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1.0 INTRODUCTION :

The TVBS system synthesis/optimization program developed by Convair
under contract No. NAS8-21036 provides the user with a flexible tool for
the analysis of TVBS system requirements. While obtaining minimum cost |

- SV NS

design points, the program ensbles the user to perform studies over a wide
range of user requirements and spacecraft configurations. The program utilizes
a total systems approach in which the ground uplink, spacecraft, launch
vehicle, and ground downlink systems are simultaneously synthesized. A

, steepest-descent algoritim is embloyed to determine the minimm total system
cost design for each configuration considered. In the process of converging
to the solution, the pertinent subsystem trade-offs are resolved.

The program provides the system designer with the capability to

o

consider a wide choice of system configurations. By appropriate specifi-,

cation of the pertinent input variables, the program cen be made to cycle

through the various types of subsystem elements and user requirements to be 5
considered. The minimum cost solutions obtained for each configuration fé
can be compared to determine that configuration which has the minimum cost.

4B S5 e Al A A

The program can also be used as a tool in performing sensitivity
analyses. For example, it can be empleyed to determine the change in the
total system cost resulting from a perturbation of the design perameters,
the configuration sizing constraints, and the subsystem parametric relation-
ships, as well as the user requirements (S/N, frequency, etc.).

This report documents the TVBS computer program. Section 2 provides i
a general technical discussion. Section 3 provides definitions of the
variables in the input lists. Section 5 provides a description of the
driver and each subroutine comprising the program. A verbal description
| a computer listing, and a flow diagram where applicsble is included for
| each. A sample of the input used by the program is included in Section 4
together with a semple output 1isting. Appendix A is included to present
the general purpose system subroutines required by the program. Appendix B
provides a derivation of the equations used in the convergence algorithm.
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Appendix C presents the method implemented for the solution of the pertial
derivatives of the parametric relations. Appendix D provides the subsystem

parametric relations which were used to obtain the analytic model coefficient:.

values listed in Section 4.l. Appendix E provides the payload sizing
constraints imposed by the satellite configurations which were considered.

e g e e ey L N .

s




2.0 TECHNICAL DISCUSSION
2.1 PROGRAM DESCRIPTTON

GDC-DCFTQ=002

2

The TVBS computer program is comprised of a driver and nine sub-

routines (see Figure 2.1).The components are as listed:

TVBS DRIVER
SUEROUTINE INIT
| SUBROUTINE CONV
) | SUBROUTINE SYSEQ
SUBROUTINE PLACE
SUBROUTINE FRTTAL
SUBROUTINE BCHECK
SUBROUTINE ERROR

SUBROUTINE OUT

to zero.

| SUBROUTINE OUTPTX

initializes and controls execution

initializes and sets boundary constraints

controls execution of the convergence technique

- computes value of dependent parameters

sets coefficients for transmitter curves
computes required partial derivatives

- checks system parameters for boundary violations

- controls output of diagnostic messages under
certain conditions

- provides intermediate output of iteration
results '

- provides final summary output

! These do not include the required general purpose system routines which are
listed in Appendix A. A detailed description of each of the above sub-
% progrems 1ls given in Section 3.

5 The general logic flow of the camputer program is given in Figusre 2.2.
g The program wes specifically'designed for use on Convair’s CDC 6400 computer
| system using FORTRAN IV, CDC Version 2.lprogremming language.

| On the basis of 100 cases run, the aversge required central processor
(CP) time per run was 4.6 seconds. Core requirement for execution is
approximately h?KB including routines required by the operating system.

It is essential that before executing the program, core be initialized

TN
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GENERAL-PURPOSE
SUBROUTINES
]
/~ SUBOUTPTX

/_SUB OUT
£ SUB ERROR
/  SUB BCHECK

‘4 SUB PLACE
/  SUB PRTIAL

‘/SUBSYSEQ

N SUB CONV

e

Z___SUB INIT
TVBS-DRIVER ﬁ [

‘,2-2,

€00-0.LJ40a~0ad



SET SOLVE
PARAMETER SYSTEM
BOUNDS EQUATIONS
f ' 1 CHECK FOR
- _ - - BOUNDARY
Yuax Ymin X, Y., C. VIOLATIONS
v S R v T
»|  DRIVER COS M
REQUIREMENTS CONVERGENCE \
- PROGRAM |
: < ROUTINE -—
~ . | caLcuLaTE.
ERROR PARTIAL
DIAGNOSTICS -~ | DERIVATIVES

OUTPUT
CONTROL

Figure 2.2 TVBS General Flow Diagram
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2.2 MATHEMATICAL DESIGN OPTIMIZATION TECHNIQUE

The Conveir TVBS system design optimization pProgram uses & steepest
descent iterative process, which is a modified gradient technique to »
determine the minimum cost design point for a given system configuration.
At each iteration the nominal design point is perturbed in such a way as to
cause the maximum rate of decrease in total system cost to be consistent
with the design constraints.

If ij is the amount by which the Jth boundary is violated and g
represents the gradient of total system cost, then the perturbation in X
the vector of independent design perameters, is given by

X=-x, [1-a(0)!| & -k, & (F0) oy,

where @ is the gradient of the constraint relationship. The derivation of
this equation is given in Appendix B.

If Ky_is set equal to unity, the second term represents, to first
order terms, the amount by which X must be changed to reduce ij to zero.
It Ky,is less than one, the boundary viblation is partially redueed. The
first term represents the component of the cost gradient parallel to the
constraint boundary and is orthogonal to the second term. For smsll AXi
(so that the linear approximation is valid), the first term reduces the
- cost and contributes nothing directly to the boundary violation. If no
boundaries are violated, then Ayd and & are zero, so0 that the equation : |
reduces to ; g

X = -K. g | | |
which represents a perturbation in the direction of the negetive of the
cost gradient.

; Since K is arbltrary some control over the step-size must be
introdnced The principle used in determining the magnitude of the step i
is that if successive steps have been in the same direction it is desirable S




- = i d
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to increase the step-size in order to speed up the convergence process. On
the other hand, if successive steps have been in opposite directions, it is

: desirable to decrease the step-size since the optimum design point has been
overshot. Furthermore, it appears that larger step-sizes are most desirable
in the early iterations to hasten arrival to the viecinity of the optimum |
design point. Once in the vicinity of the optimum, smaller steps would

prove more practical. With this in mind, the following step-size control
algorithm has been implémented. Let o be the angle between two successive

|  step vectors, AX, , end OX, 2,“and let S; be the magnitude of the 18 step,

o, |

8y = (.75 + .25 cos ) 84 1 if cos @ < 0 |
f[ 8; = (.5 + 1.5 cos @) ;.1 if cos @ 2 0 and i < 10

A S; = (.55 + .45 cos @) 5, , if cos @ = 0 and 1 > 10
b - e
i Si = 20 ir S:I. > 20 -

where i = iteration index.

With the step-size, Si’ thus specified, the appropriate value of Kc
can be determined from ’

[ 82 - k2. o (Fo)T ay 1 '
Kc=\/,-i yT :‘j : i ,H=[I-quT¢I)) ¢T]8 _ :

H'H

in the event of a boundary violation. If the solution is unconstrain.ed.Kc ;
is determined from | | %

K = .fil_
c I &l
These are the equations used by the TVBS convergence routine. It is
important to keep Si from growing to a point at which a large number’of

iterations would be Tequired to bring it down. Therefore the upper

bound is placed on S;.
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The rate of convergence to the minimm cost design point is dependent
upon the relative sensitivities of the cost to each of the design parameters.
Since the algoritim operstes on the most sengitive parameters » convergence
to the optimum value of the less sensitive rarameters can be slow. For this
reason it is often desirable to rescale the units of the design perameters
to equalize these sensitivities.

In this application, the vector of independent variables X is given

as
X = (xl,xa,xB) = (Dl’DlL’ TR)
where
Dl = diameter of the ground uplink antenna,
Dh = diameter of the ground downlink entenna, and

temperature of the receiver on the ground,

Eh

Y, the vector of dependent parameters » 1s given as

Y - (yl, y6) ‘where

¥y = Fpp = spacecraft transmitter power output/channel

Vo = WTOI' = total weight of spececraft rayload

y3 - VEM = total volume of equipment module

= VTO'.[' = total volume of spacecraft payloed
Y5 = F; = ground uplink power output/channel
Yg = Vpp = total volume of power supply

< o "‘.;“ TR PO é')'h,u-
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2.3 PARAMETRIC SUBSYSTEM MODELS

The TVBS subsystem mociels include the pertinent elements required
to obtain a complete synthesis of the total system. The cost, weight, and
volume curves of the various subsystems modeled in the program are given in |
Appendix D. The coefficients may be found in Section 4 and the genersl
forms of the equations representing the curves are found in Section 3.

In general, many of the curves were modeled using a log-quadratic

approximation. The equations are of the form

y_
7 = 10 O

vhere y=a+bx+cx2
x = 10 log X, and

X represents the value of the parsmeter determining Z.

The curves used during the study are applicable over a wide range of
paremetric values. Where it was impossible to obtain an accurate fit with

a single equation, the curve was fit in more than one piece. The breakpoint,

in most cases, is varisble and included in the input list. Curves not fit
with equations of this form are either linear or exponentiel and are indicated
in Section 3.

| " The system synthesis incorporates a loss model for both the uplink and
downlink, a noise model, and scele factors to account for redundancy. The
loss model and noise model are discussed in Section 2.6 while the redundancy
scale factprs are found in Section 2.7.

The cost elements employed in the subsystem cost models are located
in tabular form in Section 2.k.

‘ The list of dependent system parameters includes transmitter output
power per channel (ground uplink and spececraft) , total spacecraft weight ’

‘and volume, volume of the spacecraft equipment module, end, when constrained,

the volume of the power supply. The list of independent design parameters
:an].udes the diameter of the ground uplink and downlink antenna and the noise

temperature of the g:round receliver.

e e e
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2.4 COST MODEL

The TVBS cost model, summarized in Figure 2.3 » has a unique feature
of a unit cost submodel which uses mission parameters to calculate unit

hardware costs in

UNT
HARDWARE ¥ ! vy
COST &

s
RECURRING cosy e 1 L gesro ' |, Joperamionad| AL
co (DEVEL OPMENT) (N,x RECURRING) | = |COST =1 cost
SPACECRAFT

LAUNCH VEHICLE

GROUND UPLINK

GROUND DOWNLINK
TV DISTRIBUTION SYSTEM

Figure 2.3 TVBS Cost Model

the various subsystems. The model then computes the non-recurring costs
(developnent), acquisition costs » @nd operational costs to form the total
progrem cost. The non-recurring costs include all design, development,

and analysis costs necessary to bring the program to the point of first
operational configuration. The acquisition submodel accumulates the costs
associated with the fabrication and launching necessary to establish the
initiel operational system. Operational costs include all costs assoclated
- with the operational phase of the mission including replacement satellites.

| Teble 2.1 is a tabulation of the cost model as implemented in the
computer program. The cost elements or cost estimating relationshipys which

have been defined are presented in Appendix D of this report. As discussed

in Section 2.3 these rarametric relationships s in the majority of the cases,
are modeled analytica].'l,y with log-quadratic approximations.

e T R RN
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- SUBSYSTEM COST MODEL

TABLE 2.1

Table of Cost Elements

I GROUND UPLINK SYSTEM

- A} Unit Recurring Cost

1.
2.

URECL(1) - Facilities

URECL(2) - Programming, Recording and Control Equipment
UREC1(3) - Transmitter Subsystem

URECL(L4) - Antenna Subgystem

URECL(5) - Satellite Operations and Control Equipment
URECL(6) - Standby Power Subsystem

'URECL(T) - Test Equipment

TUREC (1)- Total Ground Uplink Unit Recurring Cost

‘B. Non-recurring Cost {Research and Development)

NREC1(1) - Facilities Architecture and Engineering
NRECL(2) - Programming, Recording and Control Equipment
NRECL(3) - Transmitter Subsystem ’

NRECL(Y4) - Antenna Subsystem

NRECL(5) - Satellite Operations and Control Equipment
NREC1(6) - System Design, Integration, and Management
TNREC(1) - Total Ground Uplink Non-recurring Cost

VALUE

Curve

Curve

Curve

Curve

Thruput

Curve

Thruput

Z (1) thru (7)

10% x UREC1(1)
0% x UREC1(2)
0% x URECL(3)
0% x URECL(Y4)
100% x UKRECL(5)
Z(3) thru (6)
2 (1) thru (6)

200~0L42a~0aH

e e wr S et e [,
. . » . »

Pl S

T i e s ettt



: : TABIE 2.1(cont)
C. Acquisition Cost

1. ACQCL(1l) - Hardware Unit Recurring TUREC(1)
2. ACQC1(2) - Installation, Activation, and Checkout 20% x T URECL(2) thru URECL(6)
3. ACQC1(3) - Ground Uplink Acquisition Cost ' (1) + (2)
k. TACQC(1) - Total Ground Uplink Acquisition Cost N, x ACQCi(3)
D. Operations Cost - |
1. OPC1(1l) - Facility Maintenance 2% x UREC1(1)
2. O0FCL(2) - Programming, Recording, and Control Maintenance 15% x UnECL(2)
3. OPC1(3) - Programming, Recording , and Control Personnel Curve
k. OPCL(L) - Trensmitter Subsystem Maintenance . 15% x URECL(3)
5. OPCL(5) - Antenna Subsystem Maintenance 8% x URECL(L)
6. OFCL(6) - Satellite Operations and Control Maintenance 15% x URECL(5)
T. OPCL(7) - Satellite Operations and Control Personnel Thruput
8. OPCL(8) - Standby Power Maintenance | 5% x URECL(6)
9. OFCL(9) - Systems Operation Management 506 x [(3) + (7)]
10, OPC1(10) - Ground Uplink System Anmual Operating Cost ' (1) thru (9)
11, TOPC(1) - Total Ground Uplink Operating Cost N, x N x OPC1(10)

200-0LJ40a-0ap
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TABIE 2.1 (cont)

. II SPACECRAFT SYSTEM

A.
1.
2,
2a
3.

Unit Recurring Cost
UREC2(1) - Structure
UREC2(2) - Electrical Power Subsystem
URE(}2(3) - Batteries
UREC2(%) - Attitude Control Subsystem
UREC2(5) - - Stationkeeping
'UREC2(6) - Thermal Combrol
UREC2(T7) - Life Support Subsystem
UREC2(8) Instrumentation and Cammnication
UREC2(9) - Uplink Receiver Subsystem
UREC2(10) - Uplink Antenna

. UREC2(11) - Downlink Trensmitter Subsystem

UREC2(12) - Multiplexer

UREC2(13) - Downlink Antenna Subsystem
UREC2(14) - Spacecraft Unit Hardware

UREC2(15) - Integration, Assembly, and Checkout
TUREC(2) - Total Spacecraft Unit Hardware

B. Non-recurring Cost (Research and Developmment)

1.
2.

NREC2(1) - Structure |
NREC2(2) - Electrical Power Subsystem

2a NREC2(3) - Batteries

Thruput

Z (1) thru (13)
7.5% x UREC2(14)
(1%) + (15)

350% x UREC2(1) (conventionsl);
Curve (thruput ctherwige)

Curve

€00~-0.LJ40a~0as



TABLE 2.1 (cont)

| | 3. NREC2(L4) - Attitude Control Subsystem N Curve
& | k. NREC2(5) - Stationkeeping Curve
; 5. NREC2(6) - Thermal Comtrol Curve
6. NREC2(T) - Life Support Subsystem | Thruput
T. NREC2(8) - Tnstrumentation and Cammunication Thruput
8. NREC2(9) ~ Uplink Receiver Curve
8a NREC2(10) - Uplink Antenna Curve
9. NREC2(1l) - Downlink Transmitter Subsystem Curve
9a NREC2(12) - Multiplexer Curve
10. NREC2(13) - Downlink Antenna Subsystem Curve
11. NREC2(1k) - Spacecraft Subsystems Total Z (1) thru (13)
12. NREC2(15) - Prototype N x[UREC2 (14)-.85 prime power]
13. NREC2(16) - Subsystem Design, Integration, and Management 506 x (14)
- 1k, NREC2(17) - Center Support and Develomment 5% x (14 + (16)
 15. NREC2(18) - GSE Design, Development and Testing 50% TUREC(2)
16. NREC2(19) - GSE Hardware Thruput
17. NREC2(20) - Facilities and S/C Test Equipment Thruput
18. TNREC(2) - Total Spacecraft Non-recurring Cost Z (1) thru (20)

€. Acquisition Cost

1. ACQC2(1) - Hardware Unit Recurring Cost o TUREC(2)

2. ACQO2(2) - Center Support/Unit 54 x (1)

‘3. 20Qcp(3) - Leunch Operations, Support and Spare . 104 x (1)

L. acqc2(k) - Unit Spacecraft Acquisition Cost ‘ Z (1) thru (3)
5. TACQC(2) - Total Spacecraft Acquisition Cost Ny x (b)

FW L ey “:‘_W.W.,_‘,; b
: Y
E “}‘ N . - . . . - S . N
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e
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TABLE 2.1 (cont)

D. Operations Cost

1.

2.

OFC2(1)
TOPC(2)

- Satellite Hardware Replacement Cost
- Total Hardware Replacement Cost

III LAUNCH VEHICIE SYSTEM
A. Unit Recurring Cost

1.

2.
: 3’.

UREC3(1)
UREC3(2)
TUREC(3)

- Launch Vehicle
- Adepter and Fairings
- Launch Vehicle Hardware Cost

B, Non-recurring Cost ( Research and Development)

1.
20 '

3.
k,

5.
6.

NREC3(1)
NREC3(2)
NREC3(3)
NREC3(1L)

NREC3(5)

TNREC(3)

- Launch Vehicle, Adapter and Fairings
- Launch Camplex Modifications

- Peculiar GSE Hardware

- Peculiar GSE Design and Development
- Center Support and Development

- Launch Vehicle Non-recurring Cost

C. Acquisition Cost

1.

ACRC3(1)
ACQa3(2)
ACQC3(3)
Acqch(k)
TACQC(3)

- Launch Veh:lcie Hardware Cost

- Center Support/Unit

- Launch Operations, Support and Speres
--Launch Vehicle Unit Acquisition Cost

- Total System Launch Vehicle Acquisition Cost

TACQC(2)
Nr x (1)

Thruput
Thruput
(1) + (2)

Thruput
Thruput
Thruput
0f x NREC3(3)
Thruput
Z (1) thru (5)

TUREC(3)
Thruput
Thruput
Z (1) thru (3)

N, X Acqes(h)

c0(~0.L40a~0an



TABLE 2.1 (cont)

D. Operations Cost
1. OPC3(1) - Launch Vehicle Unit Cost
2. TORC(3) - Total Launch Vehicle Costs for Replacements

IV GROUND DOWNLINK SYSTEM Direct-to-Home
A. Unit Recurring Cost
1. URECHI(1) - Dowmlink Receiving Antenna
2. URECK1(2) - Downlink Receiver/Converter
3. TUREC(K) - Total Direct-to-Home Unit Cost

B. Non-recurring Cost (Research and Development)
1. NRECh1(1) - Downlink Receiving Antenna
2, NRECL1(2) - Downlink Receiver/Converter
3 NRECUL(3) - Testing and Management
4, TNREC(L) - Total Direct~to-Home Non-recurring Cost

C. Acquisition Cost
1. ACQCHI(1) - Dirvect-to-Home Unit Hardware
2. ACQChL(2) - Unit Installation
3. TACQC(M) - Total Direct-to-Hame Acquisition Cost

TACQC(3)
Nyg * OPC3(1)

Curve
Curve

(1) + (2)

Included in URECL1(1)
Included in URECL1(2)
(1) + (2)

Z (1) thru (3)

TUREC( k)
Curve
v | @+ (@) ]

c0070.Ld0a-oan



1.
‘2 o

OFchi(1)
TOPC(k)

TABIE 2.1 (cont)

~ D. Operations Cost

- Direct-to-Hame Annual Maintensnce Cost
- Total Direct-to-Home Operations Cost

GROUND DOWNLINK SYSTEM - Retransmission System
~A. Unit Recurring Cost

URECL2(1)
URECh2(2)
URECK2(3)
URECL2( %)
URECK2(5)

 URECk2(6)
URECLH2(T)

TUREC(L)

- Retransmission. Facility
- Retransmission Antenna System

. = Retransmission Transmitter

~ Downlink Receiving Antenna

- Downlink Receiver/Converter

- Standby Power

- Test Equipment , o

- Total Retransmission Unit Hardware

B. Non-‘-redurring Cost

NRECLh2(1)

- NRECLk2(2)

NRECL2(3)

~ NRECk2(k)

NRECL2(5)
NRECL2(6)
NRECL2(7)
TNREC( L)

- Retransmission Facility Architecture and Engineering Thn{lput

- Retransmission Antenna Subsystem
, -‘ Retransmission Transmitter Subsystem
- Jownlink Receiving Antenna
- Dowvnlink Receiver/Converter
- Retransmission Subsystem Dev‘elo;ment
- System Design, Integration and Mamsgement
- Total Retrsnsmission Non-recurring Cost

10% x ACQChi(1)

Ny, * N x ORChi(1)

Thruput

Z (1) thru (7)

|

2 (1) thru (5)
200% x TUREC(k4)
(6) +(7)

200~0LJ0a~0ad
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C. Acquisition Cost
1. Acacke(1)
2. Acqcka(2)

o 2,
3.

TACQC(4)

OFCch2(1)

OPCho(2)

orch2(3)

orclka(L)

ORck2(5)

orcko(6)

- oPch2(T)

OPCL2(8)

 ToRo(k)

TABLE 2.1 (cont)

- Retransmission Unit Hardware
- Installation, Activation, and Checkout
- Total Retransmission System Acquisition

- Retransmission Facility Meintenance

- Receliving Su'bsystem Maintenance

- Retransmission Antenna

- Retransmission Transmitter Maintenance
- Standby Power Maintenance

- Retransmission Operations Personnel

~ Retransmission System Management

- Retransmission Annual Operating Cost

- Total Retransmission Operating Cost

3

TUREC(L4)
20% x AcQck2(1)
N.. [(1) + (2)]

2% x URECk2(1)

15% x[urECko(k)+ uRECh2(5)]
8 x URECk2(2)

15% x URECL2(3)

5% x URECL2(6)

Thruput

50% x (6)

Z (1) thru (7)

N, x Nrtx(B)

e

€00-0.L,40a-0a»



TABIE 2. 1 (cont)

GROUND DOWNLINK SYSTEM CATV System
“A. Un:lt Recurring Cost

1. UREChK3(1) - CATV Distribution Downlink Antenna 89% - 95% learning, curve
2. URECK3(2) - CATV Downlink Receiver/Comverter 85% learning , curve
3. URECL3(3) - Receiving System Support Facilities Thruput
L. URECU3(L) - Receiving System Equipnént (Excl. antenna & rec.) Thruput
5, "URECIB(S) - Cable - Curve
6. UREC43(6) -~ Transmission Line R a ~ Curve
1. URECA3(T) - Hardware Cost (excl. antenna,receiver & trans.line) & (3) thru (5)
8. TUREC(L) - Total CATV Unit Hardware Cost £ (1) thru (7)

£

B. Non-recurring Cost e
1. NRECil-3(1), .. .NREClL3(5) - not used, assumed to be included in unit receiving cost
0 | 0.  Acquisition Cost ,
‘1. ACQCH3(1) - CATV Unit Hardvare o TUREC(L)

2. ACQCU3(2) - Installation, Activation, and Checkout Curve
3. TAcqc(h) - Total CATV System Acquisition ' N, X [(1) +(2))
| D. Operations Cost
"1, OPCh3(1) - Antenna Maintenance - '15% x URECL3(1)
2. ORch3(2) - Receiver Maintenance - 10% x URECL3(2)
3. OPRCY3(3) - Support Facilities Maijitenance 2% x URECH3(3)
k. orch3(L) - Receiving System Equipment Maintenance ' 15% x URECK3(L4)

5. OPRCU3(5) - Cable Repairs, Parts, Pole Rental, Lab & Persomnel Curve

200-0Ld400~0qD




TABLE 2.1(cont)

6 ORCh3(6) - Support EqﬁipqentrAnnual Operating Cost Z (3) thru (5)
. T. ORCh3(T) - CATV Annual Operating Cost z (1), (2), (6)
8. morc(k) - Total CATV System Operating Cost N XN ox(7)

MANNED PROVISIONS/STRUCTURE'

ACQMP, ENGMP - acquisition/engineering cost for menned provisions
URCBSM,ENGBSM - unit recurring/engineering cost for BSM

URCMDA, ENGMDA - unit recurring/engineering cost for MDA

'NOTES: :
| Nu S ‘:waer of ﬁplinks in System NLVR = Number of Launch Vehicles for Replacement
N = System Lifetime in years N3, = Number of Direct-to-Home Receivers
Npt o = Num'ber of Prototypes fabricated Nt = Number of Retransmission Systems
Ns " = Number of Satellites in System N, = MNumber of CATV Systems
:;Nr" = Number of Replacement Systems

€00-0LJ400-0ao

SO
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2.5 AREA OF COVERAGE MODEL

To describe the calculation of beamwldth and area of coverage,
consider the following parameter definitions.

aree of coverage major axis (statute miles)

area of coverage minor axis (statute miles)
radius of earth (3960 statute miles)
radius of synchronous orbit (26210 statute miles)

1

W o
]

| Ry;, = slant range, satellite to beam center

e | I
13
U

earth central angle, subsatellite point to beam center
satellite antenna beam tilt

beam center latitude

long = beam center relative longitude

B
n

B = antenna beamwidth subtending minor axis of pattern

@ = antenna beamwidth subtending major axis of pattern
Then | | | ; *‘
W = cos"l [cos(1at) cos (1long)],
| - (RR+R 3 | |
\ ‘ Ry = (RE+RS-2RERScosw) , v . ]
Y = s:l_n-l (EE- sin w) , and

Rs1,

" .
area of coverage = in ab .

Since w + vy + 1—27-+E,c

il
-
"W%rwwh S PR S

Ed = -g-y-w. Furthermore,

RI. = Ry co S Y - RSL




EE- S
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B = 2sin™t {

R‘L sin % 3
{(RSL"'RLTQ + RE - QRL(RSL-l-RL) cos g ] }

For the major axis, let

£ = %E and
' = sin-l[g-s sin(v-%) ]-'sin'l[ -g-ES- sin(v+%)] -

Because of the camplexity of the expression for €' it is more practical
to iterate for a solution to « rather than directly solve for it. This
approach is as follows:

If after calculating B it is found that

1 Bg

B=22 (sin” K -v)

B is adequate for coverage in both directions and can be accepted as the
beamwidth. However, if this is not the case, it is necessary to iterate to
the solution. ‘

Let cv(') = B and obtain Cé using o = aé. If { 5 is sufficiently close to
§, @ can be accepted. Otherwise, let ‘

o
(€-¢14)
o = af ) + '7“; 1) 1=1,2, ..., n

end replace & by @} to obtain {!. Iterate in this mammer. wntil the
solution is acceptable or until the maximmm mmber of desired iterations
is performed. If no solution is achieved, B is used as the beamwidth.

e

e B e S
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MINOR AXIS, b

Figure 2.4 Beamwidth Geometry - Minor Axis

MAJOR AXIS, a
Figure 2-5 Bea.r_nWidth Geométry - Major Axis

22l
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2.6 SIGNAL ATTENUATION/NOISE MODELS

This section presents the various attenuation and noise factors
which affect the propagation between the ground uplink station, the
satellite and the ground receiving station and which are incorporated into
the program. Associated curves may be found in Appendix D.

i

»

i
i
e
e
& .
3
“f
X
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TABLE 2.2 ATTENUATION DUE TO RAIN

Horizontal Direction:

g = () (RY [1.k - 2351058 | e

vhere R = precipitation rate in millimeters/nr.

A and B are given below as a function of frequency.

FREQUENCY (GHZ.)
.8 2.5 8.4 12.2

A | o |o0.906 [i20 [f1.00

B | o | 2.1x0°"|8.5x073|2.4x10"

In Direction of Satellite

| 2 ‘
For ¢ 2 tan™t [hl.h - 23.5 log Rp] , ¢ = elevation angle
(2)(3)(x})
= sin e . OB

2
For ¢ < tan™t [ 41k - 23.5 log RP] :

Ll.h - 23.5 log R o
= [ g_ o
g = (B)(R) —E| . -

Ccos ¢

Vertical Extent = 2 knm.,

o sbwi e

e




GDC-DCFT0-002

TABIE 2.3 ATTENUATION DUE TO CLOUDS

Vertical Extent = k 3m.
Water Vapor Denmsity = 1 gn/m3
Visibility = 55 mi

In Direction of Satellite:

e

Le = Kppmey (3%'1':} B

FREQUENCY (GHZ)
.8 2.5 8.4 12.2
K 5x10™3 1.6x10"2 7.0x2072 1.6x10"L | -
ATTEN L . . |

TABLE 2.4 ATTENUATION DUE TO ATMOSPHERE
(Water Vapor & Oxygen)

In Direction of Satellite:

| TZ csce ¢ '
LA-lOIOg (l»m-) dB

FREQUENCY (GHZ)

.8 2.5 8.4k 12.2
" 1.8 2.6 35| 4.8

ESFPRAT 2 e
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TABLE 2.5

X MISSION;

TVBS NOISE AND PROPAGATION MODELS

/\*' SATELLITE

GDC-DCFT0-002

COSMOS

IONOSPHERE
ToTM ATMOSPHERE

T _ MAN-MADE

"MM  NOISE
. TEARTH
I Ambient Brightness Temperature )
Region JAttenuation Absorption Temgeratulfe! Contributions .

Cosmos = - | Tcos Tc'os - LILALCLRTCOS
Ionosphere L, 1-L, Tox T, =L,L CLR(l—LI)'i‘I ON
Atmosphere L A - L A T ATM | T A = L CLR('i_L A)T ATM
Clouds e Le Tecrop |Tc “LrU-LdTcroup
R?{?rizontal Path i?m i:lﬂgH :gilg Bo=0Tp "RAIN
Transmission LiFe LTL 1-LTL TTL ' TT = (1—LTL)TT L
Man-Made - - | T LIS . .
Earth v i Tearts |"t  “TearTH
Receiver - - ‘TR CVR TR CVR TR CVR
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The effective received noise temperature is

= . + -‘ ,"'- -
Tepr = Lop, ECO+TI+TA Tg * Tp) GS+TMGM+TEGEJ

+
*Tp* Trevr
where -G-S = Relative discrimination of antenna to cosmic and sky noise
EM = Relative discrimination of antenna to man-made noise
EE = Relative discrimination of antenna to hot earth

In this study, we will assume that since LI is negligible above 100 MHZ,

LI = 1.

In addition the following ambient temperatures will be used:

EARTH = TTL = TATM =290°K

RAIN ~ Tcroup - 278°K

T

T

TMM and T COS are giyen by curves, and
_NF
TRcvr = 290°K [1@10 -1 ]

where NF is receiver noise figure in DB.
The total signal attenuation for the downlink is
Lror = Iflalclylrs

, 2 2
where LFS in the free space attenuation = \i9r ) -

T e

4
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TABLE 2.6 LOSS MODEL

The loss terms in the computer program consist of:

| 2
free space = (i{—l>

atmospheric = LI LA LC LR

circuit (XMIT) = LTL3 Lyux
circuit (XMIT) = Lera

circuit (RCVR) = L,mh
circuit (RCVR) = Lo

pointing (XMIT) = 0.1 db

pointing (RCVR) = 0.1 db
pointing (ROVR) = 4.0 @ {

polarization = 0'db

polaerization 3.0 d

(downlink)
(uplink)

(downlink)
(uplink)
(uplink and dqmlink) ‘

(uplink)

2.0db pointing :
2.0db patitern contour (downlink)

(uplink)
_ (domlink)
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2.7 FREDUNDANCY MODEL
The progrsi computes factors which scale the affected weight ’
volume and cost terms to reflect the redundant elements required for
additonal spacecraft life.
Let
zs = life of the satellite
JZI = life of the equimment in question
P = a scale factor such that 0 < p =1
LS - AZI R 1.‘ *
If 4-= —z—— , then
I ‘
the scaling factor § is given by
Lo,
S=1+p ¢ Q. \
A different scale factor is determined for the weight) volume, and cost terms.
The list of equipnent for which redundancy is provided 1ncludes the
following: ¥
a) downilink transmitter ; \i
b) spacecraft receiver | : | |
c) power transfer unit f |
d) power conditioning unit i

e) power control unit L , B : o
£) 2/c filter |

_Each requires that the lifetime zIand“};}'ithe scaling factor p be input.

W S
IA .
b %
C . I
i, it ‘!.‘ .
o P : .
ST 7
) /\J e 1 ? ‘
T N
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3.0 INPUT VARIABLES

This section profides definitions of ell program input veriebles.
The input list is comprised of three perts, NAME1, NAMEPl, and NAME2,

respectively,

In the following list of definitions, the vectors containing the
analytic coefficients for the models of the rarametric relationships are
represented by

V= (x,8) or
V= (a,8,y) *

depending on the required dimension and are stored as columns when part of
an array (see Sections 3.1 and 5.5). The form of the equation is also
given together with the number of pieces in which the curve was fit and the
associated variable for the breakpoint. In general, the variables are in
the order in which they appear in the data list in the prograem, and any
subscripts are intended to indicate the maximum dimension the variable has.

3.1  NAMELIST/NAME1/

, The following parameters and relations are defined for the spacecraft
transmitter:

= power output/channel
= transmitter weight
transmitter volume

it

engineering cost
= manufacturing cost

d’zOmQ§<.§£ g"d

= transmitter efficiency

% The analytic models are, in the maJority of cases, of the quadratic o

,,_fom‘ y=a+Bx+yx

L

3
) »
s
I - T, -
5
2
AR
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5 P 10 log P&R W
. ©
| W =10 10g W5 Wy = 10
N v
v =10 10g Vpp; Vg = 10 °
SE
C, = 10 log Cg, ; = 1010
o
o
Cp = 0logCy; € = 10
vhere w, v, Ce , and Cm are related to p by equations of the form
2
w=a+B8p+yp.
AVGHT(3,k4,3 - AM weight coefficients
FWGHT(3 L4,3) - ™ weight coefficients
Av0L1(3,h 3), Av0L2(3,h 3) - AM volume coefficients; fit in. two
parts:
__Avor1 , p <30 o !
AVOL2 30 < p <50 }
FVOL1(3,4,3) , FVOoL2(3,4,3) - FM volume coefficients
ACENG1(3,4,3), ACENG2(3,%,3),
) ACENG3(3,%,3) - AM cost of engineering coefficients;
fit in 3 parts: - :
ACENGL , 10 € p < 21.1k | «
: ACENG2 , 21.1k < p < 30 |
- ACENG3 , 30 < p < 43.01 §j
! FCENG1(3,4,3), FCENG2(3,4,3), | :
FCENG3(3,4,3) - = ™ cost of engineering coefficients B
i 1

* The triple subscripts on the transmitter coerf:lcients are described :l.n
- Section 5.5. ; o
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ACMFG1(3,4,3), ACMFE2(3,4,3) - AM cost of menufacturing coefficients; i
fit in two parts: g
ACMFG1 , p < 21.1h ' §
ACMFG2 , 21,1k < p |

FCMFGL(3,4,3) FCMFG2(3,k4,3) - FM cost of manufacturing coefficients

N=a+8 p+y p2

AETA(3,4,3) - AM efficiency coefficients

FETA(3,4,3) - MM efficiency coefficients

PSPPLY(4,2) - coéfficients for weight and volume equations of power
supply
Col. 1 - solar array

Col. 2 - nuclear reactor*

Sol ¢t W _=a+8P
ar array vpp B Pps

= <4
pp Y ¢ ps

where Pp8 = required prime power

For weight computations:

o = PSPPLY(1,I)

B = PSPPLY(2,I)
Fo; volume computations:

Y = PSPPLY(3,I)

{ = PSPPLY(L4,T)

where I = power supply type :

ANT(L4,2) - coefficients and exponents for weight and volume ;

equations of spacecraft entenna "
Col. 1 - PETA
'Col. 2 - Rigiad

o 3
WAzdl-DB 1

3

- B
o . 2
| ‘VA = Q’2 ; D3

where‘D3’= downlink antenna diemeter and each column

of the array is of the form: V=(al,81, ,52).

For some satellite concepts the volume equation hes
been modified ‘

*Not implemented
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FBOOM(L4,3) - coéfficients and exponents for weight and volume of
feed boom. '
Col. 1 - folding
Col. 2 - expandable
Col. 3 - rigid

f B
1 - 1
Wpg = @ Dg
L 8
! - 2
Vrp = % Dg
where D, = downlink antenna diameter and each columm is

: ; of the form:

V= (al’ Bl, 0’2,B2).

‘. EDWDTH(L4) - frequency bandwidth allocation (GHZ)

b |

. ? DABD(8) = UPPET bound on downlink antenna diemeter as a function

) of configuration type (ft.). :
BLNGTH(8) - upper bound on equimment module length ag function of |

configuration (f£t.).
BVOL(8) - upper bound on payload volume capability as function of
| configuration (cu. ft.). |
BWGHT(8) - upper bound on payloed weight capability a& function of
. configuration (ivs.).
DEN(8) - dlemeter of equipment module as function of configuration

-

(£t.).
FREQ(Y) - downlink frequency (GHZ) =
EPSION - ¢ used in convergence check on components of vector of

independent design parameters, :L.e, ‘ ‘
MCONV . number of successive ite:bations for which all components
' - of :an.epe:;dent’pa;rameters vector X must Pass con- ‘
vergence check in order to identify convergent solution.
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ITMAX < maximum number of iterations of steepest-descent algorithm
| at which run is terminated (unless convergence test is
satisfied at an earlier iteration).
PSIK - Ky coefficient in convergence technique; factor approxi-
mating the amount by which the boundary violation is
reduced. (See Section 2.2).

SNRGI(T) - vector of signal to noise ratios (db) as a function of
desired TASO grade

DCYCLE - duty cycle (hrs.)
WGHTB(3,3) - coefficients for battery weight equation (stored as
columns)

Col. 1 - nickel cadmium
Col. 2 « silver cadmium
Col. 3 - silver zinc

B,/10

W. 10

BATT ~

vhere B, = quadratic in W,» 8nd w = 10 log (watt hrs)
VOLB(3,3) - coefficients for battery volume equation, stored as
columns; ‘
Col. 1 - nickel cadmium
Col. 2 -~ silver cadmium
Col. 3 - silver zinc

B,/10
=10 2

Vaapy

vhere B, = quadratic in L

“

7
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XTR(3) - unit manufacturing cost coefficients for ground uplink
transmitter equation

Cyprg = 10 o/0
vhere C = quadratic in pg R
= 10 lo P ;
Pg g g
P = power output/channel

ANTC(3) - unit menufacturing cost coefficients for ground uplink
| antenna equation

c/10
| Cap = 10
vhere C = quadratic in dl’
dl = 10 log Dl H
D, = diameter of antenna (feet)

1

CSTR(3,3) - unit manufacturing cost coefficients for satellite structure;
stored as columns.
Col. 1 - conventional
Col. 2 - (not used)
Col. 3 - (not used)

e - los/lo

STR .
vhere S = quadratic in LA
LA = 10 log wéTRCT‘;
wéTRCT‘ = ‘weight of the structure

CP1(3,2), CP2(3,2) - unit manufacturing and R&D cost coefficients for
- power supply, stored as columns

Coi.l- solar array
Col. 2 - nuclggr reactor®

The form of the cost equations is:

* Not implemented.

36
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cosT = 10 O/10
where C = quadratic in Pg >
P, = 10 log P, .
8 H

Pé = prime power supply

RAD1(3,2),RAD2(3,2)
- unit manufacturing and R&D cost. coefficients for thermal
control, stored as columns: ’
Col. 1 - passive
Col. 2 - active

cosT = 10°/20
C = quadratic. in pr 9
yo) = 10 log Py

PhD = power radiated

SlCLSl(2,2,3),SK152(2,2,3)
sK1(2,2,3), sk2(2,2,3)

- coefficients to determine engineering costs and manufacturing
costs of the station-keeping. ‘
The third subscript represents type:
array l - ammonia resistojet
array 2 - ion propulsion
array 3 = H20 electrolysis ‘

The cost equation for both engineering and menufacturing cost is;‘

of the fanm

i
!

A+ B+ log zs + € . log Ws +D - (103Ws)2

10

COST = 10

e P
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where ZS = life of the satellite and
WS = total satellite weight - station keeping.

The term A + B * log zs represents a scaling factor hased on
! lifetime. The 2X2 arrays represent the 2X1 coefficient vectors
for the equation with & break roint at 5000 1bs for ws.

SKISl; SKIS2:
% Col. 1 = (A,B) for W, = 5000

Col. 2 = (A,B) for W, > 5000

SK1, sK2:
] Col. 1 = (C,D) for W, < 5000

Col. 2

(¢c,D) for W, > 5000

ATLS1(2,2,3),ATLS2(2,2,3)
ATTL(2,2 3), Ame(e 2 3)

;; - coefticients to determine engineering costs and manufacturing
costs of the attitude control. The third subscript represents
type:

Array 1 - smmonia resistojet

Array 2 - ion propulsion

Array 3 - H20 electrolysis

The cost equation for both the engineering and manufacturing
cost is of the form: |

A+B - log4, +C - log AML +D(log Am)®

COST = 10 10
where zs = life of the satellite and !
A area of solar array i

M,L = variables determined by the concept type
(see Appendix D )
The 2X2 arrays represent the coefficienta with a break
point at 5000 for AML.

;
i,
i
i
¥

b4

!

*

#
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ATLS1, ATLS?:
Col. 1 = {A,B) for AML < 5000
Col. 2 = (A,B) for AML > 5000

ATT1, ATTO:
Col. 1 (C,D) for AML < 5000
Col. 2 (C,D) for AML > 5000

PLX1(k,3), Prx2(k,3)

- unit manufacturing and R&D cost coefficients for multiplexer
Col. 1 - coax
Col. 2 - waveguide
Cpl, 3 - stripline

The fourth element in each column is the cost for one channel.

In the case of multiple channels, the 3X1 column vector is used.

If the mmber of channels wuxceeds one,

cost = 10 ¢/10
where C = quadratic in Nb )
Nb = nunber of channels.

If there is only one channel ,

cmfg= PrX1(k, 1) - | s
CRw=PI.D(2(1+,]_Z)

where I=1,2,3 depending on the multiplexer type.

DNIA,ANTD1(3,4), ANTD2(3,4)
- downlink antenna cost coefficients and bresk point.
ANTDl is the array of manufacturing cost coefficients;
ANTD2 is the array of R&D cost coefficients. The curves nay
be £it in two parts with DNIA as the break point.

:
;!
e
:
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Col. 1 - TRUSS, diemeter < DNLA
Col. 2 - TRUSS, diameter > DNLA
Col. 3 - Rigid, diemeter < DNLA
Col. k - Rigid, diameter > DNIA

cosT = 106710
vhere

i

C quadratic in 63 ’
d; =10 log Dy ;
D, = diameter (in feet) of downlink antenna

CBT1(3,3), CBT2(3,3) - unit manufacturing cost and R&D cost coefficients
i for battery

Col. 1 -~ nickel cadmium

Col. 2 - silver cadmium

Col. 3 - silver zinc

cost = 10 ¢/10

. where

C = quadratic in L

W, =10 log (watt hours)

| RECA1,RECA2,ANTH(3,4) - cost ceoefficients for ground downlink antenna.

RECAL,RECA2 ere bresk points allowing the curves to be

fit in 2 pieces.

i Col. 1 - wideband antenna, diameter < RECAl
Col. 2 - wideband antenna, diemeter > RECAL i
Col. 3 - parsbolic antenna, diameter < RECA2 [

| Col. b - parsbolic antenna, dismeter > RECA2 k :

z , ‘ ;

cmfg - 10 ¢/10 .

vhere C = quadratic in du s
dh = 10 log Dll‘ /‘; )
Dh = antenna diameter
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XINST1, XINST2, CINST(3,4) - cost coefficients for installation of

ground downlink antenna.
XINST1, XINST2 are the breakpoints allowing the curve
to be fit in two pieces:

Col. 1 - wideband, diameter < XINST1

Col. 2 - wideband, diameter > XINSTL

Col. 3 - perabolic, diameter s XINST2

Col. 4 - parabolic, diameter > XINST2

C. = 10 C/10 = installation cost

where
C = quadratic in d)_l_’

CRCUR(3,2), CRCNR(3,2) - unit manufacturing and R&D cost coefficients
Por uplink receiver ’

Col. 1 -~ linear translator
Col. 2 - modulation converter

COST = cv-+ B Nc +"YMNe
where
N e = mmber of channels
MNcg. = (Nc + 3)/4

£

- NOANT(8) - number of spacecraft anlennas as a funetion of concept

1NC1\1FIG - maximum number of concept types to be considered
NMODL - maximum mumber of uplink modulations to be considered
'NMOD2 .- maximun mmber of downlink modulations to be considered
NFBAND - maximz: number of frequency bands to be considered

~ NFTYFE - maximum number of power supply ty'_pes to be considered

s
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NXMIR - maximm number of transmitter types to be considered

NRAD - meximum number of thermal control systems to be considered
NSTK - maximum munber of station keeping types to be considered
NATT - maximum number of attitude control types to be considered
NBATT

maximum number of battery types to be considered

The above values set the upper index bound on the do-loop parameter values.

M - number of dependent design perameters
N - number of independent design parameters

RECHL(3,3,4), TRBD1(2,4), RECH2(3,3), TRED2(2) - ground downlink
unit manufacturing cost coefficients and breakpoints for the
ground downlink receiver (cable)
RECHL is the array containing the manufacturing cost coefficients
for AM and TRBD1 is the array of breakpoints enabling the
curve to be fit in as r~ny as three pieces. The subscriﬁt 1-k
indicate® one of the h»freqnency operating points and the 3x3
array is described as follows: |
Col. 1 - TR < TRED (1,I)
Col. 2 - TRBD(1,I) < TR | |
Col. 3 - TRBD(2,I) = TR

where TR = temperature of the receiver
I=1,2,3,4
RECH2 is the array containing the cost coefficients for M. It is
assumed that the costs are not dependent on frequency. TRBD2
are the breskpoints to fit the'curve*as above. The column
~ designations are the same as for RECHL.

cosT = 10°/10

where C 2

@+B8t+ytc | | ; o A
t = 10 1og10 T; | o SRR . - ,SJ
T = receiver temperature i

BVEST - vestlgial bandwidth required/channel R o §¢
BBB(2) . base bandwidth required/channel | SR
- .ZMoD(2) . factor used to compute improvement factor index

'ZMOD(l) 1 (AM)
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ZMOD(2) = modulation index used to compute the FM improvement
factor and bandwidth Imprv = 3.m0D(2)2-(l+2MOD(2))

UPFREQ(2) - uplink frequency operating points (GHZ)

RPP(3) - array of precipitation rates (mm/hr)
RP = RPP(1) if 0° < 1at < 20°
RP = RPP(2) if 20° < lat < 40°
RP = RPP(3) if 4o° < 1at

AT1(2), AT2(L),
BTL(2), BT2(4) - arrays containing the coefficients and exponents for
calculating attenuations due to rain in the horizontal direction

-3*rt| |
Leg =B * Rp hi.k - 23.5 log, R13 db
and the direction of the satellite: Lo/ c08(E, )

where
EZ = elevation angle
BT1 and AT1 contain the values for the uplink frequency opera-
, ting points.
BT2 and AT2 contain the velues for the downlink frequency opera-
ting points.

The coefficient values are in BTL, BT2; the exponents in ATL, AT2.

KATTNL(2), KATTN2(4) - coefficients for calculating attenuation due
 to clouds. Subscripts denote operating frequency p01nts. KATTNL

for uplink; KATTNZ2 for downlink.

I'c = Katten sT.ﬁE:e (@)
~ Where ; '
E, = elevation angle

. e
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Tz1(2), T22(4) - temperature values as function of frequency operating
points to calculate attenuation due to atmosphere (water vapor
and oxygen).

T2l - uplink
TZ2 - downlink ’
Tz csc Ez
Ly, = 10 log (1 - ~— ). (db)
290
where E)e = elevation angle
XLI - ionosphere attenuation
XITl - - ground uplink
XLT2 Transmission line - spacecraft receiving
XLT3 losses - spacecraft transmitting
XLk - ground downlink
XPT1 - transmitter pointing loss (ground uplink)
XPT2 - transmitter pointing loss (spececraft)
RPTL - receiver'pointing loss (spececraft)
RPT2 - recelver pointing loss (ground downlink)
Pl - polarization loss (uplink)
P2 - polarization loss (downlink)

The above losses are input in db.

COSNT(h) = cosmic ambient temperature as function of operating freqnency
TION - ionospherlc ambient temperature

TAT™ - atmpspherlc ambient temperqture ‘

TCLOUD - cloud ambient temperature

B N

%o

et 4 o e, B gy
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- TRAIN - rain ambient temperature

TTL - transmission line ambient temperafure

AMMT(3,4) - coefficients and exponents to calculate man-made
ambient temperature as a function of frequency
operating point

=a + B8 p Y

:

population density

]
i

™= - ambient earth temperature

TRCVRS - ambient temperature at satellite receiver

GEl, GE2, GEX(3,3) - coefficients to calculate relative
discrimination of antenna to hot earth; GEl, GE2 are break
points allowing the curve to be fit in 3 pileces.

Col. 1L - g < GEl1
Col. 2 - GElL < g < GE2

where

gein of ground downlink antenna in db. GEl, GE2 are in db.
o + + '
B &g Yg

g

G

GSX(3,3), GS1,G52 - coefficients and breakpoints to calculate relative
discrimination of antenna to cosmic and sky noise (same as sbove).

@X(3,3), GML,GM2 - coefficients and breakpoints to calculate relative

| discrimination of antenna to man-mede noise (same as above).

AMTPLX(L), BMTPIX(L) - coefficients and exponents to calculate multi-

Plexer loss as function of frequency

B
I10SS = A Né

D3BD - lower diameter bound on downlink antemna for concept E.

e
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ARCVR(4) - coefficients used in calculating cost of receiver feed line
as function of frequency o
B
CTL = A LTL where LTL = transmission line attenuation in

db/zt,

EXPR - exponent in cost of receiver feed line equation
FDLINE =~ length of receiver feed line in feet

ETAPT - efficiency of power transfer unit

ETAPC --efficiency of power conditioning unit

ETMB - efficlency of battery and charge control unit
ETARCU - efficiency of power control unit

ETAICF - efficiency of £/c Filter unit

RHOFC -(1 - p)where p = % darktime used to calculate pgwer input
to the power condltionlng unit: P = P, (l + ££)

P T
where BB = power out of the battery and nB = efficlency
of the battery and charge control unit

‘DGRD(2) - coefficients used to calculate degradation factor on prime
o power supply
| p=0a-B log, (ssat)
where Lsat =‘life of the‘satellite
then prime power supply = PPS/p

WPTR(3) . - coefficients to caleulate weight of the power transfer unit

| | wa =o+ B P + Y P2 | |
- where P__ = power out,of the power transfer unit °

PT

326

R
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WCU(3,3), WCUl, WCU2 -‘coefficients to calculate weight of the power
control unit. WCUL and WCU2 are breakpoints allowing the curve
to be fit in three pieces.

Col. 1 - Ppcu < WCUL

Col. 2 - WCU1L < P " < WCU2

“pe
Col. 3 - WCU2 < Pfcu
vhere Pbcu.= power out of the power control unit
W = 10 W/10
pcu
where W = quadratic in p ,
P = 10 log Ppcu

WECN(3) =~ coefficients to calculate weight of the power conditioning

unit |
.. W10
Wic = 10
where W = quadratic in p,
P = 10 log Pbc
Ppc= power out of the power conditioning unit

WLCFP(2,2),WICFPL - coefficients to calculate weight of £/c filter.
WICFPl is a breskpoint allowing the curve to be fit in
two pieces.‘ '

Wpe =@ - Fre c
-~ where N, = mumber of channels

P, = power out of 4/c filter.

~ VPIR(3,2), VPIRL - coefficients to calculate volume of power transfer
unit. VPIRL is a breekpoint allowing the curve to be £it by
two pieces. ET |

o o3ar

s
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Col.l-PpbsYPl‘Rl
Col. 2 - RL. < P
o VPTR’ ot

- v/ 10
Vi:t 10

where v = quadratic in p R

= 10 P
pl:!.og:pt

veu(3 »2), VCUL - coefficients to calculate volume of power control
unit., VCUL is the breekpoint to allow the curve to be Pit as
two pleces.
Col. 1 - Ppcu < VCUl
Col. 2 - VCUL< P__
Fo4

B ou
_ v/ 10
fvcu = 10
where v = quadratic inp ,

P = 10 log Ppcu

VECN(3,2),VFCNL - coefficients to calculate volume of power condition- :
ing unit. VECNL ie a breakpoint to allow the curve to be fit
in two pieces.

Col. 1 - Ppc s VECN1
Col. 2 - VPCNL < PPc

v - »lO v/]LO

pc :
where v = quadratic in p, : .
P = 10 log Ppc
VICFP(2,2), VLCFPL - cbefficients to caleulste volume of 4/ ¢ filter.
~ VICFFL is the breakpoint allowing the curve to be fit in two |
 pieces. | =
Col. 1 - P, s VICFPL S e
Col. 2 - VICFEL< By E T . =
- . ﬂ ‘ E ‘ ‘ - . A L
e secmgPwe e
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CENGPC(3,3), CENGPl, CENGP2 - coefficients to calculate engineering
costs of the power transfer unit, the power control unit, and
the power conditioning unit. CENGPl, CENGP2 are breakpoints
allowing the curve to be fit in three pieces.

Col.l-. power < CENGPL
Col.2~ CENGPl < power < CENGP2
Col.3- CENGP2 < power

where power 1s the power out of one of the three units mentioned above;

- - 02/10
then Ceng = Cl « 10
where 02 = quadratic in p
P = 10 log power;
Cl = function of which unit under consideration

CMFGPC(3,2),CMFGPL - coefficients %o calculate manufacturing costs of
the power transfer unit, the power control unit, and the power
conditioning unit. CMFGPL is a breakpoint allowing the curve
to be £it in two pieces.

Col. 1 - power < CMFGPL
Col. 2 - CMFGP1 < power
where power is one of the three mentioned above.

g,/
then C o = C) ° 10
where C, = quadratic in p ,

2
P = 10 log power ;

C, = function of the unit under consideration

1
cMFGLc(e 3),CENGLC(2,3),CLC1,CIC2 - marufacturing and R&D cost coeffi-
v'cien'bs for. 4 /e filter. CLCl and CIC2 are two breakpoints to allow
the curve to be fit in three pieces.
~Col. 1 - P < CICL ‘

18

Col. 2 - CICL < P, S CLC2

Bt
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Col. 3 - CLC2 < Pm
‘l:henC---a'l'BP]._'C

TSTRCT - thickness of the structure (feet)

LTR - life (in years) of the downlink transmitters
LRCVR - life (in years) of the spacecraft receiver
LPT - life (in years) of the power transfer unit

LBATT(3) - life (in years) of the battery

subscript designates battery type
1l - nickel cadmium
2 - silver cadmium
3 - silver zinec

GDC-DCFT0-002

LPC - life (in years) of power conditioning unit

LECU - life (in years) of power control unit

LICF - life (in years) of IC filter

RRWTR - scaling factor p used to determine redundancy factor for
weight of the transmitter (See Section 2.7).

RRWRVR - scaling factor p used to determine redundancy factor for
weight of the recveiver

RRWPT - scaling factor p used to determine redundancy factor for
weight of the power transfer unit

RRWBTT - scaling factor p used to determine redundancy factor for
weight of the battery

RRWFC - scaling factor p used to determine redundancy factor for |

’ weight of the power supply

RRWPCU - scaling factor p used to determine redundancy factor for
weight of the power control unit

RRWICF - scaling factor p used to determine red.mdancy factor for

- weight of the #/c filter '
RRVTR - scaling factor used to determine redundancy factor for
" volume of the transmitter
RRVRVR - scaling factor used to detemine redundancy factor for

| vo].\me of the receiver

i . Tt R g e L T i i " i
e I T b P . s Ay St
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RRVEFT

RRVEC

RRVPCU

RRCTR

RRCRVR

RRCFT

RRCBTT

RRCFC

RRCPCU

RRCICF

VRHO

“"

scaling factor used to determine

GDC-DCFT0-002

redundancy factor for the

volume of the power transfer unit

scaling factor used to determine
volume of the battery .

scaling factor used to determine
volume of the power control unit
scaling factor used to determine
volume of the power conditioning
scaling factor used to determine

volume of the £/c filter

scaling factor used to determine
cost of the transmitter

scaling factor used to determine
cost of the receiver

scaling factor used to determine
cost of the power transfer unit
scaling factor used to determine
cost of the battery

scaling factor used to determine
cost of the power control unit
scaling factor used to determine

redundancy factor for the
redundancy factor for the
redundancy factor for the

unit
redundancy factor for the

redundancy factor for the

redundancy factor for the

redundancy factor for the
redundancy factor for the
redundancy factor for the

redundancy factor for the

cost of the power conditioning unit

scaling factor used to determine
cost of the 4/c filter

redundancy factor for the

contingency factor for volume on spacecraft (= 1)

POPL, POP2 - populetion density cut off points for enviromment
" Rural - populstion density s FOPL |
Surburban - POPl < population density < POP2

| Urban - POP2 < population density
POP(4) - array of population dénsity to be considered

3-21
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WMUX(3,3) - coefficients and exponents to determine weight of the
multiplexer, stored by coluvmns
Col. 1 - coex
Col. 2 - waveguide
Col. 3 - stripline

Moplx = WMUX(3,I) - NBS , if NCB =1

_ BNCB, , .
wmph_ (¢ - 10 ) < NBS , if NCB > 1

where

NBS = number of beams/satellite
NCB = number of channels/beam
(@,8) = [waox(2,1), wax(2,T) |

I

and T

1, 2, 3 depending on multiplexer type

| WHARR(3,8) - coefficients to determine weight of the harnessing,
stored in columns (dependent on concept type)

2
w}IAR=a+BPpt+YPp.t
where , .
P = power out of the power transfer unit

Bt

NFROTO - number of satellite prototypes
IMO,IDA, IYR - calendar date of run
IMO = month (l,»...,l2)‘ -
IDA = day (1,...,32)
IR = (69,70,... )

- XNGRMX - maximum value for the total population in computing ground

facility cost learning curve

AR g e T T e T BT T
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NAMELIST/NAMEP1/

NAMELIST/NAMEP1/ is an extension of NAMEl and contains the following

parameters,

XLIFE(6)
PGMIN, PGMAX
DIMIN, DIMAX
DUMIN,DEMAX
TRMIN(2),
TRMAX( 2)
XIMIN,XLMAX

DFMREC

PARANT(4)

FREQ
PARANT

BWUPL

ACQLV(8)

ENGLV(8)
VSABD

~ ACOMP(8)

ENGMP(8)

.8GHz
1. 1.05

array of satellite lifetimes (to be used in do-loop
system

minimum and maximum value for power output/chennel
on ground uplink transmitters’

minimum end meximum value for ground uplink antenna
diameter

minimum and meximum value for ground downlink antenna
diemeter '
minimum and maximum velue for ground downlink
receiver temperature (1 - UHF; 2 . other then UHF)’
minimum and maximum value for spacecraft lifetime
(not used)

FM cost increment to be added to ground downlink
receiver (cable)

scale factor (relative to UHF) to be applied to

parabolic entenna cost, as function of frequency

- 12.5GHz,
1.15

8.20Hz
1.10

2.5GHz

uplink beamwidth (deg)

array of acquisition costs for lanuch vehicles ($1O6)
array of engineering costs for launch vehicles ($10°)
boundery on the volume of the solar array (cu.ft)

array of acquisition costs for manned provisions as

& function of concept ($106)

arrsy of engineering costs for manned provieions as
a function of concept ($10 ) ‘

3-23
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URCBSM
URCMDA
ENGBSM
ENGMDA
PTRMIN

PTRMX1, PTRMX2,

IBWC

GDC-DCFT0-002

- unit recurring cost for BSM structure

- unit recurring cost for MDA

- engineering cost for BSM structure

- engineering cost for MDA

- minimum value for power outputfchannel on spacecraft

transmitter

- maximum value for power output/channel on spacecraft
transmitter

PTRMX2 - freq < 2.5, multiplexer waveguide

PIRMX3 - freq < 2.5, solid state

PTRMX1 - all others

- downlink beamwidth (deg) if input

- flag 1ndicator on whether BMWDTH is computed or 1nput

IBWC = O input

IBWC £ 0 compute

GROUND RECEIVER COMPUTATIONS FOR DIRECT TO HOME

RCVR1(2)

RCVR2(1)
HRCVR1(3, %)

HROVR2(3,2)

xr&1(3,2) 

- curve fitting breskpoints for UHF in terms of
recciver noise temperatures (%) - breskpoint one for
AM; breakpoint two for M

- curve fitting breakpoint if not UHF

- coefficients for quadratic exponential fit on cost of

- home receiver for UHF, Col. 1 and 2 for two piece fit on
AM receiver, Col. 3 and 4 for MM,
The curves are fit as é function of 10 lég T where
T = noise temperature (°K)

- coefficients for two piece quadratic- exponentisl fit
on cost OfAhome receiver for frequencies grester than

- UHF, | | ' |
The curves are fit as s function of 10 log T where

T - noise temperature (%) _

- learning curve coefficients lﬁr basic home receiver
unit recurring cost as a function of 10 log X where:
X = total no. of receivers/3 based on annual production.

3-24
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XLC3(3,1)

- RCVC2

RCVC3
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Col, 1 - UHF
Col. 2 - Not UHF
learning curve coefficients for the first sdditionsl
block of 3 channels for AM snd 1 channel for M
learning curve coefficients for each additional
such block
constant to compute first additional block (see
equation below)
constant to compute each additional block
Additional blocks are computed using
AC = CONST % R

where R = 1OA/lo
and A=a+BX+vy X2

X

total no. of receivers on annual

production basis .
The (@,8,Y) are given by XLC2 or XLC3

e
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3.3 NAMELIST/NAME2/
NAMELIST/NAMEQ/contains the variables which specify the user

requircments.
NB = number of beams
NCB - number of channels/beam
NF - number of facilities/satellite system
! NRS - number of reserve satellites
] NRLV - number of reserve launch vehicles

NRTSTA - number of retransmission stations for retransmission system

| ISYS = life of the system {years)
; \ﬁ LSAT - life of the satellite (years)
!

R

NTRF - mumber of transmitters/uplink facility
NCF - number of channels/uplink facility
NCTRF - number of channels/transmitter/uplink’facility
; ' NBRQD - mmber of beams required/system =
: ICNFIG(8)- array of flags to detemine which concept types are to be
: considered

ICNFIG(I) = 0, do not consider concept I ' -
ICNFIG(I) = I, do consider concept I R
I=1, ..., number of concept types

ettt
- ! e

mom(z) - array of flags to determine which uplink modulstions are

to be considered (see ICNFIG) ‘ ,

IMOD2(2) - array of flags to determine which downlink,modulations are o jf

| ~to be considered(see ICNFIG) , | i -

IEBAND(M) - array of to determine freqnenCy bands which are to be
= L + considered (see ICNFIG)

:~n;mg§;v,gr.:u:-¢~:wﬁ,? it
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DXMTR(Y4) - array of flags to determine which tranemitter types are to

IRAD(2)

ISTX(3)

IATT(3)

' IBATT(3)

IPTYPE(2)-

be considered (see ICNFIG) |
array of flags to determine which thermal control systems
are to be congidered (see ICNFIG)

array of flags to determine which station-keeping types
are to be congidered (see ICNFIG) '
array of flags to determine which altitude control types
are to be considered (see ICNFIG)

array of flags to deterﬁine which battery types are to be
considered '

array of flags to determine which power supply system is to
be considered |

XLAT,XTONG- latitude and relative longitude of beem center (degrees)
AMAJR,BMINR- major and minor axes of area of coverage (statute miles)

NAPY
11
T19
121
RHO
BW

NSAT

TTASOI(7) -

| jmna(B)

=3

nurber of audio channels/video
uplink antenna type

broadcast type

type of downlink system

1. Direct :
2- Retransmission (not implemented)

ratis oE aStellite noise +o ground noise

set to zero whenever latitude and longitude are re-initialized;
thereafter it is set to one. This elimlnates some

unnecessary initialization in the driver.

number of satellite systems

array of flags to determine which TASO grades are to be.
considered | ’

IPDNSE(L4)- array of flags to determine which population densities

are to be considered
array of flags to determine which ground receiver population/
beam are to be consldered

TITLE(6) - array to provide a descriptive title on the run sumery of the

ICASE

case being run. (Meximm of 60 Hollerith characters).
identification number of last case run

XNGRI(8) - array of ground receiver popuhwtion/beqm values to be

considered. |
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X0(3,8) - array of initial values for X; stored by columns and
determined by the configuration
JIT - number of desired iterations through system equations for
’ iterative solution of impliecit equations. (Nominal value

ettty et st s e

of 2 is edequate).
SETDNS - TV set density for cable distribution system (sets/sq. mi).

Other variables contained in this list which also eppear in either NAMEL or

‘NAMEP1 include:
SNRGI, PGMIN, PGMAX, DIMIN, DIMAX, DLMIN,DUMAX, TRMIN, TRMAX, XIMIN, XIMA
XIMAX, ILIFE, NEGR, BWUFL, ACQLV, ENGLV, VSABD, ACQMP, ENGMP, URCBSM,
oo URCMDA, ENGBSM, ENGMDA, PTRMIN,PTRMX1, PTRMX2, PTRMX3, BMWDTH, IBWC,
NOANT
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4

This section presents a sample of the nominal input perameter
values which are defined in Section 3 and an example of a typical run
sumnary output.

k.o SAMPLE COMPUTER RUN

The input values are presented in Figure k.1; the sample output in
Figure 4.2.

AR BRSO it e o SR T e
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Fig. 4.1 TVBS INPUT DATA

SNAMEL
AVGHT

T avoil

AvoL2

‘RCENG]

ACENG2

ACENG3

ACMFG1
ACwFG2
AETA
FuGHY -
FvoLl

FyoL2
FCENG)

FCENG2

0e2315E402, '0!125101' 0e3F~0le ~N0.131E*0Ls 0+4B9E400y 0+T73E=024
0,0, 0,0y 0,00 n,0, 0,0, «0,155F401, 0,46E+00; 0,7S5E«02,
0.0¢ 0,6y 0,0, 0,040 0,0y 0,00 0,04 0,0, 0,0, 0,0, 0,0,

=0e252E401y 040y Q0o =0,252E401y 040y 0o0¢ =0.252E¢01y 0.0
0e0r =04,252E+01y Qa0r 040+ =0,252F+0ls 040y 0.0¢ 0.0¢ 0,0
e,0, 0,0, 0,0, 9,0, 0,0, 0,0, 0,0,

0.,303E402y ~0,2213E+01y 0,373E-0ly 0,303E+02, ~0,2213E«01,
05373E~01y 040y OOy 0.0, O0.0s O0s0y 0e0y, O0e4014E*02,
=0e2661E+01y 0¢413E~01e 0409 0eO¢ O¢0y 0e0y 020y 0o0¢ Oo0y
" 0°0y 000y

04549E402y «0.52E~0ly 0.54F=02, 0.506E+02, 0.1TE+G0s 040s
0e0r 0,0¢ 0405 0e0v 0400 0,00 0.506E4G2, 0,17E400% Oo40¢
0.0¢ 0,0y 0,0y 0,00 0,0¢ 0,00 0.0¢ 0,0y 0,0¢ 0,09 0,04

0.549E+4024 ~0.52E~0iv 0+54F=02, 0.42B6E402, 0.53E400, 0.0,
000y 0e0s QeOs 0s0v 0s0¢ 0e0r 0.,4286E402y Go53E400v  0e0¢
0,0, 0,0, 0,0, 0,0, 0,0, 00, 0,0, 0,0, 0,0, 0,0, 0,0,

0.549E402y =0,52E~01y 0,54F=02y 0.58TSE«02¢ 0o0s 04Dy
0e0¢ 0.0s 0s0y 0s0v 0¢0s 0409 0.5875E+02¢ 0e0s 0.0y
0¢0e¢ 0,00 0,0y 0,0y 0,00 0,00 0,0, 0,04 0,0 0,0s 0,04

0,4468E+402y 0433E=01y 0,25E=02y 0,4321E402,¢ 0.11E+0Nn¢ P00

0+0s 0e0y O0s0s O0e0s D0e0s 0s00 004321E402, De11E400¢ DeO¢
0e0s 0.0¢ 040y 0409 0.0+ 0,00 040y 0.0¢ 0o0y 0,0+ 0.3¢

0,4468E+02, 0033€=-014 0,25E=02, 0,2766E+402, 0,B45E400+ 0,0¢
BeQy 0s0y 0e0y O0e0s 0cOe 040y 0s2T66E402s 0¢845E+00y 090y
DeOs 0e0y. 0e0s 0Oy 0c0s 0s09 0e0y 040y 0eOy 0,04 0.0,

“0el1E¢00, 0-36E'6i. “0+45E~03y 00359E400y =0+42E-03, 0.0,
DeO¢ 0e40¢ 0e09s QeOv 0.265E%009 ~0¢SE=03y 0e0v =0,375E=01y
6.0, 0,0, 0,0, 0,0, 0,0, 00, 0,0, 0,0, 0,0, 0,0, 0,0,

0,1592E402y ~04932E400y 0,276E=01y «0,3BTE200, 0,3R1E«00,
0¢125E~01y 0e0y _040¢ 0o0y O0eOs 0e0y Oe0y ~0+155E201,
c0eTIE=019 0+59E=02y D+45E+01r 0a139E*00¢ 0+59E=02y _0s0¢ 0.0+
0e0s O0.604E¢0)y 0.52E=0)e 0068E=02y

«0.252E+0ly 0,0y 0,0y =0,252E¢nlsy 0,0y 0,0y =0,25PE¢0ly 0,0y

000¢ ~0+252E¢01ly Qe0y De0s =0.252E¢01y 0o0y 0e0y =0,252E401,
0e0e¢ 0,00 040y O0u0y O0.,0¢ =0,167E+DYy Go0s 040

0,303E402y -0,2213E¢0%: 0,373E-0ls 0,303E+02, =0,2213E+01,

0o3TIE=0ly 0¢0y 040y 0s0y 0.0y 0.0, 0s0y Ooa4014E*p2,
~0.2661E401y 0o413E=01y 0,4014E402, =0,2661E+01, 0,413F=0l¢ 040s

0009 OeOy 043745E402y =ns243BE+01, 0,37BE-01, .

NeS49E+02y =pe52F=010 (e54F=02+ 0¢506E402s 0+17E¢pgr  0e0*
040y 0.0y 0,0y 0,0y 0,0¢ 0,0y 0.506E202, 0,17E¢0Ns 0,04
0.5192E402, 0,189E+00s 0,16E-02s 0,0y 0,04 0,0, 0,0y 0,0,
0°1B9E*00y 0el6E=02y

0+549E%02s =0e52E=Q1r 0.54E~02+ 0.4286E+Q2s o.sazfoe,"o.o.
0e0s 0,0y 0,03 0,05 0,0¢ 0,0y 0,42B6E+02¢ 0o353IE<00ys 0a0s
0.5192€+402y 0,189E+00, n,16E~02y 0,0, 0,0, 0,0, 9,6, 0,0,
0,lp5g400, 0, lgp.02, -

0-168E+02¢ =0,3E%004

0,13HRF+02, «0,73-01, 0,59E-02,
0,00 0,00 0,00 Q.00
009 0,00 0O0,0¢ 08¢ 0,09 0,0,
Va0 0,00 0.0v 0,0v O4VUs 0,0
0.,373F-0)y, 0,303E402, -0,2213F+01,
=0+2661F401ly 0e413E-01¢ 0:4014E%02,
0«0 00y Ou0r 0s0e 0e¢0r 0e0y
0.55T72E402¢ (985E=01l¢ 0.2HSE=02,
0.,56T2FE*02+v N.5ASFE=01+ 0e2HNF=02
0,0 0,0¢ 0,00 0,00
0.SO0T2E+02, 0.9RS5FE=01y 0.285F=02,
0e56T2E+02¢ (eDPAYE=0ly  NelBHF=02,
0,0, 0,0, 0,0, 0,0,
0.,56T2FE+02y 0.585E=01y 0,285E=07,
0.56T2E+02s (o4S85E=01s 00285F=02,
0.00e 0,0y 0,09 0,0
0.,4T73E+02, 0.465E~01y 0.185E=02,
0:5124E¢02, ~0.2895E400, 0+895E=02,
0.0 0,0y 0,00 040
0,4TT3E«02, 0,46SE-0}%e« 0,1BS5F-02,
0+5124E¢02s =(0+2895E¢G0: 0.895E-p2,
0a0» 0e0¢ 0o 0r D00
0+22€400y 0495E=02, 000y, 040y 0ol
0c2I1E=Qle =0,313E=03¢ 0465 QoD
0,0 0,0,
0,887E€-D2y 0,156E402¢ =0,38E+00,
0.46E¢00y 0+75E-02, 0.13B8Eep2,
0e0? 0e0v 000 Oe0¢ O0oUs 0400
0,0 0,0y 0,0v 0,0y 0,00 Q.04
O0eDs 0s0D¢ 0s0s 0e0s O0oUs 040
0,373E<01, 0,303E«02, =0,2213E¢01,
~0,2661T+01, 0.%13E=01, 0.%014E+02,
0,00 0,0, 0,00 0.0¢ 0.0s 0.0,
0+53B4E+02¢ («9BE=Q1l+ 0e25E=g2y
0,5672£+02, 0,585E~01y 0,285E=02,
0,0e 0,0¢ 0,0 0,6s 0,5192£402,
045384E¢029 0e98E=01¢ 0.25E=02¢
0,560T2E002y (,985E=01s 0.285F=02s
0,0¢ 0,0, 0,0¢ 0,0, 0,5192F+02,

041F=01s 0.04
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i ' - FIG. 4.1 TVBS INPUT DATA (Cont)

2.

FCENG3 0+549E402y =0+52E-01v
0.0; 0,0y 0,0y 040
0,5192E402y 0,1B9E+009
0°189E%00y 0°16E-02»
FCMFGY 3+4468E402y  0+33E7010
0,0, 0,0, 0,0, 0,0, =0,2895E400,
0.4615E402, «0,14255400,
«0,1485E+00y 0,625E=02y
FEMFG2 0.446BE+02s 0+33E=01+
0.0s 0.0y 0,00 0Ou0y -0.,2895E400,
0,4615€+02y «0,14BSE+00,
) -0+1485E%00, 0°625E-02y
FETA € =(45E=01s 0e3ISE=0le =0.,5F=n3y 0¢3R25E+00y ~0.25E=03¢ 0.0» 0.17Ee00s 0+2575E=01s ~04325€~03»
: 840y 0,0y 0,0y 0.0y 0,0+ 0.0+ 042967E+00s =0,67E~03¢ 0404 -0,375€=nl, 0,231€-01, -0.313F-03,
L . : 04B8SE«01y 0,273F=0ls =0,325E=03s 0,09 O0e0¢ 0,09 0a0s 0o0s 0.0s 0,0, 0,00 0,0 0.975E-01,
: ) Ne2SSE~0ly ~0325E-03,
; ' : . PSPPLY = (.1E¢00» 0.0v 0s167E=01s OaGe 0s0s 0s0¢ 00y 0404 -~
ANT = (.1E€00+ O0.2E*01ly 0.2RF=02+ 0.3E40ly 0,64E+0ly 0,5E+00, 0.3E40N, 043E+01-
FROOM = 0:=32ZE*00y 0.1€9E+Q1le 0.39E-0Ys 0.2E*01y 0.33E+00s 0.132E401¢ 0.16E-03¢ 0.3E401le 0.32F+00.
n,169E+01, 0,41g.01, O,”Es01,
XIM4PRV = 0,1E+0ly 0,10BE«03,
N ANWDTH = N.42E400¢ (e1Es0lv Ge2E+00v 0s1Esnle
:» DARD = 0,15E402y 0.3E602; G 5AEeN2s 01SE*02y 0.9E¢02s = 0.33E+020 0.0 0.1E403,
BLNGTH = p.SE¢0le 0.,75E+0ls 0s26F+02s 0e0¢ 0,2E402¢y 0e0s 0.0¢ 0+35E402
ByoL s 0,98E402s 0,262E403+ 0,B1Fe403, 0,6E«04y 0,45E004, 0,6E+04, 0.0¢ 0,6E404,
BWAHT 2 0.2E404¢  0.52E%04 o-9ﬁbohio.42E005- 0.98E4n4s 0.42E+05y 9.0 0o42E+05e
DEM = n,4Ee01, 0,567E+0ly 0,567E+01, 0.0+ O0,TE+00y 0.0+ 0,0, 0.1E¢02,
FREQ ®  0.6E200s 0,25E401s NeB4FsnLle 04122E402y
EPSLON = 0.1E-02, ’
MEONV. = 4y
ITMAX = 40y
" PSIK ® 0.1E+01,
SNRGI =  0,445E402y 0.335E402s 0.27E402¢ 0,23E402, 0.1TE02s 0,1E+02, 0,53E402+
: DCYCLE = (Q.24E+02y
: WONTR = «0,10778E+02, - 0,942E¢00y, 0,0y =0,1365E¢02y 0,935E+00¢ 0,04 ~0,1642E402, 0,93E4000 0,00
i voL8 = =0e3231E402s (e93TE4D0r 0ehs =0e3IS4E*02¢ (<915E400s 0.0¢ =0eIOTHESD2y NGIFL1RECQ0s 00
130 = =0,1285E¢02y 0¢17SE~01¢ 04375E-029
ANTC = -0.392E¢02s 0,185E¢01s 0.0+ . :

e . ’ -

209~0L~I0a~0ao
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CSTR
cPy
Ce?
RaR}
RANZ
Sxy
K2
PLX)

PLX?2

DNLA
ANTDY

+ ANTD2
caTl

CRT?

RECAL
RECA2
ANTH

-XINST)
XINST2
CINST

CREUR
CRCNR
NOANT
NCNFIG
NMORT
NMOD2
NFRAND
NPTYPE

NXUTR

FIG. 4.1 TVBS INPUT DATA (Cont)

“0¢2E32L402s  0.T23E400s No0s ~0.6E4N2y  0,0s Dol 0afy  Oufle
~Ne31S1IE*02¢  OR6BIES0Dy  0+4245F~130 040+ Defe QuOc
-0.236534E402, 0,825£¢00s 0,40756=07s 0.0s 0.00 0.0«
=0¢33071L4021  0.6B3E*00s 0.0 =0e36ATEF*02s  0enHIF+00e Oo0»
~0,24023 402, 0,675E¢004 0,0, <0.2752E4020 0,6TSFeNe 000

02124E400s De0» 0.547E*00e Gu0v Nel36ECgLs 0u0s  0,136E4004

0.19E400s 0,00 0,49E=01, 0.0s 0.108E+00s 0.0¢ 0 ,1NAF+G0,y

=na15176401s  0e913E=0)r «0,30BE=02¢r 0s15E=01+ =0e156AEsn])
=0e1647E201y 00925E=01y «0,322E=02, Jet1E=0l,

~NeTB2F*00y 0410AE400y =N,3RE=02¢ 0,RSF=pl, =0.P41E«n0,
-04130BE+01s  0¢3225E<01y =0.3736~02¢ 0,7E=01,

NeSESQRY =
=0e9733E401y | 04240HE%00s 0,179E~01+ =0.9733Fe01s 0.2408F+00¢

" =Ne3679E402y 047633E=01y G,1107E=01, .

~0eT033E403s 0e2369E+00y O0,17BF=01y =0,7033E¢01s 0,2369F¢N0,
«0e143AE4029 =0¢3495E400y 0.,3462€=01,

~0,532RE402y 04354E+00¢ N RSE=02+ =0.4F46E402¢ 0,215E400y
0¢1E~01y

'-0.26°E‘n2. 0+4E+00+ 0e0v ~De269E402+ De4E*N0r 0.0v ~Ns269E+020

0.4E+01,
NalEs02,

«0,4T22E402y =04136E=~01s 0,9E=01y =N ,4641E402, =0,44AF 0N,
0.1E*00¢s ~0,694E%020 0,3RAF*0le 0.0¢

0e4E+01y
0.8E+01,

“0e46E402y «0e631E~01s - 0.74F=0Lly ~0+439E402¢ =04944E400,
0,12E400s =0.605F402s 0,75”Ee01s 0,00

NeSE~02, 0.333E-02, 0.3167E=01, 0.5E=02, 0.333E=02,
0.14E400y 0,667€-02+s 0,5333E=0ls 0,17E¢00: 0,8333E=0l,
QeéE¢Q]l e

L

20

24

N0

Qefiv  DeDe
iy N0,
0e9975F =00

0,1095E00,

0,179 =01y =0.3523502,
0s178F=0ly =0,1923F¢ 0P
0.,1446=01y =0,.523%F+07,

004E400e  0eDe

0,137E400¢ <0,392E402¢ =0,IHE+000

01626400+ =0.46E+02¢ =0e2TESnn,

0:3667F=01,

0.6167€E-01,

=ned3ATE=02¢

%
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FIG. 4.1

NMTPLX =
NRAD =
NETK =
NATYT =
NRATT =
M B
N =
RECHl =

RECH2 =
TRRD] =
tnnn? x
RVEST s
Kan =
Zvan =
UPFREN =
RPP =
BT =
[ 4 =
Tan =
AT? =
KATINYI =
KATINZ =
7 =
Tre =
LR ¢ =
XLT1 2
XLT2 =
X T3 =
XLT4 =
Xevl =

TVBS INPUT DATA (Cont)

2
2e
I
kL
3
s

I

0.1005E403y =046RASE4(1s 0,00 0,1055E403s =0,12F+02.

D.58BE<nle -0.131E%0)s 0.0, 0,58AF+01¢ =0.131Ee01,
Ne272E+0)s =0,786E400s 0,0. 0.272F+01, =0.786E+00,
NeSSSE*01e «0.B1F+30s 0.fy 0e555Eenls -0.81E¢004
0.7B3E+n2y ~0.4RE+01s 0400 0VeTITE«N2ys ~0:RL6F 01y
0.9E402s  0.3E%03s 0,0y 0.25E403s 0afly 0.2RF 04,
Ne22E+03¢ 0.7E+030

0. TSE=03+

Ne425E~02y 0.42F-020

NeNs 0,3E401,

N.62E+01s  0.B2E+01,

N.16E402y D.4Es01e 0s1EsNTs

Ne32E-02+ 04ASE~02.

040y 0,21F~03v 0¢ASE=~0?. 0.24E=01,

0.T15E401s  0.12F¢010

0.0y 0,906E400, 0,12E¢nd¢ 0e122E+0l.

Ne4EE-01s 0.7E-Als

0.5E-02y 0.,16E«0ls O0e7F=01s 0.14F+00,

De3PE+NLy  0,ISE+0Ls

0.1RE+0ly 0.26Es0ly 0,35E+01s 0.48E+01,

NaO»

Ne0s -

040y
=Nel1EsN1,

=N.1E400,

=0.1E+00,

o

Ne252E400.

0.0
[ 1)

0.0+

D«141F+00¢

0,06

=04391Fe0dy «0,99F=nls 0.0
~0 PITARES02y =04 T6F=01s 0.0
~0.,199Fenle =0,13E¢N0s 0a0¢
“0,154F 402, =0,202F+00s 0,00

=0,3A5H1F (2 =N ¥RF<01 0490

n.28Ee0a,

b
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FIG. k.1 TVBS INPUT DATA (Cont)

xpY2
RET1
Y ApTR

Pi

G P
COASNT

U TION
YAT™
TeLoun
TRAIN
T

AMMT

TE
TREVRS
GF1
6r2
61
67
GM1
Gu?
Gsx
I GFv

S GMX

AMTPLX
RMTPLX

. D3AD

ARCVR -

EXPR

FOLINE
f:inpr

ETaPC

ETAB

" =0s1E500s

=0.1E4004
=0e4E401 ¢
0.0y
~0«3E+01,
0.46E402y 0.3E401ls 0oDs 0aOs
029E+03y
0.29E+03,
0+273E403y
0+273E+03,
0429E+03y ~

0+48E40Le  04BE«03y 0e15AF+0Le 0e0, 0e45E=04s 0,166FEe01y 0.0
00166E401

0429E+03s
0+1TE+03s

0-24E+402

De4sECD2y

0e22E+62s

0.34E+02,

De1RE*02¢

0.44E402,

0+114E%01y 0.0y - 0s0s =0.26TE+0Ls 0e173E400¢ 0s0+  0.322E401
~0.214E401y 0,05 0,05 0,15TE+02¢ =0,743Es00, 0.0y =0.17E+02+
~0.3BE40Ls 0000 0400 0.5E+00r =04262E400s 0s0v ~0.101F%02s 0e0s
0.935E400, 0,98E+00¢ 0.95E400, 0.BIE+00,
~0e6E=Gls =0.22E~n01y ~0s3I5E=01s =0cA3FE=01s

0.25E402, -

o-Z?éE'oZv 0+975E~02¢ 0+297E~02y 0+372E=01s
<00 146E+01 4 ‘

0.1E401,

Ne95E+00

0.7E+00,

0.83E+00+ ‘ -

0,23E-05,

0.0
0,0

Oele

0.0¢
o-o'

o AT
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FIG. k.1 TVBS INPUT DATA (Cont)

ETABLY
CETALCF
RHOPC
“DGRN
L wetR
weHl
weuz
wai
WeeN
wLEFPL
WLCFP
‘vanl
veTR
“vemn
veu
veeN)
VeeN
VLCFPL
VLCEP
CENGPY

CFNGP2

CENGPC

CMFGPY
CMFGPC
cLer
cLce
CHMFGLC
CENGLC
TSTRCY
LR

" LRCVR

=

]

Ne98E+00
0.95E+00

04526E~01y

0.71E400y =043E=-01,

0.0, 0,4€-
0436E+03

0e26E405¢

0,623E401y 0,00 0,0y ~0,106ESN2s 0.,658E400, 0,0 0,3E¢0(0,

-Ds3E+0le O
Ne3E+03y
NelE1ESD0,
0«6E404%,

~0s1754E+02,
0.6E+04,

~0.2054E402
0ebEeQb,

~Balbd4E402y
0a3SEs05,
Ne247E~02
0416E204,
DeBE+04,

-0.3472[.02v
0e12E+04,

«(1+5254E¢02,y
0.1E+04,
0,2E+04,
0¢25E~02+
0.125E=-02,
0e25E400¢
0.2E+01,

026401

02y 0.0y -

TTE+00s 040

04953€+00,

0+SRTEQ0

0eSATE+00

0S4E400¢

0.869E+00s 0.2SE=03+ 0,109BE+01,

~

0:R24E¢000 N 0e =0,2234E402¢ 0,43IRE+00¢ N0

041326E401,

0.514E400

006 =0e295£402

0als =0e325E402

0.0¢ =0,2516E402y

0+7SE+00

0.0¢ =042RAAESD2s

0eDv 0601 0.25F=05, 0+263E=02,

040y 0,09,

0,175E=05,

0+5SS2E+00

0.905E+400e 0.0y

0+905E400¢ 0,00

0e835E¢00s 0400

0s118SE=05,

040+ 0,125E=-05,

000

0.,41E+00y

«0.523E401,

0efs

0,00

NeOa
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GDC-DCF'70-002 '

FIG. 4.1 TVBS INPUT DATA (Cont)

LeY ®  0.2E+01ly
LRATT = 0,SE+01y 0,2E401, O0,l1E401.
LPC ® 0s2E401
LPCY = 0.1E402.
LLGF 3 0e1E4024
RRWTR = 0.1Ee01,

RRWRVA DelE0l,
RRWPT s 0.1E401,

RAWATY 0+1E401

RAWPLC = n.lEe0},

REWPCU = Ne2ESO0ls
RRWLCF = Q,1E«0l,
RRVIR m»  0.1E¢0],

RAVRVA = 0.1E¢01,

ARVPT = D.lEe0],

RRVATY = 0.1E401,

RRVPC = 0.1E+01y

RRVPCY = 0,1E+01, N . ' : i

RRVLCF = O0e¢1E+0l»
RRCTR = 0.1E+01,

RACRVR =  0.1E+01,

RACPT % 0 1E0ls

RRCATY = (e.lE+0l,

RRCPC 2 0.1E«01, 1{{
RRCPCU = 0.1E+01: £

RACLCF = 0.1Es01,
VRHO = 0elE*0ls

PPl a 0.1E403, v g

POPZ m  D.4Es04, ) ‘ o

PoOP o 0.,5E+02¢ O0.1E404, 0.TEsn4s 0,25€4050 : ' ¥

imn x 6y : . : ’ - Iy

A = 13, iy

1YR 3 69y _ f;
5

WM X - : :

’ ® 0e188E%020 0.7BTE-0ls. 0.9F01y 0.262F402¢ 0.77E-01s 0. 11SES02y  0.128Eeple  0.797E=01s 0435E¢ 000
WHARR ® 0:00 0,3E-02y 0,0, 0.0, 0,3g-02 .
02y 040y N,00 0,3E~n? -
0s0s 0e0¢ 0,1Ew0ls 0,00 0.0, 0.155101, a0 6.5." a.’g::;‘ g:g: 0.1€~01y 0.0y 0,04 0,15E=01,

NPROTO = 0,1E+01,

S*LSI ® =0.117E+02, 0,181E+00, =0:267BE02y  0e1B1E+00, “0 807E+01s 0004 —— 0'0; . 0'0; .

0,0,
SKLS2 2 ~n.SE=Cly 0.0y 0,51RE403, 0,0, o.zas.oo; 04365E400 0;225000' 0.365€400, 0,0 040y 0,00 0,0,
ATTY 2 8:3?15—01, 040y ~0,196E401s  0.257F=01y 0.219E400s  0.04 00219F400s 0.0v 0,00 0uUs 0,04

Y oArr2 W o.xggfoo. 0:0s  0s11E400e 040y 0.17E4005 0.0+ 0.17F4000 0,05 - 0.0+ 0.0, 0,00 0,0
:tt51 %, =NeBI6E4Nls 0.0+ 0,2931Es02, 0s0r ~041062E402s ‘o‘n.f-b,loezsodég 0400 0.0, o;b-' 0,09 0,0y
ATL52 - m . 1209 040

0¢175E401y  0,52RE=01y 0.17SE601s  0,52BE=01s =00llFe0n."
0e0s 0,0y 0,0, 0,00 : AT Doslivrony

SEND. L ' ; ,

0o116F 000 =0,20E+400% 0.116Fs00s




CPSNAMEPL

XLIFE = 249 Ser 1Uer Ser Hor bor
PGMIN = laeo POMAX = 1,E+0by DIMIN = ,by DIMAX = 100,
DYUMIN = lao D4MAX = 100,
XLMIN = 1.9 COXLMAX = 1lUer
PTRMIN = 1., PTRMX1 = 1,00+05r PTRMX2 = 1,0E+04s  PTRMX3 = 2,06403
- DFMREC = .0006zb
PARANT (L) = 149 _1001)'_ lelUy | l1.15
BwUPL = 17,5
S e - ACQLY = 4X%211.1¢ 257 e97 S*%2liele
o CENGLV = 4%36.7 1detrr 3%36. 70
: ACQ?"’!P - 5*0.' 21.0(5' Oo' 21017' 2*0.'
ENGVlP - B*U.' bOob' U.’ bb.U3' Z*Uo' '
URCBSM = 1,72 URCMDA = 1.05 ENGHSM = 15.4 ENGMDA = 11.37
SER  VSApD = 1704
o TRMIN = 150G 7604
' RCVRKY = Uer = Uer RCVRZ = 865,
HRCVR1 = =2U4.41 -1,014, - «Ul08r  =24,.U41, =1.014» «0108,
S =26.400 =884 JULU6 -26,460 - 884, 01060
HKCVRz = 27.520 -2t Uer ~284.20 = e 3490 Ver
XLC1 = 8.5 o371 sU0S2e 6oy -e279 00227
XLCZ = 7438 ~e5221 00253, XLC3 = 5,52, ~e2320 00160,
RCVC2 = G.7E=~Ub RCVCS = 6.34E=0o :
SEND
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FIG. 4.2

CASE NO. 1

TVBS OUTPUT SUMMARY

UNITED STATES NATIONAL ETV / OPERATIONAL DIRECT SYSTEM

USER RFQUTREMFNTS

AREA OF COVERAGE

MAJOR AXIS(MI)

MINOR AXIS(MI) .

ANC (MILLIONS OF SQUARE MILES)
RECEIVER POP/HEAM ( THOUSANDS)
TOTAL RECEIVER POP (THOUISANDS)
LATITUDE (DEGREES)

RELATIVE LONGITUDE (DEGREFS)
TASO GRADE
SIGNAL To f0ISE RATIO(DB)

" NUMBER OF UPLINK FAC/SAT SYSTEM

NUMHER OF CHANMELS/FACILTTY
UPLINK MODULATION

DOWNLINK MODULATION

TOTAL SYSTEM OPERATION LTFE(YRS)
SATELLITE LIFE(YRS)

DUTY CYCLE tHRS/DAY)

NUMBER OF VIDEO CHANNELS/REAM
NUMHER OF AUDTIO/VINEO CHANNELS
NOISE ENVIRONMENT

NUMBER OF REAMS/SYSTEM

NUMHER OF SAT SYSTEMS

GROUND DOWNLINK SYSTEM

MINTMIM COST SOLUTTON

EXCLUDING LAUNCH VEHICLF COST
INCLUDING LAINCH VEHICLE COST

OPTIMUM DESIGN PARAMETERS « CONCEPT A

PARAMETER PTR=SAT WT=SAY VoL-EM
(WATTS) (LAS) (cU FT)
DESIGN VALUE 54843 2603.6 45.6
ON AGUNDARY NO NC - NO
UPPER BOUND 1000000 5200.0 123.2

LOWER ROUND 140 0.0 0+

1600,000
1000,000
1.257
10000.000
60000,000
35,000
25,000

3
27,000

7

1

FM

FM
10

5
24,0
2

1
SURURR
)

1
NDIRFCTY

TOTAL COST/YR
{MILLIONS)
309,257
34B592

VOL=SAT PTR=GND
(CU FT)©  (WATTS)

26240 3.7
YES NO
262.0 10000040

00 o0

LINK PARAMETERS

PARAMETER UPLINK
FREQUENCY (GHZ) 8420
FRP(DRW) 4643
RF BANNWINTH (MHZ) 33.6
MODULATION INDEX 3.0
ANTENNA BEAMWIDNTH(DEG) 7
LOSS (DR)

FREESPACE -201,8
ATMNSPHERIC -5
XMIT CIRCUIT 240
ACVR CIRCUIT 0.0
XMIT POINTING -el
RCVI POINTING ~al
POLARIZATION Qen
MOISE TEMPERATURES(DER K)
SKY -
ENVIQONMENTYAL -
EARTH 29040
RECEIVER 170,0
TRANSMISSION L INE .0
COST/YR/RCVR

(DOLLARS)
S.15
S«81

VoiL=-SA DA=G Up NA=G UN TR=GNI

{Cu FT) (FT) (FN (NEG K]
117.1 7.2 1.6 603.1
NO NO NO NO
26240 10040 100.0 5000040

0.0 5 1.0 5060

4713769

DOWN|_INK
250
A2e6
I3e6
3.0
2eb

~191.5%
=l
=13
-l
~el
=hol
~3.0

11e4
4.3
290.0
6n3.1
6eh

i ae

200~0LI0q~0aD



OUTPUT SUMMARY (Cont)

LCAREL MO N UNITED STATES NATIONAL ETV / OPERATIONAL DIRECT SYSTFM 6719769
SPACECRAFT COST(MILLINNS)
CONCEPT B ACQUISITION R/D TOTAL WEIGHT VOLUME TYPE DESCHIPTIVE
) CosT - _cosT cosT (LRS,) (CUs FTa) PARAMETERS
POWER SUBSYSTEM
* POWER SOURCE 24199 3.897 8296 T0le22 117,10 SOL ARRAY PRIME PWR =  4A32 WATTS
BATTERIES 004 2134 elbl 506,30 3,40 NICKEL cai JATY HRS =  10353,.4
CONDITIONING «898 3.186 4.9R} 675,A3 13,99
ANTENNA (DOWN~L INK) «374 1.342 24090 32447 91+76  TRUSS GAIN = 36e6 DBy DIA = 1}.4 FT
ANTENNA (UP=L INK) 0,000 0.000 " 04000 0,00 0.00  TRUSS GAIN = 46,7 Ddy 0DTA = 11.4 FT
"TRANSMITTER #511 2,284 3,306 130,90 5,60 T™T PWR/CHAN =  56R, EFF = ,5R9
* MULTIPLEXER .898 2,477 4,273 34,450 «10  WAVEGUINF
RECEIVER 134 492 «760 5400 «63  LIN TRANS WOISE FIG = 2.0
STRUCTURE o260 2.805 3325 12,28 18418  CONV
THERMAL CONTROL «068 + 754 «890 37.81 7e56 - HYHRID PWR RAD = 3361y ARFA =  30.7
STATION KEEPING «559 7.645 RaT64 75.85 «2h - TON PROP
ATTITUDE CONTROL 24627 284360 33.614 12145 1+42 10N PROP
TLM AND CMD 1,051 1,575 3.676 7000 2.00
- TEST EQUIPMENT - « 750 o750 - -
TOTAL/SAT 9,583 55.700 T4 4R6S 2603461 262.00
USER SYSTEM TOTAL 114,990 55,700 170,690
GROUND UP-(. INK SYSTEM - COST(MILLIONS)
: : ACOUISTITION R/D OPERATIONS TNTAL DESCRIPTYIVE
coST cosv COST/YR cost PARAMETERS
FACILITIES «04R +005 #001 062
PROGs RECy + CONTR EQUIP 3T 0.000 2113 TeCTH BROADCAST = COLOR
TRANSMITTER ’ « 065 0,000 008 Jar PWR/CHAN = 3,67
ANTENNA <006 0,000 <000 «009 GAIN = 42,6 DHy DIA 3 7,2 FTY
STANDBY POWER «040 - 2002 L057
TEST EQUIPMENT «200 - - «200
SYST DESe INTEGs ¢ MGMT - 127 - o127
S§YST OPS MGMT - - 121 1,210
TOTAL/FAC +503 o132 245 3.087
TLM AND CMD EQUIP «290 +195 1.065 - 11.138
SYSTEM TOTAL 3.8}2 327 2.782 31.955
GRAUND DOWN=-LINK SYSTEM UNIT ACG UNIT INST UNIT MAINT TOTAL TYPE DESCRIPTIVE
: : cosT cosT - cosT cosT PARAMETERS
(DOLLARS) {DOLLARS) {NOLLARS/YR) (MILLTONS)
ANTENNA 7415 24,68 12 389,805 PARABOLIC GAIN = 19,0 DBy EFFECTIVE DIA = 1.6 FT
RECE IVER 3.06 306 31 91+874 NOTSE FIG = 4e9e NOISE TEMP = 60731
TOTAL/BEAM 10,21 2774 1.02 ABLle679 -
SYSTEM TOTAL 2890,073
LallNCH VEHICLE €OST WEIGHT LIMIT VOLUME LIMIT COMMENTS
SATURN V (UNMANNED) 458,900 420004000 6000,000 INCLUDES RELApNCHES AND R/D
USER TOTAL 3934343 5200.000 262.000 PROHATED =~ 7 SATELLITE CONCERT

Bl A
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5.0 SUBROUTINE DESCRIPTION

5.1 TVBS DRIVER

The function of the TVBS DRIyER is to
a) read the input lists,
b) ‘initialize parameters,
¢) set the flags describing the cases to be run, and
d) control the execution of the progrem.

Input of deta is performed through the use of the nemelist festure
which eases the task of preparing deta cards by the program user. The input
data is comprised of three separate lists identified by NAME1, NAMEPl, and
NAME2, respectively. NAMELl and NAMEP1 consist mainly of fixed deta which is
not liable to change during the variation of user requifements. ‘It contains
such parameters as the coefficients for the weight, volume, &nd cost curves
of the system elements, losses, and noise temperatures. NAME2 is used to input
quantities which describe the specific user requirements. A more detasiled
deseription of the elements in the listse is given in Section 3.

The driver also initializes certain parameters not initiaslized in the
other subroutines, INIT and SYSEQ.

The TVBS driver converts the input values of the ionospheric and
transmission line losses (XLI, XUTL, XiT2, XIr3, Xurh, resnectively) from db
to dimensionless units.

It also calculates the redundancy factors to be used in the system
equations. ‘(See Section 2.7 ). It sets the precipitation rate as a
function of latitude and calculates besmwidth (EMWDTH) and area of coverage
(A0C) as determined by the major and minor axes (AMAJR,BMINR) specified ;
by the user requirements. The TVBS driver alsok canputes the FM improvement
factor:

Im=3M2(:|_+M) whereM=35

I = 1 for AM.
m

e i

T T
PR




- %% Nuclear reactor has not been implemented.
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The main function of the driver, however, is to set the descriptive
flags for the desired configuration. This is done through the use of a series
of do-loops which iterate over the various types of system elements and other
relevant parameters. The elements which are varisble in the do<loop system
consist of the following: '

a) Taso grade - 0, 1,2, ..., 6

b) Population density - Pys Ppy P3s By (input)

¢) Receiver population - 1y Tpy +ees Tg (input)

d) Concept types - A, B, ..., H *

e) Uplink modulation - AM and FM

f) Downlink modulation - AM and ™M (currently constrained to be the
seme as the uplink)

&) Frequency band operating point - £, Ty £q, ) (input)

'h) Power supply type - solar array and nuclear reactor **

1) Downlink transmitter type - grid, solid state, CFA, TWT

J) Thermal control system - passive and hybrid

k) Station-keeping system - ammonia resistojet, ion propulsion,

H20 electrolysis

1) Attitude cpntfol system - ammonia resistojet, ion propulsion,

H20 electrolysis

m) Battery type - nickel cadmium, silver cadmium, silver zinec.

By executing these loops, the various combinations can be considered.
Vector arrays have been provided which permit the user to bypass any
specified value of & given index parsmeter. These arrays are dimensioned
according to the maximum value the index parameters cen have. Esch time the
index parsmeter is wpdated, it is checked against the corresponding component
of the vector. If the value of the index parameter is not equal to the
value of that component, that value of the index paremeter is by-pessed. For
exsmple, assume that it is desired that both AM and ™M are to be considered

* Concept G has not been implemented.
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for downlink modulation. Iet the associated 2x1 vector be IMOD2. Then

IMOD2 = (1,2) .
If only AM is to be considered,

IMOD2 = (1,0) ,

and if only FM is to be considered,

MoD2 = (0,2).

Note that for a case to be considered, the value of the index parameter
must be equal to its associated component value.

The index parameters used in the do-loop system and the flags used

to describe the cases being run are given below with their maximum values.

Jl

Je:

Il

| 13

Taso grade (T)
A vector of ground signal-to-noise ratios (SNGRI.) is input and is

used to set the signal to noise ratio as a function of desired,'b,aso grade.

Population density (k)

An associated vector of population densities ( POP) is input and
set during the execution of the do-loop system.

Receiver population (8)

" A vector of recelver populations (per beam) to be considered (XNGRT)

is input and set as a function of the valve of J3.
Concept type (8)

1 -A 5 -E
2 -B 6 -F
3 -C 7 -G
4 =D 8 -H

Downlink modulation (2)

1 -AM
2 - MM

' Frequency band operating point (&)
1 - FREQ(1)
2 « FREQ(2)

3 - FREQ(3)
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FFEQ is input in GHZ

I+  Downlink Antenna type *(2)
1 - TRUSS |
2 - RIGID

15 Downlink feed boom #(3)

1 - folding
2 = expandable
3 =~ rigid
I6 Power supply type (2)
1l - solar array
2 -- nuclear reactor *%* - ' -
I7 Transmitter type (spececraft) (&) |
1l - grid tube | ' o
2 - solid state |
3 - CFA
L - TWT
I8  Receiver type (spacecraft) * (2)
1 - linear translator
2 < modulation converter
I9 Multiplexer type * (3)
1- coax ~ ‘
2 - waveguide ‘
3 - stripline
T10 Uplink modulation (2) | ;
I11 Ground uplink antemna * (1) = ' -
1 - minimm motién entenna | ' o
I12  Structure * (2) S | .
| 1 - éonventional - B o .
2 . BSM o B

* flag not used as index parsmeter in do-loop system
% not impltmented




I13

14

I15

116

117
118

I19

I20

I21

I22
I23

Thermal control system (2)
1 - passive
2 - hybrid
Station keeping system (3) )
1 - ammonia resistojet
2 - ion propulsion
3 - HEO electrolyis
Attitude control system (3)
1l - ammonia resistojet
2 - ion propulsion
3 - H20 electrolysis
Ground downlink antenna type * (2)
1 - wideband
2 - parsbolic

(not used)
Launch vehicle type * (2)
1 - Saturn V, umanned
2 = S.(é.turn V, manned
Type of broadcast * (2)
1 - monochrome
2 - color

Battery type (3)
1l -~ nickel cadmium

2 = silver cadmium
3 - silver ziné

Type of downlink system (3)
"1 - airect to home
.2 - retransmission **
3 - CATV

(not used.j ~

Uplink antenna (satellite) (2)
1 - truss
2 - rigid

*% not implemented

GDC-DCFT0-002
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I2k  Uplink frequency operating point (2)
1 - UPFREQ (1)
2 - UPFREQ (2)
UPFREQ is input in GHZ.

I25 (not used)

During the execution of the do-loopéz_ certain operations are performed.
These are enumerated in the accompanying flow diagram (see Figure 5.1).
They include:

a) calculating required bandwidth

b) sétting miltiplexer type as function of frequency band:

UHF - coax
S-band - waveguide
X-band -~ stripline
¢) calculating spacecraft uplink antenns dismeter D

and downlink
antenna diameter D3. '

2

70 - C K
= i=2,3 where o B
i . 2 i
BW, - £, | | |

C is the velocity of light (£t/sec) o

BW - beamwidth (degree)

D

f - frequency (ke)

e
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INITIALIZE
y CONVFRT ;
READ F XLl XLT1 i
NAME 1 XLT'2, XLT'3,
: XLT4 FROM DB
READ | CONVERT
NAME 2 [* LAT, LONG TO
DEGREES
1
YES | NO CALCULATE
REDUNDANCY
FACTORS ‘ DO-LOOP
SYSTEM*
[
ARE ‘
HEW VALUES' T j;
YES " "FoR BEAM NO o] Aoc=7 @b §
| CENTER ' i
y INPUT :
SET PRECIPITATION ? CONVERT
RATE AS FCT. OF »| LAT, LONG f
LATITUDE TO RADIANS
r______’___‘_.______’_ EL.
| |
I COMPUTE  |. :
R = BEAMWIDTH [° :
p = Ry, @)
.
COMPUTE
BW REQ'D :
— BY MINOR
i Rpp (2) :
}
Rpp 3)
) . 4
% See Figure 5.2
Figure 5.1 Flow Diagram - TVBS Driver
i v i
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Y
SET GRD
_ DOWNLINK
‘ ANTENNA
X = ;(0 »] DO I, =1, NBATT
SET
= YES (S/N) g AND
TASO GRADE L
| !
CALL CONV
of DI . =1,NATT
YES
SET POP, "o
DENSITY
4
DO I, =1, NCNFIG
COMPUTE
NO. OF DOWN-
LINK CHANNELS
/ SATELLITE (NC)
XMTR VALID
WITH COMB
YES
»| DO I, =1, NXMTR
CALCULATE:
REQUIRED
BANDWIDTH ,
/BEAM R
. D,
IS
SET FLAG
FOR | AVAILABLENYES | CALC
; TYPE (Ig) , oy
‘ NO

v Figur'ek_S,.Z TVBS Do-loop System




FROGRAM TVBS(INPUTrTAPES:INPUT;OUTPUT!TAPEé:OUTPUT)

COMMON/ATTN/ BVEST,BBB(2) 1ZMOD(2) »XLAT ¢+ XLONG)RP»yBT1(2)yBT2(4)
PATL(Z2) P AT2(4) v KATTNLI(2) fKATTN2(4) 9 TZ1(2) o TZ2(4) o XLI o XLTL ) XLT2
P XLT3 v XLTU» XPT1 o XPT2/RPT1rRPT2,P19P29COSNT(4) o TION)TATM, TCLOUD
p TRAINy TTLoAMMT(3)4) » TE» TRCVRSyGELrGE29GS19GS2rGM1,yGM29GSX(303)
PGEX(393)0GMX(393)  AMTPLX(4) ¢ BMTPLX(G) y TCOrTIvTArTCHTMr TR TT

p TEFF o FSL12)FSLAG )ATLL1rATL2yXCIRC19»XCIRC29)RCIRC1/RCIRC2 '
p XL12 e XL34 ) KGSrKGMyKGErRPP (3) 7 BETA» GAMMA  EL »RSL
COMMON/BOUND/IARRAY (15) » JARRAY(15) »YMIN(15) » YMAX(15)

COMMON/CINST/ PI2»RyCVEL'BOLZyRSAT»RE

COMMON/ CNVRGE/ EPSLONyMCONV» ITMAXsPSIK,GRAD(5)

COMMON/DATE/ IMO.IDA,IYR,POPL, POPZ ICASE, TITLE(6)

COMMON /ZDIAM / D(4)»6(4)

COMMON/MATIN/ 1101291314916+ 16917918919,110,1201,112,113,114,115
v 211691171189 11901200121012291239124,9125
P XQ e XJp XKe XL o XP1o XMe XP29 XN XP 39 XY » XPY

COMMUN/Mlbt/ BLEM2aagVEMe XLFL e XLF2 ¢ XLF e XLA»SNRGyXTA XIMPRV(2) y8VID12
* 'BVID34» TSTRCTyAMAJR » BMINR

COMMON/NUNMB / NTRONCTR'NF'LSYS'NSLONRS'NLV'NRLV'NRSTA'NB'NCBONC
* ¢t NCTRF ¢ NTRF ¢ NCF»LSAT »FREQLyGR85+GR899»GRIS» GR » XNGR » XNGRP
* r NAPV » NAUDC » PONSE » ITASO/NBRQD » AOC» NSAT ¢ NBS»SETDONS » JIT
COMMON/PARA/ PLOG/ETA»ARD'VTRyWTRyFREQY s XNS»RHO p AKP » ANG

KX K X %

* »CE ¢y CMF G WEMy WLOG » PGLOG»CSTPYR»G4LOG, TLOG
* P VEMe WSTLOG»PSLOGy WHLOG»PRLOGyD1LOG
* 'D4LOG)PTALOGYPCULOG PPCLOG/PPTLOG» CEPP»CMFGPP

COMMON/PARA3Z/ YMy YL AML yAREA» WHRS » WSy XLEM
COMMON/PARBD/PGMIN,PGMAX »DAMINDLIMAX»DU4MIN e DUMAX ¢ TRMIN(Z)'TRMAxla)
p XLMIN ) XLMAX) XNGRMX!VSABD!PTRMIN PTRMX1,PTRMX2
: y PTRMX 3
COMMON/REDUND/ LTR» LRCVR;LPT?LBATTOLPC!LPCU LLCFRRWTRyRRWRVR
tRRWPTyRRWBTT yRRWPC »RRWPCUyRRWLCF»RRVTRrRRVRVRRRVPT»RRVBTT
* RRVPC » RRVPCU» RRVILCF » RRCTRYRRCRVRyRRCPT rRRCBTT»RRCPC¢RRCPCU
tRRCLCFr VRHO ¢ WRTRYyWRCVR»WRPT» WRBTT» WRPC» WRPCU»WRLCF ¢ VRTR» VRCVR
t VRPT o VRBTT » VRPC» VRPCU ' VRLCF »CRTR CRCVR CRPT»CRBTT+CRPCyCRPCU
' CRLCF
COMMON/SYS/ WMP, VMPOWGHTB(3!6)rVOLB(3r3)1XTR(3)'ANTC(3)'CSTR(3'3)
pCPL(392)rCP2(3¢2)eRADL(3¢2) »RAD2(392) vSK1(20293)9SK2(2+213)
P PLAL(403) o PLX2(493) o DNLAPANTDL(394) »ANTD2(394)»CBT1(3¢3)
yCBT2(3¢3) yRECH(3) P RECHL(39304)»TRBD1(2¢4) RECH2(393)»TRBD2(2)
rKECALyRECAZ)ANTH(304) o XINSTL o XINST2+CINST (394 ) CRCUR(3,2)
p CRCNR (392) o NOANT(8) yDCYCLE» ARCVR(4) rETAPT/ETAPC,ETABYETAPCU
rETALCF e RHOPC DGRD(2) yWPTR(3)  oWCUL/WCU2 /) WCU(3¢3) )WPCN(3)
AWLCFPL WLCFP(2+2) o VPTRLIVPTR(392) e VCUL1»VCU(392) e VPCNL .
P VPCN(392) o VLCFPL ) VLCFP(202) o CENGP1 ¢ CENGP2+CMFGP1+CENGPC(3,3)
pCMFGPC(302) »CLCL)CLC21CENGLC(293) v CMFGLC(2¢3) » XCNST
2 DEGRAD»CPTUR(3) »CPTNR (3} v CPCUUR(3) yCPCUNR(3) »CPCUR(3) »CPCNR (3)
'y CBETA,SBETA» LETBD1»IETBDZ2 yWMUX(3¢3) + WHARR(3/+8) 1 CHARUR(3)
» CHARNRK (3) s NPROTO»SKLS1(29213) »SKLS2(292¢3) 2 ATTL(292+3) ’
P ATT2(26203) 1 ATLSL1(292¢3) P ATLS2(20293) o IAML» IWS»AMLLOG
'DFMREC ¢+ PARANT (i4) y NRGReACQLV (8) +ENGLV(B) »ACQAMP (8) »ENGMP(8)
s URCBSMrENGBSM » URCMDA » ENGMDA
' RCVRL(2) »RCVR2(1) r HRCVR1 (3, 4)rHRCVR2(3'2)rXLC1(372)9XLC2(391)
¢ XLC3(391) »RCVC2/RCVCIPDELCL,DELC2 ,
COMMON/SYSTEM/ AW(S) pAVI3) s AET(3) 2 ACE(3) » ACMFG(3) AWP(J) AVP(B),
* 'AETP(é) ACEP(3)!ACMF6P(3)rIVLEV(%)vICLEV(4)

*‘*

*****

*****5**********‘**
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COMMON/TABLE/ AWGHT(304'3)'AVOL1(3r@r3)rAVOL2(3v4r3)pACENGl(3p4'3).
'ACENGZ(39413)OACENG3(3'493)vACMFGl(30413) :
,OACMF62(3'4f3)gAETA(3r4v3)vFWGHT(3'4'3)rFV0L1(30403)
vFVOt2(3r4v3)oFCENGl(3r4v3)vFCENGZ(Bv“oS)
~rFCENG3(3t4'3)vFCMFGl(3r493)vFCMFGZ(304'3)
PFETA(31U493) 1PSPPLY (492) s ANT(4,2)

r FBOOM (49 3) yBCHANN(2) yDABD (8) »BLNGTH(8)
rBVOL(B)vBWGHT(B)'DEM(S)rFREQ(u)vBDWDTHIQ)
rUPFREQ(2) yEXPRyFDLINE ‘

REAL NRECl9NREC2:NREC3!NREC41rNREC#ZuNREC43rK1vK29N0ANT

REAL KATTNlvKATTN2rLSYSvLSATvNBRQDpNLVrNTRrNAPV'NAUDCvNCF

REAL LTRyLRCVRyLPTyLBATT)LPCILPCU,LLCF :

REAL NSAT/,NBS, NPROTO

REAL NRGR '

DIMENSION XO0(3+8)9X(7)oLBATT(3)»POP(4) , ,

* rITASOI(?)'SNRGI(7)'IPDNSE(H)rINGR(B)pXNGRI(B)

UIMENSION ICNFIG(B)!IMODI(Z)rIMOD2(2)rIFBAND(#)rIXMTR(Q)'IRAD(2) !

% pISTK(3)rIATT(S)rIBATT(3)'IPTYPE(2)vIMTPLX(a) :

DIMENSION XLIFE(6)»ILIFE(6)
NAMELIST/NAMEL/ AWGHT » AVOL 1, AVOL2/+ACENGL)» ACENG2 s ACENG3, ACMFG1
vACMFGQrAETArFWGHT;FVOLl'FVOLZrFCENGl'FCENGavFCENG3gFCMFGl A
vFCMFG2vFETAvPSPPLY:ANTrFBOOM'XIMPRV'BDWDTHrOABD'BLNGTHvBVOL
'BWGHTrDEM'FREQrEPSLON'MCONV'ITMAX!PSIK'SNRGI'DCYCLEO WGHTB -
'VOLBIXTR'ANTC'CSTR'Cpl'CPZ'RAol'RADZ'SKl'SKZ'PLXl'PLXZ!DNLA
rANTDloANTD2rCBT1rCBTZrRECAlvRECAQvANTHvXINSTlvXINSTZvCINST o
'vCRCURrCRCNRrNOANTvNCNFIGvNMODléNMODZ'NFBAND9NPTYPE!NXMTR ' \
9NMTPLX'NRADpNSTKpNATTrNBATTerNvRECHlvRECHZrTRBDleRBDZ(BVEST
vBBBoZMOD'UPFREQvRPP'BTlvBT2yAT1rATanKATTNlrKATTNZ'TZI'TZZpXLI
rXLTlvXLTZrXLT3rXLT4'XPT1vXPTZvRPTI'RPTZrPIvPZvCOSNTvTION
rTATMvTCLOUD'TRAINOTTLrAMMTbTE'TRCVRSvGElOGEZ(GSIvGSZvGMloGMZ 5
'GSXrGEX'GMXrAMTPLXrBMTPLX'DSBDvARCVR'EXPRrFDLINEvETAPTOETAPC e
vETABvETAPCUoETALCFrRHOPCiDGRDrWPTR'WCUIéWCU2vWCUrWPCN'WLCFP1- g :
rWLCFP'VPTRlvVPTRrVCUlvVCUoVPCNl'VPCN'VLCFplrVLCFPvCENGPI'
rCENGPZvCENGPCrCMFGperMFGPCVCLCIrCLCErCMFGLCvCENGLCrTSTRCT 8
’ LTR'LRCVRrLPT'LBATTrLPCOLPCUOLLCFrRRWTR'RRWRVR'RRWPTrRRWBTT £
'vRRWPCrRRWPCUrRRWLCEvRRVTRiRRVRVRvRRVPT!RRVBTToRRVPCoRRVPCU ‘ ?
oRRVLCFvRRCTRrRRCRVRoRRCPTrRRCBTTtRRCPC'RRCPCUvRRCLCFOVRHO
rWMUXvWHARR.NPROTOrSKLSlrSKLSZ'ATTlrATT21ATLSloATL52
+POP1+POP2,POP» IMO, IDAs I YR  XNGRMX , - g

NAMELLIST/NAMEP1/ XLIFE!PGMIN'PGMAXleMINleMAXvD“MINOD“MAX'TRMIN' o

oTRMAX'XLMINrXLMAXrDFMRECpPARANTvBWUPL !

'ACQLV'ENGLV'VSABDrACQMPpENGMP;URCBSM;URCMDA o

rENGBSM'ENGMDAvPTRMINrPTRMXlrPTRMXZ'PTRMXB ' ¢

LR R SR B BE N

L A A R R R IR K XK N TR I A AP VAR VIV

' BMWDTH» IBWC

LR R B 3

vRCVRlvRCVRZ’HRCVRl'HRCVRZ'XLCI'XLCQ!XLC3'RCVC2'
’ »RCVC3 ' : -
NAMELIST/NAME2/ NB:NCB!NF'NRSrNRLVONRTSTA'NCvLSYSOLSAT'NTRFvNCF
vNCTRF{NBRQDrICNFIGrIMODl)IMODErIFBANDoIXMTR'IRAD'ISTKDIATT,

vIBATTrIPTYPE!XLAT'XLONG'AMAJRvBMINRyNAPVPIllv119012101229RHO B
rIBWgNSAT'ITASOIvSNRGIrIPDNSEvINGRrXNGRIrTITLEvICASEvXOiJIT‘ Loy
rPGMINvPGMAXrDlMINtDlMAXvU“MINrDuMAXrTRMINvTRMAXvXLMIN!XLMAX
'SETDNS'ILIFEDNRGR'BWUPLrACQLV'ENGLVIVSABD'ACQMP'ENGMP , b
vURCBSM'URCMDA'ENGBSMvﬁNGMDArPTRMINqPTRMlePTRMXZoPTRMX3 - e
» BMWDTH» IBWC » NOANT oA o _ e e o R
DATA PI'R'CVEL'BOLZ'RSAT'RE/3Q1415927! 2225001 ¢98358¢ - 1.38E=23,

X R K K K K ®

EBTIRER L2 it i
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DO 10 I=1,6 :

10 TITLE(I) = 10H
NCNFIG = 8
NMOD1 =
NMOD2 =
NFBAN

2
e

NCTR = 1

READ (5,NAME1)
WRITE (6 NAMEL)
"READ (5, NAMEP1)
WRITE (6+NAMEP1)

XLI = 10e**(XLI/10.)

o XLT1 = 10,%%(XLT1/10,)
KLT2 = 10,%%x(XLT2/10,)
XLT3 = 10,%%(XLT3/710,)
XLT4 = 10, **(XLT4/10 )

9999 READ(5:NAME2)

WRITE (6/NAME2)

- XIMPRV(1) = 1,

XIMPRV(2) = 1,

IF(IBW,EQ,1) GO TO 13 '
"IF((XLAT. GE 0 ) JAND o (XLAT+LT«20,)) RP = RPP(1)
IF((XLAT.GE, 20 ) s AND o (XLAT LT,.40, )) RP RPP(2)
IF (XLAT, GE 40,) RP = RPP(3) o
XLAT = XLAT * PI / 180,
XLONG = XLONG x PI / 180,
BETA = ACOS(COS(XLAT) =* COS(XLONG))

" CBETA = COS(BETA)

~SBETA = SIN(BETA):
RSL = (RSAT**2 + RE*%2 = 2, *RE*RSAT*CBETA)**.s
GAMMA = ASIN(RE * SBETA/RSL) o
EL = PI/2, - GAMMA - BETA

- IF(IBWC,EQ.0) GO TO 18
RL = RSAT * COS(GAMMA) -~ RSL
PSI = BMINR / RL.

’ALPHAB = 2 % ASIN((RL*SIN(PSI/Z )) / ((RSL+RL)**2 + RL**Z -
*x2. % RL * (RL + RSL) % COS(PSI/2 ) ) Kk, 5)
ICOUNT = 0
ZETA = AMAJR / RE

ANGMAX = ASIN(RE/RSAT)
COEF = RSAT / RE

- IF(ALPHAB.GE. (2, *(ANGMAX - GAMMA))) GO TO 12

- ALPHAP = ALPHAB

11 ZETAP = ASIN(COEF*SIN(GAMMA - ALPHAP/2 )) - ASIN(COEF*SIN(GAMMA i

"% ALPHAP/2,.,)) = ALPHAP . | o
. IF(ABS(ZETAP = ZETA), LE..001) GO0 TO 14 -
ICOUNT = IQouNT + 1 ; = -

' 5=11
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IF(ICOUNT +GT.20,) GO TO 15
DZETDA = =~(COEF/2.) # (COS(GAMMA=ALPHAP/2.) / (1. = (COEF * .

* SIN(GAMMA=ALPHAP/2,) ) %%2 ) *%.5 + COS(GAMMA + ALPHAP/2,) /
* (1o = (COEF * SIN(GAMMA + ALPHAP/2.))%%2 ) %%4,5) = 1,
ALPHAP = ALPHAP + '(ZETA = ZETAP) / DZETDA
G0 TO 11 : .
12 ALPHA = ALPHAB
G0 7O 13

14 ALPHA = ALPHAP
1F (ALPHAB ,GE « ALPHAP) ALPHA =
60 TO 13
15 WRITE(6+16) | | -
16 FORMAT(////25X,55H*BEAMWIDTH REQUIRED BY MAJOR AXIS CANNOT BE DETE
*RMINED*/25X» 48H*CONTINUE WITH BEAMWIDTH REQUIRED BY MINOR AXIS%//)
60 TO 12

ALPHAB

13 BMWDTH = ALPHA % 180, / PI

18 AOC = PI % AMAJR * BMINR / 4,
DO 3004 U4 = 1,46 . -
IF(J4 NE.ILIFE(J4)) 6O TO 3004
LSAT = XLIFE(Jy)

DLTR = (LSAT = LTR) / LTR

DLRCVR = (LSAT = LRCVR) / LRCVR
DLPT = (LSAT = LPT) / LPT

- DLPC = (LSAT = LPC) / LPC
DLPCU = (LSAT = LPCU) / LPCU
DLLCF = (LSAT = LLCF) / LLCF

IF(DLTR.LEOs) DLTR = 0,
IF(DLRCVR,LE+0.) DLRCVR = 0,
IF(DLPT.LE+O«) DLPT = 0,
IF(DLPCL.LE+O+) DLPC = 0.
IF(DLPCU.LE,0,) DLPCU = 0,
IF(DLLCF.LE.O04) DLLCF = 0.

WRTR = 1, + RRWTR * DLTR
WRCVR = 1, + RRWRVR % DLRCVR
WRPT = 1. + RRWPT % DLPT
WRPC = 1. + RRWPC % DLPC
WRPCU = 1, + RRWPCU % DLPCU .
WRLCF = 1, + RRWLCF *x DLLCF
VRTR = 1. + RRVTR * DLTR
VRCVR = 1, + RRVRVR * DLRCVR
VRPT = 1. + RRVPT % DLPT
.VRPC = 1. + RRVPC * JOLPC
VRPCU = 1, + RRVPCU *x DLPCU
VRLCF = 1, + RRVLCF .% DLLCF
CRTR = 1, + RRCTR * DLTR
CRCVR = 1, + RRCRVR * DLRCVR
CRPT = 1, + RRCPT * DLPT
CRPC = 1. + RRCPC % DLPC
CRPCU = 1, + RRCPCU * DLPCU
CRLCF = 1, + RRCLCF x DLLCF
IFLAG = 0
L = M+N )
DO 3001 Jl=1,7 . ; : .
CIF(JLNEGITASOI(JUL)) GO TO 3001

~ SNRGESNRGI(J1)




20

22

24

25

SNRG=10+ %% (SNRG/10 4 )

ITASO=ITASOI (J1)
IF(ITASO.EQ,7)  ITAS0=0

DO 3002 J2=14
IF(J2.NE.IPDNSE(J2)) GO TO 3002
PDNSE=POP (J2)

DO 3003 J3=1,8
IF(J3,NE.INGR(J3)) GO TO 3003
XNGR=XNGRI (U3)

DO 2000 I1=1+NCNFIG
IF(I1,NE.ICNFIG(I1)) GO TO 2000
NC = NCB % NOANT(I1)

DO 1900 I2=1,NMOD2 .
IF(12,EQ.2) XIMPRV(2). = 3,%ZMOD(2)%%2 % (zmoota) + 1,)
IF(I2,NE.IMOD2(I2)) GO TO 1900

DO 1800 I10=1,NMOD1 o
IF(I10,NE,IMODL1(I10)) GO TO 1800

IF(I2,NE.110) GO TO 1800

IF(I2,EQ.I10)I8 = 1

IF(I2,NE,110)1I8 = 2

IF(Il10.EQ,2) GO TO 20

BVIDi2 = BVEST + BBB(1)

GO 7O 22

BVID12 = 2« * BBB(2) * (l. + ZMOD(Z))

IF(I2,EQ.2) GO TO 24

BVID34 = BVEST + BdB(l)

GO TO 25

BVID34 = 2. *x BBB(Z2) * (1., + éMOD(Q))

BCHANN(1) = NCB * (BvID12 + 1,0E~-03 + NAPV*0, 15E-03)
BCHANN(2) = NCB = (BVID34 + l 0E=03 + NAPV*0,15E~03)
DO 1700 I3=1+NFBAND

IF(I3,NE, IFBAND(I3)) GO TO 1700

19=1

IF(I3,EQ.2) 19=2

IF(L3,GE.3) 19=3

IF(BODWDTH(I3) ,GE, BCHANN(Z)) GO TO 50
IFLAG = 1

CALL ERROR(IFLAG)

- GO TO 1700

50

60

65

66

D(3) = 70, * CVEL / (BMWDTH * FREQ(I3))
IF (D(3).LE.DABD(I1)) GO TO 60

IFLAG = 2

CALL ERROR(IFLAG)

GO TO 1700

CONTINUE

IF((I1,EQ.5) JAND. (D(3). LT D38D)) 60 TO 65

60 TO 66

IFLAG- = 5 :
CALL ERROR(IFLAG)
GO 7O 1700

CONTINUE

24 = 2
IF(I3,EQ,3) I24 = }

,FRth = UPFREQ(IZ24)

D(2) = 70, * CVEL / (BMWDTH * FREQI)
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1
2

3 IF(((1I2, EQel) sAND« (I34LE«2))+ORs ((I2,EQ42) ,AND, (13 LE.2)))

m

650

970

1000

1100
1200

1300

1500
1600

1700

1800
250
1900

IF((11,EQ0,%) 4 O0R.(I1+EQ.6)) D(2) = 70, * CVEL / (FREQ1 * BWUPL)

MPTYPE = NPTYPE

IF(I1,NE.5) MPTYPE = 1

DO 1600 I6=1/MPTYPE
IF(I6,NELIPTYPE(I6)) GO TO 1600
DO . 1500 I7=1»NXMTR
IF(I7,NE+IXMTR(I7)) GO TO 1500
IF((I2,EQ.1) sAND,(I3,6T.2)) GO TO 250
GO TO (1,20304)017

IF(I3,EQ.1) GO TO 650

G0 TO 1500

IF(I3,LE.2) GO TO 650

60 TO 1500

* 650

GO0 TO 1500

IF(I2,EQ,1) GO TO 25¢
IF(I3,6T.1) GO TO 650

GO TO 1700

CONTINUE

DO 1300 I13=1,NRAD
IF(I13,NE,IRAD(I13)) GO TO 1500
DO 1200 114=1/,NSTK
IF(I14.NE,ISTK(Il4)) 6O TO 1200
DO 1100 I15=1/NATT
IF(I15,NE,IATT(I15)) GO TO 1100
DO 1000 I20=1,NBATT
IF(I20,NE,IBATT(I20)) GO TO 1000
DLBTT = (LSAT = LBATT(I20)) / LBATT(I20)
IF(DLBTT.LE.O0.) DLBTT = 0,
‘WRBTT = 1, + RRWBTT % DLBTT
VRBTT = 1, + RRVBTT % DLBTT
CRBTT = 1, + RRCBTT % DLBTT

116 = 1 o :
IF(I21,6T.1) I16 = 2
IF(I13,6T.1) I16 = 2

CONTINUE ‘

CALL MADD(NypleXo O.vXO(l I1), l.'X)
CALL INIT (XeNpM,L)

CALL CONV (XeNeMyL)

IF(I3,6T«1) GO TO 1000
IF(G(4).LE.100,) GO TO 1000
IF(I16.EG,2) GO TO 1000

116 = 2 o

GO TO 970

CONTINUE

CONTINUE

CONTINUE

CONTINUE"

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

G0 TO

T



AR =
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»

SRR

2000
6000
3003
3002
3001
3004

CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
XLAT = XLAT * 57,29577951
XLONG = XLONG * 57,29577951
G0 TO 9999
END
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5.2 SUBROUTINE INIT

The main function of subroutine INIT ix to set boundleries and
initialize certain paremeters which are configuration dependent. The sub-
routine also computes the learning curve coefficients to be used in determin-
ing the cost of the ground downlink system. The flow diagram is given in
Figure 5.2. '

This routine calculates the mmber of audio channels (NAUDC) from
the number of audio channels/video (NAPV) and the mmber of video chenmels {NC).
It sets the flags for launch vehicle type (I18) and for structure (I12). The
learning curve coefficients are calculated from the total population (XNGRP)
over all of the satellite systems (NSAT) and beams required/system (NBRQD)
as specified by the user. XNGR is required population per beam.

The subroutine also sets boundary values on the dependent pera- -
meters. It computes the feed length(s) (XLFl and XIF2), the packaged length
of the antenna (XLA) » the upper boundary on the length of the equipment
module (BLEM), and determines the upper boundary on the volume of the equip-
ment module (BVEM) as a function of the concept being considered. It also
sets the flags for the downlink antenna and feed boom type (Ik, I5, respectively).
For concept E, it computes the diameter of the equipment module (DEM) which , in
this case, is dependent on the diemeter of the dov‘mlink antenna (D3).

The initial value of the vector of independent parameters, )To P
is then compared against the boundary values P ')'('B, to see whether any are
exceeded. If a boundary is exceeded, the initial value X, 3 is replaced by

its boundary velue X 5°

The coefficients for calculating weight and volume of the down-
link antenna and feed boom are then set as a function of type.

Py
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COMPUTE
DEM

CALCULATE
NO. OF
AUDIO
CHANNELS

SET
BOUNDS ON

Ptr

A 4

CALCULATE
TOTAL
RECEIVER
POPULATION

y

[

CALCULATE
LEARNING
CURVE
COEFFICIENTS

COMPUTE XLF1,
XLF2, XLA AS FCT.

OF

CONFIGURATION

l

COMPUTE
BOUND ON
LEM

4

SET FLAGS
FOR

ANTENNA AND
F. BOOM TYPE
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NO

SET

BOUNDS ON

Y

y

SET
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X

HAVE

?

ALL COMPO-
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CHECKED. _
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DOES-

X. EXCEED
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SUBROUTINE INIT (X»NyMeL)
COMMON/BOUND/IARRAY(15)rdARRAY(15)'YMIN(15) YMAX(15)
COMMON/DIAM/ D(4)¢G(Y)

COMMON/MAIN/ I1+12913¢14915916917+189199110,111,112,113,114,115

x 2116911701189 119¢120,1219,1229123,1249125

% P XQp XJp XKoo XL o XP1e XM XP29 XNy XP 39 XY » XP4

- COMMON/MISC/ BLEM,BVEM» XLF1 2 XLF29¢ XLF » XLLA»SNRG ¢y XTA XIMPRV(2) ,BVID12
* tBVID34» TSTRCTr AMAJR » BMINR

COMMON/NUMB/ NTRyNCTReNF»LSYSyNSL/NRS» NLV»NRLVINRSTAyNB ¢ NCB»NC

%* s NCTRF o NTRF ¢ NCF s LLSATFREQL )GR8B85¢+GR89»GRI5» GR ¢ XNGR » XNGRP

* » NAPV » NAUDC y PONSE » ITASO ) NBRQD ¢ AOC ¢ NSAT y NBS»SETDNS» JIT

COMMON/PARA/ PLOGIETA»ARD'VTRyWTR I FREQH ¢ XNS»RHO ¢ AKP ¢ XNG

* ‘ »CE»CMFGyWEM»WLLOG »PGLOGyCSTPYRG4LOG» TLOG
g 3 'VEM'WSTLOG'PSLOG WHLOGPRLOG,D1LOG

* HaLOGyPTALOG 1 PCULOGYPPCLOGYPPTLOG)CEPP +CMFGPP
COMMON/PARBD/PGMIN PGMAX»DIMIN,D1IMAX, D@MIN'D“MAX!TRMIN(Z)!TRMAX(Z)

» KLMIN ) XLMAX )y XNGRMX ¢ VSABD yPTRMIN,PTRMX1,PTRMX2
y PTRMX3

COMMON/SYS/ WMP'VMPOWGHTB(305)IVOLB(3v3)OXTR(3)'ANTC(3)!CSTR( ' 3)
vCP1(3+2)9CP2(392) »RAD1(392) yRAD2(3+2)91SK1(2¢2+3)9SK2(292+3)
9PLX1‘4'3)0PLX2(4'3)'DNLA'ANT01(3'4)OANTDZ(304)'CBT1(3'3)
'CBT2(3'3)rRﬁCH(3)rRECH1(5'3'4)'TRBDl(2'4)'RECH2(393)'TRBDZ(2)
¢RECAL/RECA2,)ANTH (3o 4) o XINSTL1pXINST2/,CINST(3+4) »CRCUR(3,2)
»CRCNR(3,2) »NOANT (8) » DCYCLE!ARCVR(Q)'ETAPTOETApcvﬁTABvETAP”U
yETALCE»RHOPCyDGRD (2) ¢+ WPTR(3) 'WCUIOWCUZ'WCU(3'3)DWPCN(3)
¢ WLCFP1 o WLCFP(292) r VPTRLI/VPTR(392) 9 VCUL1,VCU(3¢,2) P VPCNL
P VPCN(302) o VLCFP1)VLCFP(2r2) y CENGP1 »CENGP2yCMFGP1sCENGPC(3,3)
tCMFGPC(39¢2)9CLCL,)CLC2/CENGLC(2+3) rCMFGLC(293) ¢ XCNST
» DEGRAD s CPTUR(3) pCPTNR(3) r CPCUUR(3) » CPCUNR(3) »CPCUR(3) s CPCNR(3)
'CBETA'SBETAOIETBDlvIETBD&'WMUX(3!3)7WHARR(3 8) rCHARUR( 3)
s CHARNR (3) ¢y NPROTO»SKLS1(29r293) sSKLLS2(292¢3) 1 ATT1(292+3)
PATT2(20203) 0 ATLS1(202¢3) P ATLS2(20203) o IAML» IWS» AMLLOG |
'DFMRECiPARANT(Q)rNRGRrACQLV(B)oENGLV(B)vACQMP(B)vENGMP(B)
s URCBSM» ENGBSM ¢ URCMDA  ENGMDA
vRCVRl(Z)'RCVRZ(l)rHRCVR1(394)rHRCVR2(3'2)'XLC1(3!2)'XLC2(3U1)
p XLC3(391) yRCVC2¢RCVC3»DELCL1yDELCR2
COMMON/TABLE/ AWGHT (3040 3) » AV0L1(3r493)vAV0L2(3r493)'ACEN61(00403)
2 ACENG2(39493) »ACENG3 (3,4 +3) s ACMFG1(304,3)
PACMFG2(30493) yAETA(30U»3) 1 FWGHT (304 3)vFVOL1(39473)
WFVOL2(30493) 1 FCENGL(394s3)9FCENG2(304¢3) :
2FCENG3 (304 4p3) s FCMFG1(3y)493) yFCMFG2(30493)

'FETA(304+3) 1 PSPPLY (4+2) 0 ANT (492)
.FBOOM(4v339BCHANN(2)oDABD(8)rBLNGTH(B)
OBVOL(B)!BWGHT(B)rDEM(B)rFREQ(#)vBDWDTH(“)
» UPFREG{2) vEXPRyFDLINE

REAL NREClvNRECZ;NRECSpNREC#I NREC42 )NREC4 3, KviZrNOANT :
.REAL KATTNL s KATTN2 p LSYS)LSATNBRAD)NLVNTR» NAPV!NAUDC;NCF

REAL LTR:» LRCVR'LPTOLBATTOLPC'LPCU'LLCF .

REAL NSAT,NBS

REAL NRGR

DIMENSIQN X(1)

NAUDC = APV x NC

* *

T E R E E E E E E E E "

PR Y E X

NTR = NC
NLV = LSYS / LSAT
| o =57

118

5T
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10

15

20

25

. 30

60 TO 80

"BLEM = BLNGTH(I1)

XLE1

IF(Il,EG.5) 118 = 2
112 = 1

IF(I1,EQey4) It2 = 2
DA = D(3)

XNGRP = XNGR * NSAT % NBRQD
XNGRPP = XNGRP
IF(XNGRP « GE ¢ XNGRMX)

XNGRPP = XNGRMX

GR89 = (XNGRPPx*,83188 - ,16812) / (XNGRPP* ,83188)

GR95 = (XNGRPP*%*,92599 = ,07401) /
XNGRPP = XNGRPP % NRGR
IF (XNGRPP ¢ GT « XNGRMX )

(XNGRPP * ,92599)

XNGRPP = XNGRMX

GR8B5 = (XNGRPPx*%,76554 = .23446) / (XNGRPP * ,76554)

YMIN(1) = PTRMIN

YMAX(1) = PTRMXx1
IF(I3,6T.2) GO TO 5
IF(I9,EQe1) YMAX(L) = PTRMX2
CONTINUE :

IF(I7,EQe2) YMAX(1) = PTRMX3
XLF1 = 0, ’

XLF2 = 0.

GO TO (10,20030+40+50060 80050)' Il

IF (DA,GT.5) GO TO 15

XLF1 = ,2 * DA + .25

XLA = ,5

4 = 2

I5 = 3 _

BLEM = BLNGTH(I1) - XLF1 = XLA

XLF1 = (42 % DA + ,25)

XLA = ,12 * DA

Iy = 1

15 = 3

-~ XLF1 = XLA

GO TO 80 ‘ ,

IF(C DA,GT, 6.67) GO TO 25

XLF1 = ,2 * DA + 25

XLA = ,5 .

I4=2

I15=3

BLEM= BLNGTH(Il)

G0 TO 80

XLFl-.B*( 2%DA+, 25)

XLA = ,12 % DA

I4=1 '

15=3

BLEM=BLNGTH(I1)

G0 TO 80

IFSDA, GT.25, )60 T0 35.
:QZ*DA"' .b

XLFZ = 2 % D(2) + o25

 =XLF4=XLA

~XLF1=XLA

. ‘xLA = <11 * DA

cin i 5el8

voe SET BOUNDS tee

+++ DEPENDENT PARAMETERS ... -
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I15=3 %

BLEM = BLNGTH(I1) - XLF1l = XLF2 = XLA ¥

GO TO 80 ;
35 xLF1 .10 * DA + .5

XLF2 = ,2 % D(2) + ,25
XLA = ,11 * DA

I4=1.
% i Is5=1 L
| . BLEM = BLNGTH(I1) - XLF1 - XLF2 - XLA
b GO TO 80

40 CONTINUE
K ' XLF1l = .2 * DA + ,25
Iy =2
/ I = 3
,/// GO TO 80
50 CONTINUE
XLF1 = .02 * DA + 3. 0
XLF2 = 2 % D(2) + ,25
XLA = ,11 * DA
Iy =1
15 = 2 , | |
BLEM = BLNGTH(II) - XLA = XLF1 = XLF2
' DEM(5) = ,10 % DA
| GO TO 80 ‘
60 CONTINUE
Iy = 1 . |
15 = 3 . ,
80 GO TO (11001309130, 140.150 160, 190, 180). Il
110 BVEM=13,3%BLEM
GO TO 190
130 CONTINUE
- BVEM = 25,3 x BLtM
| G0 TO 190
140 CONTINUE
BVEM = 882,
IF(122.,EG,0) BVEM = 1600,
. GO TO 190
150 CONTINUE - |
BVEM = (3,14 / 4,) % BLEM * DEM(I1) %%2 ' ' !
GO TO 190 ‘ o a X
160 CONTINUE .
BVEM = 563,
BVEM - 9000
IF(122,EQ,0) BVEM = 1300.
GO TO 190 :
180 BVEM = 78,5 * BLEM , . | - | &
190 CONTINUE ' | , | | , y
YMIN(2)=0, o gl |
YMAX(2)=BWGHT(I1)
YMIN(3)=0, | e ; e | A .
YMAX (3)=BVEM | | - | . i
YMIN(4)=0, | | | T S
YMAX (4)=BVOL(I1) | s o ST e B
. YMIN(S) = PGMIN N R L | .

st gt

T

i
- e




DU Nty ROAS is

 YMAX(5) = PGMAX ‘ |

' ' ‘o‘oo VPP see

YMIN(6) = O, '

YMAX(6) = BVOL(Il)

IF(I1,EQ.3) YMAX(6) = VSABD

IF(I1,EQ.8) YMAX(6) = 4000,

XLF=XLF1+XLF2 |
' : , eeo INDEPENDENT PARAMETERS oo "

DIMIN L A _ L veeD(1)

DiMAX : ' . S

DYMIN | . cesD(LT

DyMAX | . -

CYMIN(M+1)
YMAX (M+1)
YMIN({M+2)
YMAX (M+2)
K =1
IF(I3,6T.1) K =2
YMIN(M+3) TRMIN(K)

YMAX (M+3) TRMAX (K)

ess CHECK INDEPENDENT PARAMETERS BDS e

»DO 200 I=1»N :

JEI+ M -
IFEX(I) LT YMIN(J)) x( = YMIN(J)

O IF(XA(I) «6Te YMAX(J) ) X( =WYMAX(J)
200 CONTINUE.

nauy

eee  WEIGHT 44,

LT e

XL = ANT(le“) _ _
"XP1 = ANT(2,14) L ' o ' -
’ ‘ eoeo VOLUME . ,,, /
XM = ANT(3eI4) ST
XP2 = ANT(4,14)- :
' se e’ WEIGHT o0

XN = FBOOM(1,15) L :
XP3 = FBOOM(2/15) T R ~ L
‘ ' ese VOLUME .., o
XY = FBOOM(3¢15) R ,
XP4 = FBOOM(4,15)
RETURN
END
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5.3 SUBROUTINE CONV

When control is returned from subroutine INIT, the driver calls
subroutine CONV. The function of CONV is to control execution of the
iterative optimization technique. A flow diagrem is given in Figure 5.#,

The iteration counter (ITER) is initialized to zero and the flag
'MBPRV is initialized.

MBPRV = O indicates that there was no boundary violation on the
previous iteration ‘

MVPRV = 1 indicates that there did exist a boundary violation on
the previous iteration.

The value of the iteration index iz compared to ‘the maximum number
of desired iterations (ITMAX). If the two values are equal, an exit is made
indicating that the process has not yet met the convergence test require-
ments. If they are not equal, the algorithm continues. Subroutine SYSEQ
is called to calculate the value of Y& for the current iteration i
(i = ITER+1l). Then subroutine BCHECK is called to determine whether or not
any boundaries are exceeded. The routine returns the mumber of boundary
violations (MB). If there are no violations, Zﬁ; is accepted and the process
continues to call the partial subroutines. However, if the number of
boundary violations is not zero and there were no boundary violations on the
previous iteration, X is reset to its Previous value and the iteration
counter is reduced. The step-size control factor (S) is reset to its
previous value (8P). ¥, (1i=ITER) is then recalculated. A new perturbation
is then computed which takes the boundary condition into account.

Now the partiasl routine, subroutine PRTIAL, is called to calculate

the cost gradient (GRAD) and the gradient of the component exceeding the
boundary by the greatest degree (Pm). A scaling factor is then applied to
the pertials with respecp to the effective nolse temperature of the
receiver. ) |
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If there is no boundary violation,

AN, == KC o

i
If there exists a boundary violation,

X, = - K g.[I - Hote)~t @T] g -K, & (¢re)~t
The angle between the previous two perturbations is calculated and used
to compute the step-size control factor (as explained in Section 2.2).
The step is applied and X' = }_('i + ﬁi is checked against its
boundery values. If boundaries are violated, the appropriate components
are pLacgd on the boundary and mei is adjusted to reflect this change.

The convergence test is then applied to Ei' If convergence has
been achieved, an exit is performed; if not , control is transferred to
perform an additional iteration.

The con:vergence tes/t requires that 'X ‘;l s e (e input) for all
camponents j = 1,2,3 for a preselected mumber of consecutive iterations
(Mconv). 3
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INITIALIZE ITERATION
COUNTER: I=0
IS
CALL 1 = MAXIMUM
SUBROUTINE NO. OF ITERATIONS
SYSEQ DESIRED
?
v
I=1+1
¥
CALL SUBROUTINE
BCHECK
(COMPARE Y, AGAINST
BOUNDS)

MB = # OF BD.
VIOLATIONS

Figure 5.4 Flow‘Diagram - Subroutine CONVF

o B23

©

WERE
THERE ANY YES| t =1-1
BDS. VIOL, ON N o - - c o o
THE LAST X=X 178X 5=5
ITER
) \ 4
4 NO A-XZ =A_X1
y
: ’ CALL
CALL SUBROUTINE PRTIAL [* SUBROUTINE |
(CALC. & AND GRAD, § SYSEQ
y
SCALE & (3)AND g /2)
'CALCULATE i CALCULATE
Kn,AY, K «—| SETFLAG CONDITIONS Ke=S_
¢ Y \EXCEEDED Igl
N R
Axl = -kKCn-qo(@T@)"@Tg] R SCALE A% = - Ke 5
( T~ o AX (3) i
) 'KY" L X J) ij *
CALCULATE _
o= 4 (Axl_l,AXI)

[

o
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SCALE §S,
AX, USING

X' EXCEED
ANY
BOUNDARIES:

” HAS
CONVER- N\
GENCE BEEN
\ACHIEVED
?

APPLY CONVER-
GENCE TEST ],

AXJ-

YYES

CALL

SUB — <E€)
OUTPTX |

™

* j indicates component g
violating the boundary 1

' Fiygure 5.4 Flow Diagram - Subroutine CON_V-Continu'ed

el U 0




400

100

401

402

40k

405

403

*
*
*

SUBROUTINE CONV (X,N,MyL)
COMMON/BOUND/IARRAY (15) » JARRAY (15) » YMIN(15) » YMAX(15)
COMMON / CNVRGE / EPSLONyMCONV,ITMAX,PSIK,GRAD(S5)
COMMON/PARA/ PLOG'ETA»ARDIVTRyWTRyFREQY s XNS»RHO» AKP » XNG
1CE2CMFGyWEM»WLOG»PGLOG»CSTPYR» G4LOG, TL.OG

r VEMy WSTLOG, PSLOG» WHLOG »PRLOG,D1LOG
'D4LOG)PTALOGPCULOG)PPCILLOGPPTLOG CEPP ¢ CMFGPP
REAL NREC1/NREC2)NREC3I»NRECHL1,NREC4H2,NRECUJ K1 rK2,NOANT
REAL KATTN1 KATTN2,LSYS»LSAT,NBRQDyNLV¢NTR»NAPVNAUDCNCF

"REAL LTRyLRCVRyLPT)LBATT»LPC/LPCUsLLCF

*
*

DIMENSION L1(10),L2(10)
DIMENSION PT(5,10), P(10+5)PPT(10, 10)'PPTI(10 10)rPSI(10).
STOR(10)PTPPTI(S5910Q), H(va)oHG(J)oDXl(S)oDX2(5)vDX(5)o

- X(5)»Y(20)STOR1(10) ¢ XP(5),DXP(3) DX2P(3) '

DIMENSION IC2(5)0IC3(5)

ITER = O

DO 400 I=1+5

[C2(I) = IC3(I) = 0

K1 = 10,

MBPRV = 1

IF(ITER,EQ«ITMAX) GO TO 350

CALL SYSEQ (XeYrLTERyNeM,L)

ITER = ITER + 1

CALL BCHECK(YyMByKSrMBSyNoM,L) ‘

IF((MBPRV.EQ.s0) 4AND+ (MB,NE,0)) GO TO 101

DO 401 I=1r4

406

101

IC2(6~1) = IC2(5=1)

IC3(e=I) = IC3(5~I)

IC2(1) = 1C3(1) = 0

IF(DX(2) % DX1(2).LT,0.,) IC2(1) = 1
IF(DX(3) % DX1(3) LLT.0,) ICé(l =1
ISUMZ = ISUM3 = ¢

DO 402 I=1+5

IsUMe = [sUM2 + 1cC2(I)

ISUM3 = ISUM3 + IC3(I)
IF(ISUM2.LE.ISUM3 + 2) GO TO 403
R1L = 2, * R1

VO 405 I=1+5 .

ica(l) = I1C3(I) = 0O

GO0 TO 406

IF(ISUM3.LE,ISUMZ + 2) GO TO 406
R1L = RL 7 2,

GO TO 404

CONTINUE

GO0 TO 105 ’

CALL MADD(NsloeXrlaerDXe=10erX)
ITER = ITER - 1 '

S = SP ’

CALL MADD(N»1,DX290¢¢DX1014,D0X2)

- CALL SYSEQ(XrYITEReNeMyL)

105

CALL PRTIAL(Y s X»PTyMBS/N» MoLrITER MB)

K2 = 1.

GRAD(1) = R2 = GRAD(31)
GRAD(3) = R1*GRAD(3)
PT(3¢1) = R1I*¥PT(3,1)

TR R o G T o DT b Mat

D e s



1000

178

180

190
195

200

225

250

PT(1r1) = R2 % PT(3,1)

IF‘ITERCLE.Z) S = Ll

IF(MB,EQ.0) GO TO 200

MBPRV = 1

MBP = 1

CALL TRS(PTP)NoMBP)

CALL MTMPY(PsPTPPT+MBP,NIMBP)

CALL INVL(PPT,»PPTIyMBPIMBP)L1,)L2yDET s IDFLAG)

IF(IDFLAGLEG.1) G0 TO 1000

IFLAG = 3

CALL ERROR(IFLAG)

G0 TO 2000

CONTINUE

1 1

J IARRAY (MBS)

K JARRAY (MBS)

IF(KsEQs1) GO TO 178

PSI(L) = Y(J) = YMAX(J)

GO TO 180 _

PSI(I) = vY(J) « YMIN(J)

CONTINUE

PSIK = 10‘ )

CALL MTMPY(PPTI,PSI»S7OR,yMBPYMBPy1)
CALL MTMPY(PSI,»STOR»VALUL1»1/MBP,1)
CALL MTMPY(PT/ PPTI»PTPPTI »NyMBPyMBP)
CALL MTMPY(PTPPTLrPrHeNyMBP,N)

CALL MTMPY (Hy»GRAD»HGyNyNy1) ‘

CALL MADO(Ny1+GRAD»1.+HGr=142HG)
CALL MTMPY(HG/YHG)HTHp1oNos 1)

XK =(S*¥2 = PSIK * VALUl) / HTH
IF(XK,LTes0e) GO TO 190

XK= XK** 5
GO TO 195
XK=Q,
CALL MTMPY(PT:STORrSTORl NeMBP,1)
CALL MADD(N»1sHG»=XKySTORL»=PSIKDX)
DX(3) = R1 * DX(3)

OX{1) = R2 * DX(1)

60 TO 250

GRADM = VMAG (GRAD, N)

XK = & /GRADM

MEPRV = 0

DO 225 I=1N

DX(I)= =XK x* GRAU(I)

CONTINUE

DX(1) = R2 % DX(l)

/

DX(3) = R1 * DX(3)

CONTINUE
IF(ITER.EQ.1) GO TO 252
DXP(1) = Qo
DXP(2) = pX(2)
DXP(3) = DX(3)
DX2P(1) = 0,

- DXeP(2) = Dx2(2)
DX2P(3) = DX2(3)

526




251

252

231

232
230

291

300

vDX = VDOT(DXP,DXPsN)

IF(VDX.EQ,0,) GO TO 350

VDX = SQRT(VDX) )

CALL MTMPY(DXP,DX2Pe VALUE»1sNp1)
CALPHA = VALUE / (VDX * VMAG(DX2Pe:N))

DO 251 I=1H

DX(I) = DX(I) % {475 + 25 *x CALPHA)

CONTINUE

SP =S

IF(CALPHA,LT«0.) S = (475 + +25%CALPHA) * S
IF(CALPHA,GE +0, s AMDeITERLELL10) S=(.5 + 1,5%CALPHA)* S:
IF(CALPHA,GE +0, AND+ ITER,GT10) S=(,55 + ,45*%CALPHA) *x S
IF(S.GE.20¢) S = 20,

CONTINUE

IF (LTER .EQ.1) ODXPP = 10,

IF (GRADP*GRAD(1) .LT. 0,) DXPP = OXPP/2,

DX(1) = =DXPP *GRAD(1)/ABS(GRAD(1))

GRADP = GRAD(1)

CALL MADU(NIL'XDIQ'DXII.' 'XP)

DO 230 I=1N ‘

IF(XP(I) +LE,YMAX(M+I)) GO TO 231

DX(1) = YMAX(M+I) = X(I)

XP(I) = YMAX(M+I)

GO TO 232

IF(XP(I)+GE,YMIN{M+I)) GO 7O 232

PDX(1) = YMIN(M+I) - X(I)

XP{I) = YMIN(M+I)

CONT INUE

CONTINUE

VDX = VDOT(DXeDXyN)

IF(VDX.EQ,0,) GO TO 350

0O 291 I=1N

OX1(I) = DX2(1) .
pxe(l) = DX(I) .
CONTINUE -

JFLAG = O

JCONV = O

DO 300 K=1rN

RATIO = ABS(DX(K)/ X(K))
IF(RATIO.LE,EPSLON) JCONV = JCONV + 1
X(K) = XP(K)

CONTINUE

CALL OUT(S!XKvHGrSTOerDXrYrITER MB, MBS'KS'JCONV'ICONV NeM,LsR1)

" IF(JCONV.LT.N) GO TO 325

ICONV = ICONV + 1 s
LF(ICONV.LT. MCONV) GO TO 100 ¥
JFLAG= 1

GO TO 350

ICONV = 0

GO TO 100

CONTINUE

CONTINUE

CALL ZERO(PT¢5,10)

CCALL OQUTPTX (YsNeMyL)

 RETURN

Gl
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5.4 SUBROUTINE SYSEQ

The subroutine SYSEQ is used to calculate the values of the system
parametric relations, ?&(i&), end the cost elements of the system at iteration 1.

Those calculations not dependent on the velue of Xi are performed
only et the first call to subroutine SYSEQ (ITER=0). These include:

a) the terms for the attenuation model,

b) the temperatures for the noise model, and

¢) the weight, volume, power, and cost terms which

are not a function of '}'('i.

Subroutine PLACE is called by SYSEQ to set the coefficients to be

used in determining the weight, volume, cost, and efficiéncy'terms of the

- downlink transmitter.

The system equations for the spaceeraft system include implicit
functions. As a result, it is necessary to solve the equations iteratively;
The number of iterations required for this solution is specified by a fixed
constant (JIT). The optimization of the totel system cost 1s determined on
a cost/year/beem basis.

The unit recurring, non-recurring, acquisition, and operations
cost elements are nmumbered in order to coincide as closely as possible with
the order presented in Table 5.1.

Relevant parameters found in SYSEQ. are identified in the following
1list (more or less in the order in which they appear).

i ARG .
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NBS
NIR
NC

TABLE 5.1 SYSEQ PAPAMETER LIST

Number of downlink beems (antennas)/satellite
Number of downlink transmitters
Number of downlink channels/satellite

XPT1,XPT2 Transmitter pointing losses (uplink, downlink)
RPIL,RPT2 Receiver pointing losses (uplink, downlink)

Pl, P2
EL

XIR12,

XLR3k
XLRH3L

XIC12,
XIC3k

XIA12,
XIA3k4

FSL12,
FSL34

XIMUX
XIMUX1

ATL1,
ATL?

XCIRC1L
XCIRC2

RCIRC1
RCIRC2
XL12,
XL3k

- XNS

TCOS -
TCO

38 d

Polarization losses (uplink, downlink)
Elevation angle of satellite beam

Attenuation due to rain
Attenuastion due to rain (horizontal) (downlink)

Attenuation due to clouds (uplink, downlink)

Atmospheric attenuation (Oxygen and water vapor) (upliﬁk,doﬁhlink)l

Freespace loss (uplink, downlink) - .

Multiplexer loss (dowmlink)
Multiplexer loss (uplink)

Total atmospheric attenuation (uplink, downlink)
Transmitter eircult loss (uplink, downlink)
Receiver:circuit loss (uplink, downiink)

Total loss (uplink, downlink)

Effective temperature noise at the satellite

Ambient cosmic temperature

Brightnese temperature contribution, cosmic
‘Brightness temperature contribution, ionasphere
'Brightngss temperature contribution, atmosphere

Brightness temperature contribution, cloud

GDC-DCFT0-002
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TR Brightness temperature contribution , rain

T Brightness temperature contribution, transmiqsion line

T™M Ambient noise temperature, man-made -
™ Brightness temperature contribution, man-made |

WMP,VMP,IMP Welght, volume, power for manned provisions

WCOND,VCOND Weight and volume of power conditioning equipment

DEGRAD Power supply degradation factor

PAC,WAC,VAC Power, weight, volume of attitude control

PCS,WCS,VCS Power, weight, volume of station-keeping

PINC Power required for instrumentation and communicetion

ADEGRD Degradation factor for antenna

D(1),6(1) Ground uplink antenns diameter and gein

D(2),a6(2) Satellite uplink antenna diameter and gain ‘
D(3),G(3) Satellite downlink antenna diameter and gain o .
D(4),G(4) Ground downlink sxcenns diameter and gain | - |

NCB Number of channels/beem

WINC,VINC  Weight and volume of instrumentation and communication hardware r

XJ, X3¢ Coefficients for equations of weight of power supply q ,
XK,XKC Coefficients for equations of volume of power supply - 5
ETALC Efficiency of 4/e filter | L

XCNST Conversion factor from peek to peak to rms

WREC,VREC,PR Weight, volume, and power of spacecraft receiver
WMPLX,VMPLX Weight and volume of multiplexer
WUFLA,VUPLA  Weight and volume of spacecraft uplink antenns

I
i
§F
o
o
i
L
W
1
IS

WA,VA Weight and volume of downlink antenns ,
WFR Weight of feed boom for downlink antenna
CRECL,CREC2 Unit recurring and non-recurring cost for the spacecraft receiver By
 oMPIx
| CMPI.D(;. Unit recurring and non-recurring cost for the spacecraft multi-
- plexer ‘ , .
e
CANTDL, Uni
CANTD2 nit recurring and non-recur: 1ng cost for the spacecraft

it
4
re
iz
15
4
i
£3
8
4

i

downlink antenna




ai
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CUPL1, CUPL2

NSL

GM
GE
TEFF
XNG
Y(1)
PTA
IVIEV.

ICIEV

ETA
ETAP
PICF
PPCU
PEC
PB
PPT
PPSD

WHRS

WPCU

WICF

WCOND

- VPCU

GDC..DCFT0-002

Unit recurring and non-recurring cost for the spacecraft
uplink antenna

Number of satellite/launch

Relative discrimination of antenna to cosmic and sky noise
Relative discrimination of antenna to man-mede noise
Relative discrimination of antenna to earth noise
Effective noise temperature

Ambient ground noise

Downlink transmitter power output/video channel

Downlink transmitter power output/audio channel

Vector indicating level of power for setting the coeffi-
cients to determine the volume of the downlink transmitters
(video and audio)

Vector indicating level of power for setting the coeffi-
cients to determine cost of the downlink tra.nsmitters
(video and audio)

Efficiency of downlink video transmitters
Efficiency of downlink audio transmitters . .
2/c filter power output

Power control unit power output

Power conditioning unit power oufput
Power out of the battery

Input power to power conditioning unit
Prime power supply requirement (degraded)
Prime power supply (before degradation)
Battery watt hours requirement

Weight of the power transfer unit

Weight of the harnessing

Weight of the power control unit

Weight of the power conditioning unit
Weight of the £/c filter

- Total weight of the power subsystem

Volume of the power transfer unit

~ Volume of the power control unit
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VICF
VCOND
CPT1D
CHAR1D
CPCU1D
CPC1D
CICF1D
CLCF2D
CPT2D
CHARZD
CPCU2D
CPC2D
COND1D
COND2D
AREA
PRDT
WTR
WIRP
VIR
VIPR
WFP, VPP
WBATT, VBATT
VEM
XIEM
VSTRCT
WSTRCT
AEFF
PRDEM
PRD

ARD
WRD

GDC-DCFT0-002

Volume of the power conditioning unit
Volume of the Z/c filter

Total volume of the
Unit recurring cost
Unit recurring cost
Unit recurring cost
Unit recurring cost
Unit recurring cost
Non-recurring cost
Non~-recurring cost
Non-recurring cost
Non-recurring cost
Non-recurring cost

power subsystem

of power transfer unit

of harnessing equipment
of power control unit

of power conditioning unit
of z/c filter

of 4/c filter

of power transfer uvnit

of harnessing

of power control unit

of power conditioning unit

Total unit recurring cost of power subsystem

Total non-recurring cost of power subsystem

Ares required by power supply

Total radiated powe

r

Weight of downlink video transmitters
Weight of downlink audio transmitters

‘Volume of downlink video transmitters

Volume of downlink audio transmitters
Weight and volume of power supply
Weight and volume of batteries

Total equipment module volume

Length of the equipment module

Structure volume
Structure weight

Effective area

Radiated power of equipment module

Power radiated
Ares required .

Weight of thermal comtrol system
Volume of thermal control system

-
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™, YL
WEM

VIOT
CE
CEPP
CMFG

- CMFGPP
- ¥(5)

CTL
GR

SETDNS

CINREC
CINTL

CINDIS
CINANT
CSTPYR

GDC-DCFT0-002

Variable used in determining attitude control elements,
function of concept

Weight of the equipment module

Total weight requirement

Total volume requirement

Non~-recurring cost for the downlink video transmitters
Nen-recurring cost for the downlink audio transmitters
Unit recurring cost for the downlink video transmitters
Unit recurring cost for the downlink audio transmitters
Power output/channel (ground uplink)

Cost of receiver transmission line (ground downlink)
Learning curve coefficients

Density of TV sets (sets/mi.a) (for CATV distribution)
Receiver installation cost

Transmission line installstion cost

Installation cost of cable distribution equipment
Antenna installation cost

Total cost/year/beam

e
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The individual cost elements for the four subsystems are given by
the following storage vectors:

UREC1 Unit recurring costs, ground uplink system
NREC1 Non-recurring costs, ground uplink system
ACQCl Acquisition costs, ground uplink system
{ OPC1 Operations costs, ground upliiik system
UREC2 Unit recurring costs, spacecraft system
NREC2 Non-recurring costs, spacecraft system
ACQC2 Acquisition costs, spacecraft system
OPC2 Operatiore costs, spacecraft system
UREC3 Unit recurring costs, launch vehicle
NREC3 Non-recurring costs, launch vehicle
ACQC3 Acquisition costs, launch vehicle
OPC3 Operations costs, launch vehicle
‘x URECk Unit recurring costs, ground downlink system
!‘ NRECk Non-recurring costs, ground downlink system
Acqch Acqusition costs, grcund downlink system
OPCL Operations costs, ground downlink system |
TUREC(1) ,¢.., '
\ , TUREC (4 ) Total unit recurring cost of each subsystem
TNREC(1),..., o .
TNREC (4 ) Total non rgcurring cost of each subsystem
TACQRC(1),..., N
macqe(h) Total acquisition cost of each subsystem
'IOPC( 1 geesy p ‘ . §
ToPC( h; Total operations cost of each subsystem

U WA PRI ot et

See Appendix D for cost model.
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UPLINK &
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ATTENUATIONS

v

CALCULATE
NOISE
TEMPERATURES

v

SET OR CALCULATE
WEIGHT, VOLUME, AND
COST TERMS WHICH DO

X

= ITERATION NO.

NOT DEPEND ON X,
(INCL. TOTAL L.V, COST)

INITIALIZE TERMS
FOR FIRST ITERATION
ON SYSTEM EQ.

v

GDC-DCFT70-002

I
X;= VECTOR OF INDEPENDENT PARAMETERS
YES

CALCY (L)="P

TR

CALL SuUB PLACE

(TO SET COEFFICIENTS
TO CALCWT, VOL,
COST, EFFICIENCY

OF DOWNLINK XMTR)

[

y
COMPUTE VARIABLE
WEIGHTS, VOLUMES,
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SUBROUTINE SYSEQ (Xe Y2 ITER/N/MoL) _

COMMON/ATTN/ BVEST,»BBB(2)02ZMOD(2) ¢ XLAT » XLONG)RP¢BTL(2) ¢BT2(4)
PATL(2) P AT2(4) o KATTNL(2) P KATTN2(4) »TZ1(2) 2 TZ2(4) 1 XLI o XLT1 e XLT2
P XLT3 o XLTH ¢ XPTLy XPT2,RPT1rRPT2/9)P1yP29COSNT(4)» TION, TATM,y TCLOUD

‘OTRAIN'TTLOAMMT(304)rTErTHCVRSrGEl'GE20651165206M1vGM2vGSX(3'3)
PGEX (3037 e GMX(393) s AMTPLX(4) o BMTPLX(4) s TCO»TIvTA*TCyTMe TR, TT
pTEFFoFSL12,FSL3GyATLLATL2)XCIRCL ey XCIRC2/RCIRC19RCIRC2
P XL12 9 XL3Y ; KGSrKOGMyKGEPRPP (3) »BETA» GAMMA  EL yRSL
COMMON/BOUND/TARRAY (15) » JARRAY (15) p YMIN(15) » YMAX (15}

COMMON/CNST/ PIyR'CVEL/BOLZ/RSATIRE

COMMON/ CNVRGE/ EPSLONyMCONV:ITMAX)PSIKGRAD(5)

COMMON/CONST/KRAPKIA»KUA»KAPKL»KCLE »KWPTU  KVPLCF 1 KVPT»KPCNeKVCU

* t KWPLCF

COMMON/COST/ UREC1(7)sNREC1(6)+ACQRC1{(3)0PC1¢(10))UREC2(15)
' NREC2(20) v ACQC2(4) yOPC2(1) yUREC3(2) sNREC3(5)
P ACQC3(4)»OPC3(1)»URECH1(2) ¢NRECH1(3) )ACACHL(2)
»OPCU1(1) s URECH2(7) ' NRECUH2(T7)+sACQCYH2(2) 1 OPCH2(8)
rURECHS(7) »NRECHI(5) » ACQCH3(2) 2»OPC43(7) » TUREC(4)
» TNREC (4) » TACGC(4) » TOPC (4)

COMMON/ DIAM/Z DI(4),G(4)

COWMON/DISCR/ GEsGSrGM
COMMON/MAIN/ I1, 12715914115r16'17918v19'110 I111,712+113,114,115

¥* ¥ ¥ K E X

* pI1691170118911991200121,1229123+1249125
* P XQr XJ e XK XL o XPL e XMo XP2 9o XN» XP 39 XY » XP4

COMMON/MISC/ BLEMrBVtMoXLFlrXLFZrXLFrXLAvSNRGrXTA XIMPRV(Z)vBVIDIZ
* v BVID34» TSTRCT» AMAJR y BMINR

COMMON/NUMB/ NTRyNCTReNF o LSYS»NSL »NRS»NLV» NRLVyNRSTA»NB»NCB»NC
* ¢ NCTRFyNTRF ¢yNCFyLSAT FREQLyGR85¢GRB89I»GRIS » GR » XNGR » XNGRP

* ' NAPV » NAUDC s PDNSE » ITASO/NBRQD ¢ AOCy NSAT yNBS»SETDNS» JIT
COMMON/PARA/ PLOG/ETA»ARD*VTRyWTR»FREQL ¢ XNS» RHO » AKP ¢ XNG

' CE/CMFGy WEM WLOG»PGLOG»CSTPYR ¢ GULOG, TLOG
? VEMy WSTLOGyPSLOG» WHLOG» PRLOG,D1LOG
* eDULOG, PTALOG'PCULOG'PPCLOGrPPTLOGvCEPPvCMFGPP

COMMON/PARAZ/WPP VPP »PPSeWAPVA»WUPLA» VUPLA»WREC VREC?WSTRCT:VSTRCT
? WMPL X s VMPLX»WRD» VRD 2 WCS s VCSrWAC»VAC»PRDyWINC»VINC
 WBATT»VBATT»CMPLX»CRECyCPP1D,CPT1D+CPCULD»CLCF1D
rCPCLID,CPP2D)CPT2DyCPCU2D CLCF2D 2 CPC2DCBTTID ,
rCBTT2D'PTAPPTI»PPCUIPPCrWTRP s VTRP» VPCUIWPCU» VPC r WPC
PETAP L TALCCTL»UCOSTR,CONDI1D, CONDZD WCOND » VCOND » PL.CF

'VPTs» CHAR1Ds» CHAR2D» CINANT» CINREC, CINTL, CINDIS,CABL -

COMMON/PARA3/ YMyp YL e AML » AREA» WHRS » WS » XLEM

COMMON/REDUND/ LTRYLRCVRLPTLBATT»LPCyLPCUYLLCFRRWTR¢»RRWRVR
rRRWPT»RRWBTT»RRWPC r RRWPCU»RRWL.CF #RRVTR rRRVRVR »RRVPTrRRVBTT
tRRVPCyRRVPCU»RRVILCF s RRCTRyRRCRVRPRRCPTsRRCBTT »RRCPC +RRCPCU
tRRCLCF?»VRHO»WRTR)WRCVR Y WRPT»WRBTT+ WRPC»WRPCUe WRLCF»VRTR» VRCVR
t VRPT s VREBTT» VRPC» VRPCU VRL.CF e CRTR ¢ CRCVRICRPTDCRBTT CRPC»CRPCU
» CRLCF

COMMON/SYS/ WMP»VMP» WGHTB (3,3) 9 VOLB(393) 1 XTR(3) rANTC(3) rCSTR(3,3)
tCPL(3+2) 9 CP2(392) e RADL(302) »RAD2(392)9SKL(2929¢3) e SK2(242+3)
pPLX1(403) o PLX2 (49 3) »DNLAP ANTDL1(394) o ANTD2(394)1CBTL(3+3)
rCBT2(303) yRECH(3) +RECH1(3,304) o TRBD1(2¢r4) yRECH2(3¢v3) s TRBD2(2)
tRECAL,RECAZ)ANTH (304 ) o XINSTL o XINST2sCINST(394) v CRCUR(392)
+rCRCNR(3/,2) yNOANT(8) »DCYCLEyARCVR(4) +ETAPT»ETAPCIETABIETAPCU
yETALCF 2 RHOPCDGRD(2) 2 WPTR(3)  »WCUL»WCU2WCU(303) »WPCN(3)"
rWLCFPL o WLCFP(2+2) v VPTRL1 2 VPTR(352) o VCUL»VCU(322) » VPCNL

* ¥ ¥ ¥ X ¥

¥* % X ¥ *

TN
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rVPCN(3'239VLCFP1;VLCFP(2'2)'CENGPI'CENGP29CMFGP1UCENGPC(3.3)
rCMFGPC(392) 9CLCLyCLC2/CENGLC(2+3) s CMFGLC(293) » XCNST
rDEGRAD'CPTUR(S)rCPTNR(S)'CPCUUR(3)vCPCUNR(3)rCPCUR(3)rCPCNR(3)
vCBETArSBETAoIETBDlrIETBDZ;WMUX(SrB)'WHARR(338)'CHARUR(S)
* CHARNR (3) +NPROTOQ,SKLS1(202+3) rSKLS2(292+3) 2 ATTL(292+3)
rATT2(20293) 1 ATLS1(292¢3) 9 ATLS2(2+2+3) » IAML» IWS» AMLLOG
'vDFMRECrPARANT(u)pNRGR'ACQLV(8)vENGLV(8)oACQMP(B)vENGMP(B)
» URCBSMrENGBSM)» URCMDA  ENGMDA
rRCVR1(2) »RCVR2(1) rHRCVR1(3+4) yHRCVR2(3¢r2) # Xi.C1(3+2) + XLC2(3,1)
P XLC3(39r1)yRCVC29RCVC31DELCL/DELC2
COMMON/SYSTEM/ AW(S)oAV(3)rAET(3)vACEtS)oACMFG(B)’AWP(3)'AVP(3)
* rAETP(B)'ACEP(3)9ACMFGP(3)vIVLEV(Q)rICLEV(Q)
COMMON/TABLE/ AWGHT (3+s493) 0 AVOL1(3+493) yAVOL2(394+3) 9y ACENGL(3s413)
P ACENG2(39r493) rACENG3(39493) »ACMFG1(304,3)
PACMFG2(3r U4y 3) rAETA(39U493) oFWGHT (30493) yFVOLL(3,4,3)
PFVOL2(30493) 1 FCENGL(39403)1FCENG2(39493) .
'FCENG3(3oU493) 1 FCMFGL1 (394 93) yFCMFG2(314+3)
PFETA(39403) 1 PSPPLY (492) 2 ANT(492)
rFBOOM(4»3) » BCHANN(2) yDABD(8) ¢+ BLNGTH(8)
yBVOL (8) »BWGHT (8) yDEM(8) yFREQ(4) yBDWDTH (4
. . P UPFREQ(2) »EXPRyFDL.INE - '
COMMON/TRANS/ AEFFOPB!PRDEM!PRDTrXLMUXvPR'PCSvPAC'PINC'PMP
e XLA3G » XLC34 0 XLR3Y XLRH3Y4 _
REAL NREC1/»NREC2)NREC3/NREC4L)NRECYH2)NRECYHI)K1 K29 NOANT
REAL KATTNL KATTN2/9LSYS»LSAT»NBRQDyNLVeNTRyNAPVNAUDC » NCF
REAL LTReLRCVR)LPT)LBATTILPCrLPCUILLCF
REAL NSAT,NBS» NPROTO :
REAL NRGR ‘ :
DIMENSION- X(1)yY(1)s LBATT(3), SIGD(2) A
DIMENSION PACTMP(2) s WACTMP(2) y VACTMP (2) yPCSTMP(2) s WCSTMP (2) :
* pVCSTMP(2) ' ' .
DATA SIGD(1l)e SIGD(2) / 2.E~04y 1,.E=Q4/ #
QUAD(A¢BsCeD) = A + B%D + CxDx%2 |
NBS = NOANT(I1)
IF{ITER,GT«0) GO TO 5009
PACTMP (1) PACTMP (2)

%* ¥ % % E R EE

* % ¥ %

*

§

'
Use

WACTMP (1) = WACTMP(2) = 0,
VACTMP (1) = VACTMP(2) = 0,
PCSTMP(1) = PCSTMP(2) = O, -
VCSTMP(1) = VCSTMP(2) = 0,
WCSTMP(1) = WCSTMP(2) = 0,
D NOISE MODEL  s#xxkkkx

*k¥kkkx ATTENUATION AN
. ees ATTENUATIONS 440 : f '
XNC = NC ’ ' . _; o

XPT1 = 10.,%%(XPTL1/10.) ;
XPT2 10,k (XPT2/1G,) ‘ : -

-~ RPT1 = 10.*%(RPT1/10,)
RPTZ2 = 10,%%x(RPT2/10,)
P1 = 100**(Pl/100) i

P2 = 10.%x(P2/10,) | - | | e
SEL = SIN(EL) _ .
CEL = COS(EL) |

COEF = 41,4 = 23,5 % ALOG10(RP)
EXPL = AT1(I24). |
EXP2 = AT2(I3) .

S



LA R PN, S e

400

410

ELP = ATAN(2. / COEF)

[F(EL,LT.ELP) GO TO 400

XLR12 = 2, *.BT1(Iz4) * RP**EXP1 / SEL
XLR34 = 2, % BT2(I3) * RP**EXP2 / SEL

GO TO 410

CONTINUE

XLR12 = BT1(I24) * CQEF * RPx*EXP1 / CEL
ALR34 = BT2(I3) * COEF * RP#**EXP2 / CEL
XLR12 = 1pe¥*(=XLR12/10,)

XLR34 = 10+%k(=XLR34/10,)

XLRHS4 = 5T2(I35) * COEF * RP*%*EXP2

XLRH34 10 %% (XLRH34/10.)

XLC12 = KATTN1(I24) % 3./SEL

XLC34 = KATTN2(I3) * 3./SEL

XLC1l2 = 10e%x%x(=XLLC12/10,)

XLC34 = 10e%x*(=XLCS4/10,)

ExP = 1. / SEL

XLAL12 = (L1« = TZ21(124)7290,)*xEXP

XLA3ZG = (1e = TZ22(13)/7290.)%*EXP

FSL1Z2 = 1. 7/ (4e56%1 E+03%RSL*kx2% (FREQ1%1, E+03) *%2)
FSL3Y = 1. /7 (4,56%1 ,E+03*%RSLx#2% (FREQ{I3)*1.E+03) *%2)

IF(I3,EQ.1) J = I9

IF(I3,NEs1) U = I3 + 1 - 13/4
XLMUX = AMTPLX(J) * XNC x*BMTPLX{J)
XLMUXL = ,631

ATLL = XLI * XLAL2 * XLC1Z2 * XLR12
ATL2 = XLI * XLA34 * XLC34 * XLR34

XCIRC1 = XLT1 =% XLMUX1
XCIRC2 = XLT3 x XLMUX
RCIRC1L = XxLTZ
RCIRC2 = xLT4

XL12 = FSL12 * ATL1 * XCIRC1 # RCIRCL * XPT1 * RPT1 % P1

AL34 = FSL34 *x ATL2 * XCIRC2 * RCIRCZ2 *x XPT2 * RPT2 * P2
a0 NOISE TEMPERATURtS ooo'

XNS = BOLZ * BVID12 x (TE + TRCVRS) * 1,E+09

TCUS = COSNT(I3) |

TCO = XL1 * XLA34 *x XLC34 * XLR34 * TCOS

TI = XLA34 * XLC34 * XLR34 * (1, = XLI) * TION
TA = XLC34 % XLR3# % (1, = XLA34) *x TATM

TC = XLR34 * (1, = XLC34) * TCLOUD

TR = (1., - XLR34) * TRAIN

TT = (1. = XLTY) * TTL

EXP = AMMT(3,13)

TMM = AMMT(10I3) + AMMT(2013) = PDNSE**EXP
T™ = XLRH34% * TMM

WMP = VMP = PMP = 0.

iF(Izz.EQ,U) GO TO 515

60 TO (51btbl5v51505110512 513r515 515)711

PMP = 3000

WMP - 698.50

60 TO 515

WMP = 3200 _
G0 TO 515 ‘  /
PMP = 3000 ‘/'//s
WMP = 5500 o .

ATMOS
XMTR=CIR
RCVR=CIR |

COSMIC

IONOSP!
ATMOSPH
CLOUD
RAIN |
TRAN LIN;
MAN=MADE |




515 CONTINUE
WCOND = 0,
VCOND = 0.
DEGRAD = DGRD(1) + DGRD(2) * ALOG10(LSAT)
PAC = WAC = VAC 0
PCS = WCS = VCS = U,
ADEGRD = EXP((12,8%SIGD(I4)*D(3)%FREQ(IZ))*%2)
G(3) = 5,62 * (FREQ(I3) * D(3))%%x2 / ADEGRD
‘2o = 2 ,
IF(I1,GT.2) GO TO 516
D(2) = D(3)
126 = Iy
516 ADEGRD = EXP({12,8*SIGD(I26)*D(2)*FREQ1L)*%2)
G(2) = S5.62%(FREQ1*D(2) )%*%2 / ADEGRD
MNC = (NCB + 3) / 4 '
C veo INSTRUMENTATION AND COMMUNICATION ...
v PINC = 166, : ’
§ WINC = 70,0
o VINC = 2. * VRHO
i XJ = PSPPLY(1:1I6)
i XJC = PSPPLY(2,16)
i XK = PSPPLY(3,16)
XKC = PSPPLY(4,16)
ETALC = 1,0 :
IF(I2,EQel) ETALC = ETALCF
XCNST = 1, |
IF(I2,EQ.1) XCNST = ,32
C' s 0 RECEIVER [ 3 N}
: WREC = 14,. % MNC * WRCVR x NBS
VREC = .25 % MNC * VRCVR x VRHO * NBS
| PR = 10, * MNC * NBS
’“C ) s e e MULTIPLEXER 29 @
IF (NCB.EQel) GO TO 1 ' . '
EXPP= WMUX{2+19)%NCB
WMPLX=WMUX (19 19) %10, **kEXPP*NBS

1]

nnu

GO TO 2
1 WMPLX=WMUX(3»1I9)%xNBS
2 CONTINUE '
VMPLX = .1 % YRHO*NBS ,
C aee ANTENNA SUBSYSTEMS ..
: IF (11,6T,2) GO TO 4 ' ' : :
WUPLA = 0,
; VUPLA = O,
i G0 TO 6 | | :
[ 4 CONTINUE - ‘ | N
; WUPLA = 6,4 * D(2) *%,5 - :
) VUPLA = 786 % (,2 % D(2) + «25) * D(2) *x2 - ' L
; 6 GO TO (10920030/40,50160980030), I1 S ; R
; 10 CONTINUE | R = i
WA = XL x D(3) xxXP1 | . | : b
WFB = XN % D(3) **xPs ' B ‘ S ; SR o
. WA + WFB
VA = 19,65 * (XLF + xLA)
G0 TO 80

20 CONTINUE = .

N.5-k0
G o . VE e e




30

40

50

60

- 61

80

WA = XL * D(3) *xXP1

WFB = XN x D(3) *%%XP3

WA = WA + WFB

VA = 34,9 ¥ (XLF + XLA)

GO TO 80

CONTINUE

WA = o1 % D(3) *%2 + ,32 * D{(3) %%1,69

VA = ,0028 * D(3)*%x3 + 786 * XLF1 % (o1 % D(3) + 1,)%%2

GO TO 80

CONTINUE

WA = NOANT(I1) * (0e4kD(3)%k%ke5 + ,32%D(3)%x%k1.69)
VA = NOANT(I1) * (,786 * XLFL % D(3)%%x2)

GO0 TO 80

CONTINUE

WA = ,1 * D(3) *%2 + ,32 * D(3) %x%x1,69

VA = ,0028 % D(3)*%x3 + ,00016 % D(3)%*3

GO TO 80

CONTINUE

IF(NBS,LT.6,) GO TO &1

WA = NBS x 041 *x D(3)%%2 + 850,

OTOT = 2+ * D(3) + 34,

VA = 0,0028 * DTOT*%*3 + 170,

GO TO 80

WA = NBS * (041 * D(3)%%2 + 0,32 * D(3)%%1,96)
VA = NBS % (0,0028 * D(3)%%x3 + 0,039 * D(3)%%x2)
CONTINUE

URECL1(1) = ,0066 * NCF + 041

UREC1(2) = ,07% NCF

IF(I19,EQ,2) UREC1(2) = ,12 * NCF

UREC1(5) = 0.242 / NfF

UREC1(6) = .000915 * NCF + WU3275
URECL(7) = ,2

NREC1(2) = 0.,

NREC1(3)=0.

NRECL(4)=0.

NREC1(5) = 0195 / Nf
OPC1(1) = 02 *x UREC1(1)
OPC1(2) = 415 % UREC1(2)
OPC1(3)=(60,+35,%xNCF) % 1.,E=03
OPC1(6) = +15 % UREC1(5)
OPC1(7)=.147

OPC1(8) = .05 % UREC1(6)
OPC1(9)=.5%(0PC1(3)+0PC1(7))
KL = 1

IF(I8,6T«3) KL = 2

- CREC1 = CRCUR(1,KL) + CRCUR(2, KL)*NCB + CRCUR(3!KL) K MNC

XKPLX2 :

CREC2 = CRCNR(1sKL) + CRCNR(2,)KL)*NCB + CRCNR(EvKL) * MNC
L2LOG = 10+ * ALOGLO(D(2))
D3LOG-= 10+ * ALOGLO(D(3))

IF (NCB.EQ+1) GO TO 710

Jd = I9

XNCB = NCB

XPLX1 = QUAD(PLX1(19J) »PLX1(2yJ) 1PLX1(3¢J) ¢ XNCB)
= QUAD(Pan(lrd)pPan(ard)oPLXZ(d J)rXNCB)

CMPLX1 = 10, **(XPLXl / 10,) *NBS

|~ R o Us-hlu i »~
‘ _74;3jsef,qgi7»75“«***3*374;»;5,,; e
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710

715

CMPLX2 = 10, *kx(XPLX2 / 10.)
GO TO 715

CMPLX1 = PLX1(4,u) *NBS
CMPLX2 = PLX2(4,U)

CONTINUE

KA = 2 % [4 -1

IF(D(3) 6T«DNLA) KA = KA + 1 _

CANTL1 = QUAD(ANTUl(viA)rANTUl(ZrKA)rANTDl(SrKA)'D3LOG)
CANTZ = QUAD(ANTDZ(loKA)pANTDZ(z'KA)rANT02(3oKA)o03LOG)
CANTD1 = 10, xx(CANT1 / 10.) * NBS

CANTD2 = 10, *%(CANT2 7/ 10.)

123 = 14

CUPL1 = CuPL2 = 0,

IF(11,LE.2) GO TO 90y

I23 = 2

KUA = 3

IF(D(2)GT+DNLLA) KUA = 4

CuP1L = QUAD(ANTDl(viUA)'ANTUl(ZrKUA)9ANTDl(3vKUA)'DZLOG)
CuPe = QUAD(ANTDZ(viUA)rANTD2(2vKUA)vANTDZ(3pKUA)ODZLOG)
CUPLL1 = 10+ *%x(CUP1/10.)

CUPLZ2 = 10+ *%(CUP2/10,)

900

CONTLINUE
URECZ2(8) = 0.850
UREC2(9) = CREC1 * CRCVR * NBS
UREC2(10) = CUPL1 '
UREC2(12) = CMPLX1
UREC2(13) = CANTD1
CNREC2(7) = 0.
NREC2(8) = 0.170
"NREC2(9) = CREC?2
NREC2(10) = CUPL2
NREC2(13) = CANTD2
NREC2(19) = 0,
NREC2(20) = .75
‘ oeeo LAUNCH VEHICLE SYSTEM ,.,
ACQC3(4) = ACQLV(I1)
TNREC(3) = ENGLV(I1)
NSL = 1

IF(I1,EQ.1)INSL=13
IF(I1.EQe2)NSL=7
IF(I1.EQs3) NSL = 3

. TACQC (3) =NLV*ACQC3(4)

5000 .

TOPC(3) = O,

CONTINUE

D(L) = X(1) ; |

D(4) = X(2) . . :
ADEGRD = EXP((12,8%SIGD(2)*D(1)*FREQ1) *%2
G(l) = 5,26 * (FREQ1 * D(1)) %% 2/ ADEGRD
ADEGKRD = 1o

IF(116,EG.2) ADEGRD = EXP((12,8%SIGD(2)%D(4)*FREQ(I3))4x3)

G(4) = 5,26 % (FREG(I3) * D(4))%% 2 / ADEGRD '

G4LOG = 10es * ALOGLO(G(4)) o
KG = 1 e

- IF(G4LOG.6T.6S1) K6 = 2

LIFE=SL

UPL=REC
UPL=AN~
MTPLX

DNL=ANT

T T SR R R Ll S FUR
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999

1000

IF(GY4LOG.GE,GS2) KG = 3
KGS = KG

GS = QUAD(GSX(1/KG) »GSX{2rKG) 1GSX(3+KG) »G4LOG)
6S = 10.%*(6S/104)
KG = 1

IF(G4L0G.GT,6M1) KG = 2
IF(GHLOG.GEL.GM2) KG = 3
KGM = KG

GM = QUAD(GMX(L1sKG) rGMX(2¢1KG) »GMX(39KG) »G4LOG)
GM = 10.*%*(GM/10,)
KG = 1

IF(G4LOG GT.GE1) KG = 2
IF(G4LLOG.GELGEZ) KG = 3
KGE = KG

GE = QUAD(GEX(1,KG)rGEX(2/KG) ¢GEX(3+KG) ¢1G4LOG)
GE = 100**(GE/100)

GS = GS / 2.42

VE = GE / 2,

GM = GM / 11.5

TEFF = XLT4 * ((TCO+TI+TA+TC+TR)*GS + TM%GM + TE*GE) + TT + X(3)
XNG = BOLZ * BVID34 % TEFF * 1.,E+09

Y(1) = (1, + RHO) * SNRG / (G(3) x* XL34 * XIMPRVA(I2)) % XNG/G(4)
PLOG = 10, * ALOGL1U(Y(1))
PTALOG = PLOG - 10,
iFUITERCNESO) 60 TO 999
JFLAGL = | ,

JFLAG2 = 1

GO TO 1000 .
vee CHECK PTR LEVEL ese
JFLAGL =
JFLAG2 =
IVLEV (2)
ICLEV (2)
IVLEV (4)
ICLEV (4)
IF{PLOG.GT+30,)IVLEV(2) =
IF(PLOG.GT«21.14)ICLEV(2)
IF(PLOG:GT30.)ICLEV(2) = 3
IF(IVLEYV (1) oNELIVLEV(2)) JFLAGL
IFAICLEV(1) «NE,ICLEV42)) JFLAGL
IF(PTALOG,GT«304) IVLEV(4) = 2

HHHHHCG
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IF(PTALOG,GT.21,14) ICLEV(4) = 2

IF(PTALOG,6T«30.) ICLEV(H4) = 3

IFCIVLEV(2) JNEJIVLEV(4)) JFLAG2 1
IF(ICLEV(3) JNE,ICLEV(4)) JFLAG2 1
IF(JFLAGL.NE.0) CALL PLACE(Y»I2¢17¢I3¢1sNoMsL)
IF(JFLAG2.NE.0) CALL PLALE(Yv2o17013o2'N ML)
IF(ITERNEWSITERP) 6O TO 7000

-~ PAC = PACTMP(1)

7000

PCS = PCSTMP(1)
WAC = WACTMP (1)
WCS = WCSTMP (1)
VAC = VACTMP(1)
VCS = VCSTMP (1)

PACTMP (1) = PACTHP(2)

A R s B L S s i
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939

101

- IF(PPCUL.GT.WCUL) KWPCU

CWPCU = QUAD(WCU(L1oKWPCU) PWCU(2,KWPCU) » WCU(&:KWPCU)OPCULOG)
WPCU = (10+%%(WPCU/1G.)) * WRPCU

CWLCF = WLCF * WRLCF
WCOND,z WPT + ch + WPCU .+ WLCF+WHAR

PACTMP(2) = PAC
WACTMP (1) = WACTMP(2)
WACTMP(2) = WAC
VACTMP (1) = VACTMP(2)
VACTMP(2) = VAC
PCSTMP(1) = PCSTMP(2)
PCSTMP(2) = PCS
WCSTMP (1) = WCSTMP(2)
WCSTHMP(2) = WCS
VCSTMP (1) = VCSTMP(2)
VCSTMP(2) = VCS
IETBDL = ¢

IETBD2 = 0

ETA = QUAD(AET (L) »AET(2) rAET(3) »PLOG)
IF(ETA,GE,.+15) GO TO 99

ETA = .15

1ETBDL = 3

PLCF = XCNST % Y(1) / ETA ~
seoe FOWER SUBSYSTEMS ,..

PTA = .1 % Y(1)

ETAP = QUAD(AETP(1)AETP(2) yAETP{(3) PTALOG)

JITR = 0
IF(ETAP,GE«415) GO TO 101
ETAP = .1b
IETBD2 = 1
PPCU = NC *x PLCF/ETALC + NCxNAPV*PTA/ETAP+PAC+PCS+PINC+PR
+ PMP

JITR = JITR + 1
PPC = PPCU / ETAPCU
PB = PPC / ETAPC

" PPT = PB * (1., + RHOPC / ETAB)

PPSD = PPT 7/ ETAPT

PPS = PPSD / DEGRAD

WHRS = 45,6 * RHOPC x PB
PCUIL.OG 10, % ALOG1U(PPCU)
PPCLOG ='1U. * ALOG10(PPC)
PPTLOG 10, * ALOGLO(PPT)

vee WEIGHTS ere ‘
WPT = WPTR(1) + WPTR(2) * PPT + WPTR(3) % PPT*%2.
WPT = WPT * WRPT ' , ;
WHAR=QUAD (WHARR (1+11) » WHARR (29 I1) »WHARR (3, 11)yPPT) , :
KWPCU = 1

2
3

i

IF(PPCU.GTWCUZ2) KWPCU

wPC = QUAD(WPCN(L)pWPCN(a).wPCN(3)'PPCLOG)‘, ; ' ®
WPC = (10,%x(WPC/10.)) * WRPC - . SR

KWPLCF = ]

IF(PLCF+«GT e WLCFP1) KWPLCF = 2

ExPl= WLCFP(29KWPLCF)

WLCF = WLCFP(1,KWPLCF) x PLCF **EXPl * XNC

IF(I12,EQ.2) WLCF = 0, | o

e e
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® s VOtUMES s e
KVPT = 1
IF(PPT.GT,VPTR1) KVPT = 2
VPT = QUAD(VPTR{LrKVPT) e VPTRI2/KVPT) »VPTR(3+KVPT) ¢ PPTLOG)
VPT = (10.*%%(VPT/1U«)) * VRPT * VRHO
KVCU = 1
IF(PPCU,GT.VCUL) KVCU = 2
VPCU = QUAD(VCU(LrKVCU) »VCU(2,KVCU) »VCU(3,KVCU) »PCULOG)
VPCU = (10.**(VPCU/10.)) * VRPCU * VRHO
KPCN = 1
1F(PPC,.GT, VPCNl) KPCN = 2
VPC = QUAD(VPCN(1sKPCN) ¢ VPCN(2,KPCN) »VPCN(3+KPCN) » PPCLOG)
VPC = (10,*%x(VPC/10.)) x VRPC x VRHO
KVPLCF = 1
IF(PLCF 6T +VLCFP1) KVPLCF =
ExFiz= VLCFP(2)KVPLCF)
VLCF = VLCFP{1,KVPLCF) * PLCF **EXPl * XNC
VLCF = VLCF * VRLCF % VRHO
IF(I2,EQe2) VLCF = 0,
VCOND = VPT + VPC + VyPCU + VLCF
LK X} COSTS [ W ]
KCE = 1 A
IF(PPT.6T.CENGP1) KCE = 2
IF(PPT,GT,CENGP2) KCE = 3
CALL MADD(391+CPTNR» 042 CENGPC(1+KCE) l.oCPTNR)
CALL MADD(391sCHARNR )04 CENGPC(19KCE) 1.0 CHARNR)
KCE = 1 .
IF(PPCU.GT+CENGP1) KCE = 2
IF(PPCU.GT+CENGP2) KCE = 3
CALL MADD(3¢14CPCUNR) O, CENGPC(1¢KCE)#1,9sCPCUNR)
KCE = 1
IF(PPC,GT,CENGP1) KCE = 2
iF(PPC,GT.CENGP2) KCE = 3

"CALL MADD(3+1+CPCNRrQ+rCENGPC(19KCE) ¢»1,+CPCNR)

KCMFG = 1

IF(PPT,GT,CMFGP1) KCMFG =2 A
CALL MADD(3:1;CPTUR:0.vCMFGRC(viCMFG)rl.oCPTUR)
CALL MADD(3+1yCHARUR» O+ ¢CMFGPC(1+KCMFG) »1.2CHARUR)
KCMFG = 1 '

IF(PPCU.GT.CMFGP1) KCMFG = 2

CALL MADD(3/919CPCUUR) 0,4 »CMFGPC(19yKCMFG)»1.9CPCUUR)
KCMFG = 1

fF(PPC,GT,CMFGP1) KCMFG = 2 ,

CALL MADD(3¢1+CPCUR» (e rCMFGPC(1/KCMFG) »1,+CPCUR)
CPT1. = QUAD(CPTUR(1)»CPTUR(2)+CPTUR(3) »PPTLOG) -
CPT2 = QUAD(CPTNR(1)yCPTNR(2) CPTNR(3) yPPTLOG)
CHAR1=QUAD (CHARUR (1) yCHARUR(2) y CHARUR(3) ¢+ PPTLOG)

CHARZ2zQUAD (CHARNR (1) » CHARNR (2) y CHARNR (3) y PPTLOG)

CPCUL = QUAD(CPCUUR(l)vCPCUUR(Z)pCPCUUR(3)vPCULOG)
CPCUZ = QUAD(CPCUNR(L1) »CPCUNR(2) »CPCUNR(3) ¢PCULOG)

. CPC1 = QUAD(CPCUR(1) yCPCUR(2)sCPCURI(3),PPCLOG)

CPC2 QUAD (CPCNR (1) yCPCNR(2) yCPCNR(3) yPPCLOG)

o CPT1ID = (1o * 10.%%(CPT1/10,)) * CRPT
"CHARILD =
CPCULD = 1U **(CPCU1/10 ) * LRPCU / 6.

10, %% (CHAR1/10.) 7 3,




e ettt

CPC1D = 10+%*%(CPC1/10,) * CRPC

KCLE = 1

IF(PLCF.G6T«CLC1) KCLE = 2

IF(PLCF,.GT+CLC2) ‘KCLE = 3

CLCFL1D = CMFGLC(L/KCLE) + CMFGLC(2)KCLE) % PLCF

CLCF1D = CLCF1D * CRLCF * XNC

CLCF2D = CENGLC(1/KCLE) + CENGLC{29KCLE) * PLCF

IF(I2,EQ.2) CLCF1D = CLCF2D = 0,

CPT2D = 10e%*%(CPT2/10.)

CHAR2D - 100**(CHAR2/100) / 5.

CPCUZD = 10,%%(CPCU2/10,.,) / 3,

CPC2D = 10U +%*(CPC2/10,)

,COND1D = CPT1D + CPCULD + CLCF1D + CPC1D+CHAR1D

CONDZD = CPT2D + CPCUZD + CLCF2D + CPC2D+CHAR2D

AREA = ,1 * PPS .

FROT= PPSD = Y(1) * (NTR%xXCNST + 0.1 * NAUDC)*XCIRC2
»ee WEIGHT AND VOLUME 44
eeeo TRANSMITTER 4e5

WC = QUAU(AW(l)'AW(Z)vAW(3)'PLOG) ‘

WTR = (NTR * 10,x%x(WC/10.)) * WRTR

WCP = QUAD(AWP (1) »AWP(2) sAWP(3) PTALOG)

WTRP = (NAUDC % 10.,*%(WCP/10.)) * WRTR

V = GUADCAV (1) AV(2)yAV(3)PLOG)

VIR = VRHO * (NTR * 10.%*%(V/10,)) *x VRTR

VP = QUAD(AVP(1)9AVP(2) +AVP(3) yPTALOG) : e

VIRP = VRHO * (NAUDC * 10.%%(VP/10.)) * VRTR
eoe POWER SUPPLY +se

WPP = XJ % PPS + XJC

VPP XK * PPS + XKC
eee BATTERIES oo .

- WHLOG = 10« * ALOG10(WHRS) ' | o,
BATT1 = QUAD(WGHTB(1,120) v WGHTB(29120) yWGHTB(3,120) rWHLOG) =
BATT2 = QUAD(VOLB(loIQU)pVOLB(2v120)rVOLB(3'120)oWHLOG)

WBATT = (10.%%(BATT1/10,)) * WRBTT
VBATT = VRHO * (10,*%%(BATT2/10.,)) * VRBTT
VEM = VTR + VTRP + VREC + VMPLX + VINC + VAC + VCS + VBATT + VCOND

XLEM = 24 % TSTRCT + (VEM / ((PI/u4,) * (DEM(I1) = 2, * TSTRCT) .
* *%2) )
VSTRCT = (PI/4,) * DEM(I1)#%2 % 2, x TSTRCT + PI * DEM(I1) x
* TSTRCT * (XLEM = 2, * TSTRCT) * (1, = TSTRCT/DEM(Il)?
A see STRUCTURE oe»

IF(IL1,EQ.6) GO TO 85
CIF(I1NE.4) GO TO 86

WSTRCT = 5700,

_AEFF = 313,

VSTRCT = 442, ‘ | | - o Y
G0 TO 86 o | | “ -
5 WSTRCT = 2500, ‘ | , | S -
AEFF = 301. | D | 1
VSTRCT = 163, o | | R
CONTINUE | : B o =
VEM = VEM + VSTRCT | | ‘ o . | ¥
IF((I1.,EQ.4)s0R.(I1+EQ.6)) GO TO 87 T o | -
WSTRCT = PI * DEM(I1) * XLEM | | e Rt . P
AEFF = 245 % (VEM) *%,6667 h e t . i .

port

&
ié "
;
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87

88
89

90
180

181

182

183

184
186
185

190

191

IF(I1,EQ.4) VMP
IF(I1,EQi6) VMP

-
-
o
-

16u0., = VEM
1300, = VEM
+oo RADIATOR 444

PRDEM = AEFF / 0.,0548

PRD = PRDT~ PRDE

M

IF(PRD.LE,O,) PRD=PRLOG=CRD1=CRD2= UREC2(6)-NREC2(6) O,

GO TO(88:,89)rI13

ARD = 0,0548 * PRD
WRD = ARD

VRD = ARD 7/ 6,

GO TO 90

ARD = 0.,U09 * PRD
WRD = 1.25 * ARD
VRD = 0.25 * ARD

eso ATTITUDE CONTROL +.4.4

GO TO (180r180,181,182,183,184/,185,181), I1

YM = ,25 * AREA / XLEM + .5 * DEM(I1)

YL = DEM(I1) / 2
GO TO 185

.

YM = ,5 % D(3) + 5,

YL = DEM(I1) / 2
GO TO 185

YM = 30,

YL = 7.5

GO TO 18b

YM = .5 % (D(3) + XLF + XLA)

YL = D(3) 7/ &2,
GO TO 185

IF(NBS,L.T.6,) GO TO 186
YM = DTOT/2. + 11,

YL = DTOT / 2.
GO TO 185

YL = 5.

YM = 1,35 * D(3)
IF(NBS,LE.4.) YM
IF(NBS,LE.2,) YM
CONTINUE

+

11,
D(3) + 11,
D(3) /.2. + 11,

AML = AREA * YM / YL

GO0 TO (1900191,192) ,»I15

eoe NH3 RESISTOJET o4s

WAC = 60 + (,706 + 1436 * LSAT) *x AML * 1,E=03

VAC = 1, + 2.E=-05 % AML * LSAT |

PAC = 30. + 3,7E=03 *x AML

G0 TO 196 ‘

, soe ION PROPULSION 4.

WAC = 16. 9*SURT(7 14E=04xAML + 1,) + 1.37E=04*AML*LSAT + 60.

VAC = 5,97E=06%AML + 2,22E-07%AML*L.SAT + 1,332

PAC = 211, + 1,46E=02%AML

GO0 TO 196

oo HZ20 ELECTROLYSIS voe

WAC = 60 + 1,37E-03 *x AML * LSAT g , '

VAC = 1, + 1.32E-05 % AML * LSAT o A
 PAC = 30. + 3.7E~-03 % AML | : e N -
5 CONTINUE : R S DR

VAC = VAC * VRHO

5T

g e




C
C

C

WS = WTR + WPP + WREC + WMPLX + WUPLA + WA + WRD + WSTRCT +

* WAC + WBATT + WINC + WCOND + WTRP + WMP
| eoe STATION KEEPING o0
WO TO (211¢212,213)¢114 '
eoo AMMONIA RESISTOUET oo
211 WCS = 0,00354 % LSAT * WS / (1, = 0,00197 * LSAT) + 00,0346 * LSAT

* * WS / (le = 00,0192 % LSAT)

VCS = 0,045 *x WCS

GO TO 217

ees ION PROPULSION .44
212 WFU = 2,384E=035 * WS * LSAT
WTK = 2, % (3.61 + 0,028 * WFU)**0.667
WCS = 2,82*%SORT(Le+1,U43E=03%WS) + 0,658*%SQRT(WS) + WFU + WTK

* + 9,16E=05*WSkLSAT .
VCS = 2,06E=0U5%WS + 0.1662 + WFU/984, + WTK/450,
PCS = 181. + 4,469E=02%WS
G0 7O 217
eoe HZ20 ELECTROLYSIS see
213 WCS = ,00216 *x LSAT % WS /(1le = ,00138 % LSAT) + ,0211 * LSAT * WS
¥ / (1, - ,0135 % LSAY) ’
VCS = 2.,% (015 % WCS) %
PCS = 5,6=03 % WS
217 CONTINUE
VCS = VCS * VRHO
9000 FORMAT(//6H PLCF +F8,0r3Xr5HPAC  +F8,093Xs5HPCS yF8,093X¢SHPPCU
* F8,093X¢5HPPC JF8.,0/76H PB ' F84.003Xe5HPPT  yF8,003Xs5HPPSD »
* F8.09r3X»5HPPS  yF84093XyBHJITER,y 13)
IF(JITRLLE«JIT) GO TO 101
WEM = WTR + WTRP + WREC + WMPLX + WINC + WAC + WCS + WSTRCT +WBATT

* + WCOND ) ;"'f”"
VEM = VTR + VTRP + VREC + VMPLX + VINC + VAC + VCS + VBATT + VCOND :
% + VSTRCT

Y(3) = VEM

wTOT = WEM + WA + wPP + WRD + WUPLA + wMp

Y(2) = WTOT

VTOT = VEM + VA + VPP + VRD + VUPLA + VMP

Y(4) = VTOT

CEP = QUADG(ACE (1) rACE(2) ¢ACE(3) »PLOG). 5
CMFGP = QUAD(ACMFG(1)s»ACMFG(2) yACMFG(3) »PLOG)
CE = 10.,%%(CEP/1U.) * 1,E~06
CMFG=NTR*10 %% (CMFGP/10,) * 1,E=06 i
CEPP = QUAD(ACEP (1) +ACEP(2) yACEP (3)PTALOG) i
CMFGPP = QUAD (ACMFGP (1) »ACMFGP(2) yACMFGP(3) s PTALDG)
CEPP=Z 10.%*%(CEPP/10.) * 1.E=06
CMFGPP = NAUDC * 10, **(CMFGPP/10,) % 1,E-06
Y(5) = (1. + RHO) ¥ SNRG/(RHU * XL12 * XIMPRV(I2)) % XNS /
* (G(1) x G(2))
Y(6) = VPP ' . | s
ees GROUND UP=LINK SYSTEM ... !
PGLOG = 10+ * ALOGL0(Y(5)) ' - o
D1LOG = 10. * ALOGLO(X(1)) L e -
CXTR = QUAD(XTR(L) »XTR(2) +XTR(3) yPGLOG) - L b
 CANT = QUAU{ANTC(I)rANTC(2) ANTC (3) yD1LOG) e L o |
URECL(3) = NCF x 10. **%(CXTR/10, ) , : | % ~ XMTR




t
1

218

*

*

%

*

UREC1(4) = 10, **%\CANT / 10,)

TUREC(1) = UREC1(1)+UREC1(2)+URECL(3)+URECL(4)+
UREC1(5)+UREC1 (6)+UREC1(7)

NREC1(1) = .10 * UREC1(1)

NREC1(6) = UREC1(3) + URECL(4) + UREC1(5) + UREC1(6)

TNREC(1) = NREC1(1) + NREC1(2) + NREC1(3) +
NRECL(4) + NREC1(b) + NREC1(6)

ACQC1(1) = TUREC(1)

ACACL1(2) = .2 * (UREC1(2) + UREC1(3) + URECL(4) + URECL(5) +

UREC1(6))

ACQCL(3) = ACQC1(1l) + ACQCL(2)

TACQC(1) = ACQC1(3) * NF

OPC1(4) = <15 % UREC1(3)

OPC1(5) = +08 % URECL(4)

OPC1(10)= OPC1(1) + OPC1(2) + OPC1(3) + OPC1(4) + OPC1(5) +

OPC1(6) + OPC1(7) + OPC1(8) + OPC1(9)
TOPC(1) = OPC1(10) * NF % LSYS

LN ] SPACECRAFT SYSTEM o e e
WLOG = 10, x ALOG10(WS)
WSTLOG = 10, % ALOGLO(WSTRCT)
PSLOG = 10+ * ALOGL1O(PPS)
IF (PRD.EGe0s) GO TO 218
PRLOG = 10+ * ALOGLlO(PRD)
CRD1 = QUAD(RAD1(1, 113)rRADl‘2'113)vRADl(3vIl3)'PRLOG)
CRD2 = QUAD(RAD2(1/,113)+RAD2(2+113)9RAD2(3+I13)/PRLOG)
UREC2(6) = 10., *x (CRD1 / 10,)
NRECZ2(6) = 10. *x (CRD2 / 10,)
STRUC = QUAD(CSTR(1+,112)9CSTR(2+,112)»CSTR(39112)¢WSTLOG)
CPP1 = QUAD(CP1(1+16)CP1(2+16)9CP1(3+16)PSLOG)
CPP2 = QUAD(CP2(1+16),CP2(2:16)+CPZ(3016)PSLOG)
ALSTLG = 10, * ALOG10(LSAT)
AMLLOG = 10, * ALOG10(AML)
IAML = 1
IF (AML,GT,.5000,) IAML = 2
COEFL1 = ATLSI1(1,IAML,I15) + ATLS1(2)IAML,I15) * ALSTLG.
COEFL2 = ATLS2(1/,IAML,I15) + ATLS2(2,IAML,I15) * ALSTLG
CAC1 = QUAD(COEFLI1,ATT1(1»IAMLII1S)sATTL(2,IAML»I15),AMLLOG)
CAC2 = QUAD(COEFL2/)ATT2(1rIAML,I15)»ATT2(2+,IAML)I15)9AMLLOG)
Iws =1 ~ '
IF(WS5,6T«5000,) IWS = 2
COEFL1 = SKLS1(1,IWSyI14) + SKLS1(2pIWS,I14)*ALSTLG
COEFL2 = SKLS2(1,IWS,I1l4) + SKLS2(2,IWS»I14)*ALSTLG
CSK1 = QUAD(COEFL1»SKL141yIWSsI14),SK1(2/IWS,114)WLOG)
CSK2 = QUAD(COEFL2,SK2(1rIWS»I14) )SK2(2/IWS»I14)/WLOG)
CBATT1 = QUAD(CBT1(1,120)CBT1(2,120)9CBT1(3+120) +»WHLOG)
CBATT2 = QUAD(CBT2(1, I°0)vCBI2(2v120)'CBT2(3v120)vWHLOG)
CPP1D = 10+%%(CPP1/1G.)
CPP2D = 10.*%(CPP2/10.)
CBTTID = (10+%%x(CBATTL1/10.}) =* CRBTT
CBTT2D = 10.%x(CBATT2/10.)
URECZ2(1) = 10, **(STRUC'/ 10.)
IF(I1,EQ.4) UREC2(1) = URCBSM
IF(I1,EQeb)  UREC2(1) = URCMDA
UREC2(2) = CPP1D + CONDI1D ‘

UREC2(3) = CBTT1D

s
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615

175

2100

2200

IF(I16.EQ,2) 60 TO 2100

URECZ2(4) = 10+%%x(CAC1/10,) + 0.2886%LSAT
UREC2(5) = 10.%%(CSK1/10,)

URECZ2(11) = (CMFG + CMFGPP) * CRTR
NREC2(1) = 3.5 x UREC2(1)

IF(I1,EQ.4) NREC2(1) = ENGBSM
IF{I1,EQ.6) NREC2(1) = ENGMDA

NREC2(2) = CFPP2D + COND2D
NREC2(3) = CBTT20D

NREC2(4) = 10,%%(CAC2/10.) + 0.,85
NREC2(5) = 10.,%x%(CS5K2/10,)
NREC2(11) = CE + CLPP

NREC2(1i2) = CMPLX2

URECZ2(14) = O,

NREC2(14) = 0,

DO 615 I = 113
UREC2(14) = UREC2(1l4) + UREC2(I)

NREC2(14) = NRECz(14) + NREC2(I)
CONTINUE .
UREC2(15) = .075 * UREC2(14)

TUREC(2) = UREC2(14) + UREC2(15)

NREC2(15) = NPROTO * (UREC2(14) = 0,85 % CPP1D)
NREC2(16) = .5 * NREC2(14)

NRECZ2(17) = 05 x (NREC2(1l4) + NRE£2(16))

NREC2(18) «5 x TUREC(2)

TNREC(2) = 0.

DO 175 T =14+20

TNREC(2) = TNREC(2) + NREC2(I)

CONTINUE ‘

ACQC2(1) = TUREC(2)

ACQC2(2) = U5 * ACQC2(1)

ACQC2(3) = 10 x ACQC2(1)

ACQCZ2(4) = ACQC2(1) + ACGEC2(2) + ACQC2(3)
TACQC(2) = ACQC2(4) =x NSAT

OPC2(1) = TACQC(2)

TOPC(2) = ACQC2(4) x (LSYS / LSAT = 1) % NSAT
. ‘ eeoe GROUND DOWN=i INK SYSTEM oo

D4LOG = 10+ * ALOGLO(D(4)) o

tae DIRELT-TO”HOME .o.

TEMR= ABS(104%ALOG10(XLT4))/FDLINE .

CTL = ARCVR(I3) =% fEMR *0k EXPR * FDLINE *x 1,E~06

TLCG=10. *ALOGIO(X(J)) ¢

KIA = 2%116 = 1

KRA = KIA

. ose WIDEBAND .
IF(D(4) +6T+RECAL) KRA = KRA + 1 CREE
IF(D(4) 6T+ XINSTL) KIA = KIA + 1
GR = GR9S

GO TO 2200 -
«es PARABOLIC

IF(D(4) 6T.RECA2) KRA = KRA + 1

IF(D(4) «GTeXINST2) KIA = KIA + 1

GR = GR89

HANT = QUAD(ANTH(1,KRA) »ANTH(2,KRA) y ANTH(3+KRA) yD4L0OG)

CPARX = QUAD(CINST(14KIA)»CINST(2/KIA) »CINST(39KIA)»DU4LOG)

.DNL =XM1

,,,,,,

iy
b

y
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1045

1060

CINANT = 10,.%%(CPARX/10,)

IF(I21,6T.,1) GO TO 2000

URECH1(1) = 10,%kx{HANT/Z10,) _
IF(I16,EQ.2) URECH1(1) = PARANT(I3) % UREC41(1)
AXNGR = (XNGR *x NSAT x NBRQD) / 3,
LIF(AXNGR LT 1,E+03) AXNGR = 1.,E+03
IF(AXNGR«GT.1,E+06) AXNGR = 1,E+06

AGRLOG = 10, * ALOGLU(AXNGR)

K =1

IF(I3,6T«1) GO TO 1045

KREC = 2 % I2 - 1

LF(X(3)«6T+RCVR1(ILZ)) KREC = KREC + 1

CALL MADD(391+/RECH» 0, +HRCVR1(1+KREC)¢1,sRECH)
GO TO 1060

K = 2

KREC = 1

IF{X(3)«GT+RCVR2(1)) KREC = 2

CALL MADD(3/+19RECH» 0, HRCVR2(19/KREC) »14RECH)
HREC = QUAD(RECH(1) ¢RECH(2) yRECH(3),TLOG)
DELC1 = 0,

DELCZ = U,

[FCCINCBoLEe3) AND, (I2.EQe1)) ¢OR, ((NCB.LE«1) AND, (I2,EQ42)))

% GO0 TO 1065

DELCL = RCVC2 * 10.%x(QUAD(XLC2(1)¢XLC2(2)¢XLC2(3) 1AGRLOG)/10,)
IFCCINCBoLE.6) yAND, (I24,EQe1)) 4OR, ((NCB,LE,2), AND, (12, EQ.Z)))

* GO TO 1065

1061
10e2

1065

2000

IF(I2,EQ.2) GO TO 1lue6l

IF(MOD(NCBEr3) JNE.O) XKP = NCB / 3 - 2 + 1
IF(MOD(NCB»3) sEQ,0) XKP = NCB / 3 = 2

GO TO 1062 .

XKP = NCB = 2

CONTINUE

DELCZ2 = XKP * RCVC3 % 10*% (QUAD(XLC3(1)rXLC3(2) ¢ XLC3(3) 9 AGRLOG)

* / 10,)
XLEC = 10e4*% (QUAD(XLCL(1oK) o XLCL(2+sK) yXLCL(3¢K) »AGRLOG) /. 10,)
URECH41(2) = 10,%%x(HREC/10.,) . * XLC + DELCLI + DELC2

CI)VR&C = (o

CTL = 0,

TUREC (4) = URECHL (1) * GR + URECH1(2) + CTL » GR95.
UCOSTR = UREC41(2) + CTL * GR95

NREC41(1) = O,
NRECH1(2) = 0, '
NREC41(3) = NREC41(1) + NREC41(2)

TNREC(4) = NREC41(1) + NREC41(2) + NREC41(3)
CINTL = CTL * GRYS5
ACOCU1(1) = TUREC(4)
ACQC41(2) = CINANT + CINREC + CINTL
TACGC(4) = (ACQC41(1) + ACQCH1(2)) * XNGR
OPC41(1) = .10 * TUREC(4) :
TOPC (4)=LSYS*OPC41 (1) *XNGR
GO TO 3500
IF(121,E6.3) GO TO 3000
evs RETRANSMISSION. 4,
URECH42(1

) = .03
URECu42(2) = 0,

- o501
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1070

1072
‘1075

*

URECH2(3] = 0.
URECH42(4) = 0,

UREC{2(5) = 0,
URECH2(6) = ,05
URECY42(7) = ,05

TUREC(4) = UREC42(1) + UREC42(2) + UREC%Z(S) + UREC42(4) +
UREC42(bH) + URECLZ2(6)+ URECYH42(7)

NREC42(1) = 10 *x UREC42(1)
NREC42(2) = 0.
NREC42(3) = 0,
NRECH2(4) = 0,

NRECy2(9) = 0,
NREC42(6) = NREC42(1) + NREC&42(2) + NREC42(3) + NREC“Z(“)

* + NREC42(5)

NREC42(7) = 2, * TUREC(4)
TNREC (4) = NREC42(6) + NRECUz2(7)

ACAC42(1) = TUREC(4)

ACQCH2(2) = .20 * ACGC42(1)

TACQC (4) = (ACQCHz(1) + ACQCH2(2)) * XNRT
OPC42(1) = ,02 * UREC42(1)

OPCLH2(2) = 415 ¥ (URECH42Z2(4) + UREC4H42(5))
OPC42(3) = .08 * URECH2(2) ’

oPCh2(4) = .15 x UREC42(3)

OPCH42(5) = 085 *x UREC42(5)

OPCLZ2(6) = 0.

OPCH2(7) = 5 % 0OPCU2(6)

OPCL42(8) = OPCH2(1) + OPCU2(2) + OPCH2(3) + OPCQZ(#) +

OPC42(5) + OPCUH2(6) + OPCH42(T7)
TOPC(4) = OPCq2(8) * LSYS * - XNRT
GO0 TO 5500
e CATV s

 CONTINUE

NRGR = NCg
CABL = 2.%5ETDNS
e0e AM es e
XN FM e e
IF{X(3) 46T TRBDl(l I3)) 60 TO 1070
KREC = 1
G0 TO 1075 -
IF(X(3) .GE. TRBDl(ZvIé)) GO TO 1072
KREC = 2
60 10 1075.
KREC = 3 : S .
CALL MADD (391 4RECH»0,+RECHL(1,KREC»I3)s14sRECH)
HREC = QUAD(RECH(1)» RECH(2)9RECH(3)vaOG)
URECH43(1) = 10.%x(HANT/10,)

"IF(Il6.,EQ,2) URECH3(1) = PARANT(IB) * UREC43(1)

URECH43(2) = 10,*%%x(HREC/10.)
IF(I2,EQ.2)UREC43(2) = UREC43(2) + DFMREC

UREC43(2) = UREC43(2) * NRGR
UREC43(3) = 0,0542 ,
GREC43(4) = 0.0015
UREC43(5) = 0,004*CABL
UREC43(6) = CTL.
= UREC43(3) + UREcus(q) + UREC#S(S)

 UREC43(7)

552




e b s

TUREC(4) = UREC43(1) * GR + UREC43(2) * GR85 + URECU3(6) * GR9SH
* + UREC43(7)

CINREC = UREC43(2) * GR85

CINTL = UREC43(6) * GR9S

CINDIS = (0.004 + 2,0E=-U5%SETUNS*30,

TACQC(4) = (TUREC(4) + CINANT + CINREC + CINTL + CINDIS) * XNGR
OPC43(1) = ,15 * UREC43(1) * GR

OPCLH3(2) = 10 * URECY43(2) * GR8S

OPCL3(3) = 0.02*%URECLH3(3)

OPCH43(4) = 415 *x UREC43(4)

STONLG = 10,*%ALOGL1Y (SETDNS)

EXPN = QUAD(=22,81,0.,429/90,00815,STDNLG)
OPCLA(5) = 10.,%xkx(EXPN/L10.)

OPCH3(6) = OPCLH43I(3) + OPCH3(4) + OPCH43(5)
OPC43(7) = OPC43(1) + DPCL4S(2) + OPCY3(6)
TOPC(4) = XNGR % LSYS * OPCLSI(7)

eee TOTAL COST 4o
3500 K3 = NBS
I7 (NBRAD.GTNBS) R3 = NBRQD
R1=NBRQD/NSL
‘R2=NBRAD/NBS
{F (R1.GE.1,) R1=1,
IF (R2,6E.1,) R2=1,
HNREC = TNREC(1) / (NBRQD * NSAT) + TMREC(2) / (NSAT * R3)
* + TNREC(3)xR1%R2/ (NSAT*NBRQD) + TNREC(4)
HACQ = TACGC(1l) / NBRQD + TACQC(2) / (NBS x NSAT) + TACQC(3) /
* (NBS*kNSL) + TACQC(4)
HOPER = TOPC{1) /s NBRQD + TOPC(2) / (NBS * NSAT) + TOPC(3) /
* (NBS*NSL) + TOPC(4) v
IF(I22,EQ,0) GO TO 299
HNREC = HNREC + ENGMP(I1) / (R3 x NSAT)
HACQ = HACQ + ACQMP([1) / NBS
HOP&H = HOPER + ACQMP(Il)*NSAT*(LSYS/LSAT - 1) / NBS
299 CSTPYR = (HNREC + HACQ + HOPER) / LSYS
DO 300 I = 1N

Y{M+1) = X(I)
300 CONTINUE .
' ITERP = ITER
6373 CONTINUE
RETURN
END

irmeten
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5.5 SUBROUTINE PLACE

The function of subroutine PLACE is to set the coefficients required
to calculate the weight, volume, cost, and efficiency of the downlink
transmitters. This is done as a function of transmitter type, modulation,
frequency band, and power level.

The method is straightforward and is readily clarified by observing
the flow diagraem (Figure 5.6) and the listing. A leading character of "A"
indicates AM and a leading character of "F" indicates the FM coefficients.

The following explanation will clarify the subscripts notation.
Consider for example o

AWGHT(I,J,K)

The subscript J indicates a transmitter type and may assume any
value from 1 to h‘: K indicates frequency band and may assume any value from
1 to 3. (Frequency operating points 3 and 4 use the same coefficients).

I assumes values from 1 to 3 and represents the components of the 3‘x 1
vector of analytic coefficients for each transmitter frequency combination,
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% ‘ ) YES
| _ ¥
., SET VOLUME
: : - COEFFICIENTS |—
(Av = F'vol 2)
; ' SET WGHT & EFF| Y NO
‘ P=10log P COEFFICIENTS: SET VOLUME
RV =F ) COEFFICIENT ||
‘I w WGHT (A/ =F )
i (A' =F__ ) v Tvoll
; et”  ETA
l ’ L
0| NO NO ETC
. A7M = 10100 BR[| i' T o=s;r COEF "~
| - F( CE ~ "CENG 1) 0>21.14
1 = ?
CAcmre™ Fomrg 1) :
i ) SET WGHT & EFFICIENCY

YES COEFFICIENTS;
i : (AW = A i AET= AETA

SET COST COEF
. (AICE = Foeng 2/ <No -
SET VOLUME NO vEs | SET VoLUME Mcmfg_ Fi;mfg 2)
COEFFICIENTS COEFFICIENTS
Ay = AvolL 1 Ay =AyoL 2’
T l SET COST COEF

Wee =Feeng 3’

YES

‘ (A' =F )
SET COST COEF | - . CMFG " CMFG 2;
Bee = Acene 1 k YES YES
(A = A )
CMFG - CMFG 1
NO
A
ca) COST COEF. HseT cosT CoEF, , e
CE 7~ "CENG 2’| [tAce = Aceng 3 o
(ACMFG = 'ACMFG 2) (Acmfg = Acmfg 2 v
| | C
SET WGTH & EFFICIENCY ry
. : COEFFICIENT: ‘
AW =F )
(AET = FETA)
SET VOLUME ves | SET voLUME v
COEFFICIENTS NO COEFFICIENTS :
= = 5
AWy =FyoL 1) , By =FyoL 2 *f.;
| N
i SET COST COEF. - SET COST COEF A
} (Ace = Fceng l) (Ace = Fceng 3) :
{ (A .=F ) (Acmfg = Femfg 2) :
j_ cmfy " cmfg 1 ‘ ’ ; : :

. : ~ ISET cOST COEF.
g (Ace. = Fceng 2) . :
(Acmfy = Femfg 2) : : . ST R

'Z{}F‘igure 5.6 “’ixFlow Diagram - Subroutine PLACE
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SUBROUTINE PLACE(Y»IMsIN»IJrIDINoM,yL)
COMMON/NUMB/ NTRyNCTR»NF ¢ LSYSyNSL yNRS»NLV ¢ NRLV¢NRSTA,NB»NCB,NC
' NCTRF ¢y NTRF ¢ NCF ) LSAT»FREQL yGR85»GRB9 yGRS5 ¢ GR s XNGR » XNGRP
» NAPV» NAUDC ) PONSE ) ITASO/NBRQD ) AOCyNSAT »NBS)SETDNS »JIT
COMMON/SYSTEM/ AW(3) pAV(3) »AET(3) 2 ACE(3) s ACMFG(3) yAWP(3) yAVP (3)
y AETP(3) »ACEP(3) » ACMFGP(3) y IVLEV(4) » ICLEV(4)
COMMON/TABLE/ AWGHT (3049 3) rAVOLL(39493) 9 AVOL2(39493) s ACENGL (3940 3)
' p ACENG2(39r493) 1 ACENG3(39493) v ACMFG1(304+3)
PACMFG2(3r493) rAETA(39493) bFWOHT(394¢3) yFVOLL(304,3)
PFVOL2(39493) rFCENGL(30493) s FCENG2(31493)
¢FCENG3 (3049 3) 1FCMFGL(31498) 1 FCMFG2(304,3)
PFETA(39493) 1 PSPPLY (492) ¢ ANT(4,2)
P FBOOM(4+3) yBCHANN(2) »DABD(8) » BLNGTH(8)
'BVOL (8) vBWGHT (8) yDEM(8) »FREQ(4) »BDWDTH (4 )
rUPFREQ(2) yEXPRyFDLINE
REAL NREC1eNREC2¢NREC3/NREC4L/NRECU2)NRECUI K1 oK29NOANT .
REAL KATTN1»KATTNZ2)LSYS»LSAT/NBRQD)NLV»NTR»NAPV»NAUDC ,NCF
REAL LTR»LRCVR)LPT)LBATT»LPCrLPCUILLCF

REAL NSAT,NBS
DIMENSION Y (1)

1 = IM
I2 = IN
13 = IJ

IF(IJ,EQey) I3 = 135 = 1
PLOG = 10, * ALOG10(Y(1))
IF(ID,EQ.2) GO TO 599
IF(I1,EQ.2) GO TO 399

DO 300 I=1/3

AWCI) = AWGHT(I(12,13)
AET(I) = AETA(I,i2,13)
CONTINUE

IF(PLOG,GT+30,) GO TO 310.
DO 305 I=1+3

AV(I) = AyOL1(I,I2,1I3)
IVLEV(1) = 1

CONTINUE

GO TO 320

DO 318 I=1+,3

AVII) = AVOLZ2(IsI2,13)
IVLEV (1) = 2

CONTINUE

IF(PLOG.6T«21.14) GO TO 330

D0 325 I=103

ACE(I) = ACENGL(I,12,13)
ACMFG(I) = ACMFGL(1sI2,13)
CONT INUE |

ICLEV (1) 1

‘G0 TO 500

330

IF(PLOG.GT+30,) GO TO 350
DO 335 I=1s3 - -
ACE(L) = ACENG2(I,12,13)

08 AM L I
e+ WEIGHT AND STA ..,

vee VOLUME ...,

oo MFG, AND ENGINEERING COST o4

- ~ serg ey zencs o e e e ot
R e e e e P W 3 O e .
H o . i3 e . B ;
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LT 4
A

335
350

355
399

400

405

410

415

420

450

455
500

599

ACMFG(I) = ACMFG2(IrI2r13)
CONTINUE

ICLEV(1) = 2

60 TO 500

DO 355 I=1+3

ACE(L) = ACENGA(LsL2,13)

ACMFG(I) = ACMFG2(I,I2+13)

CONT INUE
ICLEV(1) = 3
60 10 500

CONTINUE

DO 400 I=1¢3

AWCL) = FWGHT(I,1I2/,13)
AET(I) = FETA(L,I2913)
CONT INUE

[FPLOG,GT«30,) GO TO 410
DO 405 I=1¢3

AV(I) = FvOL1(I»12,13)
IVLEV(1) = 1

CONTINUE

GO TO 420.

DO 415 I=1e3

AV(L1l) = FVvOL2(ir12915)
IVLEV(1l) = 2

CONTINUE

IF(PLOG.GT-21,14) GO TO 430

DO 425 I=13

ACE(L) = FCENG1(I,12,13)
ACMFG(I) = FCMFG1(Iri2,13)
CONT INUE

ICLEV(1) = 1

6GQ TO 500

IF(PLOG,OT«30,) GO TO 450
DO 435 I=1¢3

ACE(L) = FCENG2(I1+,12/,13)
ACMFG(I) = FCMFG2(I»I2+13)
CONTINUE

ICLEV(1) = 2

GO TO 500

D0 455 I=1+3

ACE(L) = FCENG3(1I+12,13)
ACMFG(I) = FCMFG2(Iv12013)
CONT INUE :
ICLEV (1)
CONT INUE
G0 TO 700
CONTINUE

3

e

- PTALOG = PLOG - 10,

RO BUO I = 103

AWP (L) = FWGHT(I,12+13)
AETPAI) :'FETA(I'IZ'I3);7f”

eee FM o0

eve VOLUME ...

ees MFG, AND ENGINEERING COST oee

s
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600

605

610

615

620

625

630

635

65U

655
700

CONTINUE

IF(PTALOG.GT,.30.,) GO TO 610
DO 605 I=1+3

AVP(I) = FVOL1(I,12+13)
CONTINUE

[VLEV(3) = 1

G0.TO 620

DO 615 I=1+3

AVP(l) = FVOL2(I,I2,13
CONTINUE ‘
IVLEV(3) = 2

1

IF(PTALOG,6Te21,14) 6O TO 630
DO 625 I=1+3

ACEP(I) = FCENG1(IyI2,13)
ACMFGP(I) = FCMFG1(I,I12/,13)
CONTINUE

ICLEV(3) = 1

G0 70 700

IF(PTALOG,6T.30.) GO TO 650

DO 635 I=13
ACEP(I) = FCENG2(I»I2»13)
ACMFGP(I) = FCMFG2(I1,I2/,13)
CONTINUE

ICLEV(3) = 2
60 TO 700
DO 655 I=1»3 :
ACEP(I) = FCENG3(I,12/,13)
ACMFGP(I) = FCMFG2(I,I2,13)
CONTINUE

ICLEV(3) = 3
CONTINUE
RETURN

END

VOLUME ...

MFG,

AND ENG,

COSTS

o ;;.ti;q:srﬁg;ukmzmi;';@.» B
T . sl L
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5.6  SUBROUTINE PRTIAL

The function of subroutine PRTTIAL is to compute all of the partial
derivatives required by the optimization technique » l.e., the cost gradient
and the gradlent of the design I;érameter which violates a boundary (if any).

In computing the pasrtial derivatives s due to the appearance of
implicit functions in the system equations, it was necessary to solve two
linear equations simultaneously to obtain the values of the derivatives. The
solution of these equations is discussed in more detail in Appendix C.
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COMPUTE REQUIRED
PARTIALS FOR SOLUTION
OF SYSTEM OF LINEAR
EQUATIONS

l

COMPUTE SOLUTION
FOR THE SYSTEM

!

COMPUTE ..
g = ._c__._
1 90X

i
e
‘.———J‘

COMPUTE WERE
g, =28 " THERE ANY |
27, 1+ BouNDARY =2
g, = 2& VIOLATIONS

Y 3 0xg ‘ ?

4

COMPUTE THE

GRADIENT OF THE
COMPONENT IN GREATEST
DEGREE OF VIOLATION

¢

Figure 5.7 Flow Diagram - »Subrq)ihtine PRTIAL
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SUBROUTINE PRTIAL(YsXsPT)MBS/NyMyLyITER/MB)
COMMON/ATTN/ BVEST»BusB(2) »ZMOD(2) ¢ XLAT » XLONGYRP/BT1(2) sBT2(4)
oATl(Z)rAT2(4)rKATTNl(Z)rKATTN2(4)0T21(2)rTZ2(4)vXLIrXLT1'XLT2
P XLT3 e XLT4y XPTLo XPT2,RPTLrRPT29P1,P2yCOSNT (4) » TION, TATM, TCLOUD
pTRAIN'TTL'AMMT(3'4)vTE'TRCVRSrGEl'GE2'651065296M1rGM2vGSX(3v3)
vGEX(ﬁyé)'GMX(3r3)'AMTPLX(4)rBMTPLX(Q)'TCOrTIOTA'TC7TMOTRvTT
r TEFF ¢ FSL12/)FSL34 9y ATLLPATL2» XCIRC19XCIRC29/RCIRCLIRCIRCE
P XL12 1 XL3U4 ) KGS»KGMyKGE'RPP (3) yBETA» GAMMA»EL »RSL
COMMON/BOUND/IARRAY (15) » JARRAY (15) s YMIN(15) » YMAX(15)
COMMON/CNST/ PIsReCVEL»BOLZyRSATRE
COMMON / CNVRGE / EPSLON)MCONV,ITMAX,PSIK,GRAD(S)
COMMON/CONST/KRA'KIAIKUA'KA'KL'KCLE'KWPCU'KVPLCF'KVPTIKPCN'KVCU
* r KWPL.CF
COMMON/COST/ UREC1(7)sNREC1(6)yACQC1(3)9OPC1(10)»UREC2(15)
'NREC2(20) »ACQC2(4) »OPC2(1) yUREC3(2) 'NREC3(5)
'ACQCS(Q)rOPC3(1)IUREC41(2)9NREC41(3)vACQC“l(Q)
rOPC41 (1) yUREC42(7) »NRECH2(7) »ACQCH2(2) yOPCH2(8)
P URECL3(7) yNREC4S(5) »ACQCU3(2) yOPCU3(7) » TUREC (4)
e TNREC(4) » TACQC(4) » TOPC(4)
COMMON /DIAM / D(4)rG(4)
COMMON/DISCR/ GE,GS» M
COMMON/MAIN/ IlrIZr15914'15916r179189I9r110'111'112'113911“p115

* % K H ¥ %

® ¥ ¥ ¥ *

* v I169o117+118,119012001219122,12391249125
* P XQp XJp XK o XL o XPLr XMp XP29 XN o XP 39 XY » XP4

COMMON/MISC/ BLEM»BVEM» XLF Lo XLF2¢XLF » XLA»SNRG ¢y XTA» XIMPRV(2) yBVID12
* 'BVID349 TSTRCT»AMAJR» BMINR

COMMON/NUMB/ NTRyNCTR#NF o LSYSpNSLyNRS»NLVyNRLVsNRSTA,NB,NCB,NC
* tNCTRF » NTRF yNCF y LSAT»FREQL yGR859GR89 yGRIS » GR y XNGR » XNGRP
* * NAPV » NAUDC y PONSE » ITASO»NBRQD » AOC y NSAT y NBS»SETDNS»JIT
COMMON/PARA/ PLOGYETA»ARD»VTR»WTR)FREQ4 » XNS s RHO y AKP » XNG-
* rCE/CMFGy WEMy WLOG» PGLOG»CSTPYR rGUHLOG» TLOG
¢t VEM WSTILLOGy PSLOG y WHLOG » PRLOG,D11.06
!D#LOG;PTALOG'PCULOGOPPCLOGrPPTLOGoCEPPvCMFGPP
COMMON/PARAZ/WPPrVPP;PPS;WA'VArWAPrVAPrWRECnVRECoWSTRCTrVSTRCT
* WMPL X » VMPLX ¢ WRD» VRD ¢y WCS» VCS»WAC » VAC 1 PRD y WINC ¢ VINC
' WBATT» VBATT »CMPLX»CREC»CPP1DyCRT1D»CPCULD,CLCF1D
vCPC1D,CPP2D,CPT2D»CPCU2D 1 CLCF2D»CPC2D'CBTT1D
rCBTT2D+PTA»PPTyPPCUIPPCyWTRP y VTRP » VPCU » WPCU, VPC » WPC
P ETAPETALCyCTLyUCOSTRyCOND1D » COND2D » WCOND » VCOND » PLCF
'VPTy CHAR1D» CHAR2D, CINANT» CINREC, CINTL, CINDIS,CABL

COMMON/PARA3/ YMyYL» AMLyAREA» WHRS » WS » XLEM

COMMON/REDUND/ LTRgLRCVR'LPT'LBATTwLPCrLPCU;LLCFoRRWTRrRRWRVR
vRRWPTrRRWBTT:RRWPCrRRWPC00RRWLCF'RRVTRrRRVRVR'RRVPT'RRVBTT
'RRVPCrRRVPCUvRHVLCFrRRCTRvRRCRVRrRRCPTrRRCBTT;RRCPC'RRCPCU
'RRCLCFPVRHOvWRTR;WRCVRrWRPTvWRBTTrWRPCvWRPCUrWRLCFvVRTR»VRCVR
rVRPTrVRBTTvVRPCrVRPCUrVRLCFvCRTRrCRCVRrCRPTrCRBTTvCRPCvCRPCU
¢ CRLCF :

COMMON/SYS/ WMPrVMPvWGHTB(303)oVOLB(3r3)rXTR(3)pANTC(3)vCSTR(3o3)
rCP1(392)vCP2(312)vRADl(SvZ)vRAD2(3v2)'SK1(2v2v3)oSK2(29213)
vPLX1(4v3)vPLX2(4v3)vDNLAvANTDl(3'4)vANTDZ(&v#)vCBT1(3'3)
vCBT2(3'3)oRECH(S)rRECHl(EvarQ)'TRBDI(ZDQ)vRECH2(393)rTRBD2(2)
rRECAi,RECA2;ANTH(3r4)vXINSTlrXINSTZvCINST(Bv“)rCRCUR!SvZ)
vCRCNR(592)'NOANT(8)rDCYCLEvARCVR(Q)oETAPTvETAPC'ETABpETAPCU
'ETALCF »RHOPC yDGRD(2) ¢y WPTR(3) o WCUL»WCU29WCU(303) yWPCN(3)
vWLCFPlrWLCFP(292)rVPTRlvVETR(302)rVCUlvVCU(B'Z)oVPCNl ‘

¥ ¥

¥* ¥ ¥ ¥ ¥ X

* H H ¥ *
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5000
5001

* **‘********

LR K B R B BE A

*® ¥ H W X H X

P VPCN{L302) yVLCFPLyVLCFP(292) »CENGP1yCENGP2)CMFGP1/yCENGPC(3,3)
tCMFGPC(392) 9CLCL1)CLC2/CENGLC(203) 1 CMFGLC(293) y XCNST

»DEGRAD»CPTUR(3) » CPTNR(3) » CPCUUR(3) » CPCUNR(3) y CPCUR(3) yCPCNR(3)
»CBETA»SBETA) LETBDL, IETBD2 »WMUX (3, 3) yWHARR(398) » CHARUR ( 3)

r CHARNR (3) yNPROTO,SKLS1(292,3)1SKLS2(29293) pATT1(2+2+3)
PATT2(20203) 1 ATLSL(20293) P ATLS2(29293) » IAML» IWS» AMLLOG

»DFMREC» PARANT (4) yNRGR2ACQLV (8) yENGLV(8) »ACGMP (8) yENGMP (8)

y URCBSMr ENGBSMy URCMDA » ENGMDA

rRCVRL(2) »RCVR2(1) +HRCVR1(394) pARCVR2(392) s XLCL1(3,2) 1 XLC2(3,1)
P XLC3(301) PRCVC29yRCVCIPDELCLIDELC2

COMMON/SYSTEM/ Aw(3) s AV(3) v AET(3) »ACE(3) » ACMFG(3) y AWP(3) y AVP (3)

rAETP (3) 9 ACEP(3) » ACMFGP(3) y IVLEV (4) » ICLEV (4)

COMMON/TABLE/ AWGHT(39493) 0 AVOLL1 (394 3) rAVOL2(394+3) 1 ACENGL(39413)

pACENG2 (3949 3) » ACENG3(39493) 9y ACMFG1(304+3)
*ACMFG2(3+493) »AETA(35493) oFWGHT (3949 3) yFVOLL(394,3)
PFVOL2 (3049 3) 1 FCENGL(394+3) 2 FCENG2(304+3)
tFCENG3 (3949 3) »FCMFGL(39403) yFCMFG2(3 04, 3)
'FETA(39U493) 1 PSPPLY(492) s ANT(4,2)
r FBOOM (49 3) yBCHANN(2) »DABD(8) ¢+ BLNGTH(8)
yBVOL(8) yBWGHT (8) »DEM(8) yFREQ(4) BDWDTH (4)
' UPFREQ(2) »EXPRyFDLINE

DIMENSION DPTRX(2)»DVTRX(2) ¢DWTRX(2) pDVLCFX(2) yDPLCX(2) s DWLCFX(2)

'UPTAX(2) vDETPX(2) 1 XKS(2) 1 XKP3(2) » XK3(2) yDPPSX(2) ¢+ DVEMX(2)
rDWSTX(2) rDPACX (2) rDWSX(2) yDPCUX(2) yDPPCX(2) »OPBX(2) s DPPTX (2)
rDPRDX (2) v DUCSTX (2) #» DUCPRX (2) »DUCBTX (2) ¢+ DUCSKX (2) y DUCRDX (2)
rDUCTRX(2) #+DUCPTX(2) yDUCPCX(2) yDUCPNX§2) »DUCLCX(2) yDNCSTX(2)
¢t DNCPRX (2) ¢+ DNCBTX (2) 1 DNCSKX (2) +DNCRDX(2) yDNCTRX (2) »DNCPTX (2)
rDNCPCX (2) 1 DNCPNX (2) y DNCLCX (2) »DVMPX (2) »DWCSX(2) »DVCSX(2)
'DPCSX(2) yDWRDX (2) » DPRDMXA(2) y DUCACX (2) yODNCACX(2)

DIMENSION X(1),Y (1) PT(NsM)y» LBATT(3)y SIGD(2),DNV(2) )RADC(2)
DATA SIGD(1)r SIGD(2) / 2.0E=04y 1,0E-04 /

DATA RADC(1)» RADC(2)r DNV(1)y DNV(2) / 00,0548 0.01125¢ 6.9 5./
REAL NREC1»NREC2/NREC3yNRECY1 ,NRECH2yNREC43 oK1 9K29NOANT

REAL KATTNL)KATTN2yLSYS»LSAT»NBRQDsNLV»NTR»NAPV NAUDLrNCF
REAL LTR/LRCVRLPTILBATTyLPC/LPCUILLCF

REAL NSATyNBS,» NPROTO

REAL NRGR

XNC = NC

iF((li,EQ, “)'OR-(II EQ.6)) GO TO 5000

XSTR = (4, * DEM(I1l) % TSTRCT) / (DEM(I1) = 2, * TSTRCT)**2

¥ (1, = TSTRCT/DEM(11))

GO TO 5001
XSTR = Q.
CONTINUE
AKP = 1,

FREQ4 = FREQ(I3)

K1

see PARTIAL OF COST WRT X sae
=S NF % (1le2 + L,15 * LSYS) + 1,

K2 = NF * (l.2 + ,08 * LSYS) + 1.

CANUM = (1, + RHO) * SNRG

PHI1 = XNUM / (G(3) *x XL34 * XIMPRV(I2))

PHIZ2

XNUM / (RHC * XL12 * XIMPRV(I2))

PG4D4G = 2,0 *x G(4) / D(y)
IF(I16,EQ.2) DGUDY = DGYUDH*(1,=(12,8%SIGD(2)*FREQU*D(4))*%2)
DGSGH = 6S/76(4) * (GSX(29KGS) + 2, * GSX(3,KGS) * G4LOG)

5L




101

103
105

100

107

125

130

*

*

DEMGY = 6GM/G(4) * (GMX(2,KGM) + 2, * GMX(3,KGM) % GU4LOG)
DGEGH = GE/G(U4) * (GEX(2/KGE) + 2, * GEX(39KGE) * G4LOG)
DTEFGY = XLT4 % ((TCO+TI+TA+TC+TR)I*DGSGY + TMRDGMGY + TExDGEGY)
DXNGGY = BOLZ % BVID34 % DTEFGY * 1.E+09
DGLD1 = 2,%G(1)%(1,=(12,8*%SIGD(2)%FREQLI*D(1))*%*2)/0(1)
DPGD1 = = PHI2%XNS / (G(1)*%2 * G(2)) % DG1D1
OPTRX(1) = PHI1 / G(g4) * (=XNG/G(4) + DXNGGY4) * DG4DY
DPTRX(2) = PHI1 % uOLZ * BVID34 x 1.£4+409 / G(4)
iIF (11.,6T.2) GO TO 101
DAMLPS = 1» 7/ YL * (,005 * PPS / XLEM + .05 * DEM(I1))
DAMLVM = =+25/YL * (AREA/XLEM)*%2 x 4./ (PI*(DEM(I1)=2,%TSTRCT)**2)
GO0 TU 103
DAMLPS = ,1 * YM / YL
UAMLVM = 0o ]
GO TO (1U5r106,107) »115
C:1 - ( o.?()f) + .l‘aESt) . L.SSI\'T ) * 1 QEZ"():3
C2 = 2,E=05 * LSAT
€3 = 3,7t=~03
60 TO 12H
C1 6+0333E~03/SAKT(1e + 7ol4E=04%AML) + 1¢37E=04%*LSAT
C2 = 5,97E=06 + 2.22E=07%LSAT
C3 1. 46E=02
00 TO 125
C1 1,376=05 * LSAT
c2 1.32 E~05 % LSAT
€3 = 3,7E~03 .
CONTINUE
C2 = VRHO * C2
OWACPS = C1 * DAMLPS
DWACVM = Clx DAMLVM
DVACPS = C2 * DAMLPS
DVACVM = C2 * DAMLVM
UPACPS = C3 * DAMLPS
DPACVM = C3 * DAMLVM
DPROPT = = (NTR®XCNST + 0.1*NAUDC) * XCIRC2
DWRDPS = (e
LUWRDVM = ge
UWRDPT = Qe
IF (ARD,LE«Q«) GO TO 130
DWRDPS = RADCTITIS) % DEGRAD
DWRDVM = = (RADC(IL3)/0,0548) % (5,/3.) % VEM**=0,333
DWRDPT = RADC(IL13) * DPRULPT
IF((I1.,EQ.4) ORs(I14EQ.6)) DWRODVM = 0,
CONT LNUE
DWBTPB = 45,6%RHOPC*WBATT/WHRS * (WGHTE(2,120) + 2,%WGHTB(3,120)
* WHLOG) z
DVBTPB = 45.6%RHOPC*YBATT/WHRS * (VOLB(2,120) + 2, * VOLB(3,120) s
* WHLOG) ¢
TEMP = (VTR/ZY(1)) % (AV(2) + 2, * AV(3) * PLOG) '
TEMPP = o1 * (VTRP/PTA) % (AVP(2) + 2. % AVP(3)*PTALOG)
TEMPX = (WTR /7 Y(1)) * (AW(2) + 2, * AW(3) * PLOG) | Eo
TEMPXX = .1 * (WIRP/PTA) * (AWP(2) + 2. x AWP(3) x PIALQG) :

1 i

it l!—H il H-ull il

A oo ann

1t lle

DWSTVM = 4o / DEM(ILL)

DVSTVM = XSTR / (1. + XSTR) ' o - A :




s

DWPPPS = XxJ

DETPTR = (4,3429 / Y(1)) * (AET(2) + 2, * AET(3) * PLOG)

IF(IETBD1,.,EQs1l) DETPTR = 0,

GO TO (15501569157) 114
155 CCS1 = 0.00354 * LSAT / (1. =0.,00197 * LSAT) + 0.0346 * LSAT / (1.

* - 00,0192 * LLGAT)

CCS2 = 0.045 * CCS1

CCS3 = U.E~03

GO TO 165
156 WFU = 2,384E=03 * WS * LSAT

DWFUWS = 2.384E=03 * LSAT

DWTKWS = Uell2 /7 (3ex(3,61 + 0,028%WFU)**0,333) * DWFUWS

CCS1 = 2.,0163E=03/SART(L.43E=03%WS + 1.) + 0,329/SART(WS) ~

* G.16E=05 * LSAT + DWFUWS + DWTKWS :

CCS2 = 2.08E=05 + DWFUWS/984. + DWTKWS/450.

CCS3 = Y4.469E-(2

GO TO 165
157 CCS1 = .U0216é * LSAT / (1. = ,00138 x LSAT) + ,0211 * LSAT /

* (1o = +U135 * LSAT)

CCS2 = .03 * CCS1

CCS3 = 5.,£=03
165 CONTINUE

CCS2 = VRHO * CCs2

00 COST * e

GRAD(L) = K2 % URECL(4)/D(1) * (ANTC(2) +2.%ANTC(3)*D1L0G)

* +K1 * URECL(3)/Y(5) * (XTR(2)+2.,¥XTR(3)*PGLOG) * DPGD1

GRAD(1) = GRAD(1) / NBR@D

DVPCUP = VPCU/PPCU * (VCU(2/KVCU) + 2. * VCU(3,KVCU) % PCULOG)
DWPCUP = WPCU/PPCU * (WCU(2/KWPCU) + 2. % WCU(3,KWPCU) % PCULOG)
DVPCPC = VPC/PPC * (VPCN(2/KPCN) + 2, % VPCN(3,KPCN) * PPCLOG)
DWPCPC = WPC/PPC * (WPCN(2) + 2, * WPCN(3) * PPCLOG)

DVPTPT = VPT / PPT * (VPTR(2/KVPT) + 2, * VPTR(3)KVPT) * PPTLOG)
DWPTPT = WPTK(2) + 2, * WPTR(3) x PPT

UWPTPT = DWPTPT * WRPT

DWHARP = WHARR(2,I1) + 2. * WHARR(3,11)*PPT

DWPTPT = DWPTPT + DWHARP

XKT = DWBTPB / (ETAPCX*ETAPCU) + DWPTPT * (1,+RHOPC/ETAB)/
* (ETAPC*ETAPCU) + DWPCPC/ETAPCU + DWPCUP

XKP = DVPTPT * (1,+RHOPC/ETAB)/(ETAPCXETAPCU) + DVPCPC/ETAPCU

X + DVBTPB/ (ETAPCXETAPCU) + DVPCUP

TCNST = (1. + RHOPC /ETAB) / (ETAPT * DEGRAD *x ETAPC x ETAPCU)
DWSPPS = DWPPPS + UWACPS + DWRDPS + XKT / TCNST

DWSVM = DWACVM + DWSTVM + DWRDVM

XK1 = 1. = TCNST * DPACPS = CCS3 % TCNST x% DWSPPS

xK2 = =TCNST * (DPACYM + CCS3 x DWSVM)

XKP1 = = (DVACPS + CCS2 x DWSPPS + XKP / TCNST)

XKP2 = 1. = (DVACVM: + CCS2 * DWSVM + DVSTVM) i

DEN = XK1 * XKP2 - XKP1 * XK2

DO 135 I = 192

DVTRX(I) = (TEMP + TEMPP) * DPTRX(I)

DWTRX(I) = (TEMPX + TEMPXX) * DPTRX(I)

DPLCX(I) = XCNST/ETA % (1. = DETPTR * Y(1) / ETA) * DPTRX(I)

EXP = VLCFP(2/KVPLCF) = 1e
DVLLFX(I) = XNC * VLLFP(viVPLCF) * VLCFP(Z.KVPLCF) * PLCF**EXP '
* . ok DPLLX(I) :




et ottt el

136 DUCTRX(I)

DVLCFX(EF) = DVLCFX(I) * VRLCF x VRHO
EXP = WLCFP(2)KWPLCF) - 1.
DWLCFX(I) = XNC * WLCFP(2+:KWPLCF) * WLCFP(1,KWPLCF) =% PLCF**EXP
: * DPLCX(I) |
DWLCFX(I) = DWLCFX(I) * WRLCF
IF(I2,EQ.2) DWLCFX(I) = DVLCFX(I) = 0.0
DPTAX(I) = 41 % DPTRX(I)
DETPX(I) = 4,3429/Y(1)*(AETP(2) + 2, * AETP(3) * PTALOG) *DPTRX(I)
IF(IETBD2,EQ.1) DETPX(I) = 0.
XKS(I) = DPLCX(I)/ ETALC * XNC + XNC % NAPV *x (DPTAX(I)/ETAP

*

* - PTAZETAP*%2 *x DETPX(I))*
XKP3(I) = DVTRX(I) + CCS2 * (DWTRX(I) + DWRDPT * DPTRX(I)
™ + DWLCFX(I)) + DVLCFX(I)

XK3(L) = TCONST * (XKS(I) + CCS3 * (DWTRX(I) + DWLCFX{I) + DWRDPT
* * DPTRX(I)))

DPPSX(I) = (XK3(I) * XKP2 = XKP3(I) XK2) / DEN
DVEMX(I) = = (XK3(L) % XKP1 = XKP3(I) * XK1) / DEN
DVMPX(I) = 0. '

IF((I1,EQ.4)eO0R. (I14EQ.6))DVMPX(I) = ~DVEMX(I)

DWSTX(I) = DWSTVM * DVEMX(I)

DWSX(I) = DWSPPS * DPPSX(I) + DWSVM % DVEMX(I) + DWTRX(I)
DPACX(I) = DPACPS * DPPSX(I) + DPACVM * DVEMX(I)

* + DWRDPT x DPTRX(I) + DWLCFX(I)
DPCUX(I) = XKS(I) + DPACX(I) + CCS3 % DWSX(I)
DPPCX(I) = ODPCUX(I) / ETAPCU :

DPBX(I) = DPPCX(1) / ETAPC
DPPTX(I) = (1, + RHOPC/ETAB) x DPBX(I1)
OPRDMX(I) = 0, ‘
IFC(I1.,EQ.4) s0R, (I1.EQ.6)) GO TO 134
OPRDMX(I) = (H./34) * VEM %% =0,333 / 0,0548 * DVEMX(I)
134 DPRDX(I) = DPRSX(I) * DEGRAD = (XNC*XCNST + .1 * NAUDC) DPTRX(I)
* * XCIRC2 - DPRDMX(I) A
® oo UNIT RECURRING COSTS see '
DUCSTX(I) = UREC2(1)/WSTRCT *(CSTR(2,112) + 2,%CSTR(3,[12)%WSTLOG)

% * DWSTX(I) | , : :
DUCPRX(I) = CPP1D/PPS * (CR1(2,16) + 2,%CP1(3,16) * PSLOG)

* % DPPSX (1) -

DUCBTX(I) = CBTTLD/WHRS * (CBT1(2,120) + 2.%CBT1(3+120)%WHLOG) "

* * 45,6 % RHOPC *x DPBX(I) ‘
DUCSKX(I) UREC2(5) /WS *(SKL(1,IWSyI14)+2.%SK1(29IWS,114)

% * WLOG) x DWSX(I) o : ’ ‘ .
DUCACX(I) = (UREC2(4)=~0,2886*LSAT)/AML*{ATT1(1sIAMLIIL15) .

* +2.*ATT1(2:IAML9115)*AMLLUG)*(DAMLVM*DVEMX(I)+DAMLPS*DP?SX(I))
DUCRUX(I) = DNCRDX(I) = 040 :
IF(PRD.LE,U,) GO 'TO 136 ‘ '
DUCRDX(I) UREC2(6) 7/ PRD * (RAD1(2,I13) + 2, * RAD1(3,113) x

% PRLOG) * DPRDX(1) o ‘ -
DNCRDX(I) = NREC2(6) / PRD * (RAD2(2,I13) + 2, % RAD2(3+113) *

*  PRLOG) * DPRDX(I) | ‘ |

= CMFG/Y(1) *x (ACMFG(2) + 2,%ACMFG(3)*PLOG) * DPTRX (1)
* + .1 * CMFGPP/PTA x (ACMFGP(2) + 2+ ¥ACMFGP (3)*PTALOG) *DPTRX (1)
DUCPTX(I) = CPT1D/PPT * (CPTUR(2) + 2+*%CPTUR(3)*PPTILOG) * DPPTX(I)
X +CHARL1D/PPT* (CHARUR (2)+2 . *CHARUR (3) *PPTLOG) xDPPTX(I)

DUCPNX(I) = CPC1D/PPC * (CPCUR(2) + 2,%CPCUR(3)*PPCLOG)*DPPCX (1)

5-64

DUCPCX(I) = CPCULD/PPCU x (CPCUUR(Q)+2.*CPCUUR(3)*PCULOG)*DPCUX(I)’

R




—

135

il

DUCLCX(I) = CMFGLC(2,KCLE) * DPLCX(I) % CRLCF * XNC

[ ) NON-RECURRRING COSTS [N

DNCSTX(I) = 3.5 * DUCSTX(I)

DNCPRX(I) = CPP2D/PPS*(CP2(2r16) + 2, *CP2(3/916)*PSLOG)*DPPSX (1)
DNCBTX(I) = CBTT2D/WHRS * (CBT2(2,120) + 2, *CBT2(30120) %xWHLOG)
* * 4hH.o0 * RHOPC % DPBX(I)

DNCSKX(I) = NRECZ2(5) /WS *(SK2(1sIWS»I14)+2,%SK2(2,1IWS,114)

* * WLOG) * DwSX(I)
"DNCACX(I) = (NREC2(4)=0,85)/AML*(ATT2(1,IAML,»I15)

b 3

DNCTRX(I) = CE/Y(1)*(ACE(2) + 2,%ACE(3)*PLOG) * DPTRX(I)

* + J1*%CEPP/ PTA x (ACEP(2) + 2.%ACEP(3)%PTALOG)*DPTRX(I)

DNCPTX(I) = CPT2D/PPT * (CPTNR(Z) + 2, * CPTNR(3)*PPTLOG)

* * DPPTX(I) ,
* +CHARZD/PPT# (CHARNR(2)+2 . *CHARNR (3) *PPTLOG) xDPPTX (1)

DNCPCX(I) = CPCU2D/PPCU * (CPCUNR(2) + 2, x CPCUNR(3) % PCULOG)

* * DPCUX(I)

*

DNCPNX(I) = CPC20/PPC*(CPCNR(2) + d.*CPCNR(B)*PPCLOG) *DPPCX (1)
DNCLCX(I) = CENGLC(2yKCLE) * DPLCX(I)
IF(I12,EQ.2) DUCLCX(I) = DNCLCX(I) = 0,0
IF((11,EQ,4)eOR.(I1,EQ.6)) DUCSTX(I) = DNCSTX(I) = 0,
PSUML1 = DUCSTX(I) + DUCPRX(I) + DUCBTX(I) + DUCSKX(I)

+ DUCROX(I) + DUCTRX(I) + DUCPTX(I) + DUCPCX(I)

* + DUCPNX(I) + DyUCLCX(I) + DUCACX(I)

*x
X

3

PSUM2 = DNCSTX(I) + DNCPRX(I) + DNCBTX(I) + DNCSKX(I)

+ DNCRDX(I) + DNCTRX(I) + DNCPTX(I) + DNCPCX(I)
+ DNCPNX(I) + DNCLCX(I) + DNCACX(I)

R3 = NBS ‘

IF (NBRQD «GT. NBS) R3=NBRGQD

DUREC2 = 1.236*(LSYS/LSAT)*PSUM1/NBS

DNREC2 = (1,575%PSUM2 + (.5375%PSUM1 + NPROTO% (PSUM1~=
0,85%DUCPRX(I))) / (NSAT x R3)

bRAD(I+1) = DNRECZ + DURECZ

CONTINUE

C = 0,1

TERM1 = UREC41(1)

TERMZ2 = URECH41(2) = DELC1 = DELC2

6LC = 1, :

XIN = 1.,

IF (121,EQ. 1) GO TO 137

¢ = 0,15 , e

TERM1 = UREC43(1)

TERM2 = URECUL3(2)

GLC = GR8Y
XIN = 2, , '
"GRAD(2) = GRAD(2) + TERM1. * XNGR * (1, + C *LSYS) * GR

o o
- DWRDX(2) = DWRDVM * UVEMX(a) + DWRDPS * DPPSX(Z) + DWRDPT '

* (ANTH(2)KRA) + 2,%ANTH(3sKRA) * Du4lLOG) / D(&)
+ CINANT * XNGR * (CINST(2,KIA) +
2. % CINST(3¢KIA) *x D4LOG) / D(4)
GRAD(3) = GRAD(3) + TERMZ * GLC % XNGR % (XIN + .1 * sts) x
(RECH(2) + 2, * RECH(3) % TLOG) / x<3)
IF (MB.EQ.0) GO TO 500
DWRDX (1) = DWRDVM x DVEMX (1) + DWRDPS * DPPSX(1) + DWRDPT
* DPTRX(1).

+2,kATT2(29 IANL, 116)*AMLLOG) % (DAMLVM*DVEMX (I)+DAMLPS*DPPSX (1))

L




oG

* * DPTRX(2)

K = 1ARRAY (MBS)

GO TO (1¢2¢304)596) 1K
eoe DEPENDENT PARAMETERS

| eoe HFARTIALS OF PTR WRT X oo
l PT(l'l) = 00
PT(2¢r1) = DPTRX(1)
PT(391) = DPTRX(2)
GO TO 200
‘ eos  PARTIALS OF WEIGHT WRT X oo
2 CONTINUE
DO 25 1I=1,2
DWCSX(I) = CCS1 * DWsX(I)
DVCSX{I) = CCSs2 * DWsX(I)
DPCSX(I) = CCS3 % DWSX(I)
25 CONTINUE
PTC(1le1) = 0O,
PT(2v1) = DWSX(1) + DWCSX(1)
PT(301) = DWSX(2) + DWCSX(2)
"0 TO 200 :
eoe PARTIALS OF VEM WRT X oo
3 PT(101) = U,
PT(2¢1) = DVEMX(1)
PT(3v1) = DVEMX(2)
G0 TO 200
ess  PARTIALS OF VOLUME WRT X e
4 PT(1,1) = 0O,
PT(2,1) = DVEMX(1) + XK * DPPSX(1) + (1,/DNV(I13))* DWRDX(1)
* DVMPX (1)
PT(3r1) = DVEMX(2) + XK * DPPSX(2) + (1.,/DNV(I13)) * DWRDX(2)
* + DVMPX(2)
GO TO 200
eee FPARTIALS OF PG WRT X  eee
5 CONTINUE
PT(1lr1) = =PHI2 * XNS / (G(1)%x*%2 % G(2)) x DG1D1
PT(S'].) - 00,
60 TO 200
veeo PARTIALS OF VPP WRT X o4
6 PT(1,1) = 0,
CPT(201) = XK % DPPSX(1)
PT(301) = XK x DPPSX(2)
- 200 CONTINUE
500 CONTINUE
‘ RETURN

END

+
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; 5.7 SUBROUTINE BCHECK

% The function of subroutine BCHECK is to determine whether any of
the boundary constraints have been violated and, if more than one are
violated, which violates by the greatest degree;

! Upon entrance to the routine, the counter of boundary violations
(MB) is set to zero.

The array indicating which components violate boundaries (IARRAY)
and the array indicating whether a maximum or minimum constraint is violated
(JARRAY) are initialized to zero.*

The routine performs three genefal‘steps:

(a) it checks to see if any of the components violate a
minimum boundary, -

g (b) it checks to see if any of the components violate &

q maximm boundary, and

(c) 1if there is more than one boundary violation, it determines ;
which exceéds its constraint to the largest degree and e

flags that (KS) as the one which will be used in computing

- BX. :

T

* A value of 1 indicates the particular violawidn was with respect
to a minimum. : . :




MB=0

v

COMPARE Y = (;yj)

AGAINST MINIMUM
BOUNDARIES
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BOUNDARY
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?

YES

NO
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SET.
APPROPRIATE FLAGS;
SET

MB=MB+ 1

v

COMPARE Y = (y,) _

AGAINST MAXIMUM
BOUNDARIES

1, M

BOUNDARY
VICLATIONS,
N7

.| APPROPRIATE FLAGS;

SET

SET
MB= MB+ 1

DETERMINE WHICH
VARIABLE EXCEEDS ITS
BOUNDARY BY THE
GREATEST DEGREE; SET
APPROPRIATE FLAGS

 Figure 5.8 Flow Diagrar - Subroutine BCHECK
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SUBROUTINE BCHECK(Y)MB»KSrMBS)NeMyL)
COMMON/BOUND/TARRAY (15) » JARRAY (15) s YMIN(15) » YMAX(15)
DIMENSION Y(15)

NAMELIST/NAMEG/ IARRAY » JARRAY » MB

MB =0

CALL ZERO(IARRAY/,1br1)

CALL ZERO(JARRAY(»15¢1)

DO 300 I=1eM

IF(Y(I)GE«YMIN(I)) GO TO 100

MB = MB + 1

1ARRAY(MB) = I

JARRAY(MB) = 1
IF(YMIN(I)'EG.O') YMIN - 10E_30
G0 TO 300

IFCY(I)oLE«YMAX(I)) GO TO 300
MB = MB + 1

IARRAY(MB) = I

CONTINUE

DISTi=0,

MBS = 1

KS = IARRAY (1) .

IF(MB,LE.1) GO TO 400

DO 325 I = 1.MB

K = IARRAY(I)

IF(JARRAY (1) 4EQ.1) GO TO 310
DISTE = (Y(K) = YMAX(K)) / YMAX(K)
GO0 TO 315

DIST2 = (YMIN(K) = Y(K)) / YMIN(K)
IF(DIST2.LE.DIST1) GO TO 325
DISTL = DISTZ

KS = K

MBS = 1

CONTINUE

CONTINUE

RETURN

END

. 5-69

e B e e S




T s
o

GDC-DCFT0-002

5.8 SUBROUTINE ERROR

The function of subroutine ERROR is to print dlagnostic messages in

the event that certain conditions cause & case to be terminated. A diagnostic
is printed under the following conditions:

IFLAG=1: available bandwidth insufficient for the desired number of
channels

IFLAG=2: satellite downlink antenna size exceeds configuration boundary

IFLAG=5:

satellite downlink antenna size for concept(s) below the
minimm boundery (D3BD).




100

593
600
605

610
615
620
650
900

* ¥

* ¥ O F X X X

*

*

SUBROUTINE ERROR(IFLAG)
DIMENSION CNCPT(8)YMOD(2)
COMMON /DIAM 7/ D(H)rG(4) :
COMMON/MAIN/ T1+X29 130149159109 17+18¢199110,111,112,11359114,115
v116,117,11891199120,1210122,123r124+125
pXQr X e XKoo XL o XPL o XMe XP2 e XN XP 3¢ XY » XP4
COMMON/TABLE/ AWGHT (3049 3) rAVOL1(304+3)pAVOL2(3+4¢3) »ACENGL(30403)
pACENG2(3r493) »ACENG3(3249»3)  ACMFGL(304,3)
PACMFG2 (394 3) v AETA(39 49 3) o FWGHT (3049 3) v FVOLL1(30493)
PFVOL2(3oled) rFCENGL(30493) 1 FCENG2(30493)
PFCENG3(31493) o FCMFGL(39493))FCMFG2(30403)
'PFETA(39453) 1 PSPPLY (49 2) 9 ANT (4 2)
' FBUOM(493) p BCHANN(2) »DABD (8) ¢ BLNGTH(8)
yBVOL(8) yBWGHT (8) yDEM(8) y FREQ(4) +BDWDTH(4)
P UPFREQ (2) vEXPRFDLINE
DATA CNCPT(1)sCNCPT(2)pCNCPT(3) »CNCPT(U4) »CNCPTI(5) »CNCPT(6)»
CNCPT(7)sCNCPT(8)/2H Ar2H Be2H Cr2H Dy2H Er2H Fs2H Go2H H/
DATA YMOD(1)YMOD(2)/3H AMs3H FM/
WRITE(69599) IFLAG
GO TO (1r29304:516) ¢ IFLAG
WwRITE (69r600)
GO0 70 100
WRITE (6r605)
WRITE(6,650) D(3)
0 TO 100

WRITE(6r010)

60 TO 100

WRITE(60615)

GO TO 100

WRITE (60620)

WRITE(6,650) D(3)

CONTINUE

CONTINUE

WRITE(6/9900) CNCPT(I1) »FREQ(IZ)»YMOD(IZ2)

FORMAT (1H1,15H ABNORMAL EXIT,s2Xe9H IFLAG = I2)

FORMAT (52H BANDWIODTH INSUFFICIENT FOR DtSIRED NO, OF CHANNELS.)
FORMAT (60H SATELLITE DOWN=LINK ANTENNA EXCEEDS CONFIGURATION BOUN
DARY )

FORMAT(31H MATRIX INVERSION UNSUCCESSFUL,)

FORMAT{2bH INCONSISTENT BOUNDARIES,)

FORMAT(47H DOWNLINK ANTENNA FALLS BELOW MINIMUM BCUNDARY.,)
FORMAT(21H ANTENNA DIAMETER IS »FS.1» 6H FEET,)

FORMAT(8H CONCEPTs»A2,14Hy» FREQUENCY = Fl4,1¢v2Hs ¢A20,11H MODULATION)

" RETURN

CEND
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5.9  SUBROUTINE OUT AND OUTPTX
The function of subroutine OUT is o provide intermediate output (per :
iteration) and subroutine OUTPTX provides the final output. Listings of
- both subroutines are provided in the following set of figures. A sample
listing of a run summary is given in Section L.

A

st sy
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SUBROUTINE OQUT(S»XKeHGrSTORL)DXr Y2 ITER)MB)MBS»KS»JCONV ) ICONV ¢ N,M,L
* 'R1)
LOMMUN/BUUNU/IARHAY(ls)pdARRAY(lb)vYMIN(lS)vYMAX(lb)

COMMUN/PARA/ PLOuvtTA ARD' VTR WTRIFREQ4 ¢ XNSpRHO y AKP ¢ XNG

* o CMFGy WEMy WLOG»PGLOGCSTPYRYGHLOG, TLOG
* thM WSTLOG»PSLOL» WHLOG » PRLOG,D1LOG
* rD#LOGrPTALOGvPCULOGvPPCLOG'PPTLOGoCEPPOCMFGPP

COMMUN/CNVRGE/ EPSLONsMCONV ¢ LTMAXPSIK»GRAD{D)
UIMENSION DX(1) ¥ (L) »HG(1)»STORL(1)
bLANK = 10H -
LFULTER,EQeLl) WRITE(6r699)
699 FORMAT(1hl)
[F(ITER,EGel) WRITE(6r700)

700 FORMAT(26Xr20HDEPENDENT PARAMETERS/ 39X ¢ 22HINDEPENDENT PARAMETERS/
*LXIUHITER X2 ZHP TRy BX s bHWGHT » 9X v SHVEM» 9X 9 3HVOL » 9X 9 2HP G OX e 4H VPP
KXo hHD (1) » 8X 2 4HD (L) 1 8Xr 2HTR# L1X 9 3HC/Y)

WRITE (69 7LU) ITER» (Y(J)#d=199) 1 CSTPYR

760 FORMAT(2XsL291Xp10(LXrEL1L4))
WRITE (6¢775) Sy (DX(L)rI=1sN)

775. FORMAT (8X»4HS = E1043¢52X¢5HDX = E104392(2XsEL1043))
WRITE (6¢790) M3y (IARRAY(I)»I=1+9) 1KSs (JARRAY(I) ¢ [(=1+9)

790 FORMAT(8X»5HMB = 159 3X»9HIARRAY = »9(2Xe12) »8Xe5HKS = I303X0

*x  9HJARRAY = »9(2X»12))
WRITE (69800) JCONV, ICONV
800 FORMAT(8X)8HJCONV = L2s3Xs8HICONV = [2)
WRITE(6r81U) R1y(GRAD(I)I=1/+3)
KETURN
810 FOIMAT(4{5XrEL1144))
END

. <«g{p¢;gﬁ§;f@a&y-i§v» Rt R T
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SULROUTINE OQUTPTX(YsNeMyL)

COMMUN/ZATTN/ BVEST:B&B(Q)'ZMUD(Z)rXLATrXLONGrRPaBTl(2)0872(4)
rATl(2)vAr2(4)'KATTNl(Q)'KATTNZ(Q)rTZi(Z)'TZQ(Q)vXLIOXLTloXLTZ
vXLT3rXLT41XPTloXPTZrHPTlrRPTarPer2pCOSNT(4)'TIONoTATMvTCLOUD
vTRAINrTTLoAMMT(3'4)vTErTHCVRS:GElvGEZrﬁSl'GSEDGMlrGMZ!GSX(3r3)
9GEX(6r6)rGMX(3'3)'AMTPLX(Q)rBMTPLX(Q)rTCOITI'TA'TCvTMvTRvTT
vTEFFrFSLlZ;FbLéQ;ATleATLZrXCIRCl'XCIRC2vRCIRC1vRCIRC2
P AL12 9 XL34 9y KGS KGMr KGEWRPP (3) ¢y BETA» GAMMA EL » RSL

COMMON/BOUND/IARRAY(lS)vdARRAY(lﬁ)vYMIN(lE)vYMAX(l5)

COMMON/CNST/ PILoRrCVELIBOLZ)RSATRE ‘

COMMON/ CNVRGE/ EPSLON»MCONV» ITMAX»PSIK)GRAD(5)

COMMON/COST/ UREC1(7)»NRECL1(0)»ACQCL(3)/,0PCL1(10))UREC2(15)

: 'NRECZ(ZO)rACQC2(4)oOPC2(1)rUREC3(2)vNREC3(5)
vACQC3(4)90PC3(1)'UREC41(2)vNREC41(3)nACQC41(2)
'OPCHI(l)rURECQQ(?)rNREC42(7)rACQC42(2)'0PC42(8)
'UREC46(7)rNREC#é(S)rACQCQS(E)rOPC43(7)'TUREC(4)

t TNREC(4) » TACQC(4) » TOPC(4)

COMMON/DATE/ IMO»IDA,IYR,POPL)POP2yICASEr TITLE (&)

COMMUN /DIAM / D(4)rG(4)

COMMON/DISCR/ GEsGSeGM

OMMON/MA TN/ Il'IQ'I5rIQrI5v£6rI7rIBvIgvllor1110112v113v114'115

* ¥ ¥ X x ¥

* ¥ ¥ ¥ ¥

* PI16p 117511801190 [2091219122,1230128,125
* PXQr XJr XK e XL g XPLe XMe XP2p XNe XP 3 XY » XP4

COMMON/MLsC/ BLEM;BVEMvXLFlvXLFZrXLFtXLArSNRGvXTAvXIMPRV(Z)aBVIDlZ
* P BVID34» FTSTRCT » AMAJR p BMINR

COMMON/NUMBY/ NTRrNCTRvNFrLSYS'NSL'NRS'NLVrNRLV:NRSTA'NBbNCB.NC
* rNCTRF;NTR?rNCFoLSATuFREQlrGR85vGR89vGR95:GvaNGRrXNGRP

* ¢t NAPV s NAUDC e PUNSE » ITASO» NBRQD » AOC p NSAT » NBS»SETDNS p JIT
COMMUN/PARA/ PLOGIETA»ARD P VTRIWTR rFREQH » XNS » RHO » AKP » XNG

* rCE»CMFGy WEM» WLOG » PGLOGy CSTPYR » G4LOG» TLOG
* * VEMy WSTLOG » PSLOG y WHLOG » PRLOG yD1LOG
* 'D4LOGyPTALOGrPCULOG»PPCLOGPPTLOG)CEPP » CMFGPP

COMMON/PARA2/WPP7VPP.PPS;WA:VApWAPrVAPrWRECrVRECiWSTRCT'VSTRCT
rWMPLX'VMPLXrWRU!VRD:WCS;VCS;WACrVACvPRDvWINCrVINC
vWBATTvVdATTiCMPLXrCRECvCPPlDrCPTlDrCPCUleCLCFlD
'CPC1D1CPPZDpCPTZDrCPCUZUrCLCFZDvCPSZDoCBTTlD
rCBTfZDvPTA'PPT'PPCUvPPCpWTRPcVTRPrVPCUrWPCUoVPC'WPC
rETAPoETALCvCTLvUCOSTR'CONDlDrCONDZDrWCOND'VCOND'PLCF

' VPT» CHARLDy CHAR2D» CINANTy CINREC, CINTL, CINDIS,CABL

COMMON/PAKA3/ YMyYLr AML ¢ AREA» WHRS » WS ¢ XLEM '

COMMON/SYS/ WMPrVMPvWGHTB(3'5)vVOLB(3v3)rXTR(3)'ANTC(3)'CSTR(313)

rCPl(SrZ)rCP2(3r2)rRADl(SrZ)rRADZ(3r2)vSK1(2r2v3)pSK2(292'3)

vPLX1(4r3)rPLX2(493)gDNLArANTDl(3rQ)rANTDZ(3v4)vCBTl(SoS)

'CBT2(6'3)vRECH(5)rRECH1(3;3r4)rTRBDl(2v4)rRECH2(3r3)'TRBD2(2)

rRECAerECAZrANTH(3r4)'XINSTerINST2oCINST(3:4)rCRCUR(SrZ)

fCRCNR(5r2)pNOANT(8)oDCYCLErARCVR(Q)oETAPTpETAPCoETABvETAPCU

PETALCF P RHOPC»DGRU(2) 2 WPTK(3) P WCUL»WCU2/WCU(303) yWPCN(3)

pWLCFPltWLCFP(Z;Z)rVPTRl'VPTR(3r2)rVCUerCU(3r2)oVPCNl

rVPCN(3'2)rVLCFPerLCFP(ZrZ)'CENGP1rCENGPEvCMFGPlvCENGPC(SvS’

:CMFGPC(3r2)rCLCerLCZrCENGLC(293)rCMFGLC(2r3)pXCNST '

vUEGPAD'CPTUR(S)rCPTNR(é)'CPCUUR(b)rCPCUNR(E)oCPCUR(3)vCPCNH(3)

vCBETArbBETAleTBUlrIETBDZpWMUX(3r3)'WHARR(3v8)'CHARUR(3)

'CHARNH(ﬁl'NPROTOrSKL51(2'2v3)rSKL52(2'2v3)rATT1(2r2r3)

'ATT2(20203)oATLSl(2v2'3)'ATL52(2p2v3)rIAMLrIWSoAMLLOG

vUFMRﬁCrPARANT(#)rNHGHrACQLV(B)rENGLV(8)vACQMP(B)rENGMP(B)

* HK ¥ ¥ ¥ ¥

57k
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* » URCBSM» ENGEBSM» URCMDA » ENGMDA
* ' RCVR1(2) vRCVR2(1) +HRCVRI(3o4) yHRCVR2(392) 1 XLC1(392) 1 XLC2(3,1)
* P XLC3(391) yRCVC2,RCVCIPDELCL,DELC2

COMMUN/TABLE/ AWGHT (3049 3) v AVOLL1(394+»3) ¢AVOL2(394+3) »ACENGL(3+4

¥ OF ¥ K X ¥ X KX

P ACENG2 (3049 3) v ACENG3(39493) r ACMFGL(304,3)

*3)

PACMFG2(3rL4r3) » AETA(39 49 3) 1 FWGHT (3049 3) +FVOL1(3944+3)

P FVOLZ2(30493) 1 FCENGL(39s493)2FCENG2(39403)
tFCENG3 (3149 3) 9y FCMFGL(394+3) p FCMFG2(39403)
fFETA(39493) o PSPPLY(L4+2) o ANT(H2)

 FRBOOM (49 3) y BCHANN(2) »DABD(8) yBLNGTH(8)
vBVUL(S)'BWbHT(b)vDEN(B)vFRtQ(H)rBDWDTH(Q)
PUPFREG(2) »EXPRyFDLINE

COMMUN/TRANS/ AEFF »PBsPRDEMyPRDT e XLMUX ¢ PRyPCS¢PACIPINCyPMP

*

t XLA3G» XLC34 9 XLR3Y XLRH34

DIMENSION BG(2)  ANTYPE(2) » XMOD(2) »TTYPE(5) ¢ PTYPE(2)
¢ ATYPELZ2) yFOTYPE(3) P RTYPE(4) o XMULT(3) rCNCPT(8) »STRCT (2)
yRDTYPE(2) + SKTYPE(S) y ATTYPE(3) rRCTYPE(2) »VTYPE(2) pY (15)
DIMENSION CST1(15),C5T2(15)rCSTI(15)CSTH(15),TOTC(Y) »BTYPE(3)
UDIMENSION TYPEM(3),» ENV(3)» LBATT(3)» YBOUND(9)» YESNO(2)

% TTLE(9)» UNLTS(9),YVIOL(9), TVSYS(3)

%x

REAL
REAL
REAL
REAL
REAL
DATA
DATA
DATA
*
DATA
DATA

NREC1 ¢ NREC2)NREC3yNRECY1 +NRECH2 ) NRECH3»K1 K2 NOANT
KATTNL)KATTNZ f LSYS»LSAT e NBRAD e NLV e NTR»NAPV ¢ NAUDC » NCF
LTRYLRCVRyLPTLBATT»LPCeLPCUYLLCF

NSAT,NBSy NPROTO

NRGR
PI1/3,1415927/
XC1eXC2/420004 0000./ :
TYPEM(L1) » TYPEM(2) » TYPEM(3) /10HBSM » 10H ’
10HMDA /
YESNO(1)» YESNO(2) / 10H NO » 10H YES /

TTLE(L)» TTLE(2)» TTLE(S)» TTLE(WH)» TTLE(S)s» TTLE(6)

* TTLE(7)» TTLE(8)r TTLE(9) / 10H PTR=-SAT  10H WT=SAT ’
* 10H VOL~-EM » 10H VOL=5AT 4+ 10H PTR=GND , 10H VOL=SA
* 10H UA=G UP » 1uH DA-G DN  1UH TR-=GND /

DATA

UNITS(1)p UNITS(2)e UNITS(3)y UNITS(4)s UNITS(5).

* UNITS(6)r UNITS(7)» UNITS(8)» UNITS(9) / 10H (WATTS)

* 1UH (LBS) e 10H (CU FT)

* 10H (CU FT) ' 10H (WATTS) » 10H (CU FT)
* 10H (FT) v 10H (FT) e 10H (DEG K) 7/

DATA

- DATA

DATA
*

DATA
*

DATA
*

%

UATA
DATA
DATA

DATA

 DATA

* /

ANTYPE (1) y ANTYPE(2) /10HWIDEBAND »10HPARABOLIC /

XMOD (1) »XMOD (2) /2HAM» 2HFM/

BTYPE(L) »BTYPE(2) »BTYPE(3)/10HNICKEL CAD,10HSILVER CAD,
10HSILVR ZINC/

ATTYPE (L) yATTYPE(2) yATTYPE(3)/710HNH3 RESISTs10HION PROP ’

10HH20 ELECTR/
TTYPE(L) o TTYPE(2) » TYYPE(3) » TTYPE(4)» TTYPE(S)
/10HGRID TUBE »10HSOL STATE »10HCFA rlOHTWT ' ’
10HKLYSTRON /
PTYPEC(L) »PTYPE(2) /10HSOL ARRAY » 10HNCLR REACT/
ATYPE (1) »ATYPE(2)/710HTRUSS +10HRIGID DISH/

’

FOTYPE (L), FDTYPt(Z)pFDFYPE(S)/lOHFOLDING leHEXPANDABLEo-

10HRIGID /
RTYPE (1) yRTYPE(2)/10HLIN TRANS » 10HDMOD CNVRT/.

ENV (1) 2ENV(3) ENV(Z)/lOH RURAL ~ +10H URBAN rloHsuauRé
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600

500

693

501

601

502

615

512

616

DATA BC(1)BC(2) /10HMONOCHROUME » 1 0HCOLOR /

DATA XMULT (1) o XMULT(2) » XMULT (3) /10HCOAX » 10HWAVEGUIDE ,
* v 10HWAVEGUIDE /

DATA CNCPT(l)vCNCPT(z)rCNCPT(3)vCNCPT(Q)rCNCPT(S)rCNCPT(b)

%9 CNCPT(7) yCNCPT(8)/10HA » 10HB » 10HC ’
*10HD » 10HE v LOHF » LOHG ’ '
*10HH / ‘

DATA STRCT(1)»STRCT(2)/10HCONY » 1 0HBSM /

DATA RDTYPE(1)yRDTYPE(2) /10HPASSIVE » 10HHYBRID /
DATA SKTYPE(l)'SKTYPE(Z)vSKTYPE(3)vSKTYPE(4)rSKTYPE(S)
*/1O0HNH3 RESISTy1UHION PROP * 10HH20 ELECTR»10HN2 H4 ’
* 1OHCOLL GAS / .
DATA VTYPE (1) oVYTYPE(2)/10HSV (UNMAN) » 10HSV (MANNED) /
DATA  TVSYS(1)y TVSYS(2)s TVSYS(3) / 10HDIRECT F
* 10HRETRKANS v 10H CATV / : (
NAMELIST/QUTD/ PPS'PPSD'DEGRADrAREArPBoPPTrPPC0PPCU'PLCF9PRDEM
' rPRD'PRDT;AEFFrETAPfPTArWTRPvVTRP!CEPP!CMFGPP'WTR
pVTRpCE9CMFGrXLMUXrPRoWSaPCSoAMQrYMrYLvPAC'PINCvPMP
pGSrQEpGM'TCOvTI'TAvTCvTRvTT'TMiXLA34rXLC34vXLR34
'XLI'XLRH349XLT4'ELrCOST1vCOSTZpCTL'GRBSrGRﬁgvGR95
rY.UREClrNREClrOPCl'ACQCI!URECZvNRECZ:ACQCZvOPCQoUREC“lvNRECul
vACQC41vOPC41'UREC“S!NREC430ACQC“Sr0PC43rUREC3vNREC3vACQC3 '
rOPCSrTURECrTNRECrTQPCrTACQC'CSTPYR'VEMpWEM ' B
BLANK = 7H - '
XSS = LSYS/LSAT
ICASE = ICASE + 1
WRITE(6¢1) ICASE,TITLE,IMO,IDA,IYR

FORMAT(1H1 »9HCASE NO, 13r15Xy6A10015XvIZ.lH/'I2'lH/r12//)
WRITE(6r0ul)

FORMAT (1H »29X) 1 7HUSER REQUIREMENTS)

WRITE(69,500)

FORMAT(1H+ 289Xy 15HLINK PARAMETERS /77X, 9HPARAMETER 16Xy 6HUPL INK »
*H X BHDOWNL INK) ‘ -
WRITE(69699)

FORMAT ( 15X»16HAREA OF COVERAGE )
WRITE(6+/501)FREQL,FREQ(I3)

FORMAT(1H+» 73Xv14HFREQUENCY(GHZ)rlOXrF?.ZvSXvF?.Z)
AOCP = AOQOC x 1,E~06

WRITE(6,601) AMAUJR

FORMAT (18X 14HMAJOR AXIS(MI)r18X¢F9,3)

ERPL = 10, % ALOG10(Y(8) * G(1) x* XCIRC1)

ERP2 = 10, x ALOG1O(Y (1) * G(3) x% XCIRC2)
WRITE(69502)ERPLERP2 ' o
FORMAT(1H+v73Xr8HERP(DBW){16X9F6.196X9F6o1)
WRITE(6¢615) BMINR '

,FORMAT(lBXrl“HMINOR AXIS(MI)r18XsF9,3)

bVIDIP = BVID12 * 1<E+03 :

BVID2P = BVID34 * 1.E+03

WRITE(6¢512) BVIU1IP'BVIDZP i

FORMAT ( IH+» 73Xy 1 7HRF BANDWIDTH(MHZ)r7XpF6.196XrF6o1)
WRITE(46r616) AQCP _ . R :
'FORMAT(18Xr29HAOC§MILLIONS OF SQUARE MILES) ¢»3X9F9,3)
XMODI1 = 1. o T : P S

IF (110.EG.2) XMODIL = 3,

N

N




513

602

514

698

603

503

631

525
604

504

620

516

605

517

606

505

WRLITE(6,513) XMODIL, XMODIZ2

FORMAT (1H+ ¢ 73Xy 16HMODULATION INDEX)8XrF6.106X1F6,1)
XNGRL1 = XNGR % 1,E=03%

IF (121.,EQe3) XNGR1 = XNGR1xSETDNS*30,
WRITE(6,602) XNGR1

FORMAT (15X 28HRECEIVER POP/BEAM(THOUSANDS) »7X9F9.3)
ANTBW1 = 70, % CVEL / (D(2) * FREQ1)

ANTBW2 = 70, * CVEL / (D(3) * FREQ(I3))
WRITE(6¢514) ANTBW1r»ANTBW2

FORMAT(1H+ ¢ 73X 22HANTENNA BEAMWIDTH(DEGY 12X9F6.116XeF641)

XNGRZ2 = XNGRP *x 1.,E=03

IF (121.,EQ43) XNGR2 = XNGR2*SETDNS*30,
WRITE(6r698) XNGR2

FORMAT(15X»29HTOTAL RECEIVER POP (THOUSANDS) »5XsF10.3)
XLATP = XLAT % 180, / PI

WRITE(6+603) XLATP

FORMAT (15X 2 17HLATITUDE (DEGREES) 120X +F74.3)
WRITE(6¢503)

FORMAT ( 1H+9» 73X 8HL.OSS(DB))

XLONGP = XLONG % 180, / PI

WRITE(6,631) XLONGP _ '
FORMAT (15X r 27HRELATIVE LONGITUDE (DEGREES) y10XsF7,3)
FSL12 = 10. * ALOG1O(FSL12)

FSL34 = 10. * ALOGLO(FSL34)

WRITE(60525) FSL12,FSL3Yy
FORMAT(1H+ ¢+ 75Xy OHFREESPACE 1 13X9F6,100XeF6.1)
WRITE(6,604) ITASO

FORMAT (15X ¢ LOHTASO GRADE, 29x;13)

ATL1 = 10, * ALOGI0(ATLI1) |

ATL2 = 10, * ALOGLO(ATL2)

WRITE(6¢504)ATLIPATL2

FORMAT(1H+ s 75X» 1 1HATMOSPHERIC s 11X0F6e116XrFH 1)
SNRGP = 10+ * ALOG10(SNRG)

WRITE(6,620) SNRGP | |
FORMAT (15X » 25HSIGNAL TO NOISE RATIO(DB)»10XeF9,.3)
XCIRC1 = 10, * ALOGL(XCIRC1)

XCIRC2 = 10, % ALOG1lo(XClRC2)

WRITE(6+1516) XCIRC1sXxCIRC2
FORMAT (1H+» 75X» 12HXMIT CIRCUIT(10X1F6. 1:6X9F6 1)
WRITE(6¢605) NF

FORMAT (15X » 31HNUMBER OF UPLINK FAC/SAT SYSTEM 8X;13)
RCIRC1 = 10. % ALOGL10(RCIRC1)

RCIRC2 = 10, * ALOG1Q(RCIRC2)

WRITE(6+517) RCIRC1+,RCIRC2
FORMAT {1H+ 9+ 75Xy 12HRCVR CIRCUIT,10XsF6, 1.6x F6,1)
WRITE(69606) NCF

FORMAT (15x ¢ 27THNUMBER OF LHANN&LS/FACILITY 12x F3, 0)
XPT2 = 10, * ALOGL0O(XPT2)

XPTL = 10, * ALOblO(xPTl)

WRITE(61509)XPTL1eXPT2

FORMAT (1H+ 975X 1 SHXMIT POINTING 9IX1F6e1r6X0 Fé. 1)

CWRITE(6,607) XMOD(I1Q)
607

FORMAT (15X » 17HUPLINK MODULATlONvd3XyA2)

RPT1 = 10, * ALOblo(RPTl)

ISR IR




506

612

507
608
603
508

610

515
541

RPT2 = 10. * ALOGLU(RPTR2)

WRITE (6v5GO)RPTLI)RPT2

FORMAT (1H+» 75Xy 13HRCVR POINTINGr9XsF6.116X0F6E,.1)
WRITE(6,612) XMOD(12)

FORMAT (15X ¢ 1SHDOWNLINK MODULATION,21X, A2)

P1 = 10. * ALOGL1U(P1)

P2 = 10. * ALOG1Q(P2)

WRITE(61507) P1,P2

FORMAT (1H+9» 75X 12HPOLARIZATION) 10XsF6¢116X2F6,1)
WwRITE(6r608) LSYS

FORMAT (1bXx e 32HTOTAL SYSTEM OPERATION LIFE(YRS) »7X¢F3,0)
WRITE(60609) LSAT

FORMAT (15X » 19HSATELLITE LIFE(YRS) »20X1F3,0)
WRITE(60508)

FORMAT( 1r+»73Xy25HNQISE TEMPERATURES(DEG K))
WRITE(6,610) DCYCLE

FORMAT (15X » 19HDUTY CYCLE(HRS/DAY) y19XsFl.1)

TSKY = TCO + TI + TA + TC + TR

WRITE(6¢509) BLANK,TSKY

FORMAT (1H+» 75X s 3HSKY »19Xs A7 15X+F6H 1)
WRITE(6,611) NCB

FORMAT (15X » 29HNUMBER OF VIDEO CHANNELS/BEAM, 10X,13)
WRITE(6¢510) BLANK,TM

FORMAT (1H+» 75X» 1 SHENVIRONMENTAL »9X,» A7 v5XuF6'1)
wRITE(6,0650) NAPV

FORMAT (15X » 30HNUMBER OF AUDIO/VIDEO LHANNELS:9XvF3 0)
WRITE(6¢511) TETE

FORMAT (1H+ 9 75Xy SHEARTHI 1 7X1FD 41 16X eF6 1)

1 = 1

IF (PDNSE,GT.POP1) IJd=2

iF (PDNSE,GT.POP2) 14z=3

WRITE(6,675) ENV(IJ)

> FORMAT (156X ¢ 17HNOISE ENVIRKONMENT»21XsA10)

RCV = Y(M+3)

WRITE(6¢515) TRCVRS»RCV

FORMAT (1H+ 275Xy 8HRECEIVER 1 L4X»F6e1 95X F71)
WRITE(69541) -NBRWD

FORMAT (15X » 24HNUMBER OF BEAMS/SYSTEM  »15X¢F3,0)
ZRO = g0,

CWRITE(61599) ZRO,TT

599
632

FORMAT (1H+/9 75X s 17HTRANSMISSION LINE»S5XsF6,106X9F6 1)
WRITE(69632) NSAT

FORMAT (15X » 21HNUMBER OF SAT SYSTEMS, 18X, F30)
WRITE (69633) TVSYS(I21) ,
FORMAT (15X» 22HGROUND DOWNL iNK SYSTtM » 16Xy A10)
R1= NBRQD / NSL

K2 = NBRQ[O / NBS

IF ( R1,6Te1s ) K1 = 1,

iF (R2|GTQ10 ) Re = 1. i

X80 = XSS * ACQC3(4) + TNREC(3)

ACST = NBRQD * NSAT % CSTPYR

BCST = ACST / XNGRP % 1.E+06

IF(IZ21.,EG,3) BCST=BCST/ (SETONS*30, )

ACSTP = ACST - ( NSAT*NBRQD/(NBS*NSL)*TACQC(J)

,*: -+ TNRtL(d)*Rl*Ra)/LbYs

B 518




BCSTP = ACSTP / XNGRP * 1.E+U06
LF(I21.,EQ,3) BCSTP=BCSTP/ (SETDNS*30, )
WRITE(6,700) ACSTP»BCSTP»ACST»BCST
700 FORMAT(///71Xy 21HMINIMUM COST SOLUTION , 29Xs 13HTOTAL COST/YR
* 66Xy 12HCOST/YR/RCVR / B53Xe 10M(MILLIONS) » 9X» 9H(DOLLARS) /
* 16Xy 29HEXCLUDING LAUNCH VEHICLE COST , S5X¢ Flle3» 8Xy» F11,2/
* 16Xy 29HINCLUDING LAUNCH VEHICLE COST o 5Xv¢ Flle3r 8Xy F11l.2)

JdJd =1

Uo o000 I=1,9
11=1

JJ=1

TMIN = YMIN(I)
IF(YMIN(L) «EQWa0,) TMIN = 1,
IF (ABS((Y(I)=YMAX(I))/YMAX(I))L ,LE, 0,001 LOR, ABS((Y(]l)=
* YMINCI))/TMIN) JLE, 0,001 ) II = 2 V
IF (Y(I)eGE41,001%kYMAX(I) oORy Y(I),LE,0.999%YMIN(I))
* Jdzdddz2
YVIOL(I) = YESNO(JJ)
6000 YBOUND(I) = YESNO(II)
IF (JJJ.EQe2) WRITE (6,6009)
. 6009 FORMAT (/58X 22H*akxkkkkx¥kkkkkkkxkkkakk / 58X

* 22H* * / 58Xs 22H* BOUNDARY VIOLATION *x /
* 58Xy 22Hx* * / S8X 0 22H %% %k Kok ok ko ok ok X e K okok Kk )
WRITE (6r0001) CNCPT(I1)

6001 FORMAT(/// 1X036HOPTIMUM DESIGN PARAMETERS = CONCEPT » A10)
WRITE (60,6002) ( TTLE(I)» IZ=l,9)
6002 FORMAT(/5Xr 9HPARAMETER, ©Xr 9(A10))
WRITE (696003) (UNITS(I)e i=1,9)
6003 FORMAT (20X» 9(A10))
) WRITE (6,6004) (Y(I), 1=1.9)
6004 FORMAT(/5Xr 12HDESIGN VALUE, 3X» 9(F8,192X))
WRITE (6,6005) (YBOUND(I)y I=1,9)
6005 FORMAT (5Xr 11IHON BOUNDARY, 4X» 9(A10))
IF (JJJ.EG.2) WRITE (6,6008) (YVIOL(I), I=1,9)
6008 FORMAT ( 5X» 13HVIOLATE BOUND » 2Xy 9(A10))
WRITE (606006) (YMAX(I)» I=1,9)
6006 FORMAT (bXr 11HUPPER BOUNDy 4X» 9(F8,1,2X))
WRITE (696007) (YMIN(I),» I=1,9)
6007 FORMAT (5Xe 11HLOWER BOUND» 4X» 9(F8,1/92X))
WRITE(69r)) ICASE»TITLE»IMO»IDA,IYR
WRITE(62702) CNCPT(I1)
702 FORMAT (1H '1UHSPACtCRAFTr26Xr14HCOST(MILLIONS)/luH CONCEPT rA10,
* 7Xy 11MACQUISITIONY ‘
*4X 2 3HR/Dr 9X e SHTOTAL » 7X» 6HWEIOHT » 6 X s 6HVOLUME » 5X» 4HTYPE » 7X» 11HDESCRI

*PTIVE/30Xp 4HCOST » 8X 0 4HCOST # 8X ¢ 4HCOST 9y 8X96HGLBS ) #5X29H(CUs FTo) r il

*X ¢ LOHPARAMETERS)
WRITE(69703)
703 FORMAT( bX»15HPOWER SUBSYSTEM)

CST1(1) = 1.236 * CPpP1O
CST2(1) = 1,575%CPP2D + 0.5375%CPP1D + 0, 15*NPROTO*CP°lD
CST3(1) = XSS * CST1(1) + CSTZ(l)

- PPSD = PPS * DEGRAD

| WR11E(6 705) CSTi(1), Cde(l)vaT3(1)pWPP VPP»PTYPE(I6) s PPSD
705 FORMAT(?X 12HPOWER SOQURCE»9X1F74395XeF73915X0F8, Se4X9F9e203X0

% FY9.203X04£1002Xs llHPRIME PWR =F7.006H WATTS)




(ST1(12) = 1.236 * UREC2(3)
CST2(12) = 1.575 * NREC2(3) + (,5375+NPROTO)* UREC2(3)
CST3(12) = XSS % CST1(12) + CST2(12)
WRITE (69704)CST1(12),CST2(12) +CST3(12) yWBATT»VBATTIBTYPE(I20) »WHRS
704 FORMAT(7Xy9HBATTERIES 12X1F7e305X1F70305Xr1F8e3r4XrFDe203X0F9 02, 3Ky
*AL092X» LLHWATT HRS = F8,1)
CST1(13) = 1.236 * COND1D
CST2(13) = 1.575 * COND2D + (,5375+NPROTO)* COND1D
CST3(13) = XSS * CST1(13) + CST2(13)
WRITE(6,725) CST1(13)»CST2(13)9CST3(13) »WCOND,VCOND
725 FORMAT (7Xy12HCONDITIONING 19X PF74305X0F7%305XrF84304XsFOe203X s
*F9e2)
CST1(2) = 1,236 * UREC2(13)
CST2(2) = 1.575 * NREC2(13) + (,5375+NPROTU)* UREC2(13)
CST3(2) = XSS % CST1(2) + CST2(2)
X1 = 10, * ALOG10(G(3))
WRITE(6+r706) CSTL(2),CST2(2) 1CST3(2) yWAWVASATYPE(I4) »X10D(3)
706 FORMAT (5X s LBHANTENNA (DOWN=LINK) 15X 1F7¢315X1F7¢305X1FB0304Xs F9.203
*Xr F9,203X1A1092X06HGAIN =FS541+3H DBy7Hy DIA =FS5.1¢3H FT)
CST1(3) = 1,236 * UREC2(10)
CST2(3) = 1,575 % NREC2(10) + (,5375+NPROTO)* UREC2(10)
CST&(3) = XSS * CST1(3) + CST2(3)
X1 = 10, % ALOGLO(G(2))
WRITE (6, 707) CSTL(S)»CST2(3) 1CSTA(3) yWAP»VAPYATYPE(IZ23) 1X1+D(2)
707 FORMAT(5X ¢ L6HANTENNA (UP=LINK) 0 7X1F743505XsFT7e305X0F8¢3r4Xs FO,2s3X0
* F9.293X0AL002X96HGAIN =F5,1+3H DBs»7Hs DIA =F5,1+3H FT)
CST1(4) = 1,236 % UREC2(11)
CST2(4) = 1,575 x NREC2(11) + (,5375+NPROTO)* UREC2(11)
CST3(4) = XSS x CSTL(4) + CST2(4)
WTRX = WTR + WTRP
VIRX = VTR + VTRP
WRITE (60708) CSTL(4),CST2(4) rCST3(4) s WTRX»VTRX» TTYPE(I7) e Y(1) ETA
708 FORMAT(5Xy L1IHTRANSMITTER»12XrF743+15XrF7.3¢5X1FB.304Xy F9.2,3Xs FO,
*293X0A1092Xs LOHPWR/CHAN =F6,0,7H, EFF =F5.3)
CSTL(7) = 1.236 * UREC2(12)
CST2(7) = 1,575 % NREC2(12) + (,5375+NPROTO)* UREC2(12)
CST3(7) = XS5 % CSTL(7) + CST2(7)
WRITE (6+711) CSTL1(7)+CST2(7)1CST3(7) s WMPLXyVMPLX,»XMULT (I9)
711 FORMAT(5Xy LIHMULTIPLEXERs12X0F74375XrF7.305X1F8,304Xs F942,3Xs F9.
*293XeA1092X)
CST1(5) = 1,236 * UREC2(9) '
CST2(5) = 1,575 % NREC2(9) + (.5375+NPROTO)* UREC2(9)
CST3(58) = XSS % CSTL1(5) + CST2(5)
@ = 170, / 290, + L.
X1 = 10, * ALOGLU(Q)
WRITE (69 709) CSTL(5),CST2(5)9CST3(5) ) WREC VREC,RTYPE(I8) »X1

709 FORMAT (5X»8HRECEIVER»15X1F743, SX1FT7e315X0F84304Xr F9.203X0 F9.203X%

*9Al0r2X» L1HNOISE FIG =F5,1)
-CST1(6) = 1,236 * UREC2(1)
- CST2(6) = 1.575 * NREC2(1) +¢( «5375+NPROTO) * URL02(1)
L8T3(p) = XSS x CSTi(6) + CST2(6)
WRITE(62710) CST1(6)sCST2(6)rCST3(6) s WSTRCT » VS1RCT¢STRQT(112)
710 FORMAT (S5X» IHSTRUCTURE s 14X 1F 7+ 3¢5X0F 7, 3:5X'F8 Sr4Xr F9.ar3Xo F9. 293
xXpAlU,2X) ,
CST1(8) = 1,236 *x UREC2(6)

580
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CST2(8) = 1,575 x NREC2(6) +(,5375+NPROTO) * UREC2(6)

CsT3(8) = XSS % CSTL(8) + CST2(8)

WRITE(6r712) CSTL(3)»CST2(8)rCST3(8) »WRDyVRDYRDTYPE(IL13)»PRDysARD
712 FORMAT(5Xy 16HTHERMAL CONTROL»8BX1F74315XsFT7e315XIF8e30UXr FO,293Xy

* FI94293XrAL022X 92 GHPWR RAD =9F6,0 8Hr AREA =F6.1)

CST1(9) = 1,236 * UREC2(bH)

CST2(9) = 1,575 % NREC2(H) +(,53754+NPROTO) * UREC2(5)

CST3(9) = XSS x* CSTL1(9) + CST2(9)

WRITE (60715) CSTL(9) »CST2(9) +CST3(9) yWCS)VCSISKTYPE(I14)
715 FORMAT(S5X LEHSTATION KEEPINGIBXsF74315XsF7e315X0F8e394Xr F9,293X

* FO.203X0A10)

CSTL(10) = 1.236 *x UREC2(4)

CST2(10) = 1.575 % NREC2(4) +(,5375+NPROTO) * UREC2(4)

CST3(10) = XSS * CST1(10) + CST2(10) ‘

WRITE (6¢717) CST1(10)»CST2(10)»CST3(10) s WACIVACIATTYPE(ILS)
717 FORMAT(5X s LoHATTITUDE CONTROLy7X1F74305X1FT7 315X F8e304Xs FO,293X

*¥p F9e293X,A10)

CsT1(11) = 1.236 *x UREC2(8)

CST2(11) = 1.575 % NREC2(8) +(.5375+NPROTO) * UREC2(8)

CSTA(11) = X5S * CST1(11) + CST2(11)

WRITE(69720) CSTL1(11)CST2(11)»CSTH(11) 2 WINCyVINC
720 FORMAT (bXr14HTLM AND CMD POXIFT7e315X1F743v5X0F8e390UXeFO,203X0

*F9.2)

CST1(14) = 0.
CsT2(14) = NREC2(20)
CETH(14) = CST2((14)

WRITE (60 729) BLANK,CST2(14) »CST3(14) »BLANK » BLANK
729 FORMAT (5X¢14HTEST EQUIPMENT rOXrA7¢5X1F74305XeFBu306XeATe5X A7)
CST1(15) = CST2(15) = CST3(15) = 0,
IF(I41,LE.3) GO TO 730
IF(I1,EQ.8) GO TO 730
IF(122,E@,0) 60 TO 726

CST1(15) = ACQMP(I1)
C8T2(15) = ENGMP(IL)
CST3(15) = XSS x CST1(15) + CST2(15)

WRITE(69)731) CSTL(15)+CST2(19)9CSTI(15) »WMP s VMP» TYPEM(I1~3)
731 FORMAT(5X s 17HMANNED PROVISIONS 16X IF7e31SK0F7e305X0F8,304X1F9.2»
* 3XrF9e293X0AL0) |
- 60 TO 730
726 WRITE(6»727) CST1(15)»CST2(1D)»CST3(15) rWMPyVMP»TYPEM(I1=3)
727 FORMAT(SX ¢ LTHMANNED PROVISIONS»6X1F74305X0F7e305X0F830UX01F9,2,
K IXPFI,205Xe LTHUNUSED VOLUME IN » A10)
730 CONTINUE ‘
"CALL ZERO (TOTCe301)
LU0 1000 I=1,15
TOTC (1) TOTC(1) + CST1(I)
TOTC(2) = TOTC(2) + ¢ST2(I)
TOTC(3) = TOTC(3) + CST3(1)
1000 CONTINUE , ,
 WRITE (60750) TOTC(1) e TOTC(2)9»TOTC(3)rY(2)9Y (L)

750 FORMAT (28X 1 THem=m=mm 15X 1 THmmmmmmm  5X p BHmmmmmmemm g 5X ) BHmm=mmm—— p 3X
¥) YH=mmmm——— ~/15X+ 9HTOTAL/SAT 13X 1FBL 30 4XrFB. 31 4X1F 9, 313X+F10420
*  2XsFl0e2)
TOTC(1) = XSS x NSAT » NBRGD /. NBS % TOTC(l)

CTJOTC(2) = TOFC(Z)*R&
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TOTC(3) = TOTC(1) + TOTC(2)
WRITE(6,7859) TOTC(1)»TOTC(2)»TOTC(3)
785 FORMAT(7X»17HUSER SYSTEM TOTALs1XeFLl0e302X9F10.302X0F11,3)
WRITE(6,100)
100 FORMAT (/)
WwRITE(6,800)
800 FORMAT(1X,21HGROUND UP-LINK SYSTEMy21X»14HCOST(MILLIONS) /29X,
*11HACQUISITION ) 4X 9 3HR/D» 6X9» 1OHOPERATIONS »4X ¢ SHTOTAL ¢ 5X 9 11HDESCRIPT
*1VE/32Xr4HCOST18Xr4HCOST'7X'7HCOST/YR'5X’4HC05T96X'1UHPARAMETERS)

CsT1(1) = UREC1(1)

CST2(1) = NREC1(1)
CST3(1) = OPC1(1)
CST4 (1) = (CST1(1) + CST3(1) * LSYS) + CST2(1)

WRITE (60803) CST1(1) »CST2(1)»CSTI(1)»CSTH(L1)
803 FORMAT (/5Xy10HFACILITIES»15XsF7e¢305X0FT7e305XsFTe304X9F8.3)
CSTi(2) = 1.2 % UREC1(2)
CsTa2(2) = NREC1(2)
CST3(2) = OPC1(2) + OPC1(3)
CST4(2) = (CST1(2) + CST3(2) *x LSYS) + CST2(2)
WRITE (69,806) CST1(2)rCST2(2)»CST3(2)+CSTH(2)/BC(I19)
806 FORMAT (5Xr24HPROGs RECy» + CONTR EQUIP » 1Xo F7¢3¢5Xe
*FT7e305X0FT7e304X0F84394Xr12HBROADCAST = Al10)
CST1(3) = 1.2 * UREC1(3)

CST2(3) = NREC1(3)
CST3(3) = +15 *x UREC1(3)
CSTa(3) = (CST1(3) + CSTA(3) * LSYS) + CST2(3)

WRITE(6r802) CSTL(3)sCST2(3)rCST3(3)9CSTU(3)»Y(5)

802 FORMAT(5X, 11HTRANSMITTER914X!F7 32OX1FT7e3¢5XrF7e 394XoF8.3v4Xr

*10HPWR/CHAN =,F9,2)

CST1(4) = 1,2 * URECL(4)
CST2(4) = NRECL(4)

CST3(4) = 08 * URECL(4)

CST4(4) = (CSTL(4) + CST3(4) x LSYS ) + CST2(4)

X1 = 10¢ % ALOGL10O(G(1))
WRITE(60801) CST1(4)»CST2(4)pCSTI(H)»CSTH(4) o X19D(1)
801 FORMAT (' SX# THANTENNA 1 18X F743/5X0F 7031 5X0F7304X1FB43)4XsBHGAIN =
*F54103H DBe7Hy DIA =F5,1¢3H FT)

CST1(5) = CST2(5) = CST3(5) = CST4(5) = 0,0
CST1(6) = 1,2 % UREC1(6) .
CsT2(6) = 0, -

CSTa(6) = 0PL1(8)

CSTa(6) = (CSTL(H) + CST3(6) % LSYS)

WRITE (6,808) CST1(6) BLANK,CST3(6)1CSTU(H)

808 FORMAT (05X ¢ 13HSTANDBY POWER»12X¢FT7e395X0A592X15XeFTe30 4X1F843)

CST1(7) = URtC1(7)
CsT2(7) = U,
CsTa(T7) = 0,
CSTH(7) = UREC1(7)

© WRITE (6+809) CST1(7)+BLANKsBLANK,CST4(7)
809 FORMAT (5Xr14HTEST EQUIPMENT111X¢F74305XsA592X05X0A5)2X 0 4X1F8,3)

CsT1(8) = 0,
CSTZ(&) = NREC1(e6)
0513(8) = 0,
CSTH(B) = NREC1(®)

wRITt (6r510) BLANKvCSTZ(B)rBLANKvCSTQ(B)
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810 FORMAT(5X, 23HSYST DES» INTEG, + MGMT
*2X 0 A0 22X 1 BXIFT7 315X 0A512X 04X 0F8,43)
CsTi(9) = U,
csT2(9) = 0,
CST3(9) = OpCL(9)
CSTU(9) = OPC1(9) * LSYS
WRITE(6,811) BLANK)BLANK)CSTS(9) 9CSTH(9)

*¥2Xe5X9FT7 3 4X9F8.3)
WRITE(60805)
805 FORMAT(3UX? TH=—=————- 15Xt TH===mmem=m ) 5Xp THe=m == P UX ) BHe e ww)
CALL ZERO (TOTCr4rl)
DO 2000 1 = 1.9

TOTC (1) = TOTC(1) + CST1(I)
FOTC(2) = TOTC(2) + CST2(1)
TOTC(3) = TOTC(3) + CST3(I1)
fOTC(4) = TOTC(4) + CSTu(I)

2000 CONTINUE
WRITE(6r804) TOTC(1)yTOTC(2)1sTOTC(3)»TOTC(4)
804 FORMAT(13A?9HTOTAL/FAC)7XrF8e3+UX1FB.3rUXIFBe313X1F9,3)

CST1(5) = L.2 % URECL(5) * NF

CsT2(5) = NREC1(b) * NF

CST3(H) = (OPC1(e) + OPCL(7)) * NF

CSTY(5) = (CST1(B) + C5T3(H) * LSYS) + CST2(5)

WRITE (6r5U07) CSTL(B)»CST2(5)sCSTI(5) 1 CSTH(S)

807 FORMAT(5X,21HTLM AND CMD EQULP PUXIFTe3r5X0FT7e305X0FT7 304Xy

* F8.9)

TOTC (1) TOTC(1) * NSAT * NF + CST1(5) * NSAT

TOTC(2) = TOTC(2) + CST2(5)
TOTC(3) = TOTC(3) * NSAT * NF + CST3(5) * NSAT
TOTC(4) = (TOTC(L) + TOTC(3) * LSYS) + TOTC(2)
WRITE(69889) TOTC(L)»TOTC(2) v TOTC(3)»TOTC(4H)
885 FORMAT(8Xy12HSYSTEM TOTAL ¢ 7XrF104302XrF10.3¢2X9F10e¢301XrF11.3)
WRITE(60100)
WRITE(6,900)
900 FORMAT(1X)23HGROUND DOWN~LINK SYSTEM » 4Xe11H UNIT ACQ e2X»
*12H UNIT INST  »3Xe11H UNIT MAINTs4X)SHTOTAL 4Xe4HTYPE »8X»
* 1 L1HDESCRIPTIVE/32X o 4HCOST 10x'4HCOST'11Xr4HCOSTova4HCOST 17Xy
*1 OHPARAMETERS)
X1 = 10+ % ALOblO(b(q))
iIF(I121,EG,1) GO TO 916
WRITE(69917) :
917 FORMAT(28X»10H(THOUSNDS) »5X» lUH(THOUbNDS)p2Xr13H(THOUSNDS/YR)r
* 1Xp10H(MILLIONS)) ; -
CST1(1) = UREC43(1) * 1.E+03 % GR
CsT2(1) = CINANT * 1.,E+03
CsT3(1) = 0,15 *x C5T1(1) ‘
CSTY(1) = (CSTL(1) + CST2(1) + CST3(1)*LSYS)*XNGR*1.£=03
0 TO 919 ' ’ :
y16 wWRITE(6,915)

*LL LONS) )

918 CST1(1) UREC41(1) =* 1.t+0§ * GR

CST2(1) = CINANT *x 1.E+06
= 0.1%CST1(1)

CST3(1)

811 FORMAT (bXrLl3HSYST OPS MGMT »12X» AS»2X 95X A5

915 FOHMAT(Z9X!9H(DOLLARS)r6Xr9H(DOLLARS)vSleaH(DOLLARS/YR)'1X'10H(MI

%&_
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922 CST1(2)

CST4 (1) = (C5TL(L) + CST2(1) + CST3(1)*LSYS)*XNGR*1 E~06
919 WRITE(679u0l) CoT1(13oCST2(1)rCST3(1) 9CSTH(L) s ANTYPE(IL16) 9 X1,0(4)
901 FORMAT(/bXr7HANTENNAr9XvF15.2r5XyF9.2i5X0F9.2o3X9F10.303X0A10a2Xv6
*¥*HGAIN =Fb,1s3H DBrLi7Hr EFFECTIVE DIA =F5.1+3H FT)
Q = Y(M+S) / 290, + 1.
X1 = 10. x ALOG1lU(Q)
IF(I21.,EQ,1) GO TO 922

CST1(2) (UREC43(2) %GR85 + URECL3(6)*GRI5) * 1,E+03
CsST2(2) (CINREC "+ CINTL) * 1,E+03

CST3(2) =0PC43(2) % 1.E+03

CSTH(2) (CST1(2)4CST2(2)+CST3(2)%xL.SYS) *1,E~03%XNGR
60 TO 92

UCOSTR % 1,E+06

nnunue

CsT12(2) (CINREC + CINTL) * 1,E+06

CST3(2) el % CST1(2)

CST#(2) (CST1(2) + CST2(2) + CST3(2)*LSYS) * XNGR
CST4(2) CSTH(2) * 1.E=~06

920 WRITE(6+,903) CST1(2),CST2(2)rCST3(2)sCSTH(2) s X1rY(M+3)
903 FORMAT(5Xy)8HRECEIVERy 14X1F94215X1F9,2¢5XeF9,203XsF1043915X, 1i
*HNOISE FIG = F5,1r15Hy NOISE TEMP = F7,1)
CST1(3) = CST2(3). = CST3(3) = CST4(3) = 0,0
IF(I21.,EQ,1) GO TO 906
CST1(3) UREC43(7) * 1,E+03
CST2(3) = CINDIS * 1,E+03
CST3(3) = OPC43(6) * 1.2+03
CSTH(3) = (CSTL1(3) + CST2(3) + CST3(3)*LSYS) *XNGR*1 E=03
WRITE(6,921) CSTL(5),CST2(3)rCST3(3),CSTU(3) »CABL » XNGR
921 FORMAT(5Xs»11HCABLE DISTRy10X/F10e204XrFL0,294X1FL0e2¢2X0F11.3,15X0
* 10HCAB LNTH = » F6.0s 18H MIy CATV SYS/BM = , F6,0)
906 WRITE(60905) :

905 FORMAT (30X ¢ GHmmmmmm 18X » GH=mm=mm p BX p GH=mmmmm 16X THmmmmm -—)
CALL ZERO (TOTCeb4s 1)
Vo 3000 I = 1,3
TOTC(1) = TOTC(1) + CST1(I)
JTOTC(2) = TOTC(2) + CST2(I)
TOTC(3) = TOTC(3) + CST3(I)
TOTC(4) = TOTC(4) + CST4(I)

3000 CONTINUE

WRITE (67910) TOTC(1),TOTC(2) 1 TOTC(3),TOTC(4)
91U FORMAT (12X 0+ 1UHTOTAL/BEAMy4X1F1042s4X9)F1002s4XoF104202XoF1143) -
TOTC(4) = TOTC(4) * NBRQD * NSAT
WRITE(6+985) TOTC(4)
985 FORMAT(8X,12HSYSTEM TOTAL»46XsF11,3)
WRITE(6s1010)

1010 FORMAT( //1X» 1U4HLAUNCH VEHICLE » 15X, 4HCOST » 9X»

* 12HWELIGHT LIMIT » 7X. 12HVOLUME LIMIT v 15X 8HCOMMENTS )

XNSL = NSL

PCST = XSS*ACQC3(4)*NSAT*NBRGD/ (NBSkNSL) + TNREC (3) *R2%*R1
X81 = BWGHT(I1) ‘

X82 = BVOL(I1)

WRITE(691025) X80rXCleXC2

1025. FORMAT (/5Xs 19HSATURN V (UNMANNED) » 3X» F9,39 9X» FO.3,

*  9Xy F9,3, 10Xy 27HINCLUDES RELAUNCHES AND R/D)
WRITE (6+,1020) PCSTy X8l, X82¢NSL

1020 FORMAT ( 5X»10HUSER TOTALs12X, : © F9.3» 9X,
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986

.

G e S R

FY.30 9Xr F943910Xe 11HPRORATED -~ »12,18H SATELLITE CONCEPT)

WRITE (6:986)
FORMAT (1H1)
XLA3G = 1luekx ALOGLuU{XLA3L)
XLC34 = 10+ * ALOGLO(XLCEW)
XLR34 = 10+ * ALOGLO(XLR34)
XLI = 10. * ALOGLO(XLI)
XLRH34 = 104 % ALOGLO ( XLRH34)
XLMUX = 10¢ * ALOG10 ( XLMUX)
XLT4 = 10, * ALOGLO(XLTH)
COSTL UREC&1(2)

CosT2 URECH1(2)

WRITE (6,0UTD)

XLAZY = LO.**(XLAS%/IO.)
xLCA34 = on**(XLC34/1OQ)
XLR34 = 1lUe**(XLR34/10.)
XLl = 10. ®k(XLI/1U.)
XLRHA4 = 10,%%x (XLRH34/10,)
XLMUX = 102%*% (XLMUX/710.)
XLTE = 10,%%(XLT4/10,)
RETURN

END
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APPENDIX A

GENERAL-PURPOSE SYSTEM ROUTINES

The TVBS computer program requires the following general purpose system
subroutines which are available for users of the CDC 6400 computer at the
Convair facility. Listings of each are provided together with a description
of their respective calling sequences.

GENERAL PURPOSE SYSTEM SUBROUTINES

1) Subroutine MADD - to form the sum of two matrices
2) Subroutine TRS - to compute the transgose of an N by M matrix
3) Subroutine MIMPY - to form the product of two matrices
4) Swvrroutine INVL - to form the inverse and determinant of & matrix
5) Subroutine ZERO - to clear an N by M array

1) SUBROUTINE MADD

Purpose: to form the sum of two matrices.

R=F1A+F2A2

T T T T T T R TS

Usage: : .
| Call MADD(N,M,Al,Fl ,A2,F2,R) |
where A) and A, are N by M matrices, | :

Fl and F2 are scalar factors of Al and A

- and R 1s the resultant N by M matrix.

o2 . o L

AL
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2) SUBROUTINE TRS

Purpose: to compute the transpose of an N by M matrix
Usage: |
Call TRS (A,ATRS,N,M)

where A is the location of the matrix to be transposed,
ATRS is the location to store the resultant transpose, and
N and M are the dimensions of A.

NOTE: A and ATRS cannot be the same array.

3) SUBROUTINE MTMPY

Purpose: +to form the product of two matrices }
C=A%B V k
Usage: /
Call MTMPY (A,B,C,N,M,L)
where A is an N by M matrix, g
B is an M by L matrix, and e
C is the resultant N by L matrix |
NOTE: A and B may be the same matrix, but C must be a separate matrix. ;
&) SUBROUTINE INVL E
Pufpose: to calculate the inverse and determinant of any non-singular
square matrix, which need not £ill its dimensional area.
~ The inverse is stored either in the seme matrix or in a
different matrix.. In the latter case, the input matrix
| remains unchanged. e '
Usage: S . L , sz
~ Call INVL (A,AINV,N,NDA,L,M,D,K) | | s S
where A is the matrix to be inverted (input)

AINV isrthekinvertqﬂ matrix (may be A) (output)

e e o %i;7fA‘é L
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NDA is the dimension of A and AINV as given
in the celling program o (input)
L an integer storage vector of dimension NDA (input)
M as for L (input)
D the determinant of A upon successful exit (output)
K an error flag (output)

K is set as follows:

0 The inversion was unsuccessful, due either to A
being singular or NDA being less than N

1 The inversion was successful.

NOTE: NDA must be equal to or greater than N.

5) SUBROUTINE ZERO

Purpose: fo clear an N by M array

Usage:
Call ZERO (A,N,M)

vhere A is the array to clear,'and N and M are the dimensions of A.

C A3

LTSI
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The following library functions are referenced.
i" FUNCTION DEFINITION
% SIN(X) Sine X (radians)
ASIN(X) Arcsine ’
Cos(X) Cosine X (radians)-
ACOS(X) Arccosine X (radians)
ATAN(X) Arctangent X (radians)
SQRT(X) Square root of X
ALOGLO(X) | Log to the base 10 of X
EXP(X) e to the Xth power
; Also, the following functions to perform vector operations:
1) VMAG
2) vpor :
1) VMAG :;
Purpose: to compute the magnitude of an N - dimensional vect;of V.
Usage: ' -
‘ VM = VMAG(V,N) :
Purpose: to compute the scalar product of two vectors
1 By S=A+B
; _ Usage: ‘ ‘
S § = VDOT (A,B,N) 5
2 . where N is the dimension of vectors A and B. L
7 ! i
A ! ;
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SUBROUT INE INVL(AsAINVINsNDAsL +MsDs IDONLY)
DIMENSION A(1)sAINVININ) oL (N)sM(N)

INVERSION AND DETERMINANT OF ANY GIVEN MATRIX.
THIS ROUTINE WILL INVERT ANY NON-SINGULAR SQUARE MATRIXs, WHICH
NEED NOT FILL I1TS DIMENSIONED AREA.

THE ANSWER 1S STORED EITHER IN THE SAME MATRIX OR IN A DIFFERENT
MATRIXe IN THE LATTER CASEs THE INPUT MATRIX REMAINS UNCHANGED.

THE MEANING OF THE ARGUMENTS 1S AS FOLLOWS—---

A ; THE MATRIX TO BE INVERTED.

ATNV THE ANSWER MATRIX (MAY BE MATRIX A)s

N THE SIZE OF MATRIX A(N%N),.

NDA THE DIMENSION OF MATRICES A AND AINV(NDA.NDA).

NDA MUST BE EQUAL TO OR GREATER THANMN N

AN INTEGER STORAGE VECTOR WITH DIMENSION NDA,
AS FOR L

THE DETERMINANT OF MATRIX A

DONLY | AN ERROR FLAGs» SET AS FOLLOWS-=--—
o THE INVERSION WAS UNSUCCESSFULs DUE EITHER TO

THE INPUT MATRIX (A) BEING SINGULAQ’ OR

NDA BEING LESS THAN N
1 THE INVERSION WAS SUCCESSFUL e

- 0 2

IF(NDA=N)3+4+4
IDONLY=0

RETURN

J=0

DO 8 K=1«N

DO 5 I=14N

J=J+1
KOP=(K~1)%¥NDA+1
AINV(J)=A(KOP)
CONT INUE

CONT INUE

D=1.0

IDONLY = 1 o
IF (DeEQeO+s0) IDONLY =0
D=1.0 .
NK==N

DO 80 K=1isN

NK =NK+N

L(K) =K

MK) =K

KK =NK +K
OIGA=AINV (KK)

DO 20 J=KN
1Z=N*(J=1)

DO 20 1=Ks+N

T 1Jd=12Z+1

IF ABS(BIGA)-ABS(AINV(IJ)))15020c20
BIGA=AINV(IJ)
L(K)=T] |
M(K)=J | o | |
CONT INUE ' . | o | . o

 INTERCHANGE ROWS
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J=L. (K)
IF (U=K) 35+35,25 .
25 KI=K=-N J
DO 30 I=1,N | i
KI=KT+N
HOL.D==ATINV(KI)
JI=KT=K+J
AINV(KI)=AINV(JI)
30 AINV(JI)=HOLD

INTERCHANGE COLUMNS

OO0

35 1=M(K)
IF(I~K) 45+.45+38

38 JUP=N#(1-1)
DO 40 J=1sN
JK =NK+J
J1 =UP+J -
HOLD==AINV ( UK) ' '
AINVIUK)Y=AINV(JT)

40 AINV(JUI)=HOLD

DIVIDE COLUMN BY MINUS pivoT

000

45 IF(B1GA)Y484+46448

46 D=Ooo ‘

- ' IDONLY=0

! RETURN

48 DO 55 1=1sN
IF(1-K) 50455,50

50 1K=NK+I
AINV(IK)-AINV(IK)/(—BlGA)

55 CONT INUE

%

\ - C 'REDUCE MATRIX ” S : : "
| DO 65 I=1sN , S ;
K =NK+1
1J=1-N
DO 65 J=1sN
1 = 1J + N
. IF(I-K) 60465460
60 IF(J-K) 62165462
62 KJ=1J=1+K
AINV(1J)= AINV(IK)*AINV(KJ)+AINV(IJ) T |
5 CONTINUVE o . : g

>y l;xxcv’*{"z‘ et

DIVIDE ROW BY PIVOT

000

KJ=K-N
DO 75 J=1eN ‘ : ; , ‘ i 4
KJ=KJ+N | S B IR e )
CIF(JU=K) 70475+70 e T g TN
70 AINV(KJ)=AINV(KJ)/BIGA ; A
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aO0o0

OO0

75

80

100

105

108

110
120

125

130

150

152

155

165

175
185

195

CONT INUE
PRODUCT OF PIVOTS

D=D*BIGA

REPLACE PIVOT BY RECIPROCAL

AINVIKK)=1,0/BIGA
CONT INUVE

IF (TDONLY.EQeO) RETURN

FINAL ROW AND COLUMN INTERCHANGE

K=N

K={K~-~-1)

IF (K) 15041504105
=L (K)

IF (1-K) 120+120+108
JA=N*(K=~1)
JR=N*(I1-1)

DO 110 J=1N
JK=JQ+J

HOL.D=AINV (UK)
JI=Jdr+J
AINVIUK)=—AINV(J])
AINV(JUI)=HOLD
J=M(K)

IF(J=~K) 10041004125
KI=K=N

DO 130 I=14N
KI=KT+N
HOLD=AINV(KI)
JI=KT-K+J
AINVIKI)==AINVIJI)
AINV (U1 )y=HOLD

GO TO 100

IF(NDA-N) 1522359155
IDONLY=0

GO TO 235

K2=N
M1=(N-1)*¥NDA+N+1
K5=M1=1+4+N¥(N=-1)
K6=NDA¥NDA
IF(K5~-K6)175+165+165
K1=K6&6

GO TO 185

K1=K5

M3=K1-1

DO 105 K4=M1+K1
K2=K2+1 ,

AINV (K4)=AINV(K2)
CONT INUVE i

IF (KS—K6)197+197+202

GDC-DCFT70-002
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197

198
200

202

205

215

225

235

Ml =M1-1

DO 200 K=2+N

DO 108 JU=1.N
KOP=(K~1)¥NDA+J
M1=M1+1
AINV(KOP)=AINV(M1)
CONT INUE

CONT INVE

GO TO 235

DO 225 K=2+N

DO 215 JU=1sN

KOP= (K=1)*¥NDA+J
K2=K2+1
TEMP=AINV(K2)
ATNV(KOP)=AINV(MI1)
DO 205 1=M1.M3
AINV(I)=AINV(I+1)
CONT INVE

AINVI(K])=TEMP

CONT INUE
CONT TNVUE
RETURN
END

GDC-DCF'70-002
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SUBROUT INE MADD(NsMsA1+F13A2+sF24R)
SUBROUTINE TO ADD 2 N BY M MATRICES
Al AND A2 ARE N BY M MATRICES
R IS THE RESULTANT MATRIX
F1 AND F2 ARE SCALAR FACTORS OF Al AND A2
DIMENSION Al1(1)s A2(1)s R(1)
M1 = M¥N
DO 100 [=1.M1
R(T)Y = FI*A1(1) + F2¥%A2(1)
RETURN
END

SUBROUTINE TRS{(A+AT«NM)
SUBROUT INE TO COMPUTE THE TRANSPOSE OF AN N BY M MATRIX
DIMENSION A(Ny M)OAT(M!N‘

DO 1 I=1eN

DO 1 J=1l«M .

AT(JUs1) = A(leJ)

RETURN

END

SUBROUTINE MTMPY{A+sBsCeMsNsL)
SUBROUTINE TO FORM THE PRODUCT OF TWO MATRICES
A IS AN M BY N MATRIX
B IS AN N BY L MATRIX
C 1S THE RESULTANT M BY L MATRIX
DIMENSION A(MeN) s B(NsLYs  C(MsL)
DO 20 I=1«M ‘
DO 20 J=1sL
C(I!J) = 0.0
DO 20 K=1+N
Clled) = ClIeJd) +A(1+KIXB(K )
RETURN , ~

END

SUBROUT INE ZERO(ASsNM)

TO ZERO OUT MATRIX AODIMENSIONED N BY M
DIMENSION A(I)

M1 =h*M

DO 20 I=1sM1

Ally = 0,0

RETURN

END
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APPENDIX B

DERIVATION OF STEEPEST DESCENT ITERATIVE ALGORITHM

Let X represent a vector of n independent system design parameters,
y(X) a vector of m constrained system parameters, and C(X) the total sys-
tem cost, It is desired to determine the minimum value of C subject to the

constraints imposed on y, This solution is to be obtained by iteratively

perturbing a nominal design parameter vector Xi until further reduction
in C is possible and all constraints are satisfied, At each iteration only t

those constraints which have been violated need be considered,

Now let y be a k-vector whose elements are those parameters whose

boundaries have been violated (a subset of the original y vector. For

these parameters the constraint , |
y(X) = ygoynp = © | (1)
will be imposed, At a given iteration | : -
Y; = y(X;) - Ypounp 4 O @)
Let g and & represent the cost and constraint gradients, respectively. { i
That iS, : c;,--*,..’
dc | d | g
g = 3% (Xi) and & = 'c:.l-}z( (Xi) (3) i

To the first order terms

ACAX) = g1 - AX | | (4) i
and Ay = ¢1 . Ax . (5) ,
It is desired to determine the vector AX which minimizes I
J=ACX) =gl + AX o | (6) | K :
~ while reducing Y by some sp«écified amount o o | i ,
AY=-K .Y S " o AR R
Sy
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The magnitude of the perturbation is constrained by
s? = axT . Ax (8)

Applying Lagrange multiplier theory one defines J! to be

T T-AX+Ky-Y) (9)

Jt=g  + AX + A+ (AXT - AX -s%) T 0T+ (@

where A is an arbitary constant and 7 is an arbitary k-vector, From
Equations 7 and 8 it is clear that J and J' are equal, so one can proceed
by minimizing J', This minimum occurs where

dJ'
dAX

T ,,T ,T

=gt+an.axT +af &F = o (10)

Solving Equation (1) for AX gives

L

AX = -355+ (g+&- 1) (11)

For convenience define

1 1
KC- zxandk:-z-x-97] (12)
Then
AX = =K _ + g=& *2 (13)
. c o
Substituting Equation (13) into Equations (5) and (7) gives
AY = -K_o'g- 23y = - K+ Y | (14)
Solving for y gives
Y= - Kc ("®) « & - g+ KY ("®) Y (15)
SubstitiitingEquation (15) into Equation (13) gives
e [ T Lo .7l PR 1
tX=-K |I-2(@%2) & |:g-K :a(e8) Y (16) -
‘, : y o
};Which is the Jpeﬁrtarbation equation given in Section 2,2. B »
" B-2
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The two terms of Equation (16) represent perturbations parallel and perpendi-
cular to the constraint boundaries, respectively, This can be shown by taking
the vector inner product (vector projection) of the first term and the con-

straint gradient

P

[}
1
~
0
—
B

- K [1 - <I>(<I’T«I>)-l ' | g :

I
1
~
—
.e‘l-l
L)
L
(1]
i
O
_
=

The value of K, can be determined by substituting Equation (16) into

Equation (8) and reducing to

-1
5% = Kfr vT(eTs) v+x®. wTH (18)
T ! T] |
where H=|I-8(®d®) & Jg (19)
Then =7 |
[2 2 _T,T
HTH

The step-size S is controlled to insure rapid convergence to the solution,

When the nominal value of X is "far'" from the solution successive perturba-

tions will tend to be in the same direction. Under this condition it is

desirable to increase S for the following iteration, When the nominal X

is "close" to the solution such that a given perturbation overshoots the
solution, successive perturbations will tend to be in opposite directions,
Under this condition it is desirable to reduce S to allow the minimum cost
solution to be determined to a finer resolution, The logic for implementing

this step-szie control is given in Section 2, 2,
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APPENDIX C

DERIVATION OF THE PARTIAL DERIVATIVES

Because of the appearance of implicit functions in the system equations,
computation of the partial derivatives of the subsystem psrametric
relations required the solution of a set of simultaneous linear equa-
tions. This was accomplished as follows:

Let WA(VA) = weight (volume) of the antennas

W?P(VPP) = weight (volume) of the power supply

wﬁD(VﬁD) = weight (volume) of the thermal control system

WMP(VMB) = veight (volume) of the manned provisions

WTR(VTR) = weight (volume) of the transmitter

WhEC(VﬁEC) = weight (volume) of the receiver

WMPLX(VMPLX) = weight (volume) of the,multiplexer

wINC(VINC) = weight (volume) of the instrumentation and
communication

WAC(VAC) | = weight (volume) of the attitude control

WCS(VCS) = weight (volume) of the station keeping
(control system)

WSTR(VSTR) = weight (volume) of the structure

‘WEATT(VﬁATT) = weight (volume) of the battery supply

W?P(WRP) = weight (voiume) of the power transfer unit.

'WfC(VPC) = weight (volume) of the power conditioning unit

‘waU(VfCU) = weight (volume) of the powerrcont:ol unit

WLCF(VLcF) - = weight (volume) of the 4/c filter

WFAR' = welght of the hgrnessing; o
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&
WEM = weight of the equipment module
= Wr * Voot Yvery * Yoo * Vae * Yos * Yiarm * Yaarr * Yoo

§_
o0
=
o

&
g
I

welght of the power subsystem

=WPI'+WPC+WPCU+WLCF+WHAR

and Wp = total satellite payload weight
= VWgy * Wy * Wpp + Wop + Wop
Wy =Wp - Weg

The expressions for volume are similar.

The following power relations are derived from the power subsystem mcdel. :
(See Appendix D).

. TR
Fra = 1 Py
P P
- LCF . "TA :
g A A me A N Ty Ac T Tos T Fove * R
P = “roy
PC ooy ;
.- ,
B Tee .
- B
. Em ‘
Frep My =
P. , e
Pog = 0 where p' represents the adjustment to the prime &
2 P . power supply as a result of degradation over
o the span of lifetime of the power supply.
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By expanding 5i£§ and BXEM , the following equations result:
i 1 ,
P av.
PS EM
Ky 5%, + K, sx';" =Ky , 1=2,3 (1)
AP, oV.
' ' PS ' EM _ 4
Xy 55.(.;_ + K} 'a'X';" -Ké , 1=2,3 (2)

where X. = Dl& and X

> 3 = Ty

Solving this system all of the remaining partials can 'bé derived.
V.

oP
Solution of this set of equations provide the values of 'a_X'PE and -é-}-(-@d-
, i i

from which all other subsystem partial derivatives can be obtained.
Solution of these equations is performed in subroutine PRTIAL (Section 5.6).
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APFENDIX D
PARAMETRIC RELATIONSHIP

The curves in this appendix represent the parametiic relation-
ships used in the TVBS program. Functions which maintain & constant
value regardless of configuration are referred to as "thruputs."

The mathematical models of these relationships and the appropriate

analytic coefficients are given in Sections 3 and L.
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TABLE D.1 THRUPUT COST ELEMENTS

COST ELEMENT

I.

II.

Ground Uplink System
A-5 Satellite Operation Unit Recurring
A-T Test Equipment Unit Recurring

D-T Satellite Operations and Control PErsonnelr

Spacecraft System

A-T Life Support Subsystem

A-8 Instrumentation and Communication
BE-T Life Support Subsystem

B-8 Instrumentation and Communication
B-19 GSE Hardware

B-20 Facilities and S/C Test Equipment

Ground Downlink System - CATV

A-3 Receiving System Support Facilities

A<k Receiving System Equipment (excl. antenna and
receiver) :

GDC-DCFT0-002

VALUE

242
.200
kT

o o o o o

L0542

.0015




TABLE D-2. TVBS COST MODEL

LAUNCH VEHICLE COSTS IN 10° DOLLARS

LAUNCH VEHICLE

TITAN TIID/ SATURN IB/ SATURN V SATURN V
_COST ELEMENT TITAN IIiC CENTAUR CENTAUR (UNMANNED) (MANNED)
UNIT RECURRING COST
~ 68. Launch Vehicle 12,5 14,6 | s33.5 130, 6 166. 6
69. Adapters & Fairings 0.4 0.6 0.9 7.2 0.5
NON-RECURRING COSsT
71. Launch Vehicle, Adapters 2.9 2.9 ‘ 33.4 29,5 6.0
& Fairings
72, Launch Complex Modifi- ; 0.0 0.0 5.0 1,0 1,0
cations |
73, Peculiar GSE Hardware 0.3 . 0,6 1.5 1,2 ) 0.6
75. Center Support & 3.0 | 3.0 7.0 5.0 6.5
. Development |
ACQUISITION COST
78. Center Support per Unit 1,0 1.1 5.4 34,3 41,8
79, Launch Operations, 4.1 ' 6.0 | 14.6 39,0 48,4
Support & Spares

€00-0LJ0a-0an

S S
« T
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For Concept E, the following costs are incorporated into the launch

vehicle costs.

Docking Cone 300 1bs.
- Assume mechanical equipment at $500/1b.
- Unit Recurring $15K
- Non-recurring $15&K

Crew Systems 500 1lbs
- No Life Support System included - all LSS functions provided
by CSM piped in and out.
- Need (1) ducting and circulation for atmosphere
(2) miscellaneous furnishings, lights, etc.
(3) miscellaneous controls and displays, housekeeping, etc.

- Probebly need emergency spacesuit/backpeck in module but cost ;
included herein. '

Ducting and fans 25K
Misc. furnishings 1X :
Controls and displays 5K ' | g

Total unit i'ecurring 85K
Non-recurring 255K

Emergency Atmosphere

- Atmoéphere pressure bottles, pressure regulator, and ,

[

miscellaneous - assume two

Unit recurring - 2 x 10K + 1K + 5K = 35K |
Non-recurring - 10K : :

Therefore, total unit recurring = 15K + 85K + 35K = 27K
total non-recurring = 15K + 255K + 1OCK = 505K

R ol e rn T e
RO

St




GDC-DCFT0-002

A. EQUIPMENT MODULE STRUCTURE

2
. i = | 7 = §
Weight = 4P 'ZE M D EM ‘ZEM Length of Equipment Mod.

Volume= Negligible (input = 0) D
B. ELECTRICAL POWER SUBSYSTEM

EM = Diameter of Equipment Mod.

Solar Array PPRIME = Prime Power in Watts
Weight = 0,1 PPR]ME
Volume= 0, 0167 P

PRIME : -
Nuclear Reactor

We.lght = 0,305 PPRIME

Volume = 0, 001 PPRIME

Batteries
Weight = Curve
Volume= Curve
Power Conditioners
Efficiency = Curve
Weight = Curve
Volume = Cu%ve
C. ATTITUDE CONTROL SUBSYSTEM
Weight = 60 + Wy Pounds
Volume= 1+ Vg | ft3 | o C ;

- Power := 30 *Parc Watts‘*, E e ‘ . ' , i
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Parameters:

N = Satellite life in years

A = Area of solar array — £t2
CONCEPT M= L=
1 A 1
, = ==+ = D,. ;
A B % Igy 2 DEM Dem
c 2p, +
2 DA+ 5 Dgm
D 30 ft 15 ft i
; 2 Cath*ia) Pa
F ip +11 D
2 “TOTAL TOTAL
A .
G — + !
48 5 10
EEM = Length of equipment module |
DEM = Diameter of equipment module i
. i
L = Feed length :
2y = Stowed antenna height
Dj = Antenna diameter
1. NH; Resistojet
Wag = (0.706 + 1,36N) &% x 1073
= 0+ 10-5 AMN '
v = 2x107Y =—= ;
AC L
- -3 AM
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2, Ion Propulsion

1 1
Wac = 16,9 (3.12x 1077 &M 41 0)7 + 5040 + 7,7 x 1073 a3

+2,2%x 1074 ﬁl‘“—N

-3... AM -3
Vo = (0,025 +0,37 x 10 3N)T x 10
' AM
=160 + 0, 031 &M
P o =16 31 23

3. Water Flectrolysis

= 1,37 x 10~3 AMN
07\ L

= -5 AMN
VAC 1,32x 10 _L___

= -3 AM
PAC 3.7x10 T

D, STATIONKEEPING
Wg

fi

Weight of spacecraft less stationkeepingm..;_‘\“,"”
N = Spacecraft life in years

1. Nitrogen Cold Gas (East-West Only)
0,01782 N Wg
Wes = T 0.0133N

. Vog = 0,038 Wes
Pes = O.
2, Water Electrolysis

0,00216 N Wg 0.0211N Wg
- ]
Wes 1-0,00138N 1-0,0135N

VCS = Oo 03 WCS

o -3
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3. Ammonia Resistojet
0.00354 N Wg 0.0346 N Wg

+
Wes = 1-0.00197N | 1 -0.0182N

VCS = 2,12 WS

P..=4x10"3 Wg

CS

4, Peroxide

Wes =

Ves

Pes =

0.0381NWg 0, 0039N Wg
+ +
1-0,0218N ~ 1-0,00223N

40

= 0,026 Wg

O.

5, Ion Propulsion

1 1

Weg = 1.66 +0,38(Wg)2 +1,26 PZ + 0,0013 NWS

Vog = (0.06 +4,77 x 1073N) x Wg x 1073
Pog = (20 +0,0832 Wg)

E. THERMAL CONTROL SUBSYSTEM
| 1. P\‘és_s;_ive Radiator For Total Spacecraft Heat

Rejection

PDIS

PPRIME

PxMTR
VM
Ppis

= P

= Power to be dissipated by thermal control subsystem
= Prime power generated by power source

= Power transmitted by transmittel“ (RF)

= Volu‘mc;k;)f Equipment Module

Watts

2/3 i e

- D
PRIME ‘DQMTR

= 0.0548P _’,2_‘5 4
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2/3 '
= 5 -
WTC 0.0548 PDIS 2.5 VEM _ 1bs
2/3 3
= On - M
VT C 9913 PDIS 0.417 VEM ft

2. Heat pipe for transmitter; passive radiator for other subsystems.

PDIST = Transmitter thermal power to be rejected
PDISS = Heat to be rejected from other subsystems
n = Transmitter efficiency
a, Yeat Pipe for Transmitter
1-n
PDIST - ———77 PXMTR Watts
_ -3 ' 2
AHP = 9x10 PDIST | it
= .0112 . '
WTC 0.01125 PDIST lbs
3.
VT C = 0,00225 PDIST ft
b. Passive System For Oth%r Subsystems
- XMTR
Poiss = Perme~ T 7 Watts
, » 2
APR = 0,0548 PDISS ft
Wpr = 0.0548P ~ 1Ibs
v = 9.13X107° p £
PR ’ - DISS
For total system
P_. = P -P_
DIS | PRIME XMTR
| 2/3
o= + - 2.5
ATC : AHP APR VEM , |
' 2/3 ‘ .
= + W - 2.5-V_, ‘ '
WTC WHP WPR > EM
v = V. +V. -o0.a7v. 23

TC HP = "PR VEM EI P |
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3. In addition to Types 1 and 2, if the power source is a nuclear reaction,

the following additional values are required

Lent = Equipment Module Length
AREA = 0.02 PPRIME
WEIGHT = 47.0 ZEM
VOLUME = 0 (Integral with EM Structure)
NOTE: For DEM =10 ft.
0" 0 - . 6
/ - > PPRIME 8
EM 25

F. UPLINK RECEIVER SUBSYSTEM
Weight = Curve
Volume = TBD
Power = Curve
G. DOWNLINK TRANSMITTER
Weight = Curve
Volume = Curve
Efficiency = Curve
MULTIPLEXER
Weight = Curve - | ;
| Volume = TBD

Insertion Loss = Curve

ft

lbs

|
.

\
i
|

\Q\
S
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H, ANTENNA SUBSYSTEM
1, Reflector
a, Expandable Truss 5K Dp x 140 ft
Weight = 0, IODi

3
Volume= 0, 0028 DA

b. Rigid Parabola 1xDpx 10 ft

0.5

Weight = 6,4 DA

3
Volume= 0, 30 DA

2. Feed Booms

A, Rigid Boom B; = Diameter of Feed

Weight = 0,32 D,

Volume= 0,41 DA DF

b, Folding Boom
1,69
Weight = 0, 32 DA

Volume= 0, 039 Di

C. Expandable Boom

1,:
Weight = 0,33 D, 32

‘ 2
Volume = 0.‘016 DA DF'

R i T R il LT e e

iR g SR
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Now P pp = 9%
YP c = 70%

| ‘Q B = 83%
Mooy - %%

Wicp = 9%

"l v ?nd YT A = funct (P>T)’:

g
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APPENDIX E

The following tables and figures present the geometrical
constraints for each of the satellite configurations, A through H.*

e e——

* G has not yet been implemented in the program




Table E-1, Concept Summary

CONCEPT |ALLOWABLE ALLOWABLE| ANTENNA BOOSTER
CODE WEIGHT TYPE TYPE COMMENTS
— M
A 2,000 1b 98 cf PETA or Solar None S-V Multiple satellite version,
Rigid Cell or 13 per S-V launch,
TIIC 1 per TIIC launch,
B 5,200 262 Phased Solar None S-V or Multiple satellite version,
Array, Cell THID/ 7 per S-V Launch,
PETA,or Centaur 1 per THID-Centaur,
Rigid
Dish
C 9,000 810 PETA Solar None S-V or Multiple satellite version,
Cell S-I1B/ 3 per S-V Launch,
Centaur 1 per S-IB-Centaur
D 29, 300 6,000 Rigid Solar BSM S-v BSM provides a shirt-sleeve environ-
Dish Cell Module ment for extended manned operation,
Array
E 10,000 4,500 PETA Solar Dock S-V Dock provided, all operations by
Cell or with EVA or remote control,
Reactor CSM
F 42,000 6,000 PETA Solar Press- S-V MDA Module provides shirtsleeve
Cell urized environment for short periods
Feed (14 days),
Module
G 42,000 6,000 Phased Solar Optional S-v Optional manned support with
Array Cell or Dock solar cell power only,
Dipoles Reactor

* H - same as C, except allowable WT = 42,000 1bs. and allowable VOL = 6,000

200-0L40a~0ao
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Concepts A and B geometrical parameters
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Table E-2, Geometry, Weight, and Volume
Constraints — Concept A

S h
1, Antenna: Rigid Dish for Dy < 5
PETA for 5 < Dy £ 15

2, Feed: Cassegrain, Rigid or Hinged

3. Packaged Length:
B IEM+£F+0.555 forDA <5
b, IgMm * s * 0.5 < 5 for 5 < D, €15

4, Feed Length: fp = (.2Dy + ,25)
5. PETA Package Length: (5 = ,12 D,
6. Module Diameter = 4,0

7. Module Available Volume:
2

8. Total Volume:
a. Vpym * VRp * Vgp * 19.65 (¢ + .05)<98 ; Dy < 5

b. Vem * VRp * Vsa * 19.65 (0p + £,)<98 ; 5< D, < 15

9, Total Weight < 2000
AR SIS e D e e D)

NOTE: See Table E-9at the end of this chapter for nomenclature.
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Table E-3, Geometry, Weight and Volume
Constraints — Concept B

Antenna: Rigid Dish for DA <6,67
PETA for 6,67< D, < 30,0

Feed: Cassegrain, Rigid or Hinged

Packaged Length:
a, IgM * g + 0.557,5 forDAS 6,67
b, ey 24 * 0.5 lp<£7.5 for 6.67<DAS 30

Feed Length: bp = (.2Dy + ,25)
PETA Package Length: { s % | 12D A
Module Diameter = 5,67

Module Available Volume:

A% = 25,31

EM EM

Total Volume:

a. Vg + VRp + Vga + 34,9 (i + 0.5)<262 ; Dy < 6,67

Total Weight £ 5, 200
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Figure E-2 Concept C configuration geometry,
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Table E-4, Geometry, Weight and Volume
Constraints — Concept C (and H)

B S
1, Antenna: PETAonly D, <56 (100)
2, Feed: Fixed Cassegrain for Dy < 25
Folding Cassegrain for D A> 25

3. Uplink Antenna: Rigid Dish With Cassegrain Feed, Dy<5.67 (10)

4, Package Length:
Igm * 1A * Ip * Lgp < 26 (35)
5, Feed Length:
fp = ((2Dy +0,5) + (.2Dy + ,25) for Dp < 25
fp = (10D, + 0,5) + (,2Dy + ,25) for 25<D, < 56 (100) i

6. PETA Package Length = 0,11 Dy
7. Module Diameter = 5,67 (10)

8. Module Available Volume:

Vem = 25.30gy (8.5 £3)

9. Maximum Solar Array Volume:

Vga = 170 (4000)

10, Total Volume:
a, Vg + Vo + Vgp + Vpp + VR + V< 810  (6000)
b, Vp = .786 (.2D, +0.5) (,(10D, + 1,002 for D, <25

.786 (.10 D, + 0,5) (,10Dy + 1,02 for 254D

2
U

< 56 (100)

C. VF A®

d, VU = .708 (.2 DU +.25) D

11, Total Weight < 9,000 (42,000)
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Table E-5, Weight, Volume, and Geometry
Constraints for Concept D

SRSl gL LS

1, Antenna: Rigid Dish Array Dy <15

2. Radiator: Active Boiler/Condenser System with Deployed
Radiator/Condenser Units

3. BSM Volume = 1600
4, Total Available Volume = 6,000
5. Total Spacecraft Volume:

: 2
VSA » VRD + ZVA + L‘VF + ,786 (.2DU + . 25) DU < 4400

6. Fixed BSM Weights:

BSM Structure 3650
Equip Racks 2050
Atmosphere Supply 5775
Water & Waste Management 708
Crew Systems 500
Total 12,683

7. Available Payload (with 20% Contingency) = 42, 000

8. Available Experiment Weight = 42,000 - 12,683 = 29, 317

E-8




GDC-DCFT70-002

Table E-6, Weight, Volume, and Geometry
Constraints for Concept E

sl

1, Antenna: PETA D A < 90
2. Feed Supports: Expandable
3. Uplink Antenna: Rigid Dish, Cassegrain Feed

4, Packaged Length:

Yhem T Ap t Iy tiy<20

5. Uplink Antenna Length:
N = (.2DU + . 25)

6. Total Spacecraft Volume:

7. Equipment Module Diameter = 0,10 Dy
2
8. Uplink Antenna Volume = , 786 Dy (.2Dy + .25,

9. Fixed Satellite Weights:
Docking Cone 300
Crew Systems 500
Emergency Atmosphere 2400
Total 3200

10, Available Weight = 9800 - 3200 = 6690

*In this concept, the equipment module is the feed module,
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Table E-7, Weight, Volume, and Geometry
Constraints for Concept F

1, Reflector: PETA Drotal <100

2, Antenna Beams: 6 Beams

D,=<33

Drotal = 2.00 DgMayx) + 34
3. Uplink Antenna: Rigid Dish, Cassgrain Feed
4, Packaged Length — Not Critical

5, Packaged Volume:

Fixed Volumes —

MDA 1300

Feed Booms = AN
a, Total Fixed 1470
b, Total Fairing Volume 6000
c. Available Volume 4530

d. *VReflector ¥ VU ;3 VSA + VRD S 4530
e. Vy = .786 D (.2 Dy + ,25)

6. Fixed Weights: MDA 8000
Feed Booms 850
Total Fixed = 8850

7. Available Weight = 42,000 - 8850 = 33,150

*Use DTotal to compute VReflector

S S e e e e A ————s

E-10
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Table E-8, Concept G Constraints

1, Antenna: Double Dipole Array
2. Uplink Antenna: Rigid Dish, Cassegrain Feed
3. Power Source: Solar Array or Nuclear
4, Available Volume = 6000
Vem ¥ Va + Vu + Vpp < 6000

\ 5. Available Weight = 42,000
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Table E-9, Nomenclature,

e e e s

Length of Equipment Module
Diameter of Equipment Module
Power Source Output in Watts

Satellite Life in Years
Area of Solar Array in Square Feet
Length of Feed in Feet

Height of Stowed Antenna in Feet

Diameter of Deployed Antenna in Feet

Weight of Spacecraft Less Stationkeeping

Power Dissipated by Thermal Control Subsystem in Watts

RF Power Radiated by Transmitter in Watts
Volume of Equipment Module in Cubic Feet

Power Gencrated by Transmitter to be Dissipated in Watts
Power Generated by Other Subsystems to be Dissipated in Watts

Transmitter Efficiency

Volume of Radiator

Volume of Stowed Solar Array
Diameter of the Uplink Antenna
Volume of Feed

Volume of Uplink Antenna
Height of Stowed Uplink Antenna

Volume of Prime Power System
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