, CLFyCLFL,CBLC,CBMC,CLI,CNOZ,CPRCoCPLC,CIGNyCSA,y PiaCn720

2 CBOCC,CIRJFU, CIRJRD,,CTIRY,CPS PIRCNTIO
CFTU=CFTTAB(MATTK) PIRCO740
PFTU=PFTTAB(MATTK) PIRCOT50
1=CASFM PIRCO760
CFCASU=CFTTABI(I) PIRCOTT70
PFCASU=PFTTAR(I) PIRCO780

IF (CFY .NE. 0.) CFTU=CFTY PIRCO790

IF (PFT .NE. 0.) PFTU=PFY PIRCO8O0O

IF (CFCASE JNE. 0.) CFCASU=CFCASE PIRCO810

IF {PFCASE o.NE. 0.) PFCASU=PFCASE PIRCOR20

1 CTL=1.059%PRTAL*PRIB1#CF TUSWTANK*2PRIC] PIRCO8B30
2 CTM=1,.059%PRI A2*PRIB2*PF TUSWTANK®*PR IC 2 PIRCO0840
3 CT=PRIA2%{CTL+CTM)+PRIB3 PIRCORSO
CEXIN = 0.0 PIRCO860

IF ( VEXIN .EQ. 0.0 ) GO TO 9691 PIRCO8TO

4 CEXIN=1.1%*PRIA4*PR IB4* (PRIC4/VEXIN) PRI D4 *VEXIN+PRIF4 PIRCO88O
99¢1l CONTINUE PIRCOB90
IF(KFM.NE.1) GO TO l0CO PIRCOQ00

5 CCT=1.059%PRIAS*PR [RS*VRFQ**PRICS5/1000. PIRCOQ10
6 CREG=PP 1AG6 PIRCO0920
7 CMV=PR [ AT PIRCO930
8 CPSN2=PRIAB%(CGT+CREG+CMV)+PRIBS PIRC0940
10CO0 IF(KFM.NE.3) GO TO 2000 PIRCO9S50
S CPSSGG=1.1¢PRIAG*PRIBI*(PRICIO* (PRIDI/GGHW) **PRIEI*GGH+PRIFI)+PRIG9 PIRCD960
2000 IF(KFM _ NF.Z) GO TO 3000 PIRCO9T0
1C CPSMGG=PRIALC PIRCO9RO
30C0 IF(KFM NE.4) GO TO 40CC PIRC0990
11 CPSRAM=1,1%PR IALI*(PRIBL1*(PRICLI14PRID1]1*HPPUMP)-PRIELL*HPPYNMP PIRC1000
1 #*PRIF11)+PRIGI1I1 PIRC1010
4CCO CCONTINUE PIRC1020
cPS=0, PIRC1030

IF (KFM .FQ. 1) CPS=CPSN2 PIRC1040

IF (KFM LEQ. 2) CPS=CPSMGG : PIRC1050

[F (KFM .FQ. 2) CPS=CPSSGG PIRC1060

IF (KFM .FQ. 4) CPS=CPSRAM PIRC1070

12 CLF=PRIAI2*PR IB12*% (PR IC 12/WTFUEL )**PRIDLZ2*WTFUFL/1000 .+PRTF12 PIRCLOBO
13 CLFL=11*PRTAL3*PRIBL3*(PRICI3/WTFUFL) **PRIDI3*WTFUEL*PRIFL] PIRC1090
14 CRLC=1.1%PRIA14%PR [R14*CFCASUS (PRICL14/WMC) *xPRINL4*WMCH+PRIF 14 pIRC1100
15 CARMC= 1. 1*PRIAIS5%PR IR 15¢PFCASU*(PRICLS5/WMC) *%xPRIN15S*WNC+PRIF]1S PIRCILI1O
16 CLI=L.L*PRIA1E*PRIBLE*(PRICLO/VAL)I**PRIDLIG*VRI+PRIFELAL PIRC11.20
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17 CNOZ=1,1*%PRIALT*PRIR17* (PRICL1T+PRID1LT7%*2, *RS+PRIEL17#%Y])*NCZWY PIRC1130

1 +PRIF17 PIRC114N

18 CPRC=PRIAL18*PRIR18/1000.%*(PRICL18/MP)**pPRID1B*MP+PRIEILSB PIRC1150

19 CPLC=1<1%PRIALO*PRIR19%(PRIC 19/MP) *%PRID]19*MP+PRIF 19 PIRC1160

20 CIGN=PRIA20 PIRC1L1T70O

21 CSA=PR[A21 PIRC11R0

22 CRONC=PRIA22*% (CBLC +CBMC +CLI+CNOZ¢CPRC+CPLC+CIGN#CSA)+PRIR22 PIRC1190

23 CIRJFU=PRIA23%( 1. +PRJCI®(1.15*PRIB23*(CT+CFEXIN+CPS+CLF+CLFL+CRCOC)PIRC1209

1 +PRIC23) PIRC1210

CPFU=CIRJFU PIRC1220

PROFPR=CIRJFUSPRJIC/( 1.+PRJIC) PIRC1230

26 CIRJRD=(1.+PRJC )*PRIAE*(PRIB26%1.184%PRID26*NC OM+ FRIC26) PIRC1240

CRPS=C IRJRD PIRC1250

27 CTIRYJ=C IRJFU+CIRJRD PIRC1?260

CTL=CTL*PR A 22 PIRCl270

CTM=C TM*PR IA 23 PIRC1280

CT=CT#*PRIA22 PIRC1290

CEXIN=CEX IN®PRIA23 PIRCL1300

J CGT=CGT*PR IA23 PIRC1310

‘ CREG=CREG%PRIA23 PIRCL320

CMV=CMV#*PR [A23 PIRC1330

CPSN2=CPSN2*PRIA23 PIRC1340

i CPSSGG=CPSSGG*PR 1A23 PIRC1350

' CPSMGG=CPSMGG*PR[A23 PIRC1360

CPSRAM=CPSRAM®PRIA23 PIRC1370

| CPS=CPS*PRIA23 PIRCI RN

I CLF=CLF*PRIA23 PIRC1390

| . CLFL=CLFL*PRIA23 PIRCL400

| CBLC=CBLC*PR[A23 PIRCL1410

| CeMC=CBMC*PRIA23 PIRC1420

E CLI=CLI*PRIA23 PIRC1430

| CNOZ=CNOZ*PRIA23 PIRC1440

i CPRC=CPRC*PR[A23 PIRC1450

i CPLC=CPLC*PR[A23 PIRC1460

| CIGN=CIGN*PRIAZ23 PIRC1470

| CSA=CSA®PR [A23 PIRC1480

E ceNNC=CROOC*PRIA23 PIRC1490

| IF (IPRCST .NE. C) WRITFE (64ERRPRT) PIRC1500

i RETURN PIRC1510

i END PIRC1520
|
|

SUBROUT INE PNRCST PNRCDD 10

C PNRC0O020

C NON-INTEGRAL RAMJFT SUSTAINER PROPULSION COST PNRCO00130

C % PNRCOD4D

REAL NOZWT,MP PNRCOOSO

L | COMMON /ZZOMVL S/ WTANK oVF XTI NgVREQ GG We-APPUMP yWT FJELJWCCMM,VCOMI, PNR CNO6K0

E | 1 RSeY1eWNDZ KFMoMATTK oA oDCOMaWMC o, VBT oD THRT yRNNZT yNCZWT o MP,C ASFM, PNRCONTO

2 FNET o WToWF s FMAX 9SeT4oME TTU9ZXNB oDy WM,FC yPPEAK,BSPoADFToCA,WCS, PNRCOORD

3 WWHoWTCoWTP gWGG o WSC o WLV gVG T o WO, WP yDP s WN¢METAL ¢ NCCNFG PNRCONON

COMMON /CNSTIN/ PRIALSPRIA2,PRICoPRIAZLPRIB3,PRIA&L,PRIF4,PRIAS, PNPCNHLO0O0

1PRIAG,PRIAT,PRIAE,PRIBByPRIAG,PRIGIyPRIALO,PRIALLPRIGLI]I,PRIA12, PNRCOLLN
2PRIBL24PRTIELZ2yPRIAL3,PRIFL34PRIALG,PRIEL14,PRIALS,PRIF15,PRIALG, PNRFOY20
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3PPIF16,PRIALT,PRIFLT7,PRIAL8B,PRIBR18,PRIELB,PRIAL9,PRIEL9,PRIA20, PNRCO130
4PRIA21,PRIA22,PRIR22,PRIA23,PRIB23,PRIC23,PRTA24,PRIC24,PRIA25, PNRCO140
SPRIR2S,PRIA269PRIR26,PRIC269PRNAL yPRNA2 ,PRNA3 ,PRNR3,FRNA%4, PRNE4, PNRCO150
6PRNAS,PRNAGy PRNA7,PRNAB,PRNBB,PRNAG, PRNGI s PRNALD ¢ PRAALL yPRNGL] PNRCO160
TPRNAL 2, PRNB12,PRNE12,PRNA13,PRNF13,PRNAL14yPRNFE14,PRNALS ,PRNALG, PNRCOLT0
8PRNA17,PRNA1R+PRNB1R,PRNAL19,PRNB19,PRNC19,PRNA20,PRNC20,PRNA21, PNRCO120
9PRNB21yPRNA22¢PRNB22,PRNC22,PLPC 4PLALPLA3,PLR3,PLAG,PLAG,PLAS, PNRCO190
APLB8,PLA9,PLA11,PLBL1,PLAL3,PLB13,PLC13,PLD13,PLAL4,PLD14,PLALS, PNRCN200
BPLB15+PLELS,PLF15,PLALEyPLELG6yPLALTPLAL8,PLBL8,PLC1B,PLAL19,PLA20,PNRCO210
CPLR20,PLA21,PLB21,PLC21,PTAL4PTD],PTA4sPTB4 ¢sPTAS 4PTB5,PTES,PTA6, PNR(C0220
CPTE6sPTATPTBT,P TCT7yPTJC 4PTAB,PTD8,PTA9,PTR9,PTAL10,PTB10,PTC10, PNRC0O230
EPFA3,PER3,PEA4,PEE4,PEAS,PEFS5,PEALIPEBEYPEEGHPEAT . PEET ,PEAS  PFA9, PNRCD240
FPEALOyPER1CyPECL104PEALL1,PEBLLL,PEELL,PEBC,PSPC,PSA3 yPSP3,PSA&4PSEL,PNRCO250
CPSAS,PSF5,PSA6,PSF6,P SG69PSAT yPSFT74PSAB,PSA9,PSAL0+PSR10,PSC10, PNRCN 260
HPSA11,PSB11,PSEL11,CFT,PFT,CFCASE PFCASE,CFC,PFC,CFVM,PFM, IYEAR PNRC0270
COMMON /COSTIN/ PRIB1+PRICLsPRIB2yPRIC2 yPRIB4yPRIC4yPRING,PRIPS,PNRCO281D
1PRIC54PRIB94PRICS4PRINS,PRIE9,PRIF9,PRIBL1L,PRIC11,PRID11,PRIELLl, PNRCO290
2PRIF11,PRIC12,PRID12,PRIB13,PRIC13,PRID13,PRIB14,PRIC14,PRIDI14, PNRCN 300
2PRIB15sPRIC15,PRID15,PRIBL164,PRICL16,PRID16,PRIBLT,PRICL1T,PRICLT, PNRC0O310
4PRIE17,PRIC184,PRID18¢PRIB194PRIC19+PRID19,PRIB24,PRNR],PRNCL,PRNR2PNRC0320
S9PRNC2y PRNB4 ) PRNC49PRND4,PRNBS,PRNC5,PRNB9, PRNC9¢PRNCI, PRNE9, PRNFIPNRC0330
64PRNBL1,PRNC11,PRNDLL1yPRNELLyPRNFLL,PRNC12,PRND]12,PRNB13,PRNC13, PNRC0O340
TPRND13,PRNB14yPRNC14,PRND14, PRNB1S5,PRNCL15,PRND1S yPRNB16 yPRNC16 PNRCO350
BPRNDLG6yPRNBLT7+PRNC17,PRND17yPRNELT7¢PRNB20,PLBL ¢+PLCL1,PLA2,PLRB2,PLRB4PNRCO36D
9y PLC4yPLAS,PLBS,PLB6,PLCE4PLAT,PLBT,PLB9,PLCI+PLALO,PLBLO,PLAL2, PNRCO370
APLB12yPLBL14yPLC14yPLC1SsPLDL1S5,PLBL6sPLCL16,PLDL6WPLELY,,PLCLI,PTRL, PNRCN3RO
BPTC1,4PTA2,PTB2,PTA3,PTR3PTC5,PTDS,PTB6,PTC6H+PTD6oPTR8,PTCB4PEAL, PNRCO 290
CPFB1,PEC1,PEA2,PEB2+PEC2+PEB4,PEC4PEN4 ,PEBS yPECS, PFDS, PEFES,PEC6, PNRCO400
CPED6,PEBTIPECT,PEDT,PEC11,PEDL11,PSAL +PSBL yPSC1+PSA2,PSB2,PSC2, PSB4PNRCO410
EyPSC4 4P SD4+yPSBS9PSC59PSDS9ePSES¢PSB6 yPSC6 oPSD6 yPSES o PSBT yPSCT,PSDT7, PNRCO420
FPSE7,PSC11,PSD11,PRND22,PLD21,PLE21,PTD10,PTEL1O0,PRID26 PNRCN430
COMMON /COSTIN/ PROFIT,QD4RyAFAL yAFBLl,AFCl,AFD1,AFI1,AFA2,AFR2, PNRCO440
1AFG2. AFA3,AFB3yAFG3,AFA4 ¢AFB4,AFC4 ¢AFD 4 ¢AF J4 3 AF AS » AFRS5 4 AFC59 AFHS, PNRC0O450
2AFA6,AFR6y AFG6oAFAT,AFCT,AFDT,AFAB,AFRB84AFC8,AFD8, AFI8,AFA9, AFR9, PNRCO460
3AFC9,AFD9,AFJ9,AFAL10,AFB10,AFC10,AFH10,AFALL JAFB11 yAFG1l1,AFAl2, PNRCO470
4AFC124AFD12yAFA13,AFB13,AFC13,AFAL4,AFB144AFC14 KFUZE WAL, WEL4WF]1,PNRC0O48B0
SWA2¢ WC2yWE2¢KGAINsCA1,CEL+CF14CA24CE2+CF24CA3,CE3,CF3,GA1,GB1,GF1,PNRC0O490
EKLF64KGT69KSTAByKAGATE yNCHANy KSGATE GA2,6B2,GK2yGA3,GR3,GQ3+GA4, PNRCO500
TCPR&4y CM4, GASy CBS yGHS5 yKG o+KC oKW 9KA 9 KP yIGTYPE g ICTYPE o [ PRCST PNRCOS510
COMMON /COSTIN/ AFE14AFF1,AFGl,AFH1,AFC2,AFN2,AFF2,AFF2,AFC3, PNRC0520
1AFC3,AFE3, AFF3, AFF4yAFF4yAFG4 ¢AFH4AF14,AFDS AFES, AFFS, AFGS,y AFC6, PNRCO530
2AFD6yAFF6yAFFE, AFR 7, AFFRAFFB,AFG8 yAFHB yAFF9 ,AFF9, AFG94AFHI, AF I9, PNR(C0540
3AFC10,AFEL10,AFF104AFG104AFC11 yAFDL1 yAFEL11,AFF11,AFP12 yWBL4WCLyWN1, PNRCOS5S0
4WP2,wC2,CR1,CC1,C01,CB2,CC2,CD2,CB3,CC3,CD3,GC1,GN1,GEL,+GC2,GD2, PNRCN560
5CE2y CF2yGG2,GH29G1296GJ2yGC3¢6GD39GE34GF 3¢6G396H3,G13,GJ3,GK3,GL3, PNRCOS70
éGM3,GN3,0P3,6GC4,CN4,GES, GF4.GP4.GH6'GI4.GJ6.GK6oGLﬂpGCSvGDS.GFSo PNRC0OS580

TCFS5,GG5,CFTTAB(L1)PFTTAB(LL) PNRCO590
COMMON /CSTPRV/ CBLC,CBMCoCCASEZCCFU,CCL,CCMCCCMIoCCOML,CCOMM,  PNRCO600
1 CCONT,CCRN,CERFU,CEBRN,CETI4CEXIN,CGFULCGRN, PNRCN610
2 CGT,CCTNT,CIGN,CIRJFU, CIRJRD, CLF sCLFL oFLGG,CLT CLM, PNRC0O620
2 CLRFUSCLRRN 4CLPT,CLTCCLTP,CMyCMGG4CN¥¥,CMTC,CNT P, PNRCO& 30
4 CMV,CNNZ, CNRJFU, CNR JRD, CPyCPAFT o CPENG o CFL4CPLC PNRCO640
5 CPMFGLyCPMFGMy CPOA,CPRyCPRCyCPSCPSMGG oCPSN2,CPSRAM,CPSSGE, PNRCO650
6 CPTNOL (CRAFI,CRNEV,CREGyCRENG,CRF TN4CRJC yCRMEGL ¢ CRVEGW,CROA, PNRCOAED
7 CRTONL yCSAyCSRFUGCSRRDGCSRTyCToCTAFT 4CTC o€ TER,CTIRY,CTIFU, PNREOKTO
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€ CTJLFy CTULFL,CTURND,CTYT,

& CPRB,CPLB,CICNR,CSAB PROFEX

NAMEL IST /ERRPRT/ CTL CTM4CT,CFXINCGT CREGyCMV,CPSN2,CPSSGG,
1 CPSMGG,CPSRAM,CLF+CLFL,CCOML ,CCOMM,CC OMI ,CNOZ,CRJC,CNRJFU,

2 CNRJRDyCTNRJ,CPS
CFTU=CFTTABR(MATTK)

PFTU=PFTTAB(MATTK)

1=CAS EM

CFCU=CFTTABI(I)

PFCU=PFTTAR(I)

IF (CFT .NE. 0.) CFTU=CFT

IF (PFT .NE. O0.) PFTU=PFY

IF (CFC .NFe. 0.) CFCU=CFC

IF (PFC .NE. 0.) PFCU=PFC
CTL=1.059%PRNAL1*PRNB1*CF TUSWTANK®*PRNC 1
CTM=1.059*PRNA2*PRNB2*PF TU*WTANK**PRNC 2
CT=PRNA3*(CTL+CTM)+PRNB3

CEXIN = 0.0

IF { VEXIN .EQ. 0.0 ) GO VO 9991

CEXIN=1.1%*PRNA4*PRNB4* (PRNC4/VEXIN) **PRND4*VEXIN+PRAF4

CONTINUE

IF(KFM.NE.1) GO TO 1000
CCT=1.059%PRNAS*PRNBS*VREQ**PRNC5/1000.
CREG=PRNAG6

CMV=PRN A7
CPSN2=PRNAB*(CGT+CREG#CMV)+PRNBS
IF(KFM.NE.3) GO YO 2000

CPSSGG=1.1*PRNAG*PRNBI*( PRNCI* (PRND9/GGW) $*PRNEI *GGW+PRNF9 ) +PRNGS

IF(KFM.NE.2) GO TO 3000
CPSMGG=PRNA1O
IF(KFM.NE.4) GO TO 4000

CPSRAM=1.,1%*PRNAL 1% (PRNBL11*#(PRNC11+PRND11#HPPUMP)-PRNELL*HPPUMP

1 *%*PRNF11)+PRNG11

CONTINUE

C(PS=0.

IF (KFM .EQe. 1) CPS=CPSN2
IF (KFM .EQ. 2) CPS=CPSMGG
IF (KFM <EQe. 3) CPS=CPSSGG
IF (KFM FQ. 4) CPS=CPSRAM

CLF=PRN A12*PRNB12% (PRNC 1 2/WTF UEL ) **PRND12*WTFUEL/1000 .+PRNE12
CLFL=1.1*PRNA13*PRNB13*(PRNC13/WTFUEL)**PRND13*WTFUEL+PRNEL3
CCOML=PRNA14*PRNBL14*]1.1*%CFCU*(PRNC 14/ WCOMM) **PRND1 4 *WCCMM
CCOMM=]1,1*PRNALS*PRNB15*%PFCU* (PRNC15/WCOMM) **PRNDL S*WCCMM
CCOMI=1.1*%PRNAL6*PRNBL6* (PRNCL6/VCOMT ) **PRND16*VCONMT

CNOZ=1, 1*PRNAL7#PRNB 1 7*(PRNCL1 7¢PRNDL 7*RS¢PRNE1T7*Y1 ) *WNOZ
CRJC=PRNALB*(CCOML+CCOMM+CCOMI+CNC2)+PRNBL18

CNRJFU=PRNAL19*( 1 c4PRJCI* (L. 15%¥PRNARLG*(CT+CEXIN+CPS+CLF+CLFL+CRJC)

1 #+PRNC19)
CPFU=CNRJFU
PRNOFPR=CNRJFUSPRIC/(1.+PRJIC)

CNRJYRN=(1 +PRJC ) *PRNA22% (PRNB22% 1. 184%PRNN22*NCOM+PRNC22)

CRPS=CMNRJRD
CTNPJ=CNRJFUSCNR JRD
CTL=CTL *PRNALY

CTLyCTM,CTNPJ 4CTP yCWF,CWHFU yCWHR,
S CROOCy CRPSyCPFU,PROFPR ,PRFUAF,PRRAF,CCLB,CCMB,CTCR,CLIByCNCZR,

PNMRC0O680
PNRCN69N
PNRCOTO0
PNRCO710
PNRCNT20
PNRCOT730
PNR(OT40
PNRCOT50
PNRCIT76D
PNRCOTTO
PNRCOT780
PNRCOT790
PNRCOROO
PNRCO810
PNRC0820
PNRCOS8 30
PNRCOB4O
PNRCNBS0
PNRC0O860
PNRCOST70
PNRC0B880
PNRCO890
PNRC0O900
PNRCO910
PNRC09 20
PNRC0930
PNRC0940
PNRC0O950
PNRC0960
PNRCO970
PNRC0980
PNRC0990
PNRC1000
PNRC1010
PNRC1020
PNRC1030
PNRC1040
PNRC1050
PNRC1060
PNRC1070
PNRC 1080
PNRC1090
PNRC1100
PNRC1110
PNRC1120
PNRC1130
PNRC1140
PNRC1150
PNRC1160
PNRC1170
PNRC1180
PNRC1190
PANRCL 200
PNRCYI210
paNRCI 220
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CT=CT#PRNALS PNRC 1230
CEXIN=CEXIN*PRNALS PNRC 1240
CCT=CGT*PR]NA19 PNR(1250
CRFG=CR EG*PRNA19 PNRC1269
CMV=CMV*PRNA19 PNRC1270
CPSN2=CPSN2#PRNA19 PNR( 1280
CPSSGG=CPSSGG*PRNALQ PARC 1290
CPSMGG=CPSMGG*PRNALS PNR(C 1300
CPSRAM=CPSRAM*PRNALS PNRC1310
CPS=CPS*PRNA1S PNR(C11320
CLF=CLF*PRNA 19 PNRCI310
CLFL=CL FL *PRNA19 PNRC] 340
CCOML =CCOML *PRNA 19 PNRI 1350
CCCMM=CCOMM*PRNALS PMRC 1360
CCOMI=CCOMI*PRNA1S PNRC1370
CNOZ=CNOZ *PRNA19 PNR(C1380
CRJC=CRJIC*PRNA19 PNRCL390
IF (IPRCST «NE. O) WRITE (&4ERRPRT) PNRC 1400
RETURN PNRC1410
END PNRC 1420
SUBRNUT INE PTJCST PTJICOO10
PTJICON2N

TURBOJET PROPULSION COSY PY JC0N30

PT JCN040

REAL NOZWT ,MP PT JCOOSO

COMMON /COMVLS/ WTANK ¢VEXIN,VREQ yGGW ¢HPPUMP ,WTFUEL yWCOMM,VCCMI , PTJCO060
1 RSy YLy, WNN7 oKFMy MATTK gA yDCOMWMC VBT yDTHRT 4RNOZI NC7?WT 4y MP,CASFM, PTJCOOTO
2 FNET WT, WFy FMAX 3S yTA4oMETTUyZXNB Do WMeFCoPPEAK9BSP ¢ADFT 4 QA 4WCS » PTJCNON8O
2 WWHoWHTCoWTP ¢ WGG o WSC oy WLV o VG T o WO o WP yDP o WNo MET AL , NCONFG PTJCO09N

COMMON /COSTIN/ PRIAL1,PRIA2,PRJC,PRIA3,PRIR3 PRI A4,PRIF4,PRIAS, PTJCO100
1PRIAGyPRIAT,PRIAE,PRIBByPRIAG,PRIGI4yPRIALO,PRIALL,PRIGL1,PPIAL2, PTJYCoO1llo
2PPIBL12,PRIELZ2,PRIAL3,PRIELI3,PRIAL4PRIEL4PRIALSPRIELS,PRIALG, PTJCO120
3PRIF164PRIAL17,PRIF174,PRIAL18,PRIB18B,PRIF18,PRIALGPRIF19,PRIA20, oTYCN130
4PRTIA21,PRT1A22,PRIBR22,PRIA23,PRIB23,PRIC23,PRIA24,PRIC24,PRIA25, PTJCOL40
SPRIB25,PRIA264PRIR26yPRIC26,PRNAL ,PRNA2, PRNA3,PRNB3,PRNA%4,PRNE4, PTJCOLSO
6PRNAS, PRNAGy PRNAT,PRNAB,PRNBB, PRNA9yPRNG9yPRNAL1O,PRNALL PRNG11, PTJCO160
TPRNAL12,PRNR]L12,PRNF12,PRNA]13,PRNF 13 ,PRNAL4,PRNEL&4,PRAA]L1S,PRNALG, PTJCO170
B8PRNA17,PRNALB,PRNB1 8, PRNAL9,PRNB194,PRNC19,PRNA20,PRNC20,PRNA21, PTJCO180
9PRNB21yPRNA22,PRNB22,PRNC22 4PLPC PLAL,PLA3,PLB3,PLA4,PLAG, PLAR, PTJCO190
AP{BR,PLAG,PLALL1,PLBLL,PLAL3,PLBL3yPLCI3,PLD13,PLALSG,PLD14,PLALIS, PTJCO200
EPLR1S,PLF15yPLF 15,PLAL1E,PLEL16yPLALT,PLAL18,PLRLB,PLCIB,PLAL9,PLA20,PTYCO210
CPLB20, PLA21,PLB21,PILC21sPTALPTDLPTA% ,PTB4 4PTAS,PTRS,PTES,PTAG6, PTJCO220
CPYEGyPTATPTBT4PTCT,PTIC sPTABPTDB,PTAG,PTRI,PTALO,PTRL10,PTC10, PTJCO?230
FPEA3,PFP3,PFA4, PEF4+PEAS PEFS,PEAGIPERG yPEFEGWPEAT, PFET,PFAB,PEA9, PTJCD240
FPFA10,PEB10,PEC1CyPEALL,PEBLL,PEFL]L,PEBC PSPC,PSA3,PSR3,PSA4LyPSFE&L,PTICN250
CPSASPSFS,PSAG,PSF6.PSGCEH9PSATPSFT,PSABWPSA9 ,PSAL1D ,PSBL10,PSC10, PTYCO260
FPSALL14PSBLL1yPSELLyCFTPFT,CFCASE yPFCASF4CFC,PFC,CFNV,PFM,]YFAR pPT Y0270

CAMMON JCOSTIN/ PRIBLyPRIC14PRIB2yPRIC2,PRIR4G,PRIC4,PRING,PRIRS,PTICN2RO
1PRICS,PRIAG,PRICG,PRID94PRIEF4PRIFI4PRIBLL,PRICLIL14PRICLI14PRIFL11l, PTJIr0290
2PRIF11,PRIC12+PRIN12yPRIRL3LPRICL134PRID13,PRIRL4,PRICLG4,PRINLG, PT JC0 300
2PRIRLS,PRICIS,PRINLS,PRIALGE,PRICLEGPRINDLIE,PRIPLTHPRICLTZPRICLT, PTycollo
4PPTFL74PRICLEyPRIDLIIZPRIBLGyPRICLGyPRINLIO,PRIR24 ,PPARL,PRNC]1,PRNR2PTHCNID0
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S+ PRNC2,PRNB4,PRNC4,PRND4,PRNBSsPRNC5sPRNB9yPRNCI s PRAD9 4 PRNEQ,PRNFGPT JC0O3 30
€yPRNRL11,PRNC114PRND11,PRNEL11,PRNF11,PRNCL12,PRNDL2,PRNBL3,PRNC13, PTJCO340
TPRND 13, PRNR14,PRNC14,PRND149sPRNR LS PRNC159PRNDL S5y PRNRL16 ¢PRNC16 o PT 4C01350
BPRND16yPRNAR] 74 PRNC17,PRNDLT7oPRNF17+PRNB20,PLBL 4PLCL,PLA2,PLP2,PLPR4PTYCO360
9yPLC4yPLAS,PLBSsPLBEWPLCEIPLATsPLBRT4PLB9,PLC9,PLALO,PLBLO,PLAL2, PTJCO370

#4_£2LB+%rPtPIQ—PtCl4ppLCIS.PLDlS PLBL6,PLCL6,PLD16,PLRL19,PLC19,PTPLl, PTJCO380

RPTC1,PTA2,PTR2,PTA3,PYR3, PTC5vPTDSvPTF6'PTC6'PYDG,P'BB PTC8,PFAl, PTJCO390
CPERL1PFC1,PEA2,PFR2,PFC24PFEB4PFC44PEN4,PFB5 ,PEC5,PEDS,PEES,PFCE, PTJCN4LOD
cprne.PEe7.Ptc7'PED7.PFcll.PEDII.PSA1.9SBl.PSC1.PSAZ.PSBZ.PSCZ.PSB#°TJC0410
EyPSC4yPSN4GyPSB5,PSC5,PSDS4PSESPSB6,PSCH,PSDEyPSEE yPSRT 9PSCT4PSNTHPTICO420
FPSET+PSC114PSD11,PRND22,PLD21,PLE21,PTD10,PTEL1O0,PRIN26 PTJCN43D
COMMON /COSTIN/ PROFIT,0D,R,AFAL,AFB]l JAFCL 4AFDL,AFI1,AFA2,AFB2, PTJCO44N
1AFG2,AFA3,AFB3,AFG3yAFA4,AFB4,AF C4 yAFD4 ,AF J4 ,AFAS5 ,AFBS5,AF(C5,AFHS5, PT JC0450
2AFA6+ AFR6 s AFG6,AFAT,AFCT,AFDT,AFAB, AFBR8,AFC8 ,AFD8 yAFI8,AFA9,AF RG, PTJC0460
3AFC9yAFC9yAFJ9,AFA10,AFR10,AFC10,AFH10,AFAll,AFBL]l ,AFGl1,AFALl2, PTJCO4&TO
4AFC12,AFD12, AFAL13,AFR13,AFC13,AFAL149AFB14yAFC14 yKFUZE ¢yWAL yWF1,WF1,PTJCO4ED
SWA2,WO24WE2)KGAINyCAL1oCEL1,CF1,CA2 CE2,CF2,CA3,CF3,CF3,GA21,GB1,CF1,PTJC0490
6KLF6yKGT6yKSTAB, KAGATE,NCHAN ;K SGATE yGA2 yGB2 yGK2¢yGA3,GB3,GR3,GA4, PTJCO500
TCR4y CM49GAS 9GBS 1GHS9KG oKC 9y KW ¢ KAy KP, IGTYPE o ICTYPE oI PRCST PYJCOS510
COMMON /COSTIN/ AFE1,AFFlAFGlyAFH]1,AFC2 yAFD2 yAFE2 yAFF2,AFC3, PTJCNS520
1AFC3,AFE3,AFF39AFE4,AFF4,AFG4 AFH4,AF] 4, AFD5,AFES ,AFFS,AFG5, AFC6y PTJCO530
2AFD6y AFEG) AFF6,AFBT,AFEBAFFB8,AFGByAFHBAFEQ,AFF9 4 AFG9yAFHI 4 AF 19, PTJCN540
IAFD10,AFEL1O09AFF104AFG10,AFC11 JAFDL11,AFELL4AFF11,AFR12,WRL,WCLl,4WC1,PTJICO550
4WB2,WC2,CB1,CC1,CP1,CB2+4CC24CN2yCB3,CC3,CD3+6C14GN1,GELl,GC2,GN2, PYJCNSKOD
SCF2y CF29GG2+GH2,G12,642,6C3,GD3,GE3,6GF3,663,6H3,613,G43,6K3,G6L3, PTJCO570
6CM3,GN3,GP3,GC4,GN4yGE4+sGF49GG4yGHS 3G 49GJI4yGK4 »GL4,GC5,GD5,GES, PTJCO580

TCFSyGGSCFTTAB(11) PFTTAB(11]) PTJCO0590
CCMMON /CSTPRV/ CBLC,CBMC yCCASEsCCFU,CCL,CCM,CCCMI yCCCML,CCCMM, PTJCoO600
1 CCONT,CCRCy CEBFUyCEBRDyCETJ,CEXIN,CGFUyCGRN, PTJCO610
2 CGTL,CGTNT,CIGNyCIRJFU, CIRJRD CLF4CLFLyCLGG,CLI,CLM, PTJCO0620
3 CLRFUyCLRRDyCLRT4CLTC 4CLTPyCMyCNGGoCMNyCMTC,y CMTP, PTJC0630
4 CMV,CNOZ +CNRJFU, CNRJRD, CP,CPAFI CPENG,CFL,CPLC, PTJC0640
S CPMFGL yCPMFGM,CPQOA,CPRyCPRC 4CPSyCPSMGG yCPSN2 yCPSRANM,CPSSGGy PTJC0650
6 CPTNOL y CRAFI4CRNFVCRFGyCRENG yCRFTO,CRJCy CRMFGL yCRMFGM,CRQA, PTJCO0660
7 CRTONL y CSAyCSRFUCSRRDZCSRT4CToCTAFI,CTCoyCTERyCTIRJ,HCTJIFU, PTJCO670
8 CTULFyCTIULFLICTURDICTIT, CTLyCTM;CTNRJYLCTP,CWH,CWHFU ,CWHR, PTJCO680
9 CBOOCyCRPSyCPFUsPROFPRyPRFUAF 4PRRAF ,CCLByCCMB+CTCR,CLIByCNOZB, PTJC0690
A CPRB,CPLB,CIGNB,CSAB,PROFEX PTJCO700
CIMENSION CFTARY(3),PFTARY(3) PTJCO710
NAMFL IST /FRRPRT/ CETJsCTLyCTMyCToCTILF,CTILFLLCTJFU, PTJCOT20
1 CTJRD,LCTJIT PTJCO730
CATA CFTARY/ 29 levle/ PTJYCO740
DATA PFTARY/.25792.5T141./ PTJCOTS50
CFTU=CFTARY(METTY) PTJCOT760
PFTU=PFTARY(MFTTJY) PTJCOT70
PTRIU=1,52 PTJCOT8BO
PTCIU=.6 PTJCOT90
IF (T4 6T, 2260.) PTRIU=S5.64 PTICOBLO
IF (CFT MNE. 0,) CFTU=CFT PTJC0O820
IF (PFT MNFe 0.) PFTU=PET PTJCOR30
I (PTB]1 NF, Oe) PTRIU=PTBI PTJCOR &GO
IF (PTC1 «NF, 0.) PTCL1U=PTC1 PTJCO085D
CETI=PTALI*P TR JULFNET®%PT( LU*1,222+PTDI PTJCO860D
CTL=1.059%P TA2*CFTUSWTx%P TR 2 PYJCORTO
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CTM=1,050#%PTA3%P FTU*RT**PTR 3

CT=PTA43(CTL+CTM)+PTRSL
CTILF=PTAS*PTRS*(PTCS/WF )*%xPTNS*WF /1000, +PTF5
CTILFL=1.1%PTA6*¥PTRL*(PTCH/WF ) *%xPTID6*WF+PTF6H

CYIFU=PTATR( 1 4P TYCI* (1. 15%PTR7* (CETI+CT+CTILF+CTILFL)I+PTCT)
CPFU=CTJFU

PROFPR=CTIFU*PTYC/(1.4PTJC)
CTJRP=PTALC*(PTRI(0*1.462%PTD10*FMAX**PTFLO+PTCL1O)*(1.+PTJC)
CRPS=CTJFD

CTIJT=CTIFU+CTIRD

CFTI=CFTY*PTAT

CTIL=CTL*PTAT

CTM=CTM*PTA7

CT=CTY*PTAT

CTILF=CTJLF*PTAT

CTJLFL=CTJLFL*PTAT?

IF (IPRCST NF. C) WRITE (64FRRPRT)

RETURN

END

PT Ir088N0
PTJCOR90
PTJC0900
PTIC0910
PTUC0920
PTJCO930
PTJCNG94)
PTJCO95)
PTJCO960
pPTICNITN
PTJCO980
PTJ 0999
PTICLINOD
PTJC1010
PTIC1L020
PTJC1030
PTJC1040
PTJC1050
PTJC1960




MODULE
CQST
AAICST
GUCQ@ST
CTCQ@ST
WHCQ@ST
PLRCST

PEBCST
PSRCST
PIRCST

PNRCST
PTJCST

Table 1. Module Index

COMMENTS
RCM Executive
Airframe and Integration Cost
Guidance System Cost
Controls System Cost
Warhead Cost

Liquid Rocket Sustainer System
Cost

External Booster System Cost
Solid Rocket Sustainer System Cost
Integral Ramjet System Cost
Non-Integral Ramjet System Cost

Turbojet Sustainer System Cost

(reverse side blank)




