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1 
1.0 INTRODUCTION 

The TVBS system synthesis/optimization program developed by Convair 

under contract No. NAs8-2l036 provides the user with a flexible tool for 

the analys is of TVBS system requirements. While obtaining minimum cost 

design pOints, the program enables the user to perfonn 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 algorithm is employed to determine the minimum total system 

cost design for each configuration considered. In the process of converging 

to the solution, the pertinent subsystem trade-ofts are resolved. 

The program provicLes the system designer with the capability to 

consider a wide choice of system configurations. By appropriate specifi­

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

through the various typ~s of subsystem elements and user requirements to be 

considered. The mintmum cost solutions obtained for each configuration 

can be compared to determine that configuration which has the mintmum cost. 

The program can also be used as a tool in performing sensitivity 

analyses. For example, it can be empleyed to det"~l'llline the change in the 

total system cost resulting from a perturbation of the design parameters, 

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 

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 comprisil\g the program. A verbal description 

a computer listing, and a flow diagram where applicable is included for 

each. A sample of the input used by the program is included in Section 4, 
together with a sample output listing. Appendix A is included to present 

the general purpose system subroutines required by the program. Appendix B 

provides a derivation ot the equations used in t~ convergence algorithm. 
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Appen~ix C presents the method implemented tor the solution of the partial 

derivatives of the piraJiletric relations. Appendix D provides the subsystem 

parametric relations which were used to obtain the 8.I18.4'tic model coefficient:. 

values listed in Section 4.1. Appendix E provides the lByload si.z1ne 

constraints imposed by the satellite configurations which were considered. 
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2 
2.0 TECHNICAL DISCUSSION 

2.1 PROGRAM DESCRIPl'ION 

The TVBScanputer program is canprised of a driver and nine sub­

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

TVBS DRIVER 

SUBROUTINE INIT 

SUBROUTINE CONV 

SUBROUTINE SYSEQ 

SUBROUTINE PLACE 

SUBROUTINE PRTIAL 

SUBROlPl'INE BCHEac 

SUBROlPl'INE ERROR 

SUBROUTINE OUT 

SUBROUTINE 0UTPl'X 

- initializes and controls execution 

- initializes and sets boundary constraints 

- controls execution of the convergence technique 

- canputes value of dependent parameters 

- sets coefficients for transmitter curves 

- computes required partial derivatives 

- checks system ptrameters, for boundary vio~tions 

- controls output of diagnostic messages under 

certain conditions 

- provides inter.mediate 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

programs is given in Section 3. 

The general logic flow of the computer pro~ is given in FiguEe 2.2. 

The program was specifical.ly des~~ed for use on Convair's CDC. 6400 canputer 

system usirig FORTRAN IV, CDC Vers;ion 2.1 programming language. 

On the basis of 100 cases run, the average required central processor 

(Cp) t:lme per run was 4.6 seconds. Core requirement for execution is 

apprOXimately 47K8 including rout1nf~S required by the operating system. 

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

to zero. 
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Figure, Z. 1 TVBS Deck Setup 
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2.2 MATHEMATICAL DESIGN OPrIMIZATION TECHNIQUE 

The Convair TVBS system design opttmization program uses a 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 DlJminal 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 6y j is the amount by which the j th boundary is violated and g 

represents the gradient of total system cost, then the perturbation in X, 
the vector of independent design parameters, is given by 

-1 
AX = - Kc r I - cI> (ct1<'P) -1 cPT 1 g - Ky cp (cpTcp) 6y j 

where 9 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 ~Yj to zero. 

It Ky is less than one, the boundary violation is pi7"tially reduced. The 

first term represents the component of the cost gradient parallel to the 

constraint boundary and is orthogonal to the second term. For small 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 6Yj and ~are zero, so that the equation 

reduces to 

AX = - Kc g 

which represents a perturbation in the direction of the negative of the 

cost gradient c· 

Since Kc is arbitrary some control over the step-size must be 

introduced. The principle used in determining the magnitude of the step 

is that if' successive steps have been in the same direction it is desirable 
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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 vicinity 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 implemented. Let ex be the angle between two successive 
. th step vectors, AXi _l and AXi _2, and let Si be the magnitude of the i step, 

IAXi I · 
Si = ( • 75 + .25 cos a) Si_l if cos ex < 0 

Si = (.5 + 1.5 cos a) S. 1 
Jo-

if cos ex ~ 0 and i ~ 10 

Si = (.55 + .45 cos ex) Si_1 if cos ex ~ 0 and i > 10 

Si = 20 if Si > 20 

where i = iteration index. 

With the step-size, Si' thus specified, the appropriate value of Kc 

can be determined from 

K = c 

in the event of a boundary violation. 

is determined fran 

K = c 

If the solution is unconstrained K . c 

Thes,e are tbe equati~ns used by the TVBS convergence routine. It is 

important to keep S i from growing to a point at which a large ntmlber of 

i teratiotls 'Woul.d be required to bring it down. Therefore the upper 

bound is placed on S i • 

I· 
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The rate of convergence to the minimum cost design point is dependent 

upon the relative sensitivities of the cost to each of the design parameters. 

Since the algorithm operates on the most sensitive parameters, convergence 

to the opt:llmm1 value of the less sensitive parameters can be slow. For this 
reason it is often desirable to rescale the units of the design parameters 
to equalize these sensitivities. 

In this application, the vector of independent variables f is given 
as 

where 

Dl = diameter of the ground uplink. antenna, 

D4 = diameter of the ground downJ.ink antenna, and 

~ = temperature of the receiver on the ground, 

Y, the vector of dependent parameters, is given as 

. Yl :I PTR = spacecraft transmitter power output/channel 

'Y2 = WTO!' = total weight of spacecraft payload 

Y 3 = V EM = total volume of equipnent module 

Y4 = V TO!' = total volume of spacecraft payload 

Y5 == PG = ground uplink power output/channel 

Y 6 = V pp = total volume of power supply 

2-6 
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2.3 PARAMETRIC SUBSYS~ MODELS 

The TVBS subsystem models 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 pro~ are given in 

Appendix D. The coefficients may be found in Section 4 and the general 

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 

Z _ 10 10 

where 2 
Y :::I a + bx + ex 

x :::I 10 log X, and 

X represents the value of the parameter determining Z. 

The curves used during the study are applicable over a wide range of 

parametric 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 variable and included in the input list. Curves not fit 

with equations of this farm are either linear or exponential and are indicated 

in Section 3. 

The system synthesis incorporates a loss model for both tbe uplink and 

downl.ink, a noise model, and scale factors to account for redundancy. The 

loss model and noise model are discussed in Section 2.6 while the redundancy 

scale factors are found in Section 2.7. 

The cost elements employed in the subsystem cost models are located 

in tabular form in Section 2.4. 

The list of d.ependent system parameters includes transmitter output 

pOwer per channel (ground u.plink. and spacecraft), total spacecraft weight 

a~d volume, volume of the s:pe.cecraft equipn.ent module, and, when constrained, 

tbe volume of the power supply. The list of independent design parameters 

includes tbe diameter •. of the ground uplink and downlink antenna and the noise 

temperature ot the ground receiver. 
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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 

UNIT 
HARDWARE • • • COST & 

NONRECURRING ACQUISITION RECURRING OPERA TI ONAl 
COST COST + COST + COST (DEVELOPMENT> (NIX RECURRING> 

TOTAL 
- PROGRAM 

COST 

I- SPACECRAFT 
I- lAUNCH VEHICLE 
I-GROUND UPLINK 
I- GROUND DOWNLINK 
'- TV DISTRIBUTION SYSTEM 

Figure 2. 3 TVBS COst Model 

the various subsystems. The model then canputes the non-recurring costs 

(developnent), acquisition costs, and operational costs to form the total 

program cost. The non-recurring costs include all design, developnent, 

and analysis costs necessary to bring the program to the point of first 

operational configuration. The ac~sition submodel accumulates the costs 

associated with the fabrication and launching necessary to establish the 

initial operational system. Operational costs include all costs associated 

with the operational phase of the mission including replacement satellites. 

Table 2.1 is a tabulation of the cost model as implemented in the 

computer program. The cost elements or cost estfmating relationships which 

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

in Section 2.3 these parametric relationships, in the majority -of the cases, 

are modeled a~ical.l.y with log-quadratic approximations. 
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TABlE 2.1 

S:u1BSYSTEM COST MODEL 
Table of Cost Elements 

I GROUND UPLINK SYSTEM 
( 

A: Unit Recurring Cost 

1. UBEC1(1) - Facilities 

~'\2 ~ UREC1(2) - Programming, Recording and Control Equipment 
] .. 

\- UREC1(3) - Transmitter Subsystem 
;4 .. UREC1( 4) - Antenna SUbpystem 

:5 • UREC1(5) - Satellite Operations and Control Equipnent 

:6. UREC1( 6) - Standby Power Subsystem 

;('. UREC1( 7) - Test Equipnent 

"3 ., '. TUREC (1)- Total Ground Uplink Unit Recurring Cost 

B. lion-recurring Cost (Research and Developnent) 

1. NREC1(1) - Facilities Architecture and Engineering 

~. NREC1(2) - Programming, Recording and Control Equipment 

3. NREC1(3) - Transmitter Subsystem 

4. NREC1( 4) - Antenna Subsystem 

5 • NREC1( 5) - Satellite Operations and Control Equipnent 

6. NREC1(6) - System Design, Integration, and Management 

. '1 • TNREC( 1) - Total Ground Uplink. Non-recurring Cost 

l .~ 

' . ,\ 

VALUE 

Curve 

Curve 

Curve 

Curve 

Thruput 

Curve 

Thruput 

E (1) thru (7) 

lafo x UREC1(l) 

~ x UREC1(2) 

~ x URECl(3) 

af, x tJRECl( 4 ) 

lor:Jfo x UHECl(5) 

1:(3) thru (6) 

E (1) thru (6) 8 
6 
c3 • 
2 
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TABU: 2.l(cont) 
C. Acqu1s1t"1on Cost 

1. ACQC1(1) - Hardware Unit Recurring 

2. ACQC1(2) - Installation, Activation, and Checkout 

3. ACQC1(3) - G!'ound Uplink Acquisition Cost 

4. TACQC( 1) - Total Ground Uplink Acquisition Cost 

D. Opera~~ons Cost . 

1. Orol(l) - Facility Maintenance 

2. Orol(2) - Programming, Recording, and Control Maintenance 

3. orol(3) - Progrmmning, Recording, and Control Personnel 

. 4. OPel( 4) - Transmitter Subsystem Maintenance 

5. OPel(5) - Antenna Subsystem Maintenance 
6. OPel(6) - Satellite Operations and Control Maintenance 
7. oro1(7) - Satellite Operations and Control Personnel. 
8. oro1(8) - Standby Power Maintenance 

9. OR:l(9) - Systems Operation Management 
10. OPe1( 10 ) - Ground Uplink System Annual. Operating Cost 
11. TOPe(l) - Total Ground Uplink Operating Cost 

'j: .";i.: ';"~{lri11'IW''''''WCit'ii::._'''~~jt •. ""~~,,;~,.~-!>.t.-,,;,:-,,,,;.~;,,:~~~;~_· ~ '''t~,,"\ .~~, .,~~ ... ~ 1"'~~' 
. e* " '~ ~~;' 

",\. 

--."--'--'-'-~' . ..-.-... -.. --~-- .~.- .-
;>:-~.~, .-~ .. -~= -. " ..... ~_~4Z._ 

'ruREC(l) 

2~ x E URECl.(2) thru UREC1(6) 
(1) + (2) 

Nu x ACQC1( 3) 

'4 x UREC1(1) 

15~ x UilEC1( 2) 

Curve 

15~ x URECl.(3) 

~ x UREC1(4) 

15'; x UREC1( 5 ) 
Thruput 

5'; x UREC1(6) 

5~ x [(3) + (7)] 
1: (1) thru (9) 

~u x NL x OPC1(lO) 
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~ 2.1 (cant) 

II SPACECRAFT· 815m! 

A. Unit Recurring COl,;t 

1. tJImC2( 1) - Structure 

2. um~C2( 2) - Electrical. Power Subsystem 

~a URFi(~2( 3) - Batteries 

3. UREC2(4) - Attitude Control Subsystem 

4. UREC2(5) - Statiorikeeping 

5. UREC2(6) - Thermal.. Control 

'6. UREC2(7) - Lite Support Subsystem 
. 1. UREC2(8) - Instrmnentation and Camnunication 
8~ UREC2(9) - Uplink Receiver Subsystem 

sa UREC2(lO) - Uplink. Antenna 

9. UREC2(1l) - Downlink. Transmitter Subsystem 
~ UREC2(12) - Multiplexer 

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

12. UREC2(15) - Integration, Assembly, and Checkout 
l3. !JJJREC(2) - Total Spacecraft Unit Hardware 

B. Hon-recurring Cost (Research and Deve1opnent) 

1. NREC2( 1) - Structure 

2. NREC2(2) - E1ectrical Power Subsystem 

2a NREC?(3) - Batteries 

'~ ___ h .____ ._"~",_,,, ___ ~_ •••• _. ___ ., .. _ 

• r~'l':'it':~, ""'!,' ~~. ''--~ "'~\"";'~ 

::~._ t ~, •• _ .... 

.'.i~. ! """,- : 

VALUE 

Curve 

Curve 

Curve 

Curve 

Curve 

Curve 

Thruput 

Thruput 

Curve 

Curve 

Curve 

Curve 

Curve 

E (1) thru (l3) 
7.5~ x UREC2(14) 

(14) + (15) 

Curve 

35~ x UREC2(1) (conventional); 
(thruput otherwise) 

Curve 
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TABlE 2.l. (cont) 

3. NHEC2( 4) - Attitude Control. Subsystem 

4. NREC2( 5) - Stationkeeping 

5. NREC2( 6) - Thermal Control 

6. NREC2( 7} - Life Support Subsystem 

7 • NREC2( 8) - Instrumentation and Camnunication 

8. NREC2(9) - Uplink Receiver 

Sa NREC2(lO} - Uplink Antenna 

9. NREC2(ll) - Downlink Transmitter Subsystem 

9a NREC2(12) - MuJ..tiplexer 

10. 

.11. 

12. 

13. 
14. 

l5. 
16. 
17. 
lB. 

NREC2( 13) - Downlink Antenna Subsystem 

NREC2( 14) - S18cecraft Subsystems Total. 

NREC2(15} - Prototype 

NREC2( l6} - Subsystem Design, Integration, and Management 

NREC2( l7} - Center Support and Developnent 

NREC2(18} - GSE DeSign, Developnent and Testing 

NREC2(19) - GSE Hardware 

NREC2(20) - Facilities and sIc Test Equipnent 

TNREC( 2) - Total Sptcecraft Non-recurring Cost 

C. 4cquisition Cost 

1.. ACQa~(l} - Hardware Unit Recurring Cost 

2. ACQC2(2) - Center Support/Unit 

3. A~Qc2(3) - Launch Operations, Support and Spare 
4. ACQC2(4) - Unit Spacecraft AcquiSition Cost 

5. TACQC(2) - Total Sptcecra.ft Acquisition Cost 

Curve 

Curve 

Curve 

Thruput 

Thruput 

Curve 

Curve 

Curve 

Curve 

Curve 

E (1) tbru (13) 

Npt x [UREC2 (14) - .85 prime power] 

5aj, x (14) 

5~ x (14 + (16) 

5aj, TUREC( 2) 

Thruput 

Thruput 

t (1) thru (20) 

TUREC(2) 

5~ x (1.) 

iaj, x (1.) 

t {1} tbru (3) 

NS x (4) 
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T.ABlE _2.1 (cont) 

D. Operations Cost 

1. O~2(1) - Satellite Hardware Replacement Cost 

2. TOro(2) - Total Hardware Replacement Cost 
~i 
", 
I" 
\. 

III LAUNCH VEHICIE SYSmf 

A. Unit Recurring Cost 

1. UREC3(1) - Launch Vehicle 
2. UREC3(2) - Adapter and Fairings 

3. TUREC(3) - Launch Vehicle Hardware Cost 

I\) 
B.Non-recurring Cost ( Research and DevelolJ1lent) '. ,'~ 

1. NREC3(1) - Launch Vehicle, Adapter and Fairings 
2. NREC3(2) - Launch Canplex Modifications 

3. NREC3(3) - Peculiar GSE Hardware 
4. NREC3(4) - Peculiar GSE DeSign and Developnent 

5.NREC3(5) - Center Support and Developnent 
6. TNREC(3) - Launch Vehicle Non-recurring Cost 

C. Acquisition Cost 
~: 1. ACQ,C3(1) - Launch Veh1cl.e Hardware Cost 
f' ACQ63(2) - Center Support/Unit 

I 
2. 

! 3. ACQ.C3(3) - Launch OperatiOns, Support and Spu'es , 
,1- , 

~:; 

4. ACQC~(4) --Launch Vehicle Unit Acquisition Cost 
t 

5. TACQC(3) - Total System Launch Vehicle Acquisition' Cost 

TACQC(2) 

Nr x (1) 

Thruput 

Thruput 

(1) + (2) 

Thruput 

Tbrup-~ 

Thruput 

f11, x NREC3(3) 

Thruput 

I: (1) thru (5) 

TUREC(3) 

Thruput 

Thruput 

1: (1). thru (3) 

NLV x ACQC3(4) 
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TABU: 2'.1 (cont) 

D. Operations Cost 

1. OPC3( 1) - Launch Vehicle Unit Cost 

2. TOPC(3)- Total Launch Vehicle Costs for Replacements 

IV GROUND DOWNLINK SYS~ Direct-to-Hane 
A. Unit Recurring Cost 

1. UREc4i(1) - Down1ink Receiving Antenna 

2. UREC41(2) - Downlink Receiver/Converter 

3. TUREC(4) - Total. Direct-to-Hame Unit Cost 

B • Non-recurring Cost (Research and Deyelopnent) 

1. NREc4l( 1) - D()Y,,-nlink Receiving Antenna 

2. NREc4l(2) - Downlink Receiver/Converter 
t 

3. NREC41(3) - Testing and Management 

4. TNREC(4) - Total Direct-to-Hame Non-recurring Cost 

C. Acquisition Cost 

1. ACQc41( 1) - D1rect-to-Hane Unit Hardware 

2. ACQC4l(2) - Unit Installation 

3. TACQC{ 4) - Total Direct-to-Hane Acquisition Cost 

TACQC(3) 

NLVR x OPC3( 1) 

Curve 

Curve 

(1) + (2) 

Included in UREC4l(1) 

Included in UREC41(2) 
(1) + (2) 

1: ~l) tbru (3) 

roREc(4) 

Curve 

Ndh [ (1) + (2) ] 
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TABIE 2.1 (cont) 

D. Operations Cost 

1. OPC41( 1) - Direct-to-Hane A.nnual. Maintenance Cost l.a'p x ACQC41(1) 
;2. TOPC( 4) - Total Direct-to-Home Operations Cost Nelli y-; NL x OPC41(1) 

G~ 'OOWNLntc SYSTEM - Retransmission System 

A. Unit Recurring Cost 

1. UREc42 ( l.) - Retransmission FacUity' Thruput 

2. UREc42(2) - Retransmission Antenna System 

3. UREc42(3) - Retransmission Transmitter 

4. UREc42( 4) - Downl.1nk Receiving Antenna 

5. UREc42(5) - Downl.ink Receiver/Converter 

, 6. UREc42( 6) - Standby Power 

7. UREc42( 7) - Test Equipnent 

I: 8. TUREc(4) - Total. Retransmission Unit Hardware 1: (l.) thru (7) 

I(. Non-recurring Cost 

1. NREc42(l.) - Retransmission Facll.1ty Architecture and Engineering Thruput 

2. NREc42(2) - "Retransmission Antenna Subsystem 

3. NREc42( 3) - Retransmission Tra.nsm1 tter Subsystem 

4. NREc42( 4) - Downlink Receiving Antenna 

5. NREC42( 5) - Downlink Receiver/Converter 

6. NREc42 ( 6) - Retransmission Subsystem Deve10pnent 

, 7 • NREc42( 7) - System Design, Integration and Management 

8. TNREC( 4) - Total. Ret~_nsmission Non-recurring Cost 

~ (1) tbru (5) 

200f0 x TUREc(4) 

(~) + (7) 
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TABLE 2.1. (cont) 

C. ' . Ac~s1tion Cost 

1. ACQC42(1) - Retransmission Unit Hardware 

2. ACQc42(2) - Installation, Activation, and Checkout 

3. 'l!ACQc(4) - Total Retransmission System Acquisition 

D. Opera~1ons Cost 
1. O:ro42(I) - Retransmission FaeilityMaintenance 
2. 0:0042(2) ~ Receiving Subsystem Maintenance 
3. 0:0042(3) - Retransmission Antenna 
4.- O:ro42(4) - Retransmission Transmitter Maintenance 
5· O:ro42(5) - Standby Power Maintenance 
6. O:ro42(6) - Retransmission Operations Personnel 
7. 0:0042(7) - Retransmission System Management 
8. O:ro42(8) - Retransmission Annual Operating Cost 
9. TO:ro(4) - Total Retransmission Operating Cost 

'lUREc(4) : 
2(J/, x ACQc42(l) 
N
rt 

[(1) + (2)] 

'C$ x UREC42(l) 

l5i X[UREC42(4)+ UREC42(5)] 

Pf1, x UREC42(2) 
l5i x UREc42(3) 
5<f, x UREc42(6) 

Thruput 

5(J/, x (6) 

I: (1) thru (7) 

I\, x Nrtx(8) 
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T.ABI£ 2. l. (cont) 

GROUND DOWNLINK SYSTEM - CATV System 
("'~"'" 

A. Unit RecUlTing Cost 

1. lJREc43 ( 1) 

2. tm:c43(2) 

3. UREc43(3) 

4:.' UREc43(4) 

5. '1lREc43( 5) 
6. UBEc43(6) 

7. UREc43(7) 

8. TUBEc(4) 

j 

- CATV Distribution Downlink Antenna 

- CATV Downlink Receiver/Converter 

- Receiving System Support Facilities 

- Receiving System Equipnent (Excl. antenna & rec.) 

- Cable 

8~ - 95;' learning, curve 

85;' l.earning, curve 

Thruput 

Thruput 

Curve 
- Transmission Line Curve 

- Hardwre Cost (excl. antenna, receiver & trans .l.ine ) I: (3) thru (5) 

- Total CATV Unit Hardware Cost t (1) thru (7) 

B. Non-recUlTing Co~t 

1. NREc43(l), ••• NREc43(5) - not used, assumed to be included in unit receiving cost 

c. ACquisition Cost 

1. ACQC43(l) - CATV Unit Hardware TUREc(4) 
2. ACQC43(2) - Installation, Activation, and Checkout Curve 
3. TACQc(4) - Total CATV System Acquisition Nca x [(1) + (2) ] 

D. Operations Cost 

'1. opc43(1.) - Antenna Maintenance 15;' x UREc43(l) 
2. opc43(2) - Receiver Maintenance 1CJ/, x UREC43(2) 
3. opc43(3) - Support Facilities Maintenance ~ x UREc43(3) 
4. 0:0043(4) - Receiving System Equipnent Maintenanc~ l.5~ x UREc43 ( 4) 
5. opc43(5) - Cable Repairs, Parts, Pole Rental, Lab & Personnel Curve 
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TABLE 2.l(cont) 

6. opc43(6} - Support Equipnent Annual Operating Cost 
7. oro43(7) - CATV Annual Operating Cost 
8. TOro(4) - Total CATV System Operating Cost 

'·MA~FR0\T,ms;]OlfS /STRJJCilJRE' 

ACQMP, ENGMP 

URCBSM ENGBSM ~. , 
- acquisition/engineering cost for menned provisions 
- unit recurring/engineering cost for BSM 

URct®A, ENGMDA - unit recurring/engineering cost for MDA 

1: (3) thru (5) 

t (1), (2), (6) 

N x N x (7) L ca 

~ .......... """""" 
, , . 

.... . 
*, ."' . 

..... 

1 
i , 

~ 
j 

~! ~ 
NU =~umber of Uplinks in System 

~ 
N pt 

Ns 

Nr 

::: . System Lifetime in years 

- Number of Protot~s fabricated 

= Number of Satellites in System 

= Number of Replacement Systems 

NLVR = Number of Launch Vehicles for Replacement 

Ndh = Number of Direct-to-Hame Receivers 

Nrt • Number of Retransmission Systems 

Nca = Number of CATV Systems g 
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2.5 AREA OF COVERAGE MODEL 

To describe the calculation of beamwidth and area of coverage, 

consider the following parameter definitions. 

a = area of coverage major axis (statute miles) 

b = area of coverage minor axis (statute miles) 

~ = radius of earth (396o statute miles) 

Rs = radius of synchronous orbit (26210 statute miles) 

RsL = sl.a.nt range, satellite to beam center 

w = earth central angle, sub satellite point to beam center 

Y = satellite antenna beam tilt 

lat = beam center latitude 

long = beam center relative longitude 

S = antenna beamwidth subtending minor axis of pattern 

ex = antenna beamwidth subtending major axis of pattern 

Then 

w= cos-l [cos(lat) cos (long)], 
2 2 ~ (BE + RS - 2 IE Rs cos w ) 2 , 

V= sin -1. (~L sin w) , 8lld 

f TT a b area 0 coverage = ~ 

Since TT w+y+ 2'+Et=1T, 
TT 

Et = 2' - y - w. Furthermore , 

Rx,' = ~ cosY-HaL 
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For the :.naj or axis, let 

a 

\ 
, = and 

" = sin -1 [~ sin (y _ ~ ) 1 _. Bin -1 [ ~ sin (y + ~)] _ eM 

Because of the complexity of the expression tor ,. it is more practical 

to iterate for a solution to a rather than directly solve tor it. This 
approach is as follows: 

If after calculating IS it is found that 

IS ~ 2 (sin-l ~ - y) , 
s 

a 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 ex' = Q and obtain "using ex = a' o ~ 0 o· It ,~ is su:rticiently close to 
" ex ~ can be accepted. Otherwise, let· 

('-'1.1) 
.1~1.J ) i = 1,2, ••• , n 

da' 

and ~·eplace ex byai to obtain 'i- Iterate in this manner. until the 

solution is acceptable or untU the maximum number otdesired iterations 

is performed. It no solution is achieved, f3 is used as the beamwidth. 

-" 
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MINOR AXIS, b 

Figure 2.4 Beamwidth Geometry - Minor Axi.s 

MAJOR AXIS, a 

, 
j 

Figure 2-5 Beamwidth Geometry - Major Axis 
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2.6 SIGNAL ATi'ENUATIO,N/NOISE MODEIB 

This section :presents the various attenuation and noise factors 
which affect the propa~ltion between the ground uplink station, the 

satellite and the grouncl receiving station and which are incorporated into 

the program. Associated curves may be found in Appendix D. 

\1 

2-22 
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TAmE 2.2 ATTENUATION DUE TO RAIN 

Horizontal Direction: 

where Rp = precipitation rate in millimeters/hr. 

GDC-DCF70-002 l,. , 

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

FREQUENCY (GHZ) 

.8 2.5 8.4 12.2 

A 0 0._906 1.20 1.22 

B 0 2.lx10·4 8.5xlO·3 2.4xlO·2 --.... 

In Direction of Satellite 

For .:It tan-1. [ 41..4 _223 •5 l.og Rp 1 I • = elevation angle 

(2)(B)(~) 
~ = sin c dB 

For • < tan-l 

La = (B)(~) dB 

Vertical Extent =- 2 kID. 

" ~,.-_'_:_i 
, .~ ,M 
-. '~. . . 

't-::ew -,tv": u."",-",:",:,sw.ftI!iiV*++'h '00 ";"J;-"='m,,&.l-i:!i!IH!i!Mt 'ifiwr: !l!o-- "*-_=i'.'o,,",,,,-~"_L''''''' : ,: i ";' . ,:,- > J 
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TABlE 2.3 AT'.IENUATION DUE TO CLOODS 

Vertical Extent = k 3m. 
Water Vapor Density = 1 p/m3 

Visibility = 55 mi 

In Direction ot Satellite: 

FREQUENCY (GHZ) 

.8 2.5 

KA1'.IEN 5xlO-3 1.6xl0-2 

8.lt. 

1. 0xl.0-2 

TAmE 2.4 AT'JENUATION DUE TO ADIOSPHERE 
(Water Vapor & OxygenJ 

In Direction ot Satellite: 

[ 
TZ esc I ] 

LA • 10 log (1... 290) 

FREQUENCY (GHZ) 

.8 2.5 8.lt. 12.2 

TZ 1.8 2.6 3.5 It..8 

GDC-DCF70-002 
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TVBS NOISE AND PROPAGATION MODELS 

X MISSION; 
LINE 

Re2'ion 

Cosmos 

Ionosphere 

Atlnosphere 

Clouds 

Rain 
Horizontal Path 

Transmission Line 

Man-Made 

Earth 

Receiver 

.~COS /?ri SM'ELLI~E I 
COSMOS 

IONOSPHERE 

TATM ' ATMOSPHERE 

RAIN T MAN-MADE 
--------.:..----------". MM NOISE 

1,,,,,, >" ,,>77» > >,,7 >7""7~ 
TEARTH 

I Ambient Brightness Temperature 
Attenuation Absorption Temperature Contributions 

- - Teos 
T

O
'
oS = LILALCLRTCOS 

LI l-L 
I 

T
ION TI = LALCLR(I-LI)TION 

LA l-L 
A TATM TA = LCLR(I-L A)T ATM 

LC l-L 
C TCLOUD TC == LR(l-LdTcLOUD 

LR l-L TRAIN TR = (I-L
R

) TRAIN R 
LRH I-L

RH TRAIN 

LTL l-L
TL TTL TT = (l-L' )T 

TL TL 

- - ,TMM TM ='LRHTMM 

- - TEARTH TE =TEA'RTH 

- - T
RCVR 

T
RCVR 

= T
RCVR 

., 

J 

i 
'~ . 



r""' 

.. 

. 1 

GOO-DeFiO-C02 

The effective received noise temperature is 

TEFF = LTL reo + TI + TA + Te + TR) Gs + Tj"."GM + TEGEJ 

-
where as = Relative discrimination of antenna to cosmic and sky noise 

-
a := Relative discrimination of antenna to man-made noise M 

-a = Relative discrimination of antenna to hot earth E 

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

In addition the following ambient temperatures will be used: 

T ~ 

EARTH = TTL = TATM = 290 0 K 

TRAIN = T CLOUD = 273°K 

T MM and T COS are given by curves. and 

NF 

TRCVR = 290"K EOlO - 1 J 
where NF is receiver noise fflUre in DB. 

The total signal attenuation for the downlink is 

( ;. 

where LFS in the free space attenuation 

" 

~u.u~~.:>~;;.::'.nM#_-;";·.·w -~~""jJ.~::i:*"i.4"u .... :i(1mr.·:,:.:.:f..IH.t~h~ 1/·g,,j;-.Sii2&bittit&{ -,vyfmt fbr,;,v i >1~ ·,.ei~.~;tf¢Merdt-f;"% . ';.,._"Jr..i .... ~~"'~~_ ... 
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TABtE 2.6 LOSS MODEL 

The loss te:ms in the canputer program consist of: 

tree space :::I 

atmospheric • 

circuit (XMIT) = ~3 ~ 

circuit (:xMl'l.'):::I ~ ~ 

circuit (RCVR) = L.rL4 
circuit (RCVR) = ~ 

( downlink) 

(uplink) 

(downlink) 

(uplink) 

GDC-DCF70-002 

pointing (XMrl.') = 0.1 db (uplink and downlink) 

POinting (RCVR) = 0.1 db (uplink) 

( ) 4 { 2.Odb POinting 
pointing RCVR = • Odb 2. Odb f8ttern contour 

polarization = 0 ~ 

polarization = 3.0 db 
(uplink) 

(dCW'nlink) 

(downlink) 

\J 

D ~ 
~~lii1IIlIIII~~'. ~." .... t~-\"~:~w~'~~;:.&.~ '&~;)'~:"'~N~ji[iIA~b'~~ 
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2.7 REDUNDANCY MODEL 

The progl"Sjii. canputes factors which scale the ~ected weight, 

v()lume and cost terms to reflect the redundant elements required for 
afW tonal spacecrUt life. 

Let 
LS = life of the satellite 

tI = life of the equipnent in question 

P = a scale factor such that 0 ~ p ~ 1 

If 
LS - .tI 

d = Z ' then 
I 

the scaling factor Sis given by 

S = 1 + P • d. 

A different scale factor is determined for the weight ~ volume, and cost terms. 
The list ot equipaent tor which redundancy is provided includes the 

following: 

a) dowDiink transmitter 

b) spacecraft receiver 

c) power transfer unit 

d) power conditioning unit 

e) power control unit 

f') &./ c filter 

Each requires that the lifet:lJDe LI and,i:'the scaling factor p be input. 
!) , 

(/ 

1 

1 
( 
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3 
3" 0 INRJT VARIABLES 

This section provides definitions of all program input variables. 

The input list is comprised of three parts, NAME1, NAMEP1, and NAME2, 
respectively. 

In the following list of definitions, the vectors containing the 

analytic coefficients for the models of the parametric relationships are 
represented by 

V. (0',6) or 

V = (O',a,y) * 

depending on the required dimension and are stored as columns when part of 

an array (see Sections 3.1 and 5.5). The torm of the equation is also 

given together with the number ot 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 program, and any 

subscripts are intended to indicate the maximum dimension the variable has. 

3.1 NAMELIST/NAMEI/ 

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

PTR ~ power output/channel 

WTR ~ transmitter weight 

VTR = transmitter volume 

CE = engineering cost 

9M - manufacturing cost 
~ = transmitter efficiency 

*TJ.le analytic models are, in the maJority of cases, of the quadratic 
!onn: y = ex + e x + y x2 

i 
., i 
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p = 10 log P
TR w 

w = 10 log W
TR

; WTR = 10 m 

v 
v = 10 log VTR; VTR = 10 10 

C e 
C • 10 log ~j lOW e ~= 

C 
m 

C = 10 log ~j C
M = 10lO m. 

where w, v, Ce , and Cm are relAted to p by equations ot the form 

2 
w=a+~p+yp. 

AWGHT(3,4,3)1f' - AM weight coef'f'icients 

FWGHT(3,4,3) - FM weight coefficients 

AVOL1(3,4,3), AVOL2(3,4,3) - AM volume coef'f'icientsj fit in.two 

parts: 

AVOLl , P ~ 30 
~_v_ _._ .____ _ ____ "_. .. __ " __ _ 

AVOL2 ,30 < p ~ 50 

FVOL1(3,4,3) , FV0L2(3,4,3) - F.M volume coefficients 

ACENG1(3,4,3), ACENG2(3,4,3), 

ACENG3(3,4,3) - AM cost of engineering coefficients; 

FCERG1(3,4,3), FCENG2(3,4,3), 

fit in 3 parts: 

ACENGl , 10 ~ p ~ 21.14 

ACENG2 , 21.14 < p ~ 30 ~ 

ACENG3 , 30 < p :s:: 43.01 

FaNG3(3,4,3) - FM cost of e~ineer1ng coefficients 

f The trip1e subscripts on the transmitter coefficients are described in 
Section 5.5. 

I 
I 

, l 
! 
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ACMFGl(3,4,3), ACMFG2(3,4,3) - AM cost of manufacturing coefficients; 

fit in two parts: 

ACMFGl , P ~ 2l.1J~ 

ACMFG2 , 21.14 < p 

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

11 = ct + 13 p + y p2 
AETA(3,4,3) 

FETA( 3,4,3) 

PSPPLY(4,2) 

ANT(4,2) 

- AM efficiency coefficients 

- FM efficiency coefficients 

- coefficients for weight and volume equations of power 
supply 

Col. 1 - soler array 

Col. 2 - nuclear reactor* 

Solar array: W = ct + ~ P pp ps 

For weight 

V =y+,P pp ps 

where P = required prime power ps 

computations: 

ct = PSPPLY(l,I) 
13 =- PSPPLY(2,I) 

For volume computations: 

y = PSPPLY(3,I) 
, = PSPPLY(4,I) 
where I = power supply type 

- coefficients and exponents for weight and· volume 

equations of spacecraft antenna 

Col. 1 - Pm'A 

·Col. 2 - Rigid 
i 13 

WA = ctl • D3 1 
. 13 

VA -= a2 ,. D3 2 

where D3 =- downlink antenna diameter ~nd each C01~ 

of the array is of the form: v=(al ,13
1
,a ,13

2
). 

For some satellite concepts the volume equation has 
been modified. 

*Not implemented. 

3-3 
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FBOOM(4,3) - coefficients and exponents for weight and volume of 
feed boan. 

where 

Col. 1 - folding 

Col. 2 - expandable 

Col. 3 - rigid 

D3 ~ downlink antenna diameter and each columm is 
ot the torm: 

BDWDTH( 4) - frequency bandwidth allocation (GHZ) 

DABD(8) - upper bound on downlink antenna diameter as a function 
of configuration type (it.). 

BLNGTH(8) - upper bound on equipnent module length as f'unction of 
configuration (ft.). 

BVOL( 8) - upper bound on payload volume capability as function of . 

configuration (cu. ft.). 

BWGHT(8) - upper bound on payload weight capability a~ function of 

DEM(8) 

FREQ(4) 
EPSLON 

MeONV 

configuration (ius.). 

- diameter of equipment module as function of configuration 
(ft.). 

- downlink frequency (GHZ) 

- e used in convergence check on canponents of vector of 

·fAX11 independent deSign parameters, i.e., X ~ c 
i 

- number ot successive iterations tor which all components 

of independent ~rameters vector X must pass con­

vergence check in order to i4entity convergent solution. . 

3-4 
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.,' 

,to 

~ maxtmum number of iterations of steepest-descent algorithm 

at which run is tenninated (unless convergence test is 

satisfied at an earlier iteration). 

PSlK ~ Ky coefficient in convergence technique; factor approxi-

SNRGI(7) 

DCYCLE 

WGHTB(3,3) 

where 

VOLB(3,3) 

mating the amount by which the boundary violation is 

reduced. (See Section 2.2). 

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

duty cycle (hrs.) 

- coefficients for battery 'Weight equation (st.ored as 
collmlns) 

Col. 1 - nickel cadmium 

Col. 2 - silver cadmium 

Col. 3 sUver zinc 

~l = quadratic in wh' and wh = 10 log (watt hrs) 

- coefficients for battery volume equation, stored as 
colUmns; 

Col. 1 nickel cadmium 

Col. 2 silver cadmium 

Col. 3 - silver zinc 

~2/l0 
VBATT = 10 

\ 

where $2 = quadratic in wh 

. '~. .' 

. 35 . ~'.;~-·'·i 
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XT.R(3) - unit manufacturing cost coefficients for ground uplink 
transmitter equation 

~ = 10 C/10 

where C = quadratic in P
g 

, 

Pg ~ 10 log P
g 

; 

P = power output/channel g 

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

CANT = 10 C/10 

where C = quadratic in ~, 

d1 = 10 log Dl ; 

Dl = diameter of antenna (feet) 

CSTR(3,3) - unit manufacturing cost coefficients for satellite structure; 
stored as columns. 

Col. 1 - conventional 
Col. 2 - (not used) 
Col. 3 - (not used) 

CSTR = 108/ 10 

where 8 = quadratic in w , s 
Ws = 10 10g W8TRCT j 

W8TRCT = weight of the structure 

CP1( 3,2), C~( 3,2) - unit manufacturing andR&.D cost coefficients for 

power supply, stored as columns 

Co1.l- solar array 

Col. 2 - nuclear reactor* 
!, 

The for.m of the cost equations is: 

* Not imPlemented. 
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COST = 10 cllo 

l-There C :I quadratic in Ps ' 

p s • 10 log P S ; 

P S = prime power supply 

RADl(3,2),RAD2(3,2) 
- unit manufacturing and B&D cost, coefficients for thermal 

control, stored as columns: 

Col. 1 - passive 

Col. 2 - active 

C - quadratic. 

Pr = 10 log P RD'; 

inp r , 

PRO = power radiated 

SKLSl(2,2,3),SKLS2(2,2,3) 
SKl(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 1 - ammonia resistojet 

array 2 - ion propulsion 

array 3 ~ H20 electrolysis 

The cost equation for both engineering and manufacturing cost is 
at the form 

COST l1li 10 

A + B • log ts + C • log We + D • (108Ws )2 

10 

3-7 
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where.t = life of the satellite and s 
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W = total satellite weight - station keeping. s . 

The term A + B • log .ts represents a scaling factor based on 

lifetime. The 2X2 arrays represent the 2Xl coefficient vectors 

for the equation with a break point at 5000 lbs for Ws. 

SKLSlj SKLS2: 

Col. 1 = (A,B) for Ws !!i: 5000 

Col. 2 ~ (A,B) for Ws > 5000 

SKl, SK2: 

Col. 1 = (C,D) for Ws ~ 5000 

Col. 2 = (C,D) for Ws > 5000 

ATLS1(2,2,3),ATLS2(2,2,3) 
ATT1(2,2,3), ATT2(2,2,3) 

- coefi'icients to determine engineering costs and manufacturing 

costs of the attitude control. The third subscript represents 
type: 

Array 1 - ammonia resistojet 

Array 2 - ion propulsion 

Array 3 - H20 electrolysis 

The cost equation for both the engineering and manufacturing 
cost is of the for.m: 

A + B • log.t + C • 109 AML + D(log AML)2 s 
COST = 10 10 

where t = life of the satellite and 
s M 

AML=A· L'; 

A = area of solar array 

M,L • variables determined by the concept type 

(see Appendix D ) 

1be 2X2 arrays represent the coefficients with a break 
point at 5000 for .AML. 

3-8 
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ATU3l, ATIS2: 

Col. 1 = (A,B) for AML $ 5000 

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

ATTl, ATT2: 

Col. 1 (C,D) for AMI. ~ 5000 

Col. 2 (C,D) for AML > 5000 

GDC-DCF70-002 

PLXl(4,3), PLX2(4,3) 
- unit manufacturing and R&D cost coefficients for multiplexer 

Col. 1 - coax 

Col. 2 - waveguide 

Col. 3 - stripline 

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

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

If the number of channels exceeds one, 

COST = 10 e/10 

where C = quadratic in Ne ' 

NO = number of channels. 

If there is only one channel , 

where 

Cmfg = PLXl(4,I) 

CR&D = PLX2(4,~) 
I = 1,2,3 dependUtg on the multiplexer type. 

/ 
I.' 

DNIA ,AN'ID1( 3,4), AN'ID2( 3,4) 
- downl.ink antenna cost coefficients and break. point. 

Aml is the array of manufacturing cost coefficients; 

ANTD2 is the array of R&D cost coefficients. The curves may 

be fit in two parts with DNLA as the break point. 

..... 

I' 

, 
I' 
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where 

/'.1 

Col. 1 - TRUSS, diameter ~ DNLA 
Col. 2 - TRUSS, diameter> DNLA 

Col. 3 - Rigid, diamete," ~ DNIA 

Col. 4 - Rigid, diameter > DNLA 

COST = 10C/10 

C = quadratic in ~ , 

~ = 10 log D3 j 

D3 = diameter (in feet) of downl.1nk. antenna 

GDC-DCF70-002 

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

where 

for battery 

Col. 1 - nickel cadmium 

Col. 2 - silver cadmium 

Col. 3 - silver zinc 

COST = 10 C/10 

C = quadratic in wh ' 

'Wh = 10 log ("'~tt hours) 

, ' 

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

RECA1.,RECA2 are break points allOWing the curves to be 

fit i~ 2 pieces. 
Col. 1 - wideband antenna, diameter ~ RECAl 
Col. 2 - ~deband antenna, diameter > RECAl 
Col. 3 -18rabolic antenna, diameter ~ RECA2 
Col. 4 - parabolic antenna, d~eter > RECA2 

Cmf'g = 10 C/10 

where C = quadratic in d4 ' 
d4 = 10 log D4 ,,; ":' 
D4 = 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 

where 

to be fit in two pieces: 

Col. 1 - w1deband, diameter ~ XINSTl 

Col. 2 - wideband, diameter > XINSTl 

Col. 3 - parabolic, diameter::;: XINST2 

Col. 4 - parabolic, diameter> XINST2 

C
in 

= 10 C/10 = installation cost 

c ~ quadratic in d4 

CRCUR(3,2), CRCNR{3,2) - unit manufacturing and R&D cost coefficients 
for upltnk receiver 

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

COST = .Ci + a N + Y ~.--c -"'Nc 

where 
Hc = number of channels 

M = (N + 3)/4 'We;, c . 

" 
NOANT(8) - number of spacecraft anDennas as a function of concept 

NCNFIG - maxfmum number of concept types to be considered 

NMODl .... maximum number of uplink modulations to be conside:r"ed, 

NMOD2 ,,- maximum number of downlink. modulations 'to be considered 

NFBAND - max:i.mUi:l1 number of frequenc! bands to be considered 

NP'.L"YlE - ~imUlll number of power supply types to be considered 

3-11 
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IDQY~ - maximum number of transmitter types to be considered 

NRAD - maximum number of thermal control systems to be considered 

NS'lK max:i.mtnn mnnber of station keeping types to be considered 

NATT maximum number of attitude control types to be considered 

NBA~~ - maximum number of battery types to be considered 

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

M 

N 

- number of dependent design parameters 

p number of independent design parameters 

RECH1{3,3,4), TRBDl{2,4), RECH2(3,3), TlU3D2(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 TRBDl is the' array of breakpoints enabling the 

curve to be fit in as 1M;-~ny as three pieces. The subscript 1-4 

indicat£~ one of the 4 frequency operating points and the 3X3 

array is described as follows: 

Col. 1 - TR ~ TRBD (l,I) 

Col. 2 - TRBD(l,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 I~oefficients for FM. It is 

as~umed that the costs are not dependent on frequency. TRBD2 

are the breakpoints to fit the curve as above. The column 

designationf:1 are the same as for RECRl. 

COST = 10
C

/ 10 

where C = a + a t + V t 2 

t = 10 loglO T; 
T = receiver temperature 

BVEST vestigial bandwidth required/channel 

BBB(2) base bandwidth required/channel 

.2MOD(2) factor used to canpu.te improvement factor index 

2MOD(l) =1 (AM) 

-..... 
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ZMOD(2) = modul.ation index used to canpute the FMimprovement 
2 factor and bandwidth Imprv = 3.ZMOD(2) .(1+ZMOD(2» 

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

RPP(3) - array of precipitation rates (nun/hr) 

RP = RPP(l) if 00 ~ lat < 200 

RP = RPP(2) if 200 ~ lat < 400 

RP = RPP( 3) if 400 s: lat 

AT1(2), AT2( 4), 

BTl( 2), BT2( 4) - arrays containing the coefficients and exponents for 

calculating attenuations due to rain in the horizontal direction 

~ = B * RpA [ 41.4 • 23.5 10glO Rp] db 

and the direction of the satellite: ~/COS(Ei) 

where 
El = elevation angle 

BTl and ATl contain the values :tor the uplink frequency opera­
ting points. 

BT2 and AT2 contain the values for the downlink frequency open­
ting points. 

The coefficient values are in BTl, BT2; the exponents in AT1, AT2. 

KATTN1(2), KATTN2(4) - coefficients for calculating attenuation due 

to clouds. Subscripts denote operating frequency points. KATTNl 

for uplink; KA':[W!'N2 for downlink. 

L - K • 3 (db) c - atten slii E' 
where t 

EJ, ::I elevation angle 
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TZ1( 2), TZ2( 4) - temperature values as function of frequency operating 

points to calculate attenuation due to atmosphere (water vapor 
and oxygen). 

XLI 

XLTl 

XLT2 

XLT3 

XLT4 

XPrl 
XPr2 

RP1'l 

RPr2 

TZl - uplink 

TZ2 - downlink 

LA =: 10 log (db) 

where E l = eleva,tion angle 

ionosphere attenuation 

Transmission line 
losses 

- grO'LUld uplink 

- spacecraft receiving 

- spacecraft transmitting 

- ground downlink 

- transmitter pOinting loss (grOlmd uplink) 

- transmitter pointing loss (sPlcecraft) 

- receiver pointing loss (spacecraft) 

- receiver pointing loss (ground downlink) 

Pl - polarization loss (uplink) 

P2 - polarization loss (downlink) 

The above losses are input in db. 

COSNT( 4) .i. cosmic ambient temperature as function of operating frequency 
TION 
!I!A~ 

TCLOUD 

- ionospheric ambient temperature 

- atmpspheric ambient temperature 

- cloud ambient temperature 

. ~ 
, I 

~ ! 
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. -. TRAIN - rain ambient temperature 

- transmission line ambient temperature TTL 

AMMT(3,4) coefficients and exponents to calculate man-made 

ambient temperature as a function of frequency 

operating point 

'DiM = Q' + ~ p Y 

p = population density 

TE 

TRCVRS 

- ambient earth temperature 

- 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 pieces. 

where 

Col. 1 - g s: GEl 

Col. 2 - GEl < g ~ GE2 

Col. 3 - GE2 < g 

g = gain of ground downlink. antenna in db. GEl, GE2 are in db. 
2 

~ = Q' + ~ g + Yg 

GSX(3,3), GSl,GS2 - coefficients and breakpoints to calculate relative 

discrimination of antenna to cosmic and sky noise (same as ab~e). 
GMX( 3,3), GM1,GM2 - coefficients and breakpoints to calculate relative 

discrimination of a,ntenna to man-made noise (same as above). 

AMTPLX( 4), BMTPLX( 4) !'" coefficients and exponeuts to calculate multi­

plexer loss as function ot frequency 

LOSS = A • NO 
B 

D3BD - lower diameter bOUll'ld on downlink antenna fcrr concept E. 

·.•. Ii 
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ARCVR(4) - coefficients used in calculating cost of receiver feed line 
as function of frequency 

B 
CTt = A • ~ where ~ = transmission line attenuation in 

,d,,/ft. 

EXPR - exponent in cost of receiver feed line equation 

FDLINE - length of receiver feed line in feet 

E~PT - efficiency of power transfer unit 

E~FC - ·.efficiency of power conditioning unit 

E~ - efficiency of battery and charge control unit 

E~FCU - efficiency of power control unit 

ETALCF - efficiency of tic Filter unit 

RHOFC -( 1 - p)where p = 10 darktime used to calcul.ate ~et: input 

to the power conditioning unit: P pT =P
B 

(1 + ~c) 

where PB = power out of the battery and 1l.B = efficiency 
of the battery and charge control unit 

DGEP(2) - coefficients used to calculate· degradation factor on prime 
power supply 

p = a - ~ loglO (~sat) 

t t = life of the satellite sa 

then pr:ime pOwer supply = pps/ p 

WPl'R(3)· - coefficients to calculate weight of the power transfer unit 

WPr = a + ~ P PI' + Y ~ 
~nere PPr = power out of the Power transfer unit 

" 

, 
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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. 

where 

Col. 1 - P pcu s; WCUl 

Col. 2 - WCUl <p s WCU2 'pcu 

Col. 3 - WCU2 <p 
pcu 

p= power out of the power control unit 
pcu 

W = 10 WllO 
pcu 

W = quadratic in p , 

p = 10 log P pcu 

WFCN(3) - coefficients to calculate weight of the power conditioning' 

unit 

W = 10 w/lo 
pc 

where W = quadratic in p, 

p = 10 log P pc 

Ppc= power out of the power conditioning unit 

WLCFP(2,2),WLCFPl - coefficients to calculate weight of tic filter. 

WLCFPl is a breakpoint allowing 'the, curve to be- fit in 

two pieces. 

W" = Of AlC 

- . where NC = number of channels 

PLC = power out of tic filter. 

VFT.R(3,2), VPTRl - coefficients to calculate volume of power transfer 

unit. VP.rRl is a breakpoint allowing the curve 'to be fit by 

two pieces. 
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Col. 1 - Ppt ~ VPrnl 

Col. 2 - VP!'RJ, < Ppt 

Vf,t = 10 vllo 

where v = quadratic in p , 

p = 10 log Ppt 

GDC-DCF70-002 

VCU(3,2), VCUl - coefficients to ca1cuJ.ate volume of power control 

unit. VCUl is the breakpoint to allow the curve to be fit as 
two pieces. 

Col. 1-P ~VCU1 pcu 
Col. 2 - VCU1 < P :pcu 

J ' 

V = 10 v/10 
cu 

where v = quadratic in p , 
p = 10 log P pcu 

VPCN(3,2),VPCNl - coefficients to ca1cuJ.ate volume of power condition­

ing unit. VFCNl if:, a breakpoint to allow the curve to be fit 

where 

. in two pieces. 

Col. 

Col. 

v pc 

1 - P ~ vroNl pc 
2 - VPCNl < P pc 
_ 10 vllo 

v = quadratic in p, 

p = 10 log P 
pc 

VLCFP(2,2), VLCFP1 - coefficients to calculate volume ot tic filter. 

V,LCFP1 is the breakpoint allowing the curve to be fit in two 
pieces. 

Col. 1 - P LC ~ VLCFPl. 

C01. 2 - VLCFP1 < P
LO 

VLC = a • PLO \:S N C 

Q , 
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CENGPC( 3,3), CENGP1, CENGP2 - c.oefiicients to calculate engineering 

costs of the power transfer unit, the power control unit, and 

the power conditioning unit. CENGP1, CENGP2 are breakpoints 

allowing the curve to be fit 10 three pieces. 

COl.l. power ~ CENGPl 

Col.2.' CENGPl < power ~ CENGP2 

Col.3- CENGP2 < power 

where power is the power. out of one of the three units mentioned aboveJ 

then C = Cl eng 

where C2 = quadratic in p 

P = 10 log power; 

Cl = function of which unit under consideration 

CMFGPC(3,2),CMFGPl - coefficients to calculate manufacturing costs of 

the power transfer unit, the power control unit, and the powel" 

conditioning unit. CMFGPl is a breakpoint allowiag the curve 

to be fit in two pieces. 

Col. 1 • power ~ CMFGPl 

Col. 2 - CMFGPl < power 

where power is one o~ the three mentioned above. 
C

2
/10 1 

then Cmrg = C1 • 10 

where C2 = quad .. t:'Eltic in p , 

p = 10 log power ; 

Cl = function of the unit under consideration 

CMFGLC(2,3),CENGLC(2,3),CLCl,CLC2 - manufacturing and R&D cost coeffi-, 

, 'c1ents for. 1, / c filter. CLel and CLC2 are, tvobrealtpo1nts to allow 

the curve to be fit in three pieces. 

Col. 1. - PUI ~ OLCl 

Col. 2 - ~LCl < PLC ~ CLC2 

" 
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Col. 3 - CLC2 < PLC 

then C - a + e PLC 

~T.RCT - thickness of the structure (feet) 

LTR 
LRCVR 
LPr 

LBATT(3) 

- life (in years) of the downl.ink transmitters 

- life (in years) of the spacecraft recei'ver 

- life (.in years) of the power transfer unit 

- life (in years) of the battery 

subscript designates battery type 

1 - niCkel cadmium 

2 - silver cadmium 

3 - silver zinc 

- life (in years) of power conditioning unit 

YeU - life (in yeare) of power control unit 

LLCF - life (in years) of LC filter 

GDC-DCFTO-OO2 

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 re~eiver 

- scaling factor p used to deter.mine redundancy factor for 

weight of the power transfer unit 

RRWB'1'l' - scaling factor p used to determine redundancy tactor for 
weight of the pattery 

- scaling factor p used to determine redundancy factor for 
weight of the power suppl.y 

RRWPCU - scal.ing factor p used to determine l'edundancy f'actor for 

weight of the power control unit 

RRWLCF - scaling tactor p used to determine redundancy factor for 
weight of the I,/c filter 

RRVTR - scaling factor used to determine redundancy factor for 

volum.e of the transmitter 

RRVRVR - sca11ng factor used to dete:nnine redundancy factor tor 
volumeot the receiver 

'. 1~7; 
~, 
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- scaling factor used to deter.mine redundancy factor tor the 

volume of the power transfer unit 

RRVBTT - scaling factor used to determine redundancy factor for the 

volume of the battery . 

RRVPC - scaling factor used to deter.mine redundancy factor tor the 

volume of the power control unit 

RRVPCU - scaling factor used to determine redundancy factor tor the 

volume of the power conditioning unit 

RRVLCF - scaling factor used to deter.mine redundancy tactor tor the, 

volume of the tIc filter 

RRCT.R - scaling factor used to deter.m1ne redundancy factor for the 

cost of the transmitter 

RRCRVR - scaling factor used to detennine redundancy factor tor the 

cost of the receiver 

RRCPI' - scaling factOr used to determine redundancy factor for the 

cost of the power transfer unit 

RRCBTT - scaling factor used to determine redundancy f'~ctor for the 

cost of the battery 

RRcre - scaling factor used to determine redundancy factor for the 

cost of the power control unit 

RRCFCU - scaling factor used to determine redundancy factor for the 

cost of the power conditioning unit 

RRCLCF - scaling factor used to determine redundancy tactor tor the 

cost of the tIc filter 

~RHO .,. contingency factor for volume on spacecraft (~ 1) 

FOP1, FOP2 - popul.ation density cut off points for emrironm.ent 

Rural - popuJ.ation density ~ POPl 

Surburban - POPl < population density ~ roP2 

Urban - FOP2 < population density 
, 

FOP(4) - array ot population density to be considered 

3-21 
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WMUX(3,3) - coefficients and exponents to determine weight of the 

multiplexer, stored by col~~ 

Col. 1 - coax 

C·'.)l. 2 - waveguid.e 

Col. 3 - stripline 

W lx = WMUX(3,I) • NBS • if NCB =1 , mp , 

W, ... = (0'. 10 $.NCB) • NBS , it" NCB > 1 mp.l.oA 

where 
NBS = number of beams/satellite 

NCB = number ot channels/beam 

(a,~) = [WMUX(l, I) 1 WMUX(2,I) ] 

and I = 1, 2, 3 depending on multiplexer tY}le 

WHARR(3,8) - coefficients to determine weight of the harnessi:ns, 

.stored in columns (dependent on concept type) 

where 
Ppt = power out of the power transfer unit 

NmOTO - number of satellite prototypes 

IMO,DlA,IYR - calendar date of run 

IMO :: month (1, ••• ,32) 

JDA = day (1, ••• ,3~" 
IYR = (69,70, ••• ) 

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

facility cost learning curve . 

3-22 

~ 
~ ... 



"',!'"'!'. ------------------------~-- ,-

J 
1 
j 

1 

I 
.~ 

~ 
if 
j 

; 

GDC-DCF70-002 

3.2 NAMELIST/NAMEP1/ 

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

parameters. 

XLIFE(6) 

PGMIN, PGMAX 

DIMIN,DIMAX 

D4MIN, D4MAX 

TRMIN(2) , 
TRMAX(2) 

XIMIN ,XLMAX 

DFMREC 

PARANT(4) 

FREQ 

PARANT 

~WUPL 

ACQLV(8) 

ENGLV(8) 
VSABD 

ACOMP(8) 

ENGMP(8) 

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

system 

- minimum and maximum value for power output/channel 

on ground uplink transmitters' 

- minimum and maximum value for ground uplink antenna 

diameter 

- minimum :3nd maximum value for ground downlink antenna 

diameter 

- minimum and maximum value for ground downlink 

receiver temperature (1 - UHF; 2 - other than UHF) . 

- minimum and maximum value for spacecraft lifetime 

(not used) 

- PM cost increment to be added to ground downlink 

receiver (cable) 

- scale factor (relative to UHF) to be applied to 

parabolic antenna cost, as function of frequency 

.8GHz 
1. 

2.5GHz 

1.05 

8.2OHz 
1.10 

- uplink beamwidth (deg) 

12.5GHz 

1.15 

- array of acquisition costs for lanuch vehicles ($106) 

array of engineering costs for launch vehicles ($106) 

- boundary on the volume of the solar array (cu.ft) 

- array of acquisition costs for manned provisions as 

a function of concept ($106) 
- array of engineering costs for manned prOvisions as 

a function of concept ($10
6) 

; , 
.' 
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URCBSM 

URCMDA 

ENGBSM 

ENGMDA 

Pl'RMIN 

Pl'RMXl, PrRMX2, 

GDC-DCF70-002 

- unit recurring cost for BSM structure 

- unit recurring cost for MDA 

- engineering cost for BaM structure 
-engineering cost for MDA 

- minimum value for power output/channel on spacecraft 
transmitter 

Pl'RMX3 - maximum value for power output! channel on spacecraft 

BMWDTH 

IBWC 

transmitter 

Pl'RMX2 - f~t'eq ~ 2.5, multiplexer waveguide 

PTRMX3 - freq ~ 2.5, solid state 

PTRMXl - all others 

- downlink beamwidth (deg) if input , 
- flag indicator on whether BMWDTH is computed or input 
IBWC = 0 input 

IBWC ~ 0 compute 

GROUND RECEIVER COMRJTATIONS FOR DIRECT TO HOME 

RCVR1(2) 

RCYR2(1) 

HRCVR1(3,4) 

,r'} * 

- curve fitting breakpOints for UHF in terms of 

rec(.lver noise temperatures (CX) - breakpoint one for 
AM; breakpOint two for FM 

- 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 FM. 

The curves are fit as a function of 10 log T where 

T = noise temperature (9K) 

- coefficients for two piece quadratic-exponential fit 

on cost of home receiver for frequencies greater than 
UHF. 

The curves are fit as a function of 10 log T where 
T- noise temperature (CX) 

- learning Curve coefficients_i..',r basic home receiver 

unit recurring cost asa function of 10 log X where­

X. total no. of receivers!3 based on annual production. 
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XLC3(3,1) 

RCVC2 

RCVC3 

Col. 1 - UJ:Ui' 

Col. 2 - Not UHF 

GDC-DCF70-002 

- learning curve coefficients for the first additional 

block of 3 channels for AM and 1 channel for FM 

- learning curve coefficients for each additional 

such block 

- constant to compute fll~st additional block (see 

equation below) 

constant to compute each additional block 

Additional blocks are computed using 

flC = CONST * R 
where R = lOA/10 

and A = ~ + ~ X + y X2 

X = total no. of receivers on annual 

production basis 

The (~,e,y) are given by XLC2 or XLC3 
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3.3 r~~LIsT/NAME21 

NAMELIST/NAME2/ contains the var:1able~ which spec.i:f'y the user 
requir.~ents . 

NB ... number of beams 

NCB ... number of channels/beam 

NF ... number of facilities/satellite system 

NBs ... number of reserve satellites 

NRLV ... number of reserve launch vehicles 

NRTS']J\ - number of retransmission stations for retransmission system 

IBYS ... life ot the system (year-s) 

LSAT ... life of the satellite (years) 

NTRF ... number of transmitters/uPlink facility 

NCF ... number of channels/uplink facility 

NCTRF ... number of channels/transmitter/uplink' facility 

NBRQD - number of beams required/system 

ICNFIG( 8)... array of' flags to determiD=! which concept types are to be 

considered 

ICNFIG(I) = 0, do not consider concept I 

ICNFIG(I) = I, do consider concept I 

I = I, ••• , number of concept tn>es 

lMODI( 2) ... array of flags to determine which uplink modulations are 

to be considered (see ICNFIG) 

lMOD2(2) ... array of flags to determine which downlink modulations are 

to be considered(see ICNFIG) 

IF.BAND( 4) ... array of' t.o determine frequency bands which are ·to be 
considered (see ICNFIG). 
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IXMTR( 4) - array of flags to determine which transmitter types are to 

be cons idered (see ICNFIG) 

IRAD(2) - array of flags to determine which thermal control systems 

are to be considered (see ICNFIG) 

ISTK(3) - array of flags to determine which station-keeping types 

are to be considered (see ICNFIG) 

IATT(3) - array of flags to determine which altitude control types 

are to be considered (see ICNFIG) 

IBATT( 3) - array of flags to determine which battery types are to be 

considered 

IP.rYm(2)- array of flags to determine which power supply system is to 

be considered 

XLAT,XLONG- latitude and relative longitude of beam center (degrees)' 

AMAJR,BMINR- major and minor axes of area of coverage (statute miles) 

NAPV' - ntmlber of aud:to channels/video 

III - uplink antenna ty'pe 

I19 - broadcast type 

121 - t~ of downlink. system 
1_ Direc1~ , 

RHO 
2- Retransmission (not implemented) 
~- Csble 

- ratio or satellite noise to ground noise 

IBW - set to zero whenever latitude and longitude are re-initializedj 

thereafter it is set to one. This eliminates sane 

unnecessary initialization in the driver. , 

NSAT - number of satellite systems 

ITASOI(7)- array of flags to determine which TASO grades are to be 

considered 

IP.DNSE(4)- array of flags to determine which population densities 

are to be considered 

INGR.(8) <=> array of flags to determine which ground receiver population/ 

beam are to be considered 

TITIiE( 6) - array to provide a descriptive t':ttle on th~ run SllDUnary of the 

case being run. (Maximum of 60 Hollerith characters). 

lCASE - identification number of last case run 

XNGRI( 8) - array of ground rec~iver population/be8pl values to be 
considered. 
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XO(3,8) - array of' initial values for Yj stored by columns and 

determined by the configuration 

J1T - n1.Dnber of desired iterations through system equations for 

itel~tive solution of implicit equations. (Nominal value 
of 2 is adequate). 

SETDNS - TV SElt density for cable distribution system (sets/sq. mi). 

Other variables contained in this list which also appear in either NAMEl or 
'NAMEPl include: 

SNRGI, PGMIN, PGMAX, DIMIN, DIMAX, D~MIN, D4MAX, TRMIN, TRMAX, XIMIN, XI.MA 

XLMAX, ILIFE, NHGR, BWUPL, ACQLV, ENGLV, VSABD, ACQMP, ENGMP, URCBSM, 

URCMDA, ENGBSM, EN'GMDA I Pl'RMIN I P.l'RMXl, Pl'RMX2 , P1'RMX3, Bv1WDTH I IBWC I 

NOANT 
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4 
4.0 SAMPLE COMRlTER RUN 

This section presents a sample of the nominal input parameter 

values which are defined in Section 3 and an example of a typical run 

StmmlB.ry output. 

The input values are presented in Figure 4.1; the sample output in 

Figure 4.2. 
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Fig. 4.1 

SNAMEI 

AI/IlHT 

, AvnLl 

AVOL2 

,;~. 

I.CENGI 

AC£NG2 

'C:ENG3 

Ae .. FGl 

AC"FG2 

AEU 

FwOHr 

FvoLl 

rvoL2 

F'C£NGI 

F'CENG2 

TVBS mRJT DATA 

• 0.2315E+02. -0.12£+01. 0.31"-01, -n.131£+01, 0.489£+00, 0.13F.-02, 
0.0, 0.0. 0.0, ~.Ot 0.0, .0.155£,01, 0.46E'00, 0.75£-02, 
0.0, 0,0. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 

• -0.252E+Ol, 0,0, 0.0, -0,252E'01o 0.0, 0.0, -0.252E+Ol, 0.0, 
0.0, -0.252£+01, 0.0, 0.0, -0.2521" 001. 0.0, 0.0, 0.0, 0.0, 
0.0, 0.0. 0.0, 0.. 0 , 0,0, 0.0. 0,0, 

• /).303E+02, -0.2213E+01o O.l73E-OIt 0.303Eo02, -0.2213£001, 
0«373£-01. 0.0, 0.0. 0.0, 0.0, 0.0, 0.0. 0.4014E+02. 

-0.266IE-01, 0.413E-01o 0,0. 1),0, 0.0, D.O. n·o. 0.0, 0.0. 
0·0, D.O. 

• /).549£+02. -0.52£-01, 0.541"-02, 0.506E+02. O.17E+OO, 0,0, 
0.0, 0.0. 0.0, ii.o. 0.0, 0.0, O,506E+02. o,17F+OO. D.O. 
0.0, 0.0, 0.0. 0.0. 0.0, D.O. 0.0, 0.0, 0.0, 0.0. D.O. 

0.549E-02. -O,52E-iiic 0.541"-02, 0.4286Eo02. 0.53£000, 0.0, 
0.0, 0.0. 0.0, 0.0. 0.0, 0.0, 0. 4286£002. 0.53E+oO. 0.0, 
0". O. 0.0. 0.0. 0.0, 0.0, 0,0, D.O. ~.O. 0,0, ~.O. 0.0, 

• 0.549E'02. -0.52£-01. 0.541"-02. 0.5875£-02, 0.0, 0.0, 
0.0. 0.0. 0.0, 0.0. D.O. D.O. 0,5815£-02. D.O. D.O. 
D.O. 0.0, 0,0, 0.0, 0.0. 0.0. 0.0, 0.0. 0.0. 0.0, 0.0, 

• 0.4468£002, 0.33E-ol, 0.25£-02. 0.4321E~02. O.l1EoOO, n.n" 
0.0. 0.0. 0.0, 0.0, 0.0. 0.0, 0. 4321£-02, 0,11£-00, 'J. 0, 
0.0. 0.0, 0.0, 0.0. 0.0. 0.0. 0.0, 0.0, 0.0, 0.0. 0.0. 

• 0.4468£:+02, 0,33E-Ol, 0.15E-02. 0.2766E o02. 0.845.000, 0.0. 
~.O. 0.0, 0,0. 0,0. 0.0. 0.0, 0.2766£002, 0.845E+00, 0.0, 
0.0. 0.0, D.O. D.O. 0.0. 0.0, D.O. 0.0, 0.0, 0.0, 0.0, 

• -o.l1E+Oo. 0.36£-01. -0.45E-03. 0.359E+OO. ~0.42£-03. 0.0, 
0.0, 0.0. 0.0, ii.o, 0.265E+oO. -0.5£-03, 0.0, -0.375E-Ol, 
0.0, D.O. 0.0, 0.0, 0.0, 0.0, D.O. 0.0, 0.0, 0.0. 0.0, 

• 0.1592E+02. -0.932E,00. 0,276£-01, -O.387£~00. 0.3AIE.OO. 
0.125E-Ol. 0.0, 0,0, 0.0, 0.0, 0.0, 0.0, -0.155£+01. 

~0.73E-01. 0.59E-02. 0.45E+Ol. 0.139E-00. 0.59£-02,,0.0, 
0.0. 0.604E+Ol, 0.S2E-Ol. 0.68E-02. 

0.0. 

• -0.252£'01, 0.0, 
0.0, -0.252E·01, 
0,0, 0.0, 0,0. 

0.0, -0,2<;2£'01, 0,0. 
0.0. 0.0. -0.252E-ol. 
0.0. 0.0. -0.167E'01. 

0.0, -0.25~E'01. 0.0, 
0.0. 0.0, -0.252E+Ol, 
G.O. D.O. 

• 0.303E+02. _0.2213E+01. 
0.373£-01, 0,0. 0,0. 

-0.2661E oOI. 0.413£-01. 
0.0, 0.0. 0.~745E'02, 

• 0.549E'02. -0.52r-Ol' 
0.0, 0.0, 0,0, 0,0. 
0.5192£-02, 0.189£+00. 
0·11!9E+00. 0.161:-02, 

• 0.549E+02, -0.52£-01' 
0.0, D.O. 0,0, 0.0, 
0-,5192E.02. 0,189EoOO, 
0.1P.9E'00. 0.161:_ 02 • 

0.373E_Ol, 0.303E.02, -0.2213£_01, 
0.0, 0.0. 0.0. 0,0. 0. 4014£'02. 
0. 4014£+02. -0.2661E-Ol. 0.413F-Ol, 

-0.2438£+01, 0.378E-Ol, 

0.541'-02, 0.566E·02, 0.1 7E+00' 0·0' 
0.0, 0,0, 0.506E-·02. 0.17E+Oti, 0.0. 

0.0, 

0.1 6E-02, 0.0, 0.0. 0.0. 0.0. 0.0, 

0.541:-02. 0.4286E'02. 0.53£'00. 0.0. 
0.0, D.O. 0.4286E-02. 0.5'1E"00. 0.0, 

".16£-02, 0.0, 0.0, 0,0. !I.O. 0.0, 

rprl~".nr-•• · '6 ·Yi'~~~·"",,"W"·'!. ~:~,_<ti:~~~~l~_~\O~.: r'.Ai(_.,A .. - .... 
;'" ... ,~., ''''''''j.''''t.,. "",'::, __ ~ 

.-/ 

J 

0~16HEon2. -0.3E'00, 0.1F:-01. 0.0. 
0.13HRfo02, -n,13£_nl, 0.!)Y£-02, 
0.0. 0.0. 0,0. 0.0, 

0.0, 0.0, 0.0. o.c. 0.0, n.o. 
0.0, 0.0, 0.0, 0.0. O.U, 0.0. 

0.373F-OI, 0.303E-02, -0.2~l"IF.-Ol, 
-0.21>61F;-OI, 0. 4131';-01, 0·4014E'02, 

D.O. 0.0. 0.0. 0.0. o.ci, C).Q. 

0.5&12E-02, 0.!:i8S£-01, 1J.2H~£-02, 
0.5612£-02, 0.585F:-OI, 0.2H'if-02. 
0.0, 0.0, 0.0, 0,0, 

0.51>12£002, 0.'>R5F-OI, 0.2RSF-02. 
0.51>72Eo02, o.!>I!!>E-OI, n.<!R!>F"-02, 
~.O. 0.0, 0.0, 0.0, 

0.5b72£.02, 0.58SE-OI. 0.21:15F.-07, 
0.51>72Eo02. 0.585E-OI. 0,2851';-02, 
0.0, 0.0, 0.0, 0.0. 

0.4773E,02, 0. 465£-01, 0.18~E-02, 
0.5124£'02. -0. 28915£+00, 0.!l9~£-02. 
0.0' 0.0, 0,0' o~o. 

0.4173Eo02, 0.465E-OX, 0,IR<;F-02. 
0.5124E'02, -0.2895E'00. 0.89~£-02, 
0.0. 0.0, 

0.22£'00. 
0.231£-01, 
0.0, 0.0. 

0.887£_02. 
0.46E+00, 
0.0. 0.0, 

0.0, 
0.0. 

0.0. 
0.0, 

0.373£_01, 
-0.2661t:oOl, 
0.0, n.o. 

0.5384E·02, 
0.5672E+02. 
0.0, 0.0. 

0.5384£+02. 
0.5672£'02, 
0.0, 0.0, 

D.O. 0.0, 

0.95E-02, 0.0, 0.0, o.n. 
-0.313£-03, 0.11. 0.0. 

0.156Eo02, -0.38E_OO. 
0.15E-02, 0.1388E o02, 
0.0' 0.0, 0.0, 0.0, 

0.0. 
0.0, 

0.0, 
0.0. 

D.O. 0.0, 
O.U. ,0.0. 

0.303E.02, -0.2213E.Ol, 
0.413E-OI, 0. 4014£'02. 

0.0. 0.0, 0.0, 0.0, 

0.98E-Ol. 0.25£-02. 
0.585E-Ol. 0. 21:15£-02. 

0.0, 0.0. 0.5192E+02, 

0.98£-01' 0.25£-02. 
0.!o85£-01, 0.285£-02, 

0.0, 0.0, 0.51Q2E+02. 
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FIG. 4.1 TVBS INRJT DATA (Cont) 

"r.ENG3 

FC"'FGl 

F(:M"G2 

FnA 

PSPPLY 

A~T 

"ROOM 

• 

• 

• 

0.549E+02. -0.52E-Ol. 
0.0; 0,0. 0.0. 0.0. 
0.5192Eo02. 0.189t.00. 
0·189E oOO. 0'16£-02. 

0.54F-02. 0.5815E o02. 0.0. o.n. 
0.0. D.O. 0.5915E'02. 0.0. n.o. 

0.16E-02, 0.0. 0.0. 0.0. 0.0. 0.0. 

1).4468E+02. 
0.0. 0.0. 
0.4615E o02. 

-0.1485EoOO. 

0.33E-Ol. 0.25E-02. 0.4321Eo02. 
D.O. ~.O. 0.0. 0.0. 0.432IEo02. 
-0.14S5~+00. 0.~25E-02. 0.0. 0.0. 

0.625E-02. 

0.4468E+02. 0.33E-ol. 0.25E-02. 0.2166E+02. 
0.0. D.O. 0.0. 0.0. 0.0. 0.0. 0.2766E-02. 
0.4615Eo02. -0.1485EoOO. 0.625E-02. 0.0. 0.0. 

-0·1485E oOO. 0·625E-02. 

n.11F-OO, 0.0. 
O,llEo/)Q. 0.0. 
0.0. 0.0. 0.0. 

0.84'5E+OO. 
0.845E+00. 
0.0, 0.0, 

0.0. 
0.0, 
0,0. 

.. -0.45E-Ol. 
0.0. 0.0. 
0.85E-Ol. 
0.255E-01. 

0.35E-Ol. -0.5F-n3. 0.3R25E.00. ~O.25E-03. 0.0 • 
0.0. 0.0. 0.0. 0.0. 0.2967E+00. -0.67£-n3. o.n. 

0.273E-Ol. -0.l25E-03. 0.0. 0.0. 0.0, 0.0, 0.0. 
-0.325E-03. 

• o.IE'OO. 0.0. 0.167E-Ol. 0.0. 0.0. 0.0. 0.0. 0.0. 

O.lE'OO. 0.2E+Ol. 0.2RF.-0?. 0.3E+Ol. 0.64E+Ol. 0.5E+00. 

0.32E+00. 0.1~9E+Ol. 
0.169E+01. 0.41f_01. 

0.l'lE-01. 
O.;>E+Ol. 

0.2E oOI. 0.33E+00. 0.132E+Ol, 

~tMPPV • o.IE-Ol. 0.108Eo03. 

RnWOTH • ~.42E'00. O.lE+OI. 0.2E-Oo. o.IE'ol. 

DAAD 

8LNGTH 

RVOL 

IIWAHT 

OEM 

FIIEO 

EPSLON 

I4CONV 

tTMU 

PC;tK 

SNRGI 

DCYClE 

IIBHTfI 

VOL" 

ItTII 

ANTC 

0.15E+02. 0.3Eo02~ O.5~E.02. 0.15E-02. 0.9E-02. 0.13E'02. 

0.5E'Ol. 0.75E-Ol. 0.26F·02. 0.0. 0.2E·02. 0.0. 0.0. 

0.9RE.02. 0.262E.03. 0.RlF'03. 0.6E+04. 0.45E'04. 0.6E+04. 

0.2E'04. 0.52E'04. 0.9f.'04. 0.42f.'05. 0.98E+04. 0.4?E*05. 

0.4E.ol. 0.561E+Ol. 0.561['01. 0.0. 0.1E+00. 0.0. 0.0, 

• n.6E o oo. 0.25E'01. Q.84f.'OI. 0.122E·02. 

0.lE-02. 

• 4. 

• 40. 

• n.lE·ol. 

• 0.445E'02. 0.335E-02. 0.27E+02. o~23E'02. 0.11E'02. 0.lE'02. 

0.24E·02. 

a -0.10718E.02." 0.942E'00. 0.0. -0.1365E.02. 0.935E.00. 0.0. 

• -0.3231E+02. 00937E.00. O./}. -0.354E-02. a.915E'00. 0.0. 

• -0.1285E+02. 0.115E-Ol. 0.315E-02. 

• -0.392E·02. 0.185E+Ol. 0.0. 

..... 

0.5384(-02. 
0~5b72E·02. 

0.0. /).0. 

0.98E-Ol. 
0.5115E-Ol. 

0.0. 0.0. 

0.2!>E-ri2. 
0.28';F.-02. 

0.51'12F'02. 

0.4121F.+02. -0.45E-02. 0.2J5F.-02. 
0.5124E_02, -0.2R95E'OO. 0.895£-02. 
0.0. 0.0. 0.0. 0.0. 0.4615Fo02. 

0.4721E*02. -0.45E-02. 0.235[-02. 
0.5124E*02. -0.2895E.00. 0.R95E-02. 
0.0, 0.0. 0.0- 0.0. 0 •• blS~+02, 

O.17E-OO' 
-0.375f.-Ol. 

0.0. 0.0. 

0.2,;T5f.-01. -0.325E-03. 
0.7.31E-01. -0.31JF_03, 
0.0. 0.0. 0.975F.-Ol. 

0.3E.on. 0.3EoOl, 

0.16E-03. 0.1E.Ol. ~.32F.+OO. 

0.0. 0.lE'03. 

0.35E-02. 

0.0. 0.6E'04. 

0.0. 0.42E·05, 

O.IE.O?. 

0.53E+02. 

-0.1642E.02. n.93[000. 0.0. 

-0.3674E'02, n.918E'00' 0.0. 
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FIG. 4.1 TVBS INRJT DATA (Cant) 

C5TH 

CPt 

CPi' 

R~nl 

Rlni? 

SKI 

SK? 

PUI 

PLlC? 

ONLA 

AOjTOI 

ANT02 

CATl 

CRT? 

RECAI 

IIECA2 

AOjT!! 

XTNsn 

XTNST2 

CINST 

CIICUR 

CACNR 

N"ANT 

NCNFJG 

NII4(101 

N1I400<' 

NFRANO 

NPTYPE 

N.I4TR 

1:\~;; .-

~ -0.~312l+02. 0.7?3E+OO. n.o. -0.hF.-o2. 0.0. Q.O. 0.0. n.n. 0.0. 

.. -0.31~11f+02. 0.R6RIF.+00. o.4?4SF-~1. 0.0. 0.0. 0.0. 

• -0.336534[_02. D.R2Sl-00. 0.407Sl-nl. 0.0. 0.0. 0.0. 

.. -0.J3071[-02. 0.~R3F.-00. 0.0. -0.J~~TbF+02. 0.~H3F-00. 0.0. 

.. -0.2~023f'02. O.h75E+OO. 0.0. -0.27~2E_02. O.~7~~+00. 0.0. 

• 0.124(+00. 0.0. 0.S41F.-oo. G.O' 0.116(-01. 0.0. 0.136E-00. 

.. 0.19<+00. n.o. 0.49E-OI. 0.0. 0.108E-00. 0.0. O.loRr-oo. 

.. -n.lSI7t·OI. 
-0.16471:.-010 

0.913E-01. -a.10RE-02. 
0.925E-ol, -0.122E-02. 

O.l~E-Ol. -O.I~~hF.'nl. 
O~ llE-O I. 

.. -0.7e2F+00, 
-0.130RE-Ol. 

o.lO~£+oo, -0.3RE-0? o.Rsr-Ol. -O.~4IE-OO. 
0.322~£-01, -0.373(-02. 0.7~-01. 

O.5E+Cc'~ 

• -0.9733E-Ol, 0.2408£+00. 
. -0.3679E-02, • 0.7633£-01, 

.. -0.7033l+0~i 0.2369E+OO, 
-O.143Rl+02. -0.3496E+00, 

0.179E-Ol. -0.9733E+ol. 
(1.1107£-01, 

0.178F-Ol. '-0.7033(+01, 
0.3462£-01, 

O.240RF+OO, 

0.23h9F+oO, 

.. -0.532R£-02, 0.354£-00, n.RS£-02. -D.4q46£'02. 0.215E.oO, 
0.1E-Ol. 

• -0.269£'02, 0. 4£-00. 0.0. -0.2h9£-02, 0.4£-00. 0.0, -0.269£+02, 

.. 0.4£+01. 

• 11.1£+02. 

.. -0.4722E+02, -0.136E-01. 0.9£-01, -0.4641£'02. -0.44RE+00. 
O.lE+OO. -0.694E+~i. 0.3A4F~01. 0.0, 

• 0.4£+01. 

.. 0.8E+Ol. 

• -0. 46£+02. -0.631£-01. ·0.74F-01. -0.439F.+02. -0.944£'00. 
0.12E+OO. -0.60Sf+02, O.?S?E.Ol. D.O. 

n.sE-02. 0.333E-02. 0.3167£-01. 0.5£-02, 0.333£-02. 

• ~.14E·00, 0.667(-02, 0.5333E-nl. 0.11E+OO. 0.8333(-01. 

• 0.4E+Ol. 

• R. 

2. 

• 2. 

4. 

~. 

4. 

'. -". ,.' 

o.~. o.n. 0.0- o.~. 0.0' 

o.q, o,n, ~.n. '1,0. fi.O. 

O.~~7~F-01. -n.J'h7t-~I. O"-'"-Ol_ 

0.10q~~;.OO. -n ..... -Il,? 0.'1[-01. 

n.179E-01. -0.1~23r.'0?. 0.0, o.n. 

0.17dF-ol. -0.1~2JE'O? 0.0, o.n. 

0.144E-Ol, -0.Sl3~r.o? O.J4~F'Oo. 

0.4E-00. 0.0. 

0.137(000. -0.1~2F..02. -O.IHE+oO. 

0.162['00. -0.46£'02. -o.?lE'n~. 

0.3667F-Ol. 

0."167E-01. 
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f FIG. 4.l. TVBS INPUT DATA (Cont) 
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J 

"

,. 
$ 

~ 

~ 
I. 

~,< 

t.J::.. 
I 

U1 

NIoITPlX 

NRIO 

NI;TI< 

NAT! 

NRITT 

101 

N 

RECHI 

PECH2 

TDRDI 

TaRn? 

IIVF5T 

RQO 

Z"O(1 

UPFRECl 

PPP 

RT! 

liT;> 

1T1 

AT;> 

KITlNl 

KAlYN? 

T11 

T7.C' 

lilt 

lIlll 

XlT2 

lIlT3 

litH 

Xall 

:~ ' .. ''t'"''''''''''''''-'''''''':'"'~-~'''''''-~'''~''"'''''~~ r
~· -~'-'-~--",===r 

~ -
• ~~ . J 

.. G' 

7. 

1. 

1. 

1. 

1;. 

1. 

Q.IOO~E'03. -0.6ASE-ol, 
0.5A6E'nl. -0.131E-oI. 
0.272E·01. -0.786E-OO. 
n.SS~E·ol. -0.81r-Oo. 

~.o. 0.10~~E-03. -0.12r,02. 0.252[-00. 
o.n. o.seRF-nl. -0.131E-01. D.o. 

.. 

0.0. 0.Z7ZF-OI. -0.786[-00. o.n. 
o.n, 0.~~5E-ol. -O.AIE'OO. 0.0. 

~.7e3E-02. ;0.4AE-OI. 0.0. 0.797[-02. -0.RI6F-Ol. 0.141E-00. 

n.9E-ij7. 0.3E·03. 0.0. o.Z~E-ol. 0.0. 0.2AE.g4. 0.0. 

0.22E-OJ. 0.7E-03. 

11.75[-03. 

~.42~[-n2. O.42F-02. 

0.1). 0.3E-01. 

0.62E-Ol. 0.1I2E-oI. 

0.16E'0;>. 0'~['01. O.IE-Ol. 

0.32E-OZ. 0.RSE-02. 

0.0. 0.ZIE-03. O.ASE-O;>. 0.2~E-Ol. 

0.115[-01. 0.12E-01. 

n.o. 0.906[-00, O.12E-n~. 0.122E-01. 

o.4f.E-01. 0.7E-ol. 

0.SE-02. _ 0.16E-OI. 0.7f-OI. o.16r·00. 

0.37E'01. 0.35E-OI. 

n.IRE.OI. 0.26E-OI. 0.3~E'01. 0.4RE'01. 

0.0. 

:s n.o. 

0.0, 

.. -0.IE./l1. 

:'n.IE'OO' 

.. -O.IE-oo. 

' .. 

/. - /" 
/ 

i/ 
.a ... ':,-: 

.. -
,l 

-0.3~1f'Ol. -O.~~F-nl. 
-0.7374[-02. -o.l~r-/lI. 
-O.l~q~.nc. -O.IJ~·no. 

-0.154f.n7. -O.70?r-nn. 

0.(\, 
0.0. 

0.0. 
0.0. 

-0.3~6IF'O;>. -~.~Rf-Ol. 0.'. 
0.2!jr.-0 •• 

.. 

8 
h 
~ 
o 
I 

~ 

1 
.: 

''-.. 

',-

t; .... 
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FIG. 4.1 TVBS INPOT DATA (Cont) 

XI>T2 

APTl 

APrz 

pi 

P? 

C"SNT 

• nON 

T4TIo4 

TCLOUD 

TiatN 

TTL 

'''Io4T 

" -O.IE·OO • 

.. -o.IE+OO. 

= -0.4E+Ol. 

.. 0.0. 

.. -0.3E+Ol. 

.. 0.46E+02. 0.3E+Ol. 0.0. 0.0. 

'., 0.29E+03. 

0.29E+03. 

0.273E+03. 

0.273E+03. 

- 0.29E+03.· 

0.48E+Ol. 0.BE-03. O.I~~E+Ol. o~o. 0.45E-04. 0.166~+01. 0.0. 
0.166E+Ol. 

TE .. 0.29E+03. 

TRr.VRS 

Gn 

Gf''' 

G<;1 

0.17E+03. 

0.24E+02. 

• 1I.44E+0'1. 

0.22£+02. 

G~? .. 0.34E+02. 

G"'I 

GIo4? 

GSX 

Gn 

G"'X 

- 0.18E+02. 

0.44E,02. 

0.114£+01. 0.0. 0.0. -0.2~7E+ol. 0.173E+00. 0.0. 0.322E+Ol. 

,- -0.214£-01. 0.0. 0.0. 0.157E+02. -0.743£+00. 0.0. -0.17£+02. 

.. -0.38E+Ol. 0.0' 0.0. 0.5E+00. -0.242E+00. 0.0. -0.10IF+02. 0.0. 

'''TPLX - ~.935E+00. 0.9B£+00. 0.Q5E+00. 0.B9E+00. 

RMTPLX - -0.6E-Ol. -0.22E-~I' -0.35F.-nl. -0.~3E-Ol. 

D3RD 

,qeVR 

• 0.25E+02. 

0·275£-02. 0.975E-02. 0.297E-021 0.372£-01. 

EXPA • ~0.146E+Ol. 

tOLIN£ O.IE+Ol. 

ETAPT • 0.95£+00' 

ETaPC • 0.7E+00, 

ETAB - 0.83£+00. 

O.23E-05. 0.1~6E+Ol. o.n. n.AE-n~. 

0.0, 0.0. 

0.0. 0.0. 

0.0. 
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o 
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~ 

1,.. 

~; . 
• '. ~,. 
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FIG. 4.1 

ET~!>C(i 

ETAlCr 

RHnPC 

DGRO 

WPT!! 

Wtlll 

well2 

WCI' 

IIPCN 

WU:FPl 

WlCFP 

VPTRJ 

VPT!! 

VCHI 

VCIl 

VPCNI 

VPCN 

VU:FPl 

VlCF.P 

CF.,GPI 

CI'NGP2 

CENGPC 

CI.IFGPI 

CI4FGPC 

ClCl 

ClC2 

CI4FGlC 

CENGlC 

T5TI'ICT 

LTR 

LRCVR 

TVBS INPUT DATA (Cant) 

• iI.9AE+00. 

.. 0.951:+00 • 

.. 0.526E-OI • 

0.71£+00. -0.3E-Ol. 

a 0.0. 0.4E-02. 0.0. 

0.36E+03. 

a 0.26E+0<;. 

a 0.623E+Ol, 0.0. 0.0. -0.106E-02. 0.65RE+00. 0.0. 0.3E+00. 

• -0.3E+Ol. 0.77E+Oo. 0.0. 

II 0.3E+03. 

0.1~1£+00. 0.953E+00. 0.5\4E+OO. 0.7<;E+00. 

0.6E+04. 

• -0.1754E+02. 0.5R7£+00. 0.0. -0.2q~E+02. O.Q05E+00. 0.0. 

0.6E+04. 

.. -0.2054£-02, 0.5117E-00' 0.0. -0.325£+02. 0.905£+00. 0.0. 

0.4E-04 • 

.. -n.1444E-02. 0.54E+00. 0.0. -0.2516£+02. 0.835E-00. 0.0. 

0.35£-0'" 

0.247E-02. 0.869E+00. 0.2<;E-03. 0.1098E+Ol. 

0.16E-04, 

• 0.8E-04, 

.. -0.3472[+02. 0.R?4£+00. n.n. -0.2234£-02. 0.43R£-00. 0.0. 

• 0.12£+04 • 

.. -0.5254E'02. 0.1326£+01, 0.0. -0.2~~~£+02. 0.552E+00. 0.0. 

0.IE+04. 

• 0.2E+04. 

• 0.25£-02. 0.0. 0.0. 0.251'-05. 0.263£-02. 0.l1R5E-0'h 

• 0.125E-02. 0.0. 0.0. 0.175E-05. 0.0. 0.125E-05. 

• 0.25E+00, 

• 0.2E+Ol. 

• 0.2E+Ol. 

.~ ( ~, ( " ~......~ "-~.':: \ , 
\p ~ 

0.41E..00. O.n. 

-0.523£.+01. 0.0. n.o. 
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FIG. 4.l. TVBS INRJT DATA (Cant) 

lPT .. 
UIATT .. 
lPC .. 
lPCIJ .. 
lLr,F' II 

R~WTR .. 
RRWRVR .. 
RRWPT .. 
RRI/RlT .. 
RPWPC .. 
PRI/PClJ .. 
RAWLCF' 

RRVTR 

RRVRVR .. 
AIlVPT .. 
RRVRTT 

RRVPC 

RRVPCU 

RRVleF 

FIr~CTR II 

RRCRVR 

RIlr,PT .. 

RRCATT .. 

RRCPC " 

RRCPCU .. 

RRelC" .. 

VRHO .. 

pnPI .. 

PClP2 .. 

POP II 

i'10 .. 

0.2E+OI, 

0.5E+OI. 

0.2E+oI. 

0.lE.02. 

0.IE·02. 

O.IE·OI, 

o.lE·ol, 

o.lE·ol, 

o.IE·ol, 

o.lE·ol, 

OdE·oI. 

o.lE·ol. 

o.lE+ol, 

o.IE·OI. 

o.IE·OI, 

O.IE.OI. 

O.lE·ol. 

o.lE.ol. 

O.lE+oI, 

o.IE.OI. 

o.lE·oI, 

o.lE·oI. 

0.lE+01, 

. 0.lE+ol, 

0.IE+01, 

o.IE+Ol, 

o.lE+ol. 

0.lE+03. 

0.4E+04. 

0.5E+02, 

6. 

IDA II 13. 

IVR 69, 

WMIJIC .. 0.leeE+02. 

0.2('01, O.IE.Ol, 

0.IE+04. O,7E.04. 0.25E+q5. 

0.187E-Ol. 0.9"+01. 0.242"+02, O.HE-Ol. 0.115f+02, 
WHARR .. 0.0, 

0.0, 
0.3E-02, 0.0, 
0.0, O.1E"ol. 

0.0. 
0,0. 

0.3E-02, 0.0. 
0.0, 0.15E-OI, 

0.0, 
0.0, 

0.3E-a?, 0,0. 
0.0. O.IE,-Ot. 

,",PROTO 

SICLSI 

SIClS2 

ATTI 

ATT2 

ATLSI 

A TtS ... 

SF.Nn 

\. 

.. O.IE+Ol, 

.. -O.117E+p2, 
0.0, 

.. o,401E-ol. 
0.0, 

.. O.IIE+OO. 

", -0.83&E+ol, 

.. 0,175"+01, 
0.0. 0.0. 

O.II1IE+OO. -0.?,"79f.,02, 11.19IE·+00. -0,807E+01, 0.0, 

0.0, 0.51I1E+01. 0.0, 0.22E+00. 0.365(+00, 0.22E+OO, 
0,0. -0.19&E+OI, 0.257f-0,1. 0.219F:+OO. 0.0. 

0.0. O,IIE+OO, 0.0, 001 lE+Oo. 0,0, 0.17F'+oO, O,O~ 

0,0. O,293 IE+O?, 0,0, -O,1062r,02. 0.0, -0,1.062E+02, 
O,52I1E-Ol. 0.175E+O It 0.5?eE-OIt -0. 11 F.'. on , 

. 0.0, 0.0, 

4-8 

GDC-DCF70-002 

"-

O,IE-Ol, 0.0. 0.0. O,15E-01, 

-O,807E'0I, 0.0, 0.0. 0.0. 0.0. 

o,3&!)E+OO, 0.0, n.o. 0.0, n.o. 
o ,21 9f.+00, 0.o, 0,0, O.u, n"o. 

0,0, 0.0, 0.0, 0,0, 

'0,0, 0,0. 0'.0' IhO" 0.0, 

Q.116".0'O • -O.II~."Oo. 0.111>"'00, 

., 
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h, 
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I 
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~ • \0 

L.:,:-: 

P$t~All1'IE~l 

XL I FE = 2.. b.. Iv.. ..).. if... 6 •• 
PGMIN = 1., P6MAX = 1.E+Ob, UIM1~ = .~. DIMAX - IUO., 
D4MIN = 1., D4MAX = lUO •• 
XLMIN = 1., XLMAX = 1U., 
PTRMI~ = 1., PTRMXl = 1.0~+U5. PTRMX2 = 1.OE+U4. PTRMX3 - 2.0t=..+03, 

1.0~. 1.IU, 

~57.~7, 3*211,1, 
14.0' 3*3b.7, 

21.0d' 0.. 21,17, 
oO.b, 0.. bb.u3, 

URCMJA = 1.b~' 

DFMREC = .00062b, 
PAR I\.N r ( 1) = 1., 
BWUPL = 17,5, 
ACGLV = 4*211.1' 
EI\lGL V = 1..j.*36. 7 , 
ACGtJlP = ;'*0., 
ENGMP = 3*u., 
URCHSM = 1.72, 
VSAbD = 110,. 
TRMIN = lbO" 
TRIV:i-\X = 1100., 

7bU •• 
2200., 

1.lb, 

2*0., 
2*U., 

ENGbSIII , = 15.4, 

RCVk1 = U., V" RCVK~ = 86~., 

ENGMUA -

HHCVRl = -24.41, -1.014, .Uloe, -24.41, -1.014, 
-26.46. -.684' .U1U6, -26.46, -.e84, 

-.:. • ,7 , u • , - 2 B • 9 U , - • 34 9 , U • , 

11.37, 

.0108, 
.U106, 

HkCVF<~' = 2.7.5~, 
XLCl = B.~b. 
XLC2 = 1 • .58, 
RCVC2 = 9.7E-Uo' 

-.j71, .u032~, 6.34, -.279, .00227, 
-.j2~, .0025..), XLC3 = 5.52, -.232, .00160, 

RCVL3 = 6.34E-Oo, 

'$END 

g 
b 

~ 
• 
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~'., . . , .' 

-'''"-

1;.. 

r
· ';'I:~·--:::::-:--;;;-::.r~~:·""""""""".''''''''''~~~,",,, = .. ~ .... -.".'='~-~~"""::::c.;-;=~.~c::':~::-:;:::-::-: ... :::-:.:---:-.-:=~~:-;~::::-:.~:-:.~:::::-::;.-----.,r:. '-"";;'." ........ _- _ .. ···_·_··0 ....... " - .-........... .' ... 

, I 
' ~J A 
: J 



._c 
" 

r •• , "'., 
J 

.;; ., 
",. 
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FIG. 4.1 TVBS INPUT DATA (Cant) 
" 

:i 
" 

INAME2 I 
,[ 

Nfl " 6. 

NCR " ~, 

, NF " 1. 
l; 

:i NAS " ~. 

,i NRlY " O. J 
i 

NRTStA 
11 " o. 
i NC " II. J 

'I 
H 

uvs " 0.IE+02. 

LSIT " 0.5E+ol. 
;1 
d NTP" " 1. 
I' 

NC,. :1 " o.IE.ol. 
ii 
:'i NCTR,. " O. 

NAROO " 0.6E'01. 
Ii 
U ICNFrG " o. 2. O. O. 0, 0. 0. O. 
'I 

'2. II 1'4001 .. O • " M 

ii IM002 " 0. 2. 
H !'RANO " O. 2, 0, 0, 'I 
11 hlo'TR " o. o. o. 4. 
Ii 
il IAAO a O. 2, 
1j 

ISTI< " O. 2, o. 
11 -.. IATT " O. 2. 0, 

~ IRATT " 1, O. D. 

IPTVPE " I. D. 

~ XLAT " 0.35E.02. 
II 

)lLONG " 0.25E+02. !I ,,.AJA " 0.16E·04. 
U 

, tfll~, BMTNR • 0.IE'04. '/ iI 
, ; if 

o.lE·ol. Ii N.PY " n 

'\ n Iii " 1. 

fJ lill " 2. !I 
II 121 " It 
H 

n i~2 .. 1 • 
U. 

'. 
II 

"HO " o.IE·OO. 

'''W " (I. 
fl 

N!AT 0.IE+01. 
~.; 

H " il 
IrASOr " o. 0. 3. 0. O. o. O. 

1 

Ii 

Ii u SNAGr it 0.445E·02. 0.335E·02. (I.27E·02. 0.23E·02. 0.17E-02. 0.IE+02. 0.53E+02. j'~ 
f' 

~ 
jl 

iJ rpONSE " o. 2. 0, 0, , 
" 

F-l' il 
{l IN(!A .. I. O. O. 0., o. 0, o • 0, 

i~ 
~ l 

!~. 
Ii 

lINGAT " o.IE+OB. 0.2E·05. 1I.4E'05. 0.IE'(l6. 0.2E+06. 0.4E+06, 0.IE+07. 0'.2"007. fi 
T,iTLE .. 160H UNlTf.O STATES NATIONAL FTV I OPF.:RAT!ONAl IlIRf.CT SYSTEM ~ \ ,,' 

~ 

" 'CASE .. O • 
~ 
~ 
" 

xn " 0.0. 0.0. 1).0. 0.10718"+112. 0.IE+02. 0.29E+03, 0.(1. 0.0. 0.0, 0,0. O.n, 0.0. 0.0,\ n.o. Ii 
f~ ,I D.O. 0.0. C,.O. 0.0, 0.0. 0.0, D.O. 0.0. 0.0. 0.0. li, 'I JtT .. 2, 

i I 

SETONS .. 0.0. 
K 
I srNO 
I 

"'.' 
-::,., 

I; 

4-10 

\, 
. 1~:;;'.J""~"%W~di¥w' ... ~ . ..i'lil'~:al~.:Ai;~"'i'sfi'rr·"mi&, '~~"~:i~~*oiI' iiIi'itifiBiiiii'lIi-iil*iiIi.iii' ~ll:iii]iIi·J;gill1·1IifjlliirJi;;?iIii$IiI'i"IIl;iIII'ft.tiiiWiIlIiI';"+171i1-'IiII.iStiIii"IIi',;j?fi;,·'< .. 51i1$ilif liIDili"iliIelllill'#iI't'III;t;I" '1'4WIIi"'ii!"'.Ifj· 10' .. "'* ...... ' " .. .:'"i5f .. ·~ .. " ;"05 .. fill' iil:lt¥riil!i" :'iiI;' "-a'ilililillliO'u",',*""'",'w,,,,",', k:-' , 

'"." . 
. ~; ... ," '" .,. -." --: 

"","_'J.< .. ;' ,~";;;;.""",,,,;c~,' ... .~j 



~" 
,! -"" 

I· -----~ 

, . - - "_., .... --~~--~-" "~ 

.f::'" 
1!~ 
!i .... 
1! 

r 

1
'1 
'. 
~ 

~.'. I: 
i 

" 

f
;' .. \ .. 
, , 

" 

" ,. 
~, 

~ 
~ 

~. 
'1 

" I
~; 

~: 

~\ 

>ill 

FIG. 4.2 TVBS OUTPUT SUMMARY 

ca'iE NO. UNITED sTaTEs NaTIONaL ETV I OPEQATIONAL OIPECT SYSTE~ 1,/13/69 

USER RFQIJT REI'IFNTS LINK P/I~AHF.TF.1I5 
PA'la'1ETER UPLI~K DowNLINK 

~REA OF COVERAGE FREQUENCYIGHZ) 8.20 2.50 
/4/1JOR AxISIMIl 1600.000 FliP ((lIlW) 4(,.3 1,2." 
H[NOR AxISIHI) 1000.000 RF BA'Jn~I!ITHI"'Hll 33.1, 13.ft 
AIlC(HILLIONS OF SQUARF MILESI 1.251 MODULATION INOEX 3.P 3.0 

RECE!VERPOP/HEAM(THOUSANDS) 10000.000 ANTENNA BEAH~IOTHIOEGI .7 2.4 
TOTAL RECEIVER POPITHOIISANOS) 60000.000 
LATITUDEIDEGREES) 35.000 LOSS (1)111 
RELATIVE LONGITUDE (oEGREFSI 2'5.000 FREESPACE -2nl.R -I'H.!; 
TA50 GRADE 3 ATMOSPHf.RIC -.'5 -.1 
SIGNAL TO ,'IOISE RATIolo1l1 21.000 XMIT CIRCUIT -2.0 -1 • .3 
NUMHf.R OF UPLINK FAC/S~T SYSTEM 7 RCVA elllCUIT 0.0 -.1 
NUMII~:R OF CHAN~IELS/F AC IL TTY I liMIT POTNTiNr. -.1 -.1 
UPLINK MODULATION FH ReVR POINTINr. -.1 -4.0 
DOWNLINK MoDULATION FM POLAR I ZA TI ON o.n -3.0 
TOTAL SYSTEM OPERATIO~ LTFEIYRSI 10 
SATELLITE LIFf.IYRS) 5 NOISE TEMPERA TlJl'lf.S IOEr. KI 
DUTY CYCLEIHRS/DAY) 24.0 SKY 11.4 
NUMHf.R OF VIDEO CHANNELS/REAM 2 ENVIIION04ENTAL 4.1 
NlI~I1ER OF AUO[O/VIIlEo CHANNELS 1 EARTH 2QO.O 2Qo.n 
~OISE ENVIRON04ENT SURURR RECEIVER 110.0 h03.1 
NOMIIER OF IlEA~S/SYSTE04 " TRANSMISSION LINE o.n 6." 
NUMHf.R OF SAT SYSTEMS 1 
GROUNO Ut)wNLINK SYSTE04 OIPFCT 

MTNIIo!UM COST SOLI/TTClN TOTAL COST/YR COST/yR/RCVR 
(MILLIONS' 'DOLLARS I 

EXCLUDING LAIJNClI VEHICLf COST 30Q.251 5.15 
INCLUDING LAUNCH VEHICLE COST 34'11.592 5.111 

OPUMIJM OESIr.N PARAMETERS - CONCEPT q 

PARAMETER PTH-SAT WT-SAT VOL-EIo! VOL-SAT PTR-1)0I0 VOL-SA DA-G UP Oi-r. UN TI'I-GNI) 
(WATTo;) ILRo;l ICU FTl ICU FTl' IWATTSI (ClI FTl 1FT! IFll tnEG 1(1 

OESION VALUE. 548.3 2603." 45.1, 262.0 3.1 1)7 .1 7.2 1. 6 603.1 
ON ~nUNOARY NO NO NO YES NO NO NO 010 NO 
UPPER ROUND 100000.0 5200.n 123.2 262.0 1000no.o 2"2.0 10O.~ 100.0 50000.0 
LOWER ROUND 1.0 0.0 O.t) 0.0 1.0 0.0 .5 1.0 50.0 

: ... ii -·-Ii1'.'PIII'.!IIl!IliilfFil"aF_.:,~. ~I_'''''___ .. ....,~~~ •• "i:77;;l:~.-'7'~:;c~7·:-c;:·'",.,.,.! ' .. , . ,".·~"::",-+·"-·c:='-:-:;---'-":C",,.:-.--, ..,.-c·:_·----_-_~--__ ·-__ ~ .. __ -.. __ 

J 

\ 
:. ~ 

I 
.~ 

8 

~ 
~ 

·" . .." .\ 

"-

... 

" 

~ 

~. sf 



~~~~~~~::.~..::';=~c.:::.=,====~==-..=-..='=-...,,=====~_"' __ ==>~~,,_,==,=~~=c,~-'~'~:C:::::"C-:::O""-'::C'::C:::::::-..::1::::~·:'C.=:~::.-:::::--'==::C:~.''-''''.,:.x.':"-__ "'~: .. __ _ 

-;, 

.~ -?"' 

t ( 

~ 
~ .. 

I 

r 
.. 

I":,"."·' 

J 
I 

I I-
t 
''k: 
1-' 
",' 

if: 

+:'" 
I 

t\) 

r r 
l 

f
· 
...... ' '. :-. :.:~' .. ,. ' 

,1.'. 

[t.:. , 

:1 
't 

FIG. 4.2 TVBS OUTPUT StJ.OO\RY (Cont) 

C.!!!t!:;; !!!!;--; .. 1. UNITED STATE;; NATIONAL ETV/ OPEHlITloNAL DIRECT SYSTFM 6/13/"'1 
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5 
5.0 SUBROUTINE DESCRIPTION 

5.1 TVBS DRIVER 

The function of the TV:aS DRIVER is to 
I 

a) read the input lists, 

b ) initialize }:6rameters, 

C) set the flags describing the cases to be run, and 

d) control the execution of the program. ' 

Input of data is performed through the use of the namelist feature 

which eases the task of preparing data cards by the program user. The input 

data is comprised of three separate lists identified by NAME1, NAMEP1, and 

NAME2, respectively. NAMEl and NAMEPl consist mainly of fixed data which is 

not liable to change during the variation of user requtrements.It contains 

such parflmeters 8S the coefficients for the weight, volume, and cost curves 

of the system elements, losses, and noise temperatures. NAME2 is used to input 

quantities which describe the specific user r~qu1rements. A more detailed 

description of the elements in the lists is given in Section 3. 

The driver also initializes certain parameters not initialized in the 

other subroutines, INIT and SYSEQ. 

The TVBS driver converts the input ~lues of the ionospher:J.c and 

transmission line losses (XLI, XLTl, XLT2, XLT3, XLT4, respectivel.y) fran db 

to d:lJnensionless units. 

It also caJ.cuJ.ates the re~unda.ncy factors to be used in the sJ'Stem 

equations. (See Section 2.7 ). It sets the precipitation rate as a 

function of latitude and calculates beamw1dth (BMWDTH) and area of coverage 

(AOC) as determined by the major and minor axes (AMAJR,lKtNR) specified 

by the user requirements. The TVBS driver also canputes the ill :Improvement 

factor: 

1m = 3 ri (1 + M) where M = 3; 

I = 1 tor AM. m 
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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 J;Brameters. The elements which are variable in the dO..:lloop system 

consist of -the foll.owing: 

a) Taso grade - 0, 1,2, ••• , 6 
b) Population density - Pl , P2' P3' I\ (input) 

c) Receiver population - r l , r 2, ••• , ra (input) 

d) Concept types - A, B, ••• , H * 
e) Uplink. modulation - AM and FM 

f) Downlink modulation - AM and liM (currently constrained to be the 
same as the uplink.) 

g) Frequency band operating point - f l , f 2, f3' f4 (input) 

h) Power supply "cy:pe - solar array and nuclear reactor ** 
i) Downl.ink. 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 control system - ammonia resistojet, ion propulSion, 
H20 electrolysis 

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

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 ·a given index parameter. These arrays are dimensioned 

according to the maximmn value the index parameters can have • Each t:l.me the 

index parameter is updated, it is checked against the corresponding component 

ot the vector. If the value of the index parameter is not ,equal to the 

value of that canponent" that value of the index pe.rameter is by-passed. For 

exampl.e, assume that it ,is desired that both AM and PM are to be considered 

* Concept G has not been implemented. 
** Nuclear reaetor has not been implemented. 
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for downlink modulation. Let the associated 2xl vector be lMOD2. Then 

lMOD2 = (1,2) • 

If only AM is to be considered, 

lMOD2 = (1,0) , 

and if only PM is to be considered, 

lMOD2 = (0,2). 

Note that for a case to be considered, the value of the index parameter 

must be equal to its associated canponent value. 

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

to describe the cases being rtUl are given below with their max:lJll1lm values. 

Jl Taso grade (7) 

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

used to set the signal to noise ratio as a :f'unction of desired/t.aso grade. 

J2 Population density (4) 

An associated vector of population densities (POP) is input and 

set during the execution of the do-loop SYS"tiem.. 

J3 Receiver population (8) 

. A vector of receiver populations (per .beam) to be considered (XNGRI) 

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

1 -A 5 --E 

2 -B 6-F 

3 - C 7 - G 
·4 -D 8-H 

12 Downl.ink modulation (2) 

1 - AM 

2 - liM 

I3 Frequency band operating point (4) 

1 - FREQ(l) 

2 - FREQ(2) 
3 - FREQ(3) 
4 - FREQ(4) 5-3 
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FREQ is input in GHZ 

14 Downlink Antenna type *( 2) 

1 - TRUSS 

2 - RIGID 

15 Downlink feed boom *(3) 

1 - folding 

2 - eX];mldable 

3 - rigid 
16 Power supply type (2) 

1 - solar array 

2 .. - nuclear reactor ** 
17 Transmitter type (spacecraft) (4) 

18 

19 

1 - grid tube 

2 - solid state 

3 - CFA 

4 - TWT 

Receiver ty:pe (spacecraft) * (2) 

1 - 11r1ear translator 

2 ..;. modulation converter ** 
Multiplexer type * (3) 

1 - coax 

2 - waveguide 

3 - stripline 

IlO Uplink modulation (2) 

III 

I12 

1 - AM 

2 - FM 

Ground uplink antenna * (1) 

1 - minimum motiOn ~tenna 

Structure * (2) 

1 - conventional 

2 - l13b'-i 

",' 

* f.lag not used. as index parameter in do-loop system 
** not implemented. 

\~~' 

GDC-DCF70-002 

) . 

> " 



,....,.,.,.-----~~------ -- --- - ----

. II 
! 
,I 

" 

[ 
:t 

1 
Ii 
il 

j 

/ 

113 The~l control system (2) 

1 - :passive 

2 - hybrid 

114 Station keeping system (3) 

1 - ammonia resistojet 

2 - ion propulsion 

3 - H20 electrolyis 

115 Attitude control system (3) 

1 - ammonia resistojet 

2 - ion propulsion 

3 - H20 electrolysis 

I16 Ground downlink antenna. type * (2) 

1 - wideband 

2 - parabolic 

117 (not used) 

118 Launch vehicle type * (2) 

1 - S;.aturn V, unmanned 
~" 

2 - S,aturn V, manned 

I19 Type of broadcast * (2) 

1 - monochraile 

2 - color 

120 Battery type (3) 

1 - nickel cadmilDll. 

2 - silver cadmium 

3 - silver zinc 

121 Type of downJ.ink system (3) 

. l - direct to hane 

2 - :r.etransmiss ion ** 
3 - CATV 

122 (not used) 

123 Uplink antenna (satellite) (2) 

1 - truss 

2 - rigid 

** not implemented 
\~~ 
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I24 Uplink frequency operating point (2) 

1 ... UPFREQ (1) 

I25 
UP.lrREQ is input in GHZ. 

(not used) 

GDC-DCF70-002 

During the execution of the do-loops, certain operations are performed. 

These are enumenlted in the accompanying flow diagram. (see Figure 5 .1) . 

They include: 

a) calculating required bandwidth 

b) setting mu.ltiplexer type as function of frequency band: 

UHF .... coax 

S-band - waveguide 

X-band - stripline 

c) calculating spacecraft uplink antenna diameter D2 and downlink 

antenna diameter D
3

• 

i = 2,3 where 

C is the velocity of light (rt/sec) 

BW - beamwidth (degree) 

f - frequency (kc) 

I,:' 5..6 
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CONVERT 
LAT, LONG TO 
DEGREES 

DO-LOOP 
SYSTEM* 

r--­

R ~ R (1) 
p pp 

I 
I 
I 
I 
I 
I 
I 
I 

COMPUTE 
BEAMWIDTH 

COMPUTE 
BW REQ'D 
BY MINOR 
AXIS = O!B 

B = '" 180 w ..... 1T 

-Figure 5. 1 Flow Diagram ... TVBS Driver 
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Figure 5. 2 TVBS Do-loop System 
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~ROGkAM rVUS(INPUT,TAPE5=INPUT,OUTPUT,TAPE6=OUTPUT) 
COMMON/ATTNI BVEST,8~B(2),ZMOD(2),XLAT~XLONG,RP,BT1(2)'BT2(4) 

* ,AT1(2),AT2(4),KATTN1(2),KATTN2(4),TZ1(2),TZ2(4),XLI,XLT1,XLT2 
* ,XLT3,XLT4,XPTl,XPT2,KPT1,RPT2,Pl,P2,COSNT(4),TION,TATM,TCLOUD 
* ,TRAIN,TTL,AMMT(3,4),TE,THCVRS,GE1,GE2,GS1,GS2,GM1,GM2,GSX(3,3) 
* ,6EX(3,3),GMX(3,3),AMTPLX(4),8MTPLX(4),TCO,TI,TA,TC,TM,TR,TT 
* ,TEFF'FSL12,FSLj4,ATL1,ATL2,XCIRC1~XCIRC2,RCIRC1,RCIRC2 
* ,XL12,XL34,KGS,KGM,KGE,RPP(3),BETA,GAMMA,EL,RSL 
~OMMON/BOUNO/IARRAY(15),JARRAY(15)'YMIN(15),YMAX(15) 
COMMON/CNSTI PI,R,CVEL,BOLZ,RSAT,RE 
COMMON/ CNVRGE/ EPSLON,MCONV'ITMAX,PSI~,GRAO(5) 
COMMON/DATE/ IMO,IDA,IYR,POP1,POP2,ICASE, TITLE(6) 
COMMON /UIAM / D(4),G(4) 
COMMON/MAIN/ 11,12,13,14,15,16,17,18,19,110,111,112,113,114,115 
~,I16,I17,II8,I19'120,I21,I22,I23,I24,I25 
* ,XQ,XJ,XK,XL,XP1,XM,XP2,XN,XP3,XY,XP4 

COMMON/MISCI BLEM,dVEM,XLF1,XLF2,XLF,XLA,SNRG,XTA,XIMPRV(2),BVID12 
* ,BVI034,TSTRCT,AMAJR,BMINR 
~OMMON/NUMBI NTR,NCTR,NF,LSYS,NSL,NRS,NLV,NRLV,NRSTA,NB,NCB,NC 

* ,NCTRF,NTRF,NCF,LSAT,FREQ1,GR85,GR89,GR95,GR,XNGR,XNGRP 
* ,NAPV,NAUDC,PDNSE,ITASO,N8RQO,AOC,NSAT,NBS,SETDNS,JIT 
COlvJ~10N/PARA/, PLOG, ET A, ARD, VTR, WTR, FREQ4, XNS, RHO, AKP (I XNG 

* , CE, CMFG, WEM, WLO'G, PGLOG, CSTPYR, G4LOG, TLOG 
* ,VEM,WSTLOG,PSLOG,WHLOG,PRLOG,D1LOG 
* ,D4LOG,PTALOG,PCULOG,PPCLOG,PPTLOG,CEPP,CMFGPP 

COMMdN/PARA3/ YM,YL,AMLiAREA,WHRS,WS,XLEM . 
COMMON/PAR8D/PGMIN,PGMAX,OlMIN,D1MAX,D4MIN,D4MAX,TRMIN(2),TRMAX(2) 

* ,XLMIN,XLMAX,XNGHMX,VSABO,PTRMIN,PTRMX1,PTRMX2 
* ,PTRMX3 

COMMON/REOUNDI LTR,LRCVR,LPT,LBATT,LPC,LPCU,LLCF,RRWTR,RRWRVR 
* ,RRWPT,kRwBTT,RRWPC,RRWPCU,RRWLCF,RRVTR,RRVRVR,RRVPT,RRvaTT 
* ,RRVPC,RRVPCUpRRVLCF,RRCJR,RRCRVR,RRCPT,RRCBTT,RRCPC,RRCPCU 
* ,RRCLCF'VRHO,W~TR,WRCVR,WRPT'WRBTT'WRPC,WRPCU,WRLCF,VRTR,VRCVR 
* ,VRPT,VRBTT,VKPC,vRPCU,VRLCF,CRTR,CRCVR,CRPT,CRBTT,CRPC,CRPCU 
* ,CRLCF . 

COMMON/SYSI WMP,VMP,wGHTB(3,3),VOLB(3,3),XTR(3),ANTC(3),CSTR(3,3) 
* ,CP1(3,2),CP2(3,2)pRAD1(3,2),RA02(3,2),SK1(2,2,3),SK2(2,2,3) 
* ,PLX1(4,3),PLX2(4,3),DNLA,ANTD1(3,4),ANT02(3,4),CBT1(3,3) 
* ,CBT2(3,3),RECH(3),RECH1(3,3,4),TRBD1(2,4),RECH2(3,3),TRBD2(2) 
* ,RECA1,RECA2,ANrH(3'4),XIN~Tl,XlNST2,CINST(3,4t'CRCUR(3,2) 
* ,CRCNk(3,2),NOANT(8),DCYCLE,ARCVR~4),ETAPT,ETAPC,ETAB,ETAPCU 
* ,ETALCF,RHOPC,DGRO(2),WPTR(3) ,WCU1,WCU2,WCU(3,3),WPCN(3) 
* ·,WLCFP1,WLCFP(2,2),VPTR1,VPTR(3,2),VCU1,VCU(3,2),VPCN1 
* ,VPCN(3,2),VLCFPl,VLCFP(2,2),CENGP1,CENGP2,CMFGP1,CENGPC(3,3) 
* ,CMFGPC(3,2),CLC1,CLC2,CENGLC(2,3),CMFGLC(2,3),XCNST 
* ,DEGRAD,CPTUR(3),CPTNR(3),CPCUUR(3),CPCUNR(3),CPCUR(3),CPCNR(3) 
* ,CBETA,SBETA,IETBD1,I~THD2,WMUX(3,3),WHARR(3,8),CHARUR(3) 
* ,CHARNk(3),NPROrO,SKLS1(2,2,3),SKLS2(2,2,3),ATT1(2,2,3) 
* ,ATT2(2,2,3) ,ATLS1(2,,2,3) ,ATLS2(2,2,3) ,IAML,IWS,AMLLOG 
* ,UFMREC,pARANT(ij),NRGR,ACQLV(8),ENGLV(8),ACQMP(8),ENGMPCB) 
* ,URCBSM,ENGBSM,URCMOA,ENGMDA , 
* ,KCVR1(2),RCVk2(1),HRCVR1(3,4),HRCVR2(3,2),XLCl(3,2),XLC2(3,1) 
* ,XLC3(3,1),RCVC2,RCVC3,DELC1,DELC2 

COMMON/SYSTEM/ AW(j),AV(j),AtT(3),AOt<3),ACMFG(3),AWP(3),AVP(3) 
* ,AETP(j),ACEP(3),ACMFGP(3),IVLEV(~),ICLEV(4) 
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COMMON/TABLEI AWGHT(3,4,3),AVOL1(3,4,3),AVOL2(3,4,3),ACENG1(3,4,!). * ,ACENG2(3,4,3),ACENG3(3,4,3),ACMFG1(3,4,3) * ,ACMFG2(3'4,3)~AETA(3,4,3),FWGHT(3,4,3),FVOL1(3'4,3) * ,FVO~2(3,4,3),FCENG1(3,4,3),FCENG2(3,4,3) *,FCENG3(3,4,3),FCMFG1(3,4,3),FCMFG2(3,4,3) * ,FETA(3,4,3),PSPPLY(4,2),ANT(4,2) * ,FBOOM(4,3),BCHANN(2),DABD(S),BLNGTH(S) * ,BVOL(8),BWGHT(8),DEM(8),FREQ(4),BDWOTH(4) * ,UPFRE~(2),EXPR,FDLINE . REAL NREC!,NREC2,NREC3,NREC41,NREC42,NREC43,Kl,K2,NOANT REAL KATTN1,KATTN2,LSYS,LSAT,NBRQD,NLV,NTR,NAPV,NAUDC,NCF REAL LTR,LRCVR,LPT,L8ATT,LPC,LPCU,LLCF 
REAL NSAT,NBS, NPROTO 
REAL NRGR 
DIIVlENSION XOL3,8) ,X(7)"Lt3ATT(~) ,POP(4) . * ,ITASOI(7),SNRGI(7),IPDNSE(4),INGR(8),XNGRI(8) DIMENSION ICNFIG(8),IMOD1(2),IM002(2),IFBAND(4),IXMTR(4),IRAO(2) * , ISTK(3), IATT(;3), IBATT(3), IPTYPE(2), IMTPLX(2) DIMENSION XLIFE(6),ILIFE(6) 
NAMELIST/NAME1/ AWGHT,AVOL1,AVOL2,ACENG1,ACENG2,ACENG3,ACMFGl * ,ACMFG2,AETA,FWGHT,FVOL1,FVOL2,FCENG1,FCENG2,FCENG3,FCMFGl * ,FCMFG2,FETA,PSPPLY,ANT,FBOOM,XIMPRV,BDWDTH,DABO,BLNGTH,BVOL * ,BWGHT,DEM'FREQ,EPSLON,MCONV,ITMAX,PSIK,SNRGI'DCYCL~, WGHTB * ,VOLB,XTR,ANTC,CSTR,CP1,CP2,RADl,RAD2,SK1,SK2,PLXl,PLX2,DNLA * ,ANTD1,ANTD2,CBTl,CBT2,RECA1,RECA2,ANTH,XINST1,XINST2,CINST * ,CRCUR,CRCNR,NOANT,NCNFIG,NMOD1,NMOD2,NFBAND,NPTYPE,NXMTR * ,NMTPLX,NRAO,NSTK,NATT,NBATT,M,N,RECH1,RECH2,TRBDl,TRBD2,BVEST * 'B8B,lMOO'UPFREQ'RPP,BT1,BT2,~Tl'AT2,KATTN1'KATTN2'~Zl'TZ2,XLi * ,XLT1,XLT2,XLT3,XLT4,XPTlfXPT2,RPT1,RPT2,Pl,P2,COSNT,TION * ,TATM'TCLOUD,TRAIN,TTL,AMMT~TE'TRCVRS,GE1,GE2,GS1'GS2,GMl,GM2 * ,GSX,GEX,GMX,AMTPLX,BMTPLX,D38D,ARCVR,EXPR,FDLINE,ETAPT,ETA~C * ,ETAB,ETAPCu,ETALCF,RHOPCiDGRD,WPTR,WCU1,WCU2,WCU,WPCN,WLCFPl . * ,WLCFP,VPTRl,VPTR,VCU1,VCU,VPCN1,VPCN,VLCFPl,VLCFP,CENGPl ' * ,CENGP2,CENGPC,CMFGP1,CMFGPC,CLC1,CLC2,CMFGLC,CENGLC',TSTRCT * , LTR,LRCVR,LPT,L8ATT,LPC,LPCU,LLCF,RRWTR,RRWRVR,RRWPT,RRWBTT * ,RRWPC,RRWPCU,RRWLCF,RRVTR,RRVRVR,RRVPT,RRVBTT,RRVPC,RRVPCU * ,RRVLCF'RRCTR,RRCRV~,RRCPT'RRC8TT,RRCPC,RRCPCU,RRCLCF,VRHO * ,WMUX,WHARR,NPROTO,SKLS1,SKLS2,ATTl,ATT2,ATLS1,ATLS2 * ,POP1,POP2,POP,IMO,IDA,IYR,XNGRMX NAMELIST/NAMEP11 XLIFE,PGMIN,PGMAX,D1MIN,DIMAX,04MIN,D4MAX,TRMIN * ,TRMAX,XLMIN,XLMAX,DFMREC,PARANT,BWUPL * ,ACQLV,ENGLV,VSABO,ACQMP,ENGMP,URCBSM,URCMDA * ,ENG8SM,ENGMDA,PTRMIN,PTRMX1,PTRMX2,PTRMX3 . * , BMWDTH' lBWC * ,RCVR1,RCVR2,HRCVRl,HRCVR2,XLC1,XLC2,XLC3,RCVC2 * , RCVC3 

NAMELIST/NAME21 N8,NCB,NF,NRS,NRLV,NRTSTA,NC,LSYS,LSAT,NTRF,NCF * ,NCTRF,N8RQD,lCNFIG~IMOD1~IMOD2,IFBAND,IXMTR,IRAD,ISTK,IATT * ,IBATT,lPTYPE,XLAT,XLONG,AMAJR,BMINR,NAPV,Ill,Il9,I21,122'R~O * ,IBW,NSAT,ITASOI,SNRGI,IPDNSE,INGR,XNGRI,TITLE,ICASE,Xd,JIT * ,PGMIN,PGMAX,D1MIN,DIMAX,04MIN,D4MAX,TRMIN,TRMAX,XLMIN,XLMAX * ,SETDNS,ILIFE,NRGR,BWUPL,ACQLV,ENGLV,VSABD,ACQMP,ENGMP *' ,URCBSM,URCMDA,ENGBSM,ENGMDA,PTRMIN,PTRMX1,PTRMX2,PTRMX3 * ,BMWDTH,I8WC,NOANr' . DATA PI,R,CVEL,BOLZ,RSAT,RE/3.i415927J 22250., .98358, ·1.38E-23, 
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* 26213,,' :3963,1 
DO 10 1=1,6 

10 TITLEtI) ::: 10H 
NCNFIG = 8 
NMODl = :2 
NMOD2 : 2 
NFBANO = 4 
NPTYPE : 2 
NXMTR = 4 
NRAO = 2 
NSTK ::: :3 
NAll = :3 
NBATT: 3 
NOANT : 1 
NCTR : 1 
REAO(5,NAME1) 
WRITE(6,NAME1) 

·REAO(5,NAMEP1) 
WRITE(6,NAMEP1) 
XLI::: 10,**(XLI/10,) 
XLT1 = 10.**<XLT1/IO,) 
~LT2 : 10.**(XLT2/10,) 
XLT3 ::: 10~**'(XLT3/10.) 
XLT4 ::: 10.**(XLT4/10.> 

9999 REAO(5,NAME2) 
viR I IE (6, NAME:a) 

.·XIMPRV (1) ::: I, 
XIMPRV(2): 1. 
IF ( IBW. EQ ,1) ,GO TO 13 
·IF«XLAT.GE~Oo).AND.(XLAT.Lr.20.» RP = RPP(l) 
IF( (Xt.,.AT .GE.20,) .AND, (XLAT .LT .• 40.» RP ::: RPP(2) 
IF (XLAT •. GE. 1+0.) ,RP: RPP (:3). ' 

XLAT ::: XLAT· * PI I 180, 
X~ONG : XLONG * PI I 180. 
BETA: ACOS(COS(XLAT) * COS(XLONG» 

, CBETA : COS(BETA) 
~SBETA : SIN(QETA) 

RSL ~ (RSAT**2+ RE**2 - 2.*RE*RSAT*CBETA)**.5 
GAMMA::: ASIN(RE * SBETA/RSL) , 
EL : PI/2. - GAMMA - BETA 
IF(IBWC,EQ.O) GO TO 18 
RL : RSAT * COS (GAMMA) - RSL 
PSI ::: BMINR I RL 

. ALP'HAS: 2. * AS-IN ( (RL*SIN(PS.I/2.» I «RSl,+RL)**2" +- RL**2 ~ 
*2.*'RL * (RL + RSL) * COS(PSi/2,»**.5) 

ICOUNT = '0 
ZETA : AMAJR I RE 
ANGMAX = ASIN(RE/RSAT) 
COEF ~ RSAT I RE 
IF(ALPHAB.GE.(2.*(ANGMAX - GAMMA») GO TO 12 
ALPHAP : ALPHAS . 

11 lETAP : ASIN(COEF*SlN(GAMMA - ALPHAP/2.» - ASIN(COEF*SIN(GAMMA • 
" * ALPHAP/2.» - ALPHAP . 

,IF(ABS(ZETAP - ZETA).LE •• 001) GO TO 14 ~~) 
ICOUNT = I~OUNT'+ 1 . 

\ 

.' 
" 

j, 

: 

, 

, 1 
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) 
). 

IF(ICOUNT .6T.20.) GO,TO 15 
DZETDA = -(COEF/2.) * (COS(GAMMA-ALPHAP/2.) I (1 ••• (COEF * 

* SIN(GAMMA-ALPHAP/2.»**2 ) **.5 + COS(GAMMA + ALPHAP/2.) I 
* (1. - (COtF * SIN(GAMM~ + ALPHAP/2.»**2 ) **.5) - 1. 

ALPHAP = ALPHAP + '( 2E'T A - ZET AP ) I OlETOA 
GO TO 11 ' 

12 ALPHA = ALPHAS 
GO TO 13 

14 ALPHA = ALPHAP 
IF(ALPHAB.GE.ALPHAP) ALPHA = ALRHAB 
GO TO 13 

15 WRITE(6,16) 
16 FORMAT(111125X,55H*SEAMWIOTH REQUIRED BY MAJOR AXIS CANNOT 6E DETE 

*RMINED*/2bX,48H*CONTINUE WITH BEAMWIDTH REQUIRED BY MINOR AXIS*II) 
GO TO 12 

13 ~MWDTH = ALPHA * 180. I PI 
18 AOC = PI * AMAJR * BMINR I 4. 

DO 3004 J4 = 1,6 
IF(J4.NE.ILIFE(J4» GO TO 3004 
LSAT = XLIFE(J4) 
DLTR = (LSAT - LTR) I LTR 
DLRCVR = (LSAT - LRCVR) I LRCVR 
DLPT = (LSAT - LPT) I LPT 
DLPC = (LSAT - LPC) I LPC 
DLPCU = (LSAT - LPCU) I LPCU 
DLLCF = (LSAT - LLCF) I LLCF 
IF(OLTR.LE.O.) DLTR = O. 
IF(OLRCVR.LE.O.) DLRCVR =0. 
IF(OLPT.LE.O.) DLPT = O. 
IF(QLPC.LE.O.) DLPC = O. 
IF(DLPCU.LE.O.) OLPCu = O. 
IF(DLLCF.LE.O.) DLLCF = O. 
WRTR" = 1. + RRWTR * OLTR 
WRCVR = 1. + RRWRVR * DLRCVR 
WRPT = 1. + RRWPT * OLPT 
WRPC = 1. + RRWPC * OLPC 
WRPCU = 1. + RRWPCU * DLPCU 
WRLCF = 1. + RRWLCF * OLLCF 
VRTR = 1. + RRVTR * OLTR 
VRCVR = 1. + RRVRVR * DLRCVR 
VRPT = 1. + RRVPT * DLPT 

.VRPC = 1. + RRVPC * DLPC 
VRPCU = 1, + RRVPCU * DLPCU 
VRLCF = 1. + RRVLCF,* DLLCF 
CRTR = 1. + RRCTR * DLTR 
CRCVR = 1, + RR~RVR * DLRCVR 
CRPT = 1. + RRCPT * DLPT 
(;RPC = 1. + RRCPC * aLP,C 
CRPCU = 1. + RRCPCU * DLPCU 
CRLCF = 1, + RRCLCF * DLL~F 
IFLAG = 0 
L. = ~1+N 
DO 3001 J1=1,7 
IF(Jl.NE.ITASOI(Jl» GO TO 3001 
SNRG=SNRGl(J1) 
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SNRG=10.**(SNRG/10.) 
ITASO=ITASOI(Jl) 
IF( ITASO',EQ. 7) ITASO=O 
DO 3002'J2=1,4 
IF(J2.NE.IPQNSE(J2» GO TO 3002 
PONSE=POP(J2) 
DO 3003 ,J3=1,a 
IF(J3.NE.INGR(J3» GO TO 3003 
XNGR=XNGR! (J3,) 
DO 2000 Il=l.NCNFIG 
IF(I1.NE.ICNFIG(11» GO TO 2000 
NC = NCB * NOANT(I1) 
00 1900 I2=1,NMOD2 
IF(12.EG.2) XIMPRV(2)·= 3.*ZMOO(2)**2 * (ZMOO(2) + 1.) 
IF(I2.NE.IMOD2(I2», GO TO 1900 
00 1800 110=1,NM001 
IF(I10.NE.IMOD1(IlO)) GO TO 1800 
IF(I2.NE.IIO) GO TO 1800 
IF(I2.EG.II0)I8 = 1 
IF(I2.NE.II0)I8 = 2 
IF(I10.EQ.2) GO TO 20 
bVID12 = BVEST + B8B(1) 
GO TO 22 

20 ~VID12 = 2. * BBB(2) * (1. + ZMOO(2» 
22 IF(I2.EG.2) GO TO 24 

bVID34 = BVEST + BdB(l) 
GO TO 25 , 

24 BVID34 = 2. * 888(2) * (1. + 2MOO(2» 
25 BCHANN(l)= NCB * (BVID12 ~ 1.OE-03 + NAPV*O.15E-03) 

bCHANN(2) = NCB * (BVID34 + 1.0E-03 + NAPV*O.15E-03) 
DO 1'700 13=1,NF.BAND 
IF(I3.NE.IFBANO(13» GO TO 1700 
19=1 ' 
IF(I3,EQ.2) 19=2 
IF(13.GE.3>' 19=3 
IF(BOWOTH(I3).GE.BCHANN(2» GO TO 50 
IFLAG = 1 . ' 
CALL ERROR(IFLAG) 
GO TO 1700 

50 D(3) = 70. * CVEL / (BMWDTH * FREQ(I3» 
IF (D(3).LE,DABO(Il» GO TO 60 ' 
IFLAG = 2 
CALL ERROR(IFLAG) 
GO TO 1700 

60 CONTINUE , 
IF«11.EG.5).AND.(O(3).LT.03BO» GO TO 65 
GO' TO 66 

65 IFl.AG- = 5 
CALL ERROR ('!FLAG,) 
GO TO 1700 

66 CONTINU~ 
124 = 2 
IF(I3.EQ.3) 124 = 1 
FREQl = UPFREQ(I24) 
D(2) = 70~* CVEL / (BMWOTH *'FREG1) 

J __ .~_.u 'w"'.· ,"",,~_ .. mo .....,.£., ... ' ..... "'*"~~:.:..-,~ .. 

, 
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IF«11.E~.4).OR.(Il.EQ.6» 0(2) = 70. * CVEL / (FREG1 * BWUPL) 
IViPTYPE = I\JPTYPE 
IF(I1,NEJ5) MPTYPE = 1 
DO 1600 I6=1,MPTYPE 
IFCI6.NE.IPTYPE(16» GO TO 1600 
00.1500 I7=1,NXMTR 
IF(17,NE.IXMTR(I7» GO to 1500 
IF(CI2.EG.1).AND,{I3.GT.2» GO TO 250 
GO TO (1,2,3,4),17 

1 IF(I3,EQ.l) GO TO 650 
GO TO 1500 

2 IF(I3,LE.2) GO TO 650 
GO TO 1500 

3 IF« (I2,EQ.l) .AND. (I3.lE.2» .OR. «I2.EG.2) _AND. (I3.LE.2») ep TO 
* 650 

GO TO 1500 
4 IF(I2,EQ.l) GO TO 250 

IF(I3.GT.1) GO TO 650 
GO TO 1700 

650 CONTINUE 
DO 1300 113=1,NRAD 
IF(I13.NE.IRAO(I13» GO TO 1300' 
001200 114~1'NSTK 
IF(114.NE.ISTK(I14)) GO TO 1200 
DO 1100 I1b=1,NATT 
IF(I15.NE.IATT(I15» GO TO 1100 
DO 1000 I20=1,NBATT 
IF(I20.NE.IBATT(120» GO TO 1000 
CLBTT = (LSAT - LBATT(I20» / lBATT(I20) 
IF(OlBTT.LE.O.) D~~TT= O. 
'WRBTT = 1. + RRWBTT * OlBTT 
VRtiTT = 1. + RRVBTT * DlBTT 
CRBTT = 1. + RRCBTT * DL~TT 
116 = 1 
IF(I21,GT.l) 116 = 2 
IF(13.GT.l) 116 ~ 2 

970 CONTINUE 
CALL MADD (N, 1., X, 0 • , XO ( 1, 11) , I, ,.x) 
CALL INIT (X,N,M,L) . 
CALL CONV (X,N,M,l) 
IF(13,GT.l) GO TO 1000 
IF(GC4).LE.I00.) GO TO 1000 

,I F ( I 16 • E Q • 2) GO TO 1000 
116 ;:; 2 
GO TO 970 

"1000 CONTINUE 
1100 CONTINUE 
1200 CONTINUE 
1300 CONTINUE" 
1'500 'CONTINUE 
1600 CONTINUE 
1700 CONTINUE 
;1800 CONT INUE 
',250 CONTINUE 

1900 CONTINUE 

/I , 
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2000 
6000 
3003 
3002 
3001 
3004 

_.;,f) ~ __ 

COI-.JTINUE 
CONTINUE 
(,;ONTINUE 
CONTINUE 
CONTINUE 
CONTINUE 
XLAT = XLAT * 
XLONG = XLONG 
60 TO 9999 

END 

57.29577951 
* b7.29577951 
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5 .2 SUBROUTINE INIT 

The main function of subroutine INIT i,f,{ to set boundaries and 

initialize certain parameters which are configuration dependent. The sub­

routine also canputes the learning curve coefficients to be used in determin­

ing the cost of the ground downlink system. The f'low diagram is given in 

Figure 5.2. 
This rc)Utine calculates the number of' audio channels (NAUDC) from 

the number of audj.o channels/video (NAPV') and the number of video channels (NC). 

It sets the flags for launch vehicle type (rlB) and for structure (112). 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 pira- ' 

meters. It canputes the feed length( s) (XLFl and XLF2), the packaged length 
, . 

of the antenna (XLA.), the upper boundary on the length of the equipnent 

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 f'eed boom type (14, 15, respectively). 

For concept E, it computes the d.iameter of the equipnent module (DEM) which, in 

this case, is dependent on the diameter of'the downlink antenna (D3). 

The initial value of' the vector of independent parameters, Xo' 

is then canpared against the boundary values, ~, to see whether any are 

exceeded. If a boundary is· exceeded, the initial value xoj is replaced by 

its bOlL'I1dary value "bj. 

The coefficients for calculating weight and volume of the down­

link' antenna and feed bean are then set as a function of type. 

I' , ... 
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Figure 5. 3 Flow Diagram = Subrou.tir:te INIT 
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SUBROUTI~E INIT (x,N,M,L) 
COMMON/BOUNO/IARRAY(15),JARRAY(15),YMIN(15),YMAX(15) 
COMMON/DlAM/0(4),G(4) 
COMMON/MAIN/ 11,12,13,14,15,16,17,18,19,110,111,112,113,114,115 

* . ,116,117,118,119,120,121,122,123,124,125 
* ,XQ,XJ,XK,XL,XP1,XM,XP2,XN,XP3,XY,XP4 
. COMMON/MISC/ BLEM,BVEM~XLF1,XLF2,XLF,XLA,SNRG,XTA,XIMPRV(2),BVID12 
* ,BVID34,TSTRCT,AMAJR,BMINR 

COMMON/NUMB/ NTR,NCTR,NF,LSYS,NSL,NRS,NLV,NRLV,NRSTA,NB,NCB,NC 
* ,NCTRF,NTRF,NCF,LSAT,FREQ1,GR85,GR89,GR95,GR,XNGR,XNGRP 
* ,NAPV'NAUDC,PDNSE,ITASO,NBRQD,AOC,N~A'T,NBS,SETDNS,JIT 

COMMON/PARA/ PLOG,ETA,ARD,VTR,WTR,FREQ4,XNS,RHO,AKP,XNG 
*' ,CE,CMFG,WEM,WLOG,PGLOG,CSTPYR,G4LOG,TLOG 
.• ,VEM,WSTLOG,PSLOG,WHLOG,PRLOG,D1LOG 
* ,Dt~LOG, PTALOG ,PCULOG, PPCLOG ,PPTLOG, CEPP ,CMFGPP 

COMMON/PARBD/PGMIN,PGMAX,D1MIN,DIMAX,D4MIN,D4MAX,TRMIN(2),TRMAX(2) 
* ,XLMIN,XLMAX,XNGRMX,VSABD,PTRMIN,PTRMX1,PTRMX2 
* ',PTRMX3 . 
COMMdN/SYS/WMP,VMP'WGHTB(3,3)'VOLB(3,3)'~TR(3)'ANTC(3),CSTR(~,3) 

* ,CP1(3,2),CP2(3,2),RAD1(3,2),RAD2(3,2),SK1(2,2,3),SK2(2'2'~) 
* ,PLX1(4,3),PLX2(4,3),DNLA'ANTD1(3,4),ANTD2(3,4)~CBT1~3'3) 
* , C8T2 C3, 3) , RC:CH (3) , RECH1 (;3,3,4) , TRBD1 (2,4) , RECH2 (3,:3) , TRBD2 (2) 
* ,RECA1;RECA2,ANTH(3,4),XINST1,XINST2,CINST(3,4),CRCUR(3,2) 
* ,CRCNR(3'2),NOANT(8),DCYCLE,ARCVR(4),ETAPT,~TAPC,ETAB,ETAPCU 
* ,ETALCF,RHOPC,DGRb(2),WPTR(3) ,WCU1,WCU2,WCU(3,3),WPCN(3) 
* ,WLCFP1,WLCFP(2,2),VPTR1,VPTR(3,2),VCU1,VCU(3,2),VPCN1 

. * ,VPCN(3,2),VLCFP1,VLCFP(2,2),CENGP1,CENGP2,CMFGP1,CENGPC(3,3) 
* ,CMFGPC(3,2),CLC1,CLC2,CENGLC(2,3),CMFGLCC2,3),XCNST 
* ,DEGR~D,CPTUR(3),C~TNR(3),CPCUUR(3),CPCUNR(3),CPCUR(3),CPCNR(3) 
* ,CBETA,SBETA,IETBD1,IETBD2,WMUX(3,3),WHARR(3,S),CHARUR(3) 
* ,CHARNR(3),NPROTO,SKLS1(2,2,3),SKLS2(2,2,3),ATT1(2,2,3) 
*,ATT2(2,2,3),.ATLS1(2,2,3) ,ATLS2(2,2,3) ,IAML,IWS,AMLL.OG. 
* ,DFMRECfPARANT(4),NRGR,ACQLVC8),ENGLV(8),ACQMP(8),ENGMPCS) 
* ,URCBSM,ENGBSM,URCMDA,ENGMDA . 
* ,RCVR1(2),RCVR2(1),HRCVR1(3,4),HRCVR2(3,2),XLC1(3,2),XLC2C3,1) 
* ,XLC3(3,1),RCVC2,RCVC3,DELC1,DELC2 
COMMON/TAB~EI AWGHT(3,4,3),AVOL1(3,4,3),AVOL~(3,4,3),ACE~Gl(3,4'3) 

* , ACENG2 ( 3,4,3)', ACENG3 (3,4,3) , ACMFG'l (:3 , 4,3) 
* ,ACMFG2(3,4,3),AETA(3,4,3),FWGHT(3,4,3),FVOL1(3,4,3) 
• ;FVOL2(3,4,3),FCENG1(3,4,3),FCENG2C3,~,3) 
* ,.FCENG3(3,4,3),FCMFG1(3,4,3),FCMFG2(3,4,3) 
* ,FETA(3,4,3),PSPPL.Y(4,2),ANT(4,2) 
*. .FBOOM(4,3),BCHANNC2),DABDt8),BLNGTH(8) 
* 'BVOL(8),BWGH~(8),DEM(8),FREQi4t,BDWOTH(4) 
* '. ,UPFRE<H2) ,EXPR,FDLINE 

REAL NREC1'NREC2,NREC3,NREC41,NREC42,NREC43,Kl,K2,~OANT 
REAL KATTN1,KATTN2,LSYS,LSAT,NBRQO,NLV,NTR,NAPV,NAUPC,NCF 
REAL LTR'LRCVR~LPT,LBA'TT,LPC'LPCU,LLCF . 
REAL NSAT,NBS 
REAL NRGR 
DIMENSION X(l) J 

NAUDC = NAPV * NC 
NTR = NC 
NLV = LSYS I L5AT 
118 = 1 
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IF ( 11. EG. 5) 118 = 2 
112 = 1 
IF(I1.EQ.~) 112 = 2 
DA = 0(3,) 
XNGRP = XNGR * NSAT * NBRQO 
XNGRPP = XNGRP 
IF'( XNGRP., GE. XNGRMX) XNGR'PP = XNGRMX 
6R89 = 'O~;NGRPP**. 83188 - .16812) I (X~JGRPP* .83188'> , 
GR95 = (XNGRPP**.92599 - .07401) I CXNGRPP * .92599) 
XNGRPP = XNGRPP * NRGR ' 
IF(XNGRPP.GT.XNGRMX) XNGRPP = XNGRMX 
GR85 = (XNGRPP**.76554 • .23446) I (XNGRPP * .76554) .0. SET BOUNDS ••• 

YMIN(l) = PTRMIN 
YMAX(I) = PTRMXl 
IF(I3.GT.2) GO TO 5 
IF(I9.EQ.l) YMAX(l) = PTRMX2 

5 CONTINUE 
·IF(17.EQ.(~) YMAX(l) = PTRMX3 
XLF1 = O. 
XLF2 = O. 
GO TO (10/120,30,40,50,60,80,30), 11 

10 IF (DA.GT t 5) GO TO 15 
XlFI = .2 * DA + .25 
XLA = .5 
14 = 2 
15 = :3 
BLEM = BLNGTH(lf) - XLF1 - XLA 
,GO TO 80 

15 XLFI = . (.2 * OA + .25) 
XLA = .1:2 * DA 
14 =' 1 
15 = :3 
bLEM = BLNGTH(I1) - XLF1 -,XLA 
GO TO 80 

20 IF( DA.GT, 6.~7) ~O TO 25 
XLFl = .2 * OA + .25' 
XLA = .5 
14=2 
15=3 
~LEM= BLNGTH(Il) -XLFi~XLA 
'GO TO 80 

25 XLF1=.5*(,2*DA+,25) 
XLA = .12 * DA 
14=1 
15=3 
tiLEM=SLNGrH(!1) -XLFI-XLA 
GO TO 80 

30 IF«DA.GT.25.)SO TO 35, 
XL~1 = .2 * DA + .5 ,I 

XLF2 = .2 * D(2) + .25' 
XLA = ,11 * DA 
14=1 
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15=3 
bLEM = BLNGTH(ll) - XLFl - XLF2 - XLA 
GO TO 80 

35 XLFl = .10 * OA + .5 
XLF2 = .2 * 0(2) + .25 
XLA = .11 * OA 
14=1. 
15=-1 
BLEM = BLNGTH(ll) - XLFl - XLF2 - XLA 
GO TO 80 

~O CONT INUE 
XLFl = .2 * OA + .25 
14 = 2 
15 = :3 
GO TO 80 

50 CONTINUE 
XLFl = .02 * OA + 3.0 
XLF2 = .2 * 0(2) + .25 
XLA :: .11 * OA 
14 = 1 
15 = 2 
BLEM = BLNGTH(ll) - XLA - XLFl - XLF2 
DEM(5) = .10'* OA 
GO TO 80 

60 CONTINUE 
14 = 1 
15 = :3 

80 GO TO (110'130,130,140'150,1~0'190,180), 11 
'110 BVEM=13.3*BL~M 

GO TO 190 
130 CONTINUE 

BVEM = 25.3 * BL.EM 
GO TO 190 

140 CONTINUE 
t:sVEM = 882. 
IF(122.EG,O) BVEM = 160fr. 
GO TO 190 

150 CONTINUE 
bVEM = (3.14 I ~.), * BLEM * OEM(Il) **2 
GO TO 190 

160 CONTINUE 
bVEM = 563. 
BVEM = 900. 
IF(I22.EG.O) BVEM = 1300. 
GO TO 190 

180 BVEM = 78.5 * BLEM 
190 CONTINUE ' 

YMIN(2):0. 
YMAX(2)=BWGHT(Il) 
YMIN(3)=0. 
YMAX(3)=BvEM 
YMIN(4)=Q. 
YMAX(4)=BVOL(Il) 

'yMINJ5) = PGMIN • " PG "'. 
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. YMAX t 5'- = PGMAX 

YMIN(6) = O. 
YMAX(6) = BVOLtIl) 
IF(Il.EQ.3) YMAX(6). = VSABD 
IFtll.EQ.8) YMAX(6) = 4000. 
XLr:=XLF1+XLF2 

YMINtM+l) = 01MIN 
YMAX(M+l) = D1MAX 
YMIN(M+2) = D~MIN 
YMAX(M+2) = D4MAX 
K = 1 
IF(I3.GT.l> K = 2 
YMIN(M+3) ; TRMIN(K) 
YMAX(M+3) = TRMAX(K) 

• • • Vpp ••• 

••• INDEPENDENT PARAMETERS 

c •••. CHECK INDEPENDENT PARAMETERS 80S •• , 
·00 200 I:l,N 
',"-= I + M· 

:' IF(X(I) .LT.yMIN(J». X(I). = YM·IN(J) 
II· 'IF(X(I) .GT.yMAXhJ». X(l) = YMAX(J) 
\).200 CONTINUE. 
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5.3 SUBROUTINE CONY 

When control is returned fran subroutine INIT, the driver calls 

subroutine CONV. The function of CONY is to control execution of the 

iterative optimization technique. A flow diagram. is given in Figure 5.4. 

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

MBPRV is initialized. 

MBPRV = 0 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 is canpar~.d to the maximmn 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 Yi for the current iteration i 

(i = ITER+l). Then subroutine BCEECK is called to determine whether or not 

any boundaries are exceeded. The routine returns the ntmlber of boundary 

violations (ME). If there are no violations, lUCi 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 

c01.Ulter is reduced. The step-size control factor (S) is reset to i.ts 

previous value (SP) e Yi (~=ITER) is then recalculated. A new perturbation 

is then canputed which takes the boundary condition into account. 

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

the cost gradient (GRAD) and the gradient of the component exceeding the 
T boundary by the greatest degree (p ). A scaling factor is then applied to 

the partials with ;respect to the effective noise temperature of the 
(,' 

receiver. 
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If there is no boundary violation, 

tJ:. :=- - K g. i c 

If there exists a boundary violation, 

[ "" ·T )-1 TJ ~i = - K c g. I - 't'\ q> q;> cl> g 
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The angle betwelsn the previous two perturbations is calcuJ.ated and used 

to canpute the step-s ize control factor (as explained in Section 2.2). 

The step is applied and X' = Xi + ~i is checked against its 

boundary values It If bOUlldB:ries are violated, the appropriate canponents 

ax'e pla.c~d on the boundary and 6Xi is adjusted to reflect this change. 

The convergence test is then applied to tJCi • If' convergence has 

been achieved, an exit is performed; if not, control is transferred to 

perform an additional iteration. 

i I tJ:.jl 
The convergence test requires that 'X j t s: C (c input) f~r all 

components j = 1,2,3 for a preselected number of consecutive iterations 
(MeONY). 

.i, 5 .. 22 ..' 
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! 

CALL NO 
SUBROUTINE 
SYSEQ X, 

CALL SUBROUTINE 
BCHECK 
(COMPARE VI AGAINST 
BOUNDS) 

MB = # OF BD. 
VIOLATIONS 

CALL SUBROUTINE PRTIAL 
(CALC. ~ AND GRAD, 9 

SCALE ~ (3)"AND 9 (3) 

INITIALIZE ITERATION 
COUNTER: 1=0 

---"'li======-------'1 

1 = 1- 1 

CALL 
SUBROUTINE 
SYSEQ 

...... _----_.,_. 
,..------',.,.. 

CALCULATE [ 
KC' i.Y, Ky ~ SET FLAG 

LlX
I 
= -KC£I-~(~T~f'~TgJ 

( T -I 
-Ky~ ~~) A~ 

SCALE 
AX (3) 

CALCULATE 
O! = 4. {6X

I
_
1

, AX
I 

NO 

Figure 5.4 Flow Diagram - Subroutine CONY 
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K = S 
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- -, 
X=X 

I 

NO 

APPLY CONVER­
GENCE TEST 

~'l IX~j J < € 

SCALE 5, 
£\X I USING 

UPDATE XI 
-; -
X =X1+ AX

I 

CALL 
SUB 
OUTPTX 
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, ... ·1-----~0 

* j indicates com'ponen't 
. violating the boundary 

Figure 5.4 Flow Diagram - Subroutine CONY -Continued 
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400 

100 

401 

402 

'+0'+ 
405 

'+03 

. 
,+06 

101 

105 

SUBROUTINE CONV (X,N,M,L) 
COMMON/BOUND/IARRAY(15),JARRAY(15),YMIN(15),YMAX(15) 
COMMON / CNVRGE / EPSLON,MCONV,ITMAX,PSIK,GRAO(5) 
COMMON/PARAI PLOG,ETA,ARD,VTR'WTR,FREQ4,XNS~RHO,AKP'XNG 

* ,CE,CMFG,WEM,WLOG,PGLOG,CSTPYR,G4LOG,TLOG 
* ,VEM,WSTLOG,PSLOG,WHLOG,PRLOG,OlLOG 
* , D4LOG, PTALOG, PCULOG, PPCLOG, PPTLOG, CEPP, CMF.GPP 

REAL NRECl,NREC2,NREC3,NREC41,NREC42,NREC43,Kl,K2,NOANT . 
REAL KATTN1,KATTN2,LSYS,LSAT,NBRGO,NLV,NTR,NAPV,NAUDC,NCF 
REAL LTR,LRCVR,LPT,LBATT,LPC,LPCU,LLCF 
DIMENSION Ll(10),L2(10) . 

* 
DIMENSION PT(5,10), P(10,5),PPT(10,10),PPTI(10,10),PSI(10), 

STOR(10),PTPPTI(S,10),H(5,5),HG(S),OX1(5),DX2(S)lDX(S), 

* DIMENSION 
X(S),Y(20),STOR1(lO),XP(S),OXP(3),DX2P(3) 
lC2(5),IC3<'5) 

ITER = 0 
l.)O 400 1=1,5 
IC2(1) = 1C3(1) = 0 
k1 = 10. 
IViBPRV = 1 
IF(ITER.EQ.ITMAX) GO TO 350 
CALL SYSEQ (X,Y,lTER,N,M,L) 
ITER = ITER + 1 
CALL BCHECK(Y,MB,KS,MBS,N,M,L) 
IF«M8PRV.EQ.0).AND.(MB.NE~0» GO TO 101 
DO 401 1=1,4 
lC2(0-1) = lC2(5-1) 
IC3(o-I) = IC3(5-1) 
lC2(1) = lC3(1) = 0 
IF(OX(2) * DX1(2).LT.O.) IC2(1) = 1 
IF(DX(3) * DX1(3) ,LT.O. )IC~(l) = 1 
ISUM2 = ISUM3 = 0 
DO 402 1=1,5 
ISUM2 = ISUM2 + IC2(1) 
ISUM3 = ISUM3 + rCj(I) 
IF(ISUM2.LE.ISUM3 + 2) GO TO 403 
Rl = 2. * lil 
UO ~05 1=1,5 
lC2(I) = lC3(1) = 0 
GO TO 406 
IF(lSUM3.L£.lSVM~ + 2) GO TO 406 
Rl = Rl / 2. 
GO TO 404 
CONTINUE 
GO TO 105 
CALL MADD(N,l,X,l.,DX'-l.~X) 
ITER = ITER - 1 
S = Sp 
CALL MADD(N,1,DX2,O.,DX1,l.,DX2) 
CALL SYSEQ(X,Y,ITER,N,M,L·) 
CALL PRTIAL(Y,X,PT,MBS,N,M,L,ITER,MB) 
R2 = 1, 
c.;RAD (1) = 
GRAD(3) = 
PT (:3,1) = 

R2 * GRAD(l) 
Rl*GRAD(.3) 
Rl*PT(3,1) 
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PT(l,1) ; R2 * PTC!,l) 
IF(ITER.LE.2) 5 = 1. 
IF(M8.EG.O) GO TO 200 
MBPRV = l' 
~IBP = 1 
CALL TRS(PT,P,N,MBP) 
CALL MTMPY(P,PT,PPT,MBP,N,MBP) 
CALL INVL(PPT,PPTI~MBP,MBP,Ll,L2,DET,IDFLAG) 
"IF(IDFLAG.£Q.1) GO TO 1000. 
IFLAG = 3 . 
CALL ERROR(IFLAG) 
GO TO 2000 

lQOO CONTINUE 
1 = 1 
J = IARRAY(MBS) 
K = ~ARRAY(MBS) 
IFeK~EQtl) GO TO 178 
p~i(~) = Y(J) - yMAXeJ) 
GO TO 180 

178 PSIC!) = Y(J) - YMIN(J) 
·180 CONTINUE 

psIK = 1. 
CALL MTMP~(P~TI,PSI'S70R,MBP'MBP'1) 
CALL MTMPyepsI,STOR,VALUl,1,MBP,1) 
CALL MTMPY(PT,PPTI,PTPPTI,N,MBP,MBP) 
CALL MTMPY(PTPPTI,P,H,N,MBP,N) 
CALL MTMPY(H,GRAD,HG,N,N,l) 
CALL. MADD (N, 1 , GRAD, 1 • , HG, -1. , HG) 
CALL MTMPY(HG,HG,HTH,1,N,1) 
XK =(S**2 - PSIK * VALU1) I HTH 
IFeXK.LT.O.) GO TO 190 
XK= XK**.5 
GO TO 195 

190 XK=O. ! 

195 CALL MTMPYCPT,STOR,STOR1,N,MBP,1) 
CALL MADD(N,l'HG,-XK,STO~l,-PSIK'DX) 
OX(3) = Rl * DX(3) 
OX(I) = R2 * DX(1) 
GO TO 250 

200 GRADM = VMAG(GRAD,N) 
XK : S IGRAOM 
MBPRV : 0 
DO 225 I=l,N 
DXCI): -XK * GRAD(I) 

225 CONTINUE 
OXCl) = R2 * OX(l) 
.DXC~) : Rl * OX(3) 

250 CON'TINUE 
.IFCITE~.EQ.l) GO 10 252 
OXP(l) = o. 
OXP(2) = DX(2) 
OXP (;5) =. OX (3) 
OX2P(1) = 0, 
DX2P(2) : OX2(2) 
DX2P(3) = OX2(3i 
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vox = VOOT(OXP,DXP,N) 
IF(VOX.EG.O.) GO TO 350 
VOX = SQRT(VDX) 
CALL MTMPY(OXP,OX2P,VALUE,i,N,lt 
CALPHA = VALUE / (VOX * VMAG(OX2PpN» 

. DO 201 1=1' t: 
UX(I) = DX(!> *(.75 + .25 * CALPHA) 

251 CONTINUE 
SP = 5 
IF(CALPHA.LT.O.) S = (.75 + .25*CALPHA) * 5 
IF(CALPHA.GE.0 •• ANO.ITER.LE.10) 5=(.5 + 1.5*CALPHA). S' 
IF(CALPHA,GE.O •• ANb.LTER.GTolO) 5=(.55 ~ .45*CALPHA) * S 
IF(S.GE.20.) 5 = 20. 

252 CONTINUE 
IF (lTER .Ea.l) OXpp = 10. 
IF (GRAOP*GRAO(l) .LT. 0.) DXPP ~ DXPP/2. 
DX(l) = -DXPP *GRAO(1)/ABS(GKAD(1» 
(;RADP = GRAD(l) 
CALL MAOO(N,l,X,l.,OX,l.,XP) 
DO 230 I=l,N 
IF(XP(I).LE,YMAX(M+I» GO TO 231 
OX(l) = YMAX(M+I) - XCI) 
XP(I) = YMAX(M+I) 
GO TO 232 

231 IF(XP(I).GE,YMIN(M+I» GO TO 232 
UX(l) = YMIN(M+I) - XCI) 
XP(l) = YMIN(M+I) 

232 CONTINUE 
230 CONTINUE 

VOX = VDortDx,OX,N) 
!F(VDX.EQ.O.) GO TO 350 
DO 291 I=l,N 
DX1(l} = OX2(I) 
.DX2(I) = oX(!) 

291 CONTINUE' 
JFLAG :: 0 
JCON" = 0 
DO 300 K=l,N 
RATIO = ABS(OX(K)I X(K» 
IF(RATIO.LE.EPSLON) JCONV = JeONV ~ 1 
X (K) = XP (K) 

300 CONTINUE 
CALL OUT(S,XK,HG,STOR1,OXpy,ITER,MB,MBS,KS,JCONV,ICONV,N,M,L,Rl) 
IF(JCONV.LT.N) GO TO 325 
leONV = leONV + 1 
IF(ICoNV.LT. MeONV) GO TO 100 
JFLAG= 1 
GO TO 350 

325 lCONV = 0 
GO TO 100 

350 CONTINUE 
2000 CONTINUE 

CALL ZERO(PT,5,lO> 
CALL OUTPTX (Y,N,M,L) 

i RETURN 
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5.4 SUBROUTINE SYSEQ 

The subroutine SYSEQ is used to calculate the values of the system 

parametric relations, Yi(Xi ), and the cost elements of the system at iteration i. 

Those calculations not dependent On the value of Xi are performed 

only e.t the first call to sul,routine SYSEQ (ITER=O). These include: 

a) the terms for the attenuation model, 

b) the temperatures for the nois e model, and 

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

are not a function of Xi. 

Subroutine PLACE is called by SYSEQ to set the coefficients to be . 
used in determining the weight, volume, cost, and efficiency terms of the 

d~11ir~ transmitter. 

The system equations for the spacecraft system include implicit 

f\mctionso 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 total system cost is determined on 

8 cost/year/beam basis. 

The unit recurring, non-recurring, acquiSition, and operations 

cost elements are numbered 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 

list (more or less in the order in which they appear). 
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TABLE 5.1 SYSEQ PA~AME'lER LIST 

NBS Number of downlink beams {antennas)/satellite 

NT.R Number of downlink transmitters 

NC Number of downlink channels/satell1'C;e 

XPl'1,XPr2 Transmitter pointing losses (uplink, downlink) 

RPI'L,RPr2 Receiver pointing losses (uplink, downlink) 

Pl, P2 Polarization losses (uplink, downlink) 

EL Elevation angle of satellite beam 

XLR12, 
XLR34 
XLRH34 
XLC12 , 
XLC34 

Attenuation due to rain 

Attenuation due to rain (horizontal) (downlink) 

Attenuation due to clouds (uplink, downlink) 

GDC-DCF70-002 

XLA12, 
XLA34 Atmospheric attenuation {Oxygen and water vapor) (uplink,downlink) 

FSL12, 
FSL34 

XT.MUX 

XIMUXl 

ATL1, 
ATL2 

XCIRCl 
XCmC2 

RCIRel 
RCnW2 

XL12, 
XL34 

XNS 

TeOS 

TOO 

TI 
'M 

TC 

Freespace loss (uplink, downlink) 

Multiplexer loss (downlink) 

MultipleXer loss (uplink) 

Total atmospheric attenuation (uplink, downlink) 

Irransm~tter circuit loss (uplink, dow:nlink.) 

Receiver circuit 106s (uplink, downlink) 

Total 10SI,3 (uplink, downlink) 

Effective temperatttre noise at the satellite 

Ambient cosmic temperal'c'Ure 

Brightness temperature contl"ibution, cosmic 

Brightness temperatu~ contribution, ionosphere 

Bright~~ss temperatu~ contribution, annc)sphere 
, 

Brightness temperature contribution, cloud 
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TR Brightness temperature contribution, rain 

TT Brightness temperature contribution, transmission line 

'DiM Ambient noise temperature, man-made 

TM Brightness temperature contribution, man-made 

WMP, VMP,F.MP Weight, volume p :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 

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

FI:tC Power required for inst,rumentation and camnunication 

ADEGRD 

D(l) ,G(l) 

D(2) ,G(2) 

D(3),G(3) 

D(4),G(4) 

NCB 

WINC,VINC 

x.r;XJC 
XK,XKC 
ETALC 

Degradation factor for antenna 

Ground uplink antenna diameter and gain 

Satellite uplink antenna diameter and gain 

Satellite downlink antenna diameter and gain 

Ground downlink al"~:lienna, diameter and gain 

Number of channels/beam 

Weight and volume of ins1i;rumentation and canmunication hardware 

Coefficients for equations of weight of power supply 

Coefficients for equations of vol1m1e of power supply 

Eff~ciency of L/c filter 

XCNST Conversion factor from peElk to peak to nns 

WREC, VREC, P.R Weight, volume, and pOWell:' of spacecraft receiver 

WMPJLiX, VMPLX Weight and volume of multiplexer 

WUI'LA, VUPLA Weight and volume of 8p:1.c:ecraft uplink antenna 

W,A"VA 
W7FB 

Weight and volume of downlink antenna 

Weight of feed boan for dOW1Uink antenna 

CRECl,CREC2 Unit recurring and non-rect~ring cost for the spacecraft receiver 

CMPLXl, 
CMPLX2 

CANTDl, 
CANTD2 

Unit recurring and non-recurring cost for the spacecraft multi­
plexer 

Unit recurring and non-reQ~~1ng cost for the spacecraft 
downlink· antenna . 
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CUPLl, CUPL2 Unit recurring and non-recurring cost for the ~PBcecraft 
uplink antenna 

NaL NtUllber of satellite/launch 

as Relative discrimina1~ion of antenna to cosmic and sky noise 

GM 
GE 

TEFF 

XNG 

Y(l) 
PrA 

lVIEV'. 

ICIEV 

ETA 

ET.AP 

PIeF 

PPCU 

PPC 

PB 

PPr 

PPSD 

PPS 

WHRS 

WP.r 

WAR 

WPCU 

WPC 

WIeF 

WCOND 
VP!' 

VPCU 

Relative discriminai~ion of antenna to man-made noise 

Relative discrimina1~ion of antenna to earth noise 

Effective noise temperature 

Ambient ground noisle 

Downlink transmitter power output/v1~deo channel 

Downlink transmitter power output/audio channe 1 

Vector indicating JLevel 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 determin,e cost of the downlink transmitters 
(video and audio) 

Efficiency of downlink video transmitters 

Efficiency of d~l1ink audio transmitters 

t / c filter power 'output 

Power cont~ol un:J.t power output 

Power conditionir.tg unit power output 

Power out of the battery 

Input power to power conditioning unit 

Prime power supply requirement (degraded) 

Prime power supp:J.y (before degradation) 

Battery watt hou:rs requirement 

Weight of the pO\~er transfer unit 

Weight of the harneSSing 

We ight of the power control unit 

Weight of the powler conditiooing unit 

Weight of the tic filter 

Total we ightof the power subsystem 

Volume of the powE~r transfer unit 

Volume of the power control unit 
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VICF 

VCOND 

CPTlD 

CHARlD 

CPCUlD 

CPClD 

CWFlD 

CICF2D 

CPT2D 

CHAR2D 

CPCU2D 

CPC2D 

CONDlD 

COND2D 

AREA 

PRI7l' 

WTR 

WTRP 

VTR 

VTPR 

WPP, VPP 

WBATT, VBAT.r 

VEN 

XIEN 
VSTRCT 

WSTRCT 

AEFF 
PRDEM 

PRD 

Am> 

WHD 

VRD 

Volume of the power cooditicning unit 

Volume of the tIc filter 

Total volume of the power subsystem 

Unit recurring cost of power transfer unit 

Unit recurring cost of harnessing equipment 

Unit recurring cost of power control unit 

GDC ... DCF70-002 

Unit recurring cost of power conditioning unit 

Unit recurring cost of t /c filter 

Nan-recurring cost of tIc filter 

Non-recurring cost of power transfer unit 

Nan-recurring cost of harness ing 

Non-recurring cost of power control unit 

Non-recurring cost of power cmditioning unit 

Total unit recurring cost ()f power subsystem 

Total non-recurring cost of power subsystem 

Area. required by power suppl¥ 

Total radiated power 

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 suppl¥ 

Weight and volume of batteries 

Total eqUipment mcdule volume 

I£ngth of the e.quipmentmodule 

structure volume 

Structure weight 

Effective area 

Radiated power of equipnent mcxlule 

Power radiated 

Area r~quired 

Weight of thermal control system 

Volume of thermal control, system 
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YM, YL 

WEM 

WT<Yr 

V'roT 

CE 

CEPP 

CMF'G 

CMFGPP 

Y(5) 

CTL 

GR 

SETDNS, 

enTREe 
CINTL 

CINDIS 

CINANT 

CSTPm 

GDC-DCF70-002 

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 

Non-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 (groond downlink) 

Learning curve coefficients 

Density of TV sets (sets/mi. 2 ) (for CATV distribution) 

Receiver installation cost 

Transmission line installation cost 

Installation cost of cable distribution equipment 

Antenna installation cost 

Total cost/year/beam 
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The individual cost elements for the four subsyf{'tems are given by 

the following storage vectors: 

URECl 

NRECl 

ACQCl 

OPCl 

'UREC2 

NREC2 

ACQC2 

O~2 

UREC3 

NREC3 

ACQC3 

OPC3 

UREc4 

NREC4 

ACQC4 

opc4 

Unit recurr lng costs, ground uplink system 

Non-recurring costs, ground uplink system 

Acquisition costs, ground uplink system 

Operations costs, grrund uplillk system 

Unit recurring costs, spacecraft system 

Non-recurring casts, spacecraft system 

AcquiSition costs, spacecraft system 

Ope rat i ors costs, spacecraft system 

Unit recurring costs, launch vehicle 

Non-recurring costs, launch vehicle 

Acquisition costs, launch vehicle 

OperatiOns costs, launch vehicle 

Unit recurring costs, ground downlink system 

Non-recurring costs, grrund downlink system 

Acqusition costs, grc,und downlink system 

Operaticms ccsts, gJ~ound downlink system 

~g~t~,···, Total unit recurring cost of each subsystem 

TNREC (1) , • • • , T......... 1 ' t f h b t 'lWREC(4) v",a non-recu.rring cos 0 eac au aye em 

TACQC ( 1) , • • • , Tot 1 i it t f h b t TACQC(4) ,a acqu s ion cos 0 eac~ au aye em 

'ro~( 1), ... , 
TOPC(4) Total operations cost of each subsystem 

See Appendix D for cost model;.. 
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CALCULATE 
UPLINK & 
DOWNLINK 
ATTENUATIONS 

CALCULATE 
NOISE 
TEMPERATURES 

SET OR CALCULATE 
WEIGHT, VOLUME, AND 
COST TERMS WHICH DO 
NOT DEPEND ON xI 
(INCL. TOTAL L.V. COST) 

NO 

INITIALIZE TERMS 
FOR FIRST ITERATION 
ON SYS TEM EO. 

J = 1 

COMPUTE VARIABLE 
WEIGHTS, VOLUMES, 
AND COST OF . 
SPACECRAFT ELEMENTS 
(J=J+l) 

CALCULATE 
YeS) 
& Y(6) 

GDC-DCF70-002 

I = ITERATION NO. 
x I = VECTOR OF INDEPENDENT PARAME1iE~S 

YES 

CALC Y (1) = PTR ] 

CALL SUB PLACE 
(TO SET COEFFfclENTS 
TO CALC WT, VOL, 
COST, EFFICIENCY 
OF DOWNLINK XMTR) 

YES 

CALCULAT.(:;._ 
REMAINING 
SPACECRAFT 
COST TERMS 

/ 

COMPUTE 
Y(2), Y(3) 
AND Y (4) 

Figure 5.5 FIQW Diagram - Subroutine SYSEQ " 
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Figure 5. 5 Flow Diagram - Subroutine SYSEO"- Continued 
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SUBROUTINE SYSEQ (~,Y,ITER,N'M,L) 
COMMON/ATTN/ BVEST,B8B(2),ZMOD(2),XLAT,XLONG,RP,BT1(2),BT2(~) 

* ,AT1(2),AT2(4),KATTN1(2),KATTN2(4),TZ1(2),TZ2(4),XLI,XlTl,XLT2 
* ,XLT3,XLT4,XPT1,XPT2,RPT1,RPT2,Pl,P2,COSNT(4),TION,TATM,TCLOUD 
* ,TRAIN,TTL,AMMT(3,4),TE,TKCVRS,GE1,GE2,GS1,GS2,GM1,GM2,GSX(3,3) 
* ,GEX<3,3),GMX(3,3),AMTPLX(4),BMTPLX(4),TCO,TI,TA,TC,TM,TR,TT 
* ,TEFF,FSL12,FSL34,ATL1,ATL2,XCIRC1,XCIRC2,RCIRC1,RCiRC2 
* ,XL12,XL34,KGS,KGM,KGE,RPP(3),BETA,GAMMA,EL,RSL 

COMMON/BOUND/IARRAY(15),JARRAY(15),YMIN(15),YMAX(15) 
COMMON/CNST/ PI,R,CVEL,80LZ,RSAT,~E 
COMMON/ CNVRGE/ EPSLON,MCONV,ITMAX,PSIK,GRAO(5) 
COMMON/CONST/KRA,KIA,KUA,KA,KL,KCLE,KWPCU,KVPLCF,KVPT,KPCN,KVCU 

* ,KWPLCF 
COMMON/COST/ UREC1(7),NREC1(6),ACQC1(3),OPC1CI0),UREC2(15) 

* ,NREC2(20),ACQC2(4),OPC2(1),UREC3(2),NREC3(5) 
* ,ACQC3(4),OPC3(1),UREC41(2),NREC41(3),ACQC41(2) 
* ,OPC41(1),UREC~2(7),NREC42(7),ACQC42(2),OPC42(8) 
* ,UREC4j(7),NREC~j(5),ACQC43(2),OPC43(7),TUREC(4) 
* ,TNREC(4),TACQC(4),TOPC(4) 

COMMON/ DIAM/ 0(4),G(4) 
COMMON/DISCR/ GE,GS,GM , 
COMMON/MAIN/ Il,l2,I3,I4,I5,I6,I7,I8,I9,I10,Il1,II2,113,I14,I15 

* ,I16,117,118,119,I20,121,122,I23,124,125 
* ,XQ,XJ,XK,XL,XP1,XM,XP2,XN,XP3,XY,XP4 

COMMON/MISe/ BLEMr8VEM,XLFi,XLF2,XLF,XLA,SNRG,XTA,XIMPRV(2),BVIDI2 
• . ,BVID34,TSTRCT,AMAJR,BMINR 

COMMON/NUMB/ NTR~NCTR,NF,LSYS,NSL,NRS,NLV,NRLV,NRSTA,Na,NCB,NC 
* ,NCTRF,NTRF,NCF,LSAT,FREQ1,GR85,GR89,GR95,GR,XNGR,XNGRP 
* ,NAPV,NAUDC,PDNSE,ITASO,NBRQO,AOC,NSAT,NBS,SETDNS,JIT 

COMMON/PARA/ PLOG,ETA,ARO,VTf~,WTR,FREQ4,XNS,RHO,AKP,XNG 
* ,CE,CMFG,WEM,WLOG,PGLOG,eSTPYR,G4LOG,TLOG 
* ,VEM,WSTLOG,PSLOG,WHLOG,PRLOG,DILOG 
* ,D4LOG,PTALOG,PCULOG,PPCLOG,PPTLOG,CEPP,CMFGPP. 

COMMON/PARA2/WPP,VPP,PPS,WA,VA,WUPLA,VUPLA,WREC,VREC,WSTRCT,VSTRCT 
* ,WMPLX,VMPLX,WRO'VRD,WCS,VCS,WAC,VAC~PRD,WINC,VINC 
* ,WBATT,VBATT,CMPLX,CREC,CPP1D,CPT1DrCPCU1D,CLCF1D 
* ,CPC1D,CPP2D,CPT2D,CPCU2D,CLCF2D,CPC2D,CBTTID 
* ,CBTT2D,PTA,PPT,PPCU,PPC,WTRP,VTRP,VPCU,WPCU,VPC,WPC' 
* ,ETAP,~TALC,CTL,UCOSTR,COND1D,COND2D,WCOND,VCOND,PLCF 

. I * ,VPT, CHARID, CHAR2D, CINANT, CINREC, CINTL, CINDIS,CABL 
COMMON/PARA3/ YM,YL,AML,AREA,WHRS,WS,XLEM 
corVlMON/REoUND/ 'LTR, LRCVR, LPT, LBATT, LPC, LPCU, LLCF, RRWTR, RR.WRVR 

* ,RRWPT,RRWBTT,RKWPC,RRWPCU,RRWLCF,RRVTR,RRVRVR,RRVPT,RRVBTT 
* ,RRVPC,RRVPCU,RRVLCF,RRCTR,RRCRVR,RRCPT,RRCBTT,RRCPC,RRCPC~ 
* ,RRCLCF,VRHO,WRTR,WRCVR,WRPT,WRBTT,WRPC,WRPCU,WRLCF,VRTR,VRCV~ 
* ,VRPT~VRBTT,VRPC,VRPCU,VRLCF,CRTR,CRCVR,CRPT,CRBTT,CRPC,CRPCU 
* ,CRLCF 

COMMON/SYS/ WMP,VMP,WGHT8(3,3),VOLB(3,3),XTR(3),ANTC(3),CSTR(3,3) 
* ,CP1(3,2),CP2(3,2).,RAD1(3,2),RAD2(3,2),SK1(2,2,3),SK2~2,2,3) 
* ,PLX1(4,3),PLX2(4,3),DNLA,ANTD1(3,4),ANTD2(3,4),CBT1(3,3) 
* ,C8T2(3,3),RECH(3),RECH1(3,~,4),TRBD1(2,4),RECH2(3,3),TRBD2(2) 
* ,RECA1,RE~A2,ANTH(3'4),XINST1'XINST2,CINST(3,4),CRCUR(3,2) 
* ,CRCNR(3,2),NOANT(8),OCYCLE,ARCVR(4),ETAPT,ETAPC,ETAB,ETAPCU 
* ,ETALCF,RHOPC,DGRD(2),WPTR(3) ,WCU1,WCU2,WCU(3,3),WPCN(3)' 
* ,WLCFP1,WLCFPi2,2),VPTR1,VPTR(3,2),VCU1,VCU(3,2),VPCNl 
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* ,VPCN(3,2),VLCFP1,VLCFP(2,2},CENGP1,CENGP2,CMFGP1,CENGPC(3,3) 
* ,CMFGPC(3'2),CLC1,CL~2,CENGLC(2,3),CMFGLC(2,3),XCNST 
* ,DEGRAD,CPTUR(3),CPTNR(3),CPCUUR(3),CPCUNR(3),CPCUR(3),CPCNR(3) 
* ,CBETA,SBETA,lETBD1,IET8DC:!,WMUX(3,3),WHARR(3,8),CHARUR(3) 
* ,CHARNR(3),NPKOTO,SKLS1(2,2,3),SKLS2(2,2,3),ATT1(2,2,3) 
* ,ATT2(2,2,3),ATLS1(2,2,3),ATLS2(2,2,3),IAML,IWS,AMLLOG 
* ',OFMREC'PARANT(~),NRGR,ACQLV(8)'ENGLV(8),ACQMP(8)'ENGMP(B) 
* ,URCBSM,ENGBSM~URCMOA,ENGMOA 
>.'< ,RCVR1(2).,RCVR2(!) ,HRCVR!(;3,4) ,HRCVR2C3,2) ,XLC! (3,2) ,XLC2C3,1) 
* ,XLC3(3'!),RCVC2,RCVC3,DELC1,OELC2 

COMMON/SYsTEM/ AW(3),AV(3),AET(3),ACE13),ACMFG(3),AWP(3),AVP(3) 
* ,AETP(3),ACEP(3),ACMFGP(3),IVLEV(4),ICLEV(4) 

COMMON/TABLEI AWGHT(3,4,3),AVOLi(3,4,3),AVOL2(3,4,3),ACENG!(3,4,3) 
* ,ACENG2(3,4,3),ACENG3(3,4,3),ACMFG1(3,4,3) 
* 'ACMFG2(3,4~3),AETA(3,4,3),FWGHT(3,4,3),FVOL1(3,4,3) 
* 'FVOL2(3,4,3),FCENG1(3,4,3)'FCENG2(3,4,3), 
* 'FCENG3(3~4,3),FCMFG1(3,4,3),FCMFG2(3'4,3) 
* ,FETA(3,4,3),PSPPLY(4,2),ANT(4,2) 
* ,FBOOM(4,3),BCHANN(2),DABO(B),BLNGTH(8) 
* ,BVOL(8),BWGHT(8),DEM(B),FREQ(4),BDWDTH(4) 
* ,UPFREQ(2),EXPR,FDLINE 

COMMON/TRANSI AEFF,PH,PRDEM,PRDT,XLMUX,PR,PCS,PAC,PINC,PMP 
* ,XLA34~XLC34,XLR34, XLRH34 

REAL NREC1,NREC2,NREC3,NREC41,NREC42,NREC43,Kl,K2,NOANT 
REAL KATTN1,KATTN2,LSYS,LSAT,NBRQO,NLV,NTR,NAPV,NAUDC,NCF 
REAL LTR,LRCVR,LPT,LBATT,LPC,LPCU,LLCF 
REAL NSAT,NBSp NPROTO 
HEAL NRGR 
DIMENSION,X(l),Y(l), LBATT(3), SIGD(2) 
DIMENSION PACTMP(2),WACTMP(2),VACTMP(2),PCSTMP(2);WCSTMP(2) 

* . ,VCSTMP(2) '. 
DATA SlGD(1), SIGD(2) I 2.E-O~, 1.E-041 
QUAO(A,B,C,D) = A + B*D + C*0**2 
NBS = NOANT(Il) 
IF(ITER.GT.O) GO TO 50QD 
PACTMP(11 = PACTMP(2) = O. 
WACTMP(l) = 'WACTMP(2) = O. 
VACTMP(l) = VACTMP(2) = O. 
PCSTMP(l) = PCSTMP(2) = O •. 
VCSTMP(l) = VCSTMP(2) = O. 

O. WCSTMP(l) = WCSTMP(2) = 
****** ATTENUATION AND NOISE MODEL ****** 

•• t ATTENUATIONS 
XNC :; NC 

.XPTl = 10.**(XPTl/l0.> 
XPT2 = 10.**(XPT2/10.) 
RPJl =.10,**(RPT1/IO.) 
RPT2 = 10.**(RPT2/10.) 
P1 = lO.**(Pl/10.> 
P2 = 10.**(P2/10.) 
SEL :; SIN(t:L) 
eEL ;: cos (El.:> 
COEF = 41.4 - 23.5 * ~LOGIO(Rp) 
EXPl = ATI (124)· 
ExP2 = AT 2'( 13) . 
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I 513 
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ELP = ATAN(2. 1 COEF) 
IF(~L.LT.ELP) GO TO 400 
XLK12 = 2. *.BT1<I~4> * RP**EXPl 1 SEL 
XLR34 = 2. * BT2,< I j) * RP**EXP2 I SEL 
GO TO 41U 
CONTINUE 
XLK12 = 8T1(124) * COEF * RP**EXP1 1 CEl 
ALR34 = 8T2(13) * COEF * RP**EXP2 / eEL 
XLR12 = lQ.**(-XLR12/1U,) 
XLR34 = lQ.**(-XLR34/10.) 
XLRHj4 = 8T2(Ij) * COEF * RP**EXP2 
XLRH34 = lOe**(XLRH34/10.> 
XLC12 = KATTN1(I24) * 3./SEL 
XLC34 = KATTN2(I3) * 3./SEL 
XLC12 = lO.**(-XLC12/10.) 
XLC34 = lQ.**(-XLCj4)10.) 
EXP = 1. / SEL 
xLA12 = (1. - TZ1(124)/290.)**EXP 
XLA~4 = (1. - TZ2(I3)/290.>**EXP . 
FSL12 = 1. 1 (4.56*1.E+03*RSL**2*(FREQ1*1.E+03)**2) 
FSL34 = 1. I (4.56*1.E+03*RSL**2*(FREQ(I3)*1.E+031**2) 
IF(13.EQ.l) J = L9 
IF(I3,NE.l) J = 13 + 1 - 13/4 
XLMUX = AMTPLX(J) * xNC **BMTPLX(J) 
XLI'v'lUXl = .631 
ATLl = XLI * XLA12 * XLC12 * XLR12 
ATL2 = XLI * XLA34 * XLC34 * XLR34 
XCIRCl - xLT1 * XLMUX1 
XCIRC2 = XLT3 * XLMUX 
RCIRCl = XLT2 
RCIRC2 = xLT4 
XL12 = FSL12 * ATLl 
XL34 = FSL34 * ATL2 

* XCIRC1 * RCIRC1 
* XCIRC2 * RCIRC2 

.11. NOISE 

* XPTl * RPTl * Pl 
* XPT2 * RPT2 * P2 
TEMPERATURES ••• 

XNS = BOLZ * BVID12 * 
TCOS = COSNT(I3) 

(TE + TRCVRS) * 1.E+09 

Teo :;: XLI * XLA34 * XLC34 * XLR34 * Teos 
TI = XLA64 * XLC34 * XLR34 * (1, - XLI) * 
TA :;: XLC34 • XLR34 * (1. - XLA34) * TATM 
TC = XLR~4 * (1. - XLC34) * TeLOUD 
TR = (1. - XLR34) * TRAIN 
TT = (1. - XLT~) * TTL 
EXP = AMiVITC3,I3) 
TMM :;: AMMT(l,I3> + AMMT(2,I3) * PDNSE**EXP 
TM = XLRH34 * TMM 
wMP = VMP =. PMP = U. 
IF(I22.EG,O) GO TO .515 
00 TO (515,515,515,511,512,513,515,515),11 
PMP = 3000. 
~~MP :;: 6983. 
GO TO 515 
vwMP = 3200. 
GO TO 515 
PMP :;: 3000. 
WMP = 5500. 
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515 CONTINU6 
'WCOND = O. 
VCONO = O. 
DEGRAO = VGRO(l) + DGRD(2) * ALOGI0(LSAT) 
PAC = WAC = VAC = O. 
pcs = WCS = VCS = U. 
ADEGRD = EXP«12~8*srGD(I4)*U(3)*FREQ(I3»**2) 
6(3) = 5.62 * (FREQ(I3) * 0(3»**2 I ADEGRD 
'126 = 2 
IF(Il.GT,2) Gb TO 516 
0(2) = 0(3) 
126 = 14 

516 ADEGRD = EXP«12.8*SIGD(I26)*D(21*FREQ1)**2) 
6(2) = 5.62*(FREQ1*0(2)~**2 I AOEGRD 
MNC = (NCB + 3) I ~ 

PINe = 166. 
WINC = 70,0 

, •• INSTRUMENTATION AND COMMUNICATION 

VINC = 2. * VRHO 
XJ = PSPPLY(1,I6) 
XJC = PSPPLY(2,I6) 
XK = PSPPLY<.3,16) 
XKC = PSPPLY(4,I6) 
ETALC = 1.0 
IF(I2,EQ.l> ETALC = ETALCF 
XCNST = 1. 
IF(I2.EQ.1) XCNST = .32 

.,. RECEIVER , •• 
WREC = 1~ •. * MNC * WRCVR * N~S 
VREC = .25 * MNC * VRCVR * VRHO * NBS 
PR : 10. * MNC * N8S 

• • • MULTIPLEXER 
IF (NCB.EQ.1) GO TO 1 
EXPP: WMUX<2,19}*NCB 
WMPLX=WMUX(1'19)*lO.**EX~P*NBS 
GO TO 2 

1 WMPLX=WMUX(3,19)*NBS 
2 CONTINUE 

VMPLX = .1 * VRHO*NBS 
~ •• ANTENNA SUBSYSTEMS 

IF (11.GT.2) GO TO 4 
WUPLA = O. 
VUPLA = Q. 
GO TO 6 

4 CONTINUE· 
WUPLA = 6.4 * 0(2) **.5 
VUPLA = .786 * (.2 * 0(2) + .25) 

6 GO TO (iO,20,30,40,5Q,60,80,30), 
10 CONTIN~E . 

wA = XL * D(3) **XPl 
WFB = XN * 0(3) **XP3 
ViA ::; WA + WFB 
VA = 19.65 * (XLF + xLA) 
60 TO 80 

20 CONTINUE 

* 0(2) **2 
11 
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11 
il 
~ j 

i;,I' wA = XL * 0(3) **XP1 
WFU = X~ * 0(3) **XP3 !1 

~ WA = WA .+ WF8 
1\ 
II VA = 34.9. * (XLF + XLA) 
!! GO TO 80 
11 30 CONTINUE 
11 W A = • 1 * 0 ( 3 ) * * 2 + ,32 * D (. 3 ) * * 1 ~ 69 
d VA = .0028 * 0(3)**3 + .786 * XLFI * (.1 * 0(3) + 1,>**2 

1,.1 40~gN~~N~~ I WA = NOANyIIl) * (b.4*0(3)**.5 + .32*0(3)**1.69) 
I VA = NOANT(Il) * (.786 * XLFl * D(3)**~) 
, GO TO 80 
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50 CONTINUE 
wA = ,1 * 0(3) **2 + .32 * 0(3) **1.69 
VA = ,0028 * 0(3)**3 + .00016 * 0(3)**3 
GO TO 80 

60 CONTINUE 

61 

80 

IF(NBS,LT.6.) GO TO 61 
WA = NBS * 0.1 * 0(3)**2 + 850. 
DTOT :: 2. * 0(3) + 34. 
VA = 0.0028 * OTOT**3 + 170. 
GO TO 80 
WA = NBS * (0,1 * 0(3)**2 + 0.32 * 0(3)**1.96) 
VA = NBS * (0~0028 * 0(3)**3 + 0.039 * 0(3)**2) 
CONTINUE 
UREC1(1) = .0066 *NCF + .041 
UREC1(2) = ,07* NCF 
IF(119.EQ.2) UREC1(2) = .12 *. NCF 
UREC1(S) = 0.242 / NF 
URECI(6) :: .000915 * NCF + ,U3275 
UREC1(7): .2 
NREC 1 (2) = 0, 
NREC1(3)=O. 
NREC1(4)=O. 
NREC1(5) :: 0.195 / NF 
Opel(l) :: .02 * UREC1(1) 
OPC1(2) = .15 * UREC1(2) 
OPC1(3)=(60,+35.*NCF) * 1.E-03 
OPC1('6) :: ,15 * UREC1(S) 
OPC1(7)=.147 
Opel(S) = .05 * UREC1(6) 
OPC1(9)=.5*(OPC1(3)+OPC1(7» 
KL':: 1 
IF(18.GT.3) KL ~ 2 
CRECI :: CRCUR(l,KL) + CRCUR(2,KL)*NCB + CRCUR(3,KL) * MNC 
CREC2 = CRCNR(l,KL) + CRCNR(2,KL).NCB + CRCNR(3,KL) * MNC 
02LOG = 10. * Al,.OG10(O(2» . 
D3LOG·= 10. * ALOGIO(0(3» 
IF (NCB.EG.l) GO TO 110 
J = 19 
XNCB := NCB 
XPLX1 = 'QUAO(PLX1(1,J) ,PLX1(2,J) ,PLX1(3,J) ~XNCB) 
XPLX2 = QUAO(PLX2(l'J)'PLX2(2,J)'PLX2(3~J)'XNCB) 
CMPLXl = 10. **(XPLXl ./ 10.) *NBS 
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CMPLX2 = 10. **(XPLX2 1 10.) 
GO TO 715 

710 CMPLXl = PLXlf4,1,) *NBS 
CMPLX2 = PLX2(4,J) 

71b CONTINUE 
KA = 2 * 14 - 1 
IF(D(3),~T.DNLA) KA = KA + 1 
CANTl = QUAD(ANTU1(1'KA),ANT01(2'KA),ANTD1(3,KA)'D~LOG) 
CANT2 = QUAO(ANTD2(1,KA),ANTD2(2,KA),ANTD2(3,KA),D3LOG) 
CANTOl = 10. **(CANTI 1 10.) * NBS 
CANTU2 = 10. **(CANT2 1 10,) 
!23 = 14 
CUPLl = CUPL2 = O. 
IF(11.LE.2) GO TO 90U 
12:3 :;; 2 
KUA :;; 3 
IF(O(2),GT.ONLA) KUA = 4 
CUP! = QUAU(ANTD1(!,KUA),ANT01(2,KUA),ANTD1(3,KUA),02LOG) 
CUP2 = QUAD(ANTO~(1'KUA),ANT02(2,KUA)'ANT02(3,KUA}'D2LOG) 
CUPLl = 10. **(CUP1/10.) 

'CUPL2 = 10. **(CUP2/10.) 
900 CONT1NUE 

UR~C2(1) :;; o. 
UREC2(S) = 0.8bO 
UREC2(9) = CRECI * CRCVR * NBS 
UREC2(10) = CUPLl 
UREC2(12) :;; CMPLX1 
UREC2(13) = CANTDI 
NREC2(7) ::: O. 
NREC2(8) = 0.170 

. NREC2(9) = CREC2 
.NREC2(10) :;; CUPL2 
NREC2(13) = CANT02 
NREC2(19) = O. 
NREC2(20) :;; .75 

ACQC3(4) = ACQLV(Il) 
TNREC(3) = ENGLV(Il)· 
NSL = 1 
IF(Il.EQ.l)NSL=13 
IF(Il.EG,2)NSL=7. 
IF(11.EG.3) NSL = j 

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

5000.CONTINUE 
0(1) = XC!) 
0(4) = X(2) 

••• LAUNCH VEHICLE SYSTEM 

ADEGRD = EXP«12.8*SIGO(2)*O(1)*FREQi>**2) 
G(l) = 5,26 * (FREQl * 0(1» ** 21 ADEGRD 
AOEGRO = 1. 

• • • 

IF(116.EGI.2) AOEGRO = EXP«12.a*SIGO(2)*D(4)*FRE:Q(13»**2) 
6(4) = 5.26 * (FHE~(13) * 0(4»** 2 I ADEGRD ~) 
G4LOG = 10. * ALOG10(G(4» . 
KG = 1 
IF(G4LOG.GT.GS1) KG = 2 

; . 5-42, 
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IF(G4LOG.G~.GS2) KG = 3 
KGS = KG 
GS = QUAD(GSX(l,~G),GSX{2,KG),GSX(3,KG),G4LOG) 
GS ; 10.**(GS/l0.) 
KG = 1 
IF(G4LOG.GT.GM1) KG = 2 
IF(G4LOG.Gt.GM2) KG = 3 
KGM = KG 
GM = QUAO(GMX(1,KG),GMX(2,KG),GMX(3,KG),G4LOG.) 
bM = lO.**(GM/l0.) 
KG = 1 
IF(G4LOG.GT,GE1) KG = 2 
!F(G4LOG,G~.GE2) KG = 3 
KGE = KG 
GE = QUAO(GEX(1,KG),GEX(2,KG),GEX(3,KG),G4LOG) 
GE - 10.**(GE/10.) 
GS - GS / 2,42 
~E = GE / 2. 
6M = 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(l) = (1, + RHO) * SNRG I (8(3) * XL34 * XIMPRV(I2) * XNG/G(4) 
PLOG = 10. * ALOG10(Y(1» 
PTALOG = pLOG - 10. 
IF(rTER.N~.O) GO TO 999 
JFLAGl = 1 
JFLAG2 = 1 
GO TO 10UO 

999 ~FLA<:;l = 0 
JFLAG2 = (J 

IVLEV(2) :: 1 
ICLEV (2) = 1 
IVLEV(4) ;: 1 
lCLEV(4) :: 1 
IF(PLOG.GT.30~)IVLEV(2) = 2 
IF(PLOG.GT.21.14)lCLEV(2) = 2 
IF(PLOG~GT~30~)ICLEV(2) :: 3 
IF(IVL£V(13~NE.IVLEV(2» JFLAGl :: 1 
IF I. ICLEV (1) • NE 0 ICLEV (2» JFLJ\Gl :: 1 
IF(PTALOG,GT.30.) IVLEV(4) = 2 
IF(PTALOG,GT.21.14) ICLEV(4) = 2 
IF(PTALOG,GT.30.) rCLEV(4) = 3 
rF(IVLEV(3).NE.IVL~V(4» JFLAG2 = 1 
IF(ICLEV(3).NE.ICLEV(4» JFLAG2 = 1 

••• CHECK PTR LEVEL .f. 

1000 IF(JFLAG1.N£,O) CALL PLACE(Y,I2,I7,I3,1,N,M,L) 
IF(JFLAG2.NE.O) CALL PLACE(Y,2,I7,I3,2,N,M,L) 
IF(ITER.NE~ITERP) ~O TO 7000 
PAC = PACTMP(l) 
pes = PCSTiViP ( 1) 
'WAC :: WACTlViP (1) 
~1JCS = weSTIVIP (1 ) 
VAC = VACTMP(l) 
VCS = VCSTMP(1) 

7000 PACTMP(l) = PACTMP(2) 
" 
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99 

} 

PACTIVIP (2) - PAC -
WAC TIVIP ( 1 ) - WACTMP(2) -
wACTMP(2) - WAC -
VACTMP(l) - VACTt'v!P (2) -
VACTIVIP (2) - VAC -
peSTMP(l) - PCS TlvtP (2) 
PCSTMP(2) - pes -
WCSTiVlP (1) - WCSTiViP ( 2) -
wCST/vlP (2 ) :: WCS 
vcs Tl'vlp ( 1 ) - VeSTMP(2) -
vcs ffv1P (2 ) - ves -
1ET801 - 0 -
1ETB02 :: 0 
ETA :: QUAO(AET(1),AET(2),AET(3),PLOG) 
1F(ETA.Gt:. •• 15) GO TO 99 
E.TA :: .1b 
,lETt3lJ1 - 1 -
PLCF :: XCNST * Y(l) 1 ETA 

• • • POWER 
PTA:: .1 * Y(l) 
£TAP :: QUAO(AETP(1),AETP(2),AETP{3),PTALOG) 

JITt-< :: 0 
IF(ETAP.GE •• 15) GO TO 101 
ETAP :: .1b 
IET802 :: 1 

SUBSYSTEMS • • • 

101 PPCU = NC * PLCF/ETALe + NC*NAPV*PTA/ETAP+PAC+PCS+PINC+PR 
* + PIV1P 

JlfR = JITR + 1 
PPC :: PPCU 1 ETAPCU 
PB :: ppe I ETAPC 
PPT :: PB * (1. + RHOPC 1 ETAa) 
PPSO = PPT 'I ET APT 
PPS :: PPSD 1 OEGRAD 
WHRS :: 45.6 * HHOPC * PB 
PCULOG = 10. * ALOGIU{PPCU) 
PPCLOG ='1U. * ALOG10(PPC) 
PPTLOG ~ 10. * ALOijl0{PPT) 

'e. WEIGHTS ,., 
WPT :: WPTR (1) + WPTR (2) * PPT + WPTR (3) * PPT**2· 
WPT :: WPT * WRPT 
WHAR=QUAD(WHARR~1,11),WHARR(2,I1),WHARR(3,Il),PPT) 

KWPCU = 1 
. IF(PPCU.GT.WCU1) KWPCU = 2 

IF(PPCU.Gr.WCU2) KWPCU = 3 
'WPCU :: QUAU<weU(1,KWPCU),WCU(2,KWPCU),WCU(3,KWPCU),PCUlOG) 
WpCU = (10.**(WPCU/IO.» * WRPCU 
WPC = QUAD(WPCN(1),W~CN(2)'WPCN(3),~PCLOG) 
WPC = (10.**(Wpe/lO.» * WRPC 
KwPLCF = 1 
IF(PLCF,GT.WLCFP1) KWPLCF = ~ 
EXP1:: WLCFP(2,KWPLCF) 
WLCF :: WLCFP(l,KWPLCF) * PLCF **EXPl * XNC 
WLCF :: WLCF * WRLCF 
IF(I2.EG.2) WLCF = O. c 

weOND = WPT + WPC + WPCU.+ WLCF+WHAR 
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• • • VOLUMES • • • 
KVPl = 1 
IF(PPT.GT.VPTR1) KVPT = 2 
VPT = QUAD(VPTR(!,KVPT),VPTR(2,KVPT),VPTR(3,KVPT),PPTLOG) 
VPT = (10.**(VPT/10.» * VRPT * VRHO 
KVCU = 1 
IF(PPCU.GT.VCU1) KVCU = 2 
VPCU = QUAD(VCU(!,KVCU),VCU(2,KVCU),VCU(3,KVCU),PCULOG) 
VPCU = (lO.**(VPCU/l0.» * VRPCU * VRHO 
KPCN = 1 
IF(PPC.GT.VPCN1) KPCN = 2 ~ 
VPC = QUADeVPCN(1,KPCN),VPCN(2,KPCN),VPCN(3,KPCN),PPCLOG) 
VPC = (10.**(VPC/l0.» * VRPC * VRHO 
KvPLcF = 1 
IF(PlCF.GT.VLCFP1) KVPLCF = 2 
EXP1= VLCFP(2,KVPLCF) 
VLCF = VLCFP(1,KVPLCF) * PLCF **EXPl * ·XNC 
VLCF = VLCF *VRLCF * VRHO 
IF(I2.EQ.2) VLCF = O. 
VCOND = VPT + VPC + VPCU + VLCF 

KeE = 1 
IF(PPT.GT.CENGP1) KCE = 2 
~F(PPT.GT.CENGP2) KCE = 3 

• •• COSTS • • • 

CALL MADD(3,1,CPTNK,O.,CENGPC(1,KCE1,1.,CPTNR) 
CALL MADO(3,1,CHARNR,O.,CENGPe(1,KCE),1.,eHARNR) 
KCE = 1 
IF(PPCU.Gr.CENGP1) KCE = 2 
IF(PPCU.GT.CENGP2·' KCE = 3 
CALL MADD(3,1,CPCUNR,O.,eENGPC(1,KCE)fl.,CPCUNR) 
KCE = 1 
IF(PPC.GT.CENGP1)KCE = 2 
!F(PPC.GT.CENGP2) KCE = 3 
CALL MADD(3,1,CPCNRpO.,CENGPC(1,KCE),1.,CPCNR) 
KCMFG = 1 
IF(PPT.GT.CMFGP1) KCMFG =·2 
CALL MADO(3,1,CPTUH,O.,CMFSPC(l,KCMFG),1.,CPTUR) 
CALL MADD(3,l',CHARUR,O.,CMFGPC(l,KCMFG),l.,CHARUR) 
KCfV1FG = 1 
IF(PPCU.GT.CMFGP1) KCMFG = 2 
CALL MADD(3,1,CPCUUR,O.,CMFGPC(1,KCM~G),1.,CpeUUR) 
KCMFG = 1 
IF(PPC.GT.CMFGP1) KCMFG = 2 
CALL MADD(3,l,CPCUR,O.,CMFGPC(liKCMFG),1.,C~CUR) 
ICPT 1. = QUAD (CPTUR.( 1 ) , CPTUR (2) , CPTUR (3) , PPTLOG) 
CPT2 = QUAO(CPTNR(1),CPTNR(2),CPTNR(3),PPTLOG) 
CHAR1=QUAO(CHARUR(l),CHARUR(2),CHARUR(3),PPTLOG) 
(HAR2=QUAD(CHARNR(1),CHAHNR(2),CHARNR(3),PPTLOG) 
CPCUI = QUAO(CPCUUR(1),CPCUUR(2),CPCUUR(3),PCULOGl 
CPCU2 = QUAD(CPCUNK(1),CPCUNR(2),CPCUNR(3),PCULOG) 
CPCI = QUAU(CPCUR(1),CPCUR(2),CPCUR(3),PPCLOG) 
CPC2 = QUAD{CPCNR(1),CPCNR(2),CPCNR(3),PPCLOG) 
tPIID = (1. * lO.**(CPT1/I0.» * CRPT 
CHARlO = lO.**(CHAR1/10.) 13. 
CPCU10 = 10.**(CPCU1/!O.) * CRPCU / 3. 
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CPCIU ~ ~O.**(CPC1/10~) * CRPC 
KCL£ = 1" 
IF(PLCF.GT.CLC1) KCLE = 2 
IF (PLCF • GT. CLC2) 'KCLE = 3 
CLCF1D = CMFGLC(l,KCLE) + CMFGLC(2,KCLE) * PLCF 
CLCF10 = CLCF1D * CRLCF * XNC 
CLCF2D = CENGLC(l,KCLE) + CENGLC{2,KCLE) * PLCF 
IF(I2.EG.2} CLCFIO = CLCF2D = o. 
CPT2D =. lti.**(CPT2/10.) 
CHAR2D = lO.**(CHAR2/10.) I j. 
CPCU2D = 10.**(CPCU2/10.) I 3. 
CPC2U = lU.**(CPC2/10.) 
CbNDIO = CPllD + CPCUlD + CLCF1D + CPC10+CHARID 

'COND20' = CPT2D + CPCU2D + CLCF2D + CPC2D+CHAR2D 
AREA :;:" • 1 * PPS 
PROT= PPSD - Y(l) * (NTR*XCNST + 0.1 * NAUOC)*XCIRC2 

•• _ WEIGHT AND VOLUME ••• 
••• TRANSMITTER ••• 

we = QUA8(AW(1),AW(2),AW(3),PLOG) 
WTR = (NTR * 10.**(WC/l0.» * WRTR 
wep = QUAD(AWP(1),AWP(2),AWP(3),PTALOG) 
WTRP = (NAUQC * lO.**(WCP/10.» * WRTR 
V = QUAO(AV(l),AV<2),AV(3),PLOG) 
VTR = VRHO * (NTH * lO.**(V/10.» * VRTR 
VP = QUAO(AVP(1),AVP(2),AVP(3),PTALOG) 
VTRP = VRHO * (NAUUC * 10.**(VP/l0.» * VRTR 

••• POWER SUPPLY ••• 
wpp = XJ * PPS + XJC 
vpp = XK * PPS + XKC 

•• , BATTERIES ••• 
. WHLOG = 10. * ALOG10(WHRS) 

BATTl - QUAO(WGHTB(1,I20),WGHTB(2,I20),WGHTB(3,I20),WHLOG) 
BATT2 = QUAO(VOLB(l,12a>,VOLB(2,I20),VOL8(3,I20),WHLOG) 
WBATl = (10.**(BATT1/10.» * WRBTT 
V8ATT - VkHO * (lO.**(BATT~/lO.» * VRBTT 
VEM = VTR + VTRP + VREC + VMPLX + VINC + VAC + VCS + VBATT + veONO 
XLEM = 2. * TSTRCT + (VEM I «PI/4.) * (DEM(ll) - 2. * TSTRCT) 

* **2) ) 
VSTRCT = (PI/4.) * OEM(Il)**2 * 2. * TSTReT + p~ * OEM(I1) * 

* TSTRCT * (XLEM - 2. * TSTRCT~ * (1. - TSTRCT/DEM(Il» 

IF(I1.EQ.6) GO TO 85 
. IF(Il.NE.4) GO TO 86 

WSTRCT = 5700. 
AEFF = 313. 
VSTR'CT = 442. 
GO TO 86 

85 WSTRCT = 2000. 
AEFF = 301. 
VSTRCT = 163. 

86 CONTINUE 

••• STRUCTURE ••• 

VEM = VEM +VSTRCT 
IF«!1.EG.4).OR.(Il.EQ.6» GO TO 87 
WSTRCT = pI * DEM(ll) * XLEM 
AEFF = 2.5 * (VEM) **.6667 
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87 IF(I1.EQ,4) VMP = 16uO, - VEM 
IF(Il.EQ~6) VMP = 1300. - VEM 

PRUEM = AEFF I 0.Oti48 
PRO = PRDT- PROEM 

, •• RADIATOR • • • 

IF(PRD.LE,O,) PRD=PRLOG=CRD1=CRD2=UREC2(6)=NREC2(6)~O. 
GO TO(88,89),113 

88 ARO = 0.0548 * PRO 
WRD = ARD 
\lRO = ARO I 6, 
GO TO 90 

89 ARO =. O,U09 * PRD 
WRD = 1.25 * ARD 
VRD = 0.25 * ARD 

90 
180 

181 

182 

183 

184 

186 

185 

••• ATTITUDE CONTROL 
GO TO (18U,180,181,182,183,184'185,181), 11 
YM = .25 * AREA I XLEM·+ .5 * DEM ( 11) 
Y~ ~ OEM(Il) I 2. 
GO TO 185 
YM = .5 * 0(3) + 5. 
YL = OEM(ll) I 2. 
GO TO 185 
YM = 30, 
YL = 7.5 
GO TO 185 
YM = .5 * (0(3) + XLF + XLA) 
YL = '0(3) 1 2. 
GO TO 18b 
IF(NBS.LT.6.) GO TO 186 
YM = DTOT/2, + 11. 
YL'= OTOT I 2. 
GO TO 185 
YL = 5. 
YM = 1.35 * 0 (;3 ) 
IF(NBS.LE.4.) YM 
IF(N8S,LE~2.) YM 
CONTINUE 

+ 11. = 0(3) + 11. 
= 0(3) 1.2. + 11. 

AML = AREA * YM 1 YL 
GO TO (190,191,192) ,115 

• • • 

190 WAC = 
VAC = 
PAC = 
GO TO 

60. + (.706 + 
1. + 2.E-05 * 
30. + 3.7E-0;3 

••• NH3 RESISTOJET ••• 
1.36 * LSAT) * AML * 1.E-03 
AML* LSAT 
* AML 

196 

i 

i 

~, ," 
I 

! ; 

~-.. 

j , 
i 

I 
t· 

i 
I I, 
I 
! 

J

j
',' c . • •• ION PROPULSioN ••• 

191 WAC = 16.9*SQRT(7~14E-04*AML + 1.) + 1.37E-04*AML*LSAT + 60. I VAC = 5.97E-06*AML + 2.22E-07*AML*LSAT + 1.332 ll\ 
I PAC = 211. + 1.46E-02*AML !~ 
l GO TO 196 I,~ " I j ,', 

~" C 192 WAC = 60. + 1.37E-03 * AML ~2~S~~ECTROL ~~~S ••• l":~ . " ; 
1 I·~.l 
I VAC = 1. + 1.32E-05 * AML * LS~T l'~ , 
I PAC = 30,'+ 3.7E-03 * AML t ! 196 CONTlNUE· I 'j ""1 

:1 vAC = VAC * VRHO r"· .. i 

I 5-47 L. I ! , ' 
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I: 
Ii 
ii 
[f 
Ii 
il 
iI L 
11 

i 
Ij 

!I 
1; 

.' 

wS = WTR + WPP + WREC + WMPLX + WUPLA + WA + WRD + WSTRCT + 
* WAC + wBATT + WlNC + WCOND + WTRP + WMP 

C •• , STATION KEEPING '" 
~O TO (211,212,213).114 

C •• , AMMONIA RESISTOJET ••• 

C 

C 

c 

211 WCS = 0,00354 * LSAT * WS I (1, - 0.00197 * LSAT) + O.03~6 * LSAT 

212 

* * WS I (1. - 0.U192 * LSAT) 
VCS = 0.U45 * wcs 
pes = 4.~-03 * WS 
GO TO 217 

•• , ION PROPULSION ••• 
WFU = 2.3e4E-03 * WS * LSAT 
WTK = 2, * (3.61 + 0.028 * WFU>**0.667 
wes = 2.82*SGRT(1.+1.43E-03*WS) + O.&58*SQRT(WS) + WFU + WTK 

* + 9.16t:.-05*WS*LSAT . 
vcs = 2.08E-05*WS + 0.1662 + WFU/984. + WTK/450, 
pes = 181. + 4.4b9£-Q2*WS 
GO TO 217 

••• H20 ELECTROLYSIS '" 
213 WCS = .00216 * LSAT * WS 1(1. - .00138 * LSAT) + .0211 * LSAT * WS 

*' / (1. - • 0 135 * L SAT ) 
VCS = 2.* (.U15 * WCS) 
pes = 5.l-03 * WS 

217 CONTINUE 
vcs = ves * VRHO 

9000 FORMAT(/16H PLeF ,F8,O,3X,5HPAe ,F8.0,3X,5HPCS ,F8 I O,3X,5HPpeu, 
* F8.0,3X,5HPPC ,F8.0/6H PO ,F8.0,3X,5HPPT ,F8.0,3X,5HPPSD, 
* F8,O,3X,5HPPS ,F8.0,3X,5HJITER, 13) 
IF(JITR.LE~JIT) GO TO 101 
WEM = WTR + wTKP + WREC + WMPLX + WINC + WAC + WCS + WSTRCT +WBATT 

* + WCOND 
VEM = VTR + VTRP + VREC + VMPLX + VINe + VAC + ves + VBATT + veOND 

* + VSTRCT 
Y(:3) = Vt::~:1 
WTOT - W[M + WA + wpp + WRD + WUPLA + WMP 
Y(2) :: WTor 
VTOT = VEM + VA + VPp + vRD + VUPLA + VMP 
Y(4) = VTOT . 
CEP = QUAD(ACE(1),ACE(2),ACE(3),PLOG). 
CMFGP = QUAO(AeMFG(1),ACMFG(2),ACMFG(3),PLOG) 
CE = 10u**(CEP/IU.) * 1.E-06 
CMFG=NTR*10.**<CMFGP/IO,) * 1.E-06 
CEPP :: QUAD(ACEP(1),ACEP(2),ACEP(3),PTALOG) 
CMFGPP = QUAD(AeMFGP(1),ACMFGP(2),ACMFGP(3),PTALOG) 
CEPP= 10.**(CEPP/10.) * 1.E-06 . 
tMFGPP = NAUDC * 10. **(CMFGPP/I0.) * 1.E-06 
Y(5) = (1. + RHO) * SNRG/(RHO * XL12 * XIMPRV(12» * XNS I * (G(l) * G(2» 
Y(6) = vpp 

PGLOG = 10. * ALOG10(Y(5» 
DILOG = 10. * ALOG10(X(1» 

'" GROUND UP-LINK SYSTEM "1 

CXTR = QUAD(XTR(1),XTR(2),XTR(3),PGLOG) 
CANT = QUAD(ANTC(1),ANTC(2),ANTC(3),DILOG) 
UREC1(3): NCF * 10. **CCXTR/l0.) XMTR 

I 

I 

.: I 

I 

."-.;);,.;-.);~j7k_J 
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< I 

218 

! 

UREC1(4) 
TUREC(l) 

* 

----
10. **,CANT / 10.) 
URECI(I)+URECI(2)+URECI(3)+UREC1(4)+ 
URECI(5)+UREC1(6)+UREC1(7) 

NREC1(1) --NRECl (6) --
TNREC(l) -.. 

* ·ACQC1(1) = 

.10 * URECI(I) 
UREC1(3) + UREC1{~) 
NREC1(1) + NREC1(2) 
NREC1(4) + NRECI(b) 
TUREC(I) 

+ UHEC1(5) + UREC1(6) 
+ NRECl (;3) + 
+ NREC1(6) 

ACQC1(2) = .2 * (UREC1(2) + UREC1(3) + UREC1(4) + UREC1(S) + 
* URECl (6) ) 

ACQC1(3) = ACQC1(1) + ACQC1(2) 
TACQC(l) = ACQC1(3) * NF 
OPC1(4) = .15 * UREC1(3) 
Opel(S) = .08 * UREC1(4) 
OPCl(10)= OPCl(l) + QPC1(2) + OPCI(3) + OPCl(4) + OPC1(5) + 

* OPCl(6) + OPC1(7) + OPCI(8) + OPC1(9) 
rOPC(l) = OPC1(10) * NF * LSYs 

WLOG = 10. * ALOG10(WS) 
WSTLOG = 10, * ALOG10(WSTRCT) 
PSLOG = 10, * ALOGlO(PPS) 
IF (PRD.EQ.Q.) GO TO 218 
PRLOG = 10. * ALOGI0(PRO) 

••• SPACECRAFT SYSTEM ,t, 

CROl = QUAD(RA01(1,113),RA01(2,I13),RA01(3,I13),PRLOG) 
CRD2 = QUAO(RAD2(1,I13),RAD2(2,I13),RAD2(3,I13),PRLOG) 
UREC2(6) = 10. ** (CR01 I 10.) 
NREC2(6) = 10, ** (CRD2 I 10.) 
STRUC = ~UAD(CSTR(1'I12),CSTR(2'I12),CSTR(3,I12)'WSTLOG) 
CPPl = QUAD(CP1(1,I6),CP1(2;!6),CP1(3,I6),PSLOG) 
CPP2 = QUAD(CP2(1,I6),CP2(2,I6),CPi(3,I6),PSLOG) 
ALSTLG = 10. * ~LOG10(LSAT) 
AMLLOG = 10, * ALOG10(AML) 
IAML = 1 
IF(AML.GT.5000.) IAML = 2 
COEFLl = ATLS1(1,IAML,I15) + ATLS1(2,IAML,I15) * ALSTLG< 
COEFL2 = ATLS2(1,IAML,I15) + ATLS2(2,IAML,115) * ALSTLG 
CACl = QUAD(COEFLl,ATT1(1,IAML,I15),ATT1(2,IAML,115),AMLLOG) 
CAC2 = QUAO(COEFL2,ATT2(1,IAML,I15),ATT2(2,IAML,115),AMLLOG) 
IWS = '1 
IF(WS.GT.5000.) IWS = 2 
COEFL1 = SKLS1(1,IWS,I14) + SKLS1(2,IWS,I14)*ALSTLG 
COEFL2 = SKL~2(1,IW5,I14) + SKLS2(2,IWS,I14)*ALSTLG 
CSKI = QUAD(COEFL1,SK1(1,IWS'I14),SKl(2,IWS,I14),~LOG) 
CSK2 = QUAD(COEFL2,SK2(1,IWS'I14),SK2(2,IWS,114)~WLOG) 
CSA'TTl = QUAD(CBT1(!,I20),CBT1(2,I20),CBTIC3,I20),WHLOG) 
CBATT2 = QUAD(CBT2(1,I20),CBT2(2,I20),CBT2(3,I20),WHLOG) 
CPPID =< lO.**<CPP1/10.) " . 
CPP2D = lO.**<CPP2/10,) 
C8TT10 ="(10.**1CBATTI/10.» * CRBTT 
CB1T20 = 10.**(CBATT2/10.) 
UREC2(1), = 10. **(STRUC', 10.) 
IF(Il.EQ.4) UREC2(1) = URCBSM 
IF(11.EG.6) UREC2(1) = URCMDA 
UREC2(2) = CPPIO + CONOID 
UREC2(3) = CBTTID 

ANTENNA ( 

PWR 
BATT 

1< 
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\ 

615 

175 

c 

c 

c 

C 
2100 

2200 

I .' 

UR£C2(4) = 10.**(CACI/I0.) + O.2886*LSAT 
UREC2(S) = 10.**(CSKI/IO.> 
UREC~(11) = (CMF~ + CMFGPP) * CRTR 
NREC2(1) = 3.5 * UREC2(1) 
IF(11,EQ.4) NREC2(!) = ~NGBSM 
IF(I1.EQ.6) NREC2(1) = ENGMOA 
NREC2(2) = CPP2D + CON020 
NRcC2(3) = CBTT2D 
NREC2(4) = 10.**(CAC2/10.) + 0.85 
NREC2(S) = 10,**(CSK2/10.) 
NR~C2(11) = CE + C~PP 
NREC2(12) = CMPLX2 
URt::C2(14) = a" 
NREC2(14) = O. 
00 015 I = 1,13 
UREC2(14) = UREC2(14} + UREC2(I) 
NREC2(14) = NREC~(14) + NREC2(I) 
(.;ONfINUE 
UREC2(15) = .075 * UREC2(14) 
TURE~(2) = UREC2(14) + UREC2(15) 
NREC2(15) = NPROTO * (UREC2(14) ~ 0.85 * CPPID) 
NREC2(16) = .5 * NriEC2(14) 
NREC2(17) = .05 * (NREC2(14) + NREC2(16» 
NREC2(lB) = .5 * TUREC(2) 
TNREC(2) = O. 
DO 175 I =14,20 
TNHEC(2) = TNREC(2) + NREC2(I) 
CONTINUE 
ACGC2(1) = TUREC(2) 
ACQC2(2) = .U5 * ACQC2(1) 
ACQC2(3) = .10 * ACGC2(1) 
AC~C2(4) = ACQC2(1) + ACQC2(2) + ACQC2(3) 
TACQC(2) = ACQC2(4) * NSAT 
OPC2(1) = TACQC(2) 
TOPC(2) = ACQC2(4) * (LSYS I LSAT - 1) * NSAT 

, '" GROUND DOWN-~INK SYSTEM 
D4LOG = 10.* ALOGIO(D(4» 

~ •• DIRECT-TO-HOME ••• 
TEMR= ABS(lO.*ALOGIO(XLT4»/FDLINE . 
eTL = ARCVR(I3) * TEMR ** ExPR * FOLINE * 1.E-06 
TLOG=lO.*ALQGI0'(X(,3» I, 

KIA:: 2*116 - 1 " 
KRA :: KIA , 
IF(I16.EQ.2) GO TO 2100 

IF(O(4).GT.RECA1) KRA =·KRA + 1 
IF(O(4).GT.XINST1) KIA = KIA + 1 
GR = GR9b 
GO TO 2200 

IF(O(4).GT.RECA2) KRA = KRA + 1 
IF(O(4).Gr.XINST2) KIA = KIA + 1 
GR :: GRB9 

.f. W I DEB'~NO . 

••• PARABOLIC 

• • • 

HANT = QUAD(ANTH(1,KRA),ANTH(2,KRA),ANTH(3,KRA),D~LOG) 
CPARX = QUAO(CINST(1,KIA),CINST(2,KIA),CINST(3,KIA),D4LOG) 

,DNL-XMl 
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II 
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----,,--- -------- - - --- -

CINANT = lO.**<CPARX/I0.) 
IF(I21.GT.l) GO TO 2000 
UR~C41(1) = 10.**(HANT/I0,) 
IF(116.EQ.2) UREC41(1) = PARANT(I3) * UREC~1(1) 
AXNGk = (XNGR * NSAT * NBRQO) / 3. 
IF(AXNGR.LT.l.E+03) AXNGR = 1.E+03 
IF(AXNGR.GT.l.E+06) AXNGR = 1.E+06 
AGRLOG = 10. * ALOGIu(AXNGR) 
K = 1 
IF(13.GT.1) GO TO 1045 
KREC = 2 * 12 - 1 
IF(X(3).GT.RCVR1(I~)) KREC = KREC + 1 
CALL MADD{3,1'RECH~0.,HRCVR1(1,KREC),1.,RECH) 
GO TO 106U 

10'+5 K = 2 
KREC = 1 
IF(X(3).GT.ReVR2(1» KREC = 2 
CALL MADU(3,1,RECH,0.,HRCVR2(1,KREC),1.,RECH) 

1060 HREC = QUAD(REeH(1),RECH(2),RECH(3),TLOG) 
DELel = O. 
DELC2 = U. 
IF«(NCB.LE.j).AND.(I2.EG.l».OR.«NeB.LE.l),ANO.(I2.EQ,2») 

* GO TO 1065 
DELe1 = Rcve2 * lO.**(QUAD(XLC2(1),XLC2(2),XLC2(3),AGRLOG)/10.) 
IF«(NCB.LE.6).AND.(12.EG.l»,OR.«NCB.LE,2).ANO.(I2.EQ.2») 

* GO TO 1065 
IF(1~.EQ,2) GO TO 1061 
IF(MOO(NCb,3).NE.'O) XKP = Nce / 3-- 2 + 1 
IF(MOO(NCS'3),EG.0) XKP = NCB / 3 - 2 
GO TO 1062 

1061 XKP = NCd - 2 
1062 CONTINUE 

DELC2 = XKP * RCVC3 * 10.**(QUAD(XLC3(1),XL¢3(2),XLC3(31,AGRLOG) 
* / 10,) 

1065 XLC = 10.**(QUAO(XLC1(1,K),XLCI(2,K),XLC1(.3,K),AGRLOG) l10.) 
UREC~1(2) = 10,**(HREC/I0.),* XLC + DELCl + DELC2 
CINREC = o. -
eTL :: O. 
TUREC(4) = UREC41(1) * GR + UREC41(2) + CTL * GR95. 
UCOSTR = UREC41(2) + eTl * GR95 
NR~C41(1) = o. 
NREC41(2) = O. 
NREC41(3) = N~EC41(1) + NREC4l(2) 
fNREC (4) ~': NREe~.1 ( 1) + -NREC41 ( 2) + NRE.C41 (3) 
CI~TL ='CTL * GR95 
ACQC41(1) = TUREC(4) 
'ACQC41(2) :: CINANT + CINREC + eINTL 
TACQC(4) :: (ACQC41(1) + ACQC~1(2» * XNGR 
OPC41(l) :: .10 * TUREC(4) 
TOPC(4)=LSYS*OPC41(1) *XNGR 
GO TO 350,0 

2000 IF(I21,EG.3) GO TO 3000 
C ••• RETRANSMISSION .• ,. 

URt::C42(1) = .03 
UREC~2(2) = O. 

5-51 
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o \ 

C 

c 
c 

lJRECIt2(3J = o. 
UREC42(4) = O. 

UREC42(5) = O. 
URt::C42 (6) = .05 
UREC42(7) = .05 

TUHEC(4) = UREC42(1) ~ UREC42(2) + UREC42(3) + UREC42(4) + 
* UREC42(b) + UREC42(6)+ UREC42(7) 

NREC42(1) = ~lO * UREC42(1) 
NREC42(2) = O. 
NREC42(3) = O. 
NREC42(4) = O. 

NREC42(!;» = O. 
NREC42(6) = NREC42(1) + NREC42(2~ + NREC42(3) + NREC42(4) 

* + NREC42(5) 
NREC42(7) =2. * TUREC(4) 
TNREC(4) = NREC42(6} + NREC42(7} 
ACQC42(1) = TUREC(4) 
ACQCIt2(2) = .20 * ACQC42(1) 
TACQC(4) = (ACQC4~(1) + ACQC42(2» * XNRT 
OPC42(1) = .02 * UREC42(1) 
OPC42(2) = .15 * (UREC42(4) + UREC42(5» 
OPC42(3) = ,08 * UREC42(2) 
OPC42(4) = .15 * UREC42(3) 
OPC42(5} = .05 * UKEC42(5) 
OPC4~(6) = O. 
OPC42(7) = .5 * OPC42(6) 
OPC42(8) = OPC42(1) + OPC42(2) + OPC42(3) + OPC42(4) + 

* OPC42(5) + OPC42(6) + OPC42(7) 
TOPC(4) = OPC42(8) * LSYS * ·XNRT 
GO TO 3500 

"',' CATV ••• 
3000 CONTINUE 

NRGR = NCe 
CABL = 2.*SETDNS 

IF(X(3).GT.TRBD1(1,I3» GO TO 1070 
KREC = 1 
bO TO 1075 

1070 IF(X(3).GE.TRBOi(2,I3» GO TO 1072 
KREC = 2 
GO TO 1075· 

. .. . 
• • • 

AM 
FM 

• • • 
• • • 

1072 KREC = 3. . 
'1075 CALL MADO(3,1,RECH,0.,RECH1(i,KREC,I3)~1.,RECH) 

HREC = QUAD(RECH~1)'RECH(2),RECH(3),TLOG) 
UREC43(1) = lO.**<HANT/10.) . 

. IF(116 • .E<.iI.2) URECl~3(1)' = PARANT(I3) * UREC43(1) 
lJREC43(2) = 10.**lHREC/IO.) 
!F(I2.EG.2)UREC43(2) = UREC43(2) + DFMREC 
UREC43(2) = UREC43(2) * NRGR 
UREC43(3) = 0.0542 
UREC43(4'} = 0.0015 
UREC43(5) = 0.004*CABL 

,"""UREC43 (6) = C TI. ... 
UREC43(7) = UREC43(3) + UREC43~~) + UREC43(S) 

f' i\ 
!l 

~ 
~ '~-... 
t 
1; 
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299 

300 

6373 

1 
1 

TUREC(4) = UREC43(1) * GR + UREC43(2) * GRa5 + UREC43(6) * GR95 
* + UREC43(7) 

C I 1'~kEC = UKEC43 (~) * GR85 
CINTL = UREC43(6) ~ GR95 
CINors = 0.004 + 2,OE-U5*SETUNS*30, 
TAGGC(4) = (TUREC(4) + CINANT + CINREC + CINTL + CINOIS) * XNGR 
OPC43(1) - .15 * UKEC43(1) * GR 
OPC43(2) = .10 * UREC43(2) * GR85 
OPC43(3) = O.02*UREC43(3) 
OPC43(4) = ,15 * UKEC43(4) 
STDNLG = 10,*ALOG1U<SETDNS) 
EXPN = QUAD(-22.81,O,429,O,OU815,STDNLG) 
OPC4.3(5) = 10.**<EXPN/IO.). 
OPC43(6) = OPC43(3) + OPC43(4) + OPC43(5) 
OPC43(7) = OPC43(1) + 9PC43(2) + OPC43(6) 
TOPC(4) = XNGR * LSYS * OPC46(7) 

R3 = NBS 
1~(N8RQD.GT,N8S) R6 = NBRQO 
H1=NtjRQO/NSL 
H2=NBRQD/N~S 
!F (Kl,Gl,l.) Kl=l. 
IF (R2.GE.l.) R2=1. 

•• , TOTAL COST .,. 

HNREC = TNREC(l) I (NBRQD * NSAT) + TNREC(2) I (NSAT * R3) 
* + TNREC(3)*Rl*R2/{N5AT*N8RQO) + TNREC(4) 

HACQ = TACGC(1) I NBRQO + TACQC(2) I (NBS * NSAT) + TACQC(3) I 
* (NBS*NSL) + TACQC(4) 

HOPER = Tope(1) I N8RQO + TOPC(2) I (NBS * NSAT) + TOPC(3) I 
* (NBS*NSL) + TOPC(4) 

IF(I22,EG,O) GO TO 299 
HNREC = HNREC + ENGMp(Il) I (R3 * NSAT) 
HACQ = HACQ + ACQMP<!l) I NBS 
HOPER = HOPER + ACQMP(Il>*NSAT*(LSYS/LSAT- ,1) I NBS 
CSTPYR = (HNREC + HACQ + HOP~R) I LSYS 
00 300 I = 1,N 

Y(M+I) = X(I) 
CONTINUE 
ITERP = ITER 
CONTINUE 
RETURN 

END 

, , 
i 
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5 .5 SUBROUTINE PLACE 

The function of subroutine PLACE is to set the coefficients required 

to calcula.te 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 diagram (Figure 5.6) and the listing. A leading character of "An 

indicates .AM and a leading character of !IF" indicates the FM coefficients. 

The following explanation wilJ~ clarify the subscripts notation. 

Consider for example 

AWGHT(I,~j,K) 

The "subscript J indicates a transmitter type and may assume any 

value fran 1 to 4.. 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 fram 1 to 3 and represents the components of the 3 x 1 

vector of analytic coefficients for each transmitter frequency combina~ion. 

, 
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, . 
-,-... 'It 

) 

NO 

SET WGHT & EFF 
COEFFICIENTS: 
(A 'W 

= F
WGHT

) 

(A'et= FETA ) 

YES 

GDC-DCF70_002 

SET VOLUME 
COEFFICIENTS 
(AI = F I 2) v va 
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SUBROUTINE PLACE(y,IM,IN,IJ,IO,N,M,L) 
COMMON/NUMH/ NTR,NCTR,NF,LSYS,NSL,NRS,NLV,NRLV,NRSTA,NB,NCB,NC 

* ,NCTRF,NTRF,NCF,LSAT,FREG1,GR85,GR89,GR95,GR,XNGR,XNGRP 
* ,NAPV,NAUOC,PDNSE,ITASO,NBRQO,AOC,NSAT,NBS,SETONS,JIT 

COMMON/SYSTEM/ AW(j),AV(3),AET(3),ACE(3),ACMFG(3),AWP(3),AVP(3) 
* ,AETP(3),ACEP(3),ACMFGP(3>,IVLEV(4),ICLEV(4) 

COMMON/TABLE/ AWGHT(3,4,3),AVOL1(3,4,3),AVOL2(3,4,3),ACENG1(3,4,3) 
* ,ACENG2(3,4,3},ACENG3(3,4,3),ACMFG1(3,4,3) 
* ,ACMFG2(3,4,3),AETA(3,4,3),FWGHT(3,4,3),FVOL1(3,4,3) 

305 

310 

'315 

* ,FVOL2(3,4,3),FCENG1(3,4,3),FCENG2(3,4,3) 
* 'FCENG3(3'4,3),FCMFG1(3,4,~),FCMFG2(3'4,3) 
* ,FETA(3,4,3),PSPPLY(9,2),ANT(4,2) 
* ,FBOOM(4,3),BCHANN(2),OABO(8),BLNGTH(8) 
* ,BVOL(8),BWGHT(8),DEM(8),FREG(4),BOWOTH(4) 
* ,UPFREQ(2),EXPR,FOLINE 

REAL NREC1,NREC2,NREC3,NKEC41,NREC42,NREC43,Kl,K2,NOANT . 
REAL KATTN1,KATTN2,LSYS,LSAT,NBRGO,NLV,NTR,NAPV,NAUDC,NCF 
REAL LTR,·LRCVR,LPT,LBATT,LPC,LPCU,LLCF 
REAL NSAT,NBS 
L)IMENSION yell 
11 = 1M 
12 = IN 
13 = IJ 
IF(lJ,EQ.4) 13 ~ 13 - 1 
PLOG = 10. * ALOG10(Y(1» 
IF(lD.EQ.2) GO TO 599 
IF(Il,EG.2) GO TO 399 

00 300 1=1,3 
AW(l) = AwGHT(I,I2,I3) 
AET(I) = AETA(I,i2,I3) 
CONTINUE 

IF(PLOG,GT.30.) GO TO 310· 
DO 305 1=1,.3 
AV(I) = AVOLllI,12,I3) 
IVLEV(1) = 1 
CONTINUE 
GO TO 320 
00 315 1=1,3 
AV(l) = AVOL2(I,12,13) 
IVLEV(l) = 2 
CONTINUE 

• • • AM , •• 
• • • WEIGHT AND STA ••• 

, •• VOLUME ••• 

••• MFG. AND ENGINEERING COST 
320 IF(PLOG,6T.21.14) GO TO 330 

,DO 325 1=1,3 
ACE(l) = ACENG1(I,12,13) 
ACMFG(I) = ACMFG1(1,I2,I3) 

325 CONTINUE 
ICLEV(l) = 1 

'GO TO 50U 
330 IF(PLOG.GT.30.) GO TO 350 

DO 335 1=1'.3 . 
ACE(l) = ACENG2(I,12,I3) 

5·~55 
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ACMFG(I) ~ ACMFG2(l,12,I3) 
335 CONTINUE 

ICLEV(l) = 2 
(jO TO 50U 

350 DO 305 1=1,3 
ACE(l) = ACENGj(1,12,I3) 
ACMFG(I) = ACMFG~(I'I2,I3) 

355 CONTINUE 
ICLEV(l) = :3 
GO TO 500 

399 CONTINUE 
DO 4UO 1=1,3 
AW(!) = FWGHT(I,I2,Ij) 
AET(I) = FETACI,I2,I3) 

400 CONT1NUE 

LF(PLOG.GT.30.) GO TO ~10 
00 '+05 1=1,3 
AV(I) = FVOL1(I,12,I3) 
IVLE\I(I) ;:: 1 

400 CONTINUE 
GO TO 42U. 

410 DO 415 1=1,3 
AV(l) = FvOL2(I,12,I3) 
IVLEV(I) = 2 

415 CONTINUE 

420 

425 

4:50 

435 

450 

455 

500 

59·9 

IF(PLOG,GT.21.14) GO TO 430 
DO 425 1=1,3 
ACEel) = FCENG1(1,12,I3) 
ACMFG(I) = FCMFG1(1,12,I3) 
(,;ONTINUE 
lCLEV(l) = 1 
GO TO 50U 
IF(PLOG.GT.30.) GO TO 450 
DO 435 1=1,3 
ACE(l) = FCENG2(!,I2,I3) 
ACMFG(I) ;:: FCMFG2(I,I2,I3) 
CONTINUE 
ICLEV(l) ;; 2 
GO TO 500 
00 455 1=1,3 
ACE(I) = FCENG3(I,12,I3) 
ACMFG(I) - FCMFG2(!,I2,I3) 
CONTINUE 
rCLEV(l) ;:: .3 
CONTINUE 
GO TO 700 
CONTINUE 
PTALOG - PLOG - 10. 

00 6UO I = 1,3 
AWP(I) - FWGHT(I,I2,I3) 
AETPjI) = F~TA(I,I2'13) 

• •• FM ••• 

• • • VOLUME • • • 

...-"' .. 

••• MFG. AND ENGINEERING COST ••• 

" j 

• • • FM-AUDIO • • • 
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c 

600 CONTINUE 

IF(PTALOG.GT.~O.) GO TO 61~ 
LJO 605 1=1,3 
AVP(I) = FVOL1(I,I~,r3) 

605 CONTINUE 
rVLEV(3) = 1 
GO,TO 620 

610 DO 615 r=1,3 
AVP(l) = FVOL2(I,I2,I3) 

615 CONTINUE 
lVLE;V(3) = 2 

620 IF(PTALOG.GT.21.14) GO TO 630 
00 625 1=1,3 
ACEP(I) = FCENG1(I,I2,I3) 
ACMFGP(I) = FCMFG1(I,12,I3) 

625 CONTINUE 
ICLEV(3) = 1 
GO TO 700 

630 'IF(PTALOG.<:'T.3U.) GO TO 650 

DO 635 1=1,3 
ACEP(I) = FCENG2(I,I2,I3) 
ACMFGP(I) = FCMFG2tI,I2,13) 

635 CONTINUE 
.lCLt::V(3) = 2 
GO TO 700 

65U DO 655 1=1,3 
ACEP(I) = FCENG3(I,I2,I3) 
ACMFGP(I) = FCMFG2(I,I2,13) 

655 CONTINUE 
ICLEV(3) = 3 

700 CONTINUE 
RETUHN 

ENU 

1 
i: 

VOLUME • • • • • • i 
I 

i' 

I, 
i 
J 

••• MFG. AND ENG. COSTS • • • 

I 
J ~ 
\ ' 
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5 .6 SUBROlJrINE PRTIAL 

.' 

GDC-DCF70-002 

The function of subroutine FRTIAL is to canpute a~U of the partial 

derivatives Jcoequired by the optimization technique, i.e., ~the cost gradient 
I 

and the grad:lent of the design Parameter which violates a boundary (if any). 

In canputing the partial derivatives, due to the ap~rance of 

implicit functions in the system equations, it was necel9sary 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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SU~ROUTINt PRTIAL(Y,X,PT,MBS,N,M,L,ITER,MB) 
COMMON/ATTNI BVEST,BtlB(2),ZMOO(2),XLAT,XLONG,RP,BT1(2),BT2(4) 

* ,AT1(2),AT2(4),KATTN1(2),KATTN2(4),TZ1(2),TZ2(4),XLI,XLT1,XLT2 
* ,XLT3,XLT4,XPT1,XPT2,RPT1,RPT2,Pl,P2,COSNT(4),TION,TATM,TCLOUD 
* ,TRAIN,TTL,AMMT(3,4),TE,TRCVRS,GE1,GE2,GS1,GS2,GM1,GM2,GSX(3,3) 
* ,GEX(3,3),GMX(3,3),AMTPLX(4),8MTPLX(4),TCO,TI,TA,TC,TM,TR,TT 
* ,TEFF,FSL12,FSL34,ATL1,ATL2,XCIRC1,XCIRC2,RCIHC1,RCIRC2 
* ,XL12,XL34,KGS,KGM,KGE,RPP(3),BETA,GAMMA,EL,RSL 

COMMON/BOUNO/IARRAY(15),JARRAY(15),YMIN(15),YMAX(15) 
COMMON/CNSTI PI,K,CVEL,BOLZ,kSAT,RE 
COMMON / CNVRG£ I EPSLON,MCONV,ITMAX,PS1K,GRAO(5) 
COMMON/CO~JST/KRA,KIA'KUA,KA'KL'KCL£'KWPCU,KVPLCF,KVPT,KPCN,KVCU 

* ,KWPLCF 
COMMON/COSTI UREC1(7),NREC1(6),ACQC1(3),OPC1'10),UREC2(15) 

* ,NREC2(2U),ACQC2(4),OPC2(1),UREC3(2),NREC3(5) 
* ,ACQC3(4),OPC3(1),UREC41(2),NREC41(3),ACQC41(2) 
* ,OPC41(1) ,UREC42(7),NREC42(7),ACQC42(2),OPC4~(8) 
* ,UREC43(7),NREC43(5),ACQC43(2),OPC43(7),TUREC(4) * ,TNR£C(4),TACQC(4),TOPC(4) 

COMMON /OIAM 10(4),G(4) 
COMMON/OIseRI GE,GS,GM 
COMMON/MAINI Il,12,13,14,15,16,17,18,I9,110,111,112,I13,114,115 

* 'I16,I17'I18,I19'I20,I21,I22'I~3,I24'I25 
* ,X~,XJ,XK,XL,XP1'XM,XP2,XN,XP3,XY,XP4 

COMMON/MISC; BLEM,8VEM,XLF1,XLF2,XLF,XLA,SNRG,XTA,XIMPRV(2),BVI012 
* ,BVID3~'TSTRCT,AMAJR,BMINR 
COMMON/NUM~I NTR,NCTR,NF,LSYS,NSL,NRS,NLV,NRLV,NRSTA,NB,NCB,NC 

* ,NCTRF,NTRF,NCF,LSAT,FREQ1,GR85,GR89,GR95,GR,XNGR,XNGRP 
* ,NAPV,NAUDC,PONSE,ITASO,N8RQO,AOC,NSAT,NBS,SETONS,JIT 

COMMON/PARA I PLOG,ETA,ARD,VTR,WTR,FREG4,XNS,RHO,AKP,XNG 
* ,CE,CMFG,WEM,WLOG,PGLOG,CSTPYR,G4LOG,TLOG 
* ,VEM,WSTLOG,PSLOG,WHLOG,PRLOG,D1LOG 
* ,D4LOG,PrALOG,PCULOG,PPCLOG,PPTLOG,CEPP,CMFGPP 

COMMON/PARA2/WPP,VPP,PPS,WA,VA,WAP,VAP,WREC,VREC,WSTRCT,VSTRCT 
* 'WMPLX,VMPLX,WRD'VRD~WCS,VCS,WAC'VAC'PRD'WINC'VINC 
* 'WBATT,V~ATT,CMPLX,CREC,CPPID,CPT1D,CPCU10,CLCFID 
* ,CPC1D,CPP2D,CPT2D,CPCU2D,CLCF2D,CPC2D,CBTTID 
* ,CBTT2U,PTA,PPT,PPCU,PPC,WTRP,VTRP,VPCU,wpcu,vpc,wpc 
* ,ETAP,ETALC,CTL,UCOSTR,CONDID,COND2D,WCONO,VCONO,PLCF 
* ,VPT, CHARlO, CHAR2D, CINANT, CINREC, CINTL, CINOIS,CABL 

COMMON/PARA31 YM,YL,AML,AREA,WHRS,wsixLEM 
COMMON/R~OUND/ LTR.LRCVR,LPT'LBAT~'LPC'LPCU'LLCF'RRWTR,RRWRVR * ",RRWPT, RRWBTT, RRWPC, RRWPCU ,RRWLCF, RRVTR ,'RRVRVR ,RRVPT ,RRVBTT 

* 'RRVPC,HRVPCU,R~VLCFtRRCTR,RRCRVR,RRCPT,RRC8TT,RRCPC'RRCPCU 
* ,RRCLCF,VRHO,WRTR,WRtVR,WRPT,WRBTT,WRPC,WRPCU,WRLCF,VRTR,VRCVR 
* ,VRPT,VRBTT,VRPC,VRPCU,VRLCF,CRTR,CRCVR,CRPT,CRBTT,CRPC,CRPCU 
* ,CRLCF 

COMMON/SYSI WMP,VMP,WGHTB(3,3),VOLB(3,3),XTR(3),ANTC(3),CSTR(3,3) 
* ,CP1(3,2),CP2(3,2),RAD1(3,2)pRAD2(3,2),SK1(2,2,3),SK2(2,2,3) 
* ,PLX1(4'3)'PLX2(4,3),DNLA'ANTD1(3,4),ANT02(~'4),CBT1(3,3) 
* ,C8T2(3,3),RECH(3)'RECH1(3,3'4)'TRBD1(2'4),RECH2(3~3),TRBD2(2) 
* ,RECAi,RECA2,ANTH(3,4),XINST1,XINST2,CINST(3,4),CRCUR(3,2) 
* ,CRCNH(3,2),NOANT(8),DCYCLE,ARCVR(4),ETAPT,ETAPC,ETAB,ETAPCU 
* ,ETALCF,RHOPC,OGRD(2),WPTR(3) ,WCU1,WCU2,WeU(3,3),WPCN(3) 
* ,WLCFP1,'WLCFP(2,2) ,VPTR1,VE~TR(3,2) ,VCU1,VCU(3,2) ,VPCNl 
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5000 
5001 

.' 

* 'VPCN{3'2)'VLCFP1,VLCFP(2'2),CENGP1~CENGP2,CMFGP1,CENGPC(3,3) 
* ,CMFGPC(3,2),CLC1,CLC2,CENGLC(2,3),CMFGLC(2,3),XCNST 
* ,OEGRAu,CPTUR(3),CPTNR(3),CPCUUR(3),CPCUNR(3),CPCUR(3),CPCNH(3) 
* ,CBETA,SBETA,IETBD1,IET8D~,WMUX(3,3),WHARR(3'B),CHARUR(3) 
* ,CHAR"'R(3),NPROrO,SKLS1(2,2,3),SKLS2(2,2,3),ATT1(2,2,3) 
* ,ATT2(2'2,3),ATLS1(2,~,3),ATLS2(2,2,3),IAML,IWS,AMLLOG 
* ,DFMRt:C'PARANT(Lf),NRGR,AC~LV(8),ENGLV(8),ACQMP(8),ENGMP(8) 
* ,URCB~M,ENGBSM,URCMDA,ENGMDA 
* ,RCVR1(~) ,RCVR2(1) ,HRCVR1(3,4) ,HRCVR2(3,2) ,XLC1(3,2) ,XLC2<:3,1) 
* ,XLC3(3,1),RCVC2,RCVC3,DELC1,DELC2 
~OMMON/SYSrEMI AW(j)~AV(3),AET(3),ACE(~),ACMFG(3),AWP(3),AVP(3) 

* ,AETP(3),ACEP(3),ACMFGP(3),IVLEV(4),ICLEV(4) 
COMMON/TA8LEI AWGHT(3,Lf,3),AVOL1(3,4,3),AVOL2(3,4,3),ACENG1(3,4,3) 

* ,ACENG2(3,4,3),ACENG3(3,4,3),ACMFG1(3,4,3) 
* ,ACMFG2(3,Lf,3),AETA(3,Lf,3),FWGHT(3,4,3),FVOL1(3,4,3) 
* ,FVOL2(3,4,3),FCENG1(3,4,3),FCENG2(3,4,3) 
* ,FCENG3(3,Lf,3),FCMFG1(3,Lf,3),FCMFG2(3,4,3) 
* ,FETA(3,Lf,3),PSPPLY(Lf,2),ANT(4,2) 
* ,FBOOM(4,3),BCHANN(2),DABD(8),BLNGTH(8) 
* ,8VOL(8),BWGHT(8),DEM(8),FREQ(4),BDWDTH(4) 
* ,UPFKEY(2),EXPR,FDLINE 

UIMENSION UPTRX(2),DVTRX(2),DWTRX(2),DVLCFX(2),DPLCX(2),DWLCFX(2) 
* ,UPTAX(~),DETPX(2),XKS(2)'XKP3(2),XK3(2),DPPSX(2)'DVEMX(2) 
* ,UWSTX(2),DPACX(2),DWSX(2),DPCUX(2},DPPCX(2),DPBX(2),DPPTX(2) 
* ,UPRDX(2),DUCSTX(2),DUCPRX(2),OUCBTX(2),DUCSKXC2),DUCRDX(2) 
* ,UUCTRX(2)'DUCPTX(2),DUCPCX(2),DUCPNX~2),DUCLCX(2),DNCSTX(2) 
* ,DNCPRX(2),DNCBTX(2),DNCSKX(2),DNCRDX(2),DNCTRX(2),DNCPTX(2) 
* ,DNCPCX(2),DNCPNX(2),DNCLCX(2),DVMPX(2),DWCSX(2),DVCSX(2) 
* , UPCSX (2) , DWRDX (2) , DPRDMKt 2) , DUC/,CX (2) , DNCACX (2) 

OIMENSION X(1),Y(1),PT(N,M), LBATT(3), SIGD(2),DNV(2),RADC(2) 
UATA SIGD(l), SIGD(2) I 2.0E-04, l,OE-04 I 
UATA RADC(l), RAOC(2), DNV(l), DNV(2) I 0,0548, 0.01125, 6., 5.1 
HEAL NREC1,NREC2,NKEC3,NRECLfl,NRECLf2,NREC43,K1,K2,NOANT 
HEAL KATTN1,KATTN2,LSYS,~SAT,NBRQD,NLV,NTR,NAPV,NAUDC,NCF 
REAL LTR'LRCVRiLPT,L8ATT,~PC'LPCU,LLCF 
HEAL NSAT,N8S, NPROTO 
kEAL NRGR 
XNC = NC 
IF«11,EG,4).OR.(Il.EQ.6» GO TO 5000 
XSTR = (4. * OEM(Il) * TSTRCT) I (UEMCI1) - 2. * TSTRCT)**2 

* * (1. - TSTRCT/UEM(11» 
GO TO 5001 
XSTR = n. 
CONTINUE 
AKP ;; 1. 
FREQ4 ;; FREQ(I3) 

'" PARTIAL OF COST WRT X 
Kl = NF * (102 + .15 * LSYS) + 1. 
K2 = NF * (1.2 + .08 * LSYS) + 1. 
XNUM = (1. + RHO) * SNRG 
PHIl = XNUM I (G(3) * XL34 * XIMPRV(I2» 
PHI2 ;; XNUM I (RHO * XL12 * XIMPRV(I2» 
uG4D~ = 2.0 * 6(4) I 0(4) 

• • • 

IF(I16.EG.2) 064U4 = DG4D4*(1.-(12.8*SIGO(2)*FREQ4*O(4»**2) 
DGSG4 = GS/G(Lf) * <GSX(2,KGS) + 2, * GSX(3,KGS) * G4LOG) 

I 
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OGMG4 = bM/G(4) * (GMX(2,KGM) + 2. * GMX(3,KGM) * G4LOG) 
uGEG4 = G~/G(4) * (GEX(2,KGE) + 2. * GEX(3,KGE) * G4LOG) 
UT~Fb4 = XLT4 * (.(TCO+TI+TA+TC+TR)*OGSG4 + TM*DGMG4 + TE*OGEG4) 
OXNGb4 = ~OLZ * dVID34 * DTEFG4 * 1.~+09 
UGlUl = 2.*G(1)*(1.-(12.a*SIbD(2)*FREQ1*DC1»**2)/O(1) 
UPGUl = - PHI2*XNS / (G(1)**2 * G(2» * DGI0l 
OPTRX(l) = PHIl / G(4) * (-XNG/G(4) + OXNGG4) * DG4D4 
OPTHX(2) = PHIl * dOLZ * BVIU34 * 1.~+09 I G(4) 
IF (11.G1.2) GO TO 101 
UAMLPS = 1. / YL * (Q005 * PPS 1 XLEM + .05 * DEM(ll» 
UAMLVM = -.25/YL * (AREA/XLEM)**2 * 4./(PI*(DEM(11)-2.~TSTRCT)**2) 
bO rO 103 

101 DAMLPS = ,1 * YM 1 YL 
uAI"fLVM = O. 

103 GO 1'0 (1Ub,106,1U7) ,i15 
lOb C1 = (.7Ub + 1 0 30 * LSAT) * 1.E-U3 

(.;2 = 2.E-u5 * LSAT 
~3 = 3.7c.-03 
GO TO 12b 

lOb' Cl = 6. 0333E-03/~QKT (1. + 7 .14E-04*AML) + 1.37E-04*LSAT 
~2 = 5.97~-06 + 2.22E-07*LSAT 
(;3 = 1.4bE.-02 
bO TO 125 

107 Cl = 1.37t-OJ * LSAT 
C2 = 1.32 E-05 * LSAr 
(.;3 = 3.7~-03 

125 CONTINUE 
C2 = VRHO * C2 
OWACPS = Cl * DAMLPS 
UWACVM = C1* DAMLVM 
UVACPs = C2 * DAMLPS 
DVACVM = C~ * UAMLVM 
UPACPS = Cj * OAMLPS 
DPACVM = C3 * DAMLvM 
UPROPT - - (NTK*XCNST + O.l*NAUDC) * XCIRC2 
UWROPS = O. 
UWRDVfvl = u. 
UWROPT = U. 
IF (ARD.LE.U.) GO TO 130 
UWKOPS = RAOC (11~ D£GRAD 
UWHDVM = - (RADC(I13)/O.U548) * (5./3.) * VEM**-O.333 
UWROPT = RAOC(ll~) * DPRUPT 
rF«Il.EW.4).OR.(Il.EQ.6» DWROVM = O. 

130 CONTINUE 
, OWbTPB = 4b.b*kHOPC*WBATT/WHHS * <WGHTB(2,I20) + 2~*WGHTB(3,I20) 
* * ~vHL()G) 

UVUTPB = 4b.6*RHOPC*VBATT/WHHS * (VOL8(2,I20) + 2. * VOL8(3,120) 
* * WHLUG) 

TEr'4P = (VTK/Y(1» * (AV(2) + 2. * AV(3) * PLOG) 
TEMPP = .1 * (VTHP/PTA) * (AVP(2) + 2. * AVP(3)*PTALOG) 
TEMPX = (WTR I Y(l» * (AW(2) + 2. * AW(3) * PLOG) 
TEMPXX = .1 * (WIRP/PTA) * (AWP(2) + 2. * AWP(3) * PTALQG) 
UWSTVM = 4. / UEM(ll) 
IF«ll.EG.4).OR.(Il.EQ.6»OWSTVM = o. 
OVSTVM = XSTH I (1. + XSTR) . 
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uwPPPS = XJ 
UETPTR = (4,.3429 / V(l» * (AET(2) + 2. * AET(3) * PLOG) 
IF(IETBD1.EQ.l) UErPTR = O. 
60 TO (lbb,156,157),114 

155 ceS1 = 0.00354 * LSAT / (1. -0.00197 * LSAT) + 0.0346 * LSAT / (1. 

156 

* - 0.0192 * LSAT) 
CCS2 = 0.045 * eCS1 
CCS3 = 4.E.-03 
GO TO 165 
wFU = 2.384E-03 * WS * L~AT 
UWFUWS = 2.384l-U3 * LSAT 
UWTKWS = u.112 / (3.*(3,61 + O.028*WFU)**0.333) * OWFUWS 
CCSl = 2.u163E=03/SQKT(1.43E-03*WS + 1.) + O.329/SGRT(WS) ~ 

* 9.16E-05 * LSAT + DWFUWS + DWTKWS 
CcS2 = 2.08E-Ob + DWFUWS/984. + DWTKWS/450. 
CC56 = 4.469E-02 
GO TO 16b 

157 teS1 = .00216 * LSAT / (1. - .00138 * LSAT) + ,0211 * LSAT / 

165 

* (1. - ,Olj5 * LSAT) 
ce52 = .03 * CCS1 
ce53 = 5'.1E.-03 
CONTINUE 
CC52 = VRHO * CCS2 

• •• COST '.' 
GRADel) = K2 * UKEC1(4)/O(1) * (ANTC(2) +2.*ANTC(3)*D1LOG) 

* +K1 * UR£Cl(3)/Y(5) * (XTR(2)+2.*XTR(3)*PGLOG) * DPGDl 
GRAU(l) = GRAD(l) / NBRQO 
UVPCUP = vPCU/PPCU * (VCU(2,KVCU) + 2. * VCU(3,KVeU) * 
UwPCUP = wPCU/PPCU * (WCU(2,KWPCU) + 2. * WCU(3,KWPCU) 
DVPCPC - vpc/ppe * <VPCN(2,KPCN) + 2. * VPCN(3,KPCN) * 
uwPCPC - wPc/PPC * (wPCN(2) + 2. * WPCN(3) * PPCLOG) 

PCULOG) 
* PCULOG) 
PPCLOG) 

DVPTPT = VPT / PPT * (VPTR(2,KVPT) + 2. * VPTR(3,KVPT) * PPTLOG) 
DWPTPT = WPTk(2) + 2. * WPTR(3) * PPT 
UWPTPT - DWPTPT * wRPT 
OwHARP - wHARR(2,Il) + 2. * WHARR(3,11)*PPT 
DWPTPT = DWPTPT + DWHARP 
XKT = DWBTPB / (ETAPC*ETAPCU) + DWPTPT * (l.+RHope/ETAB)/ 

* (ETAPC~ETAPCU) + oWPcpe/ETAPCU + OWPCUP 
XKP = OVPTPT * (l.+RHOPC/ETAB)/(ETAPC*ETAPCU) + DVPCPC/ETAPCU 

* + DV8TPB/{ETAPC*ETAPCU) + DVPCUP 
TCNST = (1. + RHOPC /ETAS) / (ETAPT * DEGRAD * ETAPe * ETAPCU) 
uwSPPS = DWPPPS + UWACPS + OWRDPS + XKT I TeNST 
OWSVM = DwACVM + DwSTVM + DWkDVM " 
XK1 = 1. - TCNST * OPACPS - CCS3 * TCNST * DWSPPS 
XK2 = -TC~ST * (OPACVM + CCS3 * DwsvM) 
XKPl = - (OVACPS + CCS2 * DWSPPS + XKP / TCNST) 
XKP2 = 1. - (OVACVM·+ CCS2 * DWSVM + DVSTVM) 
DEN = XK1 * XKP2 - XKPl * XK2 
DO 135 I = 1,2 

o 

OVTRX(I) = (TEMP + TEMPP) * DPTRX{I) 
OWTRX(I) = (TEMpx't TEMPXX) * DPTRX(I) 
DPLCX(I} = XCNST/ErA * (1. - DETPTR * V(l) I ETA) * DPTRX(I) 
eXP = VLtFP(2,KVPLCF) - 1. () 

DVLCFX(I) = XNC * VLCFP{l,KVPLCF) * VLCFP{2,KVPLCF) * PLCF**E~p 
* * DPLCX(I) 
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UVLCFX(I) = DVLCFXCI) * VRLCF * VRHO 
EXP = WLCFP(2,KWPLCF) - 1. 

',-

,~ . 

DWLCFX(I) = XNC * WLCFP(2,KWPLCF) * WLCFP(l,KWPLCF) * PLCF**EXP 
* * DPLCX(I) 

UWLCFX(I) = DWLCFX(I) * WRLCF 
IF(I~.EQ.2) DWLCFX(I) = DVLCFX(I) = 0.0 
UPTAXCI) = .1 * OPTRXCI) 
UETPX(I) = 4.3429/Y(1)*(AETP(2) + 2. * AETP(3) * PTALOG) *DPTRX(!) 
'IF(IETBD2.EG.l) DETPX(I) = O. 
XKS(l) = DPLC~(I)/ ETALC * XNC + XNC * NAPV * (DPTAX(!)/ETAP 

* - PTA/ETAP**2 * DETPX(I»~ 
XKP3(I) = DVTRX(!) + CCS2 * CDWTRX(I) + DWROPT * DPTRX(I) 

* + DWLCFX(!» + DVLCFXC!) 
XK3(l) = TCNST * (XKS(I) + CC53 * (OWTRX(I) + DWLCFXCI) + DWRDPT 

* * DPTRX(I») 
UPP5X(I) = (XK3(I) * XKP2 - XKP3(I) * XK2) / DEN 
LJVEMXCI) = - (XK3(I) * XKPl - XKP3(I) * XK1)' / DEN 
DVMPX(I) = O. 
IFC(11.EG.4).OR.(Il.EQ.6»OVMPX(I) = -OVEMX(I) 
OW$TX(I) = OWSTVM * OVEMX(I) 
DWSX(I) = OWSPPS * DPPSX(I) + OWSVM * OVEMX(I) + OWTRXCI) 
OPACX(I) = QPACPS * DPP5X(I) + DPACVM * DVEMXCI) 

* + DWRDPT * DPTRX(I) + OWLCFX(I~ 
DPCUX(I) = XKS(I) + DPACX(I) + CCS3 * OWSX(I) 
OPPCX(I) = DPCUX(I) / ETAPCU 
DPSX(I) = DPPCX(I) / ETAPC 
UPPTX(I) = (1, + RH~PC/ETAB) * DPBX(I) 
IJPRDi:v1X(I) = O. 
IF«Il.EG.4).OR.(Il.EQ.6» GO TO 134 
DPROMX(I) = (5./j.) * VEM ** -0.333 I 0.05Qa * DVEMX(I) 

134 DPRDX (I) = DP~SX ( I) * DEGRAD '- (XNC*XCNST + .1 * NAUDC) * DPTRX (I) 
* * XCIRc2 -' DPRDMX(I) 

C '" UNIT RECURRING COSTS ••• 
DUCSTX(I) = UREC2(1)/WSTRCT *(CSTR(2,I12) + 2.*CSTR(3'112)*WSTLOG~ 

* * DwSTX ( I ) . 
OUCPRX(I) = CPPlD/PPS * (CPl(2,I6) + 2.*CPl(3,I6) * PSLOG) 

* '* DPP5X(I) 
DUCBTX(I) = CBTTID/WHRS * (CBT1(2,120) + 2.*CBTl(3,I20>*WHLOG)' 

* * 45.6 * RHOPC * OPBX(I) 
OUCSKX(I) = UREC2(S)/WS *(SK1Cl,IWS,I14)+2.*SK1(2,lWS,I14) 

* * WLOG) * DWSX(I) 
DUCACX(I) = CUREC2(4)-O.2886*LSAT)/AML*{ATTl(1,IAML,115) , 

* +2.*ATT1(2,IAML,I15)*AMLLOG>*(OAMLVM*DVEMX(I)+DAMLPS*OPPSX(I» 
OUCRUX(I) = DNCRDX(I) =,0.0 
IF(PRD.LE.O.) GO 'TO 136 
OUCROX(I) = UREC2(6) / PRO * (RAD1(2,II3) + 2, * RADl(3,I13) '* 

* PRLOG) * DPRDX(l) 
DNCROx(t) = NREC2(6) / PRO * (RAD2(~,I13> + 2. * RA02(3,I13) * * PRLOG) *' DPROX ( I) 

136 DUCTRX(I) = CMFG/Y(l) * (ACMFG(2) + 2.~ACMFG(3)*PLOG)* DPTRXC!) 
* +.1 * CMFGPP/PTA * (ACMFGP(2) + 2.*ACMFGP(3)~PTALOG)*DPTRX(I) 

DUCPTX(I) = CPTID/PPT * (CPTUR(2) + 2.*CPTUR(3)*PPTLOG) * DPPTXCI) 
* +CHARID/PPT*(CHARU~(2)+2.*CHARUR(3>*PPTLOG)*OPPTX(I) 

OUCPCXCI) = CPCUID/PPCU * (CPCUUR(2)+2.*CPCUUR(3)*PCULOG)*DPCUX(!) 
DUCPNX(I) ~ CPCIO/PPC • (CPCUR(2) + 2.*CPCUR(3)*PPCLOG)*DPPCX(I) 

\ 
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1 DUCLCX(J) = CMFGLC(2,KCLE) * DPLCX(I) * CRLCF * XNC 
! ••• NON-RECURRRING COSTS ••• 
1 DNCSTX(I) = 3.5 * OUCSTX(I) 
1 ONCPKX(I) = CPP2D/PPS*(CP2(2,I6) + 2.*CP2(3,I6)*PSLOG)*DPPSX(I> 
!\ 
·1 DNCBTX(I) = CbTT.2D/wHRS * (CBT2(2,I20) + 2.*C8T2(3,I20>*WHLOG) 
ij * * 4b.b * RHO PC * DPBX(I) 
I ONCSKX(I) = NREC2(b)/WS *(SK2(l,IWS,I14)+2.*SK2(2,IWS,I14) 

'i 

,I * * WLOG) * DWSX < I ) 
" . DNCACX(I) = (NREC2(4)-O.85)/AML*(ATT2(1,IAIV1L,I15) ~ i 
il * +2. *A TT 2 (2, I A{vlL, 115) *AMLLOG) * (OAMLVM*DVEMX ( I ) +OAMLPS*DPPSX ( ! ) ) 
~ ONCTRX(I) = CE/Y(1)*(ACE(2) + 2.*ACE(~)*PLOG) * DPTRX(I) 
:1 
ii * + .1*CEPPI PTA * (ACEP(2) + 2.*ACEP(3)*PTALOG)*DPTRX(I) 
~ ONCPTX(I) = CPT2D/PPT * (CP1NR(2) + 2. * CPTNR(3)*PPTLOG) 
"I! * * DPPTX(I) 
i! * +CHAR2D/PPT* (CHARNR (2) +2. *CHARNR (3) *PPTl.OG) *DPPTX (I) 
ll~,.ll DNCPCX(I) = CPCU20/PPCU * (CPCUNR(2) + 2. * CPCUNR(3) * PCULOG) 

* * DPCUX(I) 
jl lJNCPNX ( I) = CPC2D/PPC* (CPCNR (2) + 2. *CPCNR (:3) *PPCLOG) *DPPCX ( I) 
~ DNCLCX(I) = CENGLC(2~KCLE) * DPLCX(I) 
~ IF(I2,EG.2) DUCLCX(I) = DNCLCX(I) = 0.0 

~ ~~~~~l;Eg~~~i~~i:I!.~~~~~~(~~C~T~~t~T~(~~C!T~~~~K~(~; 
~ * + DUCRDX(I) + OUCTRX(I) + DUCPTX(I) + DUCPCX(I) 
, * + DUCPNX(I) + DUClCX(I) + DUCACX(I) 
! PSUM2 = DNCSTX(I) + DNCPRX(I) + DNCBTX(I) + DNCSKX(I) 
I * + DNCkOX(I) + ONCTRX(I) + DNCPTX(I) + ONCPCX(I) 

.~.I *R3 = ~B~NCPNX(I) + DNClCX(I) + ONCACX(I) 

~ IF (NBRQO .GT. NBS) R3=NBRGO 
ij UUREC2 = 1.236*(LSYS/LSAT)*PSUMl/NBS 
fjl ONREC2 = (l.575*PSUM2 + O.5375*PSUMI + NPROTO*(PSUMl-l * O.85*OUCPRX(I») I (NSAT * R3) 
N GRAO(I+l) = DNREC2 + DUREC2 
11] 
Il '135 CONTINUE 
}! C = 0.1 
III TERMl = UREC41(1) 
I TERM2 = UREC4l(2) - DELel - DELC2 
It GLC ::; 1. 

ijll .. . XIN = 1. 
IF (121.EG.l)· GO TO 137 

!i C=O.l5 I TERMl = UREC43(1) 
I TERM2 = UREC43(2) 
I GlC = GRab 

II XIN = 2. 
137 . 0RAO(2) = GRAO(2) + TERM1· * XNGR * (1. + C *LSYS) * GR 

I * * (ANTH(2,KRA) + ~.*ANTH(~,KRA) * D4LOG) / 0(4) I * ... CINANT * XNGR * (CINST(2,KIA) + 
I * 2. * CINST<3,KIA) * O~LOG) / 0(4) 

I GRAO(3) = GRAO(3) + TERM2 * GLC * XNGR * (XIN + .1 * LSYS) * 

,
. * (RECH(2) + 2. * RECH(3) * TLOG) I X(3t 

IF (MB.EG.~) GO TO 500 
. OWHDX(l) = DWRDVM * DVEMX(l) + DWRDPS * DPPSX(l) + DWRDPT 
* * DPTkX ( 1 ). 

DWRDX(2) = DWROVM * DVEMX(2) + DWRDPS * DPP5X(2) + DWRDPT I 
1 
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* * fJPTRX(2) 
K = rARRAY(MBS) 
GO TO (1,2,3'4,5~6),K 

• • • 
PT(1,!) - O. -
PT(2,1) - DPTRX(l) -
PT(3,!) - DPTRX(2) -
GO TO 200 

• • • 
CONTJ.NUE 
UO 2b 1=1,2 
UWC5X(I) = CCSl * DW~X(I) 
OVCS>' ( I) = CCS2 * UWS.x ( I ) 
OPC5X(I) = CCS3 * OW5X(I) 

25 CONTJ:NUE 
PT ( 1 I' !) = 0, 
PT(2p1) = DWSX(!) + UWC5X(1) 
PT(3v1) = DWSX(2) + DWCSX(2) 

. GO TO 200 

;3 PT ( 11' l) = O. 
PT(2vl) = DVEMX(l) 
PT(3pl) = DVEMX(2) 
GO TO 200 

• • • 

• • • 
4 PT ( 1,1) = 0,> 

••• DEPENDENT PARAMETERS 
PARTIALS OF PTR WRT X ••• 

PARTIALS OF WEIGHT WRT X • • • 

PARTIALS OF VEM WRT X • • • 

PARTIALS OF VOLUME WRT X ••• 
PT(2,1) = OVEMX(l) + XK * DPPSX(1) + (1.IDNV(I13»* OWRDX(l) 

* UVMPX(l) 
PT(3,1) = OVEMX(2) + XK * UPPSX(2) + (1./ONV(I13» * DWRDX(2) 

* + DV flilP X ( 2 ) 
GO TO 200 

5 CONTINUE 
PT ( 1,1) = 
PT (2,1) = 
PT (;3,1) =:. 
GO TO 200 

6 PT<l,!) = 
PT (2, l) = 
PT ( 3" l) = 

200 (..ONTINUE 
500 ~ONTINUE 

KETURN 
END 

• • • PARTIALS OF PG WRT X 

-PHI2 * XNS I (6(1)**2 * G(2» '* OGl01 
O. 
0 •. 

O. 
XK * PPPSX(l) 
XK * DPP5X(2) 

• • • PARTIALS OF VPP WRT X 
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5 .7 SUBROUTINE BCHECK 

The function of subroutine BCBECK 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 general steps: 

(a) it checks to see if any of the components violate a 

minimum boundary, 

(b) it checks to see if any of the cOIllPQnents violate a 

maximum boundary, and 

(c) if there is more than one boundary.violation, it determines 

which exceeds its constraint to the largest degree and 

flags that (KS) as the one which will be used in computing 

AX. 

* A value of 1 indicates the particular violation was with respect 
to a minimum. 
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", COMPARE Y = ~~'Yj) 

AGAINST MINIMUM 
BOUNDARIES 

SET. 
YES APPROPRIATE FLAGS; 

SET 

COMPARE Y = (y,) '-1 M 
J J- , 

AGAINST MAXIMUM 
BOUNDARIES 

MB= MB+ 1 

I SET 
>--YE_S~I APPROPRIATE FLAGS; 

NO 

SET 
MB = MB + 1 

DETERMINE WHICH 
VARIABLE EXCEEDS ITS 
BOUNDARY BY THE 
GREATEST DEGREE; SET 
APPROPRIATE FLAGS 

Figure 5.8 Flow Diagram - Subroutine BCHECK 
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SUBHOUTINE BCHECK<Y,MB,KS,MBS,N,M,L) 
~OMMON/BOUNO/IARRAY(15),JARRAY(15),YMIN(15),YMAX(15) 
DIMENSION Y(15) 
NAMELIST/NAME6/ IARRAy,JARRAy,MB 
flilB =0 
C.ALL ZERO(IARRAy,lb,1) 
CALL ZERO(JARRAY,lb,l) 
DO .300 1=1' r-.'I 
IF(Y(I).GE.YMIN(I» GO TO 100 
MB = MB + 1 
lARRAY(M8) = I 
~ARRAY(M8) = 1 
IF(YMIN(I).EG.O.> YMIN = 1.E-30 
GO TO 300 

100 IF(Y(I).LE.YMAX(I» GO TO 30U 
MB = MB + 1 
lARRAy(MB) = I 

300 CONTINUE 
015T1=0. 
(IIIBS :: 1 
K5 :: IARRAY(l) 
IF(MB.LE.1) ~O TO 400 
00 325 1 :: 1,MB 
K = lARRAY(I) 
IF(JARRAY(I).EQ.l) GO TO 310 
DIST2 = (Y(K) - yMAX(K» / YMAX(K} 
GO TO 315 

310 015T2 = (yMIN(K) ,- Y(K» / YIVlIN(K) 
315 IF(OIST2.LE.OIST1) GO TO 32~ 

D151"1 :: 015T2 
KS = K 
MBS = I 

325 C;ONTINUE 
400 CONTINUE 

KETURN 
EI-.JD 
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5.8 SUBROUTINE ERROR 

The function of subroutine ERROR is to print diagnostic messages in 

the event that certain conditions cause a case to be terminated. A diagnostic 
is printed under the follOWing conditions: 

IFLAG=l: available bandwidth insufficient for the desired number of 
channels 

IFLAG=2: satellite downlink antenna size exceeds configuration boundary 

satellite downlink antenna size for concept(s) below the 
m~nimum boundary (D3BD). 

IFLAG=5: 

, , 

{, -::" 
~1 

U 
~ 
L 
f«i 
H 



\ 

I! 
}$ 
\! 
il 
ij 
~ 
" ! 
1 SUIjHOUT I 1\lE. ERROR ( I FLAG) 

UIMENSION CNCPT(H),YMOD(2) 
CO~MON /OIAM /D(4),G(4) 
COMMON/MAIN/ Il,I~,!3,I4,I5,16,I7,18rI9,I10,111,I12'113,I14,I15 

* ,116,117,118,119,120,121"122,123,124,125 
* ,XQ,XJ,XK,XL,XP1,XM,XP2,XN,XP3,XY,XP4 
COMMON/TA~LE/ AWGHT(j,4,3),AVOL1(3,4,3),AVOL2(3,4,3),ACENG1(3,4,3) 

* ,ACtNb2(3,4,3),ACENG3(3,4,3),ACMFG1(3,4,3) 
* ,ACMFG2(3,4,3),AETA(3,4,3),FWGHT(3,4,3),FVOL1(3,4,3) 
* 'FVOL2(j,4,~),FCENG1(3,4,3),FCENG2(3,4,3) 
* ,FCENG3(3,4,3),FCMFG1(3,4,3),FCMFG2(3,4,3) 
* ,FETA(3,4,3),PSPPLY(4,2),ANT(4,2) 
* ,FBOOM(4,j),8CHANN(2),DABO(8),BLNGTH(S) 
* ,UVOL(8),dWGHT(~),DEM(8),FREQ(4),BDWDTH(4) 
* ,UPFREQ(2),EXPR,FDLINE 

DATA CNCP1(1),CNCpr(2),CNCPT(3),CNCPT(4),CNCPT(5),CNCPT(6), 
* CNCPT(7),CNCPT(ti)/2H A,2H B,2H C,2H D,2H E,2H F,2H G,2H H/ 

UA1A yMOD(1),YMOO(2)/3H AM,3H FM/ 
wRITE(6,b99) IFLAG 
GO TO (1'2,3'4~5,6),IFLAG 

1 wRITE (6,600) 
GO TO 100 

2 WRITE (6'0 0 5) 
wRIT[(6,650) 0(3) 
GO TO lOU 

3 WRITE(6,blO) 
('0 TO 100 

Lt wRlr~(6,61b) 
GO TO 100 

5 ~v R 1 T E (6, 620 ) 
WRIT£(6,b5 0 ) 0(3) 

6 <.;ONTINUE 
lOU CONTINUE 

WRITE(6,900) CNCPT(Il),FREQ(I3),YMOO(I2) 
599 FORMAT (lHl,15H ABNORMAL EXIT,,2X,9H IFLAG = 12) 
600 FORMAT (52H BANDWIDTH INSUFFICIENT FOR DESIRED NO, OF CHANNELS.) 
605 FORMAT (baH SATELLITE DowN-LINK ANTENNA EXCEEDS CONFIGURATION BOUN 

*OARY, ) 
610 FOkMAT(31H MATRIX INVERSION UNSUCCESSFUL,) 
615 FORMAT{2bH INCONSISTENT bOUNUARIES,> 
620 FORMAT(47H DOWNLINK ANTENNA FALLS BELOW MINIMUM BOUNDARY,) 
650 FORMAT(21H ANTENNA DIAMETER IS ,F5,l, 6H FEET,) 
900 FORMAT(BH CONCEPT,A2,14H, FREQUENCY :'F4.r,2H, ,A2,11H MODULATION) 

, RETURN 
END 
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5 · 9 SUBROUTINE OUT AND OUT~ 

The function of subroutine OUT is to provide intermediate output (per 

iteration) and subroutine OUTPrXprovides the final output. Listings of 

both subroutines are provided in the following set of f'igures. A sample 

listing of' a run summary is given in Section 4. 

5:..12' 
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! 

SUUKOUTII~~ OUT(S,XK,HG,STOH1,DX,Y,ITER,M~,MBS,KS,JCONV,ICONV,N.M,L 

* ,H1) 
COMMUN/BOUND/IARKAY(15),JARRAY(15),VMIN(15),YMAX(15) 
(;OiVl~~UN/PAI'<J\/ PLOI.:J·, t:.TA, ARU, VTK, WTR, FREQ4, XNS, RHO, I~KP, XNG 

* ,C~,CMFG,WEM,WLOb,PGLOG,CSTPYR,G4LOG,TLOG 
* 'V~M,W~TLOG,PSLO~,WHLOG,PRLOG,OlLOG 
* ,O~LOG,PTALOG,PCULOG,PPCLOG,PPTLOG,CEPP,CMFGPP 

COMM0N/CNvKGE/ EPSLON,MCONV,lTMAX,PSIK,GHADC5) 
U I !VI E I~ S I 0 I'J U X ( 1) , Y ( 1 ) , H G ( 1 ) , 5 TO i{ 1 ( 1 ) 
t.>LAI\jK = 1 UH 
IF(lrER.~Q.l) WRrT~(b'b99) 

b 9 9 FOR [vl/\ T ( 1 til ) 
IF(IrER.~Q.l) WRIT~(b,70U) 

700 FO~~AT(26X'20HOEPENDENT pARAMETERS,39X,22HINOEPENOENT PARAMETERS/ 
*lX'4HITEk,6X'3~iPTR,8X~4HWGHT,9X,~HVEM,9X,3HVOL,9X,2HPG,9X,4H Vpp, 
*UX'4HD(1),~X'4HO(4),8X,2HTR,11X,3HC/Y) 
wR'T~(6,7bU) ITEK,(Y(J),J=l,Y),CSTPYK 

750 ~OKMAT(2X,!2,lX,lO(lX,Ell.4» 
wRIT~(6,775) S, (OK(I),I=l,N) 

77b.FOKMAT(8X,4HS = E1U.3,52X,5HDX = El0.3,2(2X,E10,j» 
wRITE(6,7YO) M~,(IARRAY(I),I=1,9),KS,(JAKRAY(I),L=1'9) 

190 FOKMAT(8X,bHMB = Ij,jX,9HIARKAY = ,9(2X,I2) ,8X,5HKS = 13,3X, 
* 9H~ARRAY = ,9(~X,I2» 
wRlf(6,~OO) JCONV,ICONV 

800 FOkMAT(8X,8H~CONV = 12,3X,8HLCONV = 12) 
WRITi(6,H1U) Rl,(GKAO(!),I=1,3) 
t<ETURN 

~10 FCIMAT(4'(bX,El1.4» 
END 
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~uuROUTIN~ OUTPTX(Y,N,M,L) 
(.O,vl/VWN/ AT TN/ BVES T, 8tJB (2) , ZMvD (2) , XLA T , XLON.G, RP, ljT 1 (2) , A T2 (it) 

* ,AT1(2),Ar2(4),KArTN1(2),KATTN2(4),TZi(2),TZ2(4),XLl,XLT1,XLT2 
* ,XLT3,XLT4,XP11,XPT2,kPT1,HPT2,Pl,P2,COSNT(4),TION,TATM,TCLOUD 
* , T R A IN, TTL, A M [v) T ( 3 , 4) , T E , Tt< C V R S , GEl , G E 2 , 0 S 1 , G S 2 , G M 1 , G M 2 , G S X ( 3 , 3) 
* ,GEX(j,j),GMX(3,3),AMfPLX(4),8MTPLX(4),TCO,TI,TA,TC,TM,TR,TT 
* ,TEFF,FSL12,F~Lj4,ATL1,ATL2,XCIRC1,XCIRC2,RCIRC1,~CIRC2 
* 'XL12,XL34,KGS,KGM,KGE,RPP(3),B~TA,GAMMA,EL,RSL 

COMMON/BOUNO/IARkAY(15),JARRAY(lS),YMIN(15),YMAX(15) 
~OMMON/CNST/ Pl,K,CV~L,BOLl,HSAT,RE ~ 
COM~ON/ C~VRGEI ~PSLON,MCONV'ITMAX,PSIK,GRAD(5) 
COMMON/COST/ UHEC1(7),NHEC1(b),ACQC1(3),OPC1(lO),UHEC2(15) 

* ,NKEC2(20),ACGC2(4),OPC2(1),UREC3(2),NREC3(5) 
* ,ACQC3(4),OPC3(1),UREC41(2),NREC41(3),AC~C41C2) 
* ,OPC41(1) ,UREC42(7),NREC42(7) ,ACQC42(2),OPC42(8) 
* ,UHEC4j(7) ,NkEC4J(5),ACQC43(2),OPC43(7),TUHEC(4) 
* ,TNREC(4),fACQC(4),TOPC(4) 

COMMON/DATE/ IMO,IOA,IYR,POP1,POP2,ICASE, TITLECb) 
LOMMON IUIAM IO(4),b(4) 
LOMMON/DISCRI GE,GS,GM 
COMMON/MAIN/ Il,12,I3,I4,I5,L6,I7,I8,I9,IlO,Ill,Il2,113,I14,11b 

* "I16,I17rI18,11~,r20,I2l,I22,I~3,I24,I25 
* ,XQ,XJ,XK,XL,XP1,XM,XP2,xN,XP3,XY,XP4 

COMMON/MISe/ BLEM,BV~M,XLF1,XLF2,XLF,XLA,SNRG,XTA,XI~PRV(2),tiVID12 
* ,BVIU34,fSTRCT,AMAJR,BMINR 
COMMON/NU~I~I NTR,NCTH,NF,LSYS,NSL'NRS,NLV,NRLV,NKSTA,N8~NCB,NC 

* , NCTRF , l"fTH~, NCF , LSAT, FREQl , GRB5, GH89, GR95, GR, XNGR, XNGRP 
* , i'JAPV, NAUDC ~ PUNSE, I TA~O, NtJRQD, i~OC , NSAT , NBS, SETDNS, J 1 T 
~OMMON/PARA/ PLO~,ETA,ARO'VTH,WTK,FREQ4,XNS,RHO,AKP'XNG 

* ,CE,CMFG,WEM,WLOG,PGLOG,CSTPYR,G4LOG,TLOG 
* ,VEM,WSTLOG,PSLOG,WHLOG,PRLOG,OlLOG 
* ,D4LOG,PTALOG,PCULOG,PPCLOG,PPTLOG,CEPP,CMFGPP 
~OMMON/PAf~A2/WPP,VPp,PPS,WA,VA,WAP,VAP,WHEC,VREC~WSTRCT,VSTRCT 

* ,WMPLX,V~PLX,WRD'VRD,WCS,VCS,WAC,VAC,PRD,WINC,VINc 
* ,WUATT,V~ATT,CMPLX,CREC,CPPID,CPTlD,CPCUID,CLCFID 
* ,CPC1D,CPP2D,CPT~D,CPCU20,CLCF2D,CPC2D,CBTTI0 
* ,CUTr20,PTA,PPT,PPCU,PPC,WTRP,VTRP,VPCU,wPCU,vpc,wpc 
* 'ETAP,~TALC,CTL,UCOSTR,CONDIO,COND2D,WCOND,VCOND,PLCF 
* ,VPT, CHARlD, CHAk2D, CINANT, CINKEC, CINTL, CIND!S,CABL 

(, OIVJjv,ON/PAkA 3/ yM, YL, I\ML, AREA, WHRS, WS, XLEM . 
~OMMON/SYSI WMP,VMP'WGHT~(3,j),VOlB{3'3)'XTRC3),ANTC(3),~STR(3,3) 

* ,CP1(j,2),CP2(3,2),RAU1(3,2),RAD2C3,2),SK1(2,2,3),SK2(2,2,3) 
* ,PLX1(4,3),PLX2(4,3),DNLA,ANT01(3,4),ANTD2(3,4),C8Tl(3,3) 
* ,CBT2(6,3) ,HECH(3) ,HECHl(3,3,4) ,TRBD1(2,4) ,RECH2L3,3) ,TRBD2(2) 
* ,kECA1,k~CA2,ANTH(3,4),XINST1,XINST2,CINST(3,4),CRCUR(3,2) 
* d~KCNK(3,2) ,NOANT(8) ,DCYCLE,ARCVR(4) ,ETAPT,ETAPC,ETt\B,ETAPCU 
* '~TALCF,RHOPC,D6RD(2),WPTRC3) ,WCU1,WCU2,WCU(3,3),WPCN(3) 
* ,wLCFP1,WLCFP(2,2),VPTR1,VPTR(3,2),VCU1,VCU(3,2),VPCNl 
* 'VPCN(3'2),Vl~FP1,VLCFP(~'2),CENGP1,CENGP2,CMFGP1,CENGPC(3,3) 
* , CIvlFGPC (3,2) , CLC1, CLCC2, CEI-JGLC (2,3) , CMFGLC (2,3) , XCNST 
* ,UEGRAC,CPTUR(3),CPTNR(j),CPCUUR(j),CPCUNR(3),CPCUR(3),CPCNH(3) 
* ,C~ETA,~bETA,lETBU1,IETU02,WMUX(3,3),WHARH(3,8),CHARUH(3) 
* ,CHARNH(3l,NPkOTO,SKLS1(2,2,3),SKLS2(2,2,3),ATT1(2,2,3) 
* ,ATT2(2'2'3),ATLSl(2,2,3)'ATLS2(2,2,3),IA~L,IWS,AMLLOG 
'* ,UFMR~C'PARANT(4),NKGH,AC~LV(8),ENGLV(8),ACQMP(8),ENGMP(8) 
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* ,URCB5M'ENG~SM,URCMDA,ENGMDA 
* ,kCVR1(2),RCVR2~1),HRCVR1(3,4),HRCVR2(3,2),XLC1(3,2),XLC2(3,1) 
* ,XLC3(3'1),RCVC~'RCVC3,DELC1,DELC2 

COMMON/TAbLEI AWGHf(j,4,j),AVOL1(3,4,3),AVOL2(3,4,3),ACENG1(3,4,3) 
* ,ACENG2(3,4,3),ACENG3(3,4,3),ACMFG1(3,4,3) 
* ,ACMFG2(3,4,3),AETA(3,4,3),FWGHT(3,4,3),FVOL1(3,4,3) 
* ,FVOL~(3,4,3),FCENG1(3,4,3)'FCENG2(3,4,3) 
* 'FC£NG3(3,4,3),FCMFG1(3,4,3),FCMFG2(3'4~3) 
* ,FEfA(3,4,3),PSPPLY(4,2),ANT(4,2) 
* ,FBOOM(4,j),BCHANN(2),DABD(8),BLNGTH(8) 
* ,BVOL(8),8WGHT(b),DEM(8),FREQ(4),BDWDTH(4) 
* ,UPFKE~(2),EXPR,FDLINE' 

COMMUN/TKANSI AEFF,P~,PRDEM,PRDT,XLMUX,PR,PCS,PAC,PINC,PMP 
* ,XLA34,XLC34,XLR34, XLRH34 

o I Iv) ENS I Ol-.J jj C( 2) , ANT Y P E' ( 2) , X fV! 0 0 ( 2) , TTY P E ( 5) , P T Y P E ( 2 ) 
* ,ATYPE(2) ,FOTYPE(3) ,RTYPE(4) ,XMULT(3) ,CNCPT(8) ,STRCT(2) 
* ,RDTYPE(2),SKTypE(5),ATTYPE(3),RCTYPE(2),VTYPE(2),Y(15) 

DIMENSION CST1(lb),CST2(lb),CST3(15),CST4(15),TOTC(4),8TYPE(3) 
UIMENSION TYPEM(3), ENV(3), LBATT(3), YBOUND(9), YESNO(2), 

*. TTLE(9), UNITS(9),YVIOL(9), TVSYS(3) 
REAL NREC1,NREC2,NREC3,NREC41,NREC42,NREC43,Kl,K2,NOANT 
HEAL KATTN1,KATTN2,LSYS,LSAT,NBRQO,NLV,NTR,NAPV,NAUDC,NCF 
kEAL LTR,LKCVR,LPT,L8ATT,LPC,LPCU,LLCF 
REAL NSAT,NBS, NPROTO 
KEAL NRGR 
OATA PI/3.14159271 
DATA XC1,XC2/42000., bOaD.I 
DATA TYPEM(1),TYPEM(~),TYPEM(3) /10HBSM ,10H 

* 10HMDA I 
DATA YESNO(l), YESNO(2) 110H NO, 10H YES I 
DATA TTLE(l), TTLE(2), TTLE(3), TTLE(4), TTLE(5), TTLE(6), 

, 

* TTLE(7), TTLE(8), TTLE(9)' I 10H PTR-SAT , lOH WT-SAT , 
* lUH VOL-EM , lOH VOL-SAT , 10H PTR-GND , lOH VOL-SA 
* 10H UA-G UP , luH OA-G UN , lUH TR-GND I 

DATA UNITS(1), UNITS(2), UNITS(3), UNITS(4), UNITS(5), 
* UI\JITS{,6), UNITS(7), UNITS(8), UNITS(9) I 10H (WATTS), , 
* lUH (LBS) , 10H (CU FT) , 
* 1 0 H ( C U F T ) , 1 0 H ( W A'T T S ) , 1 0 H (CU FT) 
* lOH (FT) , 10H (FT) , lOH (OEG K) I 

DATA ANTypE(1),ANTYP[(2)/IOHWIOEBAND ,10HPARABOLIC I 
DATA XMOD(1),XMOD(2)/2HAM, 2HFMI 
DATA BTYPE(1),8TyPE(2),BTYPE(3)/IOHNICKEL CAD,10HSILVER CAD, 

* 10HSILVR ZINCI 
DATA ATTYPE(1),ATTyP[(2),ATTYPE(3)/l0HNH3 RESIST,10HION PROP , 

* 10HH20 ELECTRI 
DATA TTYPE(1),TTyPE(2),TTYPE(3),TTYPE(4),TTYPE(5) 

* 
* DATA 

UAfA 
UATA 

* DATA 
DATA 

* I 

/lOHGRID TU8E ,iOHSOL STATE ,10HCFA ,10HTWT , 
lOHKLYSTRON I 

PTYPt(1),PTYP~(2) IIOHSOL ARRAY, lOHNCLR REACTI 
ATYPE(1),ATYPE(2)/IOHTRUSS ,10HRIGID OISHI 
FOTYP£(1),FDTYPE(2),FOTYPE(3)/I0HFOLDING ,10HEXPANDABLE, 

lOHRIGIO I 
RTYPE(1),RTYPE(2~/l0HLIN TRANS ,10HDMOD CNVRT/. 
ENV(1),ENV(3),ENV(2)/10H RUHAL ,10HURBA~ ,10HSUBURB 
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DATA BC(1),8C(2) /lOHMONOCHROME,10HCOLOR 
UATA XMULT(1),XMULT(2),XMULT(3)/10HCOAX 

* lOHwAVEGUIDE / 

I 
,10HWAVEGUIDE , 

DATA CNCPT(1),CNCPT(2),CNCPT(3),CNCPT(4),CNCPT(5),CNCPT(6) 
*,CNCPT(7),CNCPT(8)/10HA ,10HB ,IOHC 
*10HD ,IOHE ,10HF ,IOHG 
*10HH / 

DATA STRCT(1),STRCT(2)/IOHCONV ,10HBSM I 
DATA ROTVPE(1»)RDTVPE(2)/lOHPASSIVE ,10HHYBRID I 
DATA SKTYPE(1),SKTYPE(2),SKTYPE(3)'SKTY~E(4),SKTYPE(5) 

*/10HNH3 RESIST,lUHION PROP ,10HH20 ELECTR,10HN2 H4 
* lOHCOLU GAS / 

DATA VTYPE(1),VTYPE(2)/10HSV (UNMAN),10HSV(MANNEO)/ 
DATA TVSyS(l), TVSYS(2), TVSYS(3) /10HOIRECT , 

, 

, 

, 

* lOHRETRANS , 10H CATV / 
NAMELIST/QUTD/ PPS,PPSO,DEGRAD,AREA,PB,PPT,PPC,PPCU,PLCF,PRDEM 

,PRD,PRDT,AEFF,ETAP,PTA,WTRP,VTRP,CEPP,CMFGPP,WTR 
'VTR,CE,CMFG'XLMUX'PR'WS~PCS'AML'YM'YL'PAC'PINC'PMP 
,GS,ijE,GM,TCO,TI,TApTC,TR,TT,TM;XLA34,XLC34,XLR34 

* 
* 
* , 
* ,XLI,XLRH34,XLT4,EL,COST1,COST2,CTL,GR85,GR89,GR95 
* ,V,UREC1,NREC1,OPC1,ACQC1,UREC2,NREC2,ACQC2,OPC2,UREC41,NREC41 
* ,ACQC41,OPC41,UREC43,NREC43,ACQC43,OPC43,UREC3,NREC3,ACQC3 
* ,OPC3,rUREC,TNREC,TQPC,TACQC,CSTPYR,VEM,WEM 

bt..ANK = 7H -
XSS = LSYS/LSAT 
lCASE = leAsE + 1 
wRITE(6,1) ICASE,TITLE,IMO,IDA,IYR 

1 FORMAT(lHl,9HCASE' NO, 13,15X'6AI0,15X,I2,lH/,I2,lH/,I2//) 
WRITE(6,bOO) . 

600 fORMATCIH ,29X,17HUSER REQUIREMENTS) 
wRITE(6,500) 

500 FORMAT(lH+,89X,15HLINK PARAMETERS/77X, 9HPARAMETER ,16X,6HUPLINK, 
*5X,8HDOWNLINK) 

WRITE(6,699) 
693 FORMAT ( 15X~16HAREA OF COVERAGE) 

WRITE(6,5Ul)FREQ1,FREQ(I3) 
501 FORMATCIH+, 73X,14HFREQUENCY(GHZ),10X,F7.2,5X,F7.2) 

AOCP = Aoe * 1,E-06 
WRITE(6,601) AMAJR 

601 FORMAT(lBX,14HMAJOR AXIS(MI)'18X,F9.3) 
ERP1 = 10, * ALOGI0(Y(5) * G(l) * XCIRC1) 
ERP? = 10. * ALOGI0(Y(1) * G(3) * XCIRC2) 
WRITE(6,bo2)ERP1,ERP2 

502 FORMAT(lH+,73X,8HERP(DBW),.16X,F6.1,6X,F6.1) 
WRITE(6,615). BMINR 

615 ,FORMAT(18X,14HMINOR AXIS(MI),18X,F9.3) 
bVI01P = 8VID12 * 1.E+03 
bVID2P = 8VID34 * 1.E+03 
WRITE(6,512) BVIOIP'~VID2P 

512 FORMAT( 1H+,73X,17HRF BANDWIDTH(MHZ),7X,F6.1,6X,F6.1) 
WRITE(6,6.1o) AOCP 

~. . 

616 FORMA lC18X,29HAOCtMILLIONS OF SQUARE MILES),3X,F9.31 
XMOOll = 1. 
XMODl2 = 1. 
IF (110.£0.2) XMODI1 = 3.' 
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513 

602 

51£+ 

698 

603 

503 

631 

525 

604 

504 

620 

516 

605 

517 

606 

505 

607 

.) 

IF (I2.EG.2) XMOOI2 =3. 
WRIT~(6,513) XMODll, XMODI2 
FORMAT(lH+,73X,lbHMOOULATION INOEX,8X,F6.1,6X,F6.1) 
XNGRl = X~GR * 1.E-03 
IF (121.EQ.3) XNGRl = XNGR1*SETDNS*30. 
WRITE(6,b02) XNGRl 
~ORMAT(15X,28HRECEIVER POP/BEAM(THOUSANOS),1X,F9.3) 
ANTBWl = 70, * CVEL / (0(2) * FREG1) 
ANTBW2 = 70, * CVEL I (0(3) * FREQ(I3» 
WRITE(6,b14) ANTBW1,ANTBW2 
FORMATCIH+,73X,22HANrENNA BEAMWIDTH(DE~)'2X,F6.1,6X'F6.1) 
XNGR2 = X~GRP * 1.E-U3 
IF (121.EQ.3) XNGR2 = XNGR2*SETONS*30. 
wRITE(6,698) XNGR2 
FORMAT(15X,29HTOTAL RECEIVER POP(THOUSANOS),5X,Fl0.3) 
XLATP = XLAT * 180. / PI 
WRITE(6,6Q3) XLATP 
FORMAT(15X,17HLATITUOE(OEGREES),20X,F7.3) 
wRITE,(6,503) 
FORMAT( IH+,73X,8HLOSS(OB» 
XLONGP = XLONG * 180. I PI 
WRITE(6,631)· XLONGP 
FORMAT(15X,27HRELATIVE LONGITUDE(OEGREES),10X,F1.3) 
FSL12 = 10. * ALOGI0(FSL12) 
FSL34 = 10. * ALOGIO(FSL34) 
WRITE(6,525) FSL12,FSL34 
FORMAT(lH+,75X,9HFREESPACE,13X,F6.1,6X,F6.1) 
WRIT~(6,604} ITASO 
FORMAT(15X,lOHTASO GRAOE,29X,13) 
ATL! = 10. * ALOG10(ATL1) 
ATL2 = 10. * ALOGI0(ATL2) 
WRITE(6,504)ATL1,ATL2 
FORMAT(lH+,75X,11HATMOSPHERIC,11X,F6.1,6X,F6.1) 
SNRGP = 10. * ALOG10(SNRG) 
wRITE(6,620) SNRGP 
FORMAT(15X,25HSIGNAL TO NOISE RATIO(DB),10X,F9.3} 
XCIRCl = 10.* ALOG10(XCIRC1) 
XCIRC2 = 10. * ALOGIO(XC1RC2) 
WRITE(6,516} XCIRC1,XCIRC2 
FORMAT(lH+,75X,12HXMIT CIRCUIT,10X,F6.1,6X,F6.1) 
WRITE(6,605) NF 
FORMAT(15X,31HNUMBER OF UPLINK FAC/SAT SYSTEM,8X,I3) 
RCIRCl = 10. * ALOGIO(RCIRC1) 
kCIRC2 = 10. * ALOGIQ(RCIRC2) 
WRITE(6,517) RCI~Cl,RCIRC2 
FORMAT(lH+,75x,12HRCVR CIRCUIT,10X,F6.1,6X,F6,1) 
v~RITE(6,606} NCF 
FORMAT(lbX,27HNUMBER OF CHANNELS/FACILITY,12X,F3,O) 
XPT2 = 10. * ALOG10(XPT2) 
XPTl = 10. * ALOGI0(XPT1) 
WRITE(6,bo5)XPT1,XPT2 
FORMAT(!"H+,75x,ljHXMIT POINTING,9X,F6.1,6X,F6.'1) 
WRITE(6,b07) XMOO(IIO) 
FORMAT(15X,11HUPLINK MOOULATION,23X,A2) 
kPTl = 10. * ALOGI0(RPT1) 
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RPT2 = 10. * ALOGIU(RPT2) 
WRITE(6,506)RPT1,RPT2 
FORMAT(lH+,75X,13HKCVR POINTING,9X,F6.1,6X,F6.1) 
WRIT£(6,612) XMOU(12) 
FORMAT(15X,19HDOWNLINK MOOULATION;2fX,A2) 
Pl = 10. * ALOGI0(Pl) 
P2 = 10. * ALOGI0(P2) 
WRITE(6,507) Pl,P2 
~ORMAT(lH+'75X,12HPOLARIZATION'10X,F6.l,6X,F6.1) 
WRITE(6,608) LSYS 
FORMAT(lbX,32HTOTAL SYSTEM OPERATION LIFE~YRS) ,7X,F3.0) 
wRI-(E(6,609) LSAT 
FORMAT(15X,19HSATELLITE LIFE(YRS) ,20X,F3.0) 
WRITE(6,5U8) 
FORMAT( lH+,73X,25HNOISE TEMPERATURES(OEG K» 
VJRITE(6,610) DCYCLE 
FORMAT(15X,19HDUTY CYCLE(HRS/DAY),19X,F4.1) 
TSKY = TCO + TI + TA + TC + TR 
WRIT£(6,bU9) BLANK,TSKY 

509 of 0 R MAT ( 1 H + , 75 X , 3H SKY, 19 X, A'7 , 5 X , F.6 • 1 ) 
wRITE(6,611) NCB 

611 

510 

650 

511 

670 

515 

541 

599 

632 

633 

* 

FORMAT(15X,29HNUMBER OF VIDEO CHANNELS/BEAM,10X,13) 
wRITE(6,bl0> BLANK,TM " 
FORMAT(lH+,75X,16HENVIRONMENTAL,9X, A7 ,5X,F6~1) 
wRITE(6,b50) NAPV 
FORMAT(15X,30HNUMBER OF AUDIO/VIDEO CHANNELS,9X,F3.0) 
WRITE(6,511) T~,TE 
FORMAT(1H+,75X,5HEARTH,17X,F6.1,6X,F6.1) 
IJ = 1 
IF (PDNSE.GT.POP1) IJ=2 
IF (PDNSE.GT.POP2) IJ=3 
wRITE(6,67b) ENV(IJ) 
FORMAT(15X,17HNOISE ENVlkONMENT,21X,AIO) 
RCV = Y«(\II+3) 
WRIT~(6,515) TRCVRS,RCV 
FORMAT(lH+,75X,8HRECEIVER,14X,F6el,5X,F7.1) 
WRIT£(6,541) "NbRI.lIO 
FORMAT(15X,24HNUMBER OF BEAMS/SYSTEM ,15X,F3.0) 
,RO = O. 
WRITE(6,b99) ZRO,TT 
FORMAT(lH+,75X,17HTRANSMISSION LINE,5X,F6.1,6X,F6.1) 
WRITE(6,b32) NSAT 
FORMAT(15X'21HNUMB~R OF SAT SYSTEMS,18X,F3.0) 
WRITE (6,633) TVSYS(I21) , 
FORMAT (15X, 22HGROUNO DOWNLiNK SYSTEM, 16X, AIO) . 
Rl= NBRQO / NSL 
R2 = NBRQD / NBS 
IF ( Rl.Gl.1.) R1 = 1. 
IF (R2.GT.l,) R2 = 1. " 
X80 = XSS * ACQC3(4) + TNREC(3) 
ACST = N~RQD * NSAT * CSTPYR 
beST = ACST / XNGRP"* I.E+06 
IF(I21.EQ.3) Bcsr=BCST/(SETONS*30.) 
ACSTP = ACST - ( NSAT*N8RQD/(N~S*NSL)*TACQC(3) 

+ TNR£C (3 >*Rl*R2) ILSYS ° . 
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eCSTP = ACSTP I XNGRP * 1.E+U6 
!F(121.E~.3) BCSTP=BCSTP/(SETDNS*30.) 
WRITEC6,700) ACSTP,BCSTP,ACST,BCST 

700 FORMAT(II/IX, 21HMINrMUM COST SOLUTION , 29X, 13HTOTAL COST/YR , 
* 6X, 12hCQST/YR/RCVR / 53X, 10H(MILLIONS) , 9X, 9H(DOLLARS) I 
* 16X, 29HEXCLUDING LAUNCH VEHICLE COST, 5X, Fll.3, ax, Fl1.21 
* 16X, 2yHINCLUOING LAUNCH VEHICLE COST, 5X, Fll.3, ax, Fl1,2) 
JJJ = 1 
DO 6000 
11=1 
JJ=l 
TMIN = YIViIN(I) 
IF(YMIN(I).EQ.O.) TMlN = 1. 
IF (ABS«Y(I)-YMAX(I»/YMAX(I»,LE, 0.001 .OR, ABS«Y(I)-

* YMIN(I»/TMIN).LE. 0,001 ) II = 2 
1. IF (V(l) .GE.1.U01*VMAX(!) ,Ok, Y(I) .LEr,0.999*YMIN(I» 
" * JJ=JJJ:2 
~ YVrOL(I) = YESNO(JJ) 
Jl 6000 YBOUNO(I) = YESNO(II) 
I IF (JJJ.EQ.2) wRITE (6,6009) 
~ . 6009 FORMAT (/b8X, 22H********************** I S8X, \, 

I 

* 22H* * / 58Xj 22H* BOUNDARY VIOLATION * I 
* 5ex, 22H* * I 58X,22H**********************) 

WRITE (6,b001) CNCPT(Il) 
6001 FORMAT(/II lX,36HOPTIMUM DESIGN PARAMETERS - CONCEPT , AlD) 

WRITE (6,6002) ( TTLECI), 1=1,9) 
6Q02 FORMAT(/~X' 9HPAkAMETER, bX, 9(A10» 

wRlTE (6'6003) (UNITS(l), £=1,9) 
6003 FORMAT (20X, 9(A10» 

WRITE (6,6004) (V(I), 1=1,9) 
6004 FORMAT(/5X, 12HDESIGN VALUE, 3X, 9(F8.1,2X» 

~vRITE (6,6005) (VBQUND(I), -I=lp9) 
600b FORMAT (5X, 11HON BOuNDARY, 4X, 9(AI0» 

IF (~JJ.~Q,2) wRiTE (6,600tl) (YVIOL(I), 1=1,9) 
6008 FORMAT ( 5X, 13HvIOLATE ~OUND , 2X, 9(AI0» 

WRITE (6,6006) (yMAX(!), 1=1,9) 
600b FORMAT (bX, I1HUPPER BOUND, 4X, 9(F8.1,2X» 

WRITE (6,6007) (YMlN(I), 1=1,9) 
6007 FORMAT (5X, I1HLOWER BOUND, 4X, 9(F8,1,2X» 

WRITE(6,1) ICASE,TITLE,IMO,IOA,IYR 
WRITE(6,7u2) CNCPT(Il) 

702' FORMAT(IH ,lOHSPACECRAFT,26X,14HCOST(MILLIONS)/I0H CONCEPT ,AlO, 
* 7X, 11HAc~urSlTION, 
*4X,3HR/D'9X,5HTOTAL'7X,6HWEIGHT,6X,6HVOLUME,5X,~HTYPE,7X,11HDESCRI 
*PTIVE/30X,4HCOST,8X'4HCOST,8X,4HCOST,8XI6H~LBS,),5X,9H(CU. FT.),14 
*X,10HPARAMETERS) 
~vRITt: (6, 703) 

703 FORMAT( bX,15HPOwER SUdSYSTEM) 
CST1(1) = 1.236 * CPPI0 
CST2(1) = 1,b7b*CPP2U + O.5375*CPPlD + 0~15*NPROTO*CPPID 
C5T3(1) = XSS * CST1(l) + CST2(1) 
PPSO= PPS * DEGRAD 
WRITE(6,705) CST1(1),CST2(l),CST3(1),WPP,VPP,PTYPE(I6)~PPSD 

705 FORMAT(7X,12HPOWER SOURCE,9X'F7.3,5X,F7.3,5X'F8,3,4X~F9.2'3X' 
* F9.2,3X,AlO,2X,11HPRIME PWR =F7.0,6H WATTS) 
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~ST1(12) = 1.236 * UKEC2(3) 
C5T2(12) = 1.575 * NREC2(3) + (.5375+NPROTO)* UREC2(3) 
CST3(12) = XSS *CST1(1'2) + CST2(12) 
WRITE(6,104)CST1(12),C5T2(12),CST3(12),WBATT,VBATT,BTYPE(I20),WHRS 

704 FORMAT(7X,9H~ATTERIES'12X,F7.3,5X,F7.3,5X,FB.3'4X,F9.2,3X,F9.2,3X, 
*AI0,2X,11HWATT HRS = F8.1) 

C5Tl(13) = 1.236 * COND1D 
CST2(13) = 1.575 * COND2D + (.5375+NPROTO)* COND1D 
C5T3(13) = XSS· * C5T1(13) + CST2(13) 
WRIT£(6,72b) CST1(13),CST2(13),CST3(l3),WCOND,VCOND 

725 FORMAT(7X,12HCONDITIONING,9X'F7.3,5X,F7~3,5X,F8.3,4X,F9.2,3X, 
*F9.2) 

C5T1(2) = 1.236 * UR£C2(l3) 
'5T2(2) = 1.575 * NREC2(13) + (.5375+NPROTO)* UREC2(13) 
C5T3(2) = XSS * CST1(2) + C5T2(2) 
Xl = 10. * ALOGI0(G(3» 
WRITE(6,7Qb) CST1(2),CST2(2),CST3(2),WA,VA,ATYPE(I4),Xl,D(3) 

706 FORMAT(5X,18HANTENNA(OOWN-LINK),5X,F7.3,5X,F7.3,5X,F8.3,4X, F9.2,3 
*X, F9.2,3X,AIO,2X,6HGAIN =F5.1,3H OB,7H, DIA =F5.1,3H FT) 

C5T1(3) = 1.~36 * UREC2(10) 
CST2(3) = 1.575 * NREC2(10) + (.5375+NPROTO)* UREC2(lO) 
C5T3(3) = xSS * C5T1(3) + C5T2(3) 
Xl = 10. * ALOG1Q(G(2» 
wRITt(6,707) CST1(j),CST2(3),CST3(3),WAP,VAP,ATYPE(I23),Xl,O(2) 

707 FORMAT(5X,16HANTENNACUP-LINK),7X,F7,3,5X,F7.3,5X,F8.3, 4X, F9.2,3X, 
* F9.2,3X,A10,2X,6HGAIN =F5.1,3H DB,7H~ OIA =F5.1,3H FT) 

C5T1(4) = 1.236 * UREC2(11) 
C5T2(4) = 1.575 * NREC2(11) + (.5375+NPROTO)* UREC2(11) 
C5T3(4) = X5S * C5T1(4) + CST2(4) 
WTRX = WTR + WTRP 
VTRX = VTR + VTRP 
WRITE(6,7UH) CST1(4),CST2(4),CST3(4),WTRX,VTRX,TTYPECI7),Y(1),ETA 

708 FORMAT(5X,11HTRANSMITTER,12X,F7.3,5X,F7.3,5X,FB.3,4X, F9.2,3X, F9. 
*2,3X,A10,2X,10HPwR/CHAN =F6.U,7H, EFF =F5.3) 

C5Tl(7) = 1.236 * UREC2(12) 
C5T2(7) = 1.~75 * NREC2(12) + (.5375+NPROTO)* UREC2(12) 
C5T3(7) = XSS * C5T1(7) + C5T2(7) 

I WRITE(6,71l) CST1(7),C5T2(7),CST3(7), WMPLX,VMPLX,XMULTCI9) I 711 FORMAT(5X,11HMULTIPL~XER,12X'F7.3,5X'F7.3,5X'FB.3,4X, F9.2,3X, F9. 
l *~,jX'A10'2X) 
! C5T1(5) = 1.236 * UREC2(9) 
I C5T2(5) = 1.575 * NREC2(9) + (.5375+NPROTO)* UREC2(9) ;1 
TI CS1~3(5) :; XSS * CST1(5) + CST2('5) 
~ ~ = 170. I 290. ~ 1. 
Ii 
!i Xl ::; 10. * ALOG1U(~) 
11 wRITE(6,709) CST1(S) ,CST2(5) ,CST3(5) ,WREC"VREC,RTYPE(I8) ,Xl 
jl 70~ FORMAT('5X,8HRECEIVER,15X,F1.3,5X,F7,3,5X,F8.3,4X, F9.2,3X, F9.2,3X ,I 
;1 *,AIO,2X,11HNOISE FIG =F5.1) 

C5T1(6) = 1,236 * UREC2(1) 
C5T2(6) = 1.575 * NREC2(1) +(.5375+NPROTO) * UREC2(1) 
C513(6) = X5S * C511(6) + CST2(6) ., 
wRIT£(6,110) CST1(b),CST2(6),CST3(6),WSTRCT,VSTRCT,STRCTCII2) 

710 FORMAT(5X,9HSTRUCTURE,14X,F7.3,5X,F7.3,5X,FS.3,4X, F9.2,3X, F9.~,3 
*x,A10,2X) " 

CST1(8) =1.236 * UREC2(6) 
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CST2(8) = 1.575 * NR~C2(6) +(,5375+NPROTO) * UREC2(6) 
CST3(8) = XSS * CST1(8) + CST2(8) 
WRITE(6,712) CST1(d),CST2(8),CST3(8),WRO,VRD,RDTYPE(II3),PRD,ARD 

712 FORMAT(5X,15HTHEHMAL CONTROL,8X,F7.3,5X,F7.3,5X,F8.3,4X, F9.2,3X, 
* FY.2,3X,AIO'2X,9HPWR RAU =,F6.0, 8H, AREA =F6.1) 

CST1(9) = 1.236 * UREC2(~) 
~ST2(9) = 1,575 * NREC2(b) +(.5375+NPROTO) * UREC2(5) 
CST3(9) = XSS * CST1(9) + CSf2(9) 
WRITE (6,715) CST1(9) ,CST2(9) ,CST3(9) ,WCS,VCS,SKTYPE(II4) 

715 FORMAT(5X,15HSTAfION KEEPING,8X,F7.3,5X,F7.3,5X,Fa.3,4X, F9.2,3X, 
* FY.~,3X,AI0) 

CST1(lO) = 1.236 * UREC2(~) 
CST2(lO) = 1.575 * NREC2(~) +(.5375+NPROTO) * UREC2(4) 
~Sr3(10) = XSS * CST1(10) + CST2(10) 
wRITE (6,717) CST1(1U),CST2(10),CST3(10),WAC,VAC,ATTYPE(II5) 

717 FORMAT(5X,1bHATTITuDE ·CONTROL,7X,F7.3,5X,F7.3,5X,F8,3,4X, F9,2,3X 
*, F9.2,3X,A10) 

CST1(11} = 1.2j6 * UKEC2(8) 
C5T2(11) = 1,575 * NkEC2(8) +(,5375+NPROTO) * UREC2(8) 
C513(11) = XS5 * C~Tl(11) + C5T2(11) 
WRITE(6,720) CST1(11),CST2(11),C5T3(11),WINC,VINC 

720 FORMAT (bX,14HTLM AND CMU ,9X,F7.3,5X,F7,3,5X,F8.3,4X,F9.2,3X, 
*F9.2) 

CST1(14) = O. 
CST2(14) = NREC2(20) 
CSr3(l4) = CST2(14) 
WRITE(6,729) BLANK,CST2(14),CST3(14),BLANK,BLANK 

729 FORMAT (5X,14HTEST EQUIPMENT,9X,A7,5X,F7.3,5X,F8,3,6X,A7,5X,A7) 
C5T1(15) = C5T2(15) ~ CST3(1b) = o. 
IF(Il,LE.3) GO TO 730 
IF(11.EQ.a) GO TO 730 
IF(122.EG.O) GO TO 726 
C5T1(15) = ACQMP(Il) 
CST 2 ( 15 ) = ENG 1"1 P ( I 1 ) 
CST3(15) = xss * C511(15) + C5T2(15) 
WRI1E(6,731) CST1(15)1CST2(lb),CST3(15),WMP,VMP,TYPEM(Il-3) 

731 FORMAT(5X,17HMANNEU PROVISIONS,6X,F7.3,5X,F7.3,5X,F8.3,4X,F9.2, 
* 3X,F9.2,3X,A10) 

(;jO TO 730 
726 WRITE(6,727) CST1(15),CST2(lb),CST3(15),WMP,VMP,TYPEM(Il-3) 
727 FORMAT(5X,17HMANNEU PROVISI0N5,6X,F7.3,5X,F7.3,5X,F8~3,4X'F9,2, 

* 3X,F9.2,jX,17HUNUSED VOLUME IN , A10) 
730 CONTINUE 

CALL ZERO (TOTC,j,l) 
1]0 lUOO 1=1,15 
'TOTC(l) = TOTC(l) + CST1(1) 
TOTC(2) = TOTC(2) + C5T2(I) 
TOTC(3) = TOTC(3) + C5T3(1) 

1000 CONTINUE 
~RITE (6,750) TOTC(1),TOTC(2),TOTC(3),Y(2),Y{4) 

750 FORMAT(28X'7H-------,5X,7H-------,5X,8H--------'5X' 8H--------'3X 
*, 9H---------/15X'9HTOTAL/SAT,3X,F8.3'4X'F8.3'4X'F9.3'3X,Fl0.2, 
* 2X,F10.2) 

TOTC(!) = XSS * N5AT * NBRQO I NBS * TOTC(!) 
TOTC(2) = TOTC(2~*R2 
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10TC(3) ~ TOTC(l) + TOTC(2) 
wRLT[(6,785) TOTC(1),TOTC(2),TOTC(3) 

785 FORMAT(7X,17HUSEH SYSTEM TOTAL,lX,FI0,3,2X,FI0,3,2X,F11,3) 
wRITE::(6,10U) 

100 FOHMAT(/) 
wRITt:.(6,BQU) 

800 FORMAT(lX,21HGROUND UP-LINK SYSTEM'21X,l~HCOST(MILLIONS)/29X' 
*11HACQUISITION,4X,jHR/O,6X,lOHOPERATIONS,4X,5HTOTAL,5X,llHOESCRIPT 
*lVE/32X,4HCOST,8X,~HCOST,7X,7HCOST/YR,5X'4HCOST,6X'10HPARAMETERS) 

C5T1(l) = UREC1(l) 
C5T2(1) = NREC1(l) 
C5T3(1) = opel(l) 
C5T4(1) = (C5Tl(1) + C5T3(1) * LSYS) + e5T2(1) 
WRITl (6,803) eST1(1) ,C5T2(1),C5T3(1),C5T4(1) 

803 FORMAT (/5X,10HFACLLITIES,15X,F7.3,5X,F7,3,5X,F7,3,4X,F8,3) 
CSfl(2) = 1.2 * UR£Cl(2) 
C5T2(2) = NRECl(2) 
'5T3(2) = OPC1(2) + OPCl(3) 
~5T4(2) = (C5T1(2) + C5T3(2) * L5YS) + C5T2(2) 
WRITE (6,806) C5Tl(2),CST2(2),CST3("2),CST4(2),BC(I19) 

806 FORMAT (5X'24HPROG~ REC, + CONTR EQUIP ,lX, F7,3,5X, 
*F7.3,5X,F7.3,4X,F8,3,4X,12HBROADCA5T = AI0) 

CST1(3) = 1.2 * UREC1(3) 
CST2(3) = NREC1(j) 
C5T3(3) = .15 * UREC1(3) 
CST~(3) = (C5T1(3) + C5T3(3) * L5YS) + C5T2(3) 
WRITE(6,BU2) C5Tl(j),CST2(3),CST3(3),CST4(3),Y(5) 

802 FORMAT(SX,llHTRANSMITTER,14X'F7,3,5X,F7,3,5X,F7,3,4X,F8,3'4X, 
*10HPWR/CHAN =,F9,2) 
CST1(~) = 1,2 * UREC1(4) 
C5T2(4) = NREC1(4} 
~5T3(4) = .08 * UREC1(4) 
C5T4(4) = (CST1(~) + C5T3(4) * LSYS ) + C5T2(4) 
Xl = 10. * ALOGlO(G(l» 
WRITE(6,BOl) CST1(4),CST2(4),CST3(4),CST4(4),Xl,D(1) 

801 FORMAT( 5X,7HANTENNA,l8X,F7,3,5X,F7.3,5X,F7,3,4X,F8,3,4X",6HGAIN =, 
*F5.1,3H DB,7H, OIA =FS,l,3H FT) 

CST1(5) - CST~(5) = CST3(5) = C5T4(5) = 0,0 
C5Tl(6) = 1.2 * UREC1(6) 
CST2(6) = 0, 
C5T3(6) = Opel(S) 
C5T4(6) = (C5T1(6) + C5T3(6) * LSYS) 
wRITE (6,808) C5Tl(6),BLANK,CST3(6),CST4(6) 

808 FORMAT (~X'13HSTANDBy POWER,12XiF7,3,5X,A5'~X15X'F7,3'4X'F8.3) 
C5Tl(7) = UREC1(7) 
CST2(7) = 0, 
C5T3 ("7) = 0, 
tST4(7) = UREC1(7) 
WRIT~ (6,809) CSTl(7),BLANK,BLANK,C5T4(7) 

80~ FORMAT (5X'1~HTEST EQUIPMENT,11X,F7.3,5X,A5,2X,5X,A5,2X,4X,F8,3) 
~5T1 (8) = 0, 
05T2(8) = NREC1(b) 
C S~"C3 ( 8 ) = o. 
CST4,J 8) = NRECl (b) 

WRIT~;"~~, (6,810>' BLANK,CST2(8) ,BLANK,C5T4(8) 
"\\< \: 
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610 FORMAT(5X, 23H~Y~T DES, INTEG, + MGMT 
*2X,Ab,2X,5X,F7.3,5X,A5,2X,4X,F8.j) 

CST1(9) = U. 
CST2(9) = U" 
CST3(9) = OPC1(9) 
CST4(9) = OPC1(9) * LSYS 
wRll~(6,~11) BLANK,BLANK,CST6(9),CST4(9) 

~ 811 FORMAT (bX,13HSYST OPS MGMT ,12X, 
I *2X,5X,F7.3,4X,FB.3) 

A5,2X,5x,A5, 

:! WR ITt:. (6, eo 5 ) 
11 805 FOk~'IAT (3UX' 7H-------, 5X, 7H-------, 5X, 7H-------, 4X, 8H--------) 
II CALL ZERO (TOTC,4,1) 
.;il uo 2000 1 ~ 1,9 
" rOT(' ( 1) = TOTC ( 1) + CST1(!) 

(:5T2(1) 
CST3(I) 
CST4(I) 

II rOTC(2) = TOTC(2) + 
I TOTC(3) = TOTC(3) + 

:1 rOTC(4) = TOTC(4) + , I 
\1 2000 CONTINUE . r wRI rE(6,eu4) TOTC(l) ,TOTC(2} ~TOTC(3) ,TOTC(4) 
1 804 fORMAT(16X,9HTOTAL/FAC,7X,F8.3,4X,F8.3,4X,F8.3,3X,F9.3) 
I CST1(5) = 1.2 * UR~Cl(5) * NF 

CST2(5) = NREC1(b) * NF 
CST3(5) = (OPC1(6) + OPC1(7» * NF 
CST4(5) = (CST1(b) + CST3(5) * LSYS) + CST2(5) 
WRITE (6,uU7) CST1(S),CST2(5),CST3(S),CST4(5) 

807 FOkMAT(5X,21HTLM AND CMD EQUlP ,4X,F7.3,5X,F7.3,5X,F7.3,4X, 
* F8.j) 

TOTC(l) = TOTC(l) * 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) 
wR ITt: (6 dHjo) TOTC ( 1) , TOTC (2) , TOTC (3) , TOTC (4) 

885 FORMAT(8X,12HSY51'EM TOTAL,7X,Fl0.3,2X,F10.3,2X,FlO.3,lX,F11.3) 
WRITE(6,lOO) 
WRITE(6,<:JOO) 

900 FORMAT(lX,2~HGROUND DOWN-LINK SYSTEM , 4X,11H UNIT ACQ ,2X, 
*12H UNIT INST ,jX,11H UNIT MAINT.4X,5HTOTAL,4X,4HTYPE18X, 
*11HOESCRIPTIVE/32X,4HCOST,10X,4HCOST,11X,4HCOST,6X,4HCOST,17X, 
*10HPARAMI:.TERS) 

Xl = 10. * ALOG10(G(4» 
IF(121.E~.1) GO TO 916 
vvRIfE(6,91'7) 

917 FORMAT(28X,10H(THOUSNDS),5X,10H(THOUSNDS),2X,13H(THOUSNDS/YR), 
* lX,lOH(MILLIONS» 

CST1\1) = UREC43(1) * 1.E+03 * GR 
CST2(1) = CINANT * 1.E+03 
CST3(1) = 0.15 * CSTl(l) 
CST4(1) = (CSTlel) ~ CST2(1) + CST3(1)*LSYS)*XNGR*1.t-03 
GO TO 919 

916 wRITE(6,915) . 
910 FOkfV1AT(29X,9H(OOLLARS) ,6X,9H(DOLLARS) ,3X,12H(DOLLARS/YR) ,1X,lOH(MI 

*LLIONS) ) 
918 CST1 (1) = 

CST2(1) = 
CST3(1) = 

UREC41(1) * 1.E+b6 * GR 
CINANT * 1.E+06 
O.1*C5Tl(1) 

i 
i 
I 
I' 

i 
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CST4(1) = <CST1(1) + CST2(1) + C5T~(1)*L5Y5)*XNGR*lvE-06 
919 WRIT~(6)9Ul) CST1(lJ,CST2(1),CST3(1),CST4(l),ANTYPECI16),Xl,U(4) 
901 FORMAT(/bX'7HANT~NNA,9X'Flb.2,5X'F9.2'5X'F9.2,3X'F10.3,3X,AI0,2X,6 

*HGAIN =Fb.l,3H DU,17H, EFFECTIVE OIA =F5.1,3H FT) 
Q = Y(M+~) I 290. + 1. 
xl = 10. * ALOGlU(Q) 
IF(I2l.EG.l) GO TO 922 
~5Tl(2) = (UREC43(2)*GR85 + UREC43(6)*GR95) * 1.E+03 
C5T2(2) = (CINREC·+ CINTL) * 1.E+03 
CST3(2) =OPC43(2) * 1.E+03 
CST4(2) = (CSTl(2)+CST2(2)+CST3(2)*LSYS)*1.E-03*XNGR 
GO TO 920 

922 CST1(2) = UCOSTR * l.E+06 
CST2(2) = (CINREC + CINTL) * 1.E+06 
CST3(2) = .1 * C5T1(2) 
CST4(2) = (CST1(2) + C5T2(2) + CST3(2)*LSVS) * XNGR 
CST4(2) = C5T4(2) * l.E-06 

920 WR.ITE(6,903) CST1(2),C5T2(2),CST3(2),CST4(2),Xl,Y(M+3) 
906 FORMAT(5X,8HRECEIVER,14X,F9.2,5X,F9.2,5X,F9.2,3X,FI0.3,15X, 11 

*HNOISE FIG = F5.1,15H, NOISE TEMP = F7.1) 
C5Tl(3) = C5T2(3). = CST3(3) = CST4(;3) = 0.0 
IF(I21,E~.1) GO TO 906 
CST1(3) = UREC43(7) * 1.E+03 
C5T2(3) = CINDrS * 1.E+03 
C5T3(3) = OPC43(6) * 1~E+03 
CST4(3) = (C5T1(3) + C5T2(3) + CST3(3)*LSY5)*XNGR*l.E-03 
wRLTE(6,921) CST1(j),CST2(3),CST3(3),CST4(3),CABL,XNGR 

921 FORMAT(5X,11HCABLE OISTR,10X,Fl0.2,4X,Fl0.2,4X,F10,2,2X,F11.3,15X, 
* 10HCAb LNTH = , F6.0, 18H MI, CATV SYS/BM = , F6.0) 

906 WRlrE(6,905) 
905 FORMAT(30X'6H------'8X.6H------,8X'6H------,6X,7H---____ ) 

~ALL ZERO (TOTC,4,1) 
i.JO 3000 I = 1,3 
TOTC(l) = TOTC(l) + CST1(1) 
TOTC(2) = TOTC(2) + C5T2(I) 
r01C(3) = T01C(3) + CST~(I) 
rOTC(4) = TOTC(4) + C5T4(I) 

3000 CONTINUE 
WRITE(6,910) TOTC(1),TOTC(2),TOTC(3),TOTC(41 

91U FORMAT(12X,10HTOTAL/BEAM,4X,F10.2,4X,FI0.2,4X,FI0.2,2X,Fl1.!) 
rOTC(4) = TOTC(4) * NBHQO * N5AT 
wR!TE(6,9ab) TOTC(4) 

9ab FOHMAr(aX,12HSYSTEM TOTAL,46X,Fll.3) 
wRITE(6,1010) 

101U FORMAT( 1/1X, 14HLAUNCH VEHICLE , 15X, 4HCOST , 9X, 
* 12HWEIGHT LIMIT , 7X. 12HVOLUME LIMIT , 15X, 8HCOMMENTS ) 

XNSL = NSL 
PCST = XSS*ACQC3(4)*NSAT*NBRQDI(NBS*NSL) + TNREC(3)*R2*Rl 
X81 = BWGrlT (11) 
xa2 = BVOL(I1) 
wRITE(6,1025) X8U,XClpXC2 

lU25<FORMAT (/5X, 19H5ATURN V (UNMANNED), 3X, F9.3~ 9X, F9.3, 
* 9X, F9.3, lOX, 27HINCLUDES RELAUNCHES AND RID) 

wRIT[ (6,1020) PCST, X81, X82,NSL 
1020 FORMAT ( 5X,lOHUSER TOTAL,12X, F9.3, 9X, 

5-84 
I)!) '.: 
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* F~.3, 9X, F9.j,10Xrl1HPROKATED 
wRITE (6,9~6) 
FOKiViAT (1111) 
XLA3~ = lu.* ALOGlu{XLA3~) 
xLC34 = 10. * ALOG10tXLC34) 
XL~j4 ~ 10. * ALOG10(XLR34) 
XLI = 10. * ALOG10(XLI) 
XLRH34 = 10. * ALOG10{XLKH34) 
XL~UX = 10. * ALOG10(XLMUX) 
XLTij = 10, * ALOG10(XLT4) 
COSTl = UKEC41(2) 
~OST2 = Uk~C41(2) 
~·~RITE (6,OUTO) 
XLA34 = 10.**(XLA3~/10.) 
XLC34 = iu.**(XLC34/10.) 
XLk34 = lU.**<XLK34/10.) 
XLI = 10. **(XLI/1U.) 
XLKlij4 = 10 • ** ( XLRli3t.t/l 0 • ) 
XLMUX = lO.**(XLMUX/10.) 
XLT4 = 10.**(XLT~/10.) 
RETURN 

END 

- ,I2,18H SATELLITE CONCEPT) 
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APmNDIX A 

GENERAL-RJRFOSE 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 SUBROUTIN~S 

1) 

1) Subroutine MAnD to form the sum of two matrices 

2) Subroutine TRS - to compute the transpose of an N by M matrix 

3) Sub~outine MTMFY - to form the product of two matrices 

4) Sub:routine INVL - to t'onn the inverse and de'terminant of a matrix 

5) Subroutine ZERO - to clear an N by M array 

SUBROUTINE M..l\DD 
-m 

Purpose: to form the sum of two matrices. 

Usage: 

R = Fl A + F.f2 

Call MADD(N,M,Al ,F1,A2,F2,R) 
where Al and A~ are N by M matrices, c _ 

and 

Fl and F2 are scalar factors of Al and A
2

, 

R is the resultant N by M matrix. 

cA .. l 
, " :- .- , .. ' .. . **'.~ .\,&;;., \\?Rf·a;~Ju~',.::.:·~#tFrtm_'etJC 'titef #trF"'~~ 

! ' , 
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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 

Nand M are the dimensions of A. 

NOTE: A and A'I'RS cannot be the same array • 

3) SUBROUTINE M'IMFY 

Puxpose: to fom the product of two matrices 

C=A*B 

Usage: 

Call MTMPY (A,B,C,N"M,L) 

where A is an N by M matri;lc, 

B is an M by L matrix~ and 

C is the resultant N by L matrix 

NOTE: A and B may be the same matrix, but C must be a separate matrix. 

4 ) SUBROUTINE INVL 

Purpose: to calculate the inverse and determinant of any non-singular ' 

square matrix, wh1!chneed not fill its dimensional area. 
\} . 

The inverse is stored either in the same matrix or in a 

different matrix. ' In. the latter case, the input matrix 
remains unchanged. 

Usage: 

Call INVL (A;,AINV,N,NDA,L,M,D,K) 

where A is the matrix ,to be inverted 

AINV is the invertEl;d matrix (nlay be A) 
(input) 

( out:prut) 

,~ 

L 
f 

, , 
t' 

~ r . 
, 1: 

k 
L 
i. 
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) 

NDA is the dimens ion of A and AINV a;s given 

in the calling program 

L an integer storage vector of dimension NDA 
M as for L 

D the detenninant of A upon successful exit 

K an error flag 

K is set as follows: 

GDC-DCF70-002 

(input) 

( input) 

(input) 

(output) 

(output) 

o 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. 

SUBROUTINE ZERO 

Purpose: to clear an N by M array 

Usage: 

Call ZERO (A,N,M) 

where A is the array to clear, and Nand M are the dimensions of A. 

:! 

i 
). 

J. 
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The following library functions are referenced. 

FUNCTION 

SIN(X) 

ASIN(X) 

COS(X) 

ACOS(X) 

ATAN(X) 

SQRT(X) 

ALOG10(X) 

EXP(X) 

DEFINITION 

Sine X (radians) 

Arcsine 

Cosine X (radians). 

A~ccosine X (radians) 

Arctangent X (radians) 

Square root of X 

Log 'to the base 10 of X 

e to "!ihe Xth power 

GDC-DCF70-002 

Also, the following functions to perform vector operations: 

1) VMAG 

2) VDOT 

1) VMAG 

Purpose: to compute the magnitude of an N-dimensional vector V. 
Usage: 

2) VDOT 

Purpose: to compute the scalar product of two vectors 

S = A • B 

Usage: 

S = vDO'I' (A,B"N) 

where N i,~ the dimension of vectors A and B. 

;: 

'! 
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SUBROUTINE INVLCA.AINV.N.NDA.L.M.D,IDONLY) 
D I MENS i ON A ( 1 ) • A I NV (N • N) ,L ( N ) • M ( N) 
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INVERSION AND DETERMINANT OF ANY GIVEN MATRIX. 

THIS ROUTINE WILL INVERT ANY NON-SINGULAR SQUARE MATRIX. WHICH 
NEED NOT FILL ITS DIMENSIONED AREA. 
THE ANSWER IS STORED EITHER IN THE SAME MATRIX OR IN A DIFFERENT 
MATRIX. IN THE LATTER CASE. THE INPUT MATRIX REMAINS UNCHANGED. 

THE MEANING OF THE ARGUMENTS IS AS FOLLOWS---

A 
AINV 
N 
NDA 

L 
M 
D 
IDONLY 

THE MATRiX TO BE INVERTED. 
THE ANSWER MATRIX (MAY BE MATRIX A). 
THE SIZE OF MATRIX A(N*N). 
THE DIMENSION OF MATRICES A AND AINVCNDA,NDA). 

NDA MUST BE EQUAL TO OR GREATER THAN N. 
AN INTEGER STORAGE VECTOR WITH DIMENSION NDA. 
AS FOR L 
THE DETERMINANT OF MATRIX A 
AN ERROR FLAG. SET AS FOLLOWS---

o THE INVERSION WAS UNSUCCESSFUL. DUE EITHER TO 
THE INPUT MATRIX (A) BEING SINGULAR. OR 
NDA BEING LESS THAN N. 

1 THE INVERSION WAS SUCCESSFUL. 

IFCNDA-N)3.4.4 
IDONLY=O 
RETURN 
J=O 
DO 8 K= 1 .N 
DO 5 1=1. N 
J=J+l 
KOP=CK-1}*NDA+I 
AINVCJ)=A(KOP) 
CONTTNUE 
CONTTNUE 
D= 1. 0 
IDONLY = 1 
IF (D.EQ.O.O) IDONLY =0 
D=I.0 
NK=-N 
DO 80 K=l,N 
NK=NK+N 
LCK)=K 
MCK)=sK 
KK=NK+K 
9IGA=AINVCKK) 
DO 20 J=K.N 
IZ=N*(J-l) 
DO 20 I=K.N 
IJ=IZ+I 

10 IF C ABSCBIGA)-ABS(AINV(IJ»)15.20.20 
15 BIGA=AINV(IJ) 

LCK)=I 
M(K)=J 

20 CONTTNUE o 

C INTERCHANGE ROIAIS A-5 " 
".~il...:.::. ~'. " >$e" r r '')''- sn 'iBn; £ ~"$it m W 't~" ltii'': tee' Mmm' tch.lzWt*_ 6:Nirzrit;';M;,Ma~&~;#' ;,%~._ .,:;rzi'; < WCt· bs"tt~;, '~"ii' ':ifh~~;~::l!lii>rm: :::!!!!i"o 
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J=LCK) 
IFCJ-K) 35.35.25 

25 KI=K-N 
DO 30 I=l.N 
KI=KT+N 
HOLD=-A!NV(KI) 
JI=KT-K+J 
AINVCKI)=AINV(JI) 

30 AINV(JI)=HOLD 
C 

C INTERCHANGE COLUMNS 
C 

C 

35 I=MCK) 
IFCI-K) 45.45.38 

38 JP=N* ( 1-1 ) 
DO 40 J=l.N 
JK=NK+J 
JI=JP+J 
HOLD=-AINVCJK) 
AINVeJK)=AINVCJI) 

40 AINV(JI)=HOLD 

C DIVIDE COLUMN BY MINUS PIVOT 
C 

C 
C 

C 

45 IFCB!GA)48.46.48 
46 0=0.0 

IDONLY=O 
RETURN 

48 DO 55 I = 1 • N 
IF ( J -K) 50.55.50 

50 IK=NK+I 
AINVCIK)=AINV(IK)/C-BIGA) 

55 CONTYNUE 

REDUCE MATRIX 
DO 65 I=l.N 
lK=NK+ I 
IJ=I-N 
DO 65 J=I.N 
IJ = IJ + N 
IFC!-K) 60.65.60 

60 IFeJ-K) 62.65.62 
62 KJ=IJ-I+K 

A1NVCIJ>=AINVCIK)*AINV(KJ)+AINV(IJ) 
,~5 CONT T NUE 

C DIVIDE ROW BY PIVOT 
C 

KJ=K-N 
DO 75 J=l.N 
KJ=KJ+N 
IFeJ-K) 70.75.70 

70 AINV(KJ)=AINV(KJ)/BIGA 
/~. '. \-;.,3 " 
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C 
C 
C' 

C 
C 

c 
C 
C 

) 

:I 

75 CONTTNUE 

PRODUCT OF PIVOTS 

REPLACE PIVOT BY RECIPROCAL 

AINVCKK)=1.0/BIGA 
80 CONTTNUE 

IF (TDONLY.EO.O) RETURN 

FINAL ROW AND COLUMN INTERCHANGE 

K=N 
100 K=CK-1) 

IF (K) 150.150.105 
105 I =L (K) 

I F (T -K) 1 20 • 1 20 • 1 08 
108 JO=N*(K-l) 

JR:;;:N*{I-1) 
DO 110 J=l.N 
JK=JQ+J 
HOl.D=AINV(JK) 
JI=JR+J 
AINV(JK)=-AINV(JI) 

110 AINV(JI)=HOLD 
120 J=MCK) 

IF (J-K) 100. 100. 125 
125 KI=K-N 

DO 130 1= 1. N 
KI=KT+N 
HOLD=AINV(KI) 
JI=KT-K+J 
AINV(KI )=-AINVCJI) 

130 AINV(JI)=HOLD 
GO TO 100 

150 IFCNDA-N)152.235,155 
152 IDONLY=O 

GO TO 235 
155 K2=N 

Ml=(N-l)*NDA+N+1 
K5=Ml-l+N*(N-l) 
K6=NDA*NDA 
IF(K5-K6)175.165.165 

165 Kl=K6 
GO TO 185 

175 Kl=K5 
185 M3=Kl-l 

195 

DO 105 K4=M 1 • K 1 
K2=K2+1 
AINV(K4)=AINV(K2) 
CONT T NUEii, 
I F< K5-K6 ) 197. r(;~7' 202 

I: 
'i 

i 
~ 
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197 M1=M1-1 
DO 200 K=2.N 
DO 108 J= 1, N 
KOP=CK-l)*NDA+J 
Ml=Ml+l 
AINVCKOP)=AINVCMl) 

198 CONTTNUE 
200 CONTTNUE 

GO TO 235 
202 DO 225 K=2.N 

DO 215 J= 1. N 
KOP=CK-l)*NDA+J 
K2=K2+1 
TEMP=AINVCf<..2) 
AINVCKOP)=AINV(M1) 
00,205 I=Ml.M3 
AJNVCI)=AINVCI+1) 

205 CONTTNUE 
:A J NV (K 1 ) = TEMP 

215 CONTYNUE 
225 CONTTNUE 
235 RETURN 

END 
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" 

A~8 

\. 

, ! 

, , 



SUBROUTINE MADD(N.M.Al.Fl.A2.F2.R) 
C SUBROUTINE TO ADD 2 N BY M MATRICES 
C Al AND A2 ARE N 8Y M MATRICES 
C R IS THE RESULTANT MATRIX 
C Fl AND F2 ARE SCALAR FACTORS OF Al AND A2 

DIMENSION Al <t). A2( 1). R( 1) 
Ml ::; M*N 
DO 100 I::; 1 • M 1 

100 RCI) ::; Fl*Al(I) + F2*A2(I) 
RETURN 
END 

SUBROUTINE TRSlA.AT.N.M) 

GDC-DCF70-002 

C SUBROUTINE TO COMPUTE THE TRANSPOSE OF AN N BY M MATRIX 
DIMENSION A(N.M).AT(M.N) 

C 
C 
C 
C 

C 

DO 1 I::; 1 ,N 
DO 1 ~::;l,M 

I ATC~.I) ::; ACI~~) 

RETURN 

20 

20 

END 

SUBROUTINE MTMPY1A.B.C.M.N.L) 
SUBROUTINE TO FORM THE PRODUCT OF TWO MATRICES 

A IS AN M BY N MATRIX 
B IS AN N BY L MATRIX 
C IS THE RESULTANT M BY L MATRIX 

DIMENSION A(M.N). B(N.L). C<M.L) 
DO 20 I::; 1 .M 
DO 20 ~::;I.L 
CCI • ..) ::; 0.0 
DO 20 K::; 1 .N 
C ( I ,~) ::; C ( I • J) +A ( I • K ) *B (K. J) 
RETURN 

,END 

SUBROUTINE ZEROCA.NtM) 
TO ZERO OUT MATRIX A.D1MENSIONED 
DIMENSION ACt) 
MI:::N*M 
DO 20 1::: 1 .M I 
A ( I) ::; O. a 
RETURN 
END 

N BY M 
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APPENDIX B 

DERIVATION OF STEEPEST DESCENT ITERATIVE ALGORITHM 

Let X rp-present a vector of n independent system design parameters, 

y(X) a vector of IT) constrained systelTI 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 X. until further reduction 
1 

in C is possible and all constraints are satisfied. At each iteration only 

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 vectol". 

these parameters the constraint 

y(X) - YBOUND = 0 

will be imposed. At a given iteration 

Let g and cp represent the cost a:Q.d 'constraint gradients, respectively. 

That is, 

To the first order terms 

and 6.Y = cpT • AX 

It is desired to determine the vector 6.X which minimizes 

T J = 6.C (6.X) = g ~6.X 

while reducing Y by some specified amount 

6.Y = - K' Y 
Y 
<0 

B-1 

'0 
!J .,\ 

!~-;;:.~- ;,,~~.d:' ,. 

For 

( 1 ) 

(2) 

(3 ) 

(4) 

(5) 

(6) 

(7 ), 

I 
j: 

hl' , 

, , 
, , 

i'""": •• 

, 
i ,~ 

'J 

~ .i,~I''''.' 
:' 

I 
~ ,( 
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The magnitude of the perturbation is constrained by 

S2 = AXT ~ AX 

Applying Lagrange multiplier theory one defines JI to be 

(8) 

J 1 = g T • AX + A' (AX T • AX _ S 2) + 11 T' ( cI> T • AX + Ky' Y) (9) 

where A is an arbitary constant and 11 is an arbitary k-vector. From 

Equations 7 and 8 it is clear that J and JI are equal, so one can proceed 

by minimizing JI. This minimum occurs where 

Solving Equation (1) for AX gives 

AX = - fA' (g ~ ~. 11) 

For convenience define 

Then 

1 1 
K = - -,- and A = - - • 11 c 2A 2A 

AX=-K 'g-~'A c 

Substituting Equation (13) into Equations (5) and (7) gives 

A Y = - K g? T g g?1~v::: - K • Y 
c ~. y 

Solvin.g £01" 'Y gives 

-1 
q,T • g + K (g?Tg?) ~ Y 

Y 

Substituting Equation (IS) into Equation (13) gives 

. r T -1 T] T -1 
b X = - K elI - g? (g? g?) if! , ~ g -K ~ c,p (q, q,) 

, y 

which is the pertarbation equation giver./. in Sect~on 2. 2. 

B-2 

(10) . 

(11 ) 

(12 ) 

(13) 

( 14) 

(15) 

Y ( 16) 

,. . ~ 
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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 

;if . 1- KJ I - if> (if>Tif» -1 if>Th 1= - Kc [if>T (~Tif» (if>Tif» -1 if>T] g 

= - K c [4]T - 4] T ] g = 0 

The value of K can be determined by substituting Equation (16) into 
c 

Equation (8) and reducing to 

where 

Then 

(17) 

( 18) 

(19) 

(20) 

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 ll 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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c 
AP:tENDDC C 

DERIVATION OF THE PARTIAL DERIVATIVES 

Because of the appearance of implicit functions in the system equ~tions, 

computation of the partial derivatives of the subsystem parametric 

relations required the solution of a set of simultaneous linear equa­

tions • This was accanplished as follows: 

Let WA (VA) 

Wpp(Vpp) 

WRD(VRD ) 

WMP(vMB) 

W'I'R(VTR) 

WREC(VREC ) 

WMPLX(VMPLX ) 

WINC(VINC) 

WAC(VAC ) 

WCS(VCS ) 

WSTR(VSTR) 

WBATr(VBATT) 

WP!'(VPJ,i) 

Wpc(Vpc ) 

WpcU(Vpcu) 

'WLCF(VLCF ) 

WHAR 

= weight (volume) of the antennas 

= weight (volume) of the power supply 

= weight (volume) of the therrt~l control system 

= weight (volume) of the manned provisi~ns 

= weight (volume) of the transmitter 

• weight (volume) of the receiver 

= weight (volume) of the .multiplexer 

= weight (volume) of the instrumentation and 

c anununi cat ion 

= weight (volume) of the attitude control 

= weight (volume) of the station keeping 

(control system) 

= weight (volum.e) of the structure 

2 weight (volume) of the battery supply 

= weight (volume) of the power transfer unit~ 

= weight (volume) of the power conditioning un:t.t 

= weight (volume) of the power control unit 

= weight (volune) of the ~ / c filter 

= weight of the harnessing. 
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WEM = weight of the equipment module 

where 

and 

= WTR + WHEC + WMPLX + WINC + WAC + Wcs + WSTR + W
BATT 

+ W
COND 

WCOND = weight of the power subsystem 

= Wpp + Wpc + Wpcu + W
LCF 

+ W
HAR 

WT = total satellite payload weight 

= WEM + W A + Wpp + WRD + W
MP

• 

The expressions for volume are similar. 

The following power relations are derived fran the power subsystem model. 
(See Appendix D) •. 

PTA 

PpcU 

PPl' 

= 

= .1 P
TR 

P 

NC • 
LCF = -Tlr.cF 

= 

= 

= PB + P 

= 

= 

PPl' 

llPr 
PPSD 
pr-

+ 
PTA 

NC • NAW + PAC + P CS + P INC + PR -
'rTA 

where p' represents the actjustment to the prime 
power supply as a ,result of degradation over 
the spln of lifetime of the power supply. 
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oPFS ~VEM 
By expanding oX

i 
and ali ,the following equations result: 

K' 1 

+ 

+ K' 
2 

= K3 ' i = 2,3 (1) 

- K' -3 , 1 = 2,3 (2) 

Solving this system all of the remaining partials can be derived. 

oPps oVEM Solution of this set of equations provide the values of ax:- and ax--
i i. 

from which all other subsystem partial derivatives cen be obtained. 

Solution of these equations is performed in subroutine PRTIAL (Section 5.6). 
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APPENDIX D 

PARAMETRIC RELATIONSHIP 

GDC-DCF70-002 

The curves in this appendix represent the parametric relation­

ships used in the TVBS program. Functions which maintain a constant 

value regardless of configuration are referred to as "th.."'"Uputs." 

The mathematical models of these relationships and the appropriate 

analytic coefficients are given in Sections 3 and 4. 
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COST ELEMENT 

I. 

II. 

IV. 

Ground Uplink System 

A-5 Satellite Operation Unit R~curring 

A-7 Test Equipment Unit Recurring 

D-7 Satellite Operations and Control Fersonnel 

Spacecraft System 

A -7 Life Support Subsystem 

A-a Instrumentation and Communication 

B-7 Life Support Subsystem 

B-8 Instrumentation and Communication 

B-19 GSE Hardware 

B-20 Facilities and sIc Test Equipment 

Ground Down1ink System - CATV 

A-3 Receiving System Support Facilities 

A-4 Receiving System Equipment (excl. antenna and 
receiver) 

GDC-DCF70-002 

VALUE 

.242 

.200 

.147 

.0015 

I 

Ii 
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TABLE D-2" TVBS COST MODEL 
-

LAUNCH VEHICLE COSTS IN 106 DOLLARS 

LAUNCH VEHICLE 
TITAN nIDI SATURN IBI SATURN V 

COST ELEMENT TITANmC CENTAUR CENTAUR i(UNMANNED) 

UNIT RECURRING COST 

68. Launch Veh~cle 12.5 14.6 33.5 130.6 
69. Adapters & Fairings 0.4 0.6 0.9 7.2 

NON-RECURRING COST 
\ 71. Launch Vehicle, Adapters 2.9 2.9 33.4 29.5 

& Fairings 

72. Launch Complex Modifi- 0.0 0.0 5.0 1.0 
cations 

-73. Peculiar GSE Hardware 0.3 0.6 1.5 1.2 
75. Center Support & 3.0 3.0 7.0 5.0 

. Development 

ACQUISITION COST 

78. Center Support per Unit 1.0 1.1 5.4 34.3 
79. LalUlch Operations, 4.1 6.0 14.6 39.0 

Support & Spares 

~_~ ___ . __ . _t~.~_~_~ - ------.~ 

:,,::::,,:::::,,::::;:;';;:-';:':;:-.!::::":- ;;::::-:....:;:-.;-,;...,~--"--

SATURN V 
(MANNED) 

166.6 

0.5 

6.0 

1.0 

0.6 

6.5 

41.8 

48.4 
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For Concept E, the following costs are incorporated into the launch 

vehicle costs. 

Docking Cpne 300 lbs. 

- Assume mechanical equipment at $500/lb. 

- Unit Recurring $15OK 

- Non-recurring $15OK 

£:ew Systems 500 lbs 

- 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, etc4 

Probably need emergency spacesuit/backpack in module but cost 

included herein. 

Ducting and fans 25K 

Misc. furnishings 10K 

Controls and displays 50K 

Total unit recurring B5K 

Non-recurring 255K 

Emergency Atmosphere 

- Atmosphere pressure bottles, pressure regulator, and \' 
\, -~ 

miscellaneous - assume two 

Unit recurring - 2 x lac + 10K + 5K = 35K 

Non-recurring - lOOK 

Therefore, total unit recurring :II 150K + B5K + 35K = 270K 

total non-recurring = 150K + 255K + lOOK = 505K 

D-3l 
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A. EQUIPMENT MODULE STRUCTURE 
2 

. Weight = 'Ir LEI\tI D EM ZEM = Length of Equiplnent Mod. 

Volume == Negligible (input = 0) DEM = Diameter of Equipment Mod. 

B. ELECTRICAL POWER SUBSYSTEM 

Solar Array 

Weight = O. 1 P PRIME 

Volu~e = 0.0167 P PRIME 

Nuclear Reactor 

Weight = 0.305 P PRIME 

Volume= 0.001 PPRIME 

Batteries 

Weight = Curve 

Volume= Curve 

Power Conditioners 

Efficiency = Curve 

Weight 

Volume 

= Curve 

= CUl"ve 

C. ATTITUDE CONTROL SUBSYSTEM 

Weight = 60 + WAC Pounds 

Volume = 1 +VAC ft3 

Power = 30 + PAC Watts 

P PRIME = Prime Power in Watts 

1 
. , I 
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Parameters: 

N = Satellite life in years 

A = Area of solar array - ft2 

CONCEPT 

A,B 

C 

D 

E 

F 

G 

'1 

M= 

1 A 1 
4' r- + 2" DEM EM 

30 ft 

~ (D A + if + £A) 

1 
2' DTOTAL + 11 

A 
- +5 
48 

£EM = Length of equiplnent module 

DEM = Diameter of equiplnent module 

£F = Feed length 

£A = Stowed antenna height 

D A = Antenna diameter 

1. NH3 Resistojet 

= (0.706 + 1 0 36 N) ALM x 10-3 

= 2 x 10-5 . AMN 
L 

AM -L 

GDC-DCF70-002 

L::;: 

15 ft 

DTOTAL 

10 

i 
! 
I. 
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2. Ion Propulsion 

1 1 
WAC = 16.9 (3.12 x 10-3 @ + 1.0)'2" + 5(40 + 7.7 x 10-3 ~)2 

L L 

+ 2 2 x 10-4 AMN 
• L 

V AC = (0.025 + 0.37 x 10-3N) ALM x 10-3 

PAC = 160 + 0.031 ~ 

3. Water F.lectrolySis 

W .- 1 37 x 10-3 AMN AC -- .I..~ -

L 

V AC = 1.32 x 10~5 AMN 
L 

PAC = 3.7 x 10-3 ALM 

Do'STATIONKEEPING 

Ws = Weight of spacecraft less stationkeeping<_ 

N = Spacecraft life in years 

1. Nitrogen Cold Gas (East-West Only) 

0.01782 N Ws 
WCS = 1 .. O. 0133N 

VCS _. 0.038 'VCS 

PCS = O. 

2. Water Electrolysis 

0.00216NWS 0.0211NWS 
W - + 

CS - 1 - 0.00138N 1 - O.OI35N 

, 
\ 

i."' 
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3. Ammonia Resistojet 

O.00354NWS 

Wes = 1 - O. 00197N 
0.0346NWS 

+ -
1 - 0.0192N 

Ves =2.12WS 

-3 
Pes = 4 x 10 V's 

4. Peroxide 

00 0381 NWS 0.0039NWS 

Wes = 1="000218N + 1- 0.00223N +40 

Ves = 

Pes = O. 

5'. Ion Propulsion 

1 1 
Wes = 1 0 66 + 00 38 (WS) 2' + 1.26 p'2' + 0

0
0013 N Ws 

Ves = (0.06 + 40 rl7 x 10-3N) x Ws x 10-3 

Pes = (20 + 000832 WS) 

E. THERMAL CONTROL SUBSYSTEM 

1. P~osive Radiator For Total Spacecraft Heat 

Rejection 

GDC-OOF70-002 

P
DIS 

PPRIME 

P
XMTR 

= Power to be dissipated by therlnal control subsysteln 

V
EM 

P
DIS 

ATe 

= Prilne power generated by power source 

= Power translnitted by translnitter (RF) 

= Volulne of Equiplnent Module 

= P - "0' 
PRIME "'X;~TR Watts 

= 
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= 

2/3 
0.0548 P

DIS 
- 2.5 V

EM 
2/3 0.0913 P

DIS 
- 0.417 V

EM 

Heat piprd for transmitter; passive radiator for other sUbsystems. 

P
DIST = Translnitter thermal power to be rejected 

P
DISS = Heat to be rejected frOln other subsystems 

= Translnitter efficiency 

a. Heat Pipe for Transmitter 
1 - r} . 

P DIST = --:rj- PXMTR 

= 

= 

·,3 
9 x 10 P

DIST 

0.01125 P DIST 

O. 00225 P DIST 

b. Passive Systeln For other Subsystelns 
PXMTR 

P DISS = P PRIM:E - . r} 

ApR = O. 0548 P DISS 

WpR = O. 0548 P DISS 

-3 
VpR = 9.13 X 10 P

D1SS 

For total systeln 

P
DIS = P - P. 

PRIME XMTR 

A
TC = AHP + ApR"'; 2.5 VEM 

2/3 

W
TC W +W - 2.5-V 

2/3 = 
HP PR EM 

V
TC 

:: 2/3 
VHP + VpR - 0.417 VEM' 

Watts 

ft2 

lbs 

ft3 . 

Watts 

ft2 

Ibs 

ft3 

r 
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GDC-DCF70-002 

3. In addition to Types 1 and 2, if the power source is a nuclear reaction, 

the following additional values are required 

lEM = Equiplnent Module Length 

AREA = O. 02 P PRIM:E 

WEIGHT = 47.0 LEM 

VOLUME = 0 (Integral with EM Structure) 

NOTE: For DEM = 10 ft. 

0.05 P PRIME - 78.6 

iEM = 25 

F. UPLINK RECEIVER SUBSYSTEM 

Weight = Curve 

Volum.e = TBD 

Power = Curve 

G. DOWNLINK TRANSMITTER 

Weight = Curve 

Volume = Curve 

Efficiency = Curve 

MULTIPLEXER 

Weight = Curve 

Volume = TBD 

Insertion Loss = Curve 

ft2 

lbs 

'. . . ~'!. ~) ".' 
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Ho ANTENNA SUBSYSTEM 

1. Reflector 

a o Expandable Truss 
2 

Weight = 0.10DA 

b. Rigid Parabola 
0 0 5 

Weight = 6.4 D A 

3 
Volume= 0 0 30 DA 

2. Feed Booms 

A ~ Rigid Boom 
-069 

Weight = 0 0 32 D A 

Volume= 0 0 41 DA DF 

b o Folding Boom 
1.69 

Weight = 0 0 32DA 

2 
Volume = 0.039 D A 

C. Expandable Boom 
1 0 32 

Weight = 00 33 D A 

GDC-DCF70-002 

Df = Diameter of Feed 
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Now 1. PT 
= 95% 

= 70% 

= 83% 

1l peu = 98% 

lLCF 
= 95% 

lTV and lTA = funct (PT~ 
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APlmIDIX E 

The :following tables and figures present the geanetrical 

constraints for each of the satellite con:figurations, A through H.* 

* G has not yet been implemented in the program 
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Table E -1 . Concept Summary 

CONCEPT ALLOWABLE ALLOWABLE ANTENNA POWER MANNED BOOSTER 
CODE WEIGHT VOLUME TYPE TYPE PROVISIONS TYPE COMMENTS 

A 2,000 lb 98 cf PETA or Solar None S~V Multiple satellite version, 
Rigid Cell or 13 per S-V launch, 

TIDC 1 per TIDC launch. 

B 5,200 262 Phased Sola r None S-Vor Multiple satellite version , 
Array, Cell TIll D/ 7 per S-V Launch, 
PETA,or Centaur 1 per T IDD-C entaur. 
Rigid 
Dish 

C 9,000 810 PETA Solar None S-Vor Multiple satellite version, 
Cell S-IB/ 3 per S-V Launch, 

Centaur 1 per S-IB-Centaur 

D 29,300 6,000 Rigid Sola r 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 

1-
42,000 6,000 Phased Solar Optional S-V Optional manned support with 

Array Cell or Dock 
I 

solar cell power only. 
Dipoles Reactor 

- - -_._---- --- ----

* H - same as C, except allowable WT = 42,000 lbs. and allowable VOL - 6,000 

J _ 

g 
I 

g 
~ 
o 
I 

8 
N 

~ 



, 
• 

! A 

) 
\ 

\1 
~ 0 I""'" 

~l -

I 

~F~ 

GDC-DCF70-002 

rOSA OR ORO 

0) 1 SA OR ! RD 

I 
!:J 
I 

-- !EM 

CD 

I 
I ! I 
I 

0) 
, 

. I 

Figure E-l. Concepts A and B geanetr1cal parameter. 
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Table E-2. Geometry, Weight, and Volume 
Constraints - Concept A 

1. Antenna: Rigid Dish for D A S 5 

PETAfor 5 < DA S 15 

2. Feed: Cassegrain, Rigid or Hinged 

3. Packaged L ngth: 

a. lEM + IF + 0.5 S 5 for DA S 5 

b. lEM + lA + 0.5 IF S 5 for 5 < DA S 15 

4. Feed Length: IF = (.2 D A + .25) 

5. PETA Package Length: fA = .12 D A 

6. Module Diameter = 4.0 

7. Module Available Volume: 
2 

VEM = • 83lEM DEM = 13. 3lEM 

8. Total Volume: 

a. VEM + VRD + VSA + 19.65 (iF + • 05)S 98 ; DA S 5 

9. Total Weight S 2000 

NOTE: See Table E- 9at the end of this chapter for nomenclature. 
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Table E-3. Geometry. Wight and Volume 
Constraints - Concept B 

1. Antenna: Rigid Dish for D A S 6.67 

PETA for 6.67< DA S 30.0 

2. Fed: Cassegrain, Rigid or Hinged 

3. Packaged Length: 

a. lEM + IF + O. 5 S 7. 5 forDA~6.67 

b. lEM + IA + 0.5 IF ~ 7.5 for 6.67< D AS 30 

4. Feed Length: lF = (.2 D A + .25) 

5. PETA Package Length: I.A = • 12-D A 

6. Module Diameter = 5.67 

7. Module Available Volume: 

V
EM 

= 25.31
EM 

8. Total Volume: 

9. Total Weight S 5,200 

E'-5 
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6.67', 

--t 5.671 DEM 

Figure E-2 Concept C configuration geometry. 
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1. Antenna: 

2. Feed: 

3. U )link Antenna: 

GDC-DCF70-002 

Tabl E-4. G om try, Wight nd Volum 
ConstraintR - Con p C (and H) 

PETA only DAS 56 (100) 

Fixed Cassegrain for DA S 25 

Folding C sse grain for D A > 25 

Rigid Dish With Casst!grain Feed, DUS 5.67 (10) 

4. Package Length: 

IEM + lA + iF + lSA S 26 (35) 

5. Feed Length: 

iF = (.2 D A + 0.5) + (.2 DU + .25) for D AS 25 

IF = (.10 DA + 0.5) + (.2 DU + .25) for 25<DA< 56 (100) 

6. PETA Package Length = 0.11 D A 

7. Module Dlameter = 5.67 (10) 

8. Module Available Volume: 

V EM = 25. 3 lEM 

9. Maximum Solar Array Volume: 

VSA = 170 (4000) 

10. Total Volume: 

a. VEM + VA + VSA + VRD + VF + VUS 810 (6000) 

h. VF = .786 (.2DA + 0.5) (.10DA + 1.0)2 forDA S25 

c. VF = .786 (.10DA + 0.5) (.10DA +1.0)2 for 25(.D
A

S 56 (100) 
-2 

d. V U = • 786 (. 2 DU + • 25) DU 

11. Total Weight S 9,000 (42,000) 

E-7 
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Table E-5. Weight, Volume, and Geometry 
Constraints for Concept D 

1. Antenna: Rigid Dish Array 

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: 

V SA + V RD + 'J:.V A + l:V F + • 786 (.2DU + .25) DJ S 4400 

6. Fixed BSM Weights: 

BSM Structure 3650 

Equip Racks 2050 

Atmosphere Supply 5775 

Water & Waste Management 708 

Crew System s 500 

Total 12,683 

7. Available Payload (with 20% Contingency) = 42,000 

8. Available Experiment Weight = 42,000 - 12,683 = 29,317 

E-B 
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Table E-6. Weight, Volume , and Geometry 
Constraints for Concept E 

I . Antenna: PETA DA~ 90 

2. Feed Supports: Expandable 

3. Uplink Antenna: Rigid Dish, Cassegrain Feed 

4. Packaged Length: 

* llEM + iF + iA + iU ~ 20 

5. Uplink Antenna Length: 

iU = (. 2 DU + • 25) 

6. Total Spacecraft Volume: 

VEM + VA + VRD + VSA + Vu + VF ~ 4,500 

7. EqUipment Module Diameter = 0.10 D A 

2 
8. Uplink Antenna Volume = .786 DU (.2DU + .25; 

9. Fixed Satellite Weights: 

Docking Cone 300 

Crew Systems 500 

Emergency Atmosphere 2400 

Total 3200 

10. Available Weight = 9800 - 3200 = 6600 

*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 DTotal S 100 

2. Antenna Beams: 6 Beams 

DAS 33 

DTotal = 2.00 D A (Max) + 34 

3. Uplink Antenna: Rigid Dish. Cassgrain Feed 

4. Packaged Length - Not Critical 

5. Packaged Volume: 

Fixed Volumes -

MDA 

Feed Booms 

a. Total Fixed 

b. Total Fairing Volume 

c. Available Volume 

1300 

170 

1470 

6000 

4530 

d. *V Reflector + V U + V SA + V RD S 4530 

e. V U = • 786 D~ (. 2 DU + • 25) 

6. Fixed Weights: MDA 

Feed Booms 

8000 

850 

Total Fixed = 8850 

7. Available Weight = 42,000 - 8850 = 33,150 

*u se D Total to compute V Reflector 
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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 S 6000 

5. Available Weight = 42,000 

----------------.-------------------------------------------------

E-ll 
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Table E..e. Nomenclature. 

lEM = Length of Equipment Module 

DEM = Diameter of Equipment Module 

PPRIME = Power Source Output in Watts 

N = Satellite Life in Years 

A = Area of Solar Array in Square Feet 

i F = Length of Feed in Feet 

LA - Height of stowed Antenna in Feet 

DA = Diameter of Deployed Antenna in Feet 

Ws = Weight of Spacecraft Less stationkeeping 

P
D1S = Power Dissipated by Thermal Control Subsystem in Watts 

P
XMTR = RF Power Radiated by Transmitter in Watts 

V
EM = VolUlne of Equipment Module in Cubic Feet 

P
D1ST = P ower Genorated by Transmitter to be DiSSipated in Watts 

P
DISS = Power Generated by Other Subsystems to be Dissipated in Watts 

1} = Transmitter Efficiency 

V
RD = Volume of Radiator 

V
SA = Volwne of stowed Solar Array 

DU = Diameter of the Uplink Antenna 

V
F 

= Volwne of Feed 

Vu = Volume of Uplink Antenna 

1 U = Height of stowed Uplink Antenna 
-". 

Vpp = Volume of Prime Power System 

E-12 .. 


	0041A01
	0041A02
	0041A03
	0041A04
	0041A05
	0041A06
	0041A07
	0041A08
	0041A09
	0041A10
	0041A11
	0041B01
	0041B02
	0041B03
	0041B04
	0041B05
	0041B06
	0041B07
	0041B08
	0041B09
	0041B10
	0041B11
	0041B12
	0041C01
	0041C02
	0041C03
	0041C04
	0041C05
	0041C06
	0041C07
	0041C08
	0041C09
	0041C10
	0041C11
	0041C12
	0041D01
	0041D02
	0041D03
	0041D04
	0041D05
	0041D06
	0041D07
	0041D08
	0041D09
	0041D10
	0041D11
	0041D12
	0041E01
	0041E02
	0041E03
	0041E04
	0041E05
	0041E06
	0041E07
	0041E08
	0041E09
	0041E10
	0041E11
	0041E12
	0042A01
	0042A02
	0042A03
	0042A04
	0042A05
	0042A06
	0042A07
	0042A08
	0042A09
	0042A10
	0042A11
	0042B01
	0042B02
	0042B03
	0042B04
	0042B05
	0042B06
	0042B07
	0042B08
	0042B09
	0042B10
	0042B11
	0042B12
	0042C01
	0042C02
	0042C03
	0042C04
	0042C05
	0042C06
	0042C07
	0042C08
	0042C09
	0042C10
	0042C11
	0042C12
	0042D01
	0042D02
	0042D03
	0042D04
	0042D05
	0042D06
	0042D07
	0042D08
	0042D09
	0042D10
	0042D11
	0042D12
	0042E01
	0042E02
	0042E03
	0042E04
	0042E05
	0042E06
	0042E07
	0042E08
	0042E09
	0042E10
	0042E11
	0042E12
	0043A01
	0043A02
	0043A03
	0043A04
	0043A05
	0043A06
	0043A07
	0043A08
	0043A09
	0043A10
	0043A11
	0043B01
	0043B02
	0043B03
	0043B04
	0043B05
	0043B06
	0043B07
	0043B08
	0043B09
	0043B10
	0043B11
	0043B12
	0043C01
	0043C02
	0043C03
	0043C04
	0043C05
	0043C06
	0043C07
	0043C08
	0043C09
	0043C10
	0043C11
	0043C12
	0043D01
	0043D02
	0043D03
	0043D04
	0043D05
	0043D06
	0043D07
	0043D08
	0043D09
	0043D10
	0043D11
	0043D12
	0043E01
	0043E02
	0043E03
	0043E04
	0043E05
	0043E06
	0043E07
	0043E08
	0043E09
	0043E10
	0043E11
	0043E12
	0044A01
	0044A02
	0044A03
	0044A04
	0044A05
	0044A06
	0044A07
	0044A08
	0044A09
	0044A10
	0044A11
	0044B01
	0044B02
	0044B03
	0044B04
	0044B05
	0044B06
	0044B07
	0044B08
	0044B09
	0044B10
	0044B11
	0044B12
	0044C01
	0044C02
	0044C03
	0044C04
	0044C05
	0044C06
	0044C07
	0044C08
	0044C09
	0044C10
	0044C11
	0044C12
	0044D01
	0044D02
	0044D03
	0044D04
	0044D05
	0044D06
	0044D07
	0044D08
	0044D09
	0044D10
	0044D11
	0044D12
	0044E01
	0044E02
	0044E03
	0044E04
	0044E05
	0044E06
	0044E07
	0044E08
	0044E09
	0044E10
	0044E11
	0044E12
	0045A01
	0045A02
	0045A03
	0045A04
	0045A05
	0045A06
	0045A07
	0045A08
	0045A09
	0045A10
	0045A11
	0045B01
	0045B02
	0045B03
	0045B04
	0045B05

