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CONSELHO NACIOMAL DE PESQUISAS

INSTITUTO DE PESQUISAS ESPACIAIS

Séo José dos Lompos - Estado de S Paule - Brasil

Este relatorio interno foi preparado para a reuniao de
11 de janeiro de 1973, do Grupo de Trabalho de Planejamento de  Satéli
tes Domesticos de Telecomunicagoes criada pelo Senhor Ministro das Co

municagoes, pela Portaria 421 de 8/9/1972.

Ele e seus anexos destinam—se a oferecer subsidios e ge
rar debates preparatorios para as reunices com os fabricantes de saté

lites que virao apresentar suas ideias ao GT.

Foi redigido obedecendo aos itens estipulados pelo Dr.
Hervé Pedrosa para o relatdrio final, com vistas a facilitar a respec

tiva redagao.
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Fernando de Méndonéa
Diretor Geral



1. INTRODUGAQ

0 Governo Brasileiro, atraves do Ministerio das Comunica-
coes, vem estudando ja ha algum tempo a viabilidade do uso de satelites co
mo meio de transmissao dos diversos servigos de telecomunicagdes (telefo-
nia, radio-difusao sonora e TV, teleducagdao, comunicacoes de seguranca na-
cional), dentro do territorio nacional. A saber, um Sistema de Satelite Do
méstico Brasileiro que venha a complementar os sistemas de telecomunica
coes atualmente instalados, em instalacao ou em planejamento pelo Governo
(atraves da EMBRATEL, Cias. telefonicas, etc.) e assim venha a formar par-
te integral dos sistemas totais que o Brasil tera que instalar para satis-

fazer suas necessidades futuras no ramo das comunicagbes domésticas.

Entre os passos tomados até agora pelo Ministério das Comu-
nicacoes, foi formado o Grupo de Trabalho encarregado de estudar os dife-
rentes aspectos do problema para a formulacao, pelo Ministerio, de recomen
dacoes a serem apresentadas a COBAE. A composigdao do Grupo de Trabalho que

aqui apresenta seu informe final € a seguinte:

a) Ministério das Comunicacoes

b) Ministério da Educacao e Cultura - PRONTEL
¢) EMBRATEL

d) Estado-Maior das Forcas Armadas (EMFA)

e) Instituto de Pesquisas Espaciais (INPE)



2. DESCRICAO DO PROBLEMA

2.1 Antecedentes

Em 1966 surgiu a idéia de um satélite domestico de comunica
coes que pudesse tambem ser usado para teleducacdo; foi apresentada formal
mente pelo INPE (entao CNAE) ao Conselho Nacional de Pesquisas, com o ofi-
cio 48/67, de 26 de setembro de 1967. Em 1968 foi publicado o primeiro re-
latorio de estudos com o nome de "Projeto SACI" (Satélite Avancado de Comu

nicacoes Interdisciplinares).

Por convite do Ministério das RelacOes Exteriores, um grupo
de peritos das Nacoes Unidas veio conhecer os esforgos brasileiros em TV
educativa, tendo visitado a Fundacao Padre Anchieta (na época em estrutura
cao) e, por causa dos estudos sobre satelites, o mesmo grupo esteve na

CNAE, em Sao José dos Campos, em julho de 1968.

Em fevereiro de 1969 o governo brasileiro enviou, a sede
das Nacoes Unidas, delegados para participarem no Grupo de Trabalho da ONU
sobre Transmissao Direta por Satelites. Em uma das reunioes do Grupo, o de
legado brasileiro oriundo da CNAE obteve, no plenario, da delegacao dos Es
tados Unidos, a resposta que bastaria acordo bi-lateral para aquela nacao
lancar satélite de comunicacOes para um pais que nao tivesse facilidades
de lancamento. Essa posicao foi confirmada em pronunciamento oficial do

presidente americano Richard Nixon, em 9 de outubro de 1972.



Também houve presenca brasileira na reuniao de julho de

1969 que o mesmo grupo realizou em Genebra.

Na troca de notas diplomaticas entre o Brasil e a Franga so
bre a estacao de rastreamento de Fortaleza, foi incluida pelo Ministério
das Relacoes Exteriores, por sugestdo da CNAE (hoje INPE),uma clausula que
permite lancar satélites brasileiros das instalacoes de Kourou,Guiana Fran

cesa.

Por esforco, principalmente, do Dr. Helio Beltrao, na epoca
Ministro do Planejamento, foi assinado o decreto 65239, de setembro de
1969, criando uma Comissao Interministerial de Sistemas Avancados de Tecno
logias Educacionais destinada a estudar a implantacao de tecnologias educa
cionais avancadas no sistema educacional brasileiro inclusive o estudo de

viabilidade do uso de satélites.

0 referido estudo foi incluido nas "Metas e Bases para a
Acao de Governo", publicadas em 1970, sob a egide da Presidencia da Repi-

blica.

Em fevereiro de 1970, novamente a presenca brasileira no es
trangeiro, agora em Nova Delhi, na India, com o apoio do Ministério das Re
lagoes Exteriores, na XII Reunido Plenaria do Comite Consultivo Internacio
nal de Radio-comunicacoes (CCIR) da Uniao Internacional de Telecomunica-
coes (UIT) para acompanhar os trabalhos no que se referissem a satélites

de comunicacoes.



No mes de outubro do mesmo ano, o Ministro das Comunicagoes
criou, na propria Secretaria-Geral, um grupo tecnico destinado a estudar a
posicao do Brasil tanto para a Reunido Conjunta Especial do CCIR, marcada
para fevereiro de 1971, como para a de julho, a Conferencia Administrativa
Mundial de Radio-comunicacoes - Telecomunicacoes Espaciais (cuja sigla

"WARC-ST" foi formada com as iniciais de sua designacao em ingles).

A reuniac de fevereiru de 1971 preparou os documentos técni
cos destinados @ apreciacdo na conferencia de julho do mesmo ano da qual
resultaram modificacoes no Regulamento de Radio-comunicagoes da UIT, publi
cadas depois da aprovacao pelos delegados dos paises membros, entre os

quais os do Brasil.

Na WARC-ST foi aprovado, na faixa de frequencias 2500-2690
MHz, o uso de TV educativa na Regiao 2 da UIT (na qual esta o Brasil) embo
ra compartilhado com outros servicos, Foi um resultado importante, para o
qual concorreu a delegacao brasileira, pois os delegados dos paises euro-
peus lutaram contra a aprovacao devido a estarem congestionadas na Europa

as frequencias abaixo de 10 GHz, ie, de 10.000 MHz.

No plano interno foi criada pelo Decreto 63.099,de 1971, a
Comissao Brasileira de Atividades Espaciais (COBAE) para assessorar direta
mente o Presidente da Republica nestas atividades e, pelo Decreto 68532/71,
foi transformada a CNAE em INPE - Instituto de Pesquisas Espaciais - como
principal orgao de execucao para o desenvolvimento dessas pesquisas no am

bito civil.



A COBAE inclue, entre outros, representantes do Ministério
das Comunicagoes e do Ministério da Educacao e Cultura por causa das impli
cagoes promissoras para o Brasil, das atividades e tecnologias espaciais

nas telecomunicagoes e na teleducacao.

Durante todos esses anos a CNAE (hoje INPE) prosseguiu nos
estudos de viabilidade de um satélite avangado de comunicacoes interdisci
plinares e prestou colaboragao aos Ministerios e orgaos interessados, ou

por solicitacao ou mediante convenios.

Ainda maisy;em 4 de dezembro de 1971, pela Lei n? 5727, foi
aprovado o 1?2 Plano Nacional de Desenvolvimento (PND), 1972/74, que mencio
na a maior dimensao da pesquisa espacial, decorrente do funcionamento da
COBAE, e confirma as missoes do INPE nesse campo, mencionando que o referi
do Instituto devera conduzir, no trienio, os estudos de viabilidade de im-

plantacao de sistema educacional via satélite.

No principio de 1972 foi adotada como politica do Governo o
estudo da viabilidade de um sistema de sateélite domestico de comunicacoes,
tendo sido criado pelo Ministro das Comunicacoes - por solicitacao da
COBAE - o presente Grupo de Trabalho de Planejamento de Satelite Domestico,
com a missao precipua de gerar este documento, que servira de base para de
cisao superior. Dentro da sua missdo preocupa-se o Grupo em integrar os es

forcos até agora desenvolvidos no pa¥s neste campo.



2.2 Adequacao ao Brasil

Antes dos satelites artificiais, as telecomunicacoes para
as fronteiras, o interior longTnquo e as ilhas oceanicas SO eram possiveis

por ondas curtas.

A EMBRATEL interligou Brasilia e as capitais proximas da
costa com microondas de grande capacidade, em uma tarefa gigantesca. Entre
tanto as distancias e obstaculos naturais obrigaram ao uso da tropodifusao

na regiao norte, no Mato Grosso, Acre e alguns territorios.

A integracao nacional via telecomunicacao de alta capacida

de e confiabilidade ainda nao foi conseguida.

Sua consecucao exige um meio que va a qualquer ponto sem

precisar de rotas terrestres.

0 satélite de comunicacoes realiza esse desideratum. Primei

ro, porque "via satelite” qualquer lugar do Brasil sempre dista de outro

cerca de 73000 km de espaco livre. Segundo, porgue uma vez colocado o sat§
lite em orbita, o segmento terrestre podera ir sendo instalade de maneira
julgada melhor pelas autoridades - nao faz a minima diferenca que a esta-
cac numero 1 seja em Cucui ou em Fernando de Noronha, por desnecessidade

de enlace intermediario.



A inexistencia de boas comunicacbes torna dificil qualquer
estimativa de trafego, tanto assim que os troncos implantados pela EMBRATEL
estao saturados porque o bom servico prestado por eles gerou uma demanda
muito superior as estimativas baseadas no trafego que havia quando o ser-

vico era deficiente.

Um sistema de satelite minimiza os riscos de erros de esti
mativa por causa da flexibilidade oferecida pelos sistemas de acesso multi
plo comandado pela demanda e - em caso extremo - pelo langamento de sateli

tes adicionais, como esta previsto no sistema doméstico de outro pais.

2.3 Complementacao das redes existentes

0 sistema de satelite brasileiro complementara as redes e-
xistentes desde que seja especificada no contrato a exigencia de integra-

cao do sistema existente com o sistema satélite.

Essa complementacao pode ser em trafego mituo (p.ex. Cucuf
para Sao Paulo via Tangua) ou em substituicao, como circuito de alternati-
va no caso de falha em um tronco de microondas ou ainda, como disponibili-

dade de canais de comunicacoes nas rotas saturadas.

No caso da TV e da educagao a complementagao e especialmen-
te valida visto como a atual rede de superficie coloca esse trafego no seu

canal de reserva da telefonia.



2.4 Solucdes possiveis

Consideraremos aqui a solucaoc "satélite doméstico" sem po-
risso desaconselhar o possivel uso do INTELSAT como solucao intermediaria
e de curto prazo. Por outro lado uma decisao sobre esta possibilidade e da
alcada exclusiva do Ministerio das ComunicagOes por sua participagao no

consorcio internacional.

a) A solucao que passamos a recomendar seria a de encomenda

imediata de tres satelites:

1 operacional
1 reserva (em orbita ou no solo)

1 reserva (no solo)

Uma vez decidida a configuracao do sistema integrado que,e-
videntemente,sera fruto da nossa selecao de fornecedor, o inicio da cons-

trucao dos satélites seria autorizado.

Os satelites teriam transceptores em 2,5 GHz, 4-6 e 12 GHz.

Dessa maneira haveria capabilidade para os servigos integra
dos (4 e 6 GHz), para os estudos de teleducacao previstos no PND, lei 5727/
71 (2,5 GHz) e para as comunicacoes experimentais em 12 GHz, especialmente

na Amazonia.



b) As experiencias em 12 GHz e os estudos de teleducacao em

2,5 GHz permitirao a evolucao segura para o sistema de segunda geracao.

A crescente utilizacao do espectro eletromagnético indica
tendencia irreversivel para o uso das frequencias cada vez mais altas e po
risso devemos, nos brasileiros, conhecer bem os problemas de propagagao e

atenuacao das comunicacgoes espaciais nas faixas superiores a 11 GHz.

Para aumentar (ou, pelo menos manter) seu ritmo de desenvol
vimento, o pais tera de superar os obstaculos devidos a sua grandesa terri
torial e a sua esparsa populagdao no interior longinquo. Se admitirmos que
nao existe hoje capabilidade para levar educacdo a esses patricios, & nos-
sa obrigacao usar a oportunidade oferecida pelo sistema domestico de sate-
lite para estudos, experiencias e planos pilotos que nos levem a necessa-
ria capabilidade. Da7 a especificacao de um canal de 2,5 GHz no sentido sa

telite-Terra, que sera usado dentro do espirito da lei 5727/71.

c) Com a entrada em funcionamento do seu sistema domestico
e em que pesem alguns aspectos experimentais, o Brasil estara real e pio-
neiramente na fase definitiva do uso integrado satéelite-sistemas terres-
tres. A continuacao verd o aparecimento de satelites de maior potencia,fon

tes de energia de maior rendimento, etc.
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A teécnica de fabricacao de sat€lites pode - e deve - ser a-
prendida por nos brasileiros de modo que os satélites de substituicao pos-

sam ser de fabricacao nacional.

Esta possibilidade se tornara tanto mais forte quanto maio
res forem a atencao e os recursos que dedicarmos a pesquisa, formacao de
pessoal de alto nivel e orientacao da indUstria, o que depende apenas de

decisao politica pois niicleos como o INPE ja existem para a execucao.
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3. USUARIOS POTENCIAIS

Neste topico certamente pecaremos por falta pois os servi-
¢os que o sistema doméstico de satélites prestara serao de tal ordem que

0s usuarios aparecerao em quantidades hoje dificeis de imaginar.

Os usuarios comerciais surgirao em cada ponto onde for colo

cada uma estagao terrena.

Aos servicos usuais de telefonia, teletipo e fac-simile lo-
go estara acrescentado o de transmissao de dados em alta velocidade, inter
ligacdo de centros de computacdo, transmissdo simultanea para todo o pais

de eventos importantes, etc.

Tudo isso serda possvel por causa da qualidade do servigo

e por causa das tarifas que até podem ser uniformes para todo o Brasil.

0s usuarios particulares aparecerao atraidos pela gqualidade
do servico e, nos lugares remotos, pelo fato da propria existencia dele.

As forcas armadas certamente se utilizarao do novo meio e,
com 0 uso, terao condicoes para decidir sobre suas reais necessidades que

serao adequadamente atendidas com a evolucao do sistema.



-

A utilizacao regular do canal de 2,5 GHz vira fatalmente. A
conveniencia de preparar programas em uns poucos pontos centrais, sem ter
que Tutar com a logTstica de enviar e receber fitas, se tornara por demais
evidente para ser desprezada. A possibilidade de criar postos de recepcao

em qualquer lugar resolvera problemas até hoje insoliveis.

A formulacao propositalmente vaga deste topico €& devida a
nao ser ele passivel de precisao a priori pois as possibilidades de um bom

servico de comunicacoes no Brasil longinquo sao simplesmente desconhecidas.

A politica comercial a ser sequida, bem como o calculo das
tarifas sao assuntos familiares aos especialistas do Ministerio das Comuni
cacoes e suas organizacoes e empresas, porisso esta parte ndc representa

problema.
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4. ESTRUTURAS TECNICAS VIAVEIS

4.1 Satelite

Sua massa sera de cerca de 300 Kg pois e dessa ordem a capa

cidade do foguete Thor-Delta 2914.

Nas figuras 1, 2, 4, 5 e 12 do anexo I, Ws & a massa total,
wp € a massa da carca util (i.€., a soma das massas dos varios  conjuntos
Wy
de comunicacbes - 2,5 GHz, 4-6 GHz, e 12 GHz, por exemplo, e U = P~ & o©
S

fator de utilizacao.

Elas mostram as porcentagens da massa total, Wg, correspon-
dentes ao equipamento de orientacao e posicionamento, ao combustivel para
manutencao de posicao, a estrutura da espaco-nave, ao fator de utilizagao

e a faixa de custos referentes a alguns satelites conhecidos.

Tais elementos e as demais informacoes constantes do anexo,
- que € reproducao de artigo da COMSAT Technical Review, vol. 2, n® 1, de
1972 - foram incorporados a este relatorio pois refletem a tecnologia

atual vista por engenheiros de firma usuaria de satelites.

0 conjunto de repetidores sugerido aos fabricantes convida-

dos para as apresentacoes iniciais foi o seguinte:
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Comunicacoes em 4-6 GHz, o maior nimero possivel de repeti-

dores;

TV para experiencias educacionais em 2,5 GHz, um repetidor

de alta potencia;
Comunicacoes experimentais em 12 GHz, um repetidor.
A cobertura territorial da antena serd a do territorio na-
cional e deve ser levada em conta a possibilidade de re-utilizagao das fre

quencias.

4.2 Segmento Terrestre

No convite aos fabricantes foi sugerido que dessem uma des-
cricao adequada dos diferentes niveis de estagOes terrenas do sistema de
satélites (so recepcao de TV em areas remotas, telefonia em locais de pou-

co trafego, etc.).

Alem disso, o Grupo de Trabalho atentara para que a integra
cao do sistema domestico de satélites, com o sistema terrestre existente,

fique bem explicita nas apresentacoes das firmas convidadas.

Outro ponto interessante a observar nas ditas apresentagoes
e que 0 acesso aos canais do satelite deve ser por demanda de qualquer das

estacoes terrenas - multiple access demand assignment".
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Nos casos de rotas com pequena densidade de trafego a obten
cao de canais do satélite quando ha chamada € de 2 a 6 vezes mais eficien-
te do que a reserva permanente de canais para determinadas estacoes - i.e.

reserva prévia de canais ou "preassigned capacity".

Um dos sistemas desse tipo, ja obtenivel comercialmente e

chamado SPADE.

A construcdo do equipamento de terra no Brasil e um objeti-
vo fundamental do governo e porisso o Grupo apresenta, no item 8 deste re-

latorio, um esquema viavel para os primeiros passos no envolvimento da in-

dustria.

4.3 Intelsat

A reserva permanente de um canal do INTELSAT IV para expe-
riencias e para treinamento operacional antes da entrada em servico dos sa
telites brasileiros revelou-se relativamente dispendicsa. Alem da despesa
referente ao aluguel do canal, havera o desembolso correspondente ao aumen

to do investimento.brasileiro no consorcio.

0 assunto merece pois estudos mais detalhados principalmen-
te, uma comparacao “"custo-beneficio" com outras possibilidades de treina-
mento visto como agora o uso de satelites domesticos esta comegando a  se

intensificar.
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5. ORGANIZACRO OPERACIONAL

A matriz abaixo mostra a viabilidade de uma organizagao ope
racional da qual participariam as mesmas entidades que compoem este Grupo
de Trabalho e as areas de atuacdo de cada uma est3do indicadas por circulos

negros cheios.

Os circulos em branco na coluna do PRONTEL indicam que a a-
tuacao desse orgao podera ser iniciada com um minimo de formalidades pois

estd prevista desde agora.
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6. ESTUDOS DE CUSTOS E RECURSOS

0 montante dos custos so podera ser avaliado depois das a-

presentacoes dos fabricantes.

Os recursos poderao provir dos orcamentos das entidades in-
teressadas no uso do sistema doméstico; as estacoes terrenas, por exemplo,
poderao ser pagas em parte pelas administracoes dos locais onde forem ins-

taladas.

A matriz do Ttem 5. pode servir de ponto de partida para es

tudo do compartilhamento dos desembolsos.

0 investimento inicial em dolares podera ser obtido median-

te empréstimo internacional, dado o s0lido crédito que goza o pas.
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7. IMPLANTAGAQ

- Forma

- Cronograma

Embora estes dois aspectos so possam ser definidos depois
das apresentacoes dos fabricantes, o anexo II e um modelo bem aproximado do
que sera o contrato de trabalho com o fabricante escolhido e o respectivo

plano de implementacao. Ja esta em ingles por motivos obvios.
- Orgaos ou Entidades Participantes

0 fabricante selecionado evidentemente participara da  im-
plantacao dos equipamentos a seu cargo, a Telebrds e o INPE também deverao
participar, devendo acompanhar o trabalho desde o inicio ate o fim da im-

plantacao.

As atividades se desenvolverao dentro de diretivas do Secre
tario-Geral do Ministerio que,inclusive, nomeara pessoa com autoridade pa

ra dirigir o trabalho.
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8. INDOSTRIA

Todos os esforcos serao envidados para que a industria par
ticipe do fornecimentc de equipamentos para o sistema doméstico de sateli-
tes. Mesmo que a participacao seja pequena no comeco, deve ser planejado

desde ja que ela aumente constantemente.

0 anexe III @ reproducao de artigo publicado do “Journal
des Telecommunications" - vol. 39 - IV/1972 e descreve a acao tomada na
Franca pelo Centro Nacional de Estudos Espaciais (CNES) para interessar os
fabricantes daquele pas no fornecimento de componentes eletronicos de al-

ta confiabilidade para satélites.

Depois de descrever sucintamente os subsistemas de comunica
coes dos satélites da presente e da proxima geracio bem como as exigencias
de confiabilidade, o autor descreve o programa "Concerto", ligado direta-
mente a criacao do projeto do satélite "Symphonie" preconizando o uso de

componentes fabricados na Europa.

Em resumoc, o anexo III & apresentado como Gtil subsTdio ini
cial para o mecanismo de envolvimento da indistria eletronica brasileira

no sistema domestico de satélites.
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9. PESSOAL

Temos duas fases a considerar neste Ttem:

a) até a implantagao, inclusive ensaios de aceitacao

b) apds a implantacao (operacac do sistema)

a) até a implantacao serd necessario (enumeracao em termos
gerais):preparar desenhos e especificacoes do sistema doméstico de sateli-
tes; obter e julgar as propostas dos fabricantes; adjudicar os contratos e
providenciar os financiamentos em moeda estrangeira; obter recursos para
dar andamento as obras civis e as compras em moeda nacional; fiscalizar a
marcha da fabricacao e das obras; treinar o pessoal para o nicleo inicial
de operacoes; instalar as primeiras estagOes terrenas, especialmente as de
rastreio, telemetria e controle dos satélites; acompanhar o lancamento ou

lancamentos dos satélites; realizar os ensaios finais de aceitacao.

Do preparo dos desenhos até o julgamento das propostas po-

dem ser consideradas tres alternativas de acao:

—da
—

todo o trabalho feito por brasileiros, cerca de 70 espe-
cialistas no assunto, possivelmente trabalhando 6 a 12
meses na elaboracdo dos documentos necessarios para
obter as propostas dos fabricantes. 0 mesmo grupo avalia

ria as propostas recebidas.
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ii) o trabalho referido em (i) teria brasileiros nos postos
chaves, mas seria contratado com dois ou mais fabrican-
tes de satelites, o que representaria um imediato desen-
volvimento do trabalho. Em termos do custo final do sis
tema, esta alternativa absorveria de imediato uma certa

porcentagem, pequena, do respectivo total.

0 contrato proveria:

- garantia de especificagbes técnicas completas e compatibi
lidade dos diversos sub-sistemas, minimizando o risco de
tardias e onerosas alteracoes para corrigir incompatibili

dades.

- treinamento e formacao do pessoal brasileiro do projeto
- da ordem de 30 pessoas, para prover "massa critica" pa

ra a assimilacao do maior "know-how" por nos.

A contratacao de mais de um fabricante para esta fase & pa
ra haver possibilidade de comparacac entre as recomendacoes e evitar ficar
na mao de um s0. Por razdes de ordem pratica poderia ser considerada a con

tratacao de no minimo 2 e, no maximo, 4 fabricantes.

As alternativas (i) e (ii) comportam variacoes de detalhe e

devemos estar prontos a debater com os fabricantes as sugestoes que eles
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apresentarem.

Em termos realistas, parece pouco provavel, nas circunstan-

cias atuais, optarmos pela alternativa (i) pura e simples.

Alternativas do tipo (ii) tem sido adotadas,em alguns casos,

pela NASA e pelo DOD,

Qualquer que seja o curso de agao escolhido, o INPE esta

pronto a colaborar.

b) apds a implantacdo, a operacao do sistema vae ser muito
proxima da operacao de telecomunicacoes em geral e os efetivos vao depender

do numero de estacbes terrenas que forem sendo instaladas.

Nesta fase, certamente, poucas novidades teremos pela fren-

te.
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10. RESUMO

- Conclusoes

- Recomendacoes

Somente depois das apresentacoes dos fabricantes havera ele-

mentos para redigir este Ttem.
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A technique for modeling
communicalions satellites

1. D. KieSLING. B. R. ELBerT. W. B, (GARNER, AND W. L. MORGAN

The modeling technique presented in this paper has proved uselul for planning
future high-performance and cost-effective communications satellites. Dividing
the satellite mto subsystems makes it possible to formulate parametric relation-
ships among satellite power, mass, and cost. These relationships reflect various
classes of existing designs and reasonable extrapolations. The communications
paramelers permit selection of traffic capacity, carth station G/ T, and types of
multiple access, frequency plan, modulation, and multiplex, while the spacecraft
parameters permit selection of propulsion, stabilization, and power generation
methods. The parameuic relationships can be programmed as compuier sub-
routines n a complete system model to compare design alternatives and test
sensitivity ol results to assumptions,

INTRODUCTION

For planning communications sateilite systems, a method of efficiently
examining technological alternatives is highly desirable. System charac-
teristics such as traflic capacity, earth station G T, type of multiple access,
lieguency plan. modulation. and multiplex should be related to the per-
formunce and cost of the system. In this paper, a model ol the space seg-
ment of a representative communications satellite system is presented.

Because of the high cost of launch vehicles, spacecraft require elaborate
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quality control and testing, expensive piece parts, and large design mar-
gins, These requirements result in a corresponding increase in spacecraft
cost, Since satellite mass becomes a critical factor, the projected satellite
mass, determined from the input requirements of capacity and traffic
flow and the constraints on system design and operating variables, is one
output measure in the present study. It is also Lolplul o relice mass to
cost; while this may appear to be an oversimplification, this approach
has proved useful for system and technology planning and should continue
to prove useful in the future. Major technology breakthroughs (such as
greatly reduced launch costs) will obviously necessitate revision of the
model.

This paper is limited to space-scgment maodeling, Consequently, the
relative costs of the space and carth segments, overall reliability, and
flexibility are not provided. Corresponding models for the earth segment
would be necessary to complete a sysiem model (1], [2]. Only satellite con-
figurations and subsystems applicable to commercial services are con-
sidered here [3].

The satellite is divided into two major parts: the spacecraft bus and
the communications payload. Hence, if the total satellite mass™* 1s W,
then

We= Wy, + W, (n

where W, = mass of the bus

W, = mass of ine payload.

The bus contains the mechanical structure: positioning and orientation

(P&O): thermal control: and tracking. telemetry, and command (TT&C)

elements. The payload, devoted to the commercial communications mis-

sion, is composed of the transponder, antenna, and power subsystems.
The ratio of the payload mass to the total satellite mass, called the

utilization factor., is

W,

"= ;
Wy

{2}

Typically, w is in the range of 0.35 to 0.6, For a multipurpose satellite,
W is apportioned among the various subpayloads; for example, one

* This is the total satellite mass (ncluding burned out apogee motor if used)
at beginning of life in the geostationary orbil.
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satellite nay contain separate payloads, each optimized for a particular
Class of curth station user, e, for the 4-°6-GHz and Li- '14-GHz bands.
(W0 s the mass of one sach payioud. then

W= -' > AW {3y
[/ R

There are two basic satellite stabilization methods: spin stabilization
and baody stabilization. In spin stabilizaucn, a major portion ol the
spacecralt mass rotates about an axis whict is parallel to the earth’s spin
axis. In body stabilization, the spacecralt body is not spun: instead, de-
vices such as an internal “momentum™ wheel are used to mamtain stabil-
ity These two types of stabilization lead o different tradeoff characteristics.

SPACECRAFT BUS
Positioniag and Oricntation

The positioning and orientation clement may be divided into two parts
The first. called the dry mass. consists of sensors, tanks, plumbing.
thrusters, control system. and a stabilizing device. The dry mass is com-
pared Tor spin= and body -stabihized satellites in Figure 1 [4]. [5]. [6). [7].
The second part is the fuel for station acquisition, station changing, and
stationkeeping. Traditional propellants for communications  satellites
are hydrogen peroxide and catalytic hydrazine. Recent advances make
1on propulsian an attractive alternative [8], In Figure 2, the mass of these
three fucls 1s compared for various missions. 1t should be noted that ex-
perimental and aeronautical satellites and some communications satel-
lites require only east-west (longitudinal) stationkeeping. while most
operational communications satellites require east-west and north-south
(nctinational) stationkeeping,

Structure

The mass allocated for structure is influenced by two factors: the pres-
ence or absence of an apogee motor and ancillary support, and the stabili-
zaton technique. The percentage of the total satellite mass devoted to the
empy apogee motor case 18 given as a function ol the total sateflite mass
in Figure 3. The relative mass of devices required for balancing and inte-
grating is usually greater for spin-stabilized spacecraft than for body-
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stabilized spacecraft. The structural element characteristics are compared
in Figure 4.

Tracking, Telemetry, and Command

The tracking, telemetry, and command element is not considered 1o be
part of the communications payload because its primrary function is house-
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keeping. Although the number of telemetry and command channels tends
to increase with satellite mass, items with fixed weights (beacon, receiver,
antenna, and digital coding and decoding: predomimate. TT&C mass 1s
typically about two to five percent of the total satellite mass.

Combined Spacecraft Bus Performance

Values for ware given in Figure 5 for a typical communications satellite
with seven years of north-south stationkeeping capabilitv. An cfficient
spacecralt bus is one in which the utihzation factor is maximized o pro-
vide the maximum mass for the communications payload. Tdeally, power
1s limited only by mass.* and the mechanmcal svstem s flesible enongh to
accommodate a wide range ol nussions by oiedilving only the communi-
cations pavload.

* Present-day spin-stabilized satellites are limited 0 power capability by the
dimensions of the launcher Tairmg.
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COMMUNICATIONS PAYLOAD

Figure 6 1s a block diagram of the communications pavioad. The pur-
ticular configuration and the relative distribution ol mass among the sub-
systems are functions of the following items;

a. trallic capaaity and distribution,

b. multiple-access method,

¢. Trequency plan.

d. modulation method,

e. multiplexing technique, and

f. carth station G T.
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Power Subsystem

The power subsystenm performs two major functions: power generation
and enerey storage. Figure 7 presents solar-array performance data based
upon actual and proposed satellites. For oriented solar arrays. the speafic
power also includes the mass of the deploynient and orientation mechan-
ismis. Because of its geometry, an oriented solar panel theoretically has «
times the power output of a drum: in pracuce, however, the improveiient
factor is less than =

During eclipse, subsystems must be supplicd by an energy stordge dey T
For nickel-cadmiuni (Ni-Cdi batteries, the speetfic energy s of the orde
ol &6 Whr b at rated depth of discharge. Fucleells presently under develop-
ment may achieve 20 Whr b,

Fioure 8 shows a typical power subsystem with control and reeulating
clectionics. The load which must be provided by the storige clement
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SOLAR ARRAY,
ENERGY STORAGE,
REGULATORS

TRANSPONDER
SUBSYSTEM ANTENNA
SUBSYSTEM
RECEIVERS
: REFLECTOR
CROSS ~-CONNECT [ FEESSO]
MATRIX,
TRANSMITTERS
POWER
SUBSYSTEM

Figure 6, Conmunications Pavioad

during echipse is

where K

Py
P.J:

mh

Ny =

Kbty + Py
e

P.".' = 4

echipse fuctor, which is less than or equal to one, tor partial
or full Toads durning eclipse, respectively

transponder subsystem power load (nonechpsel
spacecraft bus power load (housckeeping)

boost regilator efficieney

storage regulator efliciency.
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Because Py is a small percentage. it can be neglected. The storage clement
must be recharged by the solar array. For a maximum eclipse duration of
approximately 1.2 hours. the storage element charging load (over a 20-hour
period) 1s

P Py B
i = s (5)
2099,
where = charging efliciency
n. = charge controller efficiency.

Combining equations (4) and (5) results in the total DC array power

load,
1 KPy
Pin = —| Py 4 : (6)
g nl: ! QUm,nrn.n.]
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Figure 8. Power Subsystem Block Diagram

where »,, is the main regulator efficiency. The mass of the array is

Wip = h (7)
Y

and the mass of the energy storage element is

1.2 Pg
Wis = L2 45 (8)
a
where v = solar array specific power (Figure 7)
o = storage clement specific energy.



COMSAT TECHNICAL REVIEW VOLUME 2 NUMBER |, SPRING 1972

Transponder Subsystem

The transponder subsystem block diagram (Figure 9) assumes that
frequency reuse at the satellite is provided through multiple independent
spot beams and or orthogonal polarizations [9]. Inputs to operate receivers
from X different “beams' are shown. Since the full allocated bandwidth
is available to cach beam, the total satellite bandwidth can be very large.
Links among the beams are efliciently established by a cross-connect
matrix. Note that the transmitters may outnumber the receivers,

The receiver performs the functions of amplification and frequency
trunslation over a relatively wide bandwidth. Figure 10a is a typical block
diagram.

Unlike the receiver, the transmitter is highly performance-dependent;
i.c.. the RF output power is a direct function of the down-link require-

]
m
»
=

1
RECEIVER

2
RECEIVER
I Il cross
| | | CONNECT
! || MaTRIX

(FROM ANTENNA SUBSYSTEM]
(TO ANTENNA SUBSYSTEM)

X =1
RECEIVER (TOMA OR H

FDMA)

>

RECEIVER

Figure 9. Transponder Subsystens Block Diagram for « Pavload with X
Spot Beams and M Transmiticrs per Beam
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IF UP- TRAVELING BANDPASS
AMPLIFIER  CONVERTER WAVE TUBE FILTER
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CONNECT — FEED
MATRIX

LOCAL
OSCILLATOR

Fogure T0b, Typical Transmitier Block Diagram Using Traveling
Wave Tube Amplifier

ments, Because ol their power, gain. and wideband characteristics, travel-
ing wave tube output amplifiers (TWTAsL as shown in Figure 10b. are
cimployed.

Since the TWTA has a nonlinear amphfication characteristic, the re-
gquirement Tor fow intermaodulation distortion makes it necessary lor the
operating point to be “backed ol from saturation, sigmficantly reducing
the DC-1t0-RF power eflicieney [10]. This can occur when the TWTA
amplifics twe or more carriers simultancously, The following lincar rela-
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tionship can be used to obtain an approximation of the total DC input
power from the RF output power:

PIEPM'{'.&an- (9)
Similarly, the total TWTA mass can be expressed as
W,= W,+ B.P. (10)

where P, Bz Wi, and 3, are constants and P, is the TWTA RF output
power at saturation,

The cross-connect matrix (Figure 9) can be implemented in the time
domain using time-division multiple access (TDMA) or in the frequency
domain using frequency-division multiple access (FDMA). If any earth
station can communicate with all other earth stations. then complete
connectivity is achieved and there must be a total of X* paths. This con-
figuration is simplified to model significant features; however, it can still
represent the two general classes of multiple-access systems.

For FDMA, each earth station must transmit an individual carrier for
each beam destination. The cross-connect matrix then contains an array
of X* filters for separating the individual carriers and another array of X*
filters (or power combiners) for combining the carriers at the appropriate
beams. Connections among the appropriate channel filters are also re-
quired. The traffic pattern can be rearranged by making the connections
with a cross-bar switch. Additional frequency converters are needed if the
switching is done at a common frequency.

For TDMA, discrete ume slots within a reference time frame are as-
signed for each beam destination [11]. The cross-connect matrix contains
a matrix of X* switch elements which connect the appropriate receivers
to the appropriate transmitters for the required time interval. The matrix
may be controlled by a lightweight onboard computer so that the time
intervals can be rearranged to match the instantancous traflic demands,

The total transponder subsystem mass is

W'J‘ = XWr(l + S) —f_ éu‘x-‘wm + XM (ll)
T e (W F BuPI( + )

where X = number of beams

= receiver mass

I
|
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number of spare elements
number of active elements

5 = spares ratio =

¢ = 1| for TDMA

= 2 for FDMA
W, = cross-connect matrix element mass
M = number of TWTAs per beam.

The mass of ancillary components, such as regulators, connecting cables,
and switches, is added to that of the appropriate transponder element.
The total transponder power is

Py = XP, + XM(P,, + BoP.) + ¢pXPa (12)
where P, = receiver DC input power
¢ = | for TDMA
= ( for FDMA
P, = cross-connect matrix element power.

Antenna Subsystem

The antenna illustrated in Figure 11 is composed of a spherical reflector
with a feed array capable of generating multiple spot beams [12]. From
the geometry of a synchronous orbit satellite with global scanning capa-
bility,

L~14D (13
where physical diameter of the reflector
effective diameter of the reflector.

L
D

For a focal length-to-diameter ratio (F;/D) of 0.7, the physical surface
area of the reflector is

A = 0837 L* >~ 1.64 D*. (14

The mass of the reflector can be obtained by multiplying 4 by p, the mass
density of the reflector material.
When each beam is formed by one feed, the total antenna subsystem
mass is
Wy~ 1.64pD*+X « W, (15)

where W, is the feed mass. The antenna gain is
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X FEED ARRAY
Figure 11, Multibeam Sphevical Reflector Antenna
n.w D: =,
Gy = ~— >~ |0n, f*D* (16
A°
where 7. = antenna elliciency
N = wavelength, in same units as D
[ = frequency. in GHz i D is in feet

and the 3-dB beamwidth (in degrees) is

69
Bin "‘fD . (173

Combined Payload Performance

Combining the analyses of the three preceding subsystems makes it
possible to relate the total mass of the payload to its performance. In
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the following calculations, the satellite effective isotropic radiated power
(e.i.r.p.) is assumed to be predetermined, reflecting a particular choice of
modulation method, frequency plan, carrier bandwidth, and earth station
G/T. Assume that the nominal e.i.r.p. per TWTA is P, (in watts at beam
center); then

Pym — (18)

where a,, which is less than or equal to one, is the transmission factor
calculated from the line loss between the TWTA output and the antenna
feed.

The previous derivations can be used to model the total communications
payload mass (for a single service) for FDMA or TDMA. Combining
equations (7), (8), (11), (12), (15), (16), and (18) results in

W, = A, + AX + AXM + AX* + AXMP, (19)

where W, = communications payload mass
Ay = W, = 1.64 pD?
Ay = W1 + 5) + W; + Ci(Pr + ¢pPm)
A CiPe + Wln(l + 5)
Ay = %Wu
Ay = CifB,C1 + Bu(l + 9)]

1.2K 1 K
(of o o
anynr Y 20115’1:’1071-'

1
109.f*D%a,

I

and

I

C2=

For multiple-carrier TWTA operation, equation (19) must be modified
to include the effect of backoff. The e.i.r.p. at saturation becomes

Pw — PnNaBu (20)

where P, = e.i.r.p. per carrier
number of carriers per TWTA
B, = backoff factor, which is greater than one.

=
[
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SYSTEM ASPECTS AND COST

Since performance versus mass relationships have been established in
previous sections, cost can be related to mass. The satellite total mass is
a critical parameter in terms of launch vehicle capability, payload com-
plexity, and overall program scope. Although cost increases with Wgs,
experience has shown that it is not proportional to mass, but varies at
a slower rate.

Figure 12 is a plot of satellite nonrecurring and recurring first costs as
a function of Wy, The data points on the graph are for previous govern-
ment and INTELSAT programs. It should be noted that certain assump-
tions were needed to generate this figure, since many programs do not
segregate nonrecurring and recurring costs. Hence, these costs were ap-
portioned on a best-fit basis. The straight lines are reasonable approxima-
tions for use in a cost model,

The nonrecurring cost can be written as

KWt
and the recurring cost can be written as
KW,

From the data in Figure 12, K, = 0.9, K; = 0.22, and n, = 1, 2. This
figure is believed to be adequate for illustrating trends and comparing
satellites which employ similar technology.

Figure 13 summarizes the more active launch vehicle combinations
applicable to communications satcllites. The Titan family is considered
for simultaneously launching several satellites, A straight line of the form

KW

where K3 = 0.3 and n, = 1/2 is plotted to indicate that the cost per
pound of a satellite launch decreases slowly with increasing satellite mass.
It is essential to keep the following points in mind when employing a
cost model such as the one just described:
4. Cost models are no substitute for detailed cost estimates. Once the
technology is sufficiently defined, the cost assumptions should be checked.
b. Communications satellite programs may have different overall ob-
jectives which must be taken into account. For example, commercial
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communications satellites must be capable of reliable operation and long
life with little or no unproven technology, whereas NASA Advanced
Technology Satellites (ATS) emphasize new, advanced technology with
in-orbit experimentation and demonstration,

¢. Cost models do not anticipate technological breakthroughs. In the
cost model presented in this paper, it is important to note that the func-
tions of competition and the overall U.S. economic situation have not
been taken into consideration.

The total space-segment cost, including the cost of R&D and all satel-
lites and launches, is

Cs = R+ (K1 + ZK») Wg* + ZK W §* @n

where R = R&D cost
Z = total number of satellites launched.

To calculate Z, assume that the satellite mean lifetime, ¥, can be calculated
from an exponential failure model. Then, the average number of satellites
required to maintain S satellites simultaneously in orbit during the system
lifetime, A. is S[1 + (A/Y)). If the probability of success of a single
launch is Py, then

S A
Z_E(I-I_Y)' (22)
EXAMPLES

One suggested modeling approach is first to evaluate and optimize the
communications payload(s) for the desired service(s). For a multipurpose
satellite, the payload ni.asses are summed. Then the total satellite mass is
found by dividing the payload mass by the value of the utilization factor
found in Figure 5 for the particular spacecraft configuration. Some itera-
tion is necessary, since u is also sensitive to Ws. Finally, space-segment
costs are calculated by using the cost model in the previous section,

Optimum Spacecraft Antenna Size

Differentiating equation (19) with respect to P, establishes a minimum
payload mass. At this optimum, the predetermined value of P, is met by
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the combination of P, and D which minimizes total mass, Thus,

Wolmn = AuX + A XM 4+ A.X* + 2CXMP,)'* (23)
mass

where Cy = {0.16p + [3,C1 + Bu(l + $)Jartn 212

The mass of the optimum antenna reflector equals the partial mass of
the power subsystem which supplies power to the TWTAs only. Note
that this optimum reflector size establishes a beamwidth which may not
provide usable coverage of the earth station network; however, it is im-
portant to the system designer to know how far a given design is from this
optimum design. If there is a large disparity between the two designs, a
different arrangement of antenna beams may be indicated. Fortunately
W, varies quite slowly around the optimum value for the assumptions
used in Figure 14, where W, is plotted as a function of beamwidth.

Comparison of Multiple-Access Methods

The combined payload mass relationships for the general and optimized
cases [equations (19) and (23), respectively) can be used to examine dif-
ferent modulation and multiple-access schemes. The effects of imposing
limitations on some aspect of the design, such as transponder bandwidth
or bit rate per carrier, can be determined. Figure 15 shows the results of
a comparison of TDMA and FDMA, both using digital four-phase
coherent PSK (CPSK) modulation, It is assumed that there are eight 4°
spot beams required and that the maximum capacity per beam is limited
by bandwidth. For FDMA, the number of carriers per TWTA is varied
and the effect of TWTA backofl included.

From Figure 15 it can be concluded that for FDMA there are cir-
cumstances in which multicarrier TWTA operation is preferable to single-
carrier operation despite the need to operate with backofl, Il minimum
mass is the efficiency criterion, it can also be concluded that TDMA is
more efficient than any of the FDMA arrangements,

Example of Satellite Svstems Study

Satellite systems based on advanced and extended technologies were
examined by using an assumed international communications network
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Figure 4. Example of Conunusications Pavtoad Optinization

[13]. Table I lists assumed values of the principal parameters, and Figure
16 summarizes satellite mass and relative cost versus capacity, show-
ing the advantages of advanced technology. To compare absolute costs,
the coeflicients Ky and K. of equation (210 must be determined for each
generic type. Additional data would be needed o compare costs of satel-

lites bused on dissimilar technological assumptions.

TWTA RF OUTPUT POWER, P, (W)
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Figure 15. Multiple-Access Comparison



COMM'UNICATIONS SATELLITE MODELING TECHNIQUE

g
|
rr
\€
o,
~N
i

g

SATELLITE MASS AT BEGINNING OF LIFE, W, {ib}

500 |
B0 100 200

TOTAL USABLE CAPACITY ITHOUSANDS OF VOICE CHANNELSI

T
|
7] 0"°°
e} (}““
s} - 4&-/
:‘l V\Ot 7~
= o
L 2 ¢hr
W P oY DUE TO UNCERTAINTY
E o JECHNCY \ IN SATELLITE COST MODEL
C
5 RN
w
@
1 |
50 100 200

TOTAL USABLE CAPACITY (THOUSANDS OF VOICE CHANNELS)

Figure 16. Satellite Mass and Relative First Cost vs. Capacity for Advanced
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TABLE 1. TECHNOLOGY AND PARAMETERS FOR SATELLITE SYSTEMS STUDY

Extended Technology

Item Advanced Technology
Multiple Access TDMA FDMA
Modulation Four-Phase CPSK Four-Phase CPSK
Multiplex TDM TDM
Frequency Plan 4/6, 11/14, and 476 and 11/14 GHz
20/30 GHz
Earth Station G/T 40dB/ K 40dB/ K
Satellite Antenna Multuiple Beam Multiple Beam
Configuration
Stabilization Method Body Stabilized Body Stabilized
Solar Array Flexible, Oriented Array Rigid, Oriented Array
v = 10 W/lb = 6 W/Ib
Energy Storage Fuel Cells Ni-Cd Batteries
= 16 WhryIb ¢ = 6 Whr/ib
Propulsion for North/South lon Engine Monopropellant Hydrazine
Stationkeeping
CONCLUSION

The satellite model developed in this paper is a valuable tool for the
study of communications satellite systems since spacecralt, communica-
tions, and system characteristics are related to overall perlormance and
cost. Important performance and cost factors have been introduced so
that the parameter values can be altered to suit the user. By computerizing
the model and maintaining an up-to-date catalog of paramcters and sub-
routines, the user can accurately and rapidly make comparisons and
measure the sensitivity of the results to the various assumptions.
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LiST OF SYMBOLS

A Reflector physical surface area
a, Transmission factor
B, Backoff factor
Cs Total cost of satellites and launches
D Reflector effective diameter
S Frequency
D Focal length-to-diameter ratio
G, Satellite antenna gain
G/T Earth station figure of merit
K Eclipse factor
K, Nonrecurring cost coefficient
K. Recurring cost coeflicient
K, Launch cost coefficient
L Reflector physical diameter
M Number of transmitters per beam
N Number of channels per carrier
N, Number of carriers per transmitter
n, Satellite cost exponent
s Launch cost exponent
P, e.r.p. per carrier
P Maximum solar array DC output power
Py Spacecraft bus power load
P, Eclipse power load
Pr<  Energy storage subsystem charging load
P, Probability of launch success
P, Cross-connect matrix element power
P. TWTA RF output power
P, Recciver DC input power
Pr  Transponder subsystem power load
P, TWTA DC input power
P, Y intercept of TWTA power characteristic
P. e.d.r.p. per transmitter at saturation
R R&D cost
§ Number of operational satellites
s Spares ratio
u Utilization factor
W, Antenna subsystem mass
W, Reflector mass
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Anexo III

composants pour satellites

de télécommunications

par

H. ARCISZEWSKI

Centre national d'études spatiales (CNES)
Centre spatial de Toulouse

France

1. Introduction

Lrs composants électroniques Mmicro-
ondes sont maintenant trés nombreux.
Iis sont pour la plupart réalises a paruir de
materiaux semi-conducteurs et, fait singu-
lier, trouvent par leurs niveaux de puis-
sance et leur rendement une application
remarquable dans les telécommunications
spatiales. Ces composants « etat sohide »
peuvent générer, amplifier, détecter. com-
muter, moduler, limiter et démoduler les
microondes.

Le but de cet expose est de les présenter
dan e cadre des satellies de télecommuni-
cations Jde la géneration actuelle, et de la
generation future. Enfin, la preoccupation
essentielie reste la fiabiliné want au niveau
des elements actifs qu’a celur des circuns.,
Celle-ci a entrainé, en France, une action
genérale auprés des fabricants intéressant
tous les composants électroniques (car les
satellites de telécommunications font appel
a tous les composants: transistors. dindes.
Crreuits ntegres. resistances.  condensa-
reurs, Cetle action sera présentée
rapidement dans son ensemble,

ele. ).

2. Les composants des satellites de telé-
communications de la génération actuelle

2.1 Synoptique d’un répéteur

Les nformations sont vchiculees par une
« porteuse » tres haute frequence (bande
de frequences 5.9 a 6.4 GHz) reque par e
satellite. Apres un changement de fréquence
facilitant 'amphification, elles <ont récmises
par le satellite dans une bande de frequences
comprise entre 3.7 el 4.2 GHAZ0 un niveau
de pussance relativement elexe 10 20W )
Le repéteur est guasiment  lmearre. Lo
principe d un tel repeicur est représente par
le schéma ssnoptigue de Lt feure |

2.2 Composants spicidus dun repetbur

220 Ampliticatenr a diode tenned

La diode a effet wnnel ost o utihsee en
amplificatrice. La caractersuique directe
presente  une  résistance negative. | es
materinux les plus adaptes sont le GasSh
antimoniure aeogalliomin, e sermamun.
et fe Gu My arsemare de eallivmg e
ermaninn e b utihise e
raisons de tenue en puee coees de techne
logie ¢t de habilite,

«cul ot

tunnel en ¢lle-méme est fable

La diode
quoique de structure fragile. mais elle est
particuliérement instable et nécessite un
circuit adaptateur tres soigne,  genérale-
ment associe & un circulateur (¢, para-
graphe 2.2 6),

2220 Mlelangein de veception Chay aivean

Pour cette foncuon, une diode de tvpe
Schotthy est utilisee. Clest une diode de
structure metal semi-conducteur caracté-
Fisee par ane mjcction unique de porteurs
nugorsinres Cecta pour effet de supprimer
l¢ temps de recouvrement classique o la
diode p-n. Mas la principale propriete
utthsee dans les ctages melangeurs est la
non-hnéarte  de la resistance directe
D7autre part. la puissance de bruit d une
frode Schotths est ¢gale approvimative-
ment o ko morae de celle de la resistance
canvalente

Sur le plan echnologique. 1o diode est de
structure tres simple. Flie est réalisee en
techigue plane et passivee. La habilie est
done eseellente (Rappelons celre
porie nom de diode o
Drod cavvier diode)

que
Jiowde encore e

postrenrs Chauds

Jot By By} dLEPECOANIE NN

FTHONS - 4 (¢ W Jus
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mélangeur dn

rdception
p——
|
- > M
mpihicateur
adiode tunnel
I
ks
FAIT Lt |
2280 dAmplthcateta o Breguones Do
mediane

ey bandes de Iréquences se situent dans
la ganune des  quelgques  cemaines e
megahertz uvee une largeur de 90 MH2
(Exemples du satellite Symphonic. 4 645~
735 MHz: B 520-610 MHz. € 390 MHz:
D 2635-355 MHz). La lurecur de bande est
en fait legérement inféricure 4 100 MHz si
on inclut la fréquence de telecommande

Les transistors, de (ypeinterdigite, pour ces
frequences existent deéid depuis quelgues
années, ¢l il ne se pose pas de probléme
parttculier quant i leur Rabilid.

Vdtaneenr d émission a hatt nivean

Le rendement est plus important a ce
miveau gue le facteur de bruit. La capacité
non linéaire des diodes varactors est it
utthsee pour realicer la Jonction. Les
Varactory eint Jautres applications conme
on le verra au paragraphe 2.2.5, et leur
technologie ditlere peu des diodes a temps
de recouvrement (drode step recorery).
Leur Rabilite pose les memes problémes.
Les circuits associes sont tres délicats a
redaliser pour coneiher a la Tois les possi-
hilites dun ajustage precis el dune tenue
mécanigue de longue duree

malangeur lube & onde
d'émisslon progrossive
B ek eeed Py e
amplificateur
a fréquence
intermadinire
cirgulateur
XN = __T - — xm [— - l
multiplicateur multiplicateur
|
|
L
osciliatour
local
I35 Loy sty ncroondoy locales dirtgee que dans la voie (n+ ) 4 'exclusion

On ne sl pas encore realiser d'oscillateurs
microondes dont la stabilité est bonne a
tes Jong e Aussi, le quurts et son
sysieme oscillant sont le seul générateur
dont la stabilite est tres sure. 11 oscille a
des frequences de Mordre de 60 MHz. La
synopuigue (higure 2) donne le principe des
sourves locales du satellite Symphonie,

On v trouve gquatre diodes multiplicatrices.
Trols sont des diodes varactors a elffer
parametrique. Lautre est du lype «stiep
recovery », ¢est-i-dire que le 1emps de
recouvrement d une jonction p-n est utilise
pourf génerer des harmonigques & rang tres
cleve. Ces diodes sont réalisées en tech-
nigue  plane  jusgua des capacites  de
ordre de 2pF (Fp 6 V). En-dessous,
elles sont du 1ype mesa passive par apport
d'un diélectrique. Leur fiabilite a ¢té
demontree, Les autres composanis, quariz,
varicap, thernpstances sont eprouves de
longue date.

226 Circulaters

Do nemhbreus circulateurs sont utilisés
(sources, melaneeur) Ce sont des ¢lémients
won reciprogues a plusieurs entrees ou
energie gqui penctre dans une voie n'est

de toutes les autres. Utilisant des lerrites
adupiees o la bunde de fréquences adéquate,
les  wirculiteurs  sont  des  composants
stables dans une plage de température
limitée

227 Amplificarenr de sortie — Tube o
wnele progressie

Le tube a onde progressive est encore
pour longtemps le scul élément de puis-
sance utilisable dans les satellites de (élé-
communications. Le principe est bien
connu, H repose sur I'échange d’energie
emtre un farsceau d'électrons el |'onde
clectromagnétique.  La  sujétion de ce
svsteme est la cathode émissive dont le
vieilhssement est prejudiciable au bon
fonctionnement. Une technologie tres
¢ludhee, une fabrication irés controlée
autorisent un faux de confiance trés elevé.

228 Awtres composands

Le satellite de télecommunications com-
porte d autres systemes semblables a ceux
des salellites classiques: téléemesure —
restitution d'attilude — source d'energie,
cle. On retrouvera dong:

des senseurs opligues

@ 0 DES TLLECOMMUNICATIONS - VOL, 39 (V772
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— des systémes de iélémesure et de télé-
commande
— des asservissements

— des sources d'énergie: panneaux de
cellules solaires et batieries — compo-
sants pour trés haute tension

3, Les satellites de télécommunications
de la prochaine génération

3.1 1ls se différencient des précédents principa-
lement par deux particularités

— les fréquences utilisées (12 & 18 GHz)
pour une largeur de bande de 500 MHz

— le systéme multiplex au licu du systéme
i acces multiple,

Ce systieme est justifié par le f(ait gue
I"amplificateur final est un tube 4 onde
progressive, et que la lindarité est trés
difficile & conserver des que 'on cherche a

obtenir de la puissance. Le systeme multi-
piex, reposant sur la division temporelie,
n'exige plus un répéteur linéaire. En effet,
il n’y a, & un instant donné, qu’un seul et
unique signal preésent dans le repeteur.
L'intermodulation entre voies n'est plus a
craindre et le tube 4 onde progressive peut
travailler a saturation avec un rendement
maximal (figure 3).

3.2 Les composanis spéciaux

La svnoptique du syvstéme restesemblable
dans son principe et nous adapterons le
méme plan d analyse.

320 Amplificareur d cnfree

Lamplificateur de type paramétrigue est
généralement retenu, la proprieté capacitive
des diodes varactors est encore ulilisée
(diode en arséniure de gallium ou en
silicium).  La  source d'excitation peut
éventucllement étre un osciltateur & diode
aavalanche ou un genérateur 4 effet Gunn

La diode & avalanche, ou diode Read, est
une structure double ou un régime d'ava-
lanche est atteint dans une jonction
normale. Les charges ainsi créées transitent
alers dans une deuxiéme zone de champ
electrique élevé donnant un effet de conduc-
tance négative (impact avalanche and transit
time — IMPATT). Ces diodes ont, dés
imaintenant, une technologie bien définie et
leur qualification est en cours. Le généra-
teur o effet Gunn est basé sur la modula-
tion de la mobilité des porteurs dans un
champ €lectrique élevé donnant une insta-
bilite de 1a conductance pouvant aller
Jusqua un régime d oscillation propre.

Reéalis¢e en arséniure de gallium, la diode
Gunn (le mot diode est utilise car 1"élément
comporie une diode d'injection, mais
I'effer est lie au matériau) est aisément
accordable, mais sa puissance reste limitée,

Toutefois, il est toujours possible"avec un
rendement encore ¢quivalent, de genérer
les nucroondes & partir d'un oscillateur

JOURNAL
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local haute fréquence & quartz avec
quelques ¢lages de multiphicateurs a rang
elevé, Dans ce cas, la diode a temps de
recrouvrement (diode «step recovery »)
esl encore utilisce. En toul éiat de cause.
celle source reste, de tres loin, la moins
bruyante ¢t sera utilisée pour le melangeur
de réception.

222 Mélangeur de véception

La transposition se fait de 14 a 1,4 GHz
a l'aide de dindes Schottky déjia décrites,
323 Amplificatenr  a  fréguence  inter-
médiaive

La bande passante requise (500 MHz)
nécessite un elément actil capable d'ampli-
fier sur une bande aussi large. Il existe
maintenant des transistors faible bruit de
1.4 a4 2 GHz, parfaitement fiables, ainsi que
des transistors a4 la méme fréquence. de
puissance moyenne.

324 Mélangewr o émission

Ces  mélangeurs  utilisent  toujours  les
mémes propriétés de non-linéarités. On
retrouvera les mémes types de composants
adapiés O la fréguence d utilisation (varac-
tors).

3.2.5  Amplificateir o émission
onde progressive

Le principe reste le méme, mais les spéci-
fications fonctionnelles sont différentes,
Travaillant plus prés de la saturation, le
probleme de la durce de vie de la cathode
émissive electrons devient encore plus

Tihe o

4 K, (7/dB)

TOP Conversion

ardu, Des études nouvelles sonl en cours
sur des sources délectrons i haute densité
b 'état solide. Des raisons technologiques
font gue plusicurs tubes sont utilises,

126
she

Alimentation du tuhe a onde progres-

Le tube 4 onde progressive nécessite des
alimentations haute tension de puissance
(de | & 3kY). Les convertisseurs exigent
des transistors haute tension (300 4 400 V)
de puissance dont la réalisation est des
maintenant  acquise. Dautre part, les
composants passifs, résistances et conden-
sieurs, devront @tre congus pour tenir des
tensions de guelques kilovolts dans une
ambiance spatiale,

3.2.7

e systeme multiplex, par définition. exige
une commuatation rapide (découpage de
I'onde suivant le nombre de voies). La
PUissinee i commuter sera comprise entre
yuelyues milliwatts et quelques walls, Le
principe de  l commutation séric ou
paralléle est trés simple, court-cireuil dans
un temps. cireuit ouvert dans 'autre. Le
composant capuble de répondre o celle
fonetion est la diode PIN, ainsi appelée
paree qu'elle comporte une zone de
résistivité elesvee  (intrinscque) comprise
entre deux sones poet n. En direct. elle
présente une résistance de faible valeur, en
inverse, au contraire, elle est reduite i une
capacité de tres faible valeur, Son temps de
commutation inirinseque repondrail au
probléme (temps nécessaire 100 *%) 5%l

Modulatenr

modulation d'amplitude

n'élait entaché de différentes constantes
introduites par les ¢élémenis parasites.
Clest sur ce point que les efferts porteront
(integration directe),

4, Exigences de la fiabilité

Les garanties de la fiabilité que I'on exigera
dépendront tout d'abord des répercussions
amendes par un mauvais fonctionnement
de ["équipement,

Dans le cas d'applications professionnelles
courantes, pour les composants électroni-
ques, un taux de défaillances 2 - 10 7/h
A 10 vhestexigé, Rappelons que |'évalua-
tion du 4 10 "® avec un niveau de
confiance de 60", et un critére d'accepta-
tion de 5 exige une durée d'essais de
6000 h et 10 300 composants. Le colt de
cetle opération est d'environ 500 000 francs
francais auquel s'ajoute le prix des
10 500 dispositifs, Pour des applications
spatiales. répéteurs sous-marins, elc.,
pour lesquels 2 10 *" 3 10 " est exige,
pour évaluer le /4 il faudrait effectuer les
esshis de vicillissement sur 1000 pieces
pendant 113 ans et ne trouver gu'une
seule piece défeciucuse,

1l découle de ce qui précede que |'évalua-
tion du 2 présente de grandes difficulies
el des conséguences financiéres considéra-
bles. £n outre. il convient de souligner que
souvent les conditions d'environnement et
de fonctionnement pour les évaluations du
4 ne correspondent pas aux conditions
d utilisation ultime réelles,

L modulation de phase
(P2 = puissance
de sortie)
5—.
I L [ =
0,5 1 P,/P, sat, Figure 3
»>
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& Solvtion frangaise  pour ¢btenir les
compeonts auwde fighilité — Le programme
S S TITE R (D

S0 Appeflation « Concerfo »

La defimtnm ¢ le démarrage de ce pro-
graennie onl ¢le directement ligs a4 la

sy proget du satellite Symphonie
preconsapt Lutilisation des composants
fabiigues en Furope: Clest pourquo!, afin
de repondee aun bespins du Centre national

dréwides spatiales (CNES) el & ceux des
industries de pointe, le CNES a été amend.
dans le cadre national. 4 rechercher les
methodes et moyens a meltre en feusre
pour promouverr en France la fabrication
des composanis haute habilité, d ou Morni-
gine du programme Concerto

5.2 Programme Concerto — Industriels compo-
sants, gatérigux, actions 1968-1970

Le tableau 1 montre que [effort imital
porte siur une trentaine de chaines de tabri-

Tableau 1

Programme « Concerly »
Composants haute fiabilité fabrigues en France

cation chez pius d’une gquinzame d indus-
triels qu  ont propese, chacun, des
solutions aux problemes gu'ils estimaient
étre de leur compétence

5.3 Les qguatre phases essentielles du pro-
gramme Concerto

530 Ordie de derotlement des actions
exsentiefles

Pour laciliter I"ilustration, les cas concrets
présentés 4 titre d'exemple sont surioul

. wadustriels

- ]
| & |

T

R.T.C.

‘ prodts

Sescosem

1

"

LCC-CICt
INAC
Sfernice

E

Silee
LEP*
C.G.E™
Scavom *
Thomsan-C.8F.
Sovcor Electron:

*

Fi
SAT."
Souriau
L.T.T.
AM.D, *
Pryrolac *

Jobin Yvon *
ilolex
Radall
SAFT,

| Composanis actits
i LFansistors
‘ Jiodes

« avalanche

s Ciunn

v redressement l
]

s Zener
* o Slep reCovery »
+ Schottky
- waraclors
cireuits inlegreés
« Bipolare
= MOS
- (ube & onde progessive
(20W, 12GHn)

Composants pasyifs
= resislances
condensualeurs

Composants eivers

~ cables ¢t fils

- glreuits imprimes
— connecteurs BF
connecteurs HE
circulateurs 4 GHz, 6 GHz
— cellules solaires (S1)
convertsseur analogigque
— accumuiateurs (Ni-Cd)
pyrotechnigues
— COMIPOSANTS optigues

= peinture spaniale

Certains ravaux d'etude et de gualilication sunt en cours (« Concerto » fulur envisage).
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wahles miedoduocteurs  (tran-
Isbees) aflil negessiteal une adaptation
Nl pnportinte des pairaapes du pro-

e Concerto (tablean 1),

3.02 Phase |

La phase T eonstituant elément primordial
¢t andispensable pour la reussite  du
programme Concerto: « fabrication de lu
iabtlie, ¢ est-a-dire fimbitisation de chacune
des operutions de fabrication et définition
de leur enchamement Uit pProcessus
compler et parfaitement controle »

cin

Pour cette phase ¢t pour chague produit,
un ngemeur du CNES du Departement
Nabilite technologique (FT), assiste dans
certams cas des specialistes des diverses
techiigues, a et¢ nomme responsable du
maiche En collaboration avec les techni-
ciens de chaque ndustriel, le travail a ete
de rechercher, définir et metire en ceuvre
tous les ¢lemenis indispensables d assu-
rance qualite-fiabilite pour repondre aux
buts fixes, i savolr

e FEtude de la technologie de base mieux
adaptee pour atteindre le but poursuivi

e Roevsion d'eyuipement

e Reprise du processus de labrication

e Reprise des methodes de contrale

e baploitation des reésultats el actions

correctives
Formation du personnel
Fabrication de un ou plusicurs lois de
picces

o [Essais clectriques ¢t d'environnement
pour evaluation du procédeé.

La durée de réalisation de cetie phase |
aura ete en movenne de |8 mois. Pour les
techniciens du CNES. cela a représente,
outre une documentation personnelle, une
assistance ¢troite an deroulement de tous
les travaux. des dizaines de visites. des
chiscussions techniques, ete. Chaque stade
en  labrication a ét¢ revu  dans ses
moindres details, du niveau développement

CHES - 5L/FY

au  miveaw  application  industrielle.  Le
climat de confiance et la volonte d aboutir
ont conduit 1'ensemble des techniciens de
chaque mdustrie a réaliser un travail
remarquable aboutissant 4 des résultats
imporlants €1 encourageants dans tous fes
domaines cités precédemment.

A ttre dlexemple, guelgues  resuliats
danalyse de défaillance obtenus a IMaide
d'un microscope €lectronique a balavage
sont donnés a la figure 4. Le complementi
d’information se trouvera dans le rapport
concernani  le microscope a4 balayage
¢lecironique (voir bibliographie).

5.3.3
phase |

Documents de syitthese issus e la

Les documents de synthese issus de la
phase technigue | ont pour but:

@ de garanur a toul client la conformite
des  fabrications avec les résultats
acquis, ¢'est-a=dire le maintien constant

Figure 4
Défaurs sur interconnexion d un transisior.
iy fisstives an nivean des marches o ovide
Il manvaise decoape

>

JOURNAL DES TELECOMMUNICATIONS - VOL. 39 < 11970



composants pour satellites de teléecommunications

‘Tableau 11

Phase I Studes ¢t développement

1968-1970 participation
« recherche el amélioration des technologies

« étude physico-chimique, ¢lude des assemblages
« fabrication des composants, assurance de gualite — fabricants de composants
» réalisation des essais électriques el d'environnement — CNES TEFT
Phase 11:
1971-1972 participation
« ¢tablissement des documents technigques et contractuels de synthese de la
phase It
— Document |: technologie de fabrication — fabricants de composants
— Document 2: spécification générale de production ct essais, Définttion des — CNES TEFT
niveaux de fiabilite
— Document 3: spécifications particulicres a chague produt CNES TEFT
« label CNES Concerto * — CNES TE'FT
» homologation par:
‘— CNES
— fabrication conforme au document n” | — SNQ **
I fabricant de composants
— essais groupe A, B, C avec degre de séveriié approprié a chaque niveau - LCIE ou fabricants de

composants avee SNQ

Phase 11 Evaluation de la fiabilne

1971-1972

pariiciparion
= essais de longue durée — ONET
« essais en contramtes echelonnées — LCIE
Phase 1V approvisionnement (composants a fiabilité controléc) garantie client
1972
« fabrication du produit technologic Concerto selon le tableau 1 — inspections par
CNES
SNQ

— certificats de conformité avec
documents 2, 3
CNES
SNO

TE - techniques ¢électroniques
FT = fiabilité technologique
* Label CNES est la garantie de conformité de la technologic avee les trois documents défimtifs
** SNQ - Service national de quahté, avec la participation de:
« CNES, en 1971

« CNES, Centre national d'éiudes des télécommunications (CNET), Commission d’énergie atomique (CEA), Laboratoire central de
industries électriques (LCIE). & partir de 1972
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4
/.
Structure d’un transisior microonde de  puss-
sance moyenne ( - 400 )
b

Structure d"un transistor microonde de puissarice
(hase et émettenr) (les émetteurs ont des
résistances incorporées ) { < 1000)

£
Diode microondes (varactor — Schottky —
step recovery) ( < 7)

4.
Transistor faible bruit 2 GHz ( = 7)

3.
5 Tube a onde progressive
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de touies les ameliorations de processus
¢t controles défints conformément aux
exigeres finées tout au long de la
phase 1:

o de présenter |'essentiel des informations
acquises sous forme d’un document
clair et précis a caractére technique et
contractuel, base des commandes
futures:

e de donner i tout utilisateur les rensei-
gnements clairs sur les conséquences
actuelles de I'action engagée: sur les
chaines de fabrication, les spécifications
des composants suivant  differents
niveaux possibles de fiabilité;

e d’harmoniser, a I'échelon national, la
presentation des textes et, par une
diffusion precise des types de compo-
sants, de rendre compétitifs les fabri-
cants frangais de ces produits sur le
marché européen.

L'achévement de la phase I est donc
conditionne par la rédaction actuelie de
trois documents distincts:

Document 1

(Confidentiel CNES-Industriel). Résumé
des travaux CNES-Industriel d’environ
deux ans: concrétisation des efforts accom-
plis par des documents définitifs de
production, des contrdles et d’assurance
de qualité-fiabilité,

Document 2

Brochure technico-commerciale avec une
description succincte de tous les stades
essentiels de la production, déverminage et
sélection unitaire.

Document 3

Feuille particulicre du produit avec clauses
contractuelles.

Lorsqu'un relevé de tragabilite des diffe-
rentes opérations est requis, la feuille
partivuliére précise les paramétres de
chague opérdtion industrielle qui doivent
étre enregistrés.

Les détails des epreuves des groupes et €
el du processus de sélection unitaire seront
présentés dans un tableau précisant le
deroulement de toutes les interventions
essenfielles. Chaque phase du processus
sera visee par le responsable d'exécution.

334 Homologation label CNES — Con-
certo

La procedure suivante est alors d’homo-
loguer et de présenter sur le marche

frangais e! europden une liste compléte,
famille par famille, tvpe par type. de tous
les composants developpés dans ce pro-
gramme Concerto. Ces composants devront
étre réalises conformément aux lechno-
logies Concerto (document 1) et devront
subir avec succés |'ensemble des pro-
grammes d'essais (documents 2 et 3). 1l
est fondamental que les exigences soient
certifiées et prouvées.
Il s’agit donc ici:
1) de fabriquer les composants sur les
chaines, conformement au document 1.

2) d’effectuer la qualification suivant les

programmes d’'essais  électrigues et
d’environnement, conformement au
document 2:

3) de réaliser 'ensemble des essais clas-
siques de groupe A4, B et C avec le
degré de sévérité approprié a chaque
niveau {avec des renouvellements pério-
digues, dans certains cas).

Toutes les fabrications seront sous la
surveillance directe des responsables tech-
nigques CNES qui, sous forme d’un proces-
verbal de constat, é1abliront la conformite
des realisations avec le document |:
homologation de la fabrication garantis-
sant sa conformité avec les technologies
Concerto.

6. Perspectives d’avenir du programme
Concerto

Le CNES, en tant qu'organisme national,
a pour mission spécifique de promouvoir
l'utilisation des techniques spatiales de
haute fiabilité en vue de ses applications
dans tous les domaines ol son apport
présente un progres.

VYu le contexte wternational ou se situe
I'utilisation de 'espace, la définition des
objectifs doit étre faite en tenant comple
des missions et des objectifs des organismes
nationaux et internatiopaux concerneés par
les mémes technologies,

Depuis 1962, dans les domaines
e composants électroniques

@ composants électromeécaniques
® composants mécaniques

® matériaux spéciaux

la participation du CNES au deéveloppe-
ment et aux qualifications des produits
haute fiabilité est maintenant reconnue,
tant sur le plan national qu'en Europe,
dans le cadre du Space Componenis Co-
ordination Commitree (SCCC) ou dix pays
d Europe participent.

Pour des actions déja engagées et a
poursuivre dans le cadre du VI© Plan, nous
proposons dagir selon les axes principaux
suivants.:

e Etude du marché France — Europe

® Harmonisation des programmes de la
recherche, développement, homologa-
tion France — Europe

e Normalisation: harmonisation des spé-
cifications et des procédures
France — Europe

& Homologations CNES: concrétiser, offi-
cialiser les travaux afin que chacun
puisse en bénéficier France — Europe

e Promotion du marche
concertation, coordination

France — Europe

information,
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( Langue originale: francais)

Bibliographie

J. Girard: « Programme Concerto — Indus-
trialisation des composants » — Les indus-
tries  francaises  d'équipement, n° 34,
décembre 1970

F. Jamin-Changeard, M. Gave, J. Cacheux:
« L.e microscope électronique a balayage
et la fiabilité des composants » — Collogue
international « I'Espace et la Communi-
cation » — Paris, 1971

H. Arciszewski: « L'assurance de qualité-
fiabilit¢ dans le cadre du programme
Concerto — Collogue international «1'Es-
pace et la Communication » — Paris, 1971

H. Arciszewski, « Le programme Concerto,
la poursuite des actions » — L'onde élec-
trigue, avril 1971

H. Arciszewski: « Promotion et Normalisation
européenne des Composants haute fiabilité »
— Journées nationales de la qualité —
Paris, novembre 1971

H. Arciszewski: « Concerto Programme » —
France-Japan Symposium on High Reha-
bility Electronic Components, — Tokvo.
septembre 1971

JOURNAL DES TELECOMMUNICATIONS - VOI. 39-1V[1972



	CAPA
	1. INTRODUÇÃO
	2. DESCRIÇÃO DO PROBLEMA
	2.1 Antecedentes
	2.2 Adequação ao Brasil
	2.3 Complementação das redes existentes
	2.4 Soluções possiveis

	3. USUARIOS POTENCIAIS
	4. ESTRUTURAS TCCNICAS VIÃVEIS
	4.1 Satélite
	4.2 Segmento Terrestre
	4.3 Intelsat

	5. ORGANIZAÇÃO OPERACIONAL
	6. ESTUDOS DE CUSTOS E RECURSOS
	7. IMPLANTAÇÃO
	8. INDUSTRIA
	9. PESSOAL
	10. RESUMO
	ANEXO I
	ANEXO II

