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FOREWORD
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and comp leted under  Captain  W . A . Greene , USN . Chief , Long Rang e
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ABSTRACT

The SEATIDE A n a l ys i s  Process  is a s e m i - a u t o m a t ed

procedure  for  the gene ra t i on  of t i m e - p hased , h ig h va lue  c r u i s e  m i s s i l e

weapon s y s t e m s  concep t s . t o g e th e r  w i t h  the s u pp o r t i n g  t e c h n o l o g y  and

intel l i gence  ind ica to r s  w h i c h  would  r e f l e c t  tha t  t hese  t e c h n o l o g i cal goals

are being ach ieved .  The SEATLD E process  can also be used to eva lua te

the e f f ec t iveness  of fixed f o r c e  levels , e x i s t i n g  fo rces  in SAL envi ron-

ments , or Naval defenses .

The Defense I n t e l l i gence  A g e n c y ,  t h r o u g h i t s  D i r e c t o r a t e

of Es t ima tes , and The Advanced  R e s e a r c h  P ro j ec t s  A g e n c y  ( A R P A )  have

sponsored  the  devel opment  of th is  compute r  based anal ys is at t h e we a pon

sys tem and Naval  f o r c e  s t r u c t u r e  level . A p r e v i o u s  p rocess , RIPTIDE ,

was developed f o r  DIA for  use in anal ys i s  of s t r a t eg ic m i s s i l e  s y s t e m s .

Gener ic  to the SEATIDE Anal ys i s  Process  are  t h r e e

major  c o m p u t e r  models :  The Naval Engagement  Model  ( N E M ) .  C r u i s e

Miss ile Concep t  Gene ra t ion  and Sc reen ing  Model  ( C M - C G S M )  and R e l a t iv e

Wor th  Model (R WM ) .  The NEM evaluates f o r c e  e f f e c t i v e n e s s , t a c t i c s , and

task fo rce  conf i g u r a t i o n s ;  the CM-CGSM enables  d e f i n i t i o n  and s e t e - ’t i o n

of candidate ,  advanced c ru i s e  m i s s i l e  sys tem c o n c e p t s ;  and the RWM per-

mits assessment  of w o r t h  in accordance  wi th  a va r i e ty  of o bj e c t i v e  and

subjec t ive  c r i t e r i a .  Each of these  mode ls  has been checked  out  by DIA.

In add i t ion  to exe rc i s ing  the c o m p u t e r  mode l s , t h e r e  a re

several other  anal yt ica l  and engineer ing  tasks to be p e r f o r me d , e. g. , the

iden t i f i ca t ion  of areas of c u r r e n t  in t e res t  and the associated c r i t e r i a  and

potential  concepts , the c rea t ion  of a fo re i gn t echno logy  data bank in a

fo rmat  needed b y the compute r  models , the e n g i n e e r i n g  of concepts  to

the required deta i l , and the use of a ve r i f i ca t i on  anal ys i s  loop.
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3. CGSM T~~P LEVEL FL~~W

The CGSM top level flow is d iagram m ed in F i gu r e  II - 10. The

use and funct ional  steps of the CGSM are as follows-

(a) The user  selects sets of basic var iables  and NAMELIST

con stant s defining the payload , wings , t ’ i l s , inle t s ,  air-

f rame , propulsion sys tem , and t r a j e c t o r y  p r o f i l e .

(b)  Baseline wort h and wort h derivatives are computed f r o m

output of the Naval Engagement  Model ( N E M )  and are

input along with the data in (a ) .

( c )  The CGSM sizes , des igns , and packages the p ropu l s ion

s y st ems , pay load , aerodynamics , and control  s u r f a c e s

to determin e concept total weig ht. The model then  f l ies

the missile th roug h the requi red t r a j ec to ry  prof i le  to

compute its overall range and cruise range. Next the

CGSM logic computes relative wor th  of the concept .

(d)  The CGSM stores selected data for  each concept as it

is generated , and re t r ieves  those data dur ing  the screen-

ing step. The model sc reens  all concept s to dominance

levels using relative wor th  ve r sus  relative cost .

During the CGSM generation steps , all basic  variables , an d fu rthe r more ,

all candidate concept s which pass certain built-in p e r f o r m a n c e  and s izing

constraint s , are con sidered to be of equal credibili ty.  However , the

CGSM method of using all permutations of the basic var iables  set may

result in some mismatches of design or per formance  p a r a m e t e rs :  that

is , may result in some non- optimum conf igura t ions .  The re is , t h en ,

a need to screen the generated configurat ions and isolat e those which

dominate , or which best satisf y mission and design objec t ives .

II — 1 3
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3. 1 Executive Methodology

The CGSM executive logic links togethe r the major  design ,

s i z ing ,  and per formance  models by coordinating all t he i r  input , output ,

and int e rnal communication requ i rements .  The execut ive inc ludes  many

special purpose steps such as w o r t h/ c o s t / s c r e e n i ng operations , basic

variable selection logic , an d boos t er ~ V i terat ion logic s teps .

3. 2 Cost and Worth Methodology

The Naval Engagement  Model (NEM ; see Volume h A )  computes

Red ve rsus  Blue kill f o r  selected scenar ios .  The CGSM use r  reduces the

kill data to baseline wort h and to tables of wort h with respect  to c ru i s e

miss i le  des ign /pe r fo rmance  pa ramete r s .  CGSM wor th  p a r a m e t e r s  in-

clude accuracy  (CEP) ,  maximum range , fo rce  size , flig ht r e l i ab i l i ty ,

warhead  weig ht , cruise phase r ange /a l t i t ude /ve loc i ty ,  and run- in phase

range/alt i tude/ve loc i t y. Wo rth for  each generated missi le  concept is

computed in the WORT H module using the relationship:

W CONCEPT 
= WBASELJNE + 

~~ l 
~~~~

whe re ~~W . is the change in worth with respect to the 1
th 

pa rame te r .

Thi s “ relative ” wo rth is computed for  each missile du r ing  concept  gene-

ration and is used to screen the various conf igura t ions .

Relative cost of each missile concept is computed in the Relat ive

Cost Model ( R C M ) .  The RCM computes RDT&E cost , f i r s t  unit produc-

tion cost , and total cost.

Concept screening is executed b y the S~~RTCM module in t e r m s

of relative worth versus cruise missile cost. Concept s are sorted int o

dominance levels and are arranged in order of increasing cost within a

g iven level.

II — 1 5



3. 3 A E R O D Y N A M I C S  METHODOLOGY

The A e r o d y n a m i c s  Model is desi gne d to p rov ide  the aerod y n a m i c

p a r a m e t e r s  r e q u i r e d  b y the CGSM for  the gene ra l  so lu t ion  to the c r u i s e

miss i le  s y n t h e s i s  problem. The c o e f f i c i e n t s  r e q u i r e d  f o r  p e r f o r m a n c e

ana lys i s  (C L . C D
) a re the p r i m a r y  output ;  howeve r , cer tain e lemen t s of

t he pi tch and roll c h a r a c t e r i s t i c s  of the conf i g u r a tion a re  also computed in

the model. Bas ic  f o r c e  c o e f f i c i e n t s  and p i tch  plane aero dy n a m i c  de r iva t ives

a re  co mputed as a f u n c t i o n  of v e h i c l e  g e o m e t r y ,  f l i g ht c o n d i t i o n s , and

cen t er o f gravit y loca t ion .  F o r c e  c o e f f i c i e n t s  (C L, C D
) a r e  r equ i r ed  fo r

m i s s i o n  p e r f o r m a n c e  anal yses  in the Veh ic l e  P e r f o r m a n c e  Model.

The model computes aerod ynamic coefficients of each element of

the configuration and combines these elements along with appropriate

i n t e r f e r e n c e  f ac to r s  into a d e s c r i pt ion of the comp lete con f i l~u r a t i o n

ae r ody n a m i c s .  Component  d rag  c o e f f i c i e n t  is computed as a f u n c t i o n  of

both Mach number and altitude , because of the dependency of skin friction

dr ag on alt itude , wh ile cu rve  slope is computed as a f u n c t i o n  of M a c h

number only. The general procedure for this is diagrammed in Figure

11- 11 . The analysis is limited to the linear angle-of-attack region , to Mach

n u m b e r s  f r o m  0 to 5. 0, and to al t i tudes below 100 , 000 fee t .  Componen t

d rag  is compiled f r o m  skin f r i c t i o n  d rag ,  nose p ressu re  d rag, a f terbody

p r e s s u r e  d rag ,  base dr ag , w i n g / t a i l/ i n l e t  drag ,  and induced  d r ag .  Li f t

is comp iled f r o m  nose and cy l ind r i ca l  sec t ion  l i f t , boattail  l i f t , w in g /

tail l i f t , and inlet l ift .

II- 16



SECTION III

CGSM INPUTS

1.0 INPUT DATA DESCRIPTION

Input to the CGSM cons is t s  of a p u n c h e d - c a r d  deck c o n t a i n i n g  a

mixture of formatted data tables and NAMELIST lists. This section d i scusses

each table and NAMELI S T l ist , def ines  all l i s t / t ab le  i tems , and d i scusses  l is t

options and applications.

Formatted input falls into two types.  A format ted  “basic var iab les ”

table is provided to allow synthesis of multiple missile desi gns in a given CGSM

case. As few as 1 or as many as 16 values can be input t h rough  that table fo r

as many as 17 basic variables , and a missi le  will be syn thes ized  for  each

permutation of the sets. If a s ing le value is input for  each basic  var iab le ,

the CGSM will synthesize  a s ing le missi le  for  each case. Bas ic  var iab les  a re

useful  in generat ing data for t rend anal ysis .  A second type o f for matted data

input ~s provided for  convenience in loading ramjet  inlet maps and ramjet

fuel decks. Those data tables may be loaded as NAMELIST data (see Section 3. 10)

below or as formatted decks.

NAMELIST input to the CGSM is grouped accord ing  to f u n c t i o n  to

reduce the size and complexity of the data deck. NAMELIS T input va r i ab l e s

have pres tored values which will be used unless the var iables  a re  r e f e r e n c e d

in the input deck. A supervisory  NAMELIST (SUPER) is provided to ease

input requirements  for stacked cases.  That list conta ins  a n u m b e r  of f r equen t l y -

changed variables f rom all synthesis specialty areas .

The CGSM executive is programmed to accept the data tables and

NAMELIS T lists in any order  within the card  input deck for  a g iven case .

That self-loading fea ture  is based on input of a uni que “ZIP code ” con t ro l

card with each table or list. That ZIP code is tested in the executive and

used to route to the REA D statements required for each table or NAME I  1ST .

The complete set of ZIP codes is presented and def ined  in Fi g u r e  I l l - i .  The

cards  are  formatted aø follows :
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Column Parameter

1-4 “ZIP”  must  be punched in columns 1-3
with column 4 blank (A4) .

5-10 These columns conta in  the actual  ZIP
code (312).

11-20 Auxiliary control variable used to control
input of inlet and fuel decks ( 110).

21-40 Specialized control  parameters  not used
in the CGSM (4 15).

41-80 Optional comment space ( l O A 4 ) .

Labeling and classif icat ion cards are provided as input for  each

case. The classification card is used to input a message which is pr in ted

at the top and bottom of each page of printed output. The labeling card  is

used to input a message which is printed at the top of each page of p r in ted

output. Those cards have the following format:

Column Parameter

1 Blank ( 1X)

2-80 Classif ication or labeling message ( 19A4 , A3)

Du r ing CGSM execution, functions assigned to a specif ic ZIP code

are initiated as soon as that ZIP card is executed , and those are  comple ted be fore

another ZIP card is considered. The sequence of ZIP and data cards , th en ,

determines the orde r of execution of the problem. A typical data deck is

illustrated on Figure 111-2 , and contains the following card sets :

Set A The f i r s t  card of each data deck is always a secur i t y
classification card. Data punched in the 80 columns
of this card are printed at the top and bottom center
of each printed output page during execution. This
card must also follow each ZIP 1 card.

Set B The second card of each data deck is called the
PCODE card and is used to label the problem.
Data punched In the 80 columns of this card are
printed at the top of each printed output page dur ing
execution. The PCODE card is also updated a f t e r
each ZIP 1 command. If columns 1 throu gh 4 are
left blank, the card Image print  of the input deck
Is suppressed.
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Set C The third and succredin ,~ card8 of the data h -  I~
include all NAMELIST input lists (ex. ept SUPER),
a bas i c  v a r i a b les l i s t , and  t a b u l a r  data .  Each
in put data l is t  must  be p receeded  b y i ts  a p p r o p r i a t e .
ZIP code ca rd .  The o r d e r  in w h i c h  th ese l is ts  a rc
input may be v a r i e d.

Set D A s ing le ZIP card  followed b y the SUPER ‘N A M ELLS I
l ist  i n i t i a t e s  concept  g e n e r a t i o n .  A c o m p a t i b i l i t y
ma t r i x  m a y  be inserted after the ZIP card b~ t
before SUPER.

Set E A single ZIP card followed by the NAMSCR NA M E L I S T
list initiates concept screening.

Set F Multi ple cases may be executed  in a sing le problem .
Card sets C through £ are repeated for each case
as required. Cards A and B are also required if a
ZIP 1 is used.

Set C A ZIP 10 card  t e r m i n a t e s  the Jc~ B when all p rob lr ’ rn s
are completed.

All tables and NAMELIST lists are defined in this section. A basic variables

table and SUPER NAMELIST a re  r equ i r ed  f o r  all cases , r e g a r d l e s s  of the

availability of p restored  data .  All o ther  l is ts  a re  r e q u i r e d  onl y if t h e i r  pre-

s tore d data are  unacceptable.  C e r t a i n  l i s t s  a re  r equ i r ed  onl y i f s p e c i a l i z e d

options a re  requested.

Input requi rements  a re  heavil y de pendent  on p ropu ls ion  sy s t e m

t ype. Available sustainer  types , and optional  boosters  avai lable  for  each

sus ta ine r , are  shown on Fi gure  111-3.

Liquid and solid rocket sustainer fuel data may be chanced , to

accommodate a change in fuel type , by r e p r o gr a m m i n g  and  recompi l ing

a set of BLc~CK DATA modules. Instructions for BLOCK DATA repro-

gramming are found in Section 4. ; -
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FIGURE 111-3

BOOSTER / SUSTAINER AVAILABILITY

SUSTAINER FIXED WEIGHT FIXED LENGTH
OPTION NO WITH NO WITH

_ _ _ _ _ _ _ _ _ _ _ _ _  
BOOSTER BOOSTER BOOSTER BOOSTER

RAMJET Yes  Yes  Yes Yes
( Integra l  ( In tegra l

or or
External) External)

LIQUID Yes Yes Yes No
ROCKE T (Exte rna l )

SOLID Yes Yes  Yes  No
ROCKET (Exte rnal)

TURBOJET Yes Yes  No No
(E xte r nal)
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2.0 BASIC V A R I A B L E S  I N P U T

Multip le m i s -~i 1 es  a r e  s y n t h e s i z e l  d u r i n g  a s i n ~’l e  CG~~~

through input of n iu l t i p le basic variables. A total of 17 b~ si c v ar:nble s

are provided , and each may be a s s i gned UI ) t o  16 v a lu e s .  B a s i c  v ar i a b l e s

are  in put t h r o u g h a spec i a l i z ed  t a b l e  f o r m a t  wh i ch  i s  d e s c r ih e : ~r ‘L i s

sec t i o n .  M i s s i l e s  a re  n o r m a l l y s y n t h e~~iz c d  u s i n g  a l l  ; c  rn iu t at  ion ~- 1 t h e

basic variable values; however , se le c t e d  p er rnu 1~~ i : n r  ma  be c: c l k : i cd

t h r o u gh inpu t  of a c o m p a t i b i l i t y  mat  rix . Tha t  mat r i ’~ and  it s ~W u l r ~

f o r m a t  a r e  a lso  d e s c r ib e d  in t h i s  s e c t i o n .

The bas ic  v a r i a b l e s  table  and i t s  c o m p a tib i l i t y  m a t  r ix  ar e  cc -

scribeci wi th  t h e  aid of sample input  l i s t s .  T h o s e  l i m t  s a r e  wr :~ t e n  on

8 0 - c o l u m n  f o r m a t  paper , and are a p p e nd e d  to  t h e  f i ~~n r e s  d o f i n i n ~ ~ahle

variables. No prestored v a l u e s  a re  ava i l ab le  f o r  b a r ’  c v ar i a h ie c ;

h o w e v e r , c o m p at i b i l i t y mat r i c e s  a r e  p r e s t o re d  in such  a \ . a y  ~~ S 0

allow all basic variable permut ations to be r y n t h e  s iz e d .  Fo r m t  sL e c i  -

fication s are li r ’ ed f o r  each  c a r d  of each t a b l e .  T h o s e  Sp e c i t i  ~ ~~ i on s ,

along w i t h  the 80-column illustrations , arc the bas i s for a s s e m 1 hn o  ‘ ahi ’

data decks. Three FOR MAT types are used  as f o l l o w s

(1) ‘‘A” FORMAT is used to input  ai ph am er i c  l a b e l i n g  ci~~1~ i a~~r .

comments .  Mult iples  of A4 are  used  fo r  l a r g e  f i e l d s . A n y

of the A formatted fields on a basic table i n p u t  c a rd  may  b0

lef t  blank; however , each card , even if l e f t  comp let e l y bL~nk ,

must  appear in the input deck.

(2 )  “I” FORMAT is used to input integer numbers. All  such

i n t e g e r s  are  assumed to  be ri ght - j u s t i f i e d  in t h e i r  f i e l d ,

and blanks are in t e rp ret ed  as ze ros .

(3) “F” FORMAT is used to input f loat ing p oint n u m ber s .

Multiples of F l O . 0 are  general l y u s e d .  N u m b e r s  m a y  be

punched in any column of t h e i r  f ie ld as long as a dec ima l

point is used.
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2. 1 BASIC V A R I A B L E S  T A B L E

A tot al of 17 basic  v a r i a b le s  are  p rov ided , ar id each is dimen-

sioned for  as many as 16 values .  The bas ic  va r i ab l e  l i s t  c o n t a i n s

exclusivel y design and s iz ing  p a r a m e t e r s .  Since the  s i z ing  m e t h o d o l ogy

covers numerou s con f igu ra t i on  and propulsion system types , the bam ic

variables list n e c e s s a r i l y mus t  cover  those  t y p e s  as  we l l .  The 17 va r-

iables thu s may d e f i n e  d i f f e r e n t  p a r a m e t e r s  c o r r e s p o n d i n g  to  the un ique

selection of t ypes for  each job . A l i s t  of avai labl e bas ic  va r iab les , t h e i r

def in i t ions , and t h e i r  m p h  card fo rma t s, is inc luded  as Fi g u r e  111-4 .

A sample table , laid out on 80-column fo rmat  paper , is a part  of tha t

f igu re .  The sample table  is assembled for  a typ ica l  ran-ijet  missi le

synthesis job

The basic var iab les  table is  loaded w i t h  a Z I P  code of ‘ZIP  7 4 1”

(see Card A on Fi gure  111-4). The f i r s t  card followin g t h e  Z I P  card  mus t

be a table number  ca rd .  That second card c o n t a i n s  onl y two  input  var-

iables plus labeling space ( see  Ca rd  B on Fi g u r e  J 1 ! - 4) .  The two r e q u i r ed

inputs  arc  a table number  (always set to  2010000)  and the pa ra m e t e r  ‘rn ”

(maximum number  of table en t r ies  allowed f o r  a s ing le basic  v a r i a b l e) .

The paramete r , m , is used to control the readin g of the column label

card s and bas ic  variabl e cards .  If m~~6 , one label ca rd and one card fo r

each of the 17 basic variables is expected by the CGSM execut ive .  If

6 K m  ~ 12 , two cards are expected for  column labeling and two each for

the basic variables.  If 12 K m  ~ 16 , three  cards  each are  expected fo r

the column labels and basic variables. Il fewer  than in values are

required for  any of the basic variables , blank entr ies  (or blank c a r d s )

must be used.  The table ident i f ier  card is followed by the column label-

ing card (or card s if m> 6). Format of that card is de f ined  and i l l u s t r a t e d

in the two part s of Fi gure 111-4 (see Card C) .

Basic variables are defined , and thei r format s ar e  illu st rated ,

in Figu re 111-4 under  Card  D (ca rds  Dl , D2 , . .. , D 17).  Options

available within that list are descr ibed  on that f igure .  Columns 1 - 16

111-10 
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Figure  111-4 (Cont ’d . )

CARD D E F I N I T  ION

A Z I P  code card .  Forma t  i nc ludes :

Column P a r a m e t e r

1 - 4 ZIP designator (A4)

5 - 10 ZIP  number  ( 3 1 2 )

11 - 40 Not used (110 , 415)

41 - 80 Optional comment space (lOA4)

B Table  i d e n t i f ie r  card . Format  i n c l u de s :

Column P a ra m e t e r

1 - 12 Optional comment  space ( 3 A 4 )

14 - 20 Table no. 2010000 ( 17)

21 - 30 Not used (2 15)

31 - 35 Case  n u m b e r  ( u s e r  op t i on a l )  ( 15 )

36 - 40 Max imum number  of table  ent r ies  a l lowe d
for  a s ingle  bas ic  var iab le  (n i)  ( 15)

41 - 80 Optional  comment space ( 1 0 A 4 )

C Column labeling instructions. Format is specified as
fo l lows:

F~~RMA T (5A4 , 6 (2X , 2A4))

A second card is r e q u i r e d  if m i 6, an d a t h i rd  i f
m > l 2 , us ing

F~~RMAT (20X , 6 (2X , 2A4))

Card C is required even if the f ie lds  are  lef t  b lank .

Basic va riables cards.  Format includes:

Column Parameter

1 - 16 Optional comment space (4A4)

17 - 20 Number of values input (14)

21 - 80 Basic variable values ( 6 F l O . 0 )

A second card is required for  each basic va r i ab le  if
m > 6 , and a thi rd card if m > 12.  Those card s use he
format:

111-12 
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Figure 111-4 (Cont ’d.

V A R I A B L E  DEFIN IT ION

Column P a r a m e t e r
1 - 20 Not used (4A4 , 14)

2 1 - 80 Basic variable values (6F 10 .0 )

E — 0 These  cards  are  requ i red  to close out the table. Inse r t
them as shown in the i l lustrat ion .

* The fo l lowing  are basic variables:

C A R D  BASIC V A R I A B L E

Dl Total  exposed w i n c z  a r e a  in sq. f t .

D2 Total  exposed (all panels) tail area in sq. ft.

D3 Wing  aspect ratio (exposed span)
2

/ (ex posed area)

D4 Pay load compa rtment length in inches

D5 Warhead wei ght in lb.

D6 Control s system weig ht in lb.

D7 Missi le  a i r f rame diameter in inches

D8 Booster  delivered th rus t - t o -we i ght ratio

D9 Propulsion parameter no. 1

Maximum thru st for  liquid or solid rocket s if
ITHR O in SUPER (ib)

= Maximum thru st -to-weight ratio for  solid or li quid
rocket s if ITHR 1 in SUPE R

= Desi gn point altitud e for  rarnj et s or turboje ts  (ft)

D10 Second propulsion parameter

= Specific impulse (at maximun-i thrus t ) for  liquid or
solid rocket s (see)

Desi gn Ma ch number for  ramjct s or turboje ts

Dil  Third propulsion parameter

Chamber pressure  for  liquid or solid rocket (psi)
= Design point fli ght path angle for  r amjets (deg )
= Design maximum thrust  (sea level static) for

turboje ts  (ib)

111-13 
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Figure  111-4 (Cont 1d.)

CARl)  BASIC VARIABLE

Fourth  propuls ion  paramete r

Liquid fuel mixture ratio for  liquid rockets  (set to
one fo r  solid r oc kets )

= Combustion tempera ture  (TT4) for  r an ij e t s  ( °R)

= Turbine  inlet temperature  for  turboje ts  ( °R)

D 13 Propulsion design paramete r numbe r 5 ( ramjets  onl y)

= Fraction of ramjet fuel consumed at the des ign
point

D 14 Sixth propulsion parameter (rarrtjets only)

= Ramjet design point normal accelerat ion
component (g)

D l 5 Seventh p ro pulsion parameter (r amje ts on ly)

= Ramjet desi gn point tangential acce lera t ion
component (g)

D 16 Eig hth propulsion paramete r ( ramje ts  only)
= Ramj et  design p re s su re  margin

D 17 Sizing paramete r

= Missile total weight if INW~~R L 0  in SUPER (ib)

= Missile total length in LNW~~RL = l  in SUPER (in)
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are reserved fo r  optio.~a1 number ing ,  labeling, and c o m m e n t s .  The

number of values entered f o r  a g iven basic va riable (n .)  is en t e r ed  in

column s 17 - 20 on the f i r s t  card in put for  that var iable .  Each  basic

variable may be assigned a number  of en t r i e s  which is independen t  of

any other  basic variable , and is onl y limited to be less  than or equal

to the maximum (m) entered on Card B. The values that  a given basic

variable will assume du ring miss i le  synthesis  a re  entered  in co lumns

21 - 80 on one , two , or three  cards , depending on the value of m. If n .

is less than m , the f ie lds  corresponding to n . . ~1
, u1

~+2 ’ .. . rn are left

blank .

The structure and format of the basic variable table is i n v a r i an t ,

in that all 17 variables must be input fo r  eve ry  job , and a set n u m b e r

of cards  is loaded for each variable even if n . K m. The  va lues  loaded1
through a particular variable are subject to user  options , howeve r .

Those options are  described briefly in the following p a r a g r a phs .

Missiles may be synthesized with wings a n d / o r  t a i l s  or wi th  no

wings a n d / o r  tails using control options provided u n d e r  the N A M E  LIST

lists NAMCNF (Fi gure III- 13) and SUPER (Fi gure III - 29) . If a job

calls for  synthesis  of a wingless missile, single va lues  of z e r o  a r e

input for  basic variables 1 and 3. LI the missile has no tail , basic -:

variable no. 2 should have a single input of zero.

Non-boosted missiles may be synthesized b y proper  se lect ion of

the parameter KPR~~P in the SUPER list (Figure 111-29) . In that event ,

basic variable no. 8 (booster thrust -to-weight ratio ) is inpu t with a

sing le , dummy value of zero.

Basic varia bles 9 thr ough 16 are dependent on eustain er type

(see  also KP R Q~P in the SUPE R l i s t ) .  Settin gs of those var iables  f o r

the var ious type s are as follows:

UI - 15
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(1) Solid Rocket Sustainer - Sustainer maximum thrust ,

specific impulse , and chamber pressure are input

throug h variables 9, 10 , and 11 , respectively.

Variable 9 may be maximum thrust-to-weig ht ratio

(if ITHR 1 in SUPER) . Variables 12 throug h 16 are

input with dumm y values.

(2) Liquid Rocket Sustainer - Sustainer maximum thrust ,

specific impulse , cham ber pressure , and fuel mixture

ratio are input throug h variables 9 throug h 12.

Variable numbe r 9 is taken to be maximum thrust /

weig ht if ITHR 1 in SUPER. Variables 13 throug h 16

are input with dummy values.

(3) Ra rn jet Sustaine r - Design point altitude , Mach

number , flig ht path ang le , combustion temperature ,

fuel cons umed fraction , normal acceleration , tangen-

tial acceleration , and pressure margin are input

throug h variables 9 throug h 16.

(4) Turbojet Sustaine r - Design point altitude , Mach

numbe r , thrust level , and inlet temperature are input

using Variable s 9 throug h 12. Variables 13 throug h

16 are input with dummy values.

Those prop ulsion design parameters are defined in Figure 111-4. The con-

trol option ITI-IR is pre stored as zero , but may be changed throug h input

of a SUPER list.

Basic variable numbe r 17 is assumed to be missile total weig ht if

INW~~RL=0 , and to be missile total length if 1NW~~RL l. The control

paramete r , INWORL , is pre stored as zero but may be changed throug h

the SUPER NAMEL IST (see Fi gure 111-29). Limitations on the user ’s

choice of length or weig ht as variable numbe r 17 are shown on Figure

111-3. For example , turbojet sustainer s must be sized to a weig ht and

not to a length .

111-16
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Payload compartment length (variable 4) is the total l inear  space

required to package all “ payload ” components. Payload components in-

clude the warhead , guidance and control equipment , miscellaneous equip-

ment , radar , and void spaces. Those components may be con t iguous  or

may be d is t r ibuted  a rb i t ra r i l y along the missi le .  Pay load weig ht  is com-

piled within the CGSM by summing the warhead weig ht (variable 5) ,  the

controls system weig ht (variable 6),  the miscel laneous payload weig ht

(see WMISC in the SUPER NAMELIST list of F igure  111-29) , the guidance

system weig ht (see WTGUID in the NAMCST NAMELIST of F igure  111-31) ,

and the a i r f r ame  skin weig ht around the pay load components (computed

internally based on the input nose shape and pay load compartment  length) .

111-17
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2 . 2  COMPAT IBILIT Y MAT R IX

Selective permutations of CGSM basic variables can be suppressed
through input of an optional compatibility matrix. That mat rix is loaded

immediately after  a ZIP card with code “ZIP 11 1” , and is itself followed

by a SUPE R NAMELIST li st.

The compatibility mat rix is labeled M.. and has the form:

e 1 1  e 1 2  . . . e~~~m

e e . . . e in2 , 1 2 , 2 2,

lvi . .

e e . . . e in
n,l n ,2 n ,

Each element of the matrix corresponds to a pair of basic variabl e values.

If an clement has a n o n - z e r o  value , the basic variable value s tied to that

element are jud ged to be compatible , and the CGSM executive will attempt

to synthesize a missile using them. LI an clement is assi gned a

zero value through input of a compatibility matrix, the pair of values.

corresponding to that element are labeled incompatible, and synthesis

of a missile is suppressed when those values would be combined. If no

mat rix is input , prestored values label all permutations of all basic

variables as compatible.

Use and input of the compatibility matrix Is illustrated throug h

the sampl e matrix of Figure 111-5 , by reference to the sample basic

variables table of Figure 111-4. That sample basic variables table

defines a set of potential ramjet cruise missiles. A total of nine per-

mutation s are possible within that set , since three diameters and three

weights are specified. The compatibility mat rix in Figure 111-5 reduces

that total to three , and allows the following permutations:

No. Diameter Weight

1 18 3500.
2 19 375 0.
3 - 20 4000.

111— 18
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Fi gure  111-S (Cont ’ d .)

VA R I A B L E / C A R D  DEFINIT ION

A ZIP code card.  Format includes:

Colunm Parameter

1 - 4 ZIP designa to r  (A4)

5 - 10 ZIP number (3 12)

11 .- 40 Not used (110 , 4 15)

41 - 80 Optional comment space ( 10A4)

B Table iden t i f i e r  card . Format inc ludes :

Column Parameter

1 - 12 Optional comment space ( l Z X )
14 - 20 Table No. 2010000 ( 17)

21 - 30 Not used ( lOX)

31 - 35 Case number (user optional) (IS)

36 - 80 Not used ( 4 6 X )

C Number of compat ibi l i ty  a r r ays  input (maximum of 8).

Column Pa rarnete r

1 - 60 Comment space ( l SA 4 )

61 - 70 Number input ( 110)

71 - 80 Not used ( l O X )

D Concept group number .

Column Parameter

1 - 60 Comment space

61 - 70 Group no. always set to one ( 110)

71 - 80 Not used (lOX )

E Key which specifies basic variables covered b y the
compatibility matr ix. The key used on the sample
mat rix specifies that a compatibility check is
required between basic variables 7 and 17.

111-20 -
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Fi gure  111-5 (Cont ’d.

V A R I A B L E / CA R D  
_ _ _ _

Column P a r a met e r

1 - 10 K e y  fo r ma t r ix  no.  1

1 — 3 M a t r i x  no. (13)

4 Comment space  ( l x )

5 - 6 First basic v a r i a b l e  n o.  ( 12 )

7 Co mment  space ( 1X)

8 - 9 Second bas ic  va r i ab l e  no.  (12 )

10 Comment space  ( 1X )

A separat e k ey  is r e q u i r e d  f o r  each  m a t r i x , U I )  to
t he to ta l  number  input on Card  C. C o l u m n s  11
t h r o u g h 20 a re  set as i de f or t h e s e c o n d  n~a t r ix  k e y ,
21 - 30 f o r  the th i rd , and so on. The t e n  c o l u m n s
alloc ated  to eac h kc y a re  b r o k e n down parallel to
that l i s t e d  above f o r  the  f i r s t  k e y .  V a r i a b l e  num-
bers  mus t  be d rawn  f rom the  l is t  d e f i n e d  in
F igure  111-4 .

F Identifiers for each matrix .

Column P a r a m e t er

1 - 4 The symbol s ‘C~~MP ”  m u s t  be —

pun ched in t h e s e  f i r s t  columns
(A4)

5 - 25 Optional comment space (5A4 , A l )

26 - 30 Mat rix number ( I S )

31 - 65 Optional comment space
(lOX , 6A4 , A l)

66-70 Group number  always  set to  one
(IS)

71-80 Not used ( l O X )

• 111—2 1 
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Fi gure  111-5 (Cont ’d . )

V A R I A B L E / C A R D  DEFINITION

G The set of card s labeled “C” is used to input
compatibi l i ty  ma t r ix  elements .  Cards  C and F
are repeated fo r  each matr ix .  Each matr ix  is
desi gnated  M1., and eac h card in “C” loads a
mat rix row. da rds  are  format ted as:

Column Parameter

1 - 10 Optional comment space ( l O X )

11 - 80 Matrix element s for  a given row
- (M .. ;  i = constant ; j 1, 2 , . . . in;

in ~~input)  (151 5)

Two cards  (identical in format ) a re  required if
in > 15. An upper limit of 16 is imposed on in
since no more than 16 values can be input fo r
any of the basic var iables .  The l imit  on in is set
operationall y by the Card  “D” of the basic variable
set (see Fi gure  111-4) for  ma t r ix  variable no. 2.
The limit on number  of rows fo r  each mat rix is
set during basic variable table input by the  Card
“D” which c o r r e s p o n d s  to mat rix variabl e no. 1.
One card is required for each row (2 if rn >15).
A zero value in any fi el d stores  a ze ro  for  the
element , eij . corresponding to that field , and labels
incornpatik.le the jth value of mat rix variabl e no. 1
and ith value of mat rix variable no. 2. Any non -
zero setting labels the mat rix variables as éom-
patible and enables missile synthesis for  that
combination of variables.

111-22 
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Steps in assembling t h c  m a t ri x  a r e  as  fo l l ows :

( 1 )  C a r d  A i s  l oaded  as a ‘ ‘ZIP  11 1’’ to inst r~i c t  t h e  CGSM

e x e c u t i v e  t ha t  a c o m p at i b i l i ty  m a t r i x  wi l l  f o l l o w  t h e  V~Jl

card and precede the SUPER NAMELIST.

(2) Card B is loaded with the same table number as Card B

of the basic variables table (2010000 is rt-quire dl for th-

CGSM) .

(3) Card C is punched with comments and a value of one in

column 70 to spo—if y that a s i n g l e  mat rix wi l l  fo l low .

(4) Card D i nc ludes  o p t i o n a l  comment  space  and  a g r o u p

number which must  be one f o r  CGSM app l i c a t i o n s .

(5) Card E loads a sing le key for the sing le matrix. 13~i~-~ -

variabl e no. 7 (diameter) is loaded as the first matri- -:

variable. Basic ‘~ ariable 17 (wei ght) becomes m;it n a

va riablc  no. 2 .

(6) Card F begins with ‘COMP” in columns 1 - 4. Comment s

shown on F i g u r e  I l l - S  a re  r e co m m e n d e d  but a r e  not mancl a-

to ry .  Comment s l i s t e d  u n d e r  “A” f o r m a t  a r e  r e p r o d u c e d

in the printout  of the table but a re  not u sed  o t h e r wi se .

Group number and m a t r ix  n u m b e r  a r e  punched  on Card  F

as ones.

(7)  Card set G includes 3 cards  with n o n - z e r o  values in the

fielc~~shown on Figure 111-S. Since a value of 3 was  loaded

on card D7 of the basic variables table , the matrix con-

sist s of three element s per row ( th ree  co lumns) ,  and each

card in set G contains three element values. Since t h r e e

values of basic variable no. 17 (see card D l 7 )  were  loaded ,

card set G consist s of three cards.  By punching in a value

of z~v in all except elements e 1 1’ e 2 ~~. and e3 ~ 
t he six

unwanted combinations of wei ght ari d d i a m e t e r  a re

suppressed .
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3. 0 NAMELIST INPUT DESCRIPTION

A total of twen ty- f ive  special ized NAMELIST l is ts  are used in the
CGSM. Their  funct ions are  input/output  control and data input. CGSM
lis ts  follow the general  FORTRAN IV NAMELIST rules l isted on F igure
111-6. CGSM input decks can be l a rge ;  however , the following steps have
been taken to limit the volume of input  fo r  a given JOB :

(1) All NAMELIST pa rame te r s  have been assi gned pre-

s tored values , and onl y those which need to be changed

from those p r e s t o r e d  values are  r equ i red  as input.
(2) All NAMELIST values are  saved within  the CGSM

executive logic for  the durat ion of a JOB , and input

for  stacked cases need onl y include changes f rom the

prev ious  case.

(3) Use of ZIP control  cards  make s the l ists  se l f - loading ,
so that they may be input in any orde r  or may be

omitted al together  for a given JOB .

A CGSM JOB which uses  pr imar i l y p re sto red  data may requi re  as few as
50 cards.

Multi ple lists are provided with the purpose of helping the user  to
sort  out the many type s of input data , and of making the overall  input task

simpler.  A summary of all CGSM NAMELIST is included as Figure  111-7.
That summary  desc r ibes  the types of data which were assigned to each
NAMELIST. All liquid rocket sustainer desi gn and sizing data are
assigned to the NAMLR list , for example , and the user need onl y be con-
cerned with the NAMLR list if his JOB calls for a missile with a liqui d
rocket sus ta iner .  In general , the user  may confine his attention to those
lists which are necessa ry  for  his unique JOB. The dependence of input
requirements on the user ’s selection of synthesis options is i l lustrated on
Figure 111-8. The user  can identif y relevant input  lists by t rac ing  through
that f i gu re  for a set of options.

111-24
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F I G I I I - I l l  ~ (

N A M ~ 1 H T  I N P U T  RU L E S

o The first colunm on al l  N A \ t } - U J S T  c a r d s  n c .  t c blank.
Column 2 of t h e  t i r a t  c ar d  : i u t s t  C a nt a i n  t h e  anipersanu (

~
-)

followed imiva~diat el y b y t h e  :-~AJY ! LIST nam (e .  . , ~~~~~~ 1)
and f o l l o w e d  b y ~~t l e a st  one  b l a n k . The re ading of N A ~\ t E J ~ iST
i n p u t  is t e r n u n i t  ed b y p u t t i n t ’  a m p e r s a n d  end (5 .- EN I ) )  a ft e r the
las t  n u m b e r , o r  on t h e  I in  al c a r d  b y i t s e l f .

o l)a ta  may b e g i n  on t h e  scone card  as the  N A M E I I SI  l iame
s e p a r a t e d  by at l e ast  one  blanl- ) an d  has  t h e  to rm:

V A R IA B l E n u m b e r , fo l lowed by a comma.  I f the  n u m b e r
is an i nt e t ~e r (v a r i a b l es  ~vh o~- e n a m e s  beg in w i t h  I , .1, I - -i
L , M N)  no d e c i m al p o in t  is us  ~d . If t he  num b e r  i s  rea l ,
embedded  dec ima l  po in t s  nmst  be u s e d  wh i l e  t r a i l i ng  d e c im a l
point s are op t iona l . Do not l e a ve  b l a n k s  b e tw ee n  n umb c  r s
and t h e i r  t r a i l i ng  c o n a r e n s .  Do not sp l i t  a v a r i a b l e  n i i rn e ,
or a nurn~~~r and its t r a i l i n g  comma , f r o m  one card to  t h e
nex t .

o The  s a m e  vs r i a b le  may  appe a  r n i or e  t h a n  once  in t he  NA \ I U  -
LIST input  deck  and th e  l a s t  value  i s  the  one u s e d . N ot  a l l
v a r ia bl e s  b e l o n r e i e n z  to a N A M E LI S T  n e e d  app e ie  r at i n p u t  t i m e .
Li t h e y  a r e  not on t h e  inpu t card , t h e i r  c u r r e n t  V d i U e  i s
unchanged  ire c o r e .  A v a r i a b l e  may bel ong t o  moore  t han  one
NA~~IU LIST l i s t .

o If a va r i ab le  is d i m e n s i o n e d , i . e .  , is s u b s c r i p t ed , such as
KBOOST (2 , 2 ) ,  thi s m e a n s  t h e r e  ar e  a c t u a l ly  fou r v a r i a b l e s
iden t i f i ed  by the  ind ices  as KBOOST (1 . 1), KBOOST (2 , 1 ) ,
KBOOST (1 , 2 ) ,  and KI300ST ( 2 , 2)  in th i s  o r d e r .  N o t e  t h a t
the lef t  — m o s t  index v a r  n - s  most  rapidl y.  T hcy  may he r e a d
one at a time or a~I at once .  For  pa r t i a l  l i s t s , the  i n d i ce s  m u s t
be specif ied , e . g .

KBC ()ST (1 ,2) = 1 , KBOOST ( ?~ 1) 0
KBOOST (1 , 1) = 3, KBOOST (~ ,2) 2,.

If the  n u m b e r s  a r e  read all at once , the  m d i  CS m a y  be
omi tted and the above is equivalent  to:

KBOOST = 3, 0, 1, 2 , .
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FIGURE 111-7

NAMELIST DESCRIPTIONS

SEE
NAMELIST SECTION FIGURE

NAME INPUT DATA DESCRIPTION NO. NO.

NAM 1 Output Control Options 3. 1 111-12

NAMCNF Configurat ion Data 3 .2  111-13

NAMPAK Packag ing Data 3. 3 LLI-14

NAMBOO General Booste r Data 3 .4  111-15

NAMEXB External Booster Data 3. 5 111-16

NAMSR Solid Rocket Sustainer Data 3 .6  111-17

NAMLR Liquid Rocket  Sustainer Data 3. 7 111-18

NAMRJS Ramjet Sustaine r Design Data 3.8 111-19

NAMFLR Turbojet  Sustaine r Design Data 3. 9 111-20

NAMTRS Ramjet Fuel Temperature  Rise 3. 10 111-21
Tables

NAMSPH Ramjet Fuel Specific Heat Ratio 3. 10 III-22
Tables

NAMGSC Ramjet  Fue l Gas Constant Tables 3. 10 111-23

NAMBSP P~amjet Fuel Burner  Severity Tables 3. 10 111-24

NAMIN M Air Inlet Performance Map 3.11 111-25

NAM3 Worth Data 3. 12 111-26

NAMVPM Tra jec to ry  Control Terms 3. 13 III-27

NAMBYP Options for  Bypass of Computational 3. 14 111-28
Steps

SUPER Supervisory List 3. 15 111-29

NAMSCR Screening Control Data 3. 16 111-30

NAMCST Cost Data 4 .1 111-3 1

NAMCBY Cost Data for Bypass 4. 2 III-32

NAMCNP RCM CER Data 4.3 111-34

NAMCCN RCM CER Data 4 .3  11I-35

NAMCPS RCM CER Data 4 .3  111-36

NAMCCP RCM CER Data 4 . 3  111-37
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Figure 111-8

INPUT RE QUIRED FOR SYNTHESIS OPTIONS
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Figure 111-8 (Cont’d. )
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Figure 111-8 (Cont ’d . )
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Each NAMEL IST 1i~ t is discussed separatel y in the following

sections. A complete list of parameter definitions for each list is in-

cluded at the end of this section (see F igure 111-li throug h 111-29).

3. 1 NAM 1 LIS T DESCRIPTION

The NAM 1 list is used to input those control flags govern ing

CGSM printed output. The list parameters , INPRIN and IPRP , control

print during the input step s. lAIR , IPSM , ICOST , and IVP control output

durin g missile synthesis and trajectory steps. The NAM 1 list may appear

at more than one point in the input deck to selectively suppress print

durin g input; however , the NAM 1 value s current at the point of reading

the SUPER NAMEL IST are used to control synthesis output. The para-

mete r KF IL 12 is used to suppress file 12 data storage when screening is

not required ..

Pre stored values in NAM I call for minimum printed output. List

parameters are defined in Fi gure 111-12.

3 . 2  NAMCNF DESCRIPTION

The NAMCNF list inc ludes the pay load , wing , tail , and airframe

desi gn and sizing options and data , as well as inisceUaneou s parameters

used in aerodynamics computations. Several parameters which woul d

logicall y be assigned to NAMCNF have been deferred to the SUPER

NAME LI IST for convenience in assemblin g stacke d cases , however. All

list parameters have pre stored values. A complete definition of list

parameters and their pre stored values is included in Fi gure 111-13.

3 . 3  NAMPAK DESCRIPT ION

AU input parametera required to test the viability of packaging

each generated concept Into a launch tube or on an aircraft are input

thro ugh the NAMPA K list. The paramete r KLNCH Is used to designate

whether surface or air launch testing is required. Testing Is bypassed if

K.BYP AK =1 in SUPE R (see Figure 111-29) . List items and pre stored

value s are presented on Figure 111-14.
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3.4 NAMBOO DESCRIPTION

Data input through the NAMB~~~ l i s t  appl y to the des ign  and s iz ing

of inte g ra l and ex te rna l  booste r s . Pr inc ipa l  p a r a m e t e r s  inc lude  charac-

terist ic exhaust velocity (CSTAR) , t h r u s t  coeff ic ient  (FJ) , ambien t pres-

sure (PA) , and chamber p r e s s u r e  (PC). These NAMBOO l i s t  items are

combined with an input del ivered t h r u s t - t o - w e i ght rat io  (basic  v a r i a b l e

no. 8), and with an ideal velocity a’id pay load wei gh t d e t e r m i n e d  i n t e r n a ll y ,

to size the booster.  A desi gn point is implicit in the select ion of inputs

(see PA , CSTAR , T /W , e t c . )  but is not input o t h e r w i s e .

External booste r sizing requi res  input of both NAMBOO and

NAMEXB. All other boost stages requi re  only NAMBOO. Some boos te r

control options are de fe r r ed  to the SUPER NAMELIST (Fi gure  111-29) .

List paramete r definitions and their prestored values are included

as Fi gure 111-15.

3. 5 NAMEXB DFSCRIPTION

Boost stage desi gn and sizing p a ramete r s  which apply onl y to

external  boosters  are input throug h NAMEXB. Those pa r ame te r s  a re

combined with the NAMBOO list  i tems. Exte rnal booster  control  options

are  de fe r r ed  to the SUPER NAMELIST. NAMEXB l is t  i tems are  def ined

in F igure  111-16.

3 .6  NAMSR DESCRIPTION

Solid rocket sustainer design and sizing data a re  listed in NAMSR.

Those list  parameters  are combined with the solid rocket  des ign  point

input through the basic variables table. Figure 111-17 presents  a comp lete

l i s t ing  of NAMSR paramete r definit ions.

3 .7  NAMLR DESCRIPTION

Liquid rocke t sustainer design and sizing data are input throug h

NAMLR. Those list parameters are combined with the liquid rocke t

desi gn point input through the basic variables table. NAMLR l is t  i t ems

are defined In Figure 111-18.
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3 . 8  NAMRJS DESCRI PTION

Ramjet Sustainer design and sizing data are input throug h the

NAMRJS list. Those data are combined with the ramjet design point data

input throug h the basic variables table. NAMRJS applies to all ramjet

sustaine r options , whether integral , unboo sted , or exte rnall y boosted.

Several ramjet fuel data items are included in NAMRJS. The

parameters J.FTY PE , PT4 I , PT4 Z , and PT43 control input and interpola-

tion in the fuel performance map s.

All NAMRJS list parameters are defined , and their prestored

value s are listed , in Figure 111-19.

3 . 9  NAMTJ DESCRIPTION

Turbojet sustainer design and sizing data are input through NAMTJ.

Those list parameters are combined with the turbojet  desi gn point input

through the basic variable s table. NAMTJ list items are defined in

Figure 111-20.

3.10 RAMJET FUEL MAP INPUT

Ramjet fuel characteristics must be defined throughout the

ramjet operating regime in terms of temperature, p ressure , and fuel/

air ratio. Fou r maps must be input for a given fuel type. The fi r st

three maps are three-dimensional tables defin in g temperature rise ,

specific heat , and gas constant variations. The fourth map defines the

linear variation of combu stion efficiency and lean blow out ratio with

burner seve rit y parameter.

Fuel maps may be input throug h NAMEL I~~ lists or through

optional formatted dat a decks with proper settings of ZIP control

cards. For either input method , the following dat a are r equired ~
(1) Map 1 - Fuel temperature rise versu s free stream

total temperature (TT2 ) , fuel-to-air ratio (F /A) ,  and

comb~astion pr.ssvr. (P).
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(2) Map 2 - Specific heat versu s combustion t e m p e r a t u r e

(TT4) ,  F/A and P.

(3) Map 3 - Gas constant  v e r s u s  TT4 , F /A and P.

(4) Map 4 - Combustion eff ic iency and lean blow out ratio

versus burner severit y pa rame ter.

Three  p re s su re  levels are requ i red  f o r  t e m p e r a t u r e  r i s e  data tables;

however , specific heat  and gas  cons tan t  data  tables may be a s s e m bled

with one or three pressures depending on the setting of IFTYPE in the

NAMRJS list .

The option of NAMELIST input for  the fuel  data is u s e f u l  s ince

it allows maps to be p res to red .  A complete set of JP5  fuel  data  is

stored in the CGSM throug h BLOCK DATA and is available to the u se r .
Input of blank NAMELI ST l is ts  is recommended when JP5  fuel  is to  be

used , since that causes the tables to be printed dur ing  the input

step.

3. 10. 1 NAMT R S,  NAMSPH, NAM G SC and NAMBSP Desc r i p t io n s

Ramj et fuel  pe r formance  cha rac te r i s t i cs  may be i n put t h r o u g h

the followin g l i s t s :

(1)  NAMTRS - Tempera ture  r ise  (Map 1)

(2)  NA MSPH - Specif ic  heat (Map 2)

(3) NAMGSC - Gas constant  (Map 3)

(4) NAMBSP - Burne r  severit y (Ma p 4)

Standard NAMELIST rules and convention s appl y to these  l i s t s  and t h e i r

data.

The procedure for assembling the data tables of Maps 1, 2 , and

3 for NAMELIST Input is explained through the following exa mple. The

p roced u re is identical fo r each of the th ree maps , but gas constant

(Map 3) is sing led out for illustration. Gas constant dat a should be

ar ranged as in Fi gure 111-9 as a preparatory step. Data a r r a y s  are

grouped into “subt ables ”, where each such subtable corresponds to a

ep.cLfi.d rain.j .t combu stion temperature (TT 4B) , and where each

Ill -33



Figure 111-9

RAMJET FUEL MAP LAYOUT - GAS CONSTANT

SUBTABLE COLUMN

JO. TT4B VARIABL 1~ 1 2 3 4 5 6

- 
FARZ 0. .06

1 400
GASL~ 53. 35 53. 35

-

- FARZ 0. .10 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

2 3200 GASL~~ 53.35 53.35 
-

FAR2 0. .07 .08 .09 .10
3 3600

GASLI~ 53. 35 53.40 55. 10 56. 58 58. 05

FAR2 0. .07 .08 .09 .10
4 4000 —

GASL~ 53. 40 53.62 55. 10 56.60 58.05

FAR2 0. .06 .07 .08 .09 .10
5 440 0

GASL~~ 53 .45  53 . 5 3  53. 87 55. 15 5 6 . 6 3  58. 08

TARZ 0. . 05 .06 .07 .08  .10

6 4800 
GASLO 53.  55 53.  72 53. 87 54. 25 

- 

55. 35 58. 20
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includes the dependence of gas c o n s t a n t  (GASL~~) on f~~e 1 - to - a i r  ra t io

( F A R 2) .  A “ column ” des i g n a t i o n  is a ss i g ned to  each set of (~A~~1~~~/ F A R Z

da ta p o i n t s .  All subtab les  and co lumns  a r e  i ndependent  in l e n g t h  and v a l u r - ,

as shown on F igure  111-9. In a s s e m bl i n g  the sample t a b u l a r  da t a  f o r

NAMGSC input (see also Fi gure  111-23) , the  fol lowing steps a r e  r e q u i r e d :

( 1)  The number of subtables (6 )  is input t h r o u g h t h e

p a r a m e t e r  K 4 .

( 2 )  T h e  n u m b e r  of c o l u m n s  in each s e qu e n t i a l  sub t ab l e

(2 , 2 , 5 , 5 , 6 , 6) is in p u t  t h r o u g h the  a r r a y  K~< ( I ) .

( 3) The  t e m p e r a t u r e  va lues  c o r r e s p o n d i n g  to  each sequent i al

subtable (400 , 3200 , 3600 , 4000 , 4400 , 4800 deg R )  a r e

input  t h r o u g h the  a r r a y T T 4 B ( I ).

( 4) Fuel - t o - a i r  ra t io  va lues  a re  input  t h r o u g h t h e  t w o -

d imens iona l  a r r a y  F A R2  (I , 3 ) ,  wh e re  I c o r r e s p o n d s

to s~~~ able nu m ber  and 3 c o r r e s p o n d s  to  co lumn n u mb er .

Un der  t hat f o r mat , t he fo l lowing  va lues  may be o b s e r v e d :

F A R Z ( l , 1) 0 . 0

F A R 2 ( l , 2)  . 06

F A R 2 ( 6 , 6) = 0 . 10

(5 )  Gas con stant values  a re  loaded t h r o u g h t h e  t w o - d i m e n s i o n a l

a r r a y  GASLQ~ (I , J )  u s i n g  the same f o r m a t  as F A R 2  (1 , 1) .

Data shown in Fi gure  111-9 are  d rawn  f r o m  the  p r e s t o r e d  ~ l’5 fue l  t y p e .

T hat fuel  type  requi res  onl y one p r e s s u r e  level  f o r  gas cons tan t  d a t a .  If

th ree  p r e s s u r e  levels a re  requi red  for  an a l t e rna te  fuel  t ype , GAS\1I- D

and GASHI (see Fi gure 111-23) are  loaded in the same ni-inne r as GASLO

in step 5. As many as 15 subtables and 15 columns may be used  fo r  a

given map.

111-35

—--

~

- -—

~

-

~

- .-_

~



-~~- - -_ _ - _ - ~~~~~~~~~~~~~~~~~~~~~~~ - _
~~ --

~~~~

--
~~~~~~~~

_ -

Map 4 consis ts  of an a r r a y  of up to 15 value s of bu rne r  seve r i ty

parameter  (BSP) plus co r r e spond ing  a r r a y s  of (dependent)  combust ion

ef f i c iency  and lean blow out rat io values.  Those data are  input t h rough

the NAMBSP l i s t  as simple a r r a y s  wi th  BSP points a r r a n g e d  in i nc reas ing

o rde r .  Map 4 can onl y be input t h roug h NAMBSP .

A complete fuel  map is p r e s to red  in the CGSM using the JP5 fuel

type. Definit ions of l is t  pa r ame te r s  and l i s t i ngs  of p r e s t o r e d  values a re

included as Fi gure  111-21 (fo r NAMTRS) , F igure  I L I -Z 2  (fo r NAMSPH) ,

Fi gure  111-23 (for NAMGSC) , and as Fi gure  111-24 (for NAMBSP) .

3. 10. 2 Format ted Fuel Deck In~~~t

Maps 1, 2 , and 3 (see above) may be input th roug h fo rma t t ed

decks if des i r ed  (see Section 1 .0  for ZIP codes) .  Format  of those decks

is i l lus t ra ted  in Fi gure  111-10 f o r  a genera l ized map. CGSM execut ive

logic expects the f i r s t  card  on F igure  111-10 to be loaded immediate ly afte r

the fuel  map ZIP ca rd .  Actual reading of the deck is control led by the

execu t ive  based on the set of d imensioning pa ramete r s  read on ca rds  1

and 3. The f i r s t  card  sets the number  of subtables  (as many  as 15) , and

ca rd 3 sets the n u m b e r  of data points per subtable for  each var iab le  (as

many as 15) .  A s epa ra t e  control  parameter  is input on card 1 as e i the r

1 or ~ in co lum n 8. That  control  pa ramete r  is punched as 1 if a sing le

p r e s s u r e  is  to  be cons idered , and is punched as 3 if mult i ple p re s su re s

are used .  The se t t ing  of 1 requi res  that IFTYPE be set to zero  in the

N AMP.J S  l i s t , whi le  a se t t ing  of 3 requ i res  that IFT YPE 1. Data cards

are  read u n d e r  the format  “10 X 6F 10. 0” so that mult iple card s are  re-

quired  when NELEM > 6 for  a given subtable. In that case , all of the

cards  for  VAR2 are  read before the first  card of VAR3 is read , and so

on th roug h the deck.

The genera l ized variables of Fi gure 111-10 are correlated to

specific fuel map parameters  in Fi gure I l l -l I . Thus , where the genera-

lized variable VA R 1 is seen , the user substitutes TTZ (Map 1), TT4A
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FIGURE 111-10

OPT IONAL FORMATTED IN PUT OF RAMJET MAPS

~~~~~~ EAD SU BTABLE #N S U B

~~~~
I
~~EAD SUBTABLE #2

J
/~~EAD_“VAR5(I), 1 1 , NELEM(l)” (SUBTABLE ~~ FORMAT1,1~~~~~~~~~

AD “V A R 4 ( I ) ,  I~~1, N ELE M ( 1 ) ”  (SUBTABLE # 1) ( l O X , 6 F l O

R E A D  “VAR3 ( l ) ,  1 1 , NELEM[fl” (SUB TABLE # 1)

R E A D  ARRA Y “VAR Z (I ) ,  1=1 , NELEM(I ) ”
“ FOR SUBTABLE # 1

I
/ READ ARRA Y “NELEM(I) ,  1.1, NSUB”

USE FORMAT ( 15 12)

/ 
READ ARRAY “V A R l (I ) ,  1=1 , NSUB”

t ( USE FORMAT ( lOX , 6F 10.0)

t o ’  ~Iz ~ (OPT IONAL LABELING)

I

~~~~~~~~ 

(l)~oI~

i o *Set to 3 if VAR3 , VAR4 , and

E ~~~~~~~~~ VARS are all Input . Set to

~ I* I~
I 1 if VA R3 an d V A R 4  are  omit ted.

I ~ I I

2~ é I 8j l d  

~~—-~~~~V
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( M ap 2 ) ,  or TT4B (Map 3) f r o m  Fi g u r e  I l l - l I .  D e f i n i t i o n s  f t he  v a n  -

ab le  names  sh own on t ha t  f i g ur e  a r~ f o u n d  iri  F i g u r e s  111-21 t h r o u g h 111- fl .

3. 11 RAMJ E T I N L E T  DATA ( N A MIN M )  D E S C R I P T I O N

Two-d imens iona l  in le t  s iz i n g  and p e r f o r m a n c e  da ta  a r e  in p u t

th r o u g h NAMINM. Inlet  p e r f o r m a n c e  da ta  i n c l u d e  maps  of i n l e t  a d d i t i .’e

d r a g , mass  f low ra t io , and p r e s s u r e  r a t i o  v e r s u s  both M a c h  n u m b e r and

V p itch ang le. Input of the in le t  maps  is comp le te l y pa ra l le l  to  i n p u t  of the

r a m j e t  fue l  maps .  E i the r NAMELIST  or f o r m a t t e d  d e c k  i n p u t  is pe r-

rn i t t ed , and the steps in a s s e m b l in g  in let data a re  i d e n t i c a l  t ’  the s t e ps

d e s c r i b e d  in Section 3. 10 for  the fuel  maps , w h e r e  v a r i a b l e  names  can  be

c o r r e l a t e d  t h r o u g h Fi g u r e  111-Il.

The following ZIP codes direct the CGSM executive module s to

read inlet data (see Section 1. 0 for ZIP code formats):

ZIP CODE INPUT OPTION

6 661 0 Read sizing list and critical map using
NAMIN M

6 662 0 Read s i z i n g  w i t h  N A M I N M  t h e n  r e a d
critical map deck

NAMELIST input cards follow the ZIP card , while deck cards follow t h e

N A M E L I S T .

Two-dimensional inlet sizing and map f o r m a t t i n g  is d i s c u s  s eh

V 
f u r t h e r  in Vol. h I D , A ppendi x E. A complete d e f i n i t i o n  of NA~\ 1INM l i s t

parameters is included as Figure 111-25.

3. 12 N A MB Y P  DESCRIPT ION

Optional  bypas s  input  da ta  a r e  loaded  t h r o u g h N A N U l Y P .

C e r t a i n  com p u t a t i o n a l  s teps  can be b y p a s s e d  in f a v o r  of u s e r  i n p u t

of key p a r a m et e r s  wi thou t  o th e r w i s e  i n t e r r u p t i n g  t h e  c o m p u t at i o n  f low .

Ind iv idua l  s teps  which  may  be bypassed  a r e  d i s c u s se d  h e r e .  B y p a s s i n g

of multi ple steps then can be constructed as combination s of sing le by-

pass steps.
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Th e t r a j e c t o r y  s i m u la t ion step can be bypassed with an input  of

K B Y V P = 1 .  This  option is use fu l  d u r i n g  the in i t ia l  steps of an anal y s i s ,

when  the p ropu l s ion  s y s t e m  des i gn may be loosel y d e f i n e d .  No N A M B Y P

input is required to bypass the trajectory other than KBYVP=1 .

Computat ion of aerod y namics  coef f i c i en t s  tables can be byp assed

by input  of KBYDRG > 0 in N A M B Y P .  No f u r t h e r  input is r equ i r ed  if

K B Y V P = l  also; however , if the  t r a j e c t o r y step i s to be exec u ted , the

N A M B Y P  input  m u s t  also inc lude  the SMACHI , SMACH2 , SMACH3 ,

SMACH4 , SMACH5 , C L A L F 1 , C L A L F 2 , C L A L F 3 , CLALF4 , CLALF5 ,

DMACH1 , DMACH2 , DMACH 3 , DMACH4, DMACH 5 , CDO~l , CDOZ , CDO 3 ,

CDO4, and CDOS arrays. Ramjet sizing requires computation , or input ,

of desi gn point  l i f t  and d rag  coe f f i c i en t s .  Those coe f f i c i en t s  are corn-

puted in the CGSM when  K B Y D R G  is zero  or one;  however , K B Y D R G 2

causes  all r a m j e t  aerod yn amic s ste p s to be bypassed .  If K B Y D R G  is

in put as two , the c o e f f i c i e n t s  CDODES and CLADES mus t  also be inpu t .

Propulsion sizing can be bypassed by input of KBYPSM=l throug h

NAVMBYP , along with a set of propulsion sizing and performance terms.

Paramete r s  included in that  data set a re  dependent  on propuls ion  system

type and the choice of other  b ypass  options.  If aerod yna mics  tables a re

com puted , input  mus t  inc lude  BEXIT , SEXIT , X C G D I , XLBDY , and

XNOZ.  If a t r a j e c t o r y  is to be in tegra ted  and a tu rbo je t  or l iquid  or solid

r o c k e t  is s peci f ied , input inc ludes  DR~~PST , SEXIT , SUSWP , TVACMN ,

TVACMX , XTHRTL , and YISP. If a trajectory is to be flown and a r am-

je t is speci f ied , input  inc ludes  DR~~PST , ACA3 , A5A3 , A6A3 , SEXIT ,

and SUSWP. If a t r a j ec to ry  is to be flown and the missi le  inc ludes  a

boost  s tage , input includes BEXIT , BISPV , B~~~ WP , BTHVAC , and

DR~~PEB. The complete input l ist  for  a propuls ion bypass  must  be

V selected f r o m  the p a r a m e t e r s  named above for  each JOB.

Bypass options are  usefu l  for  conse rv ing  compute r time and

for  l extending “ CGSM me thodology to include options , sys tems ,
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subsys t ems , or data which are not currentl y programmed .  A detai led

de f in i t i on  of N A M B Y P  list  i tems is  included as Fi g u r e  111-27 . Pre-

stored values a re  pr imar i l y zeros .  If the N A M B Y P  l i s t  is  not loaded

at all , p r es to red  dat a inst ruct the CGSM to execu te  all s teps wi th  no by -

pass ing .  Independent  var iables  f o r  the N A M B Y P  data t ab les  should be

monotonicall y i n c r e a s i n g .

3. 13 NAMVPM DESCRIPTION

Input to the vehicle pe r fo rmance , or t r a j e c t o r y ,  computat ion

steps of the CGSM is through NAMVPM. That input can be grouped

into single valued parameters  which control the t r a j e c t o r y  i n t e g r a t i o n ,

sing le valued pa rameters  which def ine  init ial cond i t ions  and f l ig ht

const ra in t s , and a r r a y s  which def ine  phase controls.  Init i al cond i t ions

— and fli ght constraint s appear in N AM V P M  and also in the  S U P E R  N A M E -

LIST. Parameters in that dual input set are ALT I , F A R M A X , C A MMA I ,

M~~PT , NCPHAZ , NDPHAZ , NLPIIAZ , TPCMGN , T T 4 M AX , \ E L I , and

XMACI-11 . Those  pa rameter s  are J i st e d  under  SUPER for  c o n v e n i e n c e

in s tacking  cases; however , all should be input under  N A M V P M  init ial l y.

The  u se r  may specif y that one , or as many  as f ive , t r a j e c t o r i e s

be f lown fo r  each synthes ized  missi le.  The p r o c e d u r e  f o r  r eq u e s ti n g

multiples includes the following steps.

( 1)  Assemble the COSM data deck with a NAMVPM list

containing all li st items for  t r a j e c to r y  number  one.

Use the ZIP code “ZIP 615 1” (see Section 1.0 for

fo rma t s ) .

(2)  Place an additional NAMVPM list a ft e r  the list

described in step ( 1) but before the SUPER list.  Use

the ZIP code “ZIP 615 2” .

(3) Place additional NAMVPM lists in the deck (up to a to ta l

of five t rajecto r ies)  after the f i rs t  t r a j ec to ry  l is t  but

before  SUPER. In each case use “ZIP 615 n ’ , w h e r e

n is the t r a j ec to ry  number.
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The order  in which t r a j ec to r i e s  2 th roug h n are  loaded is not const ra ined

since the t r a j e c t o r y  number (which is used to s tore  and re t r ieve  l is t

items) is loaded on the ZIP ca rd .  A comprehens ive  set of data is stored

for each t r a j e c t o r y ,  including yELl , XMACHI , GAMMAI , ALTI , M~~PT ,

NLPHAZ , NCPHA Z , and NDPHAZ , as well as all of the phase data a r r ays .

All of those parameters  must  be set for the f i r s t  t ra jec tory  (prestored

values may be used if de s i r ed ) .  Pa ramete r s  input for  t r a j ec to ry  no. 1

then c a r r y  ove r to the next  NAMVPM list , so that input for t r aj ec to ry  no.

2 may be limited to changes  des i r ed  f rom no. 1 to no. 2. In like manner ,

input loaded for  t r a j ec to ry  n is available for t r a j ec to ry  n + l .  The com-

plete set of t r a j ec to r i e s  c a r r i e s  over when cases are stacked.  When

multi ple t r a j ec to r i e s  are  input , the CGSM assi gns each t r a j e c t o r y/ d e s i g n

combination as a separate , sc reenable  concept.
The use r  may specif y as many as 20 t r a j e c t o r y  phases  to be f lown ,

and may define path controls  and terminat ion cons t ra in t s fo r  each phase.

A phase , in the CGSM terminology,  is an interval  of flig ht dur ing  which

pat h :ontrols and termination control s are f ixed.  Terminat ion

control s may be independent  of path controls , as in the  case of any phase

where termination is at fuel dep letion , or those controls  may be coup led V

An example of the latter case is when the missile is direct ed to fl y an

altitude profile and terminate  at an altitude within the profi le .  Termi-

nation control parameters  include the phase a r r ays  ITERM , FVALUE ,

TPHASE , TT~~TAL , and SL(~P~~. Remainin g phase parameters  are

used for  path control.

Input to the CGSM vehicle performance model is broken into

phases to reduce input complexit y and increase  the visibility of the

resulting t ra jectory.  The actual numerical integration is conducted

step-by-step using “current ” path and termination control s and a

“curr ent” state vector, however , and thi s integrat ion must cross  f rom

phase to phase until the complete trajectory is flown. Conflicting

requirements  between two consecutive phases may result in a t ransi-

tion period in which excessive demand s are placed on the missile, or
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on the contro l  log ic , and may re su l t  in t e rmina t i on  of the integr o ’ion at

tha t  point . The p e r f o r m a n c e  model has the capabi l i t y t o r e c o v e r  f r o m

m a n y  such s i tua t ions  (fo r example , the miss i le  may be p i t c h e d  down in an

a t te mpt to  p ick up speed if CGSM logic detects  that  c u r r en t  ve loc i ty  is

inadequate  f o r  the c u rr e n t  path cont rol option).  The CGSM will not c h a ng e

phases  when recovery  is a t tem p t e d  since i ts  ob ject ive  is  to s earch  f o r

and en fo rce  condit ion s which  meet  the  “ cur r ent ’ co nt ro l  op t i en s .  The

u s e r  should construct phase control s to allow a reasonable t ransition

period between phases .  R e co v e r y  a t t empt s can be r e c o g n i z e d

in the detai led t r a j e c to i~y output .

~I he u s e r  may in a d v e r t e n t l y r eques t  a set of t r a j e c t o r y  p h a s e s

which the  s y n t h e s i z e d  m i s s i l e  is incapab le  of fl y i n g .  In tha t  event

CGSM recovery logic will take over and attempt to salvage the phase.

If phase termin ation condition s are met d u r i n g  the  r e c o v e r y  at t empt ,

the phase  is te rminated  and the CGSM exi ts  f rom the r ecove ry  mode

an d p r o c e e d s  to ’in t t ~gr~ te.  t h~ next  phase.  Fol lowing  t h i s  ch a i n  of

events , if the integration logic can then readily meet “ cu r r en ” pat h

cont rol s , the ent i re  t r a j ec to ry  may be flown ari d reg i s t e r e d  as a suc-

cess.  If the missile never comp letel y r ecove r ed f ro m it s  cont r ol p~ °-

blern s in that earl y phase , the resul tant  t r a j e c t o r y  may have been de-

graded , and may be unacceptable to the user  ( sub j ect to a va lue  ju d ge-

ment) .  The degradation may take the form of a cruise  ph ase  wh ic h is

V flown at an altitude or velocity which is sli ghtl y under  r e qu i r e m e n t s .

II such conditions arise , the use r  r~ ay modif y the miss i l e  design t h r o u g h

the desi gn point parameters  in NAMBOO , NAMEX 13, NAM SR , NAM LR ,

NAMTJ , NAMRJS , SUPER , e tc . ,  or may modif y t r a i e c t o r y  r e q u i r e m e n t s .

Most of the CGSM path control options requi re  the use r  to

input tabular data through CON I1 and COND
~
. Those tabular  data

completel y define the flight path for  the phase. This is t rue  of pat h

options accessed by ICONT l ,2,3,..., ll , and is true fo r  lCONT~~12

if MHGEN O for  a given phase. Three path cont rol opt ions , h oweve r ,
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offe r internall y computed path control. A constant altitude cruise phase

can be acces sed  by s e t t i r . ~ I CONT 13 f o r  the  phase  of i n t e r e s t . I n t h e

in t eg ra t i on  of c r u i s e  ph a s e s , the  CGSM controls sustainer  t h ru s t  so that

it matches  the t h r u s t  r e q u i r e d  to fl y the  m i s s i l e  at t he  d e s i r e d  a l t i t u d e .

Set t ing  ICONT = 12 and M H G E N  I d u r i n g  a pha s e  c a u s e s  the  C GSM to

gen erate , and fl y,  an a l t i t u d e  v e r s u s  Mach number  s c h ed u l e . A c l imb

is normal ly t r ans i t ioned  into a leve l -o f f  phase  by t e r m in a t in g  the c l imb

phare with an ITERM value of 7. The level-off phase (specified by

I CON T = 14) regula tes  vehic le  load f ac to r  and s u s t a i n e r  t h r u s t  to main-

ta in  a d e s i r e d  Mach n u m b e r  wh i l e  c a u s i n g  the  fli g ht path ang le to become

ze ro  at the same t ime that  the r e q u i r e d  c r u i s e  a l t i t ude  is reached .

Success  of the  c l imb  and l eve l -o f f  phases  depends  on the u s e r ’ s

se lec t ion  of a l eve l -o f f  load f a c t o r  ~ i th which  to te r m i n a t e  the c l imb

under the ITERM 7 option . At each integration step during the climb

ph a s e ,  t he  load f a c t o r  r e q u i r e d  to leve l  off is c o m p ut e d  based on t h e

“c u r r e n t ”  s t a t e  v e c t o r .  The c l i m b  phase  is t e r m i n a t e d  v.hen tha t

required load factor equals the input final value ( F V A L U E ) ,  and the

CGSM immediately t ransi t ions into the level-off .  Acceleration norrr~*l

to the miss i l e  path , a N, i s com put ed at eac h step as:

41aN

where:

h is altitude rat e ,

Ah is cruise minus cur rent altitude

and g is the acceleration due to gravity (sea level).

The  use r  can select a level-off load factor  for  input as FVALUE by

reference to the fo Uowin g relationship:
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FVALUE = 1.0 + aN~

or

FVALUE 1. 0 - 
- h

since h = V sin ’~~,

where V re fe rence  velocity ( f t / s e c )

I = r e f e r e nc e  path ang l e (de g )

ALT F = c ru i se  al t i tude  (It )

and h r e f e r ence  a l t i tude  (It )

This  r e p r e s e nt s the  load f a c to r  r equ i r ed  to level off s t a r t in g at the  p o in t

de f ined  b y V , V~~~~~
, and h, and ending at an alt itude de f i ned  by A L i F .

T rans it ion  f r o m a climb to a l eve l off  is gen era ll y at nc g at~ vc or z e r o

loa d f a c t o r s , while posi t ive load f ac to r s  must  be used  f o r  t r a n s i t i o n

f rom a dive to a l eve l -o f f .

All N A M V P M  list p a r a m et e r s  a re  def ined  in F i gure  J l I - 2 8 .

P r e s t o r e d  va lues  a re des i gnated on that  f i g u r e .  All except i n t e g r a t i o n

control  variab les  are pres tor ed  as r e r o .

3.14 SUPER DESCRIPTION

A supervisory  NAMELIST has been included and labeled S U PE R .

That list includes  a collection of the most often var ied input s to  the  pa ’. -

load , wing,  tail , a i r f rame , propulsion sys tem , and inlet  s i z i n g  m o d u l es

and to the t r a j ec to ry  and aerodyr ~amics computation modules .  The

SUPER list is intended to facili tate the stacking of cases by r educ ing

the number of lists which must be loaded for the second and subsequent

cases .  NAMELIST SUPER is loaded with a ZIP code of “ZIP 11 1 1” or

“ZIP 11 1” (see Section 1.0 for  formats) . Loading of that ZIP card  and its

SUPER list  automatically s ta r t s  the missi le  syn thes i s .  SUPER l i s t  i t ems

are  defined in F igure  111-29. Pres tored  values are included on that  f i g u r e .

3. 15 NAMSCR DESCRIPTION

Screening control  data a re  input throug h NAMSCR. A de f i n i t i o n

of l is t  items is included as F igure  111-30.
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FIGURE 111-12

CGSM INPUT - I /O CONTROL OPTIONS
(NAM 1 NAMELI ST)

VARIABLE DEFINITION

LAIR Aerod ynamic  output  control  option -l
= 0 No output
= -l  Detailed output  for  each concept

ICOST Rela t ive  cost  output  control  option -l
= 0 No output

-1 Summary  output  fo r  each concep t
1 Detai led output for  each CER for  each concept

INPR IN NAMELIST out pu t  cont rol option [1)
= 0 Do not p r i n t  NA M E L I S T  l i s t s

1 P r i n t  each l i s t  as it is input

IPRP(l) Z1P output control [1]
= 0 I)o not output  7,IP c a r d s  -

~~

= 1 Pr in t  Z I P  c a r d s  as input

I P R P ( Z )  Basic  T able output cont rol E l i
0 Do not oi,;tput  B a s i c  T a b l e s

= 1 Pr int  tab les  as input

IP R P ( 3 )  Column he ad ing  output control  [1]
0 Do not p r i n t  column h e a d i n g s

= I Pr int  h e a d i n g s  of Ba si c  Tables  as  they  are  input

IPSM Propulsion sizin g output option [_ i ]
0 No output
-l Output deta i led  dat a d u r i n g  s i z ing  f o r  each
concept
-2 Summary output du r ing  s i z i n g  plus off des i gn
tabl e

IVP T r a j e c t o r y  output control  option [ -1 ]
o No output

= -l Output de ta i led  data on m i s s il e  t ra j e ctory 
V

d u r i n g  vehicle  p e r f o r m a n c e  computa t ion
-2 Same as -l option plus output of climb
schedule
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FIGURE 111-12 (Cont ’d . )

V A R I A B L E  DEFINITION

KFIL1~~ Supp r e s s i o n  f lag for  File 12 data  s t o r age  0
= 0 Store data on File 12 for  s c r e e n i n g
= 1 Suppress  File 12

NPAGE Initial page numbe r for labeling output 3

‘I

* KFIL1Z may be set to 1 when sc reen ing  is not r equ i r ed , and the r u n
time for  that  JOB will be reduced substantial ly.
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FIGURE 111-13

COSM INPUT - CONFIGU RATION TERMS
(NAMCNF NAMELI ST )

VARIABLE DEFINITION

ALTV(1),  1=1 , 10 Al t i tude  values  to be used in g e n e r a t i n g  the l i f t /
drag  coe f f i c i en t  tables  [0 , 40000 , 100000, 7~ 0 ft.]

ARVT Aspect  rat io of the ver t ica l  tail  panel [.99 1
O*FACT~~R Base a n n ulu s  s iz ing  pa ramete r  [0. 5]

FS~~VCT Rat io  of flat sec t ion  length  over  tail chord [0. 1
FS~~VCW Rat io  of flat sect ion length over  wing chord [0.]
FS1~VVT Rat io  of flat sect ion lengt h over ve rtical ta i l

chord [0.]

GULT Maximum normal  load fa ctor fo r  w i n g / t a i l  weig ht
computa t ions  [10.]

ILUG Launch lug code [o]
= 0 No lugs

I Launch lugs  used

XIPLANT Tail p l anform input options [1]
= 1 Input aspect  ratio (APT , ARVT ) and t a p e r

rat io (TRT , T R V T )
= 2 Input aspe ct ratio and leading ed g e swee p

(SLET , SLEVT )
= 3 Input aspect ratio and desi gn Mach number

(RMDES)
= 4 Inpu t aspect ratio , taper ratio and non-ze ro

t railin g ed ge sweep (STET , STEVT )

*IPLANW Wing planform input option s [1]
= 1 Input taper ratio ( T R W )
= 2 Input leading ed ge sweep (SLEW)
= 3 Input desi gn Mach number (RMDES)
= 4 Input taper ratio and non-zero  trailing edge
sweep (STEW)

IWT S Wing and tail wei ght computation options [3]
= I Use input wing  wei ght (WWINGI)  and tail

wei ght (WTI)
= 2 Computes wei ghts us ing area t imes densit y

(WOVAT , WOVAHT , WOVAVT , and WOVAW)
3 Compute wei ghts usin g empirical formulae
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FIGURE 111-13 (Cont ’d . )

V A R I A B L E  D E F I N I T I O N

NA LT Number  of a l t i t udes  to be use d  in g e n e r ~i t i n g  t he
l i f t / d r a g  coe f f i c i en t  tables  [3)

N R M  Number  of Mach n u m b e r s  to be u s e d  in g e n e r a t i n g
the l i f t / d r a g  c o e f f i c i e n t  t a b l e s  [6]

PAN WI IT Horizontal tail panel weight - lb. [25]

PANWT Cruc i fo rm (or  t r i f o r m)  tail panel wei g ht - lb. [20]

PANWVT Vertical  tail  panel weig ht - lb. [25]

RL S Location of in tersec t ion  of wing leading ed ge and
body in pe r cen t  of total miss i le  length 50. in

RMDES Wing des ign  Mach n um b e r  2 . 0

R M V ( I )  1 1 , 20 Mach numbers  to be used in g e n e r a t i n g  th e  lift / d r a g
coeff icient  tables [ .4 , .9 ,  1, 1. 5 , 2 , 4 , 14*0]

RX 1NT Location of maximum th i ckness  of tail  chord  r e l a t ive
to tail leading ed ge (L. E. ) in f r a c t i o n  of t a i l  chord
[o.s]

RXINVT Location of maximum thickness  of ve r t ica l  ta i l
chord [0.5)

R X I N W  Location of maximum thi ckness  of wing chord [0. 51

SLET Tail leading ed ge sweep ang le [38 d e g . ]

SLEVT Ver t ica l  tai l  leadin g ed ge swee p an gle [45 d e g . ]

SLEW Wing leading ed ge sweep ang le [50 d e g . ]

*ST VET Tail t ra i l ing  ed ge sweep ang le [0 deg.  I
*STEVT Vert ical  tail  t r a i l i ng  ed ge sweep ang le [0 . de g . ]

~‘STEW Wing t ra i l ing  ed ge sweep an gle [0. dc , . ]
TH E T A C  No se cone half ang le - rad .  [. 165]
TRAT Tail  thi ckness rat io ( t h ic k n e s s/ ch o r d )  f . 0 4 J
T R A V T  Vertical tail th ickness  ra t io  [ .05 ]
T R A W  Wing th ickness  ratio [ .0 5 ]

TRT Tail taper ratio (ti p chord/root  chord)  [0 . 32]
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FIGURE 111-13 (Cont ’d . )

VARIABLE DEFINITION

TRVT Ver t ica l  tai l  t ape r  ratio [o. 4]
TRW Wing t ape r  rat io  [0 . 3]

VTALOC Fract ion of input  tail  area to be al located to
the ver t ical  tai l  [. 5]

WOVAHT Wei ght of hor izonta l  t a i l / t a i l  area [6 ps f ]

WOVAST Unit wei ght of skin enclosing pay load and
propulsion sect ions [5. lb/ sq .  ft .  a rea]

WOVAT Wei ght of t a i l / t a i l  area [6 psf]

WOVAVT Wei ght of ver t ica l  ta i l/ver t ical  tail  area  [6 p sf]

WOVAW Wing wei gh t / w i ng area  [6 psf ]

V 
WTI T ail weight used if IWT S 1 [25 lb . ]

WWINGI Win g weight used if IWT S = 1 [50 lb.]

ZP~~PT Payload compartment skin wei ght control  option [0]
= 1 when skin weight is computed u s i n g  WOVAST
= 0 when skin wei ght is computed us ing  ZSK IN I
-l when skin wei ght is input as Z WSKIN

ZSKIN I Skin th i ckness  used in computing pay load and
propulsion sect ion skin wei ghts [0. 4 i n . ]

Z WSK IN Payload skin weig ht [1 lb . ]

* T rai l ing ed ge sweep ang le mu st be zero unless  IPLANT 4 (fo r t a i l s)
or IPLANW = 4 (for wings). IPLANT controls both horizontal ai~d

vertical  tail panels.

*~~‘ FACTOR is used to  compute the  boattailed base d iameter  acco rd ing  to
the equation:

DIA M = DEXIT + (D3 - DEXIT ) FACT~~R
where DEXIT = nozzle exit diameter , —

and D3 = diam eter of propulsion sect ion.
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FIGURE 111-14

CGSM INPUT - LAUNCHER PAC KAGIN G TERMS
(NAMPAK NAMELIST)

VA RIABLE DEFINITI ON

BCLR C l e a r a n c e  be tween  booster  case and m i s s i l e  1 .0  in .

CLRA Af t  c learance  in s u r f a c e  l aunch  tube 6 in.

C L R F  F o r w a r d  c l ea rance  in s u r f a c e  launch  tube 6 in.

D E L V X  U ppe r c l e a r a n c e  6 in.

FCLR Fuselage  hei g ht above dec k for  a i r  l aunch  sy s t em
60 in.

GCLR Minimum ground clearance for air launch system
12 in.

KLNCH Launch  p la t form option
= 0 For surface (tube) launch
= I For air  launch

KMAIR Ai r - l aunched  mount ing option 2
= 1 Mount in fuse lage
= 2 Mount on wings

PAKSUB Frac t ion  of miss i le  submerged  in the l a u n c h e r  fuse-
lage (used when KMAIR~~l) r e l a t i v e  to the m i s s i l e
r ad ius  0

R A T C L R  Ratt le space c lea rance  2 in.

REHTUB Ell ipse ratio of tube heads 2

THEAD Tube head th ickness

THEBST Booste r a t t achment  ang le re la t ive  to v e r t i c a l  plane
40 deg.

TUBTHK Tube thickness 4 in.

KMTAIL Air  launch orientat ion option 2
= 1 Moun t with vert ical  tail up
= 2 Mount with ver t ical  tail down

WINGC L Wing c learance above deck for  air  launch sys tems
90 in.

WTMAX Maximum miss i le  wei g ht 20 , 000 lbs.

X L T M A X  Maximum launched missi le  length 500 in.
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FIGURE 111-14 (Cont ’d . )

VA RI ABLE DEF INITIO N

DT UBMX Maximum tube d iameter  50 in.

XL TBMX Maximum tube length 500 in.

ZPYLO N Py lon depth 18 in.
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FIGURE 111-15

CGSM INPUT - G E N E R A L  BOOSTER P A R A M E T E R S
(NAM B~X~ NAMELI ST)

VARIABLE DE FIN ITION

ABM Aft boss mult i pl ier  0.

AER Aft el lipse ratio 2 .

AFAT P o r t - t o - t h r o a t  a rea  ra t io  1 . 5

AlT Aft insulation thickness . 09 in.

ASL Aft skirt length 2. in.

ASM Aft  sk i r t  multip l ier  1.

ASWM Aft  s k i r t  weig ht multi pl ie r  0.

*CASEM Case mate r i a l  code 8

CSTAR C h a r a c t e r i s t i c  exhaus t  veloci ty  477 9. f ps

DENI Insulat ion dens i ty  . 1615 l b/ c u .  in.

DLFS Skirt  e x t e n s i o n  l eng th  [0. i n . ]

EAR Entrance area ratio [2.]

EPI Noz zle  expansion ratio [10]

ETAX Volumet r i c  loading [ .9]

FBM Forward boss multi pl ier  [1 . ]

FCW M Forwa r d closu r e wei ght multipl i e r  [1 .]

FER Forward ellipse ratio [2.]

FIT Forward insulation th ickness  [ .05 i n . ]

FJ Thrust coefficient [.96]

FMPAH Percent aft dome propellant [ . 5)

FSL Forward skirt length [0. 0 in . ]

FSULX Ultimat e fac tor  of safety [1 . 4]

FSWM Forwa rd skirt  wei ght multiplier  [0. ]

FSYLX Yield fac tor  of safety [1 . 2]

CA M Propellant ratio of specif ic  heat s [1 . 18]

GMAX Maximum acceleration [30. g]

111-53 

V — 

j . .. .,
~

. . 
?T ::

’
.~ 

V~~~ V

- I 
•
1 I •



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

FIGURE I l l - i S  (Cont ’d . )

V A R I A B L E  DEF iN I TION

PA Ambient p r e s s u r e  [10 psi]

PBELL Frac t ion  bell nozz le , ad jus ted  where 1. 100
percen t  bell [1 . ]

PC Chamber  p r e s s u r e  [1070 psi]

PCM Maximum chamber r’~ essure [2000 psi]

PHI Nozz le  half ang le [21 d e g . ]

PSUB Percent  n ozz le  submerged  [0]

RBOSS Ra t io  of i g n i t o r  boss  area to t h roa t  a r ea  [ . 5 ]

RHOP Propel lant  d e n s i t y [ . 0628  l b / i n 3 ]

RMASW Misce l laneous  af t  skir t  wei g ht [0. l b . ]

RMAW M i s c e ll a n e o u s  a f t  we i gh t [0. l b . ]

RMCW Miscel l aneous  cy l i n d e r  w e i gh t s [0 . lb.

RMFSW Misce llaneou s f o r v a r d  ski rt ~‘.‘ei ght [16 l b . )

RMFW Misce ll aneous  f o r w a r d  w e i g h t  [0. l b . )

RMIW Ign i to r  wei ght m u l t i p l i e r  [. 3]

RNBW M Nozzle  boss  weig ht mul t ip l i e r  [2 . 4 2 E - 6 ]

RNEC Noz zle  exit cone exponent  [6. 8 E - l O ]

RNECC Nozzle  exit cone multi pl ier  [2. 864E -6]

RNEC 1 Nozzle  exit cone wei ght exponent  [ .8]

RNECZ Nozzle exit cone wei ght exponent  [1 . ]

RNEC3 Nozzle exit cone wei ght exponent [1 .7 ]

RNMW Noz zle  miscellaneou s wei ght [5 lb .]

RNRM Nozzle retainer multiplier [0.]

RNT M Nozzle throat multiplier [ l .2 16E-4]

RNTWM Nozzle throat wei ght multiplier [1 . 834]

SAW Safing and arming wei ght [0. 0 lb. }
SEM Skirt elasticity modulu s [1 .E7]

- 
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FIGURE 111-15 (Cont ’ d . )

VARIABLE DEFINITION

TCASEF Case t e m p e r a t u r e  900°R

TL Li n ea r  t h i c k n e s s  . 09 in.

TMIN Minimum case thickness . 07 in.

TR Tandem corn busto r s t r u c t u r a l  t h i cknes s  . 05 in.

TTH Nozzle  e n t r a n c e  a rc  [45 d e g . ]

V R F I I  Forward  void a rea  [ 0 . ]

Mater ia l  codes include: 6 - A Z 3 1B - 0  rn agr .e s ium
1 - A 1SI 150 psi steel 7 - 6A L - 4V  t i t a n i u m
2 - AISI 200 psi steel 8 - Rene 41
3 - 300 gr  marag ing steel 9 - W C 12 9 Y  Columbium
4 - 17-4Ph stainless 10 - Glass f ab r i c  epoxy laminate
5 - 20l4-T 6 aluminum 11 - Filament wound g l a s s  epoxy

** These  t e r m s  are  required onl y for  tandem ramjet p ropu ls ion  system
sizing.
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Figure 111-16
CGSM D ’JPUT - EXTERNAL BOOSTER TERMS

( N A M E X B  N A M E L I S T)

V A R I A B L E  
V 

DEFINITION

Cl Dump boss multip lier L i.  1 ]
C2 S k i r t  we i g ht m u l t i p l i e r  1.

C3 Attach ring multip lier L’. 1]

C4 - M i s c e l l a n e o u s  f o r w a r d  wei g ht L2 lbs .]
CS M i s c e l l a n e o u s  cy l . w e i g ht L2 lbs.]

C6 M i s c e l l a n e o u s  af t  we i g ht L~
t lbs.

CLEAR Clear  area  between m i s s i l e  and t a n k s  ~~2 . S in.]

EL Ell i pse r a t i o  [ 2

*MTLRAM Co m b u s t o r  m a t e r i a l  code 2

RHOENT En t r a n c e  d e n s i t y  ~O. 04 l b / i n 3 j
RHOEXT Exit  cone d e n s i t y  [0. 04 l b / i n 3

’

RHOIN Internal insulation density ~O. 065 t b / i n 3
..r

RHOTHT Throa t  d e n s i t y  0. 05 l b/ i n  
-

RHOX Externa l  insu la t ion  dens i ty  ~~ O. C2 lb/in 3]

TEMPC Case des i gn t e m p e r a t ur e  [900 °R 1
TENT Ent rance  in su l a t i on  t h i c k n e s s  [o. 2 in .J

TEXIT Exit cone insu la t ion  th i ckness  [o. 2 in.]

TEXTER External  insu la t ion  th ickness  [0. 0 in.]
V 

THETA Entrance  arc [45 deg.j

TINAFT Internal aft insu la t ion  thickness [o. 25 in~~
V TINS Internal insu la t ion  thickness ~~O. 25 in.J

TMINC Minimum sidewall  thickness [o. 05 in.~J

- 
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Fi gure 111-16 (Cont ’d . )

V A R I A B LE  DEFINITION

TMIND M i n i m u m  dome t h i c k n e s s  [o. 05 in.]

TTHROT Throa t  in se r t  ed ge th i ckness  [0 . 2 in.]

WHARNS Weig ht of a t t a ch  ha rnes s  [o. lb.]

XSTAR C h a r a c t e ri s t i c  l eng th  (L*) [60 in.]

* Mate r i a l  codes inc lude :
I - AISI 150 ps i  stee l
2 - AISI 200 psi steel
3 - 300 gr marag ing s teel
4 - 17-4 Ph s t a i n l e s s
5 - 20 14-T6 a l u m i n u m
6 - A Z 3 1 B- 0  m a gn e s i u m
7 - 6A L - 4 V  t i t a n i u m
8 - Rene 41

- 9 - W C 12 9 Y  Co t u m b i u m
10 - Glass  f ab r i c  epoxy  l a m i n a t e
11 - F i l a m e n t  wound  g lass epoxy V
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FIGURE 111-17

CGSM INPUT - SOLID ROCKE T SIZING TERMS
(NAM S R NAMELIST)

VARIABLE DEFINITION

MAT Igni ter  to throa t area ra t io  ~0. 25]

.APAT Port to th roa t  ra t io  [i. 5 ]
ETACF Thrus t  coe f f i c i en t  e f f i c i ency  [ .97]

EXPBR Burn rate exponen t  [.82 ]
PBELS Percent bell  nozzle [80 J
PHIN t~Z Nozzle exit  cone half ang le [is  deg.]

REAH Ell ipse ra t io  of aft head [ 2

REFH El l ipse  ratio of fo rward  head 2. ] V

RH~~ISS Insulat ion dens i ty  LO. 036 lb/cu .  in.

RH~~MTL St ruc tura l  mate r ia l  d e n s i t y  [o. 283 lb /cu .  in.~~
RHC~S Propellant dens i t y [0 . 062 tb /cu .  in.]

SIGMT L Mater ia l  s t r eng th  [260 , 000 lb/sq. in.]
TIC Cy linder  insu la t ion  thicknes. [o. i in.]

TRATI1~ Throt t le  ratio (maximum t h r u s t / m i n i m u m
V thrus t )  [l0 1

WMS~~L Miscellaneous wei g ht in solid motor [0. lb.]

ETSISP Specific impulse efficiency 0. 95

CSTAR1 , CSTAR2 Coef f icients u sed in computing characterist ic
exhaust velocity with the following equation:

CSTAR CSTAR1*ALOG(PC) + CSTARZ

where PC is chamber pressure  in pef
37., 4946.
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Figure 111- 18

CGSM INPUT - LIQUID ROCKET SIZIN G TERMS
( N A M L R  NAMEL I ST)

V A R I A B L E  DEFINITION

DBT Length  of space be tween  fue l  and o x i d i z e r
t a n k s  [0 in.]

ETACL T h r u s t  c o e f f i c i e n t  e f f i c i e n c y  [0. 97]

ETAISP Spec i f i c  imp u l s e  e f f i c i e n c y  [o. 921
EXS1 N o z z l e  expans ion  ra t io  [ 8. ]

ITANVK Tank des i gn option [ 1  J
1 f or em bedded t an k s

= 2 for  se p a r a t e  t a n ks

IWTANK Tank wall  t h i c k n e s s  computa t ion  opt ion [ 0 ]
= 1 to compute wall  th ic I~nes s  us ing  p r c r s u r e

c o n s t r a i nt s .
0 to compute  t h i c k n e s s  u s ing  bend i r~g
equa t ions .
-1 when t h i c k n e s s  is input  as TCWI .

METAL S t r u c t u r a L  m a t e r i al  code [ 3 J
V 

= I for  a l u m i n u m
= 2 for  t i t an ium
= 3 f o r steel -

P 1. P2 , P3 , P4 , Cons tan t s  used to c o m p u t e  ch a r a c t e r i s t i c

P5, P6 , P7 , P8 exhaust velocity, as follows:

C* p l ( P )P2
~~

P3(p c
)P4 11P5(P c

) P6
~~

M R1~

V 
where  is chamber  p r e s s u r e  and MR 

i~ m i x t u r e  r a t i o

[5511,.  00546 , 176. 96 , .03649.  1 . 7 , .  0378 , 1. 4~~8 , 6x 10 5

PBELLL Percent  bell nozzle  [ 80.]

PSTAR Thrus te r  cha rac te r i s t i c  length  (L it )  [75. in. ]

PT 
V 

Cham ber cy linder l eng th /d iamete r  [i.  5]

~ v~~x Oxidize r vapor p r e ss u r e  [17.2 psi]

REH Tan k head elli pse ratio [ 2 ]
V 

RH ~~F Fuel de nsity [49. 05 lb /cu .  f t .

RHt~~ X Oxid izer d e n s i t y  [89. 4 2 t b / cu .  f t .
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FIGURE 111-18 (Continued )

VARIABLE DEFINITION

SAFAC Factor  of s a f e t y  used in t a n k  wall t h i c k n es s  -

c ompu ta t i ons  [ 1 . 2  
-

[used when IWTANK 1]

TC WI Tank wall  t h i c k n e s s  used if IWTANI< = -1 [0.05 in.] -

TFRA C Ratio of tank d iameter  to miss i le  a i r f rame
diameter [i . oJ

TRAT I L Thrott le  rat io (maximum t h :u s t / rn in i m u rn  t h r u s t )
Lio

WMJSCL Miscellaneous propulsion system weight [0. 0 lb.2 
V

W~~VAC 1 Chamber  cy l i n d e r  weig ht per un i t  area V

[.0581 lb / s q .  in .]

Wc~VAC2 Nozzle inlet  we i g ht per u n i t  area [. 058 1 lb / sq .  in .]
W~~VAN 1 Nozzle wei g ht per u n i t  a rea  for  expans ion  ra t io  

-

less than 15 [0 . 02 l b/ s q .  in.]

W~1VAN2 Nozzle wei g ht per u n i t  a rea  for  expans ion  r a t io s  -

V 
~~15 [0 . 006 l b / s q .  in. ] -

X~~LMIS Length of miscellaneous equipmen~. section
(to be located betw een tank and turbopurnp).  [0 in. I -

I
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FI GURE 111-19

CGSM INPUT - RAMJET SUSTAINER TERMS
(NA MRJS N A M E L ~ST)

V A R I A B L E  D E F I N I T I O N

A6MAX Maximum A 6 / A 3  (n o z z l e  exit a r e a / c o m b u s t i o n
chambe r a r e a )  [.a3J

A6M IN Minimum A 6 / A 3  [ . 9 3 ]

ACMAX Maximum A C / A 3( c a p t u r e  a r e a / c o m b u s t i o n
chamber a r e a  [1 .]

AL Bleed f r a c t i o n  [ .03)

ANN No zzle  e f f i c i ency  [ .9 7 ]

CDB B u r n er  drag  coeff ic ient  [0 . ]

CLX Clear area bet ween fuel management  bay and
boos te r  [1 i n . )  V

CNM N ozzle  m a s s  f low coe f f i c i en t  [.978]

DELT 4 Combust ion t e m p e r a t u r e  sea rch  in t e rva l  [ 1 0 0 .)

DROF Change  in fuel  den s i ty  per  d e g r e e  c h a n g e  in
t e m p e r a t u r e  [ 0.0 lb/cu. in. per °R I

EDR Ell ipse ra t io  [z . ]

EEXP Expuls ion e f f i c i ency  [.9 ]

EX IN External  insu la t ion  th ickness  [0 .0  i n . ]

FSLBO Factor of sa fe ty  on lean blow out [ 1 .5 ]

FT US Ultimate safe ty  factor  [1 . 25]

FT YS Yield safe ty  factor [1. 15]

GMF Solid gas genera tor  mass fraction [.75]  V

IFTYPE Fuel deck option [o]
= 0 to r ead specific heat ratio in NAMSPH and gas

constant NAMGSC for  low p r e s s u r e  onl y
= 1 to r ead for thre e combustor p res su res

(PT4 1 , PT42 , and PT43) V

KFM Fuel management sys tem option [4]
= 1 for N2 stored gas
= 2 for LGG (liquid ga s generator)
= 3 for SGG (solid gas genera tor )
= 4 for  rarriair tu rb ine
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FIGURE 111-19 (Cont ’d . )

VARIABLE DEFINITION

*MAT PB Pressure  bottle material code [2]

*MATTK T ank material code [4)

NB Number of N 2 bottles used if KFM 1 [0]

PDF Injector pressure drop fraction [.05]

PKD Inverse  of packaging e f f i c i ency  [ 2 . ]

PN2 N 2 p re s su re  [2000. psi]

PT4 1 Low pressure  level used with fuel decks 1n NAMTR S ,
NAMSPH , and NAMGSC [1060. psf]

PT42 Medium p r e s s u r e  level [2116. ps f ]

PT43 Hi gh p ressure  level [42324. ps f ]

RGD Fuel control ler  p r e s s u r e  drop ( 2 5 . ]  
V

RHOINS External  insulat ion densi ty  [0. 0 l b / c u . i n .]

RHORJF Fuel densi ty  [ .0377 lb. per cu . in. ]

ROB Bladder dens i ty  [ .053  lb/cu . in. I

RU Gas constant (N 2 or SGG or LGG) [50 .1

SPPWF Secondary power package weight f rac t ion [o. 045]

TBLAD Bladder thi ckness [.03 in . ]

T CASEC Minimum case thickness [.05 i n . ]

TFUEL Maximum fuel t emperature [75°F)

THGG T otal temperature (SGG or LGG) [2000 °R]

TMAX Maximum case design temperature [1000°F]

TSUS Maximum operating time [100. sec . ]

ULLG Ullage fraction [.02]

VPP Volume per pound of secondary propulsion
package [10. cu. in.)

Xl Clearance between N2 bottle and sidewall used if
KFM I [0. 1 in. )

I lfl-6Z



F I G U R E  111- 19 (Cont ’d.

V A R I A B L E  DEFIN ITION

X 2  Half the c l e a r a n c e  be tween  N 2 bott l es used  i f
KFM 1 [. 05 in . ]

XM~~MR Bleed momentum r e c o v e r y  [0. 4]

* M a t e r i a l  codes  inc lude :
1 - AISI 150 psi steel
2 - AI SI 200 psi steel
3 - 300 gr marag ing  s teel
4 - 17-4  Ph stainl ess
5 - 20 14-T6  aluminum
6 - A Z 3 1B - 0  magnesium
7 - 6AL-4V t it an ium
8 - R e n e  4 1
9 - W C 1 2 9 Y Columbium

10 - Glass  fabr ic  epoxy laminate
11 - Filament wound glass epoxy

• 11.1-63
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FIGURE 111-20

CGSM INPUT - TURBOJET SUSTAINER TERMS
(NAMTJ NAMELI ST)

VARIABLE DEFINITION

ALFTJ Design ang le of at tack [o deg.]

CNLPDS Turbine des ign  co r rec ted  shaf t  speed 2 . 3 / ° R

ETABDS Combustor  desi gn e f f i c i ency  . 985

ETAFDS Compressor  e f f i c iency  . 829

ETLPDS Turb ine  des ign  e f f i c i e n c y  . 903

HPEXT Horsepower  extract ion 0 Hp
V 

IDIF F D i f f u s e r  s iz ing  option 0
= -1 use input d i f f u s e r  length (XLDIFI)

0 compute diffuser length

IMCD Main nozzle design selector 0
1 use convergen t -d ive rgen t  nozzle desi gn
0 use convergent  nozzle design

ISTR S t ruc tu re  option 1
= 1 compute s t r u c t u r e  wei g h t based on

METTJ
= 2 compute using WOVAST
= 3 use input WSTRI

KENG Eng in e des ign option 1
= 1 for  in- l ine engines

2 for semi-submerged

SKSTR St ruc ture  weig ht multiplier 1

KTANK Fuel tank option 1
= 1 for  saddle tank desi gn
= 2 for cy lindrical tank onl y

METTJ Structure material option I
1 for  aluminum

= 2 for  titanium
3 for  steel

TJMMAX Maximum Mach number 2. 5

OPR Overall pressure ratio 8

PCNFDS Design percent  shaft speed 100
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FIGURE 111-20 (Cont ’d. )

VARIABLE DEFINITION

PRFDS Compressor  des ign  p r e s s u r e  ra t io

REHTJ Fuel tank head elli pse rati o 2

RHOTJ Fuel dens i ty  50 l b/ f t 3

TFLPDS Turb ine  des ign  flow func t ion  130 l b / s e c
° R/ p s i

TJLMIS Misce l l aneous  equi pment  s e c t i o n  length  0 in.

W MISTJ Misce l l aneous  equipment  wei ght 0 lb.

WOVATJ S t r u c t u r e  weig ht in lb. per square  foot  of
s u r f a c e  area  6 l b / s q .  f t .

WSTRI Struc ture weig ht used when ISTR=3 200 lb.

XLDIFI Diffuser length used when IDIFF -l 0 in.

YEAR Y ear of lOC 197 5
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Figure 111-21

CGSM INPUT - RAMJFm ~ u~~L TEMPE RATURE RIS E TABLES
( NAMTRS NAMEL I ST)

VARIABLE 
V 

DEFINITION

K2 Number of sub tab l es  inpu t

KK(T) ,  Number  of e n t r i e s  p er subt ab l e
I~ 1 , 15 

V

TT2 ( I ) ,  Total t e m p e r a t u r e  of s t a t i o n  2 (one va lue  for each
1= 1 . 15 table f rom 1 to K 2 )

FAR 1( I , J ) ,  Fuel  to a ir  r a t i o  fo r  sub t ab l e s  I and c o l u m n s  3
1=1 , 15 , 3= 1 , 15

*TRL~~(I , J) ,  T e m p e r a t u r e  r i se  at low combus to r  p r e s s u r e
1=1 15 . J 1 , 15 ( fo r  s u b t a bl e s  l and c o l u m n s  3)

*TRMED(I ,J ) ,  Tempera tu re  r i se  at m e d i u m  corn bus to r  p r e s s u r e
1=1 , 15 , 3 = 1 , 15 (for subtables l and co lumns  3)

*TRHI (1,3), T e m p e r a t u r e  r i se  at hi g h corn bu sto r  p r e s s u r e
1= 1. 15 , J= 1 , 15 ( for  s ub t a b l ’s  l and c o l u m n s  3)

* Low , m e d i u m  and hi g h p ressures  are set b y PT4 J , PT42 , and PT43
in NAMELIS T NAMRJS.

NOT E: Pres tored values are l isted on facing page s.  Table values
not shown are zeros .
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Fi g u r e  111-22

CGSM INPUT .
~ RAMJET FUEL SPECIFIC HEAT R A T I O  TABLES

( N A M S P H  N A M E L I S T )

V A R L~ BLE D E F IN I T I ON

K3 Nu m ber of s u b t a b l e s  i n p u t

K L ( I ) ,  Number  of e n t r i e s  per s u b t a b t e
I~~1 , 15

T T 4 A ( I ) ,  Total  t e r ’npe ra ture  (one value for eac h t a b l e  f r c m
I~~1 , 15 1 to  K3)

F A RZ ( I , J) ,  Fue l  to a i r  r a t i o  f o r  s u b t a b l e s  I and c o l u m n s  j

V 
1= 1 , 15 , J~~1 , 15

*GAML ~~(I , J ) ,  R a t i o  of s p e c i f i c  hea ts  f o r  low c o rn b u s t o r  p r e s s  u~~c
I~ 1 , 15 , J~ 1 , 1 5 ( for  s u b t a b le s  I and c o l u m n s  J)

*G A M M E D ( I , J ) ,  Ra t io  of sp e c i f i c  h e a t s  f o r  x n c d i u m n  con b u s t o r
1= 1 , 15 , J= 1 , 15 p r e s s u r e  ( fo r  sub t ab le s  I and c o l u m n s  J)

*GAMHI(I , J) ,  Ra t io  of s p e c i f i c  heats  f o r  hi g h co m b u s t o r
1= 1 , 15 , J - 1 , 15 p r e s s u r e  ( f o r  s u b t a b l e s  I and c o lu m n s  J )

* GAMMED and GAMHI are  used onl y if IF T Y P E= 1  in NAMELI S T N A M R J S .
Low , med ium , and hi gh p r e s s u r es  are  set by PT4 1. PT42 , and
PT43 in NAMRJS .

NOTE: Prestored values are listed on facing pages. Table values
not shown are zeros.  *
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Fi gure 111-23

CGSM INPUT - RAMJET FUEL GAS CONSTANT TABLES

(NAMGSC NAMEL I ST)

V A R I A B L E _ DEFINITION

K4 Numbe r of subtables  input

KN(I ) ,  1= 1 , 15 Number  of e n t r i e s  per sub t able

TT4 B(I) ,  Total t e m p e r a t u r e  (one for  each t ab l e  f r o m  1 to 1<4)
1= 1 , 15

FAR3(I , 3), Fuel to a i r  r a t i o  for  subtables  1 and columns 3

1= 1 , 15 , 3= 1 , 15

*GASLO(I , 3), Gas cons tan t  at low combus to r  p r e s s u r e  for
1=1 , 15 , J 1 , 15 subtables  1 and columns .~

*GASMED (I , J ) ,  Gas constant at medium combustor pressure for
1= 1 , 15 , 3= 1 , 15 subtables I and columns 3

*GASHI (I , 3), Gas cons tan t  at  hi g h c orn bu st or p r e s s u r e  f o r
1’i , 15 , J 1 , 15 subtables I and columns J

* GASMED and GASHI are used onl y if IFTYPE = 1 in NAMELIST NAMRJS.
Low , medium , and hi g h p ressures  are set by PT4 L , PT4 Z , and PT43 in
NAMRJS.

NOTE : Pre stored values are listed on fa cin g pages. Table values
not shown are zero s.
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Figure 111-24

CGSM INPUT - RAMJET FUEL BURNE R SEVERITY TABLES
(NA M BSP NAMEL IST)

V A R I A B L E  fl~~FINIT 1ON

NB ! Num be r of data  sets

BSP(I), 1=1 , 24 Burner  seve r i ty  p a r a m e t e r  (BSP)

C~~MEFF(1), 1=1 , 24 Combustion e f f i c i ency  for  each BSP

RLEAN(I) ,  1= 1,  24 Lean blow out ra t io  for  each BSP

NOTE: Prestored values are listed on the facing page . Table
values not shown are  ze ros .
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FIGURE 111-25

CGSM INPUT - AIR INLET PERFORMANCE A N D  SIZING DATA
(NAMIN M N A M E L I S T )

VARIABLE DEF1NITI ON

CRI TICAL INLET PERFOR MANCE MAP

1<8 Number  of pitch angles for  which subtables are
input fo ]

K P T C ( I ) ,  I - i , 15 Number  of Mach numbers entered in each
subtable [l 5 I :~0]

A L P H V ( 1) ,  1 1 , 15 Pitch ang les cor responding  to each subtable
[ 15 ’O .  deg]

AAMACH (I , J ) ,  Mach numbers  for  subtables 1 and columns 3
1= 1 , 15 , J — l , 15 [225*0. )

A D D D ( I , J ) ,  Additive drag  fo r  subtables I and co lumns  3
1.1, 15 , J~~1, 15 [225 *0]

A~~ACC( l , J )  Mass flow rat io for  subtables I and columns 3
1=1 , 15 , 1, 15 [225~~0. I

PT3PT~~ ( I , J ) ,  Combustor  total p r e s su re  recovery for  subtables I
1=1 , 15 , J~~l , l5 and columns J [22 5*0 .]

TWO-DIMENSIONAL INLET SIZING

ASPECT Inl et aspect ratio - width d iv ided  by hei ght me a s u r e d
in th e captu re plane [1.05]

DSHT Inlet desi gn altitude [10000. f t ]

DSMACI’I Inlet desi gn Mach number  [ 2 . ]

NDUCT Duct material code [8]

NFRNG Fairing material code [8]

NRAMP Number of ramp s In inlet des ign  [3)

TFRNG Inlet fai ring thickness [ .04 i n . ]

‘l’START Inlet wall thi ckness [.078 i n . )
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FIGURE 111-25 (Cont ’d . )

VARIABL E DEF INITION

XC Scaling fac to r s  for  the coord ina te  of the inlet cowl
YC lip leading edge (L .  E . ) .  its t rue  coordinates  are

X = H -~XC , and
Y H *Y C ,

w h e r e  H is in le t  heig ht measu red  in the inlet capture
plane. The ori g in ~

- “ie coo rd ina t e  s y s t e m  is
general l y set at t h e leadin g ed ge at thc f i r s t  compres-
sion ramp,  wi th  X b e i n g  p a r a l l e l  to t h e  m i s s i l e
cente rl ine and Y bei n g d i r ec t ed  outward throug h the
inlet center. (see diagram below) [0,0)

XR 1 Scaling f ac to r s  for  the coordinates  of the f i r s t
YR1 compression ramp L. F. This is generall y (0,0)

since the  ~ r i i i n  is pos i t ioned  at the  f i r s t  r amp
L .E .  [0,0]

XR2 Scaling factors for coordinates of the second corn -
YR2 p r e s s i o n  ramp L. F . [0 , 0)

X R 3  Scalir~g f a c t o r s  fo r  coord ina tes  of the th i rd  corn-
YR3 p r e s s i o n  ramp L . F .  [0 , 0]

XR4  Scaling f a c t o r s  f o r  coordinates  of the th i rd  corn -
YR4 p ress ion  ramp t r a i l i n g  ed ge. [0 , 0]

XT Scaling fac to r  for  the  inlet t h roa t  hei g ht , wh ere  t he
actual hei g ht i s com puted  as 

~ T = I I I I X T , and H is
inlet hei ght measured  in the cap tu re  plane  [o]

Y R A N G I  F i r s t  compress ion  ramp ang le [0. de gJ

YRANG2 Second compress ion  ramp ang le [0. deg]

YRANG3 Third compres s ion  ramp ang le [0. deg}

ZMACHT Inlet throat Mach number [0.0]

* Material  codes include:

1 - AISI 150 psi steel 6 - A Z 3 1B - 0  magnesium
2 - AISI 200 psi steel 7 - 6AL.-4v titanium
3 - 300 gr maraging steel 8 - Rene 41
4 - 17-4 Ph stainless 9 - WC 12 9Y Columbiurn
5 - 2014-T6 aluminum 10 - Glass fab ric epoxy laminat e

. 11 - Filament woun d g lass epoxy

Note: Pre stored va lues not listed are zeros.
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Figure 111- 26

CGSM INPUT - RELAT IVE WORTH DAT A
(NAM3 NAMELIST )

VARIABLE DEFINITION

W~~RTH 1 Wort h of the baseline missile conf igura t ion  [100.]

NRMAX , PVRMAX(I ) ,  Sensitivit y data defining the variation of wort h
D W R M A X (I ) ,  wit h variabl e maximum missile range .  The
1=1 , 7 parameter NRMAX defines the number  of data

point s input (NRMAX = 7)  for  the PVRMAX and
DWRMAX a r r a y s .  The PVRMAX a r r a y  includes
values of maximum range (n .  mi. ) while the
DWRMAX ar ray  includes the change in worth
(~~W fo r  each PVRMAX value) relative to the
baseline missile. [0 , 7*0 . , 7*0 .1

NWT W I-I , PV WT W H ( I ) ,  Data defi n in g relative wor th  dependency on war-
DWWT WH (I ) ,  head weig ht in lb. [0 , 7*0 . , 7~ 0 . ]
1= 1 , 7

NRCR , P V R C R ( I ) ,  Dat a defining relative wor th  dependency on
D W R C R ( I ) ,  cruise phase range in n. ml . [0 , 7*0 . , 7~ 0.
1=1 , 7

NRLL , PVRLL(I ) ,  Dat a def ining relative wor th  dependency  on low-
D W R L L ( I ) ,  level run- in range in n .mi .  [0 , 7 *0 .  , 7*0 .I
1=1 , 7

NHCR , PVHCR(I ) ,  Data def ining relative worth dependency on
DWHCR (I ) ,  cruise alt itude in feet [0 , 7’~0. , 7~~0 . }
1=1 , 7

NHLL , PVHLL(I ) ,  Dat a defining relative worth dependency  on low_
DWHLL(I ) ,  level run- in altitude in feet [0 , 7*0 . , 7~ Q.
1=1 , 7

NVCR , PVVCR(I) ,  Dat a defining relative worth dependency on
DWVCR(I ) ,  cruise Mach number [0 , 7r : O .  , 7*0.]
1=1 , 7

NVLL , PVVLL(I) ,  Dat a def ining relative worth dependency on
DWVLL( I ) ,  low-level run-in Mach number [0 , 7*0. , 7*0.]
1=1 , 7
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Figure 111-26 (Continued)

VARIABLE DEFINITION

NCEP , PVCEP( I )  Dat a def ining relative wort h dependency on
D W C E P ( I ) ,  missile accuracy  (CEP in n . rn i .  ) .  [0 , 7~ O . , 7 O . ]
I= 1 , 7

NREL , PVREL(I )  Data definin g relative wo rt h dependency on
DWREL ( I ) ,  missile flig ht reliability. [0 , 7~ 0. , 7~ 0 . ]
1=1 , 7

NN~~, PVN~~(I ) ,  Data defining relative worth dependency on
DWN~~( I ) ,  number of missiles (number per ship, number
1=1 , 7 per aircraft , or number in f o r c e) .  [0 , 7~ 0. , 7~ O . ]

Z C E P ( I ) ,  Missile CEP a r r ay  corresponding to the
1= 1 , 10 ZGWT a r ray  (used for  a table look-up (TLU )  of

missile CEP fo r  relative wor th  computat ions) .
[l0~ 0. 01 n. m i . ]

ZF~~RCE Force size used in computing relative wort h
[100]

Z G W T ( I ) ,  Guidance system wei ght data to be used in the
I_ i , 10 T L U  for  CEP (cor responds  to ZCEP a r r a y )

[0 , 9~~l000 ib]

Z RE L  Flight reliabili ty of the missile typ e to be
generated [0 .95]
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Figure  111—27

CGSM INPUT - BYPASS OPTIONS
(NAMBYP NAMELIST )

VARIABLE DEFINITION

BYPASS CONTROL FLAGS

KBYDRG B ypass option for  aerod ynamic computation s [o]
0 Compute data

= 1 Bypas s computation of aerod ynamic tables
and use input tables. Comput e aero coefficients
during ramnjet sizing .

2 Bypass all aero computations and use input data

KBYPSM Bypass option for  propulsion system sizing [0]

= 0 Size a propulsion system for  each concept
= 1 Bypass sizing and input propulsion te rms

KBYVP B ypass option for vehicle performance comput ation [0]

= 0 Compute performance for  each concept
= 1 Bypass performance computation

KBYPAK Bypass option for  missile packaging test  [1]

= 0 Test each concept against launcher  packaging

- 
constraint s

= 1 Bypass packag ing test

PROPULSION BYPASS INPUT

ACA3 Ratio of capture area to ramjet combustor chamber
area [0]

A5A3 Ratio of nozzle throat area to ramjet combustion
chamber area [0]

A6A3 Ratio of nozzle exit area to ramjet combustion
chamber area [0]

BEXIT Booster nozzle exit area [0. 0 sq. f t . ]

BISPV Booster vacuum Isp [0.0 sec . ]

BOOWP Booster propellant weight [0.0 lb . ]

BTHVAC Booster stage vacuum thrust [0. 0 lb.]

DROPEB Drop weight associated with external boosters [0 lb. J
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Fi gure 111-27 (Cont ’d . )

VARIABLE DEFINiTION

DROPST General drop wei ght [0 lb.]

SEX1T Sustainer nozzle exit area [0 sq. f t . ]

SUSWP Su stainer propellant wei ght [0. 0 lb. ]

TVACMN Liquid or solid rocket su stainer minimum vacuum
thrust  [0, 0 lb . ]

TVACMX Liquid/solid rocket su stainer maximum vacuum
thrust [0. 0 lb.

XCGD 1 . Missile c. g. location measured in diameters  f rom
theoretical nose [5.]

XLBDY Propulsion section length [0.0 i n . ]
(See also SUPER NAMELIST in Fi gure  111-26 .)

XN~~Z Boattail section length [0. 0 i n . ]

XTHRTL(I ) ,  Throttle ratio for liquid/solid rocket sus ta iner
1=1 , 20 defined by

XTI-I L T - TVACMN
RT - 

TVACMX - TVACMN

where T is a sel ected thrus t  level and TVACMN ~
T ~ TVACMX . [2o~::o .0]

YISP(I) ,  Specific impulse corresponding to each value of
1=1 , 20 XTHRTL(I )  [20~ 0. 0 sec. 3

*AERO BYPASS DATA - USED FOR TRAJECTORY SIMULATION

SMACH1(I) Lift coefficient table (Mach number versus  CL~~~
)

CLALF1(I) to be used when NAER~~~1 in NAMVPM for  a given
1 1 , 20 t raj ectory phase.

SMACH2(I) , Lift t able used when NAER~~~2.
CLALF2(I) ,
11 , 20

SMACH3(I) , Lift table used when NAERt~~3.
CLALF3(I) ,
1l , 20

SMACH4(I), Lift table used when NAER c~~4.
CLALF~’’I),
I:l , 2~

111-83 

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



F Figure  11I_ 27 (Cont ’d . )

VARIABLE DEFINIT ION
SMACH5(I),  Lift table used when NAER~~~5.
CLALFS(I)
1-1, 20

DMACH 1(I) ,  Drag coefficient table (Mach number and altitude
CD~~l(I , J ) ,  versus  C D )  used when NAER~~=l in NAMVPM
1=1 ,20 ; J 1 ,5 for  a given trajectory phase.

DMACHI is prestored as identical to SMACH1.
CD~~l is loaded in a specialized table format where
CD~~l (1 , 3), 3= 1 , 5 , is a set of altitudes , and CD~~l
(I , J ) ,  1=2 , 20 , 3=1 , 5 is a set of CD values corres-
ponding to those altitudes and DMACH 1 values.

DMACH2(I) ,  Drag table used when NAER~~=2.
CD~~2( I , J )
1=1 , 20; J 1 , 5

DMACH3(I) ,  Drag table used when NAER c~~ 3.
CD~~3(I , J) ,
I 1 , 20; J 1 , 5

DMACH4(I) ,  Drag table used when NAER~~~4.
CD~~4(I , J ) ,
1=1 , 20; J -l , 5

DMACH5(I) ,  Drag table used when NAER c~ =5.
CD~~5(I , J ) ,
1 1 ,20; 3=1 ,5

AERO BYPASS DAT A - USED FOR RAMJET SIZING

CD~~DES Drag coefficient (less inlet drag cont ribution ) used for
desi gning air breathing missiles when KBYDRG 2 [0. 0]

CLADES Lift coefficient (C Li) ,  used when KBYDRG = 2 for
designing air breathing missiles (less inlet lift t e rm)
[0.0 per degree]

* Aero b~ pass tables have default values of 0. 0 and take the form (for each
NAERO value):

CD 
~~~~~~~~~~~ TIT UDE CL~~ 

~~~~~~~
MACH NO. MACH NO.
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l~igu r e  111-28

CGSM IN I3UT - T R A J F C T O R Y  C O N T R O L  T E R M S
(NAM V 1~N 1 N A M ]  :LIST

V A R L A B U F  I ) E F iN J T I O N

Ph ASE PA RA M ]7 TF R S

A L P M A X ( I ) , 1z 1 , 20 Maximum angl e of at tack in d e g r e e s  ( 2 0 : 0 . ]
where  I d e s i g n a t e s  a t r a j c c t o r y  phase .
Maximum o~ (see no te  be low)  must be selected
to sa t i s f y s t ab i l i ty  ari d control  cons t r a in t s , inlet
per f o rm a n c e  limi t s , an d fli ght path cori tro ] require-
ments .  Input of a small ALPMA X may affe ct the
t r a j e c t o r y  l inear iza tion  for  a given phase , sin ce
that l i nea r i za t i on  uses  the smaller of DALPH (see
below) and ALPMAX for each phase.

A L T F ( I ) ,  Pz 1 , 20 Phase re fe rence  alti tude in feet [zo~ o. ] .
For cons tant  a l t i tude  phases , A LTFshou ld  be
input as des i red  c rui se  a l t i tude . For  climb or
dive ph a s e s , ALT F shoul d be the desired level -
off a l t i tude .  For othe r phase types , ALTF is the
-des ired end of phase a l t i tude .

A N Z M A X ( I ) ,  j 1 , 2 0 Maxi mum load fac t o r in g ’s [20~~0 , ] .
This pa rame te r  is  selected based on expected
phase maneuver ing  and is const rained b y stabi lit y
and cont rol r equ i r emen t s .

C~~ND 1( I ) ,  C~~N D 2 ( I ) ,  Dependent  var iable  u s e d  wi th  the  IC~~NT option for
Cc~ND20( I ) ,  fli ght path control , w h e r e  (~~ N D 1 appl ies  to phase  1,

1=1 , 10 C~~N D2 app lies  t o phase  2 , etc. A ll  a r r a y  values
a re p r c s t o r c d  as ze ro .

C~~N I1 ( I ) ,  C~~N I 2 ( J ) ,  Independent  variabl e used w i t h  the  IC~~NT option for
C~~NI2 0 ( I ) ,  fli ght path co nt ro l , w h e r e  C~~N 11 appl ies to  phase  1,

1=1 , 10 etc. All values are  p r e s to red  as zero .

FVALUE(I) , Fina) value of phase terminat ion pa ramete r  desig-
1 1 , 20 nated by ITERM [20 0]

GAMMAF(I )~ Apprm:irnate e n d - o f - p hase fli ght path ang le used in
1=1 , 20 th rus t  compu ta t i ons .  [20 0. deg]

IC~~N T ( I ) ,  Flight path con t ro l  option pa rame te r .  [2 0 : 0 )
1 1 ,20

= 1 Path control led by a TLU of t ime in Sec .  v e r s u s
path ang le (~~

‘) in d e g r e e s , where  t ime is  the
independent  p a r a m e t e r  ( input  t h r o u g h (~~ N i 1 ,
C~~N 12 , . . . ) and path arwlc is  the dependen t
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Fi gure  111-28 (Cont ’d . )

V A RIA B L E  D E F I N I I  ION

pa r a m e ter  ( inpu t  t h r o u g h ~~~N J) 1 , C~~N I)2 , . . .
This  opt ion is avai l ab i  c for  bO~) t p h a se s , and
for sus t a ine r  phases  if M(~Dl-~~, ’ I .

= 3 Path cont rolled by ~t T L I ’  f t i m e  ( C ON I 1) in
seconds  v e r s u s  pit c h at i  i tud e  L )  in deg I .ees
(C~~Nl) .) .  Thi s op~ i o n  is av a i l  ab i  e f o r  boost
phases’and s u st a in e r  phases  v.’he re  M~~I i 1 S - 4 1.

= 4 Path controlled b y a T L U  of a l t i t u d e  in feet
(C~~NJ~ ) ve r su s ~ in d egr e e s  l cO ND

~) . This
option is avail abl e f or boost  ph ases  an d f or
sustainer phases whe re  M~~DES - 1.

= 5 Path cont rolled by a T L U  of Mach nu mb e r
(CONI~) ve r sus  ~ in deg rees (CON D 1). Th i s
option is available for all boost phases and for
sustainer phases where M~~DES~~+ 1 .

6 Path controlled b y a TLU  of t i m e  in seconds
(CON I~ ) versus angle of attack (::) in degrees
(COND~). This option is avai lable  for  sus ta iner
phases if MODES 41 and for  all boost phase s .

7 Path controlled by a T L U  of altitude in feet
(CONI ~) versus ~~in degrees (COND ~). This
option is available for sustainer phases if
MODES +1 and for all boost phases.

=8 Path controlled by a TLU of Mach number (CONI i)
versus~~~ in degrees (COND 1). This option is
available for  su stainer phases if MODES~~+l
and for all boost phases.

= 9 Path controlled by a TLU of time in seconds
(C~~NI 1) versus normal load factor in g unit s
(COND 1). Thi s option is available for  su s-
tainer phases if M~~DES 4 l  and for  all boost
phases.

= 10 Path cont rolled by a TLU of alti tude in feet
(CONI1) versus normal load fac tor  in g units
(COND 1). This option is available for  susta iner
phases if M~~DES ± 1 and for  all boost phases .
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Figure  111-28 (Cont ’d . )

VARIABLE DEFiNIT ION

= 11 Path c o n t r o l l e d  b y a T L U  of Mach r~urnber
(CON !1) v e r s u s  nor m al load f ac to r  in g unit s

(CONID .) .  Tais  option is available for sustainer
ph ase~~ if MG~DE S=+l  and for  all boost  ph a s e s .

12 Path c o n t r o l l e d  by a T L U  of altitude (in feet )
versus  Mach number .  If MH CEN 0 , a l t i tude
and Mach number  must  be input t h roug h CONI~and COND . .  If MHGEN > 0 , those  a l t i tude  and
Mach numLer data arrays are computed inter-
na ll y. This option is available for any sus-
tam er phase  (when MC~DES + 1)  and for  any
MHGEN. The option is  available f o r  bocst
phases onl y when MHGEN O , however .

= 13 Path contro l led  to m a i n t a i n  a c o n s t a n t  a l t i tude
cruise at a Mach number  set by X M A C H F .
Phase s ta r t  is at ~ = 0 r e g a r d l e s s  of p r e v i o u s
phase t e r m i n a t ion cond i t ions .  Th i s  opt ion is
available onl y for  s u s t a i n e r  phases  and MODES
mu st be zero .

= 14 Path control led to fo rce  the rn i s s i] e  to level off
at an a l t i tude set by ALT F , at a Mach number
set by XMACHF , and at a path ang l e set by
GAMMAF (GAMMAF should be z e r o) .  The
phase p r e c e d i n g  the l eve l -o f f  must  be a climb
or dive maneuver  t e rmina ted  with 1T E R M 7.
The leve l -of f  phase should be t e rmina ted  at
zero fli ght path ang le us ing  I T E R M 1.

Input of ICONT=l , 3, 4 , . . . ,  or 11 requires input
of corresponding CONI . and COND . a r r a y s .  Those
a r rays  are not require~ if ICONT ~s 13 or 14 , and
are not required if JCONT 12 and MHGEN J .

IPT YPE(I) ,  Propulsion system type [ZOe O]
1 1 , 20

= 0 Unpowered
= 1 Solid boost stage
= 2 Liquid boost stage
= 3 Solid or liquid sustainer  8tage
= 4 Ramj et su stainer stage
= 5 Turbojet  sustainer stage

I T E R M ( I ) , Phase te rmina t ion  option [ZO e O]
1=1 , 20 

-
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Fi gure  111-28 (Cont ’d . )

VARIABLE DEFINITION

= 1 When phase is to be terminated on a flig ht path
angle (7)  set b y FVALUE (FVALUE in d e g r e e s ) .

= 2 When phase is to be te rminated  on a velocity
set by FVALUE ( f t / se c )

= 3 When phase is to be te rmina ted  on an al t i tude
set by FVALUE (ft )

= 4 When phas e i s to be termin at ed on a phase range
set by FVALUE (n.mi.). li the phase is an
i terative cruise  phase (see IC~~NT and N C P H A Z ) ,
FVALUE should be a first guess at maximum
cruise range , if maximum cru ise  range is known
with some degree of confidence. If maximum
cruise range i s  not known , FVALUE should be
input as a small valu e (severa l  miles).  if a
range is input which is too large , the cruise
i terat ion may burn missi le iner t  wei ght as pro-
pellant in an attempt to salvage the i t e ra t ion .  If
instantaneou s weight should then drop below 10
percent of d esign inert weight , a fatal error is
assumed , and the t r a j ec to ry  will be t e rmina ted .

= 5 When phase is to be te rminated  on a pit ch atti-
tude ( 9 )  set by FVALUE ( d e g r e e s)

= 6 When phase is to be terminated on an instantaneous
propellant wei ght (fuel remaining)  set b y FVALUE
(FVALUE in pounds).  Propellant to be book-
keeped is set by IPTYPE.

= 7 When phase is to be terminated on a level-off
loa d factor set by FVALUE (g ’s). During a
climb or dive phase which is to be followed by
a level-off phase , 1TERM 7, and FVALUE is a
predicted load factor for completing a level-off

at the desired altitude (ALT F) and Mach number
(XMACHF). FVALUE is in g unit s and is mea-
sured normal to the bod y roll axis. Load factor
is assi gned a positive value when the missile is

“pulling up ” and a negative value when “pulling
down ”.
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Fi g u r e  111-28 ( C o n t ’d . )

V A R I A B L E  D E F iN I TI O N

8 When the  phase  is  to be t e r m i L a t e d  on a
Mach numbe r set b y F V A L U I .

= 9 W h e n  th e  phase is to be t e r m i n a t e d  on a t o t a l
range set b y F VAL U E  (n .r n i .

1TERM m u s t  be coordinated v.’ith FVAL~JE and also
with SLOPE.

MHGEN( 1) , Option to g en e r a t e  climb schedule  [20 ~ 0]
1= 1 , 20 -

= 0 For no c l imb schedu le  g e n e r a t i o n
= 1 To g e n e r a t e  a schedule  of M a c h  number  v e r s u s

al t i tude

The option of M H G E N ( I ) l is  desi g n e d  f o r  c l imb
phases  when IC O N T ( I ) = 1 2 .  For  such ph a s e s , the
p r o g r a m  computes  and s to res  a schedu le  of a l t i t u d e
vs. Mach n u m b e r  which s a t i s f i e s  input  va lues  of
AL~~F , XMAC . I -i F , G A M M A F , and F V A L U E .

M~~D E S( J ) ,  Sustainer  t h r u s t  control  opt ion [2 0 : 0 ]

= 1 For maximum th ru s t
= 0 For th rus t  as requi red  ( c r u i s e  or  l e v e l - o f f )
= -l For minimum thrus t

M~~DES (I )  must  be input as + 1 when IC~~N T ( I )  has  a
value of 12 or l e ss .  When rc~~N T ( I )  is  13 or 14 ,
M~~DE S(I )  must  be z e r o .  Thi s p a r a m e t e r  is  i gnored
dur ing boost phase s .

N A E R O ( I ) ,  Aerod ynamics  table option f lag.  If K B Y D R G O in
1=1 , 20 NAMBYP , lift and d r a g  tables  a re  g e n e r a t e d  i n t e r n a l l y

and are accessed  by se t t ing  N A E R c~ ( I ) l ( fo r  boost
phases )  or NAER~~( I ) 2 ( f o r  su s t a ine r  ph a s e s ) .

LI KBYDI~G=1 in NAMBYP , lift and drag tables are input
through NAMB YP , and NAE R~~(I) designates which
set is to be used for  each phase. For example , if
K B Y DR G I and N A E R O ( I ) 2 , the  CGSM uses drag/
lift dat a f rom DMACH2 , CDO2 , SMACHZ , and
CLALF2 for  the Ith phase [20 e0)
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Fi gure  111-28 (Cont ’d . )

VARIABLE DEFIN ITION

SL~~PE(I ) ,  Sign of dependent variable ( F V A L U E )  t ime  rat e of
1=1 , 20 change at t e r m i n a t i o n  [20; :0]

= 0 T e r m i n a t i o n  occurs  r ega rd l e s s  of t ime rate sign
= 1 Terminat e only if time rate is positive
= -1 T e r m i n a t e  on ly if time rate is nega t ive

T P F I A S E ( I ) ,  Upper limit on time spent in a given phase. If
1=1 , 20 elapsed phase  t ime exceeds  T P H A SE ( I ) ,  the ph ase

is t e rmina t ed  and the i n t eg ra t i on  p roceeds  to the
next phase .  [20~~10000. sec]

TT~~TAL(I ) ,  Upper l imit on elapsed t ime f rom launch ( inc ludes
1=1 , 20 TIMEI below) for  a g iven phase .  Li e lapsed time

exceeds TT~ I TA L ( I )  f or p hase I, that phase is
te rminated  and the in tegra t ion  proceeds  to the
next phase.  [20~~10000. sec]

XMACHF (I ) ,  Phase re fe rence  Mach number  [20~~0 .0J .
1=1 , 20 For constant  al t i tud e cru ise  pha s e s , XMACHF

is the des i red  c r u i s e  Mach number .  D u r i n g  climb
or level off , XMACHF is the des i red  c ru i s e  Mach
number .  Dur ing  climb schedule  genera t ion  when
ICONT(I)= 12 and M H G E N ( l ) = l , XMACHF is used as

the upper limit on the climb Mach number  and
XMACHF/2  is used as the lower  limit . XMACHF is
the des i red  final  Ma ch number fo r  all other phases .

ZPRINT( I) ,  Print interval for  each phase [20 ~ 0. sec]
If ZPRINT( l)  is input as zero , the print in terval
is selected internally according to detected integra-
tion er rors .

SINGLE VALUE CONTROL PARAMETERS

ALT I Initial altitude [0. 0 f t . ]

DALPH Attitude (~ ) range within which ramjet propulsion
performance characteristics are l inear ized.  Small
values increase accuracy of propulsion dat a at the
expense of computer execution time (see also
ALPMAX above) [.035 rad]

DALT Altitude (h) r ange within which rarnjet propulsion
performance characteri stics are l inearized.  Small
values increase accuracy of propulsion data at the
expense of computer execution t ime.  [10000 f t . ]
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Fi g u r e  111-28 (Cont ’d . )

V A RLA B L E  D E F I N I T I O N

DCFN Net thrust coeffici ent (C
F~~

) r ange  w i t h i n  w h i c h  r a m-
jet  p r o p u l s i o n  c h a r a c t e r i s t i c s  a r e  1inez ~r i z e d .  Small
values increase accuracy of propulsion data at the
expense of computer execution time. A pp lies only
to phases~~here \~ODES O. [0 . 1 1

D E L MA X  Maximum i n t e g r a t i o n  s tep s ize  ~60. s ec ]

DHCL Altitude step used in i nt e r n a l  g e n e r a t i o n  of cl imb
sc hedule  (used  if ICG~N T = l 2  and MHGEN 1 fo r  a g i v e n
phase) [10000. It]

DMACH Mach n u m b e r  (M )  r ange  w i t h i n  which  r ami e t  propul-
sion pe r f o r m a n c e  c h a r a c t e r i s t i c s  are l i n e a r iz e d .
Small values  i n c r e a s e  a c c u r a c y  of p r o p u l s i o n  da t a
at the expense  of computer  execu t ion  t ime  [ 0 . 4 0 ]

DMIN Minimum cont inuou s i n t e g r a t i o n  i n t e rva l  {. 001 se c ]

DSTART Sta r t ing  i n t e g r a t i o n  in te rva l  [0. 1 sec]

DVCL Veloc i t y s t ep  used  in i n t e r n al  g e n e r a t i o n  o f cl imb
sc h e du l e  (used  if IC~ N T = l 2  and M H G E N = l  fo r  a
g iven p h a s e )  [100 . f t / s e c ]

E R E F  R e f e r e n c e  value of n o rmalized  t r u n c a t i o n  e r ro r
[5E-4]

E RRF A C  Factor  on E R E F  b y whi ch th e t r u n c a t i o n  e r r o r  m a y
exceed t he r e f e r e n c e  value [5.

FAR MAX Maximum ramjet  f u e l / a i r  ratio used  d u r i n g  t r a j e c t o r y
computat ions [0]

GAMMA! Initial fli ght path ang le {0 d e g . ]

GKG Guidance path ang le e r r o r  gain [1 .0]

GKV Guidance veloci ty er ro r gain [0. 001]

GKVCRU Cruise velocit y error gain 10. 1)

GT~~PT Guidance table t ime option [1. 0)

MOPT Initial velocity option flag [1]

= 0 When init ial  velocit y is input t h r o u g h VE LI  in
ft Is e C

= 1 When initial velocity is input through X M A C H I
in Mach

NCPHAZ Trajectory cruise phase number  [0)
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Fi gure  111-28 (Cont ’d . )

V A R IA B L E  DEFINITION

NDPHAZ Phase at s tar t  of which wei ght is dropped [0]

NLPHAZ T otal number  of t r a j e c t o r y  phases [0]

RANGEI Initial range [0. 0 ii. mi . ]

RT~~L Tolerance on i terat ion for  maximum range .  Cru i se
range (phase speci f ied  by N C P U A Z )  is var ied  unt i l
fuel exhaus t ion  is e n f o r c e d  at end of f inal  t r a j e c t o r y
phase (set  by N L P H A Z ) .  The actual  e r r o r  ~vi11 be
m u c h i e s s  than RT~~L. [10. n . rn i . ]

TIME I Initial t ime [0 .0  sec]

TPCMGN Rarnj et propuls ion  sys tem p r e s s u r e  marg in to be
used dur ing t r a j e c t o r y  in tegra t ion .  [3 . ]

TT4MA X Maximum rarnjet combust ion t e mp e r a t u r e  used
during t r a j e c t o r y  computat ions [3900 °R)

VELI Initial launch veloci ty in f t / s e c .  used if MOPT 0
[0.0 f t / s e c]

XMACHI Initial launch ve loc i ty  in Mach used if MOPT I [0 .0]

LOCAL
VERT ICAL MISSILE

C~~NTERLIN E

VELOCIT Y
VE CT OR LOCAL

~ HOR IZ ONTAL
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Figure 111 — 2~

CGSM INPU T h U I ’ I - .P V I S O R Y  L !~~T
( S U P E R  N ~~~ F LIS’!’

VARIABLE D E F I N I T I O N

~-ALT I Initial a l t i t ude  10 . 0  f t . )

ART Exposed aspect  rat io of t v - c t a ~i p~t n c l s  [a .  57]

BCANTA External  boos te r  :‘nt ang le 10 ~~~~~~ I
BRAT Nose b l u n t n e s s  r a t io  (n o s e  r ad iu s  / m i s~-1 le r a~~1u s )  [0]

DIAFR External booster  d iameter  f r a c t i o n , r e q u i r e d  since
ex te rnal  d i a m e t e r  is compu ted  as:

DEXT = (mis s i l e  d i a m e t e r)  x ( D I A F R ) .

Each external booster has diameter DEN T.
[prestored as = 1 . 0 ]

DVMULT Mult ipl ier  used in the  b o o s t e r  .\ \‘ i t e r a t i o n  [1. 1]

The f i r st  guess  at booster  ideal v e l o c i t y  is computed
as:

V 1 
= D V M U L T ’( V E O B - V L )

where  VE~~B and VL are defined below. D V M U L T
can be r e f ined  on succes s ive  jo bs d u r i n g  an anal y s i s
to improve the a c c u r a c y  of the f i r s t  g u e s s  and
reduce the n u m b e r  of it e r a t i ons .

DVT OL Tolerance used in the  i te rat ion  on b o o s t e r  de l ive red
AV [20 f t / s e c . ]

*FARMAX Maximum rarnjet fue l / a i r ratio used dur ing  t r a j e c t o r y
computations [0]

FINE Theoretical nose fineness rat o [2. 5]

FRBT Boattail f ineness  ratio (boattail segment lengthf
missile d iameter)  [o]

*GAMMAI Initial flig ht path ang le [0 d e g .]

IART Tail arrangem ent option [4]

= 1 Planar ....L
= 2 Cruciform •—+--
= 3 T riform A
= 4 Cruc i form
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Figure  111-29 (Cont ’d. )

VARIABLE DEFINITION

If IART 1, tail are a is allocated to the ve rtical and
horizontal  panel s using VTALOC (from NAM CNF) .  In
that ca8e , ve rtical tail area is set by VTALOC times
total area , and the remainder is split equall y between
the two hor izontal  panels.

IARW Wing a r rangement  [0]

= 0 For  no wings o
= 1 For planar  wing -0-

4 For c r u c i f o rm wing 
~~~~~

.

IBT L Boattail code [0]

0 No boattail
= 1 Conical boattail

ICNTRL Control selection code [ i J

= 1 Tail control
= 2 Wing (canard )

INW~~RL Option for basic variable number “17” [0]

0 For input of missi le  wei ght var ia t ions
= 1 For  input of mis sile length variat ions

ISURFT Tail type (1]

= 1 T rapezoidal
= 2 Delta

ISURFW Wing type [1]

= I Trapezoidal  planform
= 2 Delta plariform

ITHR Option for  basic variable number 9 (used onl y fo r
solid and liquid rocket cruise missiles) [01

o For input of desi gn vacuum thrus t
= 1 For input of design vacuum th rus t-to -we ig ht ratio
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Figure 111-29 (Cont ’d. )

VARIABLE DEFINITION

ITN Nose shape options [21

= 1 Tangent  og ive
2 Von Karman

= 3 Cone
= 4 Hemisphere
= 5 Blunted cone
= 6 Blunted og ive

ITSECT Tail section [1]

1 Double wedge ~~~~~~
= 2 Bi-convex ______

= 3 Modified double wedge

IWSECT Win g section [1]

= 1 Double wed ge —

= 2 Bi-corivex
= 3 Mod double wedge

KINLE T Inlet type [2]

1 Sing le bell y mounted Q
= 2 Dual side mounted UD~
= 4 Four sided mounted

KPR ~~P Propulsion sys tem option [41]

= 10 For solid rocket
13 For solid rocket with external solid boosters

= 20 For liquid rocket
23 For liquid rocket with external solid boosters
41 For ramjet with integral solid booster

= 43 For ramjet with external solid boos te r s
= 44 For non- boosted ramj et
= 50 for  turboj et
= 53 for  turbojet with external solid boosters

MAXNIT Maximum number of iterations allowed for  con-
vergence on booster delivered AV [5]

OMOPT Initial velocity option flag [1]

0 When initial velocity is input throug h VELI
in f t / s e c

= 1 When initial velocity is input th roug h XMACHI
in Mach

NCPHAZ T rajectory cruise phase number [0]

111-95



-- r”~~~ - -  -~~
=--- • - ~~~~

- — _
~~~~~~~~~~ :~~~~~

_ _
~~~~

-

Figure III-29 (Cont ’d.)

VARIABLE DEFINITION

*NDPHAZ Phase at s tar t  of which wei ght is dropped [o]

*NLPE-IAZ Total number  of t ra jec tory  phases [0]

NW Wing Code [0]

0 No wings desi gned or sized
= 1 Wings  desi gned and sized

NZLLRI  Phase number fo r  output on LLRI range, altitude ,
and speed [0]

NZTEMP Ramjet cornbustor t empera ture  option [0]

= 0 Size to a fixed TT4 value
— = 1 Step TT4 if required using DELT 4 f rom NAM RJS

~TPCMGN Ramj et propulsion system p r e s s u r e  marg in to be
used d u r i n g  t r a j e c t o r y  computation s [3. ]

*TT4MAX Maximum ramjet combustion t empera tu re  used
du ring t r aj e c t o r y  computations [3900 °RJ

*VELI Initial launch velocity in f t / s e c  used if MOPT O
[0.0 f t / s e c]

VE~~B Velocit y required at end of boost phase [2578 f t / s e c ]

VL Velocity at start of boost phase [861 . 9 f t / s e c)

WMISC Miscellaneou s payload weight [0.0 ib]

XLBDY First guess at propulsion section length , used for
initial aerodynamics computations for  ramjet
missiles, when sizing to a wei ght. A built-in
approximation will be used if XLBDY is input as
zero [0. in . ]

*XMAC}I I Initial launch velocity in Mach used if MOPT 1
[0]

ZXNB Number of external boosters [2]

* These parameters appear in both NAMVPM and SUPER. They are
intended to be input through NAMVPM in the general case , but may
be input through SUPE R for  stacked cases in a given job . If
multiple trajectories are requested , these parameters  mu st always
be input through NAMVPM.
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FIGURE III~ 30

CGSM INPUT - SCREENING TERMS
(NAMSCR NAME LIST )

VARIABLE DEFINITION

LEVELS Number of levels to be identified in the screening
process [10]

NC~~UT Numbe r of top level concept s for  which output is
required [10]

NL~~UT Number of levels for  whi ch output is required [1]
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4 . 0  RCM INPUT DESCRIPTION

Input to the Relative Cost Model (RCM) of the CGSM is divided

into three categories  and into six NAMELIST lists . The f i r s t  category of

input includes those p arameters  which are required input for  the computa-

tion of cost te rms in the course  of genera t ing  and screening missile concepts.

Those inputs are contained in the NAMCST NAMELIS T list (see Figure  111-31

at the end of this section) . The second category of input includes all para-

meters required to compute cost in a “stand-alone ” fashion without f i r s t

generating concepts.  Those inputs a re  l isted under NAMCBY (see Fi g u r e

111-32). The third category - - complete sets of cost est imating relat ionship

(CER) coefficients and mult ipl iers  -- is controlled by the user  through the

NAMCNP , NAMCCN , NAMCPS , and NAMCCP l ists .  Those lists are

defined in Fi gures  111-34 throug h 111-3 5. Each input list is discussed further

in the following sections.

4. 1 NAMCST DESCRIPTION

Subsystem , system , and total missile cost  can be computed in

the RCM for each missile concept as it is generated , and total cost can be

filed for subsequent use in concept screening.  Most parameters  required

for those cost computations are computed within the var ious  C GSM sizing

and performance models; however , certain parameters are assumed to be

input directly by the user .  Those parameters  are  assi gned to the NAMCST

list (Figure 111-31). That list  includes guidance and controls system type

and performance parameters , guidance wei g ht , and screening options.

Defaul t value s are assigned to each parameter , as is listed on Figure 111-31.

4 . 2  NAMCBY DESCRIPTION

The RCM can be exercised within the CGSM in much the same

manne r as a stand-alone program. The CGSM user  is provided routinel y

with bypass options as a means of conserving data setup time and compute r

time requirements  for those JOB8 in which the complete concept generation
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and screening  process is not requ ired .  Exerc i s ing  the RCM alone r e q u i r e s

input of  the NAMCBY list  (see F igure  111-32) along with  the NAMCST l i s t

(Figure  LtI-3 1) and input of a “ZIP 11 4” ca r d (see Section Ill-i. 0). Since

missile sizing and pe r fo rmance  steps normal ly  e x e r c i s e d  in the CGSM are

bypassed by this procedure , all cost pa ramete r s  which  would have been

computed in those steps must  be input by the use r .  The NAMCBY l i s t  is

made up of those “bypassed” p a r a m e t e r s .  Specif ic  input r equ i r ed  is heavi l y

dependent on propulsion system type , as is shown in F i g u r e  111-33. The

parameters , KA , KC , KG , KP , and KW , can be input as equal to one to

suppress  computation of selected cost terms. That suppression can f u r t h e r

reduce input requirements .

4. 3 NAMCNP , NAMCCN , NAMCPS , AND NAMCCP DESCRIPTION

Each RCM CER can be modified throug h input to the extent  of

changing complexity f acto r s , inflation f ac to r s , misce lla neous costs , and

coeff ic ients . Each CER is des~-r ibed in Volum e V and each input item in

the NAMCNP list  is correlated to a CER in that volume. The NAMCNP l i s t

(see Figure  111-34) includes all inflation factors , com plexity f a c t o r s , p r o f i t

margins , and miscellaneous costs for  all non -propulsion sys tems  ( a i r f r a m e

and integrat ion , guidance , controls , and warhead) . The NAMCCN l is t  (see

F igu re  111-35) includes all CER coeff ic ients  for  those non -propuls ion  sys t ems .

Propulsion system CER inflation fac tors , complexity fa c t o r s , p r o f i t  marg ins ,

and miscellaneous costs are input throug h the NAMCPS list  (see Fi g u r e

111-36). Propulsion system CER coefficients are input throug h the NAMCCP

list (see Figure 111-37). Default value s are listed on Fi gures  111-34 and

111-36 for  the CER multipl iers ;  however , default  value s for the CER coeffi-

cients are defined in Volume V only.
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FIGURE 111-31

CGSM INPUT - RCM DATA
(NAMCST NAMELIST)

VARIABLE DEFINITION

BSP Spect ra l  bandwid th  used in the IR gu idance  sys te m [o. 0~~ MJ
FC Cente r f r e q u e n c y  [jo. 0 GHz for active or p a s s i v e/ s e m i -

ac t ive  or 10 .0 g. M fo r  IR type syst emns3

ICTYPE Control system type selector [1]
= I with autopi lo t
= 2 without autopilot

IYEAR Calendar  year  for  w h i c h  cost  data a re  to be computed [1974]

KAGATE Guidance ang le ga t ing  option flag [o,]
= 1 fo r  s y s t e m s  w h e r e  ang le ga t ing  is u sed
= 0 fo r  sy s t ems  w h e r e  ang le ga t ing  is not used

KFUZE Warhead  f u z i n g  se lec t ion  flag to]
0 for contact fuze
1 fo r  p rox imi ty  fuze

KGAIN Controls  sys tem adapt ive gain (d i the r )  flag [0)
= 1 fo r  sys tems  where  adapt ive  gain is used
= 0 for  systems where  adaptive gain is not used

O KGTABL Control  flag used to set guidance pa ramete r s  (BSP , FC ,
KAGATE , KSGATE , KSTAB , NCHAN , NDET , and PPEAK)
interna l ly  [i)
= 1 to set pa ramete r s  accord ing  to WTGtJID and

KGTYPE
= 0 to use direct input of guidance parameters

KGTYPE Control flag used to set guidance system type [11)
= 11 for  pas s ive/ semi -ac t ive  (I band)
= 12 for  pass ive/ semi -ac t ive  (J band)
= 21 for  active (magnetron) (I band)

22 for  active (magnetron)  (J band)
= 31 for  IR

KSGATE Guidance speed gating option Lo]
= 1 for  systems where  speed gating is used
= 0 for  systems where  speed gating is not used

KSTAB Guidance stabil izat ion option flag [0]
= 1 for  systems stabil ized in place
= 0 for  systems not stabilized
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FIGURE 111-31 (Cont ’d .)

VARIABLE DEFINITION

NCHAN Number of doppler channels (used f o r  g u i d a n c e  s y s t e m s
where  KSTAB 1) {,o]

NDET Numbe r of dete c tors  used in the IR g u i d a n c e  sys t e m [o7
NSC~~ST Selection flag for  s c r een ing  cost  Ll]

= 1 sc r ee n on fi r st un i t p r od uc t ion  cos t
= 2 sc reen  on R D T & E  cost
= 3 screen on R D T & E  plus  produc t ion  cost

NSCRC Screening paramete r selection flag [o]
= 0 screen  on cost  a cco rd ing  to NSC~~ST
= 1 screen on missile weight

PPEAK Peak genera ted  t r a n s m i t  power [o. 0 k i lowat ts]

R Rate at which missiles are produced  [1. 0 per  mo.J

QD Numbe r of missiles produced during the RDT~~E phase [zo]
WTGUID Guidance sys tem weig ht [o. 0 lb J
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F I G U R E  111-32

CGSM INPUT - RCM B PASS DATA
(NAMCBY NAMEL I ST)

VARIABLE DEFINITION

A Miss i le  wei g ht l e s s  p r o p u l s i o n  s y s t e m , ~- a r h e a d , guid-
ance , and cont rol sy s t e m s  L 1000 . lb.]

*CASEM External booste r case (or integral ramjet combustor)
m a t e r i a l  code [oJ

D Miss i l e  d i ame te r  j~.0. 0 in J

DC~~M Rarnje t  combus t ion  chamber  diamete r [o. o in~
DP Solid rocket moto r case insulation volume [o . o cu. in.J
DTHRT Ex te rna l  booste r nozzle  th roa t  d i ame te r  [o. o in .7

FMAX Liquid rocke t design maximum thrust [p lbfJ

FNET T u r b o j e t  des ign t h r u s t  ( sea- level  s ta t i c  t h r u s t )  [o lbfj

GGW Weig ht of the gas generator used in the rarnjet pressuri-
zati~ n s y s t e m ( u sed on ly if KFM=3) Lo lb]

HPPUMP Horsepower of the ramair turbine used in the ramjet
pressurization system (used only if KFM~ 4) [o H p]

KA Control  pa rame te r used to bypass  a i r f r a m e  and i n t e g r a -
tion cos tin g Lo]
= 0 compute cos t  of a i r f r a m e  and i n t e g r a t i o n
= 1 by pass cost i ng

MC Control parameter used to bypass controls costing Lo]
= 0 comp u te cont r ol s cos t

I bypass cost ing

KFM Ramjet  fuel  management  ( p r e s s u r i z a t i o n)  sys tem cont ro l
parameter
= 1 for  N 2 s to red  gas
= 2 for  LGG (liquid gas g e n e r a t o r)
= 3 for  SGG (solid gas g e n e r a t o r)
= 4 for  ramair  turb ine

KG Control paramete r used to bypass guidance system
costing [a]
= 0 compute guidance cost
= 1 bypass  cost ing
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FIGURE 111-32 (Cont ’d.)

VARIABLE DEFINITION

KINDPS Propulsion sys tem option [4 1]
= 10 for  solid r o c k e t

13 for  solid rocke t  with external  solid boosters
= 20 for  l iquid rocke t
= 23 for  liquid rocke t  with external  solid boos te rs
= 41 for  r amje t  with integral  solid boo8ter s
= 43 fo r  r amje t  with external  solid boosters
= 44 for  non-booste r r amje t

50 fo r  t u r b o j e t
= 53 for turbojet with exte rnal solid boosters

KP Control  pa rame te r  used to bypass  propuls ion sys tem
cost ing  Lo]

o compu te pr opul sion system cos t
= 1 bypass  cos t ing

KW Contro l  paramete r used to bypass  warhead  cost ing [oJ
= 0 compute warhead  cost
= 1 bypass  c os t i n g

*MATTK Ramje t  fue l  tank mater ia l  code [o]
METAL Liquid rocke t tank mater ia l  code to]

= 1 for  a luminum
= 2 for titanium
= 3 for  steel

METTJ Turbo je t  tank material  code to]
= 1 for  a luminum
= 2 for  t i tanium

3 for  steel

MP External  or integral  booster propellant weig ht [o. 0 lb.]

N~~ZWT Total nozzle weig ht for  integral  ramjets  or external
booster nozzle weig ht (pe r booste r motor) [o. 0 lb.]

RN~~ZI External booster nozzle inlet radius [o. o

R5 Ramjet  nozzle throat r adius [o. 0 in.]

S Air f rame desi gn speed Liooo knots]

SDTHRT Solid rocket  nozzle throat  diamete r [0. 0 in]

SRN~~ZI Solid rocket nozzle inlet radius  [o. o in.]

SWM Solid rocket  motor weig ht [o. 0 lb.]
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F I G U R E  111-32 ( C o n t ’d . )

VARIABLE DEFINITION

SWMC Solid r o c k e t  moto r case weig ht  [o. 0 lb ]

T4 T u r b o j e t  d e s i g n  t u r b i n e  in le t  t e m p e r a t u r e  {.o. 0 oR]

V BI Ex te rna l  booste r case  or in t e g r a l  booste r c o m b u s t o r
i n s u l a t i o n  vo lume L°. o Cu .  in.]

VC~~MI N o n - i n t e g ra l  r a m j e t  c o m b u s t o r  i n s u la t i o n  volume
[0.0 Cu .  in.]

VE X IN  Rarrije t  tank e x t e r n a l  insu la t ion  vo lume ~0 .0  c u .  in.]

VGT L iqu id  r o c k e t  p r e s s u r i z a t i o n  gas s to rage  bot t le  volume

~p . 0 cu .

V R EQ  N i t r o g e n  tank v o l u m e  f o r  the  r am j e t  p r e s s u r i z a t i o n
s y s t e m  [o.o  cu.  in .]

WC~~MM N o n - i n t e g ra l  ram j e t  c o m b u s t o r  meta l  wei g ht  [o. 0 Ib]

WC S Cont rol  sys tem cos t  [0. 0 ib]

WF L iqu i d  r o c k e t  f u e l  we i g ht ~9. 0 lb.]

WGG Liqu id  r o ck e t  gas  g e n e r a t o r  we ig ht  [o. 0 lb.]

W LV Liquid rocke t mi sce l l aneous  h a r d w a r e  wei g ht [o. 0 lb .J

WM E x t e r na l  boos t e r m o t o r  wei g ht  [p. 0 ib]

W M C  E x t e r na l  or i n t e g r a l  boos te r case  wei g ht  [p. 0 lb.]

WN Solid r o c k e t  n oz z l e  weig ht [p. 0 lb.]

WN ~~Z N o n - i n t e g r a l  r am je t  nozz le  weig ht Lo. 0 lb .]

W~~ Liquid  r o c k e t  ox id i ze r  weig ht [o. 0 lb]

WP Solid r o c k e t  p rope l l an t  wei g ht or l iqu id  r o c k e t f u e l  p l u s
o x i d i z e r  we ig ht [o. 0 lb]

WSC Liquid rocke t s ta r t  c a r t r i d ge weig ht \9. 0 lb]

WT T u r b o  r .t or  l iqu id  r o c k e t  t ank  wei g ht Lo. 0 lb .i

W T A N K  Ra m j e t  fue l  tank  wei g ht Lo. 0 lb.]

WTC Liquid rocke t  th r u s t  cham be r weig ht [p. 0 lb.]

WTFUEL Ramjet fuel weig ht [o. 0 lb.]

W T P  Liqu id  rocke t  t ur b o p u m p  weig ht [o. 0 lb]
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FIGURE 111-32 (Cont ’d . )

VARIABLE DEFINITION

WWH W a r h e a d  weig ht  [o. 0 lb.]

Yl Ramjet  nozzle inlet  rad ius  f.~o. a in.]

ZXNB Numbe r of ex terna l  boosters  ~0J

* Mate r i a l  codes inc lude :

1 - AISI 150 psi steel
2 - AISI 200 psi steel
3 - 300 gr  maraging  steel
4 - 17-4 Ph stainless
5 - 20 l4 -T6  a luminum
6 - AZ3 1B-0  magnesium
7 - 6AL-4V titanium
8 - Rene 4l
9 - WC 12 9Y Columbium

- 

10 - Glass fabric  epoxy laminate
11 - Filament wound g lass epoxy

111-106 

_~~~~~~~~~ -- - j~~~~~~~~~~~~ -~~~~-



- w - - 

~~~
- --

~~~~~ 

FIGURE 111- 33

BYPASS INPUT R E QU I R E D  FOR CGS~\-1 R ( :M

PROPULSION INPUT P A R A M E T E R S  RE QUIRE !)
SUBSYSTEM FOR BYPASS

LIQUID ROCKET A , FMAX , M E T A L , VOT , WF , W G G , WLV ,
W~~, W P , WSC , W T , WTC , W T P

BOOSTED LIQUID A , F M A X , M E T A L , VGT , WF , WGG , WLV ,
ROCKET W~~, WP , WSC , \V T , WTC , W T I -’, CASEM , D ,

DIAFR , D T H R T , MP , N~~Z W T , RN~~ZI , VBI ,
WM , WMC , Z X N B

SOLID ROCKET A , D , DP , S D T H R T , SRN~~ZI , SWM , SWMC ,
WN , WP

BOOSTED SOLID A , D , DP , SDTHRT , SRN~~ZI , SWM , S W M C ,
ROC KET WN , WP , CASEM , DIAFR , D T H R T , MP ,

N~~Z W T , RN~~ZI , VB X , WM , WM C , Z X N B

INTEGRAL RAMJET * A , CASEM , DC~~M , GGW , HPPUMP , KFM ,
MATTK , MP , N~~ZWT , R 5 , VB X , V E X I N ,
V REQ , WMC , WTANK , W T FU E L

NON-BOOSTED A , CASEM , DC~~M , GG~V , HPPUMP , KFM ,
RAMJET * M A T T K , R5 , VC~~MI , VEX IN , V R E Q , \VC~~M~~~,

WNØZ , WTAN K , W T F U E L , Y l

E X T E R N A L L Y-  A , CASEM , DC~~M , GGW , HPPUMP , KFM ,
BOOSTED RAMJET * MATT K , R5 , D , DIAF R , D T H R T , MP , N~~ZWT

RN~~ZI , VBI , WM , WMC , Z X N B

TURBOJET A , FNET , METTJ , T4 , WF , WT

B OOSTED TURBOJET A , FNET , METTJ , T4 , WF , WT , CASEM , D ,
DIAFR , DTH R T , MP , N~~ZWT , RN~~ZI , VBI ,
WM , WMC , ZXNB

* Of the ramje t  inputs , VREQ is r equ i red  onl y if K F M = I , GGW is
r e q u i r e d  onl y if KFM 3, and HPPUMP is r e q u i r ec  only  if K F M = 4 .
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FIGURE 111-34

CGSM INPUT - RCM NON-PROPULSION CER MULTIPLIERS
(NAMCNP NAMELIST)

VARIABLE DEFINITION

AIRFRAME AND INTEGRATION TERMS

AFA 1 R D T &E  eng inee r ing  rate per man-hour  (see “a ” in
E quation ( 1) of Section 2 . 2 . 2 )  [~ 2 6 / h r ]

AFB 1 R D T & E  e n g i n e e r i n g  t echno logy  mul t i pl ier  (see “b” in
Equation (1) of Section 2 . 2 . 2 )  [i.o]

AFC 1 RDT&E eng inee r in g com pl exi ty f ac tor ( see ‘c ” in
Equation (1) of Section 2.2.2) {i. o]

AFDI R D T &E  eng ineer ing  inflat ion fac tor  (see “d ”  in
Equation ( 1) of Section 2 . 2 . 2 )  [i . o]

AFI1 RDT&E eng inee r ing  miscel laneous  cost (see ‘f” in
Equation (1) 01 Section 2 . 2 . 2 )  {o .oJ

AFA2 R D T &E  development  complexity f acto r ( see “a ” in
Equation (2) of Section 2 . 2 . 2 )  lii . ol

AFB2 RDT&E development inflation factor (see “b’ in
Equation (2) of Section 2.2.2) [i. 0]

AFG2 R D T &E  development miscel laneous cost  (see “g ” in
Equation (2) of Section 2. 2. 2) [o. o]

AFA3 RD T&E fli g ht test  complexity f ac tor ( see “a ” in
Equation (3) of Section 2. 2. 2) [i. o]

AFB3 RDT&E fli ght test cost inflation facto r (see “b” in
Equation (3) of Section 2 . 2 . 2 )  [1. oJ

AFG3 RDT&E flig ht test miscellaneous cost (see “g ” in

F 

Equation (3) of Section 2. 2. 2) [o. ol

AFA4 RDT&E tooling rate per man-hour  (see “a ” in
Equation (4) of Section 2.2.2) [$19/hr.)

AFB4 RDT&E tooling technology factor  (see ‘b” in
Equation (4) of Section 2 .2 . 2 )  1 .0)

AFC4 RDT&E tooling complexity facto r (see “c m
Equation (4) of Section 2 . 2 . 2 )  [i. o)

AFD4 RDT&E tooling cost inflation facto r (see “d” in
Equation (4) of Section 2.2.2) [1. o)
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FIGURE III-34 (Cont ’d . )

VARIABLE DEFINITION

AFJ4 R D T & E  tooling misce l l aneous  cost (see “j 
- in E q u a t i o n

(4) of Section 2 . 2 . 2 )  [o. o]
AFA 5 - R DT & E m a n u f a c t u r i ng l abor  ra te  per  n a n - h o u r  (set-  ‘ a ”

in Equation (5) of Section 2.2.2) L$12/hr~
AFBS RDT&E manufacturin g labor complexity fact r (see “b’

in Equation (5) of Section 2 . 2 . 2) [i. oJ
AFC5 R D T & E  m a n u f a c t u r i ng  labor  cost  i n f l a t i o n  f a c t o r  (see

‘c ” in Equation (5) of Section 2.2.2) [i. 0]

AFH5 RDT &E m a n u f a c tu r i n g  labor  m i s c e l l a n e o u s  cost  (see
‘h” in Equation (5) of Section 2. 2. 2) [0. o]

AFA6 R D T & E  m a n u f a ct u r i n g  ma te r i a l  comp l e x i t y  f a c t o r  (see
“a ” in Equat ion (6) of Sect ion 2 . 2 . 2 )  Li . oJ

AFB6 RDT&E manufacturing material cost inflation factor
(see “b” in Equation (6) of Section ~ . 2. ~ ) [1.01

.‘~FG6 R D T R ~E m a n u f a ct u r i n g  ma te r i a l  m i s c e l l a n e o u s  cos t
(see “g ” in Equat ion (6) of Section 2 . 2 . 2 )  [o. oJ

AFA7 RDT &E quality a s su rance  comple x i t y  f ac to r (see ‘ a - in
Equation (7) of Section 2.2.2) [1.0]

AFC7 R D T & E  qual i ty  a s s u r a n c e  cost  in f l a t ion  f a c t o r  (see ‘ c - -

in Equation (7) of Section 2. 2 . 2) [i. 0]

AFD7 RDT &E qual ity  a s s u r a n c e  m i s c e l l a n e o u s  cost  (see “d
in Equation (7) of Section 2. 2. 2) [o. 0)

AFA8 , AFB8 , Engineer ing  product ion cost  labor rate , techno logy fac-
AFC8 , AFD8 , tor , complexity fac to r , inf la t ion mu l t i p l i e r , and
AFI8 miscel laneous cost  t e rms  (see “a ” , b “, ‘c “, “d “, and

“i ’ in Equation (8) of Section 2.2.2) f$26/hr. , 1. 0 ,

1.0, 1.0, 0.0)

AFA9 , AFB9, Production tooling cos t  labor  ra te , t echno logy f a c t o r ,
AFC9 , AFD9, c omplexity facto r , inflat ion mult ipl ier , and misce l l aneous
AFJ9 cost t e rms  (see “a ” , ‘b ” , “c ” , “d” , and “j ” in Equation

(9) of Section 2.2.2) [$19/hr., 1.0~ 1.0 , 1.0 , 0.0]

AFA1O , AFB1O , Production m a n u f a c t u r i n g  labor hour ly  rate , complexi ty
AFCIO , AFHIO fac tor , and misce l l aneous  cost  t e r m s  (see “a ” , ‘b” , ‘c “,

and ‘h” in Equation (10) of Section 2.2.2) [$12/hr.
1.0, 1.0 , 1.0 , 0.0]
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FIGURE 111-34 (C ont ’d,, )

VARIABLE DEFINITION

AFA 1 1, AFE 11 , Production m a n u f a c t u r i n g  mater ia l  complexi ty  f ac to r ,
AFG 11 inflation factor , and miscellaneous cost (see “a ” , “b’ ,

and “g ” in Equation (11) of Section 2 . 2 . 2 )  [i.o , 1.0
o .oJ

AFAIZ , AFC 1Z , Production quality a s surance  complexity facto r , infla-
AFD Z2 tion fac tor , and miscel laneous  cost (see “a ” , “c ’ , and

“d” in E quat ion (12 ) of Section 2 . 2 . 2 )  [i. 0, 1.0 , 0. oJ
AFA 13 , AFB 13 , Total f i r s t  unit product ion cost  complexi ty  fac tor , irifla-
A F CJ 3  tion factor , and miscel laneous cost (see “a ” , “b” , and

“c ” in Equation (13) of Section 2 . 2 . 2 )  [i. 0, 1.0, 0.0]

AFA 14 , AFB 14 , Total RDT&E cost  complexity fac tor , inf la t ion fac tor ,
A F CI4  and miscel laneous  cost  (see “a ” , “b” , and “c ’ in

E quation (14) of Section 2.2. 2) [i. 0, 1.0 , 0.0]

CONTROL TERMS

CAl Controls  R D T & E  cost  inflat ion fac tor  (see “a ” in Equa-
tion (1) of Section 2 . 4 . 2 . 2 )  L i . o ]

CE1 Contro ls  RDT &E CER complexity fac tor  (see “e ” in
Equation (1) of Section 2.4.2.2) 1~. 0)

CF1 Controls RDT&E miscellaneous cost (see ‘f” in Equa-
tion (1) of Section 2.4.2.2 [o. o]

CA2 Controls produc tion cost (with autop ilot) inflation fac tor
(see “a” in Equation (2) of Section 2 . 4 . 3 .4 )  [i .o)

CE2 Controls  production CER (with autopilot) complexi ty
factor  (see “e ” i n  Equation (2) of Section 2 . 4 .3 .4 )  [1. oIl

CF2 Controls product ion cost (with autop ilot) miscel laneous
cost (see “ f”  in Equation (2) of Section 2 . 4 .  3. 4) [o. o]

CA3 Controls production CER (no autopilot) inflation factor
( see “a ” in Equation (3) of Section 2 . 4 .3 . 5 )  Ll. oJ

CE3 Controls production cost (no autopilot) complexity facto r
(see “e ” in Equation (3) of Section 2 . 4 . 3 . 5 )  [1.0]

CF3 Controls production cost (no autopilot) ’ miscellaneous
cost (see ‘f” in Equation (3) of Section 2. 4. 3. 5) [0. oj
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FIGURE 111-34 (Cont ’d . )

VARIANCE DEFINITION

GUIDANCE TERM S

GAl Guidance R D T & E  in f l a t ion  fac to r (see a in  E q u a t i o n
(1) of Section 2.4.2.1) [.L o]

GB1 Guidance RDT&E complex i ty  f ac to r (see ‘b ” in E q uat ion
(1) of Section 2.4.2.1) [1.0]

GF1 Guidance R D T & E  misce l laneous  cost  (see “g ’ in Equa-
t ion  (1) of Section 2 .4 . 2. 1) [o. o]

GA2 P a s s i v e / s e m i -a c t i v e  produc t ion  cost  inf la t ion  f ac to r
(see “a” in Equation (2) of Section 2.4.3. 1) ~~ . o)

GB2 Passive / sex-n i -act ive product ion  complexi ty  f a c t o r  (see
“b ’  in Equation (2) of Section 2 . 4 . 3 .  1) ti. 0]

GK2 Pass ive / semi -ac t ive  miscel laneous p roduc t ion  cost
( see “k” in Equation (2 ) of Section 2 . 4 . 3 .  1) tO. o]

GA3 Active product ion cost  inflation fac to r  (see “a ” in
Eq’~ation (3) of Section 2.4. 3.2) Li. 0]

GB3 Active production cost complexity factor (see ‘b” in
Equation (3) of Section 2 .4 .3 .2 )  [i. o]

GQ3 Active guidance miscel laneous p roduc t ion  cos t  (see “q ”
in Equation (3) of Section 2.4. 3. 2) [p. o3

GAS IR production cost inflation facto r (see “a ” in E qua t ion
(5) of Section 2 . 4 . 3 . 3 )  [i . o]

GB5 IR product ion cost  complexity f ac to r ( see “b” in E qua-
tion (5) of Section 2 . 4 . 3 . 3 )  [i. oJ

OHS IR miscellaneous production cost (see “h”  in Equation
(5) of Section 2 . 4 .3 .3 )  [0.0]

WARHEAD TERMS

WA1 Warhead RDT&E inflation factor (see “a”, Equation (1),
Section 2.5.1, Vol. V) {i.o)

WE 1 Warhead RDT&E complexity factor  (see ‘c ” , Equation
( 1),  Section 2 . 5 .2 , Vol. V) [i.oJ

W F I  Warhead RDT&E miscel laneous cost (see ‘f” in Equa t ion
( 1) , Section Z . 5 . 2 , Vol. V) [o .o ]
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FIGURE 111-34 (Cont ’d . )

VARIABLE DEFINITION

WAZ Warhead  product ion cost inflation fac tor  (see “a ” in
Equation (2) of Section 2. 5. 3) [i. 0]

WD2 Warhead production cost complexity fac tor  (see “d” in
Equation (2) of Section 2. 5. 3) [i. a]

WE2 Warhead  production cost miscellaneous cost (see ‘c ”
in Equation (2) of Section 2. 5. 3) [o. oJ

NOTE: Ai r f r ame  and integrat ion CERs  are desc r ibed  in Volume V ,
Section 2. 2. Controls CERs are  defined in Section 2 . 4 . 2 . 2
(RDT&E), in Section 2.4. 3 .4  (with autop ilot , and in Section
2.4.3.5 (no autopilot). Guidance CERs are defined in that
volume in Sections 2.4. 2. 1 (RDT&E), 2.4. 3. 1 (passive/
semi-active), 2.4.3.2 (active), and 2.4.3.3 (IR seeke r).
Warhead  CERs are described in Section 2. 5.
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FIGURE 111-35

CGSM INPUT - RCM NON - PROPULSION CE R COEFFICIENTS
(NAMCCN NAMELIST)

VARIABLE DEFINITION

AIRFRAME AND INTEGRATION TERMS

AFE 1 , AFF 1 , RDT&E eng inee r ing  cost  coe f f i c i en t s  (see ‘ e ’ t h roug h
AFG 1, AFH1 “h’ in Equation (1) of Section 2.2.2)

AFCZ , AFD2, RDT&E development cost coefficients (see “c ’ throug h
AFE 2, AFF2 “f” in Equation (2) of Section 2. 2. 2)

AFC 3, AFD 3, RDT &E fl ight test cost coefficients (see “c ” throug h “1”
AFE 3, AFF3 in Equation (3) of Section 2.2. 2)

AFE4 , AFF4 , RDT&E tooling cost coefficients (see “e ” throug h “i”
AFG4 , AFH4 , in Equation (4) of Section 2. 2. 2)
A F14

AFDS , AFES , RDT&E manufacturing labor cost coefficients (see “d”
AFFS , AFGS throug h “g ” in Equation (5) of Section 2. 2 . 2 )

AFC6 , AFD6 , RDT&E manufacturing material cost coefficients (see
AFE6 , AFF6 “c ” th roug h ‘f”  in Equation (6) of Sect ion 2 . 2 . 2 )

AFB7 RDT&E quality a s su rance  misce l laneous  cost  (see “b”
in Equation (7) of Section 2 . 2 . 2 )  Lo. o]

AFE8 , AFF8 , Production eng ineer ing  c o e f f i c i e n t s  (see “e ” t h r o u g h
AFG8 , AFH8 “h”  in Equation (8) of Section 2 . 2 . 2 )

AFE9 , AFF9, Production tooling coefficients (see “e ’ throug h “i in
AFG9, AFH9 , Equation (9) of Section 2. 2. 2)
AFI9

AFD 1O , AFE 1O , Production m a n u f a c t u r i n g  labor coe f f i c i en t s  (see “d ”
AFF 1O , AFG 1O throug h “g ” in Equation (10) of Section 2. 2. 2)

AFC 11 , AFD 11, Production manufacturing material coefficients (see
AFE11, AFF11 “c ” thr oug h “f’ in Equation (11) of Section 2.2.2)

AFB 12 Production quality a s s u r a n c e  coeff ic ient  (see “b” in
Equation (12) of Section 2.2.2)
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FIGURE 111-35 (Cont ’d . )

VARIABLE DEFINITION

CONTROL TERMS

CB 1 , CC1 , CD1 Control s RDT&E coeff ic ients  (see ‘b” , “c ’ , and “d” in
Equation (1) of Section 2 . 4 . 2 .2 )

CB2 , CC2 , CD2 Controls  product ion (with autop ilot) coeff ic ients  (see
“b ” , “c ” , and “d ” in Equation (3) of Section 2 .4 .  3 .4)

CB3 , CC3 , CD3 Controls product ion (no autopilot) coef f ic ien ts  (see “b’ ,
“c “, and “d” in E quation (3) of Section 2. 4. 3. 5)

GUIDANCE TERMS

GC 1, GD 1 , GEl Guidance RDT&E coefficients (see ‘c “, “d” , and “1” in
Equation ( 1) of Section 2 . 4 . 2 .  1)

GC2 , GD2, GE2, Passive/semi-active production cost coefficients (see
GF2 , GG2, GH2, “c ” throug h “j” in Equation (2) of Section 2.4. 3. 1)
G12 , GJ2

GC3 , 003 , GE3 , Active product ion cost coeff ic ients  (see “c ’ t h roug h “p ’
GF3 , GG3 , GH3 , in Equation (3) of Section 2.4.3.2)
G13 , GJ3 , GK3 ,
GL3 , GM3 , GN3 ,
GP 3

GC5 , 005 , GE5 , IR production coeff ic ients  (see “c ” through “g i n
GF5 , GG5 Equation (5) of Section 2 . 4 .3 .3 )

WARHEAD TERMS

WB 1 , WC 1 , WOl Warhead RDT&E coefficients (see ‘b” , ‘c ” , and “d” in
Equation (1) of Section 2 .5 .  2)

W82, WCZ Warhead production coeff ic ients  (see “b” and “c ” in
Equation (2) of Section 2. 5. 3)

NOTE: Airframe and integration CERs are descr ibed in Section 2. 2
of Vol . V. Controls CERe are defined in Section 2. 4. 2. 2
(RDT&E) in Section 2. 4. 3. 4 (with autopilot) , and in Se ction
2 . 4 . 3 . 5  (no autopilot) . Guidance CERs are defined in Section
2 . 4 . 2 . 1 (RDT&E) , in 2 . 4 . 3 . 1 (passive/ semi-act ive) , in
2 . 4 .3 . 2  (active) , and in 2 . 4 .3 .3  (IR seeker) . Warhead
CERs are described in Section 2. 5.
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FIGURE 111-36

CGSM INPUT - RCM PROPULSION CE R  M U L T I P L I E R S
(NAMCPS N A M E L I S T )

VARIABLE DEFINIT ION

LIQUID ROCKE T SU STAINER I ERMS

PLAI T h r u s t  c h a m b e r  l abor  ra te  (see “a ” in E q u a t i o n  ( 1) of
Section 2. 3.2. 1) [$10/hr.]

PLA3 T h r u s t  chambe r comp l e x i t y  f a c t o r  (see a in E q uat i on
(3) of Section 2.3.2. 1) [1.0]

PLB3 Thrust chamber miscellaneous cost (see ‘b ’ in
Equat ion  (3) of Sect i ~~n 2. 3. 2 . 1) [o. 0]

PLA4 Turbopump labor rate (see - a - in  Equat io n  (4) of
Sec t ion  2 . 3 . 2 . 2 )  L$ 1 O/ h r ~

PLA6 Gas generato r and start cartrid ge labor rate (see “a ”
in E quat ion  (6) of Sect ion 2.  3 . 2 . 2 )  [$10/h r . ]

PLA8 T u r b op u m p  comp le x i t y  f a c t o r (see a in E quat ion  (8)
of Sec t ion  2 . 3 . 2 . 2 )  [1.0]

PLB8 Tu r b o p u m p  m i s c e l l a n e o u s  cos t  (see “b in E quat ion  (8’) —

of Section 2 . 3 . 2 . 2 )  [a. o]
PLA9 Engine  m i s c e l l a n e o u s  h a r d w a r e  labor  cos t  c o m p l e x i t y

f ac tor  (see “a ” in E qua t ion  (9) of Sec t ion  2 . 3 . 2 . 3 )  [1. o]
PLA 1 1 Eng ine  total m i s c e l l a n e o u s  h a r d w a r e  cost  comp l e x i t y

f a c t o r  (see “a ” in E quat ion (11 )  of Sect ion 2 . 3 . 2 .  3) [1. oJ
PLB1I Miscellaneous cost term for engine total m i s c e l l a n e o u s

h a r d w a r e  (see “b ’ in Equation (11 ) of Section 2 . 3 . 2 . 3 )
[o. oJ

PLA 13 Pr e s s u r i z a t i o n  sys tem cost complexi ty  f a c t o r  (see “a ”
in Equation (13) of Section 2. 3. 2.4) [i. 0]

PLBI3 Pressurization system regulator cost (see “b ” in Equa-
tion (13) of Section 2.3.2.4) Lo.275 1

PLC 13 Pressur iza t ion  system miscellaneous valve s cost  (see
“c m  Equation (13) of Section 2. 3. 2.4) L0. 275]

PLD13 Pressurization system miscellaneous cost term (see
“d ” in E quat ion (13)  of Sect ion 2 . 3 . 2 .4)  [a. a]
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FIGURE 111-36 (Cont ’d .)

VARIABLE DEFINITION

PLA14 Tankage complexity fac tor  (see “a ” in Equation (14) of
Section 2.3.2.5) (j.o]

PLB 14 Materials  cost factor  used to adjus t  tankage cost (in-
ternal value dependent on METAL used if input as zero)
(see “b” in Equation ( 14) of Section 2. 3. 2 .4 )  [o. 0]

PLD14 Miscellaneous tankage cost (see “d” in Equation (14) of
Section 2 . 3 . 2 . 5 )  [o.o]

PLA15 Fue l /ox id izer  cost  complexity f ac tor (see “a ” in Equa-
tion (15) of Section 2 . 3 .2 . 6)  [l . o]

PLB 15 Oxidizer cost per pound (see “b’ in Equation (15) of
Section 2 . 3 . 2 . 6 )  [o. l i/ lb .]

PLE1S Fuel cost per pound (see “e” in Equation (15) of Section
2.3.2.6) [$1. 18/lb.]

PLF15 Miscellaneous fuel/oxidizer cost (see “f’ in Equation
(15) of Section 2.3.2.6) [o. o]

PLA16 Propellant loading cost complexity factor (see “a” in
Equation (16) of Section 2. 3. 2. 6) [i. o]

PLE 16 Propellant loading miscellaneous cost (see “e ” in
Equation (16) of Section 2 . 3 . 2 . 6 )  [0. o]

PLA17 Safe and arm system cost (see Equation (17) of Section
2.3.2.7) [0.1925]

PLA18 , PLB 18 , Total f i r s t  unit cost inflation facto r , complexity factor ,
PLC18 and miscellaneous cost (see “a ”, “b’ , and “c ’ in

Equation (18) of Section 2 . 3 . 2 . 8 )  [1.0, 1.0 , 0. oJ

PLA 19, PLB 19, RDT&E cost inflation factor , complexity fac tor , and
PLC19 miscellaneous cost (see “a”, ‘b” , and ‘c ” in Equation

(19) of Section 2.3.2.9) [i. 0, 1.0, 0. oJ
PLPC Liquid rocket contractor profi t  marg in to. 1]
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F I G U R E  I I I - 3 t  (Con t ’d.

V A R I A B L E  DEFINITION

E X T E R N A L  BOOSTER T E R M S

PEA3 Motor case cost comp lexity f a c t o r  (see ‘a” in  E qua t on
(3) f Section 2. 3.6. 1) Li . o~

PEB3 Motor case miscellaneous cost (see b ” in Equation (3)
of Sec t ion  2. 3 . 6 .  1) LO .oJ

1-’EA4 , PEE4 M o t o r  i n t e r n a l  i n s u l a t i o n  c o m p l e x i t y  f a c t o r  and  m is  -
cel laneous  cost  (see a ” and “e ” in E q u a t i o n  (4) of
Sec t ion  2 . 3 . 6 . 1 )  L i . o , 0 .0 1  —

PEAS , PEFS N o z z l e  cos t  comp l e x i t y  f a c t o r  and m i s c e l laneous  cos t
(see  “a ” and ‘ f in E q u a t i o n  (5) of Sec t i on  2 . 3 . 6 . 2 )

[1.0 , o.oJ

PEA6 , PEE6 Propel lant  cos t  comp l e x i t y  f a c t o r  and m i s c e l l a n e o u s
cost  ( see  “a ” and ‘c ” in E qua t ion  (6) of Sec t ion  2 . 3 .  o . 3)

[i .o, 0 .0]

PEB6 Prope l l an t  c o s t  per  pound (see “b ’  in E q u a t i o n  (6) of
Sec t i on  2 . 3 . 6 . 3 )  [$1. 0 0 / l b .]

PEA7 , PEE7 Propel lant  loading cost  complex i ty  f a c t o r  and mis-
ce llaneous cost  (see “a ” and ‘e ” in E qua t ion  (7) of
Sec t i on  2 . 3 . 6 . 3 )  [1.0, 0.0]

PEA8 Ignite r cost (see Section 2.3.6.4) L0 . 3861J
PEA9 Safe and a rm sys t em cost (see Sec t ion  Z.3.o.4’) 1°. l9305J

PEA 1O , P E B I O , Total f i r s t  un i t  cos t  i n f l a t i o n  f a c t o r , com p l e x i t y  f a c t o r .
PE C 10 and m i s c ell an eo u s cos t  (see  “a ” , “b “, and  “c ’ in

Equation (10) of Section 2.3.6.5) ~~. 0 , 1 .0 , 0 . 03

PEA 11 , PEB 11 , R D T & E in fl a t ion f a c to r , comp lex ity f a c t o r , and mis-
PEEl 1 cellaneous cost (see “a “, ‘b” , and “e ” in E qua t ion  (11 ’)

of Section 2 . 3 . 6 . 6 )  [~.o , 1 .0 , 0 . 0 ]

CFM Mate r i a l s  cost  fac tor  used to ad ju s t  case labor  cos t
(internal value dependent on CASEM used if input as
zero) [o.o]

PFM Mater ia ls  cost facto r used to adjust case materials cost
( in te rna l  value dependent on CASEM used if input as
ze ro )  E o .oT i

PEBC External  booste r c o n t r a c t o r  p r o f i t  m a r g in [a. i)
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FIGURE 111-36 (Cont ’d .)

VARIABLE DEFINITION

SOLID ROCKET SUSTAINER TERMS

PSA 3 , PSB3 Motor case complexity fac tor  and misce l laneous  cost
(see “a” and “b’ in Equation (3) of Section 2. 3. 1. 1
[1.0 , 0.0]

PSA4 , PSE4 Case insulat ion complexity fac tor  and miscel laneous
cos t (see “a ” and ‘c ” in Equation (4) of Section 2.3. 1. 1)

~ .o , 0 .0]
PSA5 , PSF5 Nozzle cost complexity factor and miscellaneous cost

(see “a” and ‘f” in Equation (5) of Section 2.3. 1.2)

~ .o , o.oj
PSA6 , PSG6 Propellant cost complexity factor an d m i s c ell aneous cost

(see “a” and ‘p” in Equat ion (6) of Section 2.3. 1 . 3)
[i .o, o .o]

PSF6 Propellant cost per pound (see “f’  in Eq uat ion ( 6 ) of
Section 2.3. 1.3) [$1. 00/lb.)

PSA7 , PSF7 Propellant loading cos t  complexity fac tor  and mis-
ce ll aneo u s cos t (see “a ” and “f’  in Equation (7) of
Section 2 . 3 .  1.3) [1.0, 0 .0]

PSA8 Safe and arm cost (see Equation (8) in Section 2. 3. 1.4)
[o. 19305]

PSA9 Igniter cost (see Eq ua tion (9) in Section 2.3. 1.4) [0. 3861]

PSA1O , PSB 1O , Total production cost inflation fac tor , complexity fac to r ,
PSC 1O and miscel laneous cost (see “i ’ , “b” , and “c ’ in

Equation (10) of Section 2.3. 1.5) [i. 0, 1.0 , 0. o]
PSA11 , PSB 11, RDT&E inflation factor , complexity facto r , and mis-
PSE1 1 cellaneous cost (see “a ” , ‘b” , and “e ” in Equation ( 11)

of Section 2.3. 1.6) [i. o , 1.0 , 0.0]

TURBOJET SUSTAINER TERMS

PTA1 , PTD 1 Engine complexity factor  and miscellaneous cost  (see
“a ” and “d” in Equation ( 1) of Section 2 . 3 .3 .  1) [1.0, 0 .0 ]

PTA4 , PTB4 Total tank cost complexity fac tor  and misce l laneous
cost (see “a ” and “b” in Equation (4) of Section 2.3.3.2)

[1.0, 0.0]
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FIGURE 111-36 (Cont ’ d . )

V A R I A B L E  DEFINITION

PTA5 , PTE5 Fuel  cos t  comp l e x i t y  f a c t o r  and m i s c e l l a n e o u s  c o s t  (see
“a ” and “e ’ in E q u a t i o n  (5) o~ se c t i o n  2 . 3 .  3. 3) L i . 0 , 0 . 0]

PTB S Fue l  cos t  f e r ~ poun d  (see  b ’ ’ in  E q u a t io n  (5)  o f  s e ct i o n
2 . 3 . 3 . 3 )  Lo .i i

PTA6 , PTE6 Fuel  l oad ing  cos t  comp l e x i t y  f a c t o r  and m i s c e l l a n e o u s
c o s t  (see  “a ” and “e ” in E q u a t i o n  (0 of Sect i on  2 . 3. 3. 3)

L1.o , o .o J
PTA7 , PTB7 , Total  p r o d u c t i o n  f i r s t  un i t  cos t  i n f l a t i o n  f a c to r , corn-
PTC7 pl e x i t y  f a c t o r , and m i s c e l l a n e o u s  cos t  ( see  “a ” , ‘ b ” ,

and “c ” in E q u a t i o n  (7) of Section 2 . 3 . 3 . 4) [1 .0 , 1 . 0 , o.oJ

P T A I O , PTB 1O , R D T K - E i n f l a t i o n  f a c t o r , comp l e x i t y  f a c t o r , and mis-
FTC 10 c e l l a n e c -u s  cos t  ( see  “a ” , “b” , and  “ c ’ in E q u a t i o n  (10)

of ~ e c t i  ‘n 2 .  3 . 3 . 5 )  [1 .0, 1. 0 , 0. oJ
PTJC T u r b o~’- - c on t r a c t o r  ~ r f i t  m a r g in ~o. i]
CFT M a t e r i a l s  f a c t o r  used  to c o m p u t e  t a n k  l abo r  c o s t  ( i n t e r n a l

v a l u e  de en d e n t  on M A T T K  used if i n p u t  as z e r o ’)  ( see
E q u a t i o n  (2 ’) of S e c t i o n  2.  3. 3. 2) [a. a]

PFT M at e r i a l s  f a c t o r  used to compu te  tank  m a t e r i al  cos t
( i n t e r n a l  va lue  d e p e n d e n t  on M A T T K  used  if i n p u t  as
z e ro )  (see  Equa t ion  (3) of Sec t ion  ? . 3 . 3. 2 ’) [a. a]

I N T E G R A L  R A M J E T  T E :R M ~

PRIA 1 Tank  l abor  cos t  comp l e x i t y  f a c t o r  (see a ” in E q u a t i o n
( 1) of Sect ion 2 . 3 . 4 .  1) Li .  a]

PRIA2 Tank m a t e r i a l  c o s t  complex i ty  f a c t o r  (see  ‘ a ” in E qua-
— t ion (2) of Sect ion 2 . 3 . 4 .  1) [1. 0]

PRIA3 , P R I B 3  Tota l  tank cost  comp l e x i t y  f a c t o r  and m i s c e l l a n e o u s
cos t  (see “a ” and “b”  in E quat ion (3) of Sec t ion  2 .  3 . 4 . 1)

[ i.o, o.o ]
PRIA4 , PRIE4 Tank e x t e r n a l  insula t ion  cost complexi ty  f a c t o r  and

miscellaneous cost (see “a ” and “e ” in E qua t ion  (-4 1 of
Section 2 . 3 . 4. 1) [1.0 , o .o ]

PRIA S N i t r o g e n  gas bottle comp lex i ty  fa cto r ( see “a ” in E qua-
tion (5) of Section 2. 3.4. 1) [1.0]
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FIGURE 111-36 (Cont’d.)

VAR IABLE D E FINITION

PRIA 6 Regu lato r cost  (see Equation (6) in Section 2 . 3 . 4 .  1)
La. 275]

PRIA7 Miscellaneous valves cost (see Equation (7) of Section
2.3.4. 1) [o. 27 5]

PRI.A8, PRIB8 Nitrogen gas pressurization system total cost complexity
factor and miscellaneous cos t  (see “a ” and “b ” in
Equation (8) of Section 2. 3.4. 1) [i. 0, 0. o]

PRIA9 , PRIG 9 Solid gas p r e s s u r i z a t i o n  sys tem total cost  complexity
fac tor  and misce l laneous  cost (see “a ” and ‘g ” in
Equation (9) of Section 2. 3.4.2) [1.0, 0.0]

PRIA1O Monopropellant gas pressurization system cost (see
Equation (10) of Section 2.3.4.2) [5. 1975]

PRIA11 , PRIG11 Ram-air turbine pressurization system cost complexity
factor and miscellaneous cost (see “a” and “g ” in
E quation ( 11) of Section 2 .3 . 4 . 2 )  11.0 , o.oJ

FRIA 1Z , PR JE 12 Fuel cost comp lex i ty  factor and miscellaneous cost  (see
“a ” and “ e” in Equation (12 ) of Section 2 . 3 . 4 . 3 )  [1.0, 0. a]

PRIB12 Fuel cost per pound (see “b’ in Equation (12) of Section
2 . 3 . 4 . 3) [sl.oo/lb]

PRIA13 , PRIE13 Fuel loading cost  complexity fac tor  and misce l laneous
cos t  (see “a ” and “e ” in E quation ( 13) of Section 2 . 3 .4 . 3 )

[l .a. 0.0]
PRIA 14 , PRIE 14 Con-ibustor case labor cost complexity factor and mis-

cellaneous cost (see “a” and “e ” in Equation (14) of
Section 2 . 3 . 4 . 4 )  [i .o, 0.0]

PRIA 1S , PRIE IS  Combustor case material  cost complexi ty factor  and
miscellaneous cost (see “a” and “e ” in Equation (15) of
Section 2.3.4.4) [i .o, o .oJ

PRIA 16 , PRIE 16 Case insulation cost complexity facto r and miscellaneous
cost (see “a ” and “e ” in Equation (16) of Section 2. 3.4. 4)
[1.0, 0.0]

PRIA 17 , PRIF 17 Nozzle cost complexity factor and misce llaneous cost
(see “a ” and ‘~f “ in Equation (17) of Section 2. 3 . 4 . 4 )
[1.0, 0.0]

PRIA 18 , PRIE18 Booster propellant cost complexity facto r and rniscel-
lan~ ous cost (see “a” and ‘c ” in Equation (18) of
Section 2.3.4.4) [1.0, o.oJ
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FIGURE 111—36 (C o n t  ‘o -

VARIABLE DE F IN ITI ( :’N

PRIB 18 Booste r p r o p e l l a n t  cos t  p e r  p o u n d  (see ‘ h  in E q u ation
( 18) of Sect ion 2 . 3 . 4 . 4 )  L$ 1 .0 0 / l b ’]

PRIA 19 , PRIE 19  B o o s t e r  p r o p e l l a n t  l o a d i n g  os t  cot i ~~ l e x i t v  f a c t ~ r and
m isce l l aneous  cost  (see “a ” and  “e - - in E q u a t i o n  ( 1 ~4) o f

Section 2 . 3 . 4 . 4 )  [i .o , o. o]
PRIA2O Booste r ignit e r cos t  (see E qua t ion  (20) in  Sec t ion  2. 3 .4~ 4)

[a. 386lJ
PRIA2 1 Booste r safe and a r m  cos t  (see E q u a t i o n  ( 2 1 )  of Se c t i -  n

2.3.4.4) [0.19305]

PR IAZZ , PRIB2Z Total b o o s t e r/ c o m b u s t o r  cost  c o m p l e x i ty  fac to r and
misce l laneous cost  (see “a ” and “b” in E q u a t i o n  (22 )  of
Section 2 . 3 . 4 . 4 )  [i .o , 0 .0]

PRIA23 , PRIBZ3 , Total rarnje t  f i r s t  un i t  p r o d u c t i o n  cos t  in f l a t ion  f a c t o r ,
PRIC23  complexi ty  f a c t o r , and misce l laneous  cos t  (see ‘ a - ,

‘b” , and ‘c ” in E quation (2 3 )  of Sect ion 2 . 3 . 4 .4)
[1.0, 1.0 , o .o]

PRIA26 , PRIB26 , R D T & E  cost inf lat ion fac to r , comp l e x i t y  f a c t o r , and
PRIC26 misce l l aneous  cost  (see “a ” , ‘b” , and “c ’ in Equa t ion

(26) of Section 2 . 3 .4 . 5 )  [1.0, 1.0 , o.o]
CFCASE Mater ia ls  fac tor  used in comput ing  c o m b u s t o r  cos t

( in ternal  value dependent  on CASEM used if input  as
zero) [o.o]

PFCASE M a t e r i a l s  f a c t o r  used  in c o m p u t i n g  c o m b u s t o r  cost
( in t e rna l  value d e p e n d e n t  on CASEM used  if i np u t  as
zero)  L0 .0]

CFT Mater ia l s f a :t o r  used in c o m p u t i n g  f u e l  t ank  l a b o r  c o s t
( i n t e r n a l  va lue  dependent  on M A T T K  used if  i npu t  as
zero) [o.o]

PFT Mate r i a l s  f a c t o r  used in c ornput i-ng fue l  t ank  m a t e r i a l
cos t ( in t e rna l , value dependen t  on MA T T K  used  if i np u t
a s ze ro )  [o .o]

PRJC Ramjet  cont rac tor  p ro f i t  m a r g i n  [a. i]
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FIGURE 111-36 (Cont’d.)

VARIABLE DEFINITION

NON-INTEGRAL RAMJET TERMS

PRNAI Tank labor cost complexity factor ( see “a ” in Equation
(1) of Section 2. 3.4. 1) [L oJ

PRNA2 Tank ma te r i a l  cos t  complexi ty f acto r (see “a ” in
Equation (2) of Section 2.3.4. 1) [1.0]

PRNA3 , PRNB3 Total tank cost comp lexity factor an d m i s c e llan eo u s cost
(see “a ” and “b”  in E quation (3) of Section 2 . 3 . 4. 1)
[1.0 , 0 . 0]

PRNA4 , PRNE4 Tank e x t e r n a l  insu la t ion  cost complexity factor and
miscellaneous cost (see “a” and “e ” in Equation (4) of
Section 2 . 3 . 4 . 1) [i .o, a .o ]

PRNA5 Ni t rogen  gas bottl e complexity f a c t o r ( see “a ” in
Equation (5) of Section 2 . 3 . 4 .  1 [1. a]

PRNA6 Regulator cost (see Equation (6) in Section 2 . 3. 4. 1)
[a. 275]

PRNA7 Miscellaneous valves cost (see Equation (7) in Section
2 . 3 . 4 .  1) [a. 275]

PRNA8 , PRNBS Ni t ro gen  gas p r e s s u r i z a t i o n  system total cost com-
plexity f ac to r  and misce l laneous  cost (see “a ” and ‘b”
in E quation (8) of Section 2 . 3 . 4 . 1) f i . o , a .a ]

PRN A 9 , PRNG9 Solid gas pressurization system total cost complexity
f acto r and miscellaneou s cost (see “a ” and “g ” in
E quation (9) of Section 2 . 3 . 4 . 2 )  [1.0, a .a ]

PRNA1O Monopropellant gas pressurization system cost (see
Equation (10) of Section 2. 3.4.2) [5. 1975]

P R N AI I , PRN GI1 Ram-air  turbin e p re s su r i za t ion  system cost complexity
factor and miscellaneous cost (see “a ” and “g ” in
Equation (11) of Section 2.3.4.2) L1• 0, 0.0]

PRNA1Z , PRNE 12 Fuel cost  complexity factor  and miscellaneous cost  (see
“a ” and “e ” in E quation (12 ) of Section 2 . 3 .4 . 3 )  [i.o , o.~]

PRNB 12 Fuel cost  per pound (see ‘b” in Equation (12) of Section
2 . 3 . 4 . 3 )  [$l . oo/ lbj

P R N AI 3 , PRNE 13 Fuel loading cost complexi ty  f ac to r  and miscel laneous
cost (see “a ” and “c ’ in Equation (13) of Section 2 . 3 . 4 . 3 )
[1.0, 0.0]

III- 122

~ 

- -- - - — -~~~~



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

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

F I G U R E  III~ 36 (Cont ’d.)

VARIABLE !)EFINITION

PRNA 14 C om b u st o r  case  l a b o r  cos t  c o m p l e x i t y  f a u t o r  (see a ”
in Equat ion (14) of Section 2 . 3 . 5 . 1 )  Li .oJ

PRNA 15  Cornbustor  case ma te r i a l  cost  c o m plexit y f a c t o r  (see
“a ” in E quat ion  (1 5)  of Sect ion 2 . 3 . 5 .  1) Li. a]

PRNA 16 Case insula t ion  c o s t  complex i ty  f a c t o r  (see “a ” in
Equat ion  (16) of Sect ion 2 . 3. 5. 1) L i. o]

P R N AI 7  Nozzle cost  comp lex i ty  f a c t o r  (see “a ” in E quat ion (17)
of Section 2 . 3 .  5 . 2 )  L i. o]

PRNA 18 , PRNB 18 Total  combusto r  cos t  complex i ty  f a c t o r  and mi sce l l aneous
cost  (see “a ” and “b ” in E qua t ion  (18) of Sect ion
2 . 3. 5. 2) 

~
j . 0 , 0. ol

PRNA 19 , PRNB19 , Total r a mj e t  f i r s t  unit  p roduc t ion  cos t  in f l a t ion  f a c t o r ,
PRNC 19 comp lexi ty  f ac to r , and mi sce l l aneous  cost  (see “a ” ,

“b” , and ‘c ” in Equation (19) of Section 2 . 3 .  5 . 2)
[1.0 , 1.0 , o .o ]

P R N AZ 2 , P R N B Z Z , R D T &E  cost  inflation facto r , complex i ty  f a c t o r , and
P R N CZ Z  misce l laneous  cost  (see “a ” , ‘b “, and ‘c ” in E quat ion

(22)  of Section 2 . 3 . 5 . 2 )  [1.0 , 1 .0 , 0 . 0]

CFC Mater ia l s  f a c t o r  used to compute  c o m b u s t o r  l a b o r  cos t
( in te rna l  value dependent  on CASEM used  if inpu t  as
zero)  L 0 .0 1

PFC M a t e r i a l s  f a c t o r  used to compute  combus to r m a t e r i a l
cost  ( i n t e r n a l  value d e p e n d e n t  on CASEM used  if i n p u t  as
zero)  [o . o]

CFT Mater ia ls  fa ’~tor  used to compute  fue l  tank l abor  co s t
( inte rna l value dependent  on MATTK used if i npu t  as
zero)  [0.0]

PFT M a t e r i a l s  f ac to r  used to compute  fue l  tank m a t e r i a l
cost  ( in t e rna l  value dependen t  on M A T T K  used  if i n p u t
as ze ro)  [o .o]

PRJC Ramje t  c o n t r a c t o r  p r o f i t  m a r g in La . i]
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FIGURE 111-3 7

CGSM INPUT - RCM PROPULSION CER COEFFICIENT S
( N A M C CP  NAMELIST)

V A R I A B L E  DEFINITION

LIQUID ROCKET SUSTAINER TERMS

PLB I , PLC 1 T h r u s t  c h a m b e r  labor  coe f f i c i ent s  (see ‘b” and “c ’ in
Equation (1) of Section 2 .3 . 2. 1)

PLA2 , PLB2 Thrus t  chamber mater ials  coeff icients  (see “a ” and ‘b ”
in Equation (2) of Section 2. 3 .2 .  1)

PLB4 , PLC4 Turbopump labor coef f ic ien t s  (see “b ’ and ‘c ” in
E quation (4) of Section 2. 3. 2 . 2)

PLA5 , PLB5 Turbopump mater ia ls coef f ic ient s  (see “a ” and “b ”  in
Equation (5) of Section 2 . 3. 2 . 2)

PLB6 , PLC6 Gas Generator  and s ta r t  c a r t r i d ge labor coef f i c i en t s
(see ‘b ”  and ‘c ” in Equation (6) of Section 2 . 3 . 2 . 2 )

PLA7 , PLB7 Gas gene ra to r  and s t a r t  c a r t r i d ge ma te r i a l  coe f f i c i en t s
( see “a ” and “b ’ in Equation (7) of Sect ion 2 . 3 . 2 . 2)

PLB9 , PLC9 Miscellaneous ha rdware  labor c o e f f i c i e n t s  (see ‘b” and
“c ” in E quation (9) of Section 2. 3. 2. 3)

PLA 1O , PLB1O Miscellaneous ha rdware  ma t e r i a l s  c o e f f i c i e n t s  (see “a ”
and ‘b” in Equation (10) of Section 2. 3.2. 3)

P L AI 2 , P L BJ2  Ni t rogen s torage bottle coef f i c ient s  (see “a ’ and “b ’ in
Equation ( 12) of Section 2 . 3 . 2 . 4)

PLB14 , PLC14 Tankage cost coe f f i c i en t s  (see “b ”  and “c ’ in E q u a t i o n
(14) of Section 2 . 3 . 2 . 4 )

PLC 15 , PLD 15 F u e l/ o x i d i z e r  cost  c o e f f i c i e n t s  (see “c ’ and “d ” in
Equation ( 15) of Section 2 . 3 . 2 .5)

PLBI6 , PLC 16 , Propellant loading cost coe f f i c i en t s  (see ‘b” , ‘c ” , and
PL D 16 “d”  in Equation (16) of Section 2 . 3 .2 . 6 )

P L DI9 , PLE 19 RDT&E cost  coef f i c ien t s  (see “d”  and “e ” in E qua t ion
(19) of Section 2 . 3 . 2 .  9)
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FIGURE 111-3 7 (Cont ’d .)

VARIABLE DEFINITION

E X T E R N A L  BOOSTER TERMS

PEAl , PEB I , Motor  case labor  cos t  coe f f i c i en t s  (see “a ” , “b’ , and
PEC 1 “c ’ in E qua t ion  (1 ) of Sect ion 2 . 3 . 6. 1)

PEAl , PEB2 , Case ma te r i a l  cost  coe f f i c i en t s  (see “a ” , ‘b” , and “c ’
PEC2 in Equat ion (2) of Sect ion 2. 3 .6 .  1)

PEB4 , PEC4 , Motor total cost coefficients (see “b” , “c “, and “d”  in
PED4 Equat ion (4) of Sect ion  2. 3. 6. 1)

PEB5 , PEC5 , Nozz le  c o e f f i c i e n t s  (see “b ” , “c ‘ , “d “, and “e ” in
PED5 , PEE5 Equation (5) of Sect ion 2. 3 .6 . 2)

PEC6 , PED6 Propel lan t  cost  c o e f f i c i e n t s  (see “c ’ and ‘ d ” in E q u a t i o n
(6) of Section 2 . 3 . 6 . 3 )

PEB7 , PEC7 , P rope l l an t  load ing  cos t  c o e f f i c i e n t s  (see “b ” , “c , and
PED7 “d ” in Equa t ion  (7) of Sect ion 2 . 3. 6. 3)

PEC 11, PED 11 R D T & E  cos t  c o e f f i c i e n t s  (see ‘c ” and “d ” in E qua t ion
(11) of Section 2 . 3 . 6 . 6 )

SOLID ROCKE T SU STAINER TERMS

PSA 1, PSB 1, Motor case labor cos t  c o e f f i c i e n t s  (see  “a ” , ‘ b ” , and
PSC 1 “c ” in Equation (1) of Section 2.3.1. 1’

PSA2, PSB2, Motor case material cost coefficients (see “a ”, ‘b” ,
PSC2 and ‘c ” in Equation (2) of Section 2 . 3 .  1. 1)

PSB4 , PSC4 , Cas e ins ul a tion cost  coef f ic ien t s (see “b ” , “c ’ , and “d ”
P504 in Equation (4) of Section 2. 3. 1. 1)

PSB5 , PSC5 , Nozzle cos t coe ff ic ie nt s (see ‘b” , ‘c ‘ , “d ” , and ‘e ’ in
PSD5 , PSE5 E quation (5) of Section 2. 3. 1. 2)

PSB6 , PSC6 , Propellant cost coe f f i c i en t s  (see “b’ , ‘c “, “d ” and “e ”
PSD6 , PSE6 in Equ ation (6 ) of Sec ti on 2 . 3. 1. 3)

PSB7 , PSC7 , Propellant loading cost  c o e f f i c i e n t s  (see “b” , “c ’ , “d” ,
PSD7 , PSE7 and “e ” in Equation (7) of Section 2.3. 1.3)

PSCII , PSD 11 R D T &E  cost coeff ic ients  (see “c ’ and “d” in Equation
(11) of Section 2 .3 .  1.6)
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FIGURE 111-37 (Cont ’d.)

VARIABLE DEFINITION

TURBOJET SUSTAINER TERMS

PTB1 , PTC 1 Engine cos t  coef f i c ien t s  (see “b” and ‘c ” in Equation
(1) of Section 2 . 3 . 3 .  1)(PTB 1 is set internal ly  based on
turb ine  inlet t empera tu re  if input as zero)

PTA2 , PTB2 Tankage labor cost  coef f i c ien t s  (see “a ” and ‘b”  in
Equation (2) of Section 2. 3. 3 . 2 )

PTA3 , PTB3 Tankage mater ia l  cost  coef f ic ien ts  (see “a ” and ‘b” in
Equation (3) of Section 2. 3. 3. 2)

PTC5 , PTD5 Fuel cost coe f f i c i en t s  (see “c ” and “d”  in Equation (5)
of Section 2 . 3 . 3 . 3 )

PTB6 , PTC6 , Fuel loading cost  coef f ic ien ts  (see “b’ , ‘c “, and “d”
PTD6 in Equation (6) of Section 2. 3. 3. 3)

PTD1 O , PTE1O RDT&E cost coefficients (see “d ” and “e ” in Equation
(10) of Section 2. 3.3.5)

INTEGRAL RAMJET TERMS

PRIB 1, PRIC I Tank labor cost coefficients (see “b’ and ‘c ” in Equa-
tion (1) of Section 2 . 3 . 4 .  1)

PRIB 2 , PRIC2 Tank material  cost coef f ic ien ts  (see ‘b” and “c ’ in
Equation (2) of Section 2. 3. 4. 1)

PRIB4 , PRIC4 , Tank external insulation cost coeff icients  (see “b’ ,
PRID4 ‘c “, and “d”  in Equation (4) of Section 2. 3 .4 .  1)

PRIB 5 , PRIC 5 Nitrogen gas bottl e cost  coeff icients  (see ‘b ’ and ‘c ” in
Equation (5) of Section 2. 3. 4. 1)

PRIB 9 , PRIC9, Solid gas pressur iza t ion system cost  coefficients
PRID9 , PRIE9 , (see “b” , “c ” , “d” , “e ” , and ‘f” in Equation (9) of
PRIF9 Section 2 . 3 . 4 . 2 )

PRIB 11, PRIG 11 , Ram-a i r  turbine pressur iza t ion system cost coeff icients
PRID 11, PRIE 11, (see ‘b” throug h “f” in Equation ( 11) of Section 2 .3 . 4 . 2 )
PRIF11

PRIC1Z , PRID 12 Fuel cost coefficients (see “c ’ and “d” in E quation (12)
of Section 2 . 3.4.  3)

PRIB13 , PRIC 13 , Fuel loading cost coefficients (see “b” , “c ” , and “d ” in
PRID13 Equation (13) of Section 2. 3.4. 3)
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FIGURE 111-37 (Cont’d.)

VARIABLE D EFINITI ON

PRIB 14 , PRIG 14 , C o m b u s t o r  case  l abor  cos t  c o e f f i c i e n t s  (see “b ” , ‘c “,
PRIDI4  and “d ” in E qua t ion  ( 1 4 )  of Sec t ion  2 . 3. 4. 4)

PRIB 15 , PRIC 15 , Combus to r case  m a t e r i a l  cos t  c o e f f i c i e n t s  (see ‘b” ,
PRID 15 “c ’ , and “d” in E q u a t i - n  ( 15)  of Sect ion 2 . 3 . 4 .4)

PRIB 16 , PRIC 16 , C omb us to r case insu lation cost  coe ff i c i e n t s  (see “b” ,
PRID16 “c ’ , and “d” in Equation (1 6) of Section 2 . 3 . 4 . 4 )

PRIB 17 , PRIC 17 , Nozz le cos t  c o e f f i c i e n t s  (see “b ” , “c ’ , “d “, and “e ” in
PRID 17 , PRIE 17 Equation (17) of Section 2 . 3 . 4 . 4 )

PRIG 18 , PRID 18 Booste r p rope l l an t  cos t  coe f f i c i en t s  (see ‘c ” and “d ” in
Equation (18) of Section 2. 3 . 4 . 4 )

PRIB 19 , PRIG 19 , Booste r propellant loading cost  coe f f i c i en t s  (see “b” ,
PRIDI9  ‘c “, and “d” in Equation (19) of Section 2.3.4.4)

PRIDZ6 RDT&E cost coefficient (see “d” in Equation (26) of
Section 2 . 3 . 4 . 5 )

NON -INT EGRAL RAMJET TERMS

PRNB1 , PRNC 1 Tank labor cos t coe ff i c i en t s  (see “b ” and “c ’ in E qua-
tion (1) of Section 2 . 3 . 4 .  1)

PRNBZ , PRNC2 Tank mate r ia l  cos t  coe f f i c i en t s  (see “b’  and ‘c ” in
Equation (2) of Section 2. 3. 4. 1)

PRNB4, PRNC 4, Tank external  insulation cost  coef f i c ien t s  (see ‘b ” ,
PRND4 “c “, and “d” in Equation (4) of Section 2. 3 . 4 .  1)

PRNB5 , PRNC5 Nitrogen gas bottle cost  coe f f i c i en t s  (see “b”  and “c ”
in Equation (5) of Section 2. 3. 4. 1)

PRNB9 , PRNC9. Solid gas p re s su r i za t i on  sys tem cos t  coe f f i c i en t s
PRND9 , PRNE9 , ( see “b” , ‘c “, “d” , “e”, and ‘f” in Equation (9) of
PRNF9 Section 2 . 3 .4 .2 )

PRNB 11 , PRNC 11 , Ram-air  turbine p res su r i za t ion  system cost  c o e f f i c i e n t s
PRND 11 , PRNE11 , (see “b’ through ‘f” in Equation (11) of Sect ion 2 . 3 . 4 . 2 )
PRNF 11

PRNC12 , PRND 12 Fuel cost coeff ic ients  (see “c ’ and “d” in Equat ion (12)
of Section 2. 3. 4. 3)

PRNB 13 , PRNC 13 , Fuel loading cost coeff ic ients  (see ‘b” , “c ’ , and “ d”
P R N D I 3  in Equation (13) of Section 2. 3.4. 3)
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FIGURE 111-37 (Cont ’d .)

VARIABLE DEFINITION

PRNB 14 , PRNC14 , Combusto r case labor cost coeff ic ients  (see “b” , ‘c “,
PRND 14 and “d ” in Equation (14) of Section 2 .3 .  5. 1)

PRNB 15 , PRNC15 , Cornbustor  case mater ia l  cost coeff icients  (see “b” ,
PRND 15 “c ” , and “d ” in Equation ( 15) of Section 2 . 3 . 5 .  1)

PRNB1Ô , PRNC I6 , Combusto r case insulation cost coeff icients  (see “b’ ,
PRND16 “c ’ , and “d” in Equat ion (16) of Section 2 . 3 . 5 . 1)

PRNB17 , PRNC 17 , Nozzle cost  coef f i c ien t s  (see ‘b ” , “c “, “d” , and c t1

PRND17, PRNE 17 in Equation (17) of Section 2.3. 5. 2)

PRND22 RDT&E cost coeff ic ient  (see “d” in Equation (22) of
Section 2.3.5.2)
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5. BLOCK DAT A INPUT

Most prestored value 8 for NAIV~~L1ST list items are set through

BLOCK DAT A modules. Those modules and their  settings are  provided

for  convenience only,  and will not normall y change. Howeve r , th ere is

a second ca tegory  of BLOCK DAT A in the CGSM which pe r fo rms  the funct ion

of t rue  input . Liquid fuel perfo rmance character is t ics  and solid propellant

per formance  character is t ics  are prestored through BLOCK DATA and can -

not be altered throug h the conventional CGSM table/ l ist  input options. Any

change to those pe rformance data must  be effected b y coding and compiling

a revised set of BLOCK DAT A modules.  The advantage of using BLOCK

DATA fo r  those data lie s in the signif icant  reduction in computer field

length requirements .

5.1 Liquid Fuel Input

Liquid susta iner  fuel  data are  stored in two f o r m s .  The f i r s t

requirement is for  theoretical specific impulse (ISP) as a funct ion  of

expansion ratio (ER) ,  mixture ratio ( M R ) ,  and chamber p r e s s u r e  ( P C ) .

Also required is expansion ratio as a funct ion of ISP , MR and PC. Both

of those data requirement s are filled in the CGSM throug h BL~~GK DAT A

storage.  A N 204 /UDMH (oxid izer / fue l)  propellant typ e is stored , in

the form shown in Figures 111-38 and 111-39.

The liquid fuel specific impulse table is stored in a C~~MMON

block defined by

C~~MM~~N R~~CL/TAI SP(63l) .

The T IASP array  is shown in Figure II I_ 38 to consist of the followin g

components:

TAISP( 1)—(5)  ~~ P C ( 1 ) — ( 5 ) ,

TAI SP(6 )— (11)~~~M R ( l ) — ~(6) ,

T AISP ( l 2 ) — ( 3 l ) ~~~E R ( l ) — ( 2 0 ) ,

and TAI SP (32 )—(63 1)~~~ISP(l , 1, 1 ) — ( 2 0 , 6 , 5)
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F’IGU~ E W-~~
Liqu id  Rock e t  Fuel  Deck - S p e c i f i c  Im p u L s e  T a b l e

D A T A  NPCP , 5, 6 , 20/

~~~~ 

~4 M ,~1EX

#MR #ER

ISP ( 1 , 1 , 1)
PC

~~~~~~~DA T A T A T S P  / 2 0 . ,  1 0 0 . ,  3 0 0 . ,  ~ 0 0.’ 2 0 0 0 , ,  MR
1 

1 2 , 0 ,  2 .2 ,  2, 14 , 2 . 6 ,  2 , 8, 3 . 0 ,
2 1 4,0, 6,0, 8.o.1o.o~~12 .o.111.o.1o.0~~1e .o.20.o.25.o.30.0 r35.0~

J 
ER

540 .0, ‘15,0 , 50,0, 60 .0, 70, 0, 00 • 0, ‘)Ø, 0, 100. 0,
\.._.r+ o 279,9, 291.5, 298.7, 303,7, 307.5, 31O.’~, 3 13 . 0 ,

5 3 1 5 . 0 ,  316.9, 320.5. 323.2, 325,14, 327.3, 328.8,
6 3 3 0 . 2 .  332 . 11, 3311.2, 335.6, 336.9, 338,0,
7 2 8 0 . 0 .  292 .3,  3 0 0 .0 ,  305.3, 309 .11, 312. 6, 315 .3,
8 317. 6, 3j 9 ,5, 323. 11, 32 6.3, 328 ,7, 330 . 7,  332,3,
9 333,8, 336 ,2, 338.1, 339 ,7, 3 14 1.0,  3 1 42 . 2 ,
& 278 .6, 29 1.5 ,  299 ,6, 305.3, 309 .7, 31 3.2,  3 16.1,
8 3 16, 5 , 32 0.7,  32 14 .8 , 320 ,0, 330.5,  332.7 , 33 14,5,
C 336~~0. 338 ,6, 34 0 . 6,  3 142.14, 3143, 8, 345, 1,
0 27 6 ,2 ,  289 .14, 297 .8 ,  303. 9 , 308.5 ,  3 12.2,  315 ,3,
r 3 17, 9, 3 2 0,2 ,  3211,7, 328,2 ,  331.0, 333.3, 335 ,2 ,
F 336. 9 , 339 ,1, 3 4 1, 9 , 343 , 8 , p514 . ~,,306,7,

ISP.(20 4 , 1)ISP( 1 , 5, 1)

I 273 , 14~~~~28b , e, 295 ,1,  3 0 1 ,3 ,  306 ,0 ,  309 ,9, 3 13 , 1 ,2 3 15 . 6 ,  3 18 .3 ,  3 2 3 . 1 ,  326 ,9 , 329 ,9 , 332 .0 ,  330 .5,3 3 3 6 , 0 ,  339 ,14 ,  3 1 4 1 , 6, 3 0 3 , 9 , 5 1 4 5 , 6 ,  347 .1,14 270 ,5,  2 83 ,6 ,  2 92 ,1 ,  2 9 8 . 2 ,  3 0 3 , 0 ,  3 0 6 , 8 ,  3 1 0 , 1 ,S 3 12 .8 , 3 1 5 . 2 ,  32 0 . 2 ,  32 11, 1,  3 2 7 ,2 ,  329 ,8 , 332 , 1,6 33~~.1,  337 • 14 • 3 1 4 0 , 0 ,  3142.S~

ISP(20 , 6 , 1)

‘ ili.-130
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FIGURE 111-38 (Cont inued)

ISP 1I , 1 , 2)  
*

1 2 8 2 , 1 ,  293 ,~~, 3 0 0 . 3 ,  305 .2,  308 , 9 , 3 1 1 . 8 ,  3 14 ,3 ,
‘ 316 ,5, 3 18 , 1,  3 2 1 . 6 ,  32 11 ,3 ,  326 .11 , 3 2 6 . 2 ,  329 , 7 ,
3 3 3 1 . 0~ 333 ,2 ,  3 3 5 . 0 ,  336 .11 , 3 3 7 . 7 ,  338 ,7 ,
14 283.1 , 295,0, 302,11, 307.6, 311 .5 , 31~~.7, 317 ,2,
5 31~~,’1, 321 .3 , 325.0, 327.9, 33 0.2, 332 ,1 , 333 ,7,
6 3 3 5 . 1 ,  337 , -i1~ 339 ,3 ,  3 1 1 0 , 8 , 3 4 2 . 1 ,  3 ( 4 3 , 3 ,
7 262.5, 295.1, 302,9, 308 ,14, 312 ,6, 31 6,0, 318 ,7,
6 321 ,0, 323,0, 327.1, 33 0.1, 332.6, 33(4 .6 , 536.14,
9 337 , 8 , 3 4 0 ,3 ,  3 4 2 . 3 ,  3 1114 , Q ,  345 . 11 ,  3 46 , 6 ,
A 280,7, 293 ,7, 302,0, 307 ,8, 312 ,3, 315 ,8, 318, 8,
8 321.3, 523.5, 327.7, 331,0, 3.,3,7, 33!3,9, 337 .7,
C 339 .3, 3112.0, 3411.1, 345,9, 3117,11, 3148 ,7,
O 278,0, 291.2, 299,7, 305 ,8, 310, 11, 3111 ,2, 317 .11,
~ 320,0, 322 ,3, 327.0, 330,S, 333 .4, 335,8, 337 ,8,
F 339 ,5 ,  3 42 , 11, 3a ’1~~7, 3 146 , 6, 3 14 8 ,2 ,  3 14 9 ,7 ,
O 275.1,  2 80 ,2,  296 ,7, 302 ,6, 3 0 T ,5, 311,3, 31 4 ,5,
+4 3 1 7 . 3 ,  3 19 ,6 , 32~~.5,  328 ,3 ,  3 3 1 . 3 ,  333. ’9 , 336,1,
I 338,0, 3141 .1, 3143,6, 345,7, 347 ,5, 3 9 ,j,

ISP(20 , 6 , 2)
ISP( 1 , 1 ,3)

1 63 .1,  294 , 5, 501.1. 305 ,9, 309 ,6 ,  3 12, 5, 3 14 , 9,
2 316 .9, 3 1~~.6, 322 .1 ,  320 ,8 ,  326 ,9, 3 2 8 , 7 ,  3 3 0 , 2 ,
3 3 3 1 , 5 ,  333 . 6 , 335, 4 , 336 , 8 , 338 ,0 ,  339 , 1 ,
a p614 ,7 , 296. 14 , 3 0 3 . 7 ,  30 8 ,8 , 3 1 2.6 ,  5 15 . 7 ,  3 18 ,2 ,
5 320.2, 322,2, 325,9, 326,7, 331.0, 332 ,8, 334,14,
o 335 ,8 ,  3 3 6 . 1,  339.9,  3 1 4 1 . 1 4 ,  3 142 ,7 ,  3 43 , 8 ,
7 2814.8, 297.1, 304.7, 310 .1, 314 .2, 317,5, 320,2,
$ 3 2 2 , 1 4 ,  3 2 14 . 14 ,  328 .3,  331 .3 ,  333.7 ,  335 .7 ,  337. 4,
9 338 .8, 3 1 4 1 . 5 ,  3 43 ,2 ,  3414 .8, 3 46 ,2 ,  3 147 . 0 ,
A 283.4, 296.3, 3014,3, 31 0,1, 31 11.4, 3j7 ,9, 320.7,
8 323 .1, 325,3, 329,14, 332.6, 335.2, 337,3, 339 ,1,
C 340,7, 3143.3, 345,3, 314’,I, 3~8 ,5 ,  3 149 . 8,
O 2 8 1,0,  29 11,2 ,  302 .5 ,  308,5 ,  3 1 3 . 1,  3 16, 8, 31 9 , 8,
E 322 . 4 , 32 14, 7 , 329.2, 332 ,6 ,  335. 14, 337 ,1, 339 ,6 ,
F 311j,3, 3 1414.1,  3 146 .3 ,  3146 ,2, 349 ,7, 3 5 1 , 1 ,
6 27 6 , 1, 29 1, 2 , 299 ,6,  305 ,7 , 3 1 0 . 11, 3 1 11 , 1,  517.3.
~ 3 2 0 . 0 ,  3 2 2 . 3 ,  3 2 7 . 1 ,  3 3 0 . 6 ,  33 3 . 8 , 3 3 6 . 3 ,  33 8 , 11 ,
I 3 110.2 ,  3 1 1 3 , 3, 345.7 , 307 ,7 ,  4q

~
5
~,ç

35t

~
0,

I 
LSP(2O, 6,3)
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?ICU P.E m.ia (Continued)

~~~ISP(1 , 1 , 4)

1 263.5, 2914,0, 301, 11, 306,2, 309 ,9, 312 ,7, 315,1 ,
2 317 ,1 , 31 8,8, 322.3, 325.0, 327.1, 328.9, 330,3,
3 331.6, 333.9, 335,5, 336,9, 338,2, 339.2,
14 265,14, 297.0, 304,2, 309,2, 313 .0, 316 .1, 318 .6,
3 320.3, 322.5, 326,2, 32~ ,0, 331.3, 333.1, 330.1,
6 336.1, 338.3, 340.1, 341,6 , 3112 ,9, 340,0,
7 285.7, 297.9, 305.5, 310.8 , 310.8, 318.1, 320.7,
8 323.0, 324.9, 328.8, 331.8, 3314 .1, 336 ,1, 337,6,
9 33~ .2, 3111.6, 3113 .6, 345,2, 3(46,5, 347,7,
A 28 4,6, 297,4, 309 .3, 3 11 ,0, 31 5,3, 31 8,7, 321.!,
B 323.9. - 325.9, 330.1. 333.3. 335,3, 337.9, 339,1,
C 341.2, 3143.8, 3115.8, 347.5, 3149.0, 350.2,
O 282.3, 295.11, 303.7, 30~ ,7, 31 14.2, 317.~~, 320 ,9,
E 523.5w 325.7, 330.1. 333.5, 336,2, 356.4, 340,14,
P 342.0, 3144,8, 3117.0, 3110,8, 350.3, 351,7,
O 27 9,11, 292.5, 300,9, 306,9, 311, 6, 313 ,11, 318 .5,
H 321.2. 323.6. 328.3, 331 ,9, 3311,9, 337,3~, 339,0,
1 3141.2 , 3414,2, 3146,6, 3148.6, 350.3, ~~3Sj,7,

ISP(2O , 6,4)
ISP( 1 , 1 , 5)

1 284,3, 2~S.3, 302,0, 306,8, 310 ,3, 313 ,2, 315.5,
2 317.!, 31 9.3, 322,7, 525,3, 327.14, 329.2, 330,7,
3 332.0. 534.1, 335,8, 337.2, 338,0, 339,5,
4 ?6o.1, 298.1, 305 .2, 310.1, 313.9, 316,9, 31~~,3,S 321.6, 323.3, 326.9, 329.7, 33j,9, 333,7, 335,3,
O 330.6, 338,8, 340.0, 342.1, 343.4. 344,5,
7 287.7, 299.7, 307.0, 312.2, 31 6.2, ~~~~~~ 322 .0,
$ 32~ .1, 326.0, 329,9, 332.8, 335.1, 337.0, 338,7,
9 340.1, 342,0, 31414.3~ 3145,9, 347.2, 348,0,
A 287.3, 299,8, 307.6, 313 ,1, 317.2. 320,6, 323,2,
8 325.5, 321.8, 331.6 , 334.7, 337.2, 339.2, 341.0.
C 3142,!, 345.0, 3147.0, 348,6, 350.0. 351.3.
O 285.6, 298,5, 306,7, 312.5, 316.9, 320,4, 323,3,
£ 325.8, 327.9, 332,3, 335.5, 338,1, 3140,3, 342.1,
P3 143,7, 346,4, 3148.5, 350,3, 351.8, 333.1,
14 262.8, 295.9, 304,2, 31 0.1, 3114.7, 316.4, 321,!,
H 321.1, 326.4, 331,0, 334,5, 331.4, 339 ,7, 3141.7 ,
1 343,!, 3146.3, 3148,6, 350.5, 352.2, 353.6/

~5P(20, 6, 5)
a.
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FIGURE 111-39
Liqu id  R o c k e t  Fue l  Deck - E xp a n s i o n  R a t i o  Tab l e

- D A T A  N P C , N M P , N I S P / S , e , 2 6 /

#PCX #MRX #ISPX

Pcx

-: DATA TAEX~ / 20 ,, 100 ,, 300 ,, 500 ., 2 0 0 0 ., MRX
1 2,0, 2,2, 2,11, 2,6, 2,8, 3,0, }
2 2611,0, 270,0, 276 ,0, 282,0, 288 ,0, 2 93 .0, 29 8 .0,  . 3 0 3 , 0 ,  300 ,0 ,  ?isr~3 3 1 2.0, 31 6.0, 320,8, 3�~4 ,0,  326,0, 329 ,0, 3 3 2, 0 ,  335.0,  3 30 ,0 ,
0 3110,0, 342,0, 31111 ,0 , 3116,0, 348 .0, 350.0, 3S2,0, 3511 ,0,

X E R ( 1 , 1 , 1)

I
1 0 0 . 0 0,  0 0 . 0 0,  0 0 , 00 ,  4,36, 5,110, 6,02, 7,81 , 9,72, 12.33,
2 1 5,20, 19 ,05, 214 ,31, 31 ,82, 36 ,58 , 145 .71 , 58,j8 , 75,72, 99,99,
3 0 .0 0,  0. 00,  0 , 0 0 ,  0 .0 0 ,  0 . 0 0,  0 . 0 0,  0 . 0 0 ,  0, 00 ,
14 0.0 , 0,0 , 0.0 , 11,33, 5,30, 6,18, 7,48 , 9,13, 11,32 ,
5 13.63, 1 6,61, 20,60, 26,03, 29,148, 35,75, 1414 ,06 , 55,00, 69.07,
6 82,31 , 98,33, 0 . 0 0 ,  0 , 0 0 ,  0 . 0 0,  0 . 0 0,  0 .0 0 ,  0. 00 ,
7 0 ,0 0 ,  0 . 0 0,  0. 00 ,  4,53, 5,146, 6,37, 7.60, 9,1 9, 11 ,23 .
8 13.31, 15. 93, 19 ,36, 214,02, 26 ,88, 3 2 ,0 0 ,  38 ,4 1, 116,67, 57 ,69 ,
9 67.00, 77.76. 91, 511, 0 , 0 0 ,  0 ,0 0 ,  0 , 0 0 ,  0 , 0 0 ,  0 .0 0 ,
& 0,00, 0.00, 0,00, 4.88, 5.79, 6,66, 8,07, 9,70, 11,78 ,
8 13 ,89, 16 ,511, 1 9,83, 214,22, 26,86, 31 ,43 , 37.17, 414 ,117, 53,93,
C 01,36, 70,53, 81,25 , 914,62, 0,00, 0.00, 0,00, 0.00.
O 0.00, 0.00. 4.39, 5,30, 6,13, 7.51, 8,90. 10.72, 13 ,03 ,
F 15.31 , 18 ,16. 21,77, 26,18, 28,82, 33,50, 39 ,20, 46,32, 55,33,
F 62,50, 70,95, 80,59,  92, 67, 0 . 0 0, - 0 .0 0, 0 , 0 0 ,  0, 00 ,
O 0 .00 ,  0 ,0 0 ,  14. 814, 5, 76, 7 ,0 11, 8 .30, 9, 93, 12 .80 ,  10 ,73,

~~~ H 17.11 2 , 20,80, 211,60, 29,87, 33 ,06, 38,146, 110,78, 52,73, 62.31,
1 70,00, 78,70, 86, 95, 0,00. 0,00, 0 , 0 0 ,  0,00, 0.00,

/
XER ( 26 . 6 , 1)
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FIGURE 111-39 (Continued)

XER( 1 , 1 , 2)

1 0 . 0 0,  0 .0 0 ,  0 . 0 0,  0 . 0 0 ,  5 .0 11, 5, 93, 7.13, 9.10, 11.51 ,
2 14,1 6, 17.70, 22,71 , 29.1111, 311,05, 112 ,67, 54,55 , 70 ,00 ,  93 ,00,
3 0,00, 0,00, 0.00, 0 . 0 0 ,  0 , 0 0 ,  0 , 0 0 ,  0 , 0 0 ,  0 , 0 0,  

-

4 0.00, 0 ,00, 0,00, 0,00, 14, 82, 5,66, 6,81, 8,23, 10.21,
5 12,31 , 15,0 11.  18 ,63, 23 .65 ,  2 6 , 72 ,  32,3Q , 39 .7’1, 149,64, 63,16,
6 711.67, 89 ,23, 0,00. 0.00, 0,00, 0,00, 0.00, 0.00,

. 7  0 . 0 0 ,  0 . 0 0,  0 ,0 0 ,  0 , 0 0 ,  (4 ,87 , 5, 67, 6 , 74 , 8,04, 9.05,
6 11.71. 14 .00,  17 ,13, 2 1. 2 2,  2 3 , 66 ,  2 8 , 17 ,  33 ,80, ‘11,11, 50 .80,
9 5 8 ,60 , 68 .50. 80, C 0 ,  9 5 , 0 0 ,  0 . 0 0 ,  0 . 0 0 ,  0 , 0 0 ,  0 ,0 0,
A 0,00, 0.00, 0.0’~. 11,20, 5,12, 9.89, 7,014, 6 .3 11 ,  1 0 . 09 ,
8 11, 67, 111.13, 16, 96 ,  2 0 , 60 ,  22 .98 ,  26 ,97 ,  31, 05, 37 ,95, 45,94,
C 52, 59 , 6 0 , 0 0 ,  69 .52,  80 , 6 7 ,  9(4 ,62 ,  0 , 0 0 ,  0 . 0 0 ,  0 ,0 0 ,
0 0 .0 0 ,  0 , 0 0 ,  0 .0 0 ,  1 4. 6 1 ,  5,52. 6, 112, 7, 60 ,  9 ,0 0, 10,96,
F 12.611, 15 ,13, 18 ,00, 21.01, 23 . 914 , 2 7 , 0 6 ,  32 .5 9 , 3 6 ,3 3 ,  45 .59 ,
P 51.72, 58 ,62, 66,96, 76. 014 , 88 ,75, 0 , 0 0 ,  0 . 0 0,  0 .0 0 ,
8 0 . 0 0,  0. 00 ,  4 ,111, 5 .05 ,  5.97, 7, 13 ,  8,143, 10,09, 12.26,
H 14,1411 ,  17,07 .  20. 111, 24 , 119, 26. 97, 3 1.17. 36.35, 42 ,5 0, 5 0,0 0 ,
I 56 ,115, 63,60, 71,91, 81,67, 93,j3, 0,00, 0,00, 0,00w

7
XER( 1 , 1 , 3) - 

- XER(26 .6,2)

/
1 0.00, 0 ,00 ,  0,00, 0.00, 0 ,88,  5,77, 7,09, 8,79, 11 ,1 14,
1 j3.O6, 17.10, 22,00, 28,52, 32.80, ai.oo , 52.38, 67,76, 90.00,
3 0.00, 0.00, 0.00, 0,00, 0.00, 0,00, 0 . 0 0 ,  0 , 0 0,
14 0.00. 0.00, 0,00, 0.00, 4.56, 5,42, 6,44, 1,81. 9,69,
5 11.68 , 14,2 14, 17,80, 22,143, 25,15, 30.65, 37,78, 41.1 4, 39,37,
6 70, 67, 8 14,62 ,  0 . 0 0 ,  0 . 0 0,  0 , 0 0 ,  0 . 0 0 ,  0 . 00 ,  0 ,0 0 ,
7 0.00, 0 ,00, 0. 0 0, 0, 00, 4.52, 5.33, 4,24, 1,55, 9,22,
$ 10, 93,  1 3 , 0 9 , I S, 85, 19 .60 ,  22 .05,  2 0 , 17 ,  lj , Q é , 38 ,23, 47 , 10,
9 54.80, 63,68, 15.00, 66,57, 0.00, 0.00, 0 . 0 0,  0.00,
A 0.00. 0.00. 0.00, 0 .0 0 ,  4.71, 5.49, 6,143, 7.00, 9,26,
• 10,68, 12,91, 15.50, 18.82, 20,65, 24,51, 29.00, 34.62, 41.94,
C 47.81, 55,00, 63.50, 73,09, 66.43, 0 .00,  0 . 0 0,  0 , 0 0,
O 0,00, 0.00, 0.00, 4,15, 5.06, 5,82, 6,92, 8,17, 9.63,
F 11.52 . 13,57. 16 ,15 , 19,39, 21.414 , 24 ,78, 29,12, 34,29. 10,79,
P 46.18, 52,50, 59 .64, 66,64, 78.9!, 92,10, 0.00, 0.00,
0 0.00. 0,00, 0.00~ 4.60, 5.51 , 6,43, 7.62. 9.11, 10,96,
H 12.66, 15 ,1 9, 18.00, 21,71, 23.65, 27,57, 32,00, 37,40, 414.05,
1 149.144, 55,81, 62,92, 11.50, 61.67, 93.33, 0.00, 0,00.

• - . /
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-FIGURE U1_3~ (Continued)

XER( 1 . 1 , 4)

1 0.00, 0 , 0 0 ,  0 .0 0 ,  0 .0 0 .  0 .47 ,  5,57, 7 , 0 0 ,  8, 75, 10.97,
2 13,50 ,  16 .90,  21 ,7 1,  2 8, 15.  32,38,  ( 4 0 , 1 0 ,  51.~~2 . 6 6 , 6 0 ,  89 ,50 ,
3 9 8 . 0 0,  0 , 0 0 ,  0,00, 0.00, 0,00, 0.00, 0,00, 0.00,
O 0.00. 0 . 0 0 .  0.00, 0 . 00~ 4 ,116, 5 , 12 ,  6 , 40 ,  7 .75,  9 ,52,
5 11 .~ 7, 13.911, 17,~ 7, 22. 03, 2 14,73, 3 0 . 0 0 .  32 .17,  116 ,30 ,  59 ,25,
0 69.50. 82.50, 98,00, 0.00. 0.00, 0.00, 0.00, 0,00,
7 0 . 0 0 ,  0 . 0 0 ,  0 , 0 0 ,  0 , 0 0 ,  11,52 ,  5.11,  6 ,0 0 ,  7 ,3 0,  8, 911,
8 10. 60 ,  12 ,73 ,  15, 116, 19 ,05,  21, 4 1, 25 .25,  30 , 1111,  3 7 , 2 0 ,  115.50,
9 52. 75, 62 ,0 0 ,  7 5 . 0 0 ,  0 , 0 0 ,  0 . 0 0,  0 . 0 0 ,  0 . 0 0 ,  0 . 0 0,
A 0,00, 0,00, 0.00, 0.00, 4.60, 5.15, 5.~ 5, 7 ,3~ , 8 , ,
B 10.~~7 , 12,~~2 ,  ~~~~~~~ 16 . 1 0,  2 0 . 1 0 ,  23.!~0,  27 , Q 7 , 33 .50, 110 , 5 0 ,
C 46 ,25 ,  52. 75, 62 ,2 2 ,  74 . 50 ,  0 . 0 0 ,  0 , 0 0 .  0.00, 0.00,
D 0 , 0 0 ,  0 , 0 0 ,  0 , 0 0 ,  0 , 0 0 ,  5 . 0 0 ,  5,75,  6 ,6 6 ,  7 , 0 8,  9 .43,
F 11.0?, 12.~~7, 15. 110, 18 ,45, 2 0 , 3 14, 2 3 ,50 ,  2 7 . 79 , 3 2 . 5 0,  39 ,0 0 ,
F 144.00, 50.00, 58,00, 60,00, 3 2 , 0 0 ,  0 , 0 0 ,  0 , 0 0 ,  0 , 0 0 ,
O 0 , 0 0 ,  0,00, 0.00, 1 1 . 40 ,  5 ,0 0 ,  6 . 0 0 ,  7.35,  6 , 80 ,  10,117,
H 12.21 , IU .39, 17.11 , 20,43, 22,55, 25 ,55, 30 ,17, 35,25 , 141.50,
I ao , 00 ,  52,50,  6 0,5 0,  70, 00, 02,50, 0,00, 0.O 0vfr 0~~ 0~

XER( 1 , 1 , 5) XER (2 6 , 6 , 4)

I ~~~~00 ,  0. 00 ,  0.00, 0.00, 0,15, 5,~~5, 6,67, 8,140, 10,69,
2 13 .17, 16,50,  2 1,03 ,  2 7 . 5 0 ,  31,67 , ~~~~~~ 50. 00 ,  611,5 0, 87 ,50 ,
3105 ,00, 0,00, 0.00, 0,00, 0,00, 0,00, 0,00, 0,00,
14 0, 00,  0 , 00 ,  0,00, 0 ,0 0 ,  14 .0 0, 5,0 0,  6 , 10,  7 ,5 0, 9 ,j a ,
5 1 1 . 0 0 ,  13. 140, 1 6 , 6 1 ,  2 0 , 97, 2 3 , 7 5 ,  29 , 0 0 ,  3 5 . 2 8 , 11’1, 1 O ,  56 , 0 0 ,
6 68 , 20 ,  86 , 92 ,  0 . 0 0 ,  0 , 0 0 .  0 , 0 0 ,  0 , 0 0 ,  0 , 0 0 ,  0 , 00 ,
7 0 . 0 0 .  0 , 0 0 ,  0 . 0 0,  0,00, 11,00, 0.60, 5,55, 6.80, 6,36,
8 9.~ 2, 11. 90, 14,46, 17,90, 2 0 , 0 0 ,  23.75, 28.62, 311,80 ,  ‘12.50,
9. 49.25, 57 ,50, 69 ,5 0, 85 ,00,105 ,00 , 0.00, 0.00, 0,00,
A 0 ,0 0, 0, 00 ,  0 ,00 ,  0 . 0 0 ,  4 ,0 0 ,  14 ,50 ,  5,50 ,  6 , 8 0 ,  8 ,15,
8 9,60, 11 , 41 , j3,65,~~ 0718,113, 21.50, 25,65, 30,50, 36.70,
C 4 1,75,  48 ,0 0 ,  56,25, 67,15, 85,00, 0.00, 0,00, 0,00,
0 0,00, 0,00, 0.00, 0,00, 11,50, 5.10, 6.00, 7,00, 8,45,
F 9,38, 11,59 , 13,71, 14,56, 16 .19, 2 1 , 1 0 ,  2(4 .70 ,  29 ,0 0 ,  34 ,90 ,
F 39 ,50, ~~~.90, 50, 75, 57,75, 67,62, 0,00, 0.00, 0,00,
O 0 . 00 , 0 .0 0, 0 . 0 0 ,  0 , 0 0 ,  14 ,50, 5,5 0, 6 ,50 ,  7. 60 ,  9 ,2~~,H 10,63, 12,7 0, 15 ,03 , 17,92, 19 .65, 22 ,50, 26 ,30, 30, 75, 36 ,oO,
1 40 . 80 ,  46 ,10, 52 ,2 0 ,  54 , 00 ,  67 .62,  0 , 00 ,  O . O O . ç O . O O /

• /

XER(26 , 6 , 5)
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Should a new liquid propellant type be required , the user may select
t he number of values of PC, MR , and ER to be used , up to limit s of
5, 6, and 20, respectively. The selected numbers are stored into

COMMON through

C~~MM~~N/TABSEX/BLANK(3) , NPCP , NMRP , N EXR

whe re NPCP , NMRP, and NEXR communicat e the actual number of PC ,

MR , and ER , respectively, to be stored. The new ISP deck is then
programmed into TAISP as follows:

TAISP(l)—(NPCP)~~~PC(l)--(N PCP),

TAI SP(NPCP+l)— (N~~CP + NMRP )~ MR(l)-(NMRP),

TAISP (LA+ l )—( IA + NEXR )~~ER(l)—(NEXR),

where LA = NPCP + NMRP ,

and TAISP (IB+l )- (IB+IC )~~~ISP (l , l , l )—(NEX R , NMRP , NPCP),

whe r e lB NPCP + NMRP + NEXR ,

and IC NPCP (NMRP)(NEXR).

The deck is thus stored with no gaps in data items.

The second form of liquid fuel data required (expansion ratio

versus  ISP) is communicated to the propulsion sizing modules through the

COMMON block defined by

Cc~MMc~N / R c~CLx/TAEXR (8l7) .

The TAEXR array is shown in Figu re 111-39 to consist of the following

components:

T AEXR(l)— (5)~~ PCX - ( 1 ) — ( 5 ) ,

TAEXR ( 6)— (l l )  M R X ( l ) — ( 6 ) ,

TAEXR (1 2) — (37)  ~~ ISPX( l) (26) ,

and TAEXR (38) — (8 l 7 )a X ~~R( l , 1 , l ) — ( 2 6 , 6 , 5) .

111—136
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Should a new liquid propellant type be requi red , the u8er  may select the

number of values of PCX , MRX , and ISPX to be used , up to limits of 5,

6, and 26 , respectively. The selected numbers  are stored into C~~MM~~N

through the packing method shown fo r  the ISP table above , using

COMMON /TABSEX/NPC , NMR , NIS P , B L A NK ( 3 )

where NPC , NMR , and NISP communicate the desired number  of PCX ,

MRX , and ISPX , respectively, to be stored. The new expansion ratio deck

is then programmed into TAEXR through XER.

5 . 2  Solid Propellant Input

Solid rocket sustainer propellant perfo rmance charac te r i s t i cs

data are stored in BLOCK DATA modules.  The HT PB propellant type

is sto red in the CGSM cu rrentl y. Format of those data is parallel to that
discussed above for  liquid fuel data.

The solid propellant ISP dat a table is stored throug h DAT 5. Those

data which are presented are shown in Figure 111-40. Data are communi-

cated through the array TAISP and the following COMMON block:

C~~MM~~N/PINS~~L/TAI SP(7l9) .

The TAISP array consists of the following component s (see F igure  111-40) :

TAISP(l)—(2) (Do not change).

TAI SP(3)— ( l 9 ) E P C ( l ) — P c ( 17 )

T A I S P(2 0 ) —  (39)~~ E R ( l )— E R ( 2 O ) ,

TAISP(40)— (379)~~~I SP( l )—ISP(340) ,

and TAISP(380)—(719) (Do not change).

Should a new solid propellant type be required , the user  may select the

number of values of PC and ER to be used , up to limits of 17 and 20,

respectively. The selected numbers are stored int o COMMON using:

111-137 
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. FIGURE Ifl .40
Solid Rocket Fi~~l Deck - $p.cUlc ImpuLse TaI~le

#pC
#ER

/~~~~~~~~
0*1* WI ~CP ,N F X V 1 7 , 2 0 /

(Do not change)

D A T A  T A I S’ /~~~~~~.0, _ _ _ • _ _  • • — —_ - ~-— -

1?0 .. 30,, QO ,, 50.,_ ~~~~., 1O0~i~__1jO.. ?0 0~ .L •3~ 0,,~~~!O0~~. PC
250~~.. 750., l~ 00..,~

_1~~5Q.1 1S00.. 1750 ,. 2000 ,, 
j

3Q ,, 6,, ~l~ *,~ .JtI L_ __ l4 aI I S .~ 16.. 20.. ?5., ~~~~~~~~~ ER0 35,,  ~ 1 , , U5 , , _ 5 Q , ,_  ~~~~~~~~~~~~~~~~~~~~~~ ~0,. 9~~.. 100..
TSP( 1, 1)~~

5 
‘
~ as~ .s. - . ~?3o s. ‘76.0,

- - ~~~~~~~~~ • ~~~~~~~ .•_ ?! __
~~~~~ 7.0~ 301.,~~7 . .  305 .~~. 30 . 4 L ._ ...31.Q,IL...__ 1t3.0 a  ~ i U ,~~,

~ 317 .,. _ 3 2~ .
,_ _ J2L_b. 3? U . 4.

t ?55 .6 , - ~b7
,_ _ _ 7 j,_ _ 29i.~~

,_____________________________

~ ~~~~~~~ • ~~~~~~~~~~ 295~_5, ~_~!7,9 ~
- - 3 Q6 2.~ _ ._ ~ 3~~!~ 2.~..__ ._3iL~~. 1I3.~~, ~ 1 5 .6.

C • 3 t ~~, 7 . __ _~ ? l . 2 , _ ~ 3~~3 .2 .  3 ? 5 . 0 .  ~‘S .6 .
D .  • . .  2 5S .3,~~ _ ..  ~~~i lJ&L _ 2 7 6 . 2 ,  i~ 2 . 0 .

• • E_ • 0.~~,_  ~~~~~~~ 2 96 .1 .  299.11,
3i11.~~.. —

_ O •_ ~_ 3 1~~.~t.. 321.6. i23~..7. 325 ,5.

ISt(I , 4) ISP(2O , 3)

- ~~~~~~~ -- 276.7. 132.5, P 7 11.9,
? ~~~~~~~~~~~~~~~~~~ 294 .b , J~~~.9.
3 3~~1, ?,. — 310,J.. 112A 6, 310 .7.

- ~~~~~~~~~~~~~~~~~~~~~~~ JjS.,.8. ~27.3~
_ _  ~57 , 9 , • _  li 1.IL_ 277,5, _________________________________________

- 4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~7 . - - 30~ , ,  _ . .U.Qa1L__ I13 a.~i_.._ ......I ~~~~~~ ~ i1 . i~
~~ P0 ,?, - ~~~~~~ ~~~~~~ ~.J. b .i’~ ... ;P7 .~~.
~ ?3S ,~~, ~~~~~~~~~~~~~~~~~~ _1J3.,j a 2 113.5. -

• * ? ‘2 ,2 ,  l95. t L_ ~~__L!?a.ts 100.?.
P 30S .~ , _ U t .3 , ~~~~~~~~~~~~~~~

• C 120.4, 3?3,0, - - ____________________

0 25~ .?, ?71,3, J7S,_9~ J9_ M•,~ 1 ____________________________

( 2~~?, 9 , 214 ,0, • ?96 1ö~ 100 ,9.
‘ 309 ,1, 311. 9 , _ 3 I ! . .3,_ .3t~ J ._  319 2.
3 3?1.1. 323,5, 3?S,5,.. - ______________

- ~ P(2o, 7)
111438
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FIGURE 111-40 (Cont inued )

ISP( 1, 8)

1 ~~~~~~ ? 7 1  .~~~. 279 , J . ~~~~~~ ~~~~~ - - -

~ ~~~~~~~~~ ~~~~~~~~~~ ?9~~,1. ~.11 ,3, ~~s,r . —

3 3~~~, ,  3 1 ) .3,  31~~ . 7 , 3 1 b ,’, 3’~~.5,   _ •~~~~~~ --

~ 3?1 ,~~. 3’3.9. 3? c . Q . 3 2 7 ,6,
5 ?~~(‘ . S,  ?7? .5,  2 Q 0 . 1, ~~~~~~ ~~~~~~ -—

, ~~~~~~~~~ ‘~~7.1, ?~~9 , 7 , 311 ,~~, ~ r S , S,  -

7 ~ 1Cs . O ,  3 1’ .9 , 315 .3,  3 1 7 , 3, t• l ~~.1 , —

~ ~ ? , 1 . 3?~~. L I ,  3 ’~~. 3 , ~~‘ .0. ~~~~~~9 2 4 1 , 1 . ?7 3 , rl , ?~~3 .6,  ~~~~~~~~ ~~~~~~~~~ - .  
A ~~~~~~~~~~~~~~~~ ?~~7,5. 3~)O ,i, 3~~?,

Q ,
B 3 13 • 4 , 3 I 3 .~ ., 3 15 . t ,  3 1 7 , 6 , 31~~.~~s
C 3?? . 3, ~? U .7 ,  326 .6, - 3~~S ,3 , 3?~~, 5 ,  -~~~~

O ~~~~~~~ ? 7 3 .Li , 2~~1 .0, ?~~b .5, ?~~1. ’, — - —  _____ —

E ~~~~~~~~~ ?~~7.8, 300 ,~~, 
3D~~.7 , 30 7 .2,

F 31 ~~. 7. ~13 ,5 , ~~~~~ - ~17 ,9, -- 3 j 9 , S,  —

~ 3?? .~~. 3?~4 . 9 , _ 32 6 ,~~,~~~

ISP( 1 , 12) C. ISP(2O , 11)

I ?~~~~ . ? .  ~~~~~~ 2~~1. S. 297 .?, ?~~1. 7 , - -

2 ?~~~. 3, ~~ R , 11, 300 , 9 , 333 ,~~, ~~~~~~~~~~~~~ _ _ _ _- -___

3 311. ? . 31~~.n, - 3 16 , 3 ,  — ________

(~ 3?2, , ~‘5 ,3. 327 ,?, __ 3~~~,9, _ 3~~0 _ _ _ ____ __
S ?b ? . S. ?7 ’4 ,u , ~~~~~ ___  ____

6 ?~~5. 7 , 2~~S , 7 , 3 0 1 , 3 , _  3 3 3 , 5 , ___

7 3 11 .5. 31~~.3, 31b .~~,._ •~~~~,6,
__
~~3?_~1 .3,__

_____ 
___

~ 3 2 3 . ? .  3 2 3.5 ,  3?7,a , _ _ _ 3~~~,j,_ _
~ 3),S~ _________________ -

9 ? S 2 .~~, ? 7 L 4 ,7 ,  - ?‘?,1~ 
) 97 1P~ ________ --______

& ?~~5 . , ~~~~~~ 30-J  , 5, _ , 7,__ __ _~7~~,2 , _ _•__________________
9 311. 7, 3iU ~~5, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C 3 ?3 , U , 323.7, - 3 ? 7 , 6 , 3 ,3 •_.~~~~~],_ —_____

ISP(2O, 14)
ISP(1, 15)

I ?43 .?, ?‘5 ,~~, 282 , 5, ~~~~~~~~~~~~~~~~~~~~~? 296 , 1 , ?~~~, 1 ,  3 0 1 , 7 , ____ _________________

3 3 1 1 ,~~, . 1 U . b , 3 17 , 0,  - 319 .9, _ 
- 32~~ 5 , - —____________

a 323 , 5. 3?5 ,~~, 3?7 ,7, ~ _ 32~ ,14 ,_ _ 3jfl ,_ _________________
5 ?S1 .~~. 223 .2 , - 2 *2 , 7 , 

— 
_ ?9~~~~,~

__ ?3jJ,_ __________________

6 ~~~~~~ ~‘9 ,3, ~o1 .9, 30U
.I, ________

7 312 ,0, ~~~~~~ 3t 7~~~, 319 ,L - _________

8 32’.’, 3,c ,~~, 321.9 , - -  3 ?~~, 5 , - ________

° ~~~~~~~ 
.
~~-7c , ,  R !~~, 9~ ~~~~~~~~~ - -  ________

£ ? 6 ,~~, ?9 9 , u , 302 , 0, 3~~ .2, - - - __________

B 312.1. 3 1 1 1 . 9 , 311 .2,  3 1 9 ,2, _______

C 3 2 3 , 1, 3? S , f l .  3?7 ,~~. 329 ,6, 31 ,0.

D - (Don ’t change the next 340 val ues)/

ISP(20 , 17)

- 
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C(~MM (~N /TABSET/BLANK l ,NPC ,NISP , BLANK 2,NP CP,NEXR

where BLANK 1 = BLANK2 2 , and where NPCP and NEXR are the user

selected numbers for  chambe r pressure  and expan sion ratio , res pectivel y.

The new ISP deck is then programmed int o TAISP as follows:

TAISP(1)- (2)  (Do not change),

TAI SP(3)-(2+NPCP) ~ PC(l ) -PC(NPCP),

TAISP(LA+l)- (IA +NEXR )~ ER (l)-ER(NEXR) ,

where LA-2+NPCP,

and TAISP(IB+ l)-  (I B+I C )~~ ISP( l )— IS P( IC ) ,

where lB = 2 +NPCP + NEXR ,

and IC NPCP (NEXR).

The deck is thus stored with no gaps in the data.

Solid propellant expansion ratio data are communicated th rough the

COMMON block (see Figure 111-41 for prestored values):

C~~MMc~N/CO~4P/TAEP S(505).

The TAEPS array consists of the following components:

TAEPS(l)— (2)  (Do not change),

TAEPS(3 )— (11)~~ PCX(l)- . (9),

TAEPS( 12)— (37) ~~ I SPX(l )—(26 ) ,

TAEPS(38 )— (27 1)EXER (1 , l )— (26 , 9),

and TAEP S(272)— (50 5) (Do not change).

Should a new propellant type be required , the user may select the num-

bers of values of chamber pressure (PCX ) and specific impulse (ISPX ) to

be used , up to limit s of 9 and 26 , respectively. Those numbers are labeled

NPC and NISP in the COMMON block (TABSET) discussed above . Expansion

ratio data for the new propellant type are then packed into TAEPS in the

manner shown above for the ISP table.

111-140
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FIGURE 111-41
SoLid Rocket  Fuel Deck - Expansion Ratio Table

#PCX #ISPX

DA TA ~Pc,~~1sP/q ,2b/ (Do n ot change)

U A I A  T A F P S

1 100., 300,, 500., 750., 1000., 1250., 1500,, 1750,, 2000,, PCX

? 25g .. 2 6 1 . 0,  267 .0 ,  272.0, 27 6,0, 279.0, 281, 0, 282,0,
3 28 11,0 , 2 86 .0, 288 ,0, 29 0 ,0 ,  292 .0 ,  29 11.0, 296 .0 ,  298 ,0,
0 3 0 0 . 0 , 3 0 2 . 0 ,  3 011 , 0 ,  306 .0 ,  3 0 8 . 0 ,  3 1 1 . 0 ,  3 1 5 . 0 ,  320 , 0,
5 3 2 0 , 0 , 3 3 1 ,0 ,

XER(1 , l)

6 0.00, ~~~~~ 5.113, 6.112, 7.115 , 8 ,31, 9.00, 9 ,311,
7 10. 011, 10. 9 1,  11,78, 12. 81, 13 ,89, 15.20, 16 ,’.,9, 18 ,09, 19,83,
8 2 1, 96, 211,13, 26, 67, 29 ,a u ,  311,116, 113 .10 , 58 .00, 80 ,00 ,  0. 00 ,
9 0.00, 11 ,01,  5,08,  5.~~2, 6 .92,  7.71,  8 .3?, 8 ,67,
A 9,37, 10.09, 10 .96, 11.83, 12.89, 111.00, 15.29, 16 ,69, 16.27,
8 20.11, 22,28. 211,116, 27.111 , 3 1 , 7 2 ,  39 ,3 8 ,  5 3 , 7 0 ,  73 , 1 6 ,  0 . 0 0 k

XER( 1 , 3) XER (2 6 , 2)

1 0,00, 0,00, 11,92, 5,76,  6,68, 1.117, 8,00, 8,36,
2 9.09, 9,82, 10,611, 11. QQ , 12,1111, 13.56, 111 .80, 16 ,15 , 17 ,69,
3 19 ,39, 21 .1111, 23, 67, 26,1 11, 30 ,5a, 38, 13 ,  5 1,36,  70 ,53, 0 .00 ,

- 
11 0 ,00 , 0.00, i$.8 1, 5.66, 4.53, 1,32, 7,611, 8,111,
5 6, 86. 9 ,57, 10.36, 11.2 11. 12. 17, 13,28, 111,115, 15.7 11. 17.28,
6 16, 96, 20 , 69 , 23 ,11, 25,113 , 29,71, 37.17, 50 .00, 68 ,75, 0.00,
7 o.no , 0 .00,  11,75, 5,59, 6.113, 1.23, 7.76, 8,011,
6 8.75, 9 ,46, 10.22, 11,11, 12,00,  13,08, 111.20,  15 ,53, 17.00,9 18 , 6” , 20 .5 6 ,  2 2 , 7 6 ,  2 5 . 0 0 ,  29 .29 , 36,5?, a9 ,1~~, b7 .83.~~~0 . 0 0~

XER( 1 ,6) —

~~~ 
XER ( 26 , 5)

I 0,00,~~~0.0O . 4,69, 5,511, 6.35. 1.16. 7.70, 7, 01,
2 8,67 , 9,37, 10.00 , 10 ,06, 11 , 87, 12.911, 14 ,06, 15,35, 1 6 . 8 0 ,
3 18, 115, 20,33, 22.56, 211,78, 20,00, 36 ,09 , 118 ,53, 46,96. 0 , 0 0 ,
11 0 ,00 ,  0 .00, 11,411, 5.09. 6,27, 1,07, 7,60, 7,67.
5 8,5!, 9,27, 10.00 , 10 .69 , 11.7 8, 12.113 , 13.90 , 15 ,27. 16,69,
6 18 .27, 20,11, 22,33, 211,54, ?6,62, 35.83, 116.211, a6 ,~ 2, 0.00,
7 0,00. 0.00. 11,6%, 5, 116, 8,21, 1,01, 7.55, 7,81.
8 8,117, 9.20, 4,93, 10 ,80, 11.69, 12.72, 13,83, 15,13. 14 ,511,
9 18 .00 , 19 ,0 1,  2 .16 , 211,43, 28 ,57, 35,011, 117,ec, 66.09, 0.00,
* 0,00, 0 .0 0 .  11.58, 5, 1111, 4 ,16, 6,97, 7,50, 7,76,
~ *,ao ,  0.13 , 9 ,8~~, 10 . 73.  11.611, 1 2 . 6 7 ,  13, 78,  15. 0 7,  1 6 , 1 1 6 ,
C 16 ,80 , 19 .R 2 ,  22.00, 211,22, 26,3 8, 35 ,22, 07 ,35, 65, e5,~~100 ,0,
D - (Don ’t chang . the next 234 va lues) XER(26. 9)

111441 (rev.rse side blank)
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3. OPTIONAL DETAILE D OUTPUT

Design , performance , and sizing data may be output at each

major step in the concept generation process .  Details are available dur ing

propulsion system siz ing , aerod ynamics evaluation s, and t r a j ectory simu-

lations. Available data are discussed in the following paragraphs and are

listed sequentially at the end of this section.

All NAMELIST input list parameters are assi gned pres tored values

under the CGSM input method. The input card decks need reference onl y

those lists and list parameters which are to be changed away from their pre-

stored values for  each specific JOB . Two forms of printout are provided

to identif y input . The f i rs t  output form is a card image printout of the in-

put card deck , while the second fo rm is a formatted printout of the complete

input list showing values (prestored or input) for all li st parameters . Those

output sets may be examined by refe rence to the sample problem (see

Section V II) .

The complete input card deck is read and printed as the f i r s t  step

of CGSM execution unless the f i r s t  fou r column s of the PCODE card are

left blank. Each card is assigned a BeqUential card number  by the CGSM

as it is read . That card number and the content s of the card are then printed

on the output file to provide a permanent record of each JOB s input .

Under the CGSM input scheme, the number of list parameters

actually input through the card deck for  a given JOB may be a small f rac t ion

of the total number of parameters in the list. The parameters which are

allowed to default to their input values are as much an input to the JOB as

those which are entered throug h the ca rd deck , however. The process of

combining input deck values with prestored values by the CGS M has the

following steps:

IV -1 1
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( 1)  Load prestored values into list parameter locations.

(2) Read the input deck and print card images.

( 3) Load input deck values int o referenced list parameters ,

replacing their prestored values. Parameters not ref-

erenced retain their prestored values.

Outpu t of all list parameters following step 3 result s in printout of card

input and default values as well. That output option is available to the user

if INPRIN 1 is input th rough the NA M1 li st (see Figure III- 12). Several

variations of fo rmat are available , as can be seen by reference to the

NA M1 list (see Figure 111-12). All NAMELIST parameters of all list s

which are referenced by the Input deck are printed when 1NPRIN ~ 1, even if

a blank list is input.

The various specialty submodels are linked together by a set of

executive modules and logic blocks. Optional messages are printed by the

executive after each major synthesis  step to improve output t raceabi l i ty .

Summary dat a are printed at selected point s during the synthesis , as can

be seen by reference to the sample problem (see Section VII ) .  Certain

user  options affect the synthesis flow , and , therefore , affect labeling

messages.  For example , if the performance step is bypassed throug h the

NAMB YP list (see Figure IV- 27) , steps g, h , i , and j are bypassed and

their associated executive output is suppressed . Such excursions have been

assigned executive labeling messages parallel to those already d iscussed.

Executive labeling is suppressed i.f IPSM AIR=IVP O in the NAM 1 list

(see Figure 111-12).

3. 1 Relative Cost Output

Output from the Relative Cost Model consist s of a summary of

RDT&E and first unit production cost items as well as total (combined) cost.

That output is shown on Figure IV- 4 (facin g pages have been omitted for

this f igure since it Is assumed to be self_ expl anatory). Further discussion

~ -fV-l~2 - -  
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of cost output is foun d in Volume V. The data of Fi gure  IV-4  a re  pr in ted  if

ICOST is input as -1 in the NAM 1 list (see  Fi gure 111 - 12)  and is omitted if

I C (~ST =0.

3. 2 Ext e rnal Booster Sizing

Detailed data may be output during the external booster sizing step

if IPSM - 1  in NAM1 . The data are listed and defined in Figure s I V - 5

and I V_ 6 .  A discussion of the booster sizing methodolo gy is included in

Appendix D , Vol. h ID .

3 . 3  Inlet Sizing

Design and weights dat a may be printed during the inlet sizing

step if airbreathing missiles are generated and if IPSM .1  in NAM 1.

Inlet dat a are listed and defined in Figure  IV~~7. A discuss ion of inlet siz-

ing methodology is foun d in Appendix E , Vol . h ID.

3 .4  Ramjet Sustainer Sizing

Details on ramjet propulsion system design and sizing are avail-

able as output fo r  each concept if IPSM = -1 or IPSM = -2 in the NAM I list .

The data include a missile summary data list (Fi gure  IV -8) ,  a ramjet fuel

system summary (Figure IV-9) ,  data on integral ramjet boos te r/combu stor

sizing (Figure IV - lO) ,  a summary of ramjet nozzle design and wei ghts

(Figure  IV~~l l ) ,  and , finall y, a list of combustor /nozzle  parameters  for

non- integral rarnjets (Figure I V - l2 ) .  Ramjet methodology is discussed in

Appendix F , Vol. IIID .

3. 5 Solid/Liquid Rocket Sustainer Sizing
Sizing , design , and pe rformance parameters  available for  out-

put durin g rocket sustainer sizing are defined in Figures IV- 13 th roug h

IV - l5 .  The f i rs t  two f igures  list solid rocket details (see also Appendix C ,

Vol . IIIC), while Figure IV- 15 present s data for  the liquid rocket (see also

rv- 13
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Appendix C, Vol. m c). Output is suppressed when IPSM = 0 and is enabled

when IPSM = ~ l in the NAM1 list .

3 .6  Turbojet  Sustainer Sizing

Sizing , design , and performance parameters available for  the

turboje t  sustainer system are defined in Figure s iv-16 and IV- 17. Output

cf those lists is suppressed when IPSM = 0 and is enabled when IPSM = -1 in the
NAM 1 list . A detailed discussion of turbojet  methodology is included in

Appendix G , Vol. h ID.

3.7 Aerod ynamic Output

T ables of drag and lift coefficient s ve r sus  Mach number and alti-

tude are output when lAIR -1 in the NAM 1 list . Those tables are defined

in Figure IV~~l8. Aerod ynamics methodology is documented in Appendix A ,

V ol. II IB .

3.8 T rajectory Simulation and Vehicle Performance

Time histories of trajectory variables are printed in a columnar

format in two tables , as shown in Figures IV-19 and IV-20, if IVP = — 1

in the NAM1 list. The name of the variable and its units appear at the top

of each column on each page of output . Definitions of the variable s follow

for  each f igure . An iteration is required in the performance model to

maximize the concept ’ s cruise phase range , and , thereb y, maximize j
overall  missile range.  The optional output during that i terat ion is included

on Figure IV_20. The vehicle pe rformance model is discussed in detail

in Appendix B, Vol. hUB. 
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FIGURE IV-4

G~~M O Y T P U T  - R E L A T I V E  CO~~ 1)A TA

~~~~~~~~~~~~~~~~~ ~~~~~~ 
— -  _____  -

~~~ 

- —-  -

~ LL 4T 1VE G U S T  SUM MA~.Y
(LUSTS [N THUUS~~N J S  OF V 14  L C L L 4 P S ~

I I S S I L E  U E V ~ L O P - ~ E N T  C D S T S  74~i36.5ô
A I k F R A M E  + I N T E G R A T I O N  2 0 b 1 7 . 17
“ROPUt . SIuN S Y S T E M  50’,2 . 3 ?  

___

c , U I D 4 N C E  S Y S T E M  17 2 a 7 . 1 9  
______

CUNTPJLS SYSTEM 7~~9U.45

~A~~H~ A D 2 i LS 9 .4 2
M I S S I L E  F I R S T  U N I T  P k O I J L C T I O N C C S T S  7~~ ) . 82
__________ ~ I k F R A M E  + I N T E G R ~ . T 1 O N  26.9b 

____

_________ 

PkU~~ULShJ N SYSTEM 66.35 
- -

~~~~~~

G U L D A ~4C i  S Y S T E M  ~ 52 , 5 4
CD~~TR- JLS SYSTEM 91.90 

-

~~~~~~~

~A R H cA D  3.06
T O T A L  GUST TH~ U-J~,H F!~~ST U N I T  ~RO OUCTION 7~.77~~,3b -
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FIGURE tV-S

CGSM OUTPUT - EXTERNAL BOOSTER SIZIN G

~O-Ji1~~ 5 1 Z l ? % G  D E T ~~It - !  WE I G H T S  P E R F C P M A M C E
?~(0P ELLANT ‘i’ .c~ TH R UST 111809 .25 CF

IHRt!TIWT 14.41
Ii [AL. MOTOR ~~ C.45 DELTA VT 4(17.153 CF VACUUM

- e -c- ,c~- I TOTAL Q
~555I.-7-5 80MM T!MF

l..~~U~~Ci1 WI 11~~C .3A TSP 1~EL 229,736 BURN RA TE 3.139
j  3JR I JUT WI ~3&4.46 ISP VA C 247.188 PCRT/THPOAT 1.500

14Er~~LUN S ~RES SL RE S MI SCELLANEOUS
~I A’I~ I~R ~c.~ cc DESIGN 1284,C0 ~‘~ F
LI YL !).~~ 3 CHA P ’RER 1C70.C’D VOL LCA C IN G C.5c3’
LI F~~ L) H EAD ~.cSO AMR! EN T lr~.o U 101)/WI 12.31
LI P~CLZLE ‘3.~ 56 F~~TT A .00 ?~CZ CAN T ANG 0.C
i’~1~~T EXTN C .C
I JT .~L LI ;c .iec

8R~ A KO C~~ C~ CHAMR FP CESYGN HATE~~T AL, RENF 41
FC RWARD CYLINDER A FT TOTAL

- 4ttGMt~
3HUCTURE 12.134 59.015 8.~~9C 80.l3~

- V *5 U t A T I ON  ~~~~~~~ 27.380 4 . D M 1  34.529
C .432 0.0 9. 43 2

L~ I~l IT~ R ~
.l_ 59 2.159

iKIR TS 1~~.Cfl0 3.859 19.859
~~~N~~T A N T S   ~ .C - 0.0 0.0
IJIAL CHAMBER 4 2 . 8 1 1  P 6 . 3 7 5  1 6 .93 2  14 6 . 1 1 8
P4OPELLANT - - 2 e . 28 6  - 373a7&~~

- - - 13~ 8t8 ~ 15.981
NJZZIE WEIG HT 218.350

1J1AL~~ tE 1GFt T U . ( 9 6  - 480.1-44 - 30.7-98 ~Cfl.449T H I C K NESS
- - 1--t5ut. *T1O$ - - - - - - - - - — -  - - - -

c.cs000 o.cqooo o.o~ooo
44* - - — 0.0~0~ OO ~.09000

C.10410 0.10410 0. 10410
~~f 1-s*TE—C*S~ ~ TI-ffrG~ l —l-53-*tC-~

- ~-t~ t-t—C4 S~~~STRV4~ TM - 12-2106.
II~E )L NI MU M A L L O W A e L E  CASE TH ICKN ESS WAS 0.07000

IV-l6 
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S E C T I O N  V

USER OPERATIN (; PROCEDURES

1 . G E N E R A L

This  sec t ion  d e f i n e s  t h e  ope r a t i ng  p r o c e d u r e s  n e  ( - s s a r y  f o r
u t i l i z a t i o n  of t he  Concept  G e n er a t i o n  and S c r e e n i n g  M o d e l .  The  CGS\~
s o u r c e  deck  c o n s i s t s  of more  th a n  ~~ • 000 c a r d s .  To f a c i l i t a t e smal l  modi-
f i c a t i o n s  wit h a min imum of r ecomp i l a t i on , it is r e c o m m e n d e d  t h a t  t h e  load
module be placed on a u s e r s ’ l i b r a r y .  This  will also g r e a t l y r educe  card
h a n d l i n g  r e q u i r e m e n t s f o r  p r oduc t i on  run  u t i l i z a t i o n . Al l  f i g u r e s  r e f e r e n c e d
in t h i s  sec t ion  a r e  added  at the end of the  text .

1 . 1  CGSM Comp i la t ion  and Link  Ed i t  to a U s e r s ’  L i b r a ry

The  IBM Sys tem 3 60 / 6 5  will  compile the  CGSM in a p p r o x i m a t e l y
21 m i n u t e s  of C P U  t i m e .  F i g u r e  V _ i  shows the  typ ical  J C L  s e t u p  r e q u i r e d
f o r  CGSM compila t i o n , l ink edit and plac ing  the load module  on a p r iva t e
disk  pack .  A l i s t i ng  of the  O V E R L A Y  and INSERT c a r d s  is p r e s e n t e d  in
F i g u r e  V - 2 .  If the CGSM load module  r e q u i r e s  s u b s e q u e n t  m o d i f i c a t i o n ,
only the s u b r o u t i n e( s )  that  were  changed  need to be loaded as CG.~M
F o r t r a n  S o u rc e  Decks .

L ink  over lay  is used  in the CGSM to r e d u c e  comr :t er  c o r e  s tor-
age r e q u i r e m e n t s  at execut ion  t ime.  A n o n -o v e r l a y  load m o d u l e  would  ex-
ceed opera t iona l  core  l imi ta t ions  on the  DIAMS I B M / 3 6 0 - 6 5  c o m p u t e r  sub-
sy s t em.  The link ove r l ay  module  in c ~ id ing  I / O  buf fers is  l imi t ed  to a
reg ion less  than 320 kilobytes s t o r a g e .

There  are current l y ia  nodes  in t l~ CGSM o v e r l a y  st r u c t u r e .
These nodes  separat e the var ious  models and selected f u n c t i o n s  w i t h i n  t h e
models  into 43 segment s .  Subrout ines  and labeled COMMON blocks  i n c l u d e d
in each segment  are  shown in Fi g u r e  V.. 2.

1 .2  Fi le S t r u c t u r e

The CGSM uses  the data set r e f e r e n c e  n u m b e r s  de f ined  in t h i s
section. Data set refe rence number  5 is for  card r eade r  inpu t  to the  pro-
g ram.  T he file is defined b y F T O S F O O 1  DD * Data set r e f e r e n c e  n u n ~b er
6 is f o r  pr inted output . The f i le  is def ined  b y FTO 6 F OO 1 DD SYSOUT A.
Data set re ference  number  7 is punched card output .  The f i l e  is d e f i n e d
b y FT O 7F OO1 DD SYSOUT B.

V.. I
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Data  set r e f e r en c e  n u m b e r  0 is u sed  i c r  t e m p o r a r y  s t o r a g e  of
input  ca rd  images  d u r i n g  the  card i m a g e  p r i n t o u t  s t ep .  The  J CL  r e q u i r ~ d
to c rea te the  da ta  set :~t e x e c u t i o n  t i m e  is shown on Fi~ u re V_ 3.

Data set r e fe  r en ce  n u m b e r  11 is  f o r  d i r e c t  a c c e s s  i / o  d u r . n ~z
p rog ram e x e c u t i o n .  The  F O R T R A N  Def ine  File s t a t emen t  and the  J C I .
r e q u i r e d  to c r e a t e  the data set at e x e c u t i o n  t ime a r e  shown in F i g u r e  V.. 3.
Fi le  11 is a t e m p o r a r y  data set f o r  d i r ec t  a c c e s s  i n p u t / o u t p u t  of ba s i c
t ab l e  d a t a .  St r u c t u r i n g  of tha t  s c r a t c h  d i s k  f i l e  is not d i r e c t l y ava i l ab l e  to
the  u s e r .

Data set r e f e r e n c e  n u m b e r  12 is  f o r  d i rec t  a c c e s s  I / O  d u r i n g
p r o g r a m  execu t ion .  The  F O R T R A N  Def ine  File s tatement and the J C L
requi  red to c rea te  the data set at execu t i on  t i m e s  are  shown in Fi g u r e  V.. 3.
File 12 is a t e m p o r a r y  d i r ec t  a c c e s s  data  set held o n l y  f o r  the d u r a t i o n  of
the  job u n d e r  execu t ion , and used  fo r  dat a communica t ion  be tween  the  CGSM
g e n e r a t i o n  and s c r een ing  l inks .  As each concept  is g e n e r a t e d , i t s  s i z i n g ,
d e s i g n , p e r f o r m a n c e , and wor th  de t a i l s  a r e  s tored  on File 12.  T h o s e  d a t a
are  then  recal led when required  fo r  s c r e e n i n g  p u r p o s e s .  The  l e n g t h  of Fi le
12 is set in t he  MAIN module  of the  CGSM and b y the  J C L  of Fi g u r e  V _ 3 .
The pa rame te r  KSAVPL should be set in the MAIN to a d e s i r e d  m a x i m u m
n u m b e r  of concept s to be generated and screened. Each concept occupies
one r e c o r d , so that  the  n u m b e r  of r e co rd s on Fi le  12 should t h e n  be made
to ag ree  with the choice of KSAV PL .

1 .3  U s e r ’ s L i b r a r y

T h e  JCL shown in Fi g u r e  V _ i  d e f i n e s  the U s e r ’ s L i b r a r y  as the
— p a r t i t i o n e d  data set SYS 1.DS5CSEAA on the  p r i v a t e  disk pack V O L = S E R ~

RIPTIDE . The CGSM load module  is  s to red  u n d e r  the  member  n a m e
CM( GSM.

1. 4 CGSM Execut ion

Fi gure  V-4  def ines  a typical  IBM System 3 6 0 / 6 5  JCL and deck
se tup  r e q u i r e d  fo r  execut~~ g a CGSM load module  r e s i d e n t  on a u s e r ’ s
l i b r a r y .  C a r d  input  onl y is used , while output  may be p r in ted  or p u n c h e d
on c a r d s .
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FIGUR E V-i

CGSM COMPILATION AND LIN K EDIT TO
A USER’S LIBRARY

/ / H J2 J I J  JIB ( C  5,~~ 4 3 E , , ,, , , , ô5 ,FOi  QU1 ,UN~
j
~ 3)z- - .  - ~~~~~~- 

- -  x

I, R l P T l ~)L , 1~~ , L LV i L = 1
I / S T E - P t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

//  p A ’ 4 .LKLJ~~’u-~Ly , L ir , 1Ap ,L I s T , S t Z E = ( 2 o o K , - D u K , ’ , x
/ /  E JN.I LJ -

,/FO~T.SYSL IN DO SP*.U*4CYL,(35,11)

//FORT.S Y5IN 00 DSN~~CGSH1,UNIT~~SYST9,VOL”SER.Oo2923,
DC82 (DEN*2,BUFN0=1,RECFM ~ FB,LRECLg80,8LKSIZE .32O001, X
DISP~~~OLD ,KEEP ) , LABE L ( .BLP

o’?~
.

/ / F O R T . S Y S I N  i)D * P U T  F I J R T R 4 ~~ SOURCE DECKS AFT ER THIS
(SO URCE CARDS) 

-

1*

/ / L K E O . S Y S L M U O  DO OS- SY S i .  5 C S A A ,UNI T z 2 3 l 4 , V U L ~~SEg ,(j PT0[ ,D lSp QLD,
- - S P 4 C E = C C Y L ,~~~,5H~~~_ .

//LKt0.SySU~ t)Q. ...~~IN CLU D E SYSIMDD (CMCGSMI

(OVERLAY/INSERT CARDS )

E P4T M Y M AI N

1* 
?~A PF C)CGSM (RP

FOR UPDATES ONLY

• v.. ( 
/

U

— _iiii__ 
-. ---~~..-- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - - 
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FIGURE V - 2

O V E R L A Y / I N S E R T  SPECIFICATION C A R D S

O V F P L A Y  A L P H A
I N S F P T  %fl P ICfr , L E V C f r ,  L EV E L 1

O V E R L A Y  A L P H A
r N S E R T  T B A S I C , W C P D I 1  , w e f t S I C , w P T T~~x ,~~~ A 13

-~~~~~~~~~ I N S E RT  S E T U P 1 . S E T U P 3 ,~iPT i
I N S F PT  NEM~~TH , V A L Q E C
I N S E RT  r I AT A ? , 1F1102
I N S E R T  ! N V P T
I N S E R T  PJ I r , P T
i N S E R T  t N ( O S T
I N S E Rt  C L A Z A

~1V E P 1 I Y  A L P HA
I N S E R T  P P O T C
I N S E R T  F X P D A I

O V E R L A Y  A L P H A  
- - -

______________ 
I N S E R T  S UPPC~

______________ 
I N S E R T _ C DIM T

______ ______
I N S E R T  T H F T A
INS FPT CHEC~(, G U E 5 5

___________  
I N S E R T  [ S F~~,T 1(J 1, T 1L2

________  
T N S ~~R~ F A S T F , L U ~F , B t I r’ ~E

_____________ 
I N S E R T  O T P G F T , P~A C H ~~C ,PCA ~~ER

______________ 
N S L P T  FLJNOVP

_______ 
I N S E R T  F ’~C 1 L ~

_______________ 
I N S E R T  R K S U (

r )V FLR LAY t3 FT ~
__________ 

INSE R T PA YLCC 
-

IN SER T Y~’
,C SE

_______________ 
I N S E R T  c KM~,T
I N S E R T  A F P f l~~T,SU ~~
T N S F Q T  PA C K E P
I N S E R T  C O S T ~~T

- 

T N S F R T  C C S T  
-

I N S E R T  AAICST ,GUC CST ,CTCc ST
_________ 

I N S E R T  W HCOS T
- _____ I N SF P 1 PE BC S I

______________ 
I N S E R T  P~~R C S T , P 1 P C S T  , P T J C S T . P I O C S T ,~~~ R C S T

_______ 
I N S E R T  ~CP TH

‘1~~F R L A Y  B E T A
INSE R T AD M
I N S E R T  A F R M C D  

_________

____ 
NSF RT BIKQ .WLCC,X YZ

_____________ 
NSFRT X X X , X X X X X

_ _ _ _ _ _ _ _ _ _  
NSER T AP !N DX,1W y ,TWX, Tb~L,SU~ L I F

_ _ _ _ _ _ _ _ _ _  

N S E P T  S U M O I J T . S A V T I N ,FI X U P , F IX , b ’ IV  
-

~~~~~~~~

OV ERt A Y GAM MA
_________ 

NSE RT Bt. TGFC,W RTC~U T
J V F P L A Y _ G A M M A  

______

I N S E R T  D P AG .PLTWC.FPCTN
_______ 

INSERT B C O S T C  
___________

INSE RT LiZ 
______

OV E RL A Y GAM MA 
- - -
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FIGURE V - 2  (Cont ’d .)

INSE R T L I F T
INS ERT AA

______ 
OVERLAY XI

I N S F 1~
T I NII FX

INSER T L I F T I  ,L!FT2
O V E R L A Y  XI

_____________ 
INSE RT L I FT 3 ,LI FT4 

- —

‘JVERLA Y XI
INS rPT__L IFT 5
INSER T BDYLPM ,EM CMP ’~T ,CLUt E 

___________

_____ 
‘VE RLAY eF TA

_____________INS FRT_ P9”
IN SERT ~A T L S

flVFRLAY KAPPA

______ 
INSER T FA STS 

-

~~

OVF PLAY CM EGA
______________ 

I N S E R T SOL ROC
______________ 

INS~~RT SCL SV,CCPP,P(?SCL
_______________ 

INSE RT TAB SE T
fl VE P LA Y CM FGA 

_________________

_ _ _ _ _  _ _ _ _ _  
I NSE R T ROCLIC, RCCLX , R CCL

______________ 
IN SERT TA8SFX

OVERL A Y KAPPA
_______ _____ 

INSE R T PROPX ~I N S E R T  P R O PP J
______________ 

I N S E PT  N D Z E X

_______ ______ 
INSE RT __SUSMAS.FM e PAK

______________ 
INSE RT ZELSPR ,ZCYLLL ,ZC yLu~~,iccNI-± ,zsrR11 , ZELPL I

_______________ 
INSER T ZFLPSS,ZSPP cs 

____

___________ 
INSE RT SURV D ,EX TR J

______________ 
INSER T NO ZMP ,EXCWT
INSE RT C CDERJ,ARRAY

O V E R L A Y  DELTA
______________ 

I N SE R T BE X EC
_____________ 

I NSERT EXACr 
______

_______________ 
I N S E R T SDUCF P

_____________ 
INSE RT CURV E ,CUQVI C

O V E R L A Y  D E L T A  
_____________ ________ _____

______ 
I N S E R T  B O O S T  

_______

_____________ 
INS E R T  R A M N O Z , A M A C H

~1 V E P L A Y  D E L T A  
____ _________

INSE RT INIETP 
____ ____

O V E R L A Y  D E L T A
— 

INSERT RJDES ,A M? X ,FAPGE T

- - 
INSF R T D PDE S ,EXPAM ~~RJW T __________ ____ - -

O V E R L A Y  DELT A
________ _____ 

I NSERT XALPHA
-_____________ 

INSER T SURVEY 
____

______________INSER T XNL
OVERLAY PSI

I N S E R T  PR O P 1 
_________ ___________

O V E R L A Y  PSI
INSERT I NL IFT 

______

OVERLAY ETA
INSERT L.X FT I,FA STX
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FIGURE V - Z  (Cont ’d .)

O V E R L A Y  E T A
______

~~~~~~

IN

~~~~

J LXfJ2 — - - -

r v E R L A Y  E T A  - -

1N SER T LXF T3
O V E R L A Y  K A P P A

I N S E R T  TUR 8t~’
I N S E R T  I N L E T

O V E R L A Y  Z E T A  -

_____ 
INSE R T__~AT E,S TCp El ,STCRE2
INSE RT LNL EX P
IN SERT BLKT J ,A L K TX

OVER LAY ZETA
I N S E R T  VE HP E P
INSERT__S T O A T A  

____

_____ 
INSE RT D E R IV ,M A INS
INSERT A IR I
INSER T  OSL I NE ,R UN G EK , S L I N E , T F R C P
! N S F PT  X A L P H I 

_________

I N S E R T  XA LPH2
___ 

T N S F R T  f ’ tj TP UT ,~~RR CUT
I NS ERT C !BLK ,A IPBI K
INSE RT BCD BLK ,PIBL K , IPBLK , PSBLK , !PSBIK
I N S E R T  C P L K , C U T i ~I.K

O V E R L A Y  NL 
____

I N S E R T  P R O P 1 I
OV E R L A Y  NO 

_______________

I N S E R T  TJPEP 
_____

INSFRT GEN ENC , E N G B A L , E R P C X  , C U E S X
I N S E R T  T H F R M C , P Q C C C P  ,PA RA BC
I N S E R T  P C I N T ,L r ~C P P R  

______

I N S E R T  E P E P , T E R P L C
I N S E R T  T H C O M P  , S E A R C -~ ,AF C U L P

______IN SF R T THTU PB,MAPBA C
O V E R L A Y  TA O

INSFPT PUTIN ,ZERC ,CC INLT ,RAM ,RAW2,A TMOS
O V E R L A Y  TAU

INSERT MATP IX .PER FF ,CUTPAT, FRAS ~-C -
INS FPT CON (JUT

OVE R LAY T A O  
_________________

INSE PT C C F A N ,FAI%
O V E R L A Y  T A O

INS E RT CC C CM P
O V E R L A Y  TA O

I N S E R T  C OCO M e , Cc f r p  
-~~~ 

____ _____

OVE R L A Y T A O
I N S E R T  CC I PT B , t .T U R B

OVERLAY TAU
_____ 

I N S E R T  F PT O S C , F A ST B K 
—O V E R L A Y  TAU

I NSE R T CCM IX 
____________

c ’V F ~~ L A Y  T A O  ____________________- 

I N S E R T  CCAF BN ,ET aA e
OVE R LAY TAO 

_______________ _____

__________INSERT 
—

I N S E RT  C O N V R G
~j~EPT CCNDIV -
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FIGURE V -3

CGSM FILE DEFINITION

//GD.FTO9FOOI DO DS~~~~ECG O9,UP4ITz~SYS OA, DI SP~~( NEW , P A S S ) ,  x
/, DCB~~( ,RECFM=F~~,L REC L=8O ,BL K S IZE~~16OO), X
1/ S PAC F ( C Y L , 1 3 , 1 ) )

DEFINE FILE 11(160 , 175, U, JD11)

/ /FT11 FOO1 OD DS NA M E= CE ~LDG1l,UNIT D333O, X
/ /  DCB (,B UFP4C~~l ,OSCRG DA ,O PTCC C , R E CF M F T ) ,  X
/1 D I S P = ( N E W , P A S S ) , S P A C E~~~7 O O , ( l 6 O , l O ) )

DEFINE FILE 12(500 , 300 , U, JDIZ)

7/f~T 12FOO 1 DO DS P~’AME C~ LOG12,UNIT D333O,
/ /  DCB=(,BUFNO 1,DSORG bA ,OPTC D~ C,R ECF M FT ) ,
II DISP IN~ W , P A S S ) , S P A C E ( I2 O O , ( 5 O O , 1 O ) )

‘
~~ 
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CGSM E X  ( U T I O ~ JOB CO:~ ’1ROL LA ’~~~U A G E

/ , - 4 !f l003  JOB ( 0 2 9 5 , S A 3 B , , , , , 2 , , 6 5 , F 0 3 — C O O 1 , U N C . 0 3 ) ,  X
/1 R I P T ( U E , M S G L E V E L* 1
f / J C B I I F  CO CSN~~SYS 1 . C S 5C S EAA ,UNITz 23 1 .4 ,V O L * S E R a R I P T D E , D I S P~~(SHR ,PA S 5 )
/ / C G S M  EX EC PGM~ CNCGSM ,REGIf lN~~32OK~,T IMEa6O
/ /SVSU OU MP DO SYSOUT *A
/ /F 1’ I2FCO 1 CD OS NA MEz~~~LDG 12 , U N I T z SY S D A ,  x
ii  OC BZ( ,8 UFNQZ I ,DSO RG UA ,OP TC DaC ,RECFM~ FT I ,  X
II O I S P z ( N E W , P A S S ) , S P A C E * ( 1 2 0 0 , ( 5 0 0 ,j O J )
/ / F T I IFCOI CD DSNAM E~ & &LD G 1l , IJNIT~~SY SOA ,  x
/ /  CCe~~( ,BtJ F NO~~J , O S O R Gz DA , O P T C D a C , R E C F Mz F T ) ,  X
/ /  DI� * (N~ W , P A S ~~), SPAC~~* ( 7 O O , ( t 6 O , t O ) )
/ IG O.FTC9FOOI  DO DSN*~~~L G C S , U N I T Z SY S D A , D L S P * I N E W , PA S S ) ,  X
1/ CCBz( ,R~ C Mz FB ,L R~ CL~18 O , B L K S I2 E I i 1 6 0 O ) ,  X
II S P A C E = ( C Y L , ( 3 , i ) )
/ / F T O 6 F C~ I
~ /F T O7FC 01  CO SYSO UT ~~/ / ~ 1o~ P Coi  CC *

31
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SECTION VII

SA MPLE PROBLEM

1. GENERAL

This section p r e s e n ts  a sample CGSM prob lem selected to illus -

t r ate the use of th e model , f a m i l i a r i z e  the use r  with output  f o r m a t t i n g ,

and se r ve as a r e f e r e n c e  run  fo r  f u t u r e  c h e c k o u t  of the CGSM. A sing le

concept is genera ted and “s c r e e n e d ”  us in g the foll owi ng con f i g u ra t ion

options:

Nose Shape - Von Karman

Wing - Planar

Tail - Planar

Boattail - Yes

Booste r - Dual External

Sustainer - Solid Rocket

Inlet - None

Optional detailed output data were re quested f o r th e sin g le miss i le  concept .

All tables  and data l is ts  r e f e r e n c e d  in the ca rd  input deck  a r e  p r in t ed  out

in their entirety to show default  as well as input values.  A card image

l is t ing  of the input deck is output  as the f i r s t  step of CGSM e x e c u t i o n .

The CGSM output l is t ing is pre sented as Figure  VI I - l .
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