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FOREWORD

This report documents The Aerospace Corporation effort on
Study 2.3, Systems Cost/Performance Analysis, performed under NASA
Gontracts NASW-2575 and NASW-2727 during Fiscal Years 1974 and 1975,
The effort was directed by Mr, B. H. Campbell., Mr, R. D. Kramer,
Marshall Space Flight Center and Mr. R. R.; Carley, NASA Headquarters
were the NASA Study Directors for this study., Their efforts in providing
technical directionthroughout the duration of the study are greatly appre-
ciated,

This volume is one of three volumes of the final report for

Study 2, 3. The three volumes are:

Volume I Executive Summary ‘

Volume IT Systems Cost/Performance Model
Appendix Data Base

Volume III Programmer's Manual and User's Guide

Volume I summarizes the overall report, It includes the relation~
ship of this study to other NASA efforts, significant results, study limita-
tions, and suggested additional effort,

Volume IT provides a detailed description of the Systems Cost/
Performance Model, It also includes the model checkout and the results
for three payload test cases, The Data Base is provided in the Appendix
to Volume II,

Volume III provides a detailed description of how the Systems
Cost/Performance Computer Program is organized and operates. The

program listing, detailed flow charts and user restrictions are included,

on FiLMED
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1. INTRODUCTION

The objective of the programming task within Study 2.3 was
to.implement the entire Systems Cost/Performance Model as a d1g1ta.1
computer program. This document contains a discussion of the operating
environment in which the program was written and checked; the program
specifications such as discussions of logic and computational flow; the
different subsystem models involved in -thé design of the spacecraft; and
routines involved in the nondesign area such as costing and scheduling of
the design., Preliminary results for the DSCS-II design are also included.

Section 2 of this volume covers the Operating Environment,
This includes both hardware and software considerations for the UNIVAC
1108 and the CDC 7600. '

Section 3 contains the Program Specifications. Thege in-
clude the computational flow, a discussion of the MACRO-MICRO concept,
a detailed discussion of the COMMON structures used for communica tion in
the model, and the Hardware Selection procedure,

Section 4 covers the subroutine s that select hardware from
the data base, These include Stabilization and Control {Subroutine SANDC),
Auxiliai'y Propulsion (Subroutine AP), Data Processing and Instrumentation
(Subroutine DPI), Communications (Subroutine COMM), and Electrical
Power (Subroutine EP), A discussion of the communication with: the main
program is included along with the default parameters set in the DATA
statements,

Section 5 covers the subroutines that do not select equipment,
but do size or calculate information that is pertinent to the design. Sub-
routines included are: FILTER, which filters out incompatible designs;
PRESET, which computes constants as a function of the iﬁputs ; INITIL,
which initializes certain default numbers that are needed early in the
model, but are not computed until later in the model; READDB, which
reads the data base for any one subsystem at a time; SAVE, which saves
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certain matrices to be used by later subroutines; VESIZE, the vehicle

sizing routine that computes weights, lengths, and inertias for the design;
STRUCT, that computes other mechanical design data needed to size the
structure; RELY, which computes the reliability for the spacecrait;
THRML, which.-computes the thermal requirements for the spacecraft;
COSTS, which calculates the various costs involved in building and inte-
grating the entire spacecraft system; SKED, which computes the schedule
for the spacecraft from initial design phase to the launch phase; and
PRNT, which outputs the final design attributes.

Section 6 contains a discussion of the data base format and
tape requirements, Also discussed is the PRESORT foutine -which allows
one to presort the data base into a different order based on cost, weight,
or reliability,

Section 7 summarizes the restrictions and limitations estab-
lished within the program.

Section 8 contains a discussion of the actual sample case used
to check the program including all input default values and changes pertain-
ing to the sample case. The results of the test case are discussed here also.

Sections 9 and 10 contain the source code listing and the de-

tailed flow charts, respectively.



2, OPERATING ENVIRONMENT

Section 2 contains a,: description of the -operating environment
within which the program was coded and checkéd. Paragraph 2.1 sum-

marizes the hardware involved and Paragraph 2.2 summarizes the software

involved,
2,1 " HARDWARE
2,1.1 Computer
"UNIVAC 1108 and €DC.7600
2.1.2 Main Memory Utiliz?.tion

a, UNIVAC 1108 {Qctal Words)
135K (to compile)
135K (to link edit)
135K (to execute) .

b. CDC 7600 (Octal Words)
120K (to compile)
20K (to link edit)
74K (to execute)

2.1.3 Magnetic Tapes

Optional-for input or presort (see Paragraph 6.2).

2.1.4 Card Punch
. Not required
2,1.5 Plotter
Not required

2.1.6 Disk

Optional for! input or presort {(see Paragraph 6. 2).‘



2.2

2,2.1

2.2.4

SOFTWARE

Operating System

UNIVAC 1108

EXEC 8

CDC 7600

SCOPE 3.4.1 Vers., 373

Programming Language

FORTRAN

Type of Run

BATCH

Library Subroutines

SQRT
SIN
COs
TAN
ATAN

ARSIN (ASIN on the CDC 7600)

EXP
FLOAT
INT
ALOG



3. PROGRAM SPECIFICATIONS

Paragraph 3.1 contains a description of the overall program
flow and a discussion of the MACRO-MICRO concept. Paragraph 3.2 con-
tains a discussion of the common-structures. Paragraph 3.3 contains a
discussion of the hardware selection procedure, Detaileddiscussions of all

subroutines can be found in Sections 4 and 5.

3.1 COMPUTATIONAL FLOW CHART

In general, it can be.said that the fmré gram has an outer loop
on configurations and an inner ioop on iterati'cms. The inner loop on inter-
ations includes the calling of all subsystem -subroutines and for ITER = 0 the
calling of the reliability subroutine. For iTER = 1 {second pass) reliability
is bypassed., The structures, thernia.l, cost, and print subroutines are called
once per outer loop on configurations, A general flow chart is shown in

Figure 3-1,

3.1.1 MACRO- MICRO

A prerequisite to the understanding of the MACRO-MICRO

concept is an understanding of "configuration." A set of rules for selecting

equipments is associated with each subsystem. Which set of rules is to be
used at any moment in time is determined by NCONF (configuration number)
for that subsystem. For example, if NCONF (I) = 5, a star sensor will be
selected by reference to the appropriate equations. However, if NCONF (1)
= 1, a star sensor will never be selected., Thus, the configuration numbers
determine a subset of the sets of equipnients » and only this subset is con-
sidered for the configuration design, ‘

A MAGRO search is a method for testing all possible com-
binations of configuration numbers (one per subsystem) and determining
within this subset of equipments and within the subset of selecticn procedures

the first acceptable equipments for each., Some combinations of config-
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Main Program Logic {Continued)
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urations are never acceptable, and some are ruled out by mission require-

ments; but a MACRO search will, in general, produce many acceptable .
designs. ‘

In a MICRO mode all configuration numbers except the one
being "MICROed" are fixed. Care must be taken that these numbers are
compatible. TFor example, VESIZE should not be set to configuration2
when SANDC is set at 2; that is, a box’'shape for the equipment bay is in-
compatible with dual spin., Within the subsystem being "MICROed", all

configurations are checked and all p_oésibl‘e combinations of equipments

‘within the subset determined by coﬁfigufation are checked., Within a con-

figuration then, it is essentially the stopping point which determines the
difference between a MACRO and a MICRO. A MACRO selects the first
acceptable equipment in each categor-y. The MICRO selects all combinations
of acceptable equipments, The reader should note that in the current ver-
sion of the program, equipments for which selection criteria are not available
are not included in the MICRO '"'search, !

3.2 COMMON REGIONS

The main COMMON regions consist of the USER sérieg , DBCOM,
CHOSE, PRTCOM and BTWN. ) )

3.2.1 USER1, USER3, USER4, USER6, USERS8, USERY,
USERR, USERC, USERT, USERP

The various "user!' COMMONS are for storage of user inputs.
Variables included in each of these nine common areas are used by only one
of nine major subsystems: Stabilization and Control, Data Proces sing and
Instrumentation, Communications, Vehi:cle Sizing, Schedules, Structures,
Reliability, Costs and Print. Al user—épecified values are preset to either
default values or flags by the BLOCK DA TA routine, but can be overwritten
by values specified in the NAMELIST input from the user. The default flags
inform sﬁbrou_.tine PRESET to calculate (from other inputs) those variables

which are not overwritten by user-supplied inputs. A complete list of all
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variables in each of the user common areas as well as the applicable

subsystem and namelist block names are given below,

8. 1 for a definition of each of these variables,

COMMON
Rlock Name

USERI1

Subsystem

Stabilization and

Variable

ALPHA
AX

AY

AZ
DPHI
EA
EANT
EPI

K
MANV
OMEGR
PDOTAV
PDOTRX
PDOTRY
PDOTRZ
PDOTST
PDOTX
PDOTY
PDOTZ
PDOTO
PHIFOV
PHIRX
PHIRY
PHIRZ
TACCEL
THETMX
THOLD
TL
TPMIN
TSMALL
XN

, NN

XNNN
XNU
YN
ZN

3-9

Refer toc Paragraph

NAMELIST
Block Name

OPTION

DESIRE

OPTION




COMMON
Block Name

USER3

USER4

USERS6

USERS

USER9

USERR

USERC

- Sub system

Data Processing
and Instrumen-

tation

Communications

Vehicle Sizing

Schedules

Structures

Reliability

Costs

Variable

ARRAYN (11, 3)

BTRMX
NMSEQ
OPSMS
SCSFL
TPRFL

BWIDTH (2)
FREQ (2)
FREQR
IOPTCM (3)
LINK
NADIR

NET

CGEEX (9)
EELOC (9)
EEQVL (9)
EMIYCG
EMIZCG
EM2YCG
EM2ZCG
EQPF
ISBOFG
NUMEEQ
XCGSA3

SKDME (7, 3)

CA
CE

ISPT
ISUB
KEOPT
RFIXED
SLBMX

FEEPCT
IMETYP
NFV
NQV

P1

NAMELIST
Block Name

DESIRE
OPTION
DESIRE

'OPTION

|

OPTION

DESIRE

Y
OPTION

DESIRE
OPTION

DESIRE

OPTION
OPTION

OPTION

OPTION
DESIRE
REQUIR

DESIRE



COMMON
Block Name Subsystem
USERPF Print

Variable

IPRINT
ITITLE

NAMEILIST
Block Name

REQUIR - -

b

In the above~mentioned COMMON regions the variables are
either input from the user, defaulted by the BLOCK DATA routine or calcu-
lated by subroutine PRESET and used only by the subsystem mentioned. In

the following COMMON region the variables are again either input from the
user, defaulted by the BLOCK DATA routine or calculated by subroutine

PRESET, but are used by more than one subsystem.

COMMON
Block Name

USERI

Subsystem

PRESET,
SANDC

COMM,

COMM, DPI

PRESET,
VESIZE

INITIL,

PRESET, INITIL,

VESIZE

INITIL, EP

PRESET,
VESIZE
PRESET,
VESIZE
PRESET,
VESIZE
PRESET,
VESIZE
PRESET,
VESIZE
PRESET,
VESIZE

ale

* ITITLE is a special card input.
to the NAMELISTs and describes the run {all 80 .columns).

INITIL,
SANDC,
SANDC,
SANDGC,
INITIL,

SANDC,

Variable
APOGEE

COMRAT
DIAMAX

EEQWT (9)

EPME
EOMIWT

EOM1XL
EQMIYL
EQMIZL
EQM2ZWT

EQMZXL,

- NAMELIST

Block Name

REQUIR

OPTION
OPTION

DESIRE

REQUIR
REQUIR

DESIRE
DESIRE
DESIRE
REQUIR
DESIRE

It is the first card of any run prior



COMMON
Block Name Subsystem
USERI PRESET, SANDC,
. VESIZE
PRESET, SANDC,
VESIZE
SANDC, AUXPRO
PRESET, THERMAI,
- COMM ;
REL, COST

THRML, COMM,
SANDC

PRESET, VESIZE
ALL

EP, REL
SANDC, PRESET
THRML
PRESET, SANDC,EP
PRESET, REL
PRESET, REL
PRESET, REL
PRESET, INITIL,
SANDC, REL
SANDC, VESIZE
COST, PRNT
COST, PRN'T

3.2.2 DBCOM

DBCOM acts as stora.ge:for blocks o-f the data base., All data
base values for one of the hardware selection subroutines (i.e,, all 55,
attributes associated with all equipments relevant to that subsystem) are
read at one time. These values are, stored in matrix DATAB (55, 100).
In addition, the COMMON contains IDB(30), (see Paragraph-3. 3) which is

filled by the read routine, IDB(I) contains the last column number for the

kVariable

EQM2YL

- EQM2ZL

FE (TTHST in AP)

IAGNCY

IDEBUG - ,
ISATOR (ISEQ, ISAT)

MB12SH
MICRO

OPTEMP

ORBINC

PERIGE
RELME
SPEC (6)
SPEC!
T,

XCGSAl

XMER —

XMEU

Ith equipment of the active subsystem.

NAMELIST-
Block Name

DESI-RE

-DESIRE

: OPTION.
DESIRE

OPTION
DESIRE
DESIRE
REQUIR
OPTION

_ OPTION

REQUIR
DESIRE
REQUIR
REQUIR
REQUIR

OPTION
DESIRE
DESIRE



3.2, 3 CHOSE.

The named COMMON block CHOSE contains values pertaining to
equipment already chosen. ICHOSE(60) and NCHOSE(60) are concatenations
of the separate ICHOSE(I) and NCHOSE(I) of each subsystem which selects

hardware as discussed in Paragraph 3,3, COST(5, 60) is a matrix formed

by selecting the following rows from the data base for each equipment

selected:

Matrix

COST (1,I)
COST (2,1)
COST (3,1)
COST (4,1)
COST (5,1)

Row of
. D_A'];AB
46

47
48
49
50 ,

Description

Design engineering cost
Test and evaluation cost
Unit production cost
Reference quantity

Fa.(—:tor

SKD(7, 60) is a matrix formed by selecting the following rows from the

data base for each equipment selected,

Matrix

SKD (1, I)
SKD (2, 1)
SKD (3, 1)
SKD (4, I)
SKD (5, 1)
SKD (6, I)
SKD (7, 1)

Row of -
DATB

46
47
51
52
53
54
55

Description

Design engineering cost
Test and evaluation cost
Development constant
Development variable
Qualification constant
Qualification variable

Sta.te-of-—tl;e-art factor

REL{6, 60)is a matrix formed by selecting the following rows from the

~ data base for each equipment selected.



Row of

Matrix DATAB Description
REL (1, 1) C 23 Weight

REL {2,1) 41 Failure model

REL (3,1) ‘4z Aorg

REL (4,1) 43 o

REL (5,1) . 44 q

REL (6,1) © 45 ¢ Maximum redundancy

THM(4, 60) is a matrix formed by selecting the following rows from the

data base for each equipment selected:

Row of
Matrix DATAB Description
THM (1,1]) 17 Maximum power
THM (2,I) 18 Minimum power
THM (3, 1) 27 Maximum temperature
THM (4,1) 28 Minimum temperature

DPIA(11, 60) is a matrix formed by selecting the following rows from the

data base for each equipment selected: —_—

Row of

Matrix DATAB Description

DPIA (1,I) 30 Number power commands

DPIA (2, 1) 31 Number other commands

DPIA (3,1) 32 Numbezr time tags

DPIA (4,1) 33 Number high rate analog
points

DPIA (5, 1) 34 Number high rate digital
points

DPIA (6,1]) 35 High sample rate

DPIA (7,1) 36 Word length

DPIA (8,1) 37 Number low rate analog
points :



Row of

Matrix DATAB Description

DFIA (9,1) 38 Number low rate digital points
DFIA (10,1) 39 Low sample rate

DPIA (11,1) 40 Word length

These matrices are needed by the subroutines that have similar names.
For example, COST is used by COSTS, REL is used by RELY, SKD is used
by SKED, THM is used by THRML, and DPIA is used by DPL

3,2.4 PRTCOM

PRTCOM is used to pass values to the print subroutine which
are not needed {except for output) outside of a given routine, A description
of the variables in this COMMON block is given below: )

Name From Units Description

ACCRCY SANDC deg S&C accuracy

AM STRUCT - Number of frames

AN STRUCT e Number of stringers

BF STRUCT in, Frame height

BS STRUCT in. Stringer height

CDPI (7, 2) DPi, MIS - Engineering & mission equip-~
ment data for CDPI

CISTAR EP amp-hr Battery capacity

CTOT COST $ Flight operations cost

DDTE COST $ DDT&E program total

DE COsST $ Design engineering cost

DRIWT AUXPRO 1b Weight of AP less ex-
pendables

EQBSTR VESIZE ib Equipment bay structure
weight

FEEINV COST $ Investment contractor fee

FEEOPS COST $ Operations contractor fee



Name

‘FEER
GSE
IREL

ITRUNC
MMDOLD
NAME (3, 60}
OPrsS

PAYINV

PAYQUL
PAYR
PE

PMP

PMR
POWER (6)

PU

PWR (60)
QCP

QCR
ROLD(60)
SABMWT
SATADP
SATINV
SATR
SEIP

From

COST
COST
RELY

RELY
RELY
SAVE
COST
COsT

COST
COST
COST
COsT

cOSsT

MAIN

COST

SAVE

COST

COST
RELY
VESIZE
VESIZE
COST
COST
COST

£

w B e e

watts

watts

o R
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Degcription

DDT&E contractor fee
DDT&E -GSE

0 means single system

1 means dual system
Index for reliability
Mean mission duration
Name of equipment type
Operations pro gran;: total

Total payload inve strneént
cost

DDT&E qual, units cost
DDT&E total payload cost
Unit engineering cost

Investment program manage-
ment cost

DDT&E program manage-
ment cost

Power requirement of each
subsystem

Unit production cost
Power requirement of each
component

Investment quality control
cost .

DﬁT&E guality control cost

. Reliahility of each module

Solar array boom weight
Adapter weight
Spacecraft investment cost

DDT&E spacecraft cost

Investment systems en gineer-
ing & integration cost



Name
SEIR

SKTAU(1)

+SKTAU(2)

SKTAU(3)
SKTAU{4)

.-
SKTAU(5)

SKTAU (6)

SSREL(6)
SUBE(7)
SUBT(?)

SUBUE(7)
SUBUP(7)

TA
TAU(6, 6)
TB
TC
TE
TF

TOOLR
TOOLU

TOTOPS
TRUNC
TS

TTT

From
COST

SKED
SKED

SKED
SKED

SKED

SKED
RELY
COST
COST
COST
COST
STRUCT
SKED
STRUCT
STRUCT
COST
STRUCT

COST
COSsT
DPI
RELY
STRUCT

STRUCT

Units -

Description

DDT&E systems engineering
and integration cost

Design and component de-
velopment time (critical
subsystem)

Component qualification time
{critical subsystern)
Subsystem development time
(critical subsystem)

Subsystem qualification time
(critical subsystem)

Subsystem development and
flight readiness time (criti-
cal subsystem)

Total subsystem critic:a.l time
Subsystem reliahilities
Subsystem design eng. cost
Subsystem test & eval, cost
Subsystem unit eng. cost
Subsystem umnit prod. cost
End cover thickness center
Critical path for each subsys
End cover'thickness aft

End cover thickness forward
Test and evaluation cost
Frame thickness

DDT&E tooling and test
equipment cost

Investment tooling and
test equipment cost

Computer operations rate
Reliability truncation time
Stringer thickness

Skin ‘thickness



Name From Units Description

VOLUME (6) MAIN ft3 Subsystem volumes ,'
VQL (60) SAVE ft3 Component volumes
WEIGHT (6) MAIN ih Subsystem weights
XLTOT . COST $ . Launch support opr. cost
XMEH VESIZE in. Mission equipment height
XMEINV COST $ Mission equipment invest-

ment cost . S
XMEL, VESIZE in, Mission equipment length
R;'MEVL VESIZE ft3 Mission equipment voluﬁe
XMEW VESIZE in, Mission equipment width
XMEWT VESIZE ib Miss on equipment weight
XVEST COST $ Investment program total
3.2.5 BTWN

Communication of a1l design variables between subsystems is
accomplished via COMMON block BTWN. A description of all variables

coptained in BTWN is given below:

Name From To Units_ Description
ACSSN SANDC REL -—— Number of sensors
ACSWP AUXPRO VS 1b Propellant weight
AILT PRESET ALY, nmji Average altitude
AREA EP Vs #2 Solar array area
BATCAP EP REL, .amp-hr  Battery capacity
PRNT
BITRAT(Z2) DFI ' ~ COMM bps Bit rate (mission equipment

and housekeeping)

CLIFE SANDC AUXPRO --- Cycle life of thrusters

CONVWT SANDC & COSTS Ib Converters weight
"COMM

D INITIL, VS SANDC ft Vehicle diameter

DT INITIL, VS SANDC Dist. from c.g. to engine



Name

DX
DY
DZ
EQBLG

- EQBSID
rPC )
FF
HARNWT
HPT

HTPIPE
HTPT
HTRPREB
HTRPWR
IBTLOC
LMBDD

NG
OMEGS
PASSTR
PJ

PL
PLMIN
POCNWT
RADA
RADAB
RAT

RJ
SABOLG
SATLG

From

INITIL, VS
INITIL, VS
INITIL, VS

PRESET, VS

PRESET, VS

SANDC
SANDC

Vs
THERMAT,

THERMAL

THERMAL -

THERMAL

. THERMAL

EP
EP

EP
PRESET
VS

INITIL, VS
ALL

ALL

SANDC & EP

THERMAL
THERMAL
THERMAL

INITIL, VS
Vs
Vs

—To Units
SANDC ft
SANDC ft
SANDC  ft
SANDC  in.
SANDC  in.

REL. . hr !~
AUXPRO Ib
COSTS 1b
PRNT  Btu/hr
PRNT Btu/hr
PRNT  Btu/hr
PRNT Btu/hr
PRNT  Btu/hr
THERMAL --~
RELY -
RELY
SANDC rad/sec
 COSTS 1b
SANDC  slug-ft?
"EP watts
EP watts
PRNT, Ib
COST
PRNT  £f°
PRNT 2
PRNT  ft°
SANDC slug -ftz
STRUCT in.
THERMAL ft
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Description

Gas jet lever arm
(roll, pitch, and yaw)

Equipn:ient bay length

Equipment bay side

APS thmster cycle rate
Attitude & control thrust
Harness weight (wiring)

Total heater power

Heat pipe

Total heat pipe

Battery heater power

Heater power

Battery 10étion (column no. )

Depth of discharge of battery
capacity :

Number of cells

Spin rate about yaw axis
Equivalent structures weight
Platform spin ;-).ﬁd.s inertia
Average power

Minimum power

Power control weight

Radiator area
Battery radiator area

FTotal radiator area

Rotor spin axis inertia
Solar array boom length -
Vehicle length



Name

SATTWT
SATWT
SATXCG
SATYCG
SATZCG
SAIXT,
SAIYL
SA1ZL
SIDE
SYSLB
THCMWT
THRUST(2)

TI
TNKWT

TPRIM
VB

VCHP

VOL
WATE

WB

WBT

wT
XNZERO
XJ

YJ

ZF

From

VS
VS
INITIL,
INITIL,
INITIL,
INITIL,
INITIL,
INITIL,
INITIL,
VS
Vs
SANDC

V.S
VS
VS
VS
VS
VS
VS

SANDC
AUXPRO

REL
EP

THERMAL

ALL
EpP

EP

EP
ALL
EP
INITIL, VS
INITIL, VS
INITIL, VS

To Units
PRNT b
PRNT 1b
SANDC  in.
SANDC  in.
SANDC in,
SANDC  in.
SANDC in.
SANDC  in.
SANDC in.
REL 1b
COSTS 1b
AUXPRO 1b
AUXPRO Ib-sec
COSTS Ib
SANDC mo
VESIZE, ft°
PRNT
PRNT Btu/hr
VS . £t
VS, RELY1
VESIZE, 1b
PRNT
VESIZE 1
VS Ib
RELY rad/sec
SANDC  slug-ft?
SANDC slug-ftz
slug-ftz

SANDC
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Description

Launch weight

Vehicle weight

X Axis center of gravity

Y Axis center of gravity
7Z Axis center of gravity
X loation of solar array
Y location of solar array
7Z location of solar array
Side of box shape vehicle
System weight

Thermal control weight

Attitude and translational
thrusts

Total impulse

Propellant feed systems
weight .

Missim length

Volume of battery
Variable conductance heat
pipe

Accumulated volume

Solar array weight
Volume of battery

Weight of batteries

Accumulated equipment wt.

Orbital mean motion

Vehicle inertia
(roll, pitch, yaw)



3.3 HARDWARE SELECTION PRO CEDURE

This section describes the hardware selection procéduré, the
method of communication between the MAIN program and the hardware
selection subroutines, and the general procedure used in systematically
checking all hardware parameters until a component is found that meets
the specifications, Discussions as to which hardware is selected can be
found in the é,ppropriate subsystem subroutine sections (see Section 4}).
There are five subroutines in which hardware is selected: SANDC (Stabiliza-
tion and Control), AUXPRO (Auxiliary Propulsion), DPI (Data Processing
and Instrumentation), COMM (Communications), and EP (Electrical Power).
The procedures described in Table 3-1, Figures 3-2 and 3-3 are applicable

to all of these subroutines.
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Table 3-1, Hardware Selection Procedure in Kth Subsystem

Calling Sequence
SUBROUTINE 3SK (IPIC, IERR, ITER, NCONF, ICHOSE, NCHOSE)

Definition of Variable Names

1. IPIC(NSIZE) = hardware index indicating data
base column

NSIZE = maximum number of
equipments sized for any configu-
ration

2. 'IERR = message flag

0 means no message
1 means first message only
10 means second message only

111 means first, second and third
messages are applicable

3. ITER =  iteration flag {0 means first time
through)

4, NCONF(6} =  sgystem configuration indices

5. ICHOSE(NEQUIP) = I.D. of hardware chosen

NEQUIP = maximum equipments (in
general; more than one manufacturer
per equipment} in any configuration

6. NCHOSE(NEQUIP} = number of identical pieces of
hardware required

Additional Variables Used in Selection Procedure

7. DATAB(NR, NC) data base for subsystem

NR = total equipment attributes
NC = total number of individual
pieces of hardware

8, IDB(NTOTL)* = last hardware column index for all
equipment

NTOTL = total number of equipments
in data base for this subsystem {all
‘configurations)

* See Figure 3-2 for further explanation
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FIRST ROW CONTAINS
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I
|
|
|
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L /AN

NOT SIZED |

. IDB(5)
{Last manufacturer,
5th equipment in
subsystem data base)

Vo

ED

-~/ N

IF THIS PIECE OF HARDWARE IS5 -
ACCEPTABLE,

ICHOSE (3) =.DATAB(I,J1} =
4 digit I. D.

3RD EQUIPMENT, 2ND CONFIGURATION
WHERE, - S
J1 = IDB(5) + 3

Figure 3-2, Explanation of Arrays: IDB and ICHOSE



SECOND _
CONFIGURATION

#0 (lterating)

INITIALIZE VARIABLES

ICHDSE(l) =0
NCHDSE(l) = 0
I =1, NEQUIP
IERR = 0

SELECT HARDWARE NOT SIZED

i.e., ICHOSE(N1}) = DATAB(1,N2)
FOR APPROPRIATE N1 AND N2
SET NONZERO VALUES OF NCHDSE

Figure 3-3. Hardware Selection Flow Chart
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1DB (M}
1DB{MM)

JIE
J2E

AT LEAST

ONE VALUE OF = |CHOSEIL) = -1
IPIC DIFFERENT FROM ICHOSE{LL} = -1
ZERO RETURN
#0
1PIC(1}) 1DB{M-1} + 1
J2 = IPIC(2) J2 = IPIC(2) + 1
J1 = IDB{M-1) + i J1 = PICIL) + 1
J2 = 1DB{MM-1} + 1 J2 = IPICI2) + 1
COMPUTE SELECTION PARAMETERS
SELPRI
SEL.PR2
SEE |F HARDWARE J1 AND J2 ARE
ACCEPTABLE
¥ HARPR2 = DATABI(__,J2)
- HARPR1 = DATAB{—J1)
IPIC(1) = Jt
IPICI2) = o2
ICHOSE(L) =
HARPR1:SEL.PRI ok  DATABI1,J1)
HARPRE:SELPRE |Cm5£“—|_} am
DATAB(1,J2)
NCHBSE(L) = __
NCHDSE(LL) = _,
RETURN
=1 = J1 + 1
J1 = IDB{M-1} +1
=42 +1
. JCHOSE(L} = -1 ieqiid not find acceptable -
ICHOSE(LL} = -1 equipment)
RETURN
Figure 3-3, Hardware Selection Flow Chart (Continued)



4. SUBROUTINES WHICH SELECT HARDWARE

4.1 SUBROUTINE SANDC (IPIC, IERR, ITER, NCONF, ICHOSE,
NCHOSE}
4,1,1 Purpose of Subroutine

The Stabilization and Control Subsystem stabilizes a spacecrafi
to a desired accuracy about a tracking line from a reference. on the vehicle
to an external reference. The external reference may be the local vertical
of a planet, the sun, or a more distant star; an inertial reference; or the
line of sight to a natural phenomenon lke a gravity gradient or the lines of
the earth's magnetic field, In many cases, a platform free to rotate with
respect to the main structure of the vehicle must also be aligned with an
external reference. The necessary accuracy of attitude stabilization depends,

of course, on the mission of the vehicle,

In the beginning of SANDC, the subroutine computes the disturbance
torques (XMD, YMD, and ZMD), These disturbance torques are the combina-
tion of gravity gradient torques, aerodynamic torques and solar torques. The
solar or aerodynamic torgues are a function of the altitude, The disturbance

torques are then used in the selection criteria equations for all configurations,

The principal calculations, other than those necessary to select
stabilization and control equipment, are contained in equations for thrust, cycle
life, and total impulse. (These are necessary for the correct selection or siz-
ing of equipment in auxiliary propulsion}. Sensor selection is based on factors
such as deadband and pointing errors (with respect to various axes), The
equations for sensor selection tend to be quite complicated and involve user
input, numbers from other subsystems, and values from the data base for
many of the selected equipments, As an example, star sensors are selected
on the basis of type (mappers or trackers), rate error, pointing error,

sensitivity, and compatibility with the selected gyro and control moment



gyros (CMGs). CMGs are selected on the basis of momentum, gimbal rate,
and torque. Reaction (or momentum) wheels are selected on the basis of

the angular momentum required.

Those equipments which are not chosen on the basis of selection

criteria in the model are simply ‘'called up' from the data base.

The five configurations and their equipments are as follows:

a. Dual Spin [NCONF(1) = 1]}

Despin mechanical and electrical assembly

Valve driver assembly

Sun sensor

Nutation damper , (called up)
Gimbal electronics

Control timing assembly

Gimbal drive assembly

Nonscanning earth sensor (selected)
Power converter ’ : (called up)

¢« &+
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b. Yaw Spin[NCONF(1) = 2]

1. Sun sensor

2.  ACS electronics (called up)-

3. Rate gyro

4, Horizon sensor

5. Reaction wheel } (selected)

6. Power converter led up)

7. Valve driver } (called up
c. Three-Axis Mass Expulsion [NCONF (1) = 3]

1. Attitude reference electronics

2. Valve driver (called up)

3. Power converter

4, Rate integrating gyro

5. Scanning earth sensor } (selected)
d. Momentum Exchange [NCONF(1) = 4]

1. Electronics processor ' ’ ’

2. Valve driver (called up)

3. Horizon sensor or sun sensor

4, Control moment gyros

5. Rate integrating gyros (selected)

6. Star sensor

4-2



e. Pitch Momeritum Bias

1. Valve driver ‘

2, Electronic error processor } (called up)

3. Horizon sensor -

4. Momentum wheel } .(selected) )
4,1.2 Communication with Main Program

The variables in the calling sequence are discussed in Paragraph
3.3 ' . '

User inputs are comrnunicated by the COMMON areas USERI1 and
USERI. These are discussed in Paragrai:h 8.1 (see NAMELISTs REQUIR,
DESIRE and OPTION). Variables are passed to and received from other sub-
routines through the COMMON area BTWN, which is discussed in Paragraph
3.2. The fourth COMMON area in this subroutine is DBCOM, which contains-
all necessary data base values and an indexing scheme to reference the values. )
DBCOM is also discussed in Paragraph. 3. 2.

4,1.3 Variables Specified in DATA Statements

Four variables appear in DATA statements. TH:;ee of these (XMD2Z,
YMD2, and ZMD?2) are approximations for external torques (ft-1b). The other,

DI, is a minimum gas jet on-time in seconds..

4,1.4 Other Subroutines Called

¥

None

4.2 SUBROUTINE AUXPRO (IPIC, IERR, ITER, NCONF, ICHOSE,
NCHOSE)

4.2.1 Purpose of Subroutine

The auxiliary propulsion subroutine selects hardware which is
required to provide attitude control forces and sta.tionkeéping or maneuvering

forces. Three configurations ate considered in the subroutine, These



configurations are characterized by the nature of the propellant under

investigation: cold gas, monopropellant, bipropellant.

All thrusters, isolation valves, filters, regulators, and tanks are
selected by comparing appropriate attributes listed in the data base with
satellite perforimance requirements determined by the model. Thrusters are
selected on the basgis of thrust level, isolation valves on the basis of effective
flow area, filters on the basis of flow impedance, regulators on the basis of
effective flow area and pressure operating range, and tanks on the basis of -

volume and pressure,

The model does not include sdlection criteria for the fill and vent
valves, fill and drain valves, or the relief valves. The first valves in the

épproPriate equipment slots in the data base are simply called up.

The sequence in which equipments are selected in each config-

uration are given below:

a. Cold Gas [NCONF(2) = 1}

i, Attitude and control thrusters *

2 Translational thrusters * .

3. Prneumatic isolation valves (selected)
4, Pneumatic filters

5. Pneumatic regulator

6. °~ Pneumatic tank

Te Fill and vent valve

8. Relief valve ’ } (called up)

b. Monopropellant [NCONF(2) = 2]

Attitude and control thrusters *
Transglational-thrusters *

-Fuel circuit isolation valves . (selected)
Fuel circuit filters

Pneumatic regulator

Pneumatic isolation valve

=AY S LN N
L3

1

#* Those thrusters which come closest to satisfying the thrust requirements
are always chosen, whether the program is in @ MICRO or MACRO mode
of calculation.



7. Fuel tank } (selected)
8 Pneumatic tank

-9. Fill and drain valve
10. Fill and vent valve - ; (called up)
11. Relief valve
c. Bipropellant [NCONF(2) = 3]
© 1, Attitude and control thrusters *
© 2. Translational thrusters *
3. Fuel circuit isolation valves
4, Oxidizer circuit isolation valves
5, Fuel circuit filters
6. Oxidizer circuit filters .
7. Pneumatic regulator (selected)
8. Pneumatic isolation valve
9. Fuel tank
10, Oxidizer tank
11. » Pneumatic tank
12, Fill and vent valve / ’
13, Fill and drain valves ’ (called up)

14, Relief valve

%

* Those thrusters which come closest to satisfying the thrust requirements”
are always chosen, whether the program is in a MICRO or MACRO mode ~
of calculation.

*

A multiple fuel tank option is available; that is, among all fuel tanks in
the data base which satisfy the pressure requirement, there may not be
a single tank which satisfies the volume requirement. In this case, a
sufficient number of the largest tank in this subset is chosen to satisfy
the volume requirement.



Plumbing and connector weight in each configuration is

estimated from the combined tank weight.

4,2,2 Communication with Main Program

, The variables listed in the calling sequence are common to all
subroutines which select hardware and are discussed in Paragraph 3. 3.

In addition to the calling sequence, subroutine AUXPRO com-~
municates with the main‘ program via three COMMON blocks: USERI,
BTWN, and DBCOM. Variables coming through USERI are user inputs dis-
cussed in Paragraph 8.1 (see NAMELISTs REQUIR, DESIRE and OPTION),
The variables in BTWN and DBCOM are discussed in Paragraph 3. 2.

4,2.3 - Variables Specified in DATA Statements

DATA XMR/1.5/

XMR =mixing ratio fot bipropellant configuration

4,2.4 Other Subrountines Called
None

4.3 SUBROUTINE DPI (IPIC, IERR, ITER, NCONF, ICHOSE,
NCHOSE, NOWAT) )

4,3.1 Purpose of Subroutine

The data processing and instrumentation subroutine selects
hardware which is required for mission equipment data processing, command
decoding, and monitoring purposes. Two configurations are considered in
the subroutine: general purpose processing and special purpose processing.
In the general purpose mode, a computer on board the satellite performs
all data processing tasks unless there is a requirement for separate proc-
essing of telemetry data. In this case, a separate digital telemetry unit
(DTU) is used to process the housekeeping data. In the special purpose mode,
all processing is performed by DTUs. If the communications configuration

involves uplink plus downlink, unified link-common antenna, or unified
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link-separate antennas, a single DTU performs all mission equi_pment and
housekeeping data processing. If the ‘com'lnunications coﬁfiguration involves
unified link~common antenna plus downlink or unified link-separa.te antennas
plus downlink, one DTU is used for mission equipment data processmg and
one DTU is used for housekeeping data processing.

The general purpose computer is selected on the basis of total
required instructions (or operations) per second. The DTUs are not sized.

The first DTUs in the appropriate equipﬁent slot in the data base are simply

called-up.
The following quantities are computed in the sequence indicated:
a. Requirement for a digital multiplexer
b. Number of mainframe words

c. Word length
d. Bit rate
e. Number of words per subframe

f. Number of subframes

The above quantities are computéd regardless of the configuration in sub-
routine DPI. Depending on the configuration, the following operations are

performed in the sequence indicated:

a. General Purpose Processing [NCONF(3) = 1]
1. If telemetry data is processed separately, select one
DTU., Otherwise, compute telemetry operatr.ons per
- second,
2, Compute attitude control, command, and total operations

per second.
3. Select general purpose computer,
b. Special Purpose Processing [NCONF(3) = 2]

1. Depending on the communications configuration (as
discussed previously) a DTU may or may not be selected
for mission equipment data processing. ’

2. Select DTU for housekeeping data processing.



4.3.2 Communication with Main Program

The variables listed in the calling sequence with the exception
of NOWA'T, are common to all subroutines which select hardware and are
discussed in Paragraph 3.3. NOWAT is one greater than the number of, -
entries in the ARRAY table (i.e., DPIA matrix in Paragraph 3.2).

In addition to the calling se{qﬁence, subroutine DPI communicates
with the main program via six COMMON blocks: CHOSE, BTWN, DBGOM,
USERI, USER3, and PRTCOM. Variables coming through USER3 are user
inputs described in Paragraph 8.1 (see NAMELIST REQUIR, DESIRE and

OPTION).

4.3.3 Variables Specified in DATA Statements

DATA ACSRT, ACSOP, COMOP, OPREQ/10., 50,, 6., 4. /

where:
ACSRT =  ACS rate (sec-l)
ACSOP =  ACS operations
COMOP =  Command operations
OPREQ =  TLM operations required
4,3.4 Other Subroutines Called

4.3.4.1 Subroutine MIS (IPIC, IERR, ITER, NCONF, ICHOSE, NCHOSE)

The purpose of this subroutine is to select a DTU for mission
equipment data processing. It is called from subroutine DPI in the special
'purpose processing configuration for the specific communications configura-
tions discussed in Paragraph 4.3.1. The same six quantities (i.e.,
‘requirement for digital multiplexer, number of mainframe words, word
length, bit rate, number of words per subframe, and number of subframes)
which are computed in subroutine DPI for all equipment on board the satellite
are computed for the mission equipment in subroutine MIS.

The variables listed in the calling sequence are discussed in

Paragraph 3. 3.
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4.3.4.2 _ Subroutine ORDER (N, A, B, C, XM2, MEDIAN)

The purpos;e of this ‘éﬁbi';)utine is to order array A from the
highest to the lowest entry and determine the median entry in tl:lis array.
The high rate telemetry points are ordered with respect to both sample rate
and word length while the low rate telemetry points are ordered only with
respect to sample rate. This informati;)h is used to determine mainframe
sample rate and maximum word length, i
) This subroutine is called by both subroutines DPI and MIS, The
variables in the calling sequence are defined as follows:

N = Number of entries in telemetry points table

A = One-dimensional array consisting of sample
rates or word lengths

B = One-d1mens1ona1 array cons1st1ng of number of
analog and digital points

C = One-~dimensional array consisting of sample
rates or word lengths

XM2 = Twice the median value of array A after it has
been ordered

MEDIAN = | Median entry'in array A

4.4 SUBROUTINE COMM (IPIC IERR ITER, NCONF ICHOSE,
NCHOSE) ‘

4,4.1 Purpose of Subroutine

The communication subroutine selects hardware for the satellite
command and telemetry system. Five configurations are provide'd for in the
subroutine. These are determined by the complexity of the data processor
being used and the amount of data to be transmi;tted. The pieces of equipment
which may be selected are: ba}séi)ar;d assembly unit, t_ra.nsmi'tter antenna(s),
transmitter(s), receiver antenna,, rece_ivér, dip@exer, and signal conditioner.
The pieces- chosen and the nuzn‘bef-chosen are configuration dependent. Each
piece of equipmént to be chosen is selected by comparing the attributes as
computed from the user input, configuration number, and default parameter

.values, with the attributes for that piece of equipment in the data base.
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There are pieces of equipment which have constraints placed on

them for the selection process. For example, a given baseband assembly unit

may be constrained for use with a given transmitter and no other. These

constraints are built into the data base.

The sequences in which equipment are selected in each configura-

tion are given below:

a. Uplink Plus Downlink [NCONF(4) = 1]

Ul 0NV

.Receiver antenna

Transmitter antenna

Transmitter

(selected)
Receiver

Signal conditioner

b. Unified Link, Common Antenna [NCONF(4) = 2]

.
-
.
.

O UL W IV

Baseband assembly unit

Antenna

Transmitter (selected)
Receiver

Signal conditioner

Diplexer

c. Unified Link, Separate Antennas [NCONF(4) = 3].

»

N R W N
L] -

Baseband assembly unit

Transmitier antenna

Transmitter | (selected)
Receiver antenna

Receiver

Signal conditioner

d. Unified Link, Common Antenna plus Downlink [NCONF(4) = 4]

. .

W~ Uh W NV
-

-Transmitter antenna (nonunified)

Baseband assembly unit ™
Transmitter antenna (unified)

Transmitter {(unified) } (selected)
Transmitter (nonunified)
Receiver

Signal conditioner
Diplexer y,
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e. Unified Link, Separate Antennas plus Downlink [NCONF(4) = 5]

-

.

-

W~ W N~
*

Baseband assembly unit )

Transmitter antenna (unified)
Transmitter antenna (nonunified)
Transmitter (uified) \ (selected)
Transmitter (nonunified) .
Receiver antenna
Receiver

Signal conditioner ) : J

4.4.2 ' Communication with Main Program

The variables listed in the calling sequence are common to all

subroutines which select hardware and are discussed in Paragraph 3.3.

In addition to the calling sequence, Subroutine COMM communi~
cates with the main program via four GOMMON blocks: USER4, USERI,
BTWN, and DBCOM. Variables coming through USER4 and USERI are user in-

puts discussed in

Paragraph 8.1 (see NAMELIST REQUIR, DESIRE and OPTION).

The variables in BTWN and DBCOM are discussed in Paragraph 3, 2.

4,4.3 Variables Specified in DATA Statements

DATA SIGNOI/10.,10./, LMARG/6.,6./, SLANT/-1.E+10/,

GTOT/-1.E+10/, GR/-1.E+10/, T/-1,E+10/, NF/-1.E+10/;
TCLOSS/0.,0./, POLOSS/0./, GAMMA/.1/, BETA/1.8/,
GT/-1.E+10, -1,E+10/, MODX/0., 0./, ANTLOS/0./,
COVER/0./

" where:
SIGNQCI{2) = Signal-to-noise ratios for transmitter{s) (dB)
LMARG(2) = Link margin(s) (dB)
SLANT =  Slant range (nmi)
GTOT = Gain-to-temperature ratio
GR = Receiving antenna (downlink) gain (dB)
T =  System noise temperature (OK)
NF =  Noise figure (dB) '
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TCLOSS{(2) = Transmitter(s) circuit loss -

POLOSS = Polariza.tion loss

ANTLOS =  Satellite antenna off-axis loss
GAMMA = PRN modulation index

BETA = Subcarrier modulation index
GT(2) = Antenna(s) gain (dB)

MODX(2) = Transmitter(s) modulation type

MODX = 0 no equipment dependence

MODX = 1 phase modulation
MODX = 2 frequency modulation
MODX = 3 amplitude modulation
COVER = Transmitter antenna coverage (in percent)
4.4, 4 Other Subroutines Called

4.4,4.1 Subroutine BESS (X, BESJ, NMAX)

This subroutine uses a recursive procedure for evaluating

tables of the Bessel function, J'n(x).

The variables in the calling sequence are defined as follows:

X =  floating point single precision argument
BEST = one-dimensiongl array of values of .Tn(x)
NMAX = one less than the number of values in BESJ array:

i.e., BEST (n + 1) =J'n(x), n=0,..., NMAX/

4,4.4,2 Function RESET (K)

This subroutine, as the name implies, resets or initializes

equipment indices in the data base.

4-12



4.5 SUBROUTINE EP (IPIC, IERR, ITER, NCONF, ICHOSE, NCHOSE)

4.5.1 Purpose of Subroutine

. The electrical power subroutine selects hardware which is
required to regulate the electrical power for the spacecraft and batteries
to store the electrical power. Six configurations are considered in the sub-
routine. These configurations are characterized by the na,ture of the regula-
tion and the configuration of the solar arrays.

All regulators, batteries and battery chargers are selected by
comparing appropriate attributes listed in the data base with satellite per-
formance determined by the model. Regulators are selected on the basis
of their ability to regulate the power load, batteries on the basis of the

capacity needed during the eclipse portion of orbit, and batte ry chargefs
"on the basis of being able to use the excess power . to store energy back into
the batte;cy. . ) '

The model does not include selection criteria for power control
units, central control units, solar power distributor, and power distributors.
The first equipments available in the data base are simply called up. The
solar array area and weight are sized’ primarily on the average power load
required for the spacecraft.

The sequences in which equipments are selected in each config-
uration are given below:

a. Shunt Regulation - Paddle or Body Mounted Arrays

LNCONF(5Y= 1T or 2]

1, Shunt regulator

2. Battery ! (sele cted)
3. Battery charger
4, Power control unit {called up)

b. Shunt and Discharge Re egulation - Paddle or Body Mounted Arrays
LNCONE{5) =3 or 4]

1, Discharge regulator .

2, Shunt regulator ' ted
3. Battery }(selec ed)
4, Battery charger

5. Central control unit (called up)
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c. Series Load Regulation - Paddle or. Body Mounted Arrays

[NCONF(5) =5 or 6]

1. Series load regulator

2. Battery (selected)

3. Battery charger

4, Power digtributors ‘

5. Solar power distributors (called up)
4,5.2 Communication with Main Program

The variables listed in the calling sequence are common to all

subroutines which select hardware and are discussed in Paragraph 3, 3.

In addition to the calling sequence, subroutine EP communicates
with the main program via four named COMMON blocks: PRTCOM, USERI
BTWN, and DBCOM. Variables coming through USERI are user inputs '
discussed in Paragraph 8.1 (see NAMELISTs REQUIR DESIRE and
OPTION)}. The variables innBTWN, DBCOM and PRTCOM are discussed

in Paragraph 3. 2.

4.5.3 Variables Specified in DATA Statements

-DATA DELF/.03/, DELI/.02/, DELM/,01/, ETAI/.105/,
ETAR/1.0/, K1/1.02/, K2/1.4/, LMBDP/.9/, SOL/1353/,
VC/1.1/, PIE/3.1416/, CHMINT/2.0/

where:
DELF

DELI
DELM
ETAI

ETAR
Kl

K2
LMBDP

SOL

Coverglass and coverglass adhesive transmissivity
loss factor (dimensionless)

Array fabrication loss factor (dimensionless)
Miscellaneous loss factor (dimensionless)

Solar cell efficiency at 28°C, AMO illumination
(dimensionless)

Power distribution loss factor (array to loads)
Battery packing factor (dimensionless)
Battery structure weight factor (dimensionless)

Solar array factor (dimensionless) (active surface
area/actual surface area)

Average solar intensity (watts/meterz)
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http:Kil/l.02
http:DELM/.01
http:DELI/.02

Minimum allowable cell voltage (V dc)

Ve
CHMINT =  Minimum allowable charge time (hr)

Other Subroutines Called

None



5. SUBROUTINES WHICH DO NOT SELECT HARDWARE

5.1 SUBROUTINE PRESET (IERR)

5.1.1 Purpose of Subioﬁ?ine .

The purpose of the subroutine PRESET is to calculate values for -
those input variables for which flags have been specified, provided these

flags have not been overwritten by user supplied inputs.

5.1.2 Communication with Main Program

IERR is a flag that informs the main program that subsystem
reliabilities cannot be preset with the given information. Subroutine PRESET
communicates with the main program via four named COMMON blocks:
USER1, USERR, USERI and BTWN. Variables coming thr cugh USERI,
USERR, and USERI are discussed in Paragraph 8. 1.

5.1.3 Variables Specified in DATA Statements

None.

5. 1. 4. Other Subroutines Called

None,
5.2 SUBROUTINE FILTER (NCONF, ICODE)
5.2.1 Purpose of Subroutine

'Some combinations of con.f1 gurations are known to be unacceptable.
These are filtered out without the necessity of calling any subsystems. As an
example, configuration 1 in SANDC and configuration 1 in EP are incompatible
because 1 in SANDC is a spinning vehicle and 1 in EP requires solar array
paddles which cannot be used on a spinning veh1c1e. A complete descr1pt10n

of these restrictions is presented in Section 7.
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5.2.2 Communication with Main Program

NCONT is an array containing the number of each subsystem's
configuration. ICODE is a return code of 0 for compatible configurations
or -1 for unacceptable combinations of configurations.

FILTER also uses values from COMMONs USER]1, USER3
USER4, and USERI, all of which are discussed in Paragraph 8. 1.

5.2.3 Variables Specified in DATA Statements

None.

5.2.4 Other Subroutines Called

None.
5.3 SUBROUTINE INITIL (NCONF, IERRI)
5.3.1 Purpose of Subroutine

Some values are needed before they are calculated. For ex-.
ample, subroutine SANDC needs moments and lengths which are calculated
"downstream'' in vehicle sizing. Approximations for such values are cal-
culated here.

5.3.2 Communication with Main Program

NCONF is discussed in Paragraph 3.1.1. IERRI is a flag which
is set when the estimated satellite diameter exceeds the maximum allowable
si ze. Subroutine INITIL communicates with the main program via four
named COMMON blocks: USER1, USERI, BTWN and PRTCOM.

5.3.3 Variables Specified in DATA Statements

None.

5,.3.4 ‘Other Subroutines Called

None.
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5.4 SUBROUTINE READDB (IENDDB)

5.4.1 Purpose of Subroutine

This subroutine reads all data base values for one subsystem
at a time and determines the IDB varray. Of major importance are the
equipment numbers which exist as the first two digits of the four digit
equipment identification numbers. These are counted by groups (all .l's,.
all 2's, all 3's, .,...) and these counts exist as IDB(1), IDB(2), and so on.
The routine returns when equipment for the next subsystem is encountered,

i.e., when the equipment numbers begin to decrease,

5.4,2 Communication with Main Program

IENDDB is the last column in the data base for the active sub-
system. This is needed for the SAVE routine. DBCOM is the common

area in which the data base values for each subsystem are stored (see
Paragraph 3.2),

5.4.3 Variables Specified in DATA Statements

DATA STORE/55%0. /

STORE = variable used for temporary storage

5.4.4 Other Subroutines Called

None
5.5 SUBROUTINE SAVE (IIN, NIN, NOWAT, ITEST, IENDDB)
5.5.1 Purpose of Subroutine

The purpose of this subroutine is to build matrices needed by
other subsystems. Specifically this routine concatenates separate ICHOSE
and NCHOSE arrays (with zeros taken out) which contain the hardware
I.D.'s of the equipment selected for the five satellite subsystems and the
number of each equipment type. It also saves the data required to fill the
COST, REL, THM, DPIA, and SKD arrays for their subroutines and the

component volume, power and name for the PRNT routine.
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5.5,2 Communication with Main Program

IIN and NIN are ICHOSE and NCHOSE. of the active subsystem
(described in Paragraph 3.3). (NOWAT is described in Paragraph 4. 3,)
ITEST is the largest possible number of types of equipment chosen by a
subsystem. The three COMMON areas (DBCOM, CHOSE, PRTCOM)
which are also used for communication with the main program are dis- -

cussed in Paragraph 3. 2,

5.5.3 Variables Specified in DATA Statements

None.

5.5.4 Other Subroutines Called

None.
5.6 SUBROUTINE VESIZE (IERR, NCONF, ICHOSE)
5.6.1 Purpose of Subroutine

The vehicle sizing subroutine determines the satellite structural
weight, the total weight, the satellite volurhe, dimensions, center of
gravity locations and the satellite inertial characteristics. Three config-
‘urations are considered in the subroutine. These configurations are
characterized by the shape of the equipment bay: cylinder, box, sphere.

This corresponds to NCONF(6} = 1, 2, 3, respectively.
~ The following quantities are computed in the sequence indicated:

a. Equipment bay equipment weight and volume
b. Equipment bay length
Satellite length

d. Solar array dimensions

e. Equipment bay structural weight

f. Mission equipment bay structural weight
g. Mission equipment support wei ght

h. Total volume of mission equipment bay
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.

5.6.2

_ incremental inertia

Solar array boom and mechanism weight (paddles)

Total mission equipment and external equipment weight and
volume

Harness weight

Structural thermal protection system weight
Satellite dry weight

Satellite gross weight

Satellite launch weight

‘Mission equipment and mission equipment bay structure CGs

Equipment bay structure CGs

External equipment CGs

Solar array CGs

Satellite CGs

Equipment bay structure and equipment bay equipment

External equipment incremental inertia
Solar array incremental inertia

Mission equipment bay incremental inertia
Total satellite inertia

Distance from satellite CG to main engine

Gas jet lever arms on roll, pitch, and yaw axes

Communication with Main Program

All three variables listed in the calling sequence are discussed

in Paragraph 3.3. (In this subroutine ICHOSE is a scalar which is set.
to -1 when the current design is unacceptable. )

In addition to the calling sequence, subroutine VESIZE com-~

municates with the main program via four COMMON blocks: USERI,
USER6, BTWN, and PRTCOM. Variables coming through USERI and
USERG6 are user inputs discussed in Paragraph 8.1 {see NAMELISTs
REQUIR, DESIRE, and OPTION). The variables in BTWN and PRTCOM

are discussed in Paragraph 3. 2.
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5.6.3

5.6.4

5.7

5.7.1

Variables Specified in DATA Statements

None.

Other Subroutines Called

None.,

SUBROUTINE STRUCT (NCONF)

Purpose of Subroutine

The structures subroutine specifies the satellite loads environ-

ment and sizes the solar array extension supports, the equipment bay

structure, the end covers and the midsection bulkhead if appropriate.

One configuration is considered in the subroutine. This configuration is

characterized by the type of equipment bay structure: semi-monocoque.

=

o
d.

€.

The following quantities are computed in the sequence indicated:

Solar array paddle applied load

Nominal radius and wall thickness of solar array extension
supports

Lioads applied to equipment bay structure
Equivalent axial load on semi-monocoque structure
Equivalent thickness of stiffened cylinder

Skin thickness of skin-stringer assembly

Stringer thickness, height, spa.cing, and efficiency
Number of stringers ‘

Cylinder fi:ame, radius of gyration, area, height, thickness
and spacing

Nwunber of frames
Forward and aft end cover thickness
Applied uniform load on midsection bulkhead

Midsection bulkhead thickness

1f the equipment bay shape is a box instead of a cylinder, quan-

tities comparable to those listed above in steps d - k are computed for the

box shape.
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5.7.2 Communication with Main Program

The variable in the calling sequence is discussed in Paragraph
3, 3. In addition to the calling sequence, subroutine STRUCT communicates
with the main program via four COMMON blocks: USER9, USERL, BTWN,
and PRTCOM, Variables coming through USER9 and USERI are user inputs
discussed in Paragraph 8.1 (see NAMELISTs REQUIR, DESIRE, and

OPTION). The variables in BTWN and PRTCOM are discussed in Paragraph
3.2.

5.7.3 Variables Specified in DATA Statements

DATA E, XNU, RHO, SIGY, PI/1.E7, .33, .1, 3.E4, 3.1416/

where:
FH .= Young's modulus {psi)
XNU = Poisson's ratio
RHO = Weight density (Ib/in’)
SIGY =  Yield stress (psi)
5. 7.4 Other Subroutines Called
None.
5.8  SUBROUTINE RELY (IRTN, IDS, NEQUIP)
5.8.1 Purpose of Subroutine *

The reliability subroutine incrementally increases the level
of redundancy in the spacecraft system until the system reliabilily,
R{TRUNC), and the mean nﬁésion duration, MMD, specifications are met.
The procedure is constrained by a maximum total satellite weight or cost
and available equipment reserves. The subroutine operates to meet the
system reliability specification prier to meei:in'g the mean mission dura-
tion requirement, -

Two configurations are considered in the subroutine. These
configurations are single system redundancy and dual system redundancy.
'Tiﬁs correspon;is to NCONF¥(7} = 0, 1 respectively.
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The principle of operation is to add a redundancy to a single
module, then calculate the new system reliability and the payoff, as

defined by
_ AR(TRUNC)
RHO = Aweight
This is repeated for each module where equipment reserves are available.
The module offering the greatest payoff is selected, and tlie following three

tests are applied:

a. Is RHO large enough? (The threshold is preselected.}
b. Is spacecraft weight or cost below the maximum allowed?
c. Is the R{(TRUNC) still short of the requirement?

If these tests are passed, the subroutine begins the selection process
again. This loop is retraced until one or more of the tests is failed.
Failure of tests a or b results in termination of the design procedure.

If 2 configuration is found which meets the system reliability require-
ment, then the above is repeated replacing R(TRUNC) with MMD. A
final design is recognized as optimum subject to the imposed R(TRUNC),
MMD, weight, and cost constraints,

The subroutine contdins the additional feature in that sub-
system reliabilities may be specified. The task of meeting subsystem
requirements is performed prior to any total system considerations. The -
same logic as presented above is used for determining the appropriate

subsystem redundancies.

5.8.2 Communication with Main Program

The variables listed in the calling sequence are: a return in-
dicator, a double string design indicator, and a vector of the number of
equipment types per subsystem, respectively.

Subroutine RELY additionally communicates with the main

program through the COMMON blocks: USERR, USERI, BTWN, DBCOM,
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CHOSE, and PRTCOM. Variables in USERR and USERI are user inputs and
are discussed i in Paragraph 8.1 (see NAMELISTs REQUIR, DESIRE, and
OPTION). ’I’he variables in BTWN, CHOSE DPBCOM and PRTCOM are dis-
cussed in Paragraph 3.2,

5.8.3 ‘Variables Specified in DATA Statements

’ Noﬁe
5.8.4 Other Subroutines Called

5.8,4.1 Subroutine RIMOD (J, DELH; ITRUNC, NT, IADb, IOPT

Subroutine RIMOD is called by subroutme RELY. Subroutine
RIMOD computes the reliability function for a spec1f1ed module with or
‘without a redundancy added. Five different models are used, depending on

the failure mode of an individual module. The calling parameters are:

J - L= Current module number
DELH o= Time increment
ITRUNC = Number of time points
NT =  Input option

' 1ADD =  Input option
10PT = Input option

Parameters passed through COMMON block CHQOSE are:

NCHOGSE
SYSPAR

I

Initial number of elements by module

Matrix of model parameters (called DATAB in
subroutine RELY)

Parameters“p_a.ssed through COMMON block DBCOM are:
R

NR- =  Number of redundancies by module

Resﬁlt'ant reliability function

5.8.4.2  Subroutine QSF (H; Y, Z, NDIM)

Subroutine QSF is called by subroutine RELY. Subroutine QSF
computes a vector of integral values for a given eqﬁidistant table of func-

tion values. QSF is a member of the System /360 Scientific Subroutine
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Package. The calling parameters are:

H = Increment of argument values
Y =  Input vector of function values
Z =  Regulting vector of integral values
NDIM = Dimension of vectors Y and Z

No parameters are passed in common.

5.8.4.3 Subroutine GAM (X)

The function GAM is called by RIMOD, Function GAM computes
the gamma function of its argument, X, GAM uses.a polynomial approx.i-

mation on the interval (1.0, 2.0).

5.8.4.4 Subroutine CERF (X)

The function CERF is called by RIMOD, Function CERF com-
putes the error function for X in (0,0, 4.0) and the compliment of the error
function for X in (4.0, @ ). A Chebyshev approximation is used in -

both cases.

5.9 SUBROUTINE THRML (IERR, NCONF)

5.9.1 Purpose of Subroutine

The thermal sizing subroutine determines the phase change
material weight, insulation area, heater power, radiator area, and types
of heat pipes to be used. Various configurations are considered in the
subroutine dependent upon variables _sﬁch as orbit, shape of vehicle, type
of stabilization, power requirements, temperature limits, and battery
temperatures. These variables are determined elsewhere in the model
and passed to THRML via the common blocks.

The output quantities are computed in the following sequence:

a. Radiator area (RADA)
b. Heater power (HTRPWR)
c. Heat pipe (HTPIPE)
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d. Battery radiator area (RADAR)

e, Battery heater power (HTRPRB)

£, Battery variable conductance heat pipe (VCI—IP;
g "Total radiator area (RAT)

h. Total heater power (HPT)

i. Total heat pipes (HTPT)

5.9.2 Communication with Main Program

Both variables listed in the calling sequence are discussed in
Paragraph 3. 3.
In addition to the calling sequence, subroutine THRMI: com-
municates with the main program via three COMMON blocks: USERI,
-CHOSE, and BTWN. Variables coming through USERI are user inputs
discussed in Paragraph 8.1 (s¢e NAMELISTs REQUIR, DESIRE, and
OPTION)}., The va,riable;s in BTWN and CHOSE are discussed in Para-
graph 3,2, ‘ - .

5.9.3 Variables Specified in DATA Statements

'DATA SIGMA/0.1714 E-08/, QS/442./, EMISS/60. /,
. ALBDO/155,./, CONST/1.5/, PIE/3.1416/

where:
SIGMA = Boltzmann constant in Btu/ (hr-ft-deg R4)
Qs =  Solar constant in Btu /(hr—ftz)
EMISS = Earth emission in Btu/(hr_—ftz)
ALBDO =  The Albedo in Btu/(hr—ftz)
CONST = The K constant (diInt?nsionless)
5.9.4 Other Subroutines Called
None
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5.10 SUBROUTINE COSTS (NCONF, NEQUIP)

5.10.1 Purpose of Subroutine

The cost subroutine determines the cost of building and inte-

grating a payload from the design engineering phase to the launch phase.

Costs are broken down into the following categories (variable names are

in parenthesis):

DDT&E (Nonrecurring) .

Design engineering {DE)

Test and evaluation (TE)}
Tooling and equipment (TOOLR)
Quality control (QCR)

Systems engineering and integration

(SEIR)

Program management (PMR)

Investment {Recurring)

Unit engineering (PE)

Unit production (PU)

Tooling and equipment (TOOL1)
Quality control (QCU) '

Systems engineering and integra-
tion (SEIP)

Program management (PMP)

Other costs which are computed are listed in the table below (variable

names are written in where computed):

Cost Category DDT&E
Spacecraft SATR
Mission equipment XMER
Total payload PAYR
Quality Units PAYQUIL
GSE GSE

Launch support

Flight operations

Contractor fee FEER
Program total DDTE

Investment Operations
SATINV
XMEINV
PAYINV
XLTOT
CTOT
FEEINV FEEOPS
XVEST OPS



5.10.2 Communication with Main Program

Both variables listed in the calling sequences are discussed in
Paragraph 3. 3.

In addition to the calling sequence, subroutine COSTS com-
municates with the main program via five COMMON blocks: USERC,
USERI, BTWN, CHOSE, and PRTCOM. Variables coming through USERC
are user inputs discussed in Paragraph 8.1 (see NAMELISTs REQUIR,
DESIRE, and OPTION). The variables in BTWN, CHOSE, and PRTCOM
are discussed in Paragraph 3, 2.

5.10,3 Variables Specified in DATA Statements
DATA FR, ¥P, FT, FE, RE, RT, RP, BE, BT, BP, PI, SF
where:
~ FR{6) =  Subsystem éiesign~ engineering cost factor
FP{6) =  Subsystem unit production cost factor
FE(6) = Subsystem unit engineering cost factor
. FT{6) =  Subsystem test evaluation cost factor
RE(6) =  Design engineering CER constant
RT{H) = Test evaluation CER constant
RP(6) = Production CER constant
BE(6) = De.sign engineering CER exponent
BT(6) = Test‘ evaluation CER exponent
BP(6) =  Production CER exponent

The six values in each of the above arrays are associated with the follow-
ing equipment or systems in the order indicated:

a. Solar array

b, Wiring harness
C. Thermal

d. Converiers

Propellant feed systems

f. Struciures
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In addifion:

PI = Price index (i.e., change of the value of the
dollars)
sSF = Optional factor {e.g., standardization factor)
5.10.4 Cther Subroutines Called
None
5.11. SUBRQUTINE SKED (NEQUIP, NCONF)
5.11.1 Purpose of Subroutine

The purpose of this subroutine is to calculate component
development lead time, subsystem development lead time, component quali-
fication time, subsystem qua:lification lead time, test lead time, and a total
time for each subsystem and for the misgsion equipment. The critical path

is determined and the ‘associated times are passed to the PRNT routine.

5.11.2 Communication with Main Program

Both variables in the calling séquence are discussed in Para-
graph 3.3. Subroutine SKED also communicates with the main program
via three COMMON areas: CHCSE, USERS8, and PRTCOM, Variables
coming through USERS8 are user inputs discussed in Paragraph 8.1 (See
NAMELISTs REQUIR, DESIRE, and OPTION). The variables in BTWN
and PRTCOM are discussed in Paragraph 3. 2.

5.11.3 Variables Specified in DATA Statements

DATA CONF, ICI

where:
CONF(22, 5) = Configuration dependent weighting factors
ICI(5) = Index with which the CONF array is addressed
5.11.4 Other Subroutines Called
None
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5.12 SUBROQUTINE PRNT (IERR, N.EQUIP, NACCEP, NCONF)

5,12.1 Purpose of Subroutine

This subroutine prints all output determined by the model, A
sample of the output may be found in Paragraph 8.3. This sa.rnﬁle includes
all three possible levels (system, subsystem, assembly) of output which
are available as well as a glossary containing descriptive information.
Dépending on the value of the parameter, IPRINT, system, system plus
subsystem or system, subsystem and assembly design information will

be printed out for each design.

5.12.2 Communication with Main Program

The variables IERR and NCONF listed in the calling sequence
are discussed in Paragraph 3.3, NEQUIP is discussed in Paragraph 3. 1.
NACCEP is a counter maintained b‘y MAIN and used only by PRNT. Itis
the accepté.ble design number identifying the particular run.

In addition to the calling sequence, subroutine PRNT communi-
cates with the main program via five COMMON blocks: B'fWN, PRTCOM,
CHOSE, USERP, and USERI.

5.12.3 Variables Specified in DATA Statements
None.
5.12.4 Other Subroutines Called
‘ None.
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6. DATA BASE

Paragraph 6.1 contains the discussion of the data base, the
position of the atiributes contained therein, and a desc ription of the data
base tape. Paragraph 6.2 discusses the PRESORT program which may

reorder the data base prior to exercising the model.
6.1 FORMAT

The data base tape is a seven track, BCD tape, 800 bpi and
blocked 84 characters per record. The format is illustrated in Figure 6-1.
Equipments in the data base are ordered by: (1) subsystems,
(2) configuration within each subsystem, and (3) equipment types within
_ each conﬁguré.tion [sized equipment(s) first, selected equipment(s) second].
Within equipment types, the equipment is ordered according to the prime
technical performance parameter. (This ordering may be changed by the
PRESORT routine discussed in Paragraph 6.2.}) A list of the data base

equipment in the order determined by these considerations is given below:

2. Stabilization and Control

Despin mechanical and electronics assembly
Valve driver assembly

Sun sensor with electronics

Nutation damper

Gimbal electronics assembly

Control timing assembly

Biaxial drive assembly

Nonscanning earth sensor

Sun sensor with electronics

10. Control electronics assembly

D00 =IO AW N
*

.n

11, Rate gyro assembly

12, Horizon sensor

13, Reaction wheel

14, Power converter

15, Attitude reference electronics
16. Valve driver assembly

17. Rate integrating gyros



18.
19.
20,
21,
22,

Horizon sensor (with electronics)
Electronics processing assembly
Single gimbal control moment gyro
Star sensor with electronics
Electronic error processor

Auxiliary Propulsion

L ) L I ] .

[lo e+ BEN Be L) BT CNR VRN W O o

.

10.
11,
12,
13,
14,
15,
16.
17,

Cold gas thruster

Cold gas isolation valve

Cold gas filter

Cold gas pressure regulator
Cold gas pneumatic tank

Cold gas fill and vent valve
Cold gas relief valve
Monopropellant thruster
Monopropellant isolation valve
Monopropellant filter
Monopropellant spherical tank
Monopropellant fill valve
Bipropellant thruster
Bipropellant isolation valve
Bipropellant filter
Bipropellant tank

Bipropellant {ill valve

Data Processing and Instrumentation

lc
2.

General purpose processor

Special purpose processor (digital telemetry unit

C ommunlca,tlons

-

-JG\.U‘HPU)N»—:

Base band assembly unit
Antenna

Transmitters

Receiver

Signal conditioner
Diplexer

Converters (transmitter and receiver)

Electrical Power

U W IN =
»

Shunt regulator
Battery cells
Battery charger
Discharge regulator
Shunt regulator
Battery charger



T Central control unit

g, Series load regulator
9. Battery charger
10, Solar power distributor
11, Power distributor
izZ. Power control unit
6.2 PRESORT

A small program exists to sort the data base prior to sub-
mitting a run for obtaining preliminary spacecraft designs. It will sort
the data base according to weight, cost, or reliability. A single digitin
Column 1 of a card’(to be read on unit 5) deterzpines the gort-varidble:

1 = weight (row 235, 2 or 3 = cost (row 46 and 47 or 48), 4 = reliability .
{row 42). Input tape is expected on unit 8. Output tape is unit 9. Either
disk or tape is acceptable for both input and output. Qutput should be
input to the main run. If this presort capébility is not used, i:h.e order
of the data base is determined by technical performance as discuss;ad

in Paragraph 6. 1. ‘
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Identification

1 ID. ES.0
2 CcoO A2
3 Type 3A6
4 Card 1
5
Technical Characteristics
6 T.P. 1
7 2
8 3 5E10.0
9 4
10 5
11 6
12 7
13 8
14 9
15 10 8E10.0 Card 2
Performance
16 Ave Pow
17 . Max Pow
18 Min Pow
19 Nom Volt
20 Max Voit )
21 Min Volt —
22 Corl 8E10.0 Card 3
23 Weight )
24 Veolume
25 Rand Vib
26 N-Radnd
27 Max Temp
28 Min Temp
29 Press
CDPI Inputs . 8E10.0 Card 4
30 No. Pow Cmd
31 No. Other Cmd
32 Time qus
33 No. Hi 'T" Ana
34 No. Hi 'T' Dig

Figure 6-1, Data Base Format (7 Cards/Equipment)
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35 Samp Rate
36 Granularity
gg ﬁo. Lo :;: Ana .
o. Lo Dig
39 Samp Rate 8E10.0 Card 5
40 Granularity
Safety
41 Fail Mod
42 Aorpu
43 o .
44 q
45 Muax Redund
Cost
46 D.E. Cst
47 T.E. Cst 8E10.0 Card 6
48 Unit Prod
49 Ref Quant
50 Factor
Schedule
51 Devel Const
52 Devel Var
53 Qual Const 5E10.0 Card 7
54 Qual Var
55 State-Art
Figure 6-1, Data Base Format (7 Cards/Equipment) {Continued)
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7. RESTRICTIONS AND/OR LIMITATIONS

The following tables detail both restrictions and limitations
of the model. The first type of restriction is that of incompatibility be-
tween. subsystem configurations and user requirements (Table 7-1). The
second type of restriction is that of incompatibility between subsystem
configurations (Tables 7-2 through 7-8).



Table 7-1. Stabilization and Control Configuration Selection

Three-Axis| ME ME and .
Requirements Dual | Yaw Mass with Momentum
Spin | Spin | Expulsion [CMGs Wheel
Orientation
Inertial Yes | No Yes Yes Yes
Earth pointing Yes | Yes Yes Yes Yes
Sun pointing Yes | No Yes Yes Yes
Maneuverability requirements
Vehicle slewing No | Yes Yes’ Yes No
Pointing accuracy
35-170 mrad (2-10 deg) Yes | Yes Yes Yes Yes
3.5-35 mrad (0.2-2 deg) Yes | Yes Yes Yes Yes
0,17-3.5 mrad (0.01-0.2 deg) Yes | No No Yes No
<0.17 mrad (= 0.01 deg) No | No No Yes No
Rate accuracy
1.7-17 mrad/sec (0.1-1.0 deg/sec) Yes | Yes Yes Yes Yes
0.17-1.7 mrad/sec (0.01-0.1 deg/sec) Yes | Yes Yes Yes Yes
<0.17 mrad/sec (0. 01 deg/sec) No | No No Yes No

Legend: Yes - Configuration can be used

No -~ Configuration cannot be used
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Table 7-2. Stabilization and Control Configuration Compatibility

Stabilization and Control

Subsystem Configurations

- Data Processing Subsystem

General Purpose

Special Purpose

Processors Processors

Dual Spin Yes Yes
Yaw Spin Yes Yes
Three-Axis Mass Expulsion Yes Yes
Mass Expulsion with

Control' Moment Gyros, Yes No
Mass Expulsion with

Pitch Momentum Wheel Yes Yes

Legend: .
Yes - Compatible
No - Incompatible
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Table 7-3., Auxiliary Propulsion Configuration Selection

Input Requirements Cold Gas| Monopropellant | Bipropellant

Thrust

< 224 newtons (< 50 1b) Yes Yes Yes

224-4450 newtons {50-1000 1b) No Yes Yes

> 4450 newtons (> 1000 1b) No No Yes
Total Impulse

< 4,4 x'IO4 newton-sec (< 104 Ib-sec) Yes No No

4.4% 10%-2.2 x 10° newton-sec (10%- 5 x 10% 1b-sec) Yes Yes No

2.2 % 105-8.9x 105 newton-sec'{5 x 104-2 x 105 lb-sec) No Yes Yes

>8,9x 105 newton-sec {2 x 105 lb-sec) No No Yes

Legend:
Yes -~ Acceptable
No - Unacceptable
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Table 7-4, Data Processing Configuration Compatibility

Special Purpose Processors

plus downlink

‘ (2 Data Rates

Computed)

Communication gg;;j:; .
Configuration Processor 1 DTU 2 DTUs
. . Yes "
Uplink, plus downlink (1 Data Rate Yes No
Computed)
o . Yes
Unified link, common antenna (1 Data Rate Yes No
Computed)
. p . ‘ Yes
Unified link, separate antennas {1 Data Rate Yes No
| Computed) ‘
. Unified link, common antenna Yes No Yes
) (2 Data Rates '
plus downlink Computed)
R . " Yes ’ | '
Unified link, separate antennas MNo Yes

Legend: ‘
Yes - Compatible
No -~ Incompatible




Table 7-5. Communication Configuration Selection

Configurations Ra}ngmg
Requirement

Uplink plus downlink No
Unified link, commmon antenna Yes
Unified link, separate antennas Yes
Unified link, coﬁunon antenna ¥

plus downlink €S
Unified link, separate antennas v

: es
plus downlink

Legend:
Yes - Acceptable
No - Unacceptable
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Table 7-6. Electrical Power Configuration Compatibility

Vehicle Orientation

Configuration Spinning Nonspinning
Solax Arrays
Body Mounted Yes Yes
Oriented Paddles N.o Yes®

Legend:
Yes -~ Compatible
No - Incompatible

Table_ 7“'70

Vehicle Shape Compatibility

SANDC Configuration Cylinder Sphere Box
Spinning Yes Yes No
3-Axis Yes Yes Yes

Legend:
"Yes - Compatible
No - Incompatible
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Table 7-8. Structural Configuration Compatibility

Structural Vehicle Shape
Configuration  -| Cylinder Sphere Box
Monocoque Yes No Yes

- Semi-Monocogue Yes No Yes
Truss \ Yes " Yes Yes
J.egend:
. Yes - Compatible
No -> Incompatible
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8. SAMPLE TEST CASE

Paragraph 8.1 discusses the input variables to the model.
Paragraph 8.2 discusses values that were used in the sample test case.

Paragr‘aph 8.3 contains the results of the sample test case.

8.1 USER INPUT VARIABLE LIST )

Inputs to the model are. listed in Table 8-1, NAMELIST names
are shown in parentilesis. All NAMELIST blocks must be in the order

*

given. If the user wishes to use the default parameters, the variables -

need not be entered. However, NAMELIST control input must exist for

each NAMELIST section. For example:

Title Card (80 columns)
$ REQUIR

$ END
$ DESIRE

$ END
$ OPTION

$ END
8.2 INPUT VARIABLES FOR TEST CASE

Figure 8-1 lists the variables which were used for the sample
test case. Only those variables that are changed from the default values

need to be entered.



FORTRAN Name

MICRO

IPRINT °

T
APOGEE
PERIGE
SPEC1 =
SPECH *

NQV
NEV
EQMIWT

EQMZWT

EPME

Table 8-1; User Input List

Default
Value

0

24.
500.
500,

18

0.6

435,
435,

.200.

Required Input Data

* Units

nmi

nmi

1b

ib

watts

Description -

Set to 0 for macro; setto l, 2, 3, 4 or 5 for
micro. If 0, program operates in macro maode.
1, 2, 3, 4, or 5, program performs-micro
search for SANDC, AUXPRO, DPI,COMM, or EP
subsystems, respéctively. For-micro search

.on a specific subsystem, user must restrict ail

other subsystems to one configuration each.

_Set to 1 for system level printout, Set to 2

for system and subsystern level pdntouts. Set®
to 3 for system, subsystem, and assembly level
printouts. Zero allows no printout.
Mission lifetime :
Orbit apogee
Orbit perigee

. !
System mean mission duration requirement

System reliability requirement at end of mission
life. -

Number of qualification vehicles
Number of flight vehicles

Mission equipment weight “fmust be zeroed out
if there is no mission equipment one)

Mission equipment weight (must be zeroed out
if there iz no_mission equipment two)

Mission equipment power requirement

«#Either SPEC 1 or SPEC 6 can be omitted if the other is given. If SPEC I1<0. 1, the reguire-
ment is ignored, thereby reducing the execution time-of the program. If SPEC & <0.00001,
this requirement is ignored; however, the program execution time is not reduced.



Table 8-1. User Input List (Continued)

Désirable Input Data

FORTRAN Name Default ° Units Description
_Value ’
IAGNCY 1 1 = USAF, 2 - NASA

IMETYP 2 Mission equipment type (1 means Communi-
cations, 2 means Earth Cbservation, 3 means
Lunar, 4 means Planetary)

ISATOR 1 1 earth oriented, 2 sun oriented, 3 inertially
oriented

PHIRX 0.75 deg

PHIRY 0.75 deg Required attitude acciiracy about roll,

PHIRZ, 0.75 deg pitch, and yaw axes ‘

NMSEQ 1 Number of mission equ1pmeni: command and |
telemetry data arrays 1n ARRAYN (maximum
of 3) .
Mission data for up to three (3) equ1pments *

ARRAYN (1, ~) 0., 0., 0..) Power switching command

ARRAYN (2, ~) (0., 0., 0.} Cther commands

ARRAYN (3, ) (0., 0., 0.} ) Time tagged commands

' : -High rate telemetry %
ARRAYN (4, -) {loé., 0.

s 0.3 Number of analog points
ARRAYN (5, -) (106., 0., 0.} _ Number of digital points
ARRAYN (6, -) {500., 0., 0,) sec Sample rate
ARRAYN (7, -) (8., 0., 0.) bits Word length
) Low rate telemetry =
ARRAYN (8, -) (280., 0., 0.} -Number of analog points
ARRAYN (9, -) {280., 0., 0.) Q1 Number of di gital points
ARRAYN (10, -) (1., 0., 0.} sec Sample rate
SARRAYN (11, ) (8., 0., 0.} bits Word length
OPSMS 0. ops/sec Number of mission operations
MB12SH 1 Mission equipment bay shape (1 means cylin-
der, 2 means box)
EOQOMIXL {Calculated) in. No. 1 mission equipment bay length 3
EQMI1YL (Calculated) - in. . . No. 1 mission equipment bay width %
EQM1ZL {Calculated)  in. No. 1 mission equipment bay height %o
EOMZXL, .{Calculated) in, No. 2 mission equipment bay length ok
EQM?YL {Calculated) in. No. 2 mission equipment bay width %%
"EQM2ZL {Calculated) in. No. 2 mission equipment bay height %%

* Representative values shown for ARRAYN apply to the separate downlink configurations. De-
“-signs not using a separate downlink for the migsion eqmpment should specify substantxa.lly
smaller input values than those values suggested since the mission equipment data is comblned
with the housekeeping data for transmission purposes.

For separate downlink designs, nonzero high rate and low rate telemetry data must be sPec:.ﬁed
for at least one mission equipment. Designs not using a separate downlink for the.mission
equipment can have ARRAYN zeroed out,

*%%k Must be zerced out if not used.

=
il
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Table 8-1,

User Input List (Continued)

FORTRAN Name Default
Value

EMIYCG 0.
EMZCG 0.
EM2YCG 0.
EM2ZCG 0.
NUMEEQ 0

EEQWT(1) 0.
EEQWT (2) 0.
EEQWL(3) 0.
EEQWT{4) 0.
EEQWT(5) 0.
EEQWT(6) 0.
EEQWT(T) 0.
EEQWT(8) 0.
EEQWT(9) 0,
EEQVI{1)} 0.
EEQVL{2} 0.
EEQVIL(3) Q.
EEQVL(4) 0.
EEQVLI(5) a,
EEQVL({6) 0.
EEQVL(7) |8
EEQVIL(8} 0.
EEQVIA{9) . 0.
CGEEX(1} 2.
CGEEX(2) 2.
CGEEX(3) 2.
CGEEX(4) 2.
CGEEX(5) 2.
CGEEX(7) 2.
CGEEX(8) 2.
CGEEX(9) 2.
EELOC(1) 3.
EELOC(2) 3.
EELOC(3) 3.
EELOC(4) 3.
EELOC(5) 3.
EELQC{6) 3.
EELOC(7) 3.
EELOC(8) 3.
EELOC(9) 3.

Desirable Input Data

Units

in.
in,
in.

in.

/

Description

Mission equipment CGs relative
to equipment bay interface

Number of external equipments
{Maximum of 9)

External equipment weights

External equipment volumes

Location of external equipment (1 means
front, 2 means center, 3 means aft end
along axis of symmetry)

Location of external eghipment (1 means
right, 2 means left, 3 means top, 4 meauns
bottom looking along the axis of symmetry
from the aft end)

REPRODGC,;&LLH OF iud
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Table 8-1, User Input List (Continued)

Desirable Input Data

FORTRAN Name Defanlt Units Description
Value
RELME 1.6 Mission equipment reliability at end
of migsion life
XMER 0. 3 Mission equipment DDT&E cost
XMEU 0. % Mission equipment average unit cost
PI 1.0 Price index factor
Schedule data for up to three mission
equipment:
SKDME(1, ~) (0., 0., 0.} $1000- Design engineering cost
SKDME(2, -) (0., 0., 0.) $1000 Test and evaluation cost
SKDME(3, -} (0., 0., 0.) mo Development lead time constant
SKDME({4, -) {0., 0., 0.} mo Development lead time variable
SKDME(5, -) (0., 0., 0.) mo Qualification lead time constant
SKDME({bH, -} {0., 0., 0.) mo Oualification lead time variable
SKDME(?, =) {0., 0., O.) State-of -art factor
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Table 8-1.

FORTRAN Narme Default
Value

IDERUG 0
ISTRT1 1
IENDI 5
ISTRTZ2 1°
IEND2 3
ISTRT3 1
IEND3 2
ISTRT4 1
IEND4 5
ISTRTS 1
IENDS [
ISTRTSH 1
IENDb6 3
ISTRTR 0
IENDR 1
ORBINC (Calculated)
DPHI .25
FE 4.1
TSMALL 100.
XNU 3.
PDOTI 1.
PDOTX 1.
PDOTY 1.
PDOTZ 1.
XN 1.
¥N 1.
ZN 1.

User Input List {Continued)

Optional Input Data

Units

g St T it gt

deg
deg

s5ec

deg/sec

deg/ses‘: }

|

Description

Input value of 1 causes cost and reliability
debugging information to be printed out.
First of all allowable five configurations to
be designed for the Stabilization and Control
subsystem. ISTRTI and IENDI effectively
limit the number of configurations whose de-
signs will be attempted. (Must be equal

for micro search on another subsysteml).

Last of the allowable five configurations to
be designed for the Stabilization and Centrel
subsystern,,

As above for Auxiliary Propulsion

As above for Data Processing and
Instrumentation

As above for Communications
As above for Electrical Power
As above for Vehicle Sizing
As above for Reliability

Ozbit inclination

Main engine alignment to thrust axis
Translational thrust {must be non-zero)

Main engine burn time (AV and stationkeeping)
Control system efficiency

Maximum initial rate

Maximum maneuver rates

Number of maneuvers about roll, pitch,
and yaw axes
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FORTRAN Name

PDOTRX
PDOTRY
PDOTRZ

T TPMIN
OMEGR

s

K
MANV

'EPL
AX

AZ

EANT

LALPHA
TL
TACCEL

XNNN

THOLD

PDOTAV

Table 8-1. User Input List {Continued)

Optional Input Data

, Default Units | Description
Value- .
. 012 .
.012 deg/sec Required system rate accuracy
. 012
10.0 sec Minimum payload scan period (applies ‘only

to yaw spin configuration}

(Calculated) rpm Spin rate of rotor (apphes only to dual
spin configuration)

{Calculated) days Time between spin axis corrections
(applies only to dual spin configuration)

1 - 0 if errors for spin axis relative-to nadir;
1 if errors for payload relative to nadir
{applics only to dudal spin configuration)

1 4 means vehicle skewing and prevents.de-
sign of the dual spin configuration; other-
wise, no effect

L0001 - deg/sec Masximum programmed pitchover -rate
{applies only to three-axis mass expuls10n
configu ratmn) .

.05 M1sa.11gnment errors in mouni:mg inertia

.05 deg measurement units {applies only to three-

. 05 axis mass expulsion configuration)

0.10 deg Antenna misalignment (applies only to
pitch momentum bias configuration)

‘0.1 rad Antenna elevation (applies only to pitch
momenturmn bias configuration and should
be set to less than one radian)

12.0 deg Thruster offset in roll-yaw plane (applies
only to pitch momentum bias configuration)

1.0 ° day Time between unloading wheel momentum
{2pplies only to CMG configuration)

(Calculated)}  sec Acceleration time for maneuvering
(applies only to CMG confige ration)
4.0 Number of single gimbaled gyros
(applies only to CMG configuration}
1000600, . 7 min - Time vehicle in inertizal hold (applies
. only to CMG configuration) -
0.01 deg/sec Average body rate for low orbit when

high accuracy is reguired (apphes only
to CMG conflgurahon)

THE
RODUCIBILITY OF
%EggﬂﬁAlj?EiHE]S'POOR.
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FORTRAN Name

PDOTST

THETMX

PHIFOV

BTRMX
SCsSFL

TPRFL

IOPTCM
LINK

FREQ(2}

NET
NADIR
FREQR
COMRAT-
BWIDTH(2)

OPTEMP
EQPF
ISBOFG

XCGSAL

Table 8-1,

User Input List (Continued)

Optional Input Data

Default Units
Value
0. 0667 deg/sec
180, deg
40.0 deg

1. 024x106 bit/sec

0.

2250., 2250

1
0
1800,
1000.
(Calculated)s*

15,

MHz=

MHz
baad
Hz

LDescription

Maximum rate at which star information
is obtained {applies only to CMG configura-
tion)

Maximum maneuver angle (applies only
to CMG configuration)

Maximum range of attitude freedom re-
quired to track specific stars {applies
only to CMG configuration)

Maximum bit rate

Special command synchronization flag
(0 means no synchronization required, 1
means synchronization required)

Telemetry processing flag (0 means teleme-
try processed separately, 1 means other-
wise)

Ranging requirement (0 or 1 for no or yes)

Cormmunica tions link {0 or 1 for USB or
SGLS) *

Frequency of downlink transmitters
{second number refers to separate down -
link)

1 = NASA net, 0 = AFSCEF net
Nadir coverage flag (0 = no, 1 = yes}
Receiver frequency

Receiver command rate

. Bandwidth for transmitter {default values

are flags that cause bandwidth to be com-
puted as a function of bit rate)

Battery temperature
Volume sizing factor

Solar array boom drive requirement
(0 meéans not required, 1 reans required)

Location of solar paddles (1 means front,
Z2 means center, 3 means aft end}

* The computer program does not currently possess the ability to design an USB
communications link,

++ In Subroutine COMM



FORTRAN Name

XCGSA3Z

DIAMAX
RFIXED
KEOPT

SLBMX
ISPT

ISUB

SPEC(1)*
SPEC(2)*
SPEC{3)%
SPEC{4)*
SPEC(5)*

CA
CE
FEEPCT

Table 8-1. User Input List (Continued)

Optional Input Data

Default

Units

Value
1.

120.
1.0

50000. 0
0

(Calculated)
{Calculated)
(Calculated)
{Calculated)
(Calculated)

10.
5.
0. 07

% If SPEC(K) < 0.00001, the requirement for the K t

in,

b

Description

Location of body mounted solar array
(1 means front, 2 means center, 3 means
aft end)

Maximum satellite diameter
Initial system reliability

Expense option indicator (1 means
additional redundancy is penalized on
the basis of weight; otherwise expense is
cost})

Maximum system weight
Single point failure requirements option
{0 = not in effect, otherwise in effect)

Subsystem requirements option

{ = at least one subsystem has a reliability
spec, otherwise no reliability specs on
subsystem)

Reliability requirement for the
Stabilization and Control subsystem

Reliability requirement for the
Auxilary Propulsion subsystem

Reliability requirement for the Data
Processing subsystem

Reliability regnirement for the
Comrmunication subsystem

Reliability requirement for the
Electrical Power Subsystem

Axial launch acceleration
Lateral launch acceleration

Contractor's fee percentage

h subsystem is ignored.
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$FEQUIR
AFOGEE
EPNE
EQM1NT
EQMZNHT
IFRINT
MICRO
NFV
NGV
PERIGE
SPEC1
SPECSH
T

$END

1]

0.193229£+05,
D.3E+03,
De181E+03,
00,

3,_

Oy

6y

i,
0,193229E+05,
D.38E202,
0.236E4+00,

0 JBE+02,

Figure 8-1, Input Variables for Test Case
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$DESIRE
ARRAYN

CGEEX
EELOC
EEQVL
EEQHT
EMLYCG
EMLZCG
EM2YCG
EH2ZCG
EQMLXL
EQULYL
EQM1ZL
EQM2XL
EamMa2YL
EaMz2L
TAGHCY
IREVYP
ISATOR
MB12SH
NMSEQ
NUMEEQ
OFSHS
PHIRX
PHIRY
PHIRZ
PI
RELME

SoE5E 2, a0, “a%s, %aln, Cals, %als, Ceds, %2858, %8050
oy ols 0.€Cs 0.0, 0.8,

Ce2E#01y, 0426401, 0426401y 0.26¢0%, 042E401, 0.2E¢01, 0.2E+04,

043401, 0.3E+01, O0.3E+01, O0.3E¢01, 0436401, O.3Eedl, 0.3E+01,

040y 0eOy Cofy D0eby 0cDy 0oO, 0Oa0s 040, 0o0,

B0y 0.0s 0.Cp 0eGs 040y 0u0s Oe0y GoCy Goly

0.0,

0.0,

[1 1P S

040,

B o 4B4E +02,

D.$082E403,

6.1082E403,

8.0,

0.0,

o0y

1,

1y

1

1,

8y

0.8,

0.393E400,

0.393E+00,

0+393E400,

0.1E+401,

0.7E+00,

Figure 8-1,

Input Variables for Test Case (Continued)

B.75E=-02
0

«0y .

0.,2E¢+01,
0.3E401,

0.4,

0.BE+01, 0.0
QeGy 0.0y

0.2E+401,

0.3E+01,-

6-0’



Al Bk

SKOME

XMER
XNEU
SEND

4

0:0; g:ﬂ: g:%; g:g; g:g: 0e¢0y DeDy 0.0, 049, 0.04 0.0,

04323E+08y
0e33LEHOT,

Figure 8~1. Input Variables for Test Case {Continued)

DeDy

0.0y

0.3y

Be0s

[
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SOPTION

ALPHA = (0.12E+02,.
AX = D.5E-01,

AY = 0.5E~-01,

Az = 0.5E-01,
BIRMX = 041024E+407,
BWIOTH * = =0.1E+1%y =-0.1E+11,
CA = 0.1E+02,

cE = Oe5E+hi,
COMRAT = OB.1E+04,
DIAMAX = 0.108E+03,
DPHI- = [0.25E+00,
EA = GeLE+QD,
EANT =  QetEHDO,
EP1 = 0.1E-03,
EQPF = D.1E+02,

FE = 04356401,
FEEPCT = 0.7E-01,
FREQ = D.225E404,y 0.2256+04,
FREQR = (0418E+04,
IENDL = 1,

IDEBUS = 1,

IENBz = 2,

IEND3 = 2,

IENDG = 2,

IENDS = 2,

IENDE = 1,

IENDR = 0,

ICPTCH = 1,

Figure 8-1,

Input Variables for Test Case {Continued)
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ISBOFG

ISPT
ISTRT
ISTRT2
ISTRT3
ISTRTY
ISTRYS
ISTRTS
ISTRTR
IsuB

K
KEOPT
LINK
MANV
NADIR
NET
OHEGR
OPTEMP

-ORBINC

POOTAV
POOTRX
POOTRY

POOTRZ
" PDOTST

POOTX
PLOTY
PLOTZ
PCOTO

8, ,
D.58E+02,
B.15E+02,
0.25E+01,
041E-01,
0+1ZE-01,
0412E=-01,
0.12E-01,
0 .5_67E"01 *
0.1iE+01,
C+1E+01,
0.1E+04,
0.1E+04,

<

Figure 8-1, Input Variables for Test Case {Continued)
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8.3 SAMPLE TEST CASE RESULTS

The test case corresp;mds to the#'DSCS-II satellite. This
satellite provides for expanded communications service for worldwide
military installations and the National Command A.uthori_tf. The satel -
lite is drum-shaped. Two dish antennas on top of the spacecraft are
deployed in orbit to provide narrow beam coverage. Conical horn earth
coverage antennas are mounted on top of the spacecraft. An omni- Q
directional command and télémet.ry antenna is deployed beneath the
main body. Communications equipment is mounted on a mechanically
despun platform. Other subsystems are housed in the main body of the

spacecraft. The test case results are presented in Figure 8-2.
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9. . SOURCE CODE-LISTING

The following is a listing of the Systems Cost/Performance
Computer Program,
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FRINT AUXILIARY PRGPULSION INFORMATION

FRINT 119
FORNAT(iZX,ZDHAUXILIAR? PROPULSICN)

JICONF = NCONF
GO TO (120 122;12&),ICUNF

COLD GAS

ERINT
EgR?AT{i#X,ZGHCONFIGURATION

)

= COLD GAS)

MONOFROPELLANT

PRINT 123 .
FORMAT (14X ,32HCONFIGURATICN
GO TO 126

= MONOPROPELLANT)

BIPROPELLANT

ERINT
FGRHAT(1%X;3GHCONFIGURhTIGh

[}

= BIPROPELLANT)
FRINT 127,71 ;
FORMAT (16X, 1 6HTOTAL IMFULSE sF11.0, BHILB=SEC))
PRINT DATA PROCESSING INFGRHATION

ERINT
FORMAT(iZX,SSHDATA PROCESSING AND INSTRUMENTATION)

JCONF = NCONF(Y)
GO TO (130,132),ICONF

GENERAL PURPOSE PROCESSOR

ERINT 131
EgR?gT{%ﬁX,Q3HCONFIGURQTICN - = GENERAL PURPOSE PROCESSOR)

SPECIAL PURPOSE PRQOCESESQR
FRINT
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FORMAT (14X, 49HCONFIGURATIGN - - SPECIAL PURPOSE PROCESSOR
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FORHAT(iGi,Z?HCOHPUTER OPERATIONS RATE = ,F11.,0, SH(IPS))
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PRINT TOTAL SATELLITE LENGTH

ERINT 194,SATLEG
194 FORMAT(16X,23HTOTAL SATELLITE LENGTH »F 1142, 4HCIN))

FRINT MOMENTS OF INERTIA
FRINT 195

Xdy¥JyZd
1951F0RHQTtiei,g%HhérENTS OF INERTIA(LB~IN¥*2) IXX=gF11.1, 5H IVY=,F11

Y

«145 IZZ*, 1.
FRINT 9000
FRINT SAFETY(RELIABILITY) INFORMATION
FRINT

200 FORMAT

iICONF = L+ 1 .
GO TO(202,204) « ICONF

SINGLE SYSTEM

FRINT 283 °

FORMAT (14X, 31HCONFIGURATION = = SINGLE SYSTEM}
GO TO 206

DUAL SYSTEM

204 PRINT 20¢F '
205 FORNAT(14X,29HCONFIGURATION = -« DUAL SYSTEM)

200
(12 6HSAFETY)
1
2

M -

X
R
)

202
203

PRINT REL STATS

20€ FRINT 207,MMDOLD ,

207 FORMAT(16X,21HHEAN MISSICN DURATION,7XsF11.1,4H(M0))

" PRINT 209,ROLD(ITRUNG) '

209 FORnAT(16i,1;HREL1ABILITV,17x,F11.3)
PRINT 211, TRUNC

211 FORMAT(18X,28HMISSION LIFETIME sF1i.1,4H(H0))
BEGIN COST PRINT-OUTS
£RINT 220 . :

220 FORMAT(12X,34HCOSTS (ALL AMOUNTS ARE IN DOLLARS))
FRINT 222 '

222 FORMAT(S5S5X, SHDDT+E,28X,22HINVESTMENT (RECURRING))
FRINT DES. ENG.(DE) AND UNIT ENG.(PE)
PRINT 224yDEPE .
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224 FORMAT (16X ,18HDESIGN ENGINEERING,,18XpF134154Xy16HUNIT ENGINEERING,

22¢

228

234
iFt

232

234

111X%,F11.1)

FRINT TEST AND EVAL.{TE} AND UNIT PROD. (PU)

FRINT 22€,TE,PU

FORMAT(16X,19HTEST AND EVALUATION,;17X,F13.154X,215HUNIT PRODUCTION,
112X, F11.1)

PRINT TOOLING (TOOLR + TCCLU)

FRINT 228, TOOLK,TOOLU

FORMAT(L &,EGHTBOLING ANC TEST EQUIPMENT ,18X,F13.2,4X, 24HTOOLING A
AND TEST EQUIP. 31XyF13.1)

FRINT QUALITY GONTROL (QERF + QCP)

FRINT 230,GCR,GCP
FO§M£I(16§,15§GUALITY CONTROL 5 24Xs F413.1 14X, {5HQUALITY CONTROL,10X,
&

8
€
E

FRINT SYSTEM ENG.AND INTEGRATION (SEIR + SEIP)

FRINT 232,SEIR,SEIP

FORMAT (16X 35H§vsrsns ENGINEERING AND INTEGRATION »F13.1,4X,21HSYS
ATEMS ENGo AND INTeykXyFl3e1)

PRINT PROGRAM MANAGEMENT (PMR + PMP)

PRINT_234, PHR, PP

FORMAT(16X 1 BHPROGRAM MANAGEMENT18XsF13.1,;4X, 183HPROGRAM MANAGEMEN
1Te7X,F13.1}

+

RINT COSTS BY DOT+E, INVESTMENT AND OPERATléNS BREAK-OUT

FRI

NT 236 ) i
zss‘ponunrééux 13HCOST CATEGCRY 13X 45HODT+E, 15X, 10HINVESTMENT 515X,

238

240

242

10HOPERATIONS)
FRINT SPACECRAFT COSTS

ERINT 2385 SA TR, SATINY :
FORMAT (16X, L0HPACECRAFT ,40Xy F1344,9X,F123.1)

FRINT MISSION EQUIPMENT CQOSTS

FRINT 2404 XMER» XMEINV
FORMAT(16X,17HMISSION EQUIPMENT,3X,F13.1,9%,F13.1)

FRINT TOTAL PAYLOAD COSTS (SUM OF PRECEDING TWO)

PRINT 2424PAYR.PAYINV
FORMAT (16X 1 3HTOTAL PAYLOAD7XsF13e41,9X,F13.1)

FRINT QUALIFICATION ULNITS COSY
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PR IN
FORMAT
16H (MON

ERINT 244, PAY
FORMAT(L6K,20

FRINT GSE

FRINT 246, GSE
FORMAT (16X, EHG.SeE.

FRINT LAUNCH SUPPORT

FRINT 248, XLTOT
FORMAT (16X y14HLAUNCH

PRINT CONTRACTCR FEE

FRINT 250, FEER,FEELN
FORMAT (1 EX »15HCONTRA

FRINT PROGRAM TOTALS

RINT 252, DDTE,XVEST
FORMAT (16X, 14HP

QLL
HQUALIF

FRINT SCHEDULE INFOR

ERINT 254

ICATION UNITS ,F13.1)
»14X,F13.1)
SUPPORT 353X yF13.1)

V,FEEOPS
ctor FEE+6X9F134149X,F13.1+42X,F13.1)

3 0PS

ROGRAM TOTALS,6X3F1361,9X,F1341,12X,F13.1)

MATICN

FORMAT (12X, BHSCHEDULE)

PRINT COMPONENT DESI
FRINT 256,SKTAU(L)

FORMAT (16X, 33HCOMPONENT DESIGN DEVELOPMENT TIHE’13XoF5.1'8H(HONTHS.

D)
PRINT COMPONENT QUAL
FRINT 258,SKTAU(2)

FORMAT(16X,28HCOMPONENT GUALIFICATION TIME,18XKyF5.148H (HONTHS))

GN DEVELOPMENT TIME

IFICATION TINME

PRINT SUBSYSTEM DEVELOPMENTY TIME

FRINT 260, SKTAU(3)
FORMAT (1 X

PRINT SUBSYSTEM GUAL
FRINT 2624SKTAU(4)

FORMAT(16X,28HSUBSYSTEN QUALIFICATION TIME 18X +FS.1,8H (MONTHS))

FRINT SYSTEM DEVELOP
INT % SKTAUL

MONT

y26HSUBSYSTEM DEVELOPMENT TIMEs20XsFSe1438H(MONTHS))
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IC ONF=NCONF (1)
GO TO (210,210,220,2204,220), ICONF

CRBIT LT 500, ORBITAL INCLINATIOK LE 30 DEGREES AND, &
SUN ORIENTED AND, ¥
PIN STABILIZED (EQUATION 2.1.1.2) £
ALPHA=0,08

EPSLON=0.73

DETERMINE RADIATOR AREA . o
RADA=QMAX/ ( (SIGMA®EPSLON®THAXY %4 )= (ENISS*EPSLON) = (. 5% ALBDO*ALPHA) )
DETERMINE HEATER POWER
HTRPWR=1.25%( (STGMA®E PSLCN*RADASTHIN®*4) =QMIN)

DETERMINE HEAT PIPES '

HTPIPE=(QMAX*LNGTH) /3,41

JERR=10011

60 TO 388

CRBIT LT 500, OBITAL INCLINATIGN LE 30 DEGREES AND, *¥

SUN ORIENTED AND .

3-AXIS STABILIZED (EQUATION 2.1.1.1) hh
PHA=0.08

EESLON=0.73
DETERMINE RADIATOR AREA

RADA=QMAX/ € (STGMA®EPSLON*TMAX*%4) - (EMISS*EPSLON) (AL BD0¥ ALPHA))
DETERMINE HEATER POKER

HTRPHR=1 .25%( { SIGMA*E PSLON*RADA* THIN*¥*4) ~QMIN)

DETERMINE HEAT PIPES

" FTPIPE=(QMAX*LNGTH) 73441

IERR=10011
G0 70 38D
HERE IF ORBINC 6T 30
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ICCNF=NCONF (1)
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DETERMINE RADIATOR AREA

RADA=QMAXZ ({SIGMA®EPSLCN*THAX®34 )~ (EMISS*EPSLON) - (ALBOC* ALPHA) )
DETERMINE HEATER POMER :
HTRPHR=1,25% ({SIGMA®EPSLON*RADA*TMIN®%4) ~<QMIN- (EMISS*EPSLON) )
DETERMINE PCH MASS .

FCM=(0.26% ALPHA*ALBOO®RADA*CONST /40,

DETERMINE HEAT PIPES

HTPIPE=(QM AX*LNGTH) /73, 41

éﬁﬂg:ianﬁiuii

0 To 38
CRBIT LT 500, ORBITAL INCLINATION GT 30 DEGREES
SUN ORTENTED AND

3-AXIS STABILIZED (EQUATION 2024241)
ALPHA=0, 08

EPSLON=0.73

OETERMINE RADIATOR AREA
RADA=QMAX/ ({SIGHAPEPSLON*THAX**4 )= CEMISS*EPSLON) = CALBOO%ALPHA) )
DETERMINE HEATER POWER

HTRPWR=1.25%{ (SIGMA*EPSLON*RADAYTHIN®* 4) ~QMIN= (EMISS*EPSLON} )
DETERMINE PCM MASS

FCM=(0.26% ALPHA®ALBDO*RADA®CONST ) /440

DETERNINE HEAT PIPES '

HTPIPE= (QMAX®LNGTH) /3441
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APPLIELC LOAD (ONLY BENDING MOMENT)

GOMPUTE HEIG?T PER PAOODLE (ASSUME 2 PADDLES)

WE= +5*S0ARM

XMA= 1,25¥SABOLG¥NE*SQRT{CA*CA + CE¥CE)
NOMINAL TUBE RADIUS

R= (SADOLG¥¥L4¥XMA/Z(PI¥¥5¥E)) **, 1428
TUBE WALL THICKNESS

TH= 2.%*SQRT(XMAZ{(PI*E*R))

CHECK FOR APPLICABILITY OF EULER COLUMN STABILITY
Ci= {PI*E‘*Z*XMAf(B.‘R*S;BOLG“Z))*'-3333

FA
IF(SIGY-FACL1.GE.Q.) GO TO
EULER COLUMN STABILITY NOT AFPLICABLE

TH= (16, *SIGY*XNAZ (PI*E¥*¥2))*¥%,3333
Rz TW*E/Z (4.¥SIGY)

VOLUME OF SOLAR BOON

VARAY=R* TH*SABOLG

SIZING OF EQUIPMENT BAY STRUCTURE
CONT INUE

P= CA*SATHT

BENDING MOMENT

XM= ,75*CE*EGBLG*SATHT

IF(IGHECK.EQs1) XM= C%‘EGBLG'SATHT
IFINCONF (6) «NEW1) .GO TO' 5

EQUIVALENT AXIAL LOAD

RR= «5YSATDAN . .
XN= P/ (2.*PI*RR) + XM/ (P I¥RR*RR)

SIZING OF EQUIVALENT MONOCOGUE CYLINDER

TM= L BT2*F (XXNU*XN*XL*XL/E)**,3333 °
FAC2= XL¥%¥23SQRT(XXNU) /7 (RR¥THM)
IF(FAC2.LE.31) 60 _T0 3
TN=_2,76*SQRT (SART (XXNU) *XN*RR/E)
CONT INUE
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