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Fundamentals

Early Radio Corr
Before Intelsat
Radio Astronomy
Geo Satellite
Moon reflex

Low orbit <
Synchro
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carly Communications

UK and US and US and CAN.
Notwithstanding the
communication has been
established in poor conditions, that
represented an importante goal.

The HF spectrum saturation was a
seriously limitation for the long distance
development communications, particularly
through the Ocean and the existing
alternatives namely submarine cable
solutions at least up to 1960, were very
expensive.

...Such way and
moon reflexion —
- and latter de\
technics for the

...... In October 1957 URSS
launch Sputnik | — a non stationery
satellite — who transmited teleme
try data for 21 days.

January 1958 USA put in orbit
Explorer | who during 5 month
relayed space effects and his own
circuitry.

—

....By 1957 has been tested a signal
reception reflected in the moon and in
1959 concluded a well successful
communication between
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April 1960 Nasa launched the first weather
satellite Tairos | in a circular orbit of 700
Km that sent 22952 photos during two
months.

In 1962 the USA launched Telstar | put in
an elliptical orbit, and demostrated the
satellite economics and technical
availability

3efore Intelsat

...... Since Early Bird — Intelsat |
satellite communications achieved
a such big development through
artifitial satellite and earth stations.
In 1962 has been created under
the aproval of United Sates law a
private corporation latter on named
Comsat, who gathered several
countries.

The representation od the
countries through his signatories
launched at 20 Agosto 1964 the
International Communications
consortium Intelsat.

...Finally several
realized at wor
complemented w
several Earth Stati

....Latter on, ICSC - Interin Consortium
for the satellite Communications - leaded
to the Intelsat name, and started satellite
communications.
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Types of Sat Syste
Intelsat
Inmarsat
Regional

Domestic

Categories
Fixed Sat S
Direct Brc

ms and Networks
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S Satellite Network
Jomestic / Regional Services

S

Intelsat Satellite \

Evolutionary growth c
Intelsat Lease capaci
Small dom ntw
Expanded c
Regional

Domestic

Dedicated
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V/sat Networks

Cost effective alternat
and video communic

Shared and dedicatec
Network flexibili

Aplications
Finantial insti

stocks, bo

Retall stores
demos and ec

Accounting [
Videoconf Sl




Application

Corporation
Retail; Oil & Gas;
Banking and POS
Telephone
Public: Public Call Offices,
SME; SOHO
Private lines

Enterprise:Network
infraestructures and data

Internet

Final user, Kyosk
SME, SOHO, school
IP networking for corporations
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ntelnet Services

Small earth stations fc
Data Broadcast / DiS
Domestic Services

Intelnet | ( data distributior

Intelnet Il ( data collection ug
Modulation Te

BPSK fec % up |

Spread spe
Transponder
preemptible or

Terms and
basis




R 1S BS & IDR Services

All Digital, High qual
Information rates

Internacio

Applicatio
Voice comnmn
Data service




AN/ ITSE
Cl/.r)iglml I'V Distribution

All digital TV ¢
developments ( 15-¢

New services provide
Mbps offering
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ALelsat Restoration Services

Intelsat has been g
for submarine cable s

Medium capacity cable
Requirements Iffs to be

ﬁ-

with signator
Transpond
Large optica
Spare satel '
Reserved fo

| Al
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vatellite and Fiber Cableq
Comparison

Fiber cable Satellite

Point-to-point, multipoint-to-

Connectivity Point-to-point point,broadcasting,mobile

Link characteristics:

Bandwidth Multi-Gbs Limited by channelized
Time delay Very small About 0,25 s round trip delay
Reliability New emerging systems Proven high reliability

Potencial high reliability

Reconfigurability Dificult Easy
operational flexibility Limited excellent using transport. E/S

Availability Limited worlwide Completely global

By-pass capacity None.Needs PTT controlled local Avoid local distribution network,

distribution network with on-premises sat terminals
Regulatory restriction Foreign end distribution network Commercial sat foreign end %2

controlled by foreign PTT circuit, needs PTT coordination
Cost Depends both on, link and distance Insensitive to distance, but

capacity depends on link capacity
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Satellite technical terms and de
Regulations” and agreed betwee
Conference) and the ITU (Internatio
namely:

Space radiocom Sel
Fixed Sat Service
Mobile Sat Se
Broadcast Sat $
Radionavegation
Earth exploration
Meteorological
Amateur Sat Se

Geostatic at
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Frequencies and Sat Orbi
Allocation of Frequencies and the
Interference coordination

Receiving power
S/Nratio

FDMA
TDMA

Commercial




Coax a
Microwave
Fiber

a- terrestrial only
b- terrestrial & sat
c- satellite only
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Jrbit Derinitions

m Shynchronous Orbit

= An orbit whose period 0
orbit

m Geoshynchronous orbit

= An orbit whose period of revc
of the earth’s ork

= Geostationary ork

= A circular orbit
of the earth’s
equator

o The distance a
travel the same

° A body orbiting
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Defined as the movem
around the other, mo
accordance with the La
which Is calculated -
problems in mechanics Bac
the XVII Centur

Yo
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seostationary Orbit

In conclusion:

The movement under -
satellite corre

The orbit |

law

In special C
the orblt Wi
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| Elements

Locating the orbit in the -
equatorial system.The satellite pene
the equatorial plan (while moving in tl
direction) at the ascending

ascension of the ascendi

the inclination | is the e

equatorial plan and the
Angle w, measured

locates the perigee °
equatorial plan.

Yi
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' calculation

satelite

Local horizo

Center
of earth




cos(¥)=cos(Lg).cos(ls-Ig)
cos (E ) =sin ¥/[1,02274 - 0,301596 . cos ¥ ]2
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Azimuth Calculation
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Azimuth Calculation

Being a=|ls-Ig |,

calling s ao % perimeter o
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24 hoqr _
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the earth rotation p
the angle (degree)
translation movement

362 day 6 ha
1 day -

= Being eart |
or w = 15,04

= The earth re
T =217/




0 Being the €
a Di |
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\Unching Synchronous satellite

W e

Perigee
314 Km

Eliptical

orbit
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1.

Tha primary telecomi
requests that the RF

components

The environn
off WhICh VE
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= A geostationary communications satellite can be
divided Iinto sub-systems each of which has a
specific function. It IS common practice to
distinguish the communications sub-system or
paylod (repeaters and antennas) that perform the
primary mission from the bus or platform which
Includes all ohter sub-systems (common sub-
systems) and Is designed to support the
communications sub-system.

= The requirements common to all satellite projects
that need emphasis are:
= Minimal massa
= Minimal power consumption
= High reliability

p .
X"
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Subsystem

Attitude and orbit (AOCS)

Propulsion

Telemetry tracking and
command (TTCM)

Thermal control

Structure

Electric power supply

Antennas

Repeaters

Function

Attitude stabilization and
orbit stabilization

Provides velocity
increments and torques

Exchange of house-keeping
data with control centre

Temperature regularion
Support equipments

Provides electric energy at
various voltage levels

Receive and transmit RF
signals

Amplify sgnlas and change
frequency

Satellite sub-systems

Main characteristics
Accuracy

Specific impulse
Mass of propellent

Number of channels
Security of communications

Heat dissipation capability
Stifiness

Power voltage regulation

Coverage and gain

Noise figure, linearity, (
RF power

,.\

S
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Position and orbit 1

ELLIPTICALLY
INCLINED

=~ CIRCULAR EQUATORIAL
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= 20sition and orbit 2

When correctly positionned &
nominal orbital locatio
satellite may dis

about its centre ©




I leﬁPuslllm Y orbit 3

m Sensors for detec
Sun sensors
Horizon sensors
Stellar senso
Inertial sensc
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@ Attitude control tech
Stabilization by gravitatic
Spin stabiliza

Dual spin




— Position and orbit 5

+ Two basic types of communication satellites:

* Body Spun (*Spinner) Omni Antenna for
* BodyFixed or Three axis stabilized Tracking and Command

Communications
Antenna
Communications

Antenna
Solar Panels on

=si— Exterior of Drum
Solar Panels

Omni Antenna for
Tracking and Command

Three Axis Stabilized
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Yosition and orbit 6

Station Keeping

Determination of pos

Angle measurement (ac
pointing and searching maximu
techniques)
Range mes
and received
North - Sot
reflects in a cha
applied)
ast -
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and orbit 7

Satellite
perturbatior
determined b
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) ,oun sub-system

= Aims generating forces:

Low thrust actuators devc

which provide na annual ve

and boosts from 103 N up to
several hundreds to several thc
many short operating cycles alc
years for commu '

High thrust motc
motor, which g

geostationary

( about 1500 m/
Very high thrust
to inject the sate




||||||w“sﬁ Ielemetry Tracking
Command

= Transmit house-kiping
the satellite to the grc

= Provide angular and
permit locallization of the

= Recelve command signlas
control station late at

keeping mar
board equipme
= The frequencie

(148 to 149,9 UI
(2025 to 2120 |
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srmal Control

Beginning eclipse

Infrared rad
rom earth
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| Nerme

Required to maintain
satellite within specifie
be ensured whether the
not;

Is desighed considering the

the operational ¢
diferent attitudes
apogee motor ;
Acceptable te
Batteries
Solar Cells
Electronic equi
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‘hermal Control 2

= Passive thermal control

= Based on the absorp
surface finish, and the ra
determining the surface me
to the sun ( white paint, @
polished metal surface)

= Active thermal cc

= Heat pipes ensi
sources to
condensatio

= Hinged flaps .

= Electrical hea
telecommand
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Structural materials must have resistance (o
deformation and be lightweight.This are confliting
requirements.Current technigues allow about 6 % of
the satellite’s total mass only to be used for its structure
( aluminium, magensium alloys, honeycomb panels,
bonded assemblies and carbon fibre reinforced plastic
materials for solar panels, antenna towers)

= Support the on-board equipment especially during the launch
phases where the machanical stresses are higher

= Ensure correct positionnng of the equipment ( alignement of
sensors, thrust axes of thrusters, axes of antennas...)

= Allow the various separations and deployments —
= Avoid electrical charge accumulation I'TU
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Power Supply

Primary energy source

1

= Solar panel and cells (

measurement and control ,
transfer assembly )

Secondary energy sources

= Electrochemical accumulators

o Sufficient Lifetime
temperature

= Hight specific e
u Ni'Cd’Ag'Cd’
Power conditio

= Unregulated (sin
to variations in

less rellablllty)
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mechanical effects - torques
satellite.

1. Gravitational tc

These effects may

mass unless the a

with the earth loca
gravitational centre
which may be usec
rather ineficie




BN 1TSO Antenna 2

Operational ( autome

* Antenna pointing

* Solar panels pointing
« Station keeping manoeuvres
*Or consequence of propellent tan

In conclusion t
perturbations
position and

drift in lattitude
luni-solar attractic
orbital plane of &
due to the asym
on nomina '




Spin stabilization is
satellite body betwee
stiffness which maintai
equatorial plane.
Hence this simple
gyroscope, but he
toroidal pattern ante
of a de-spun ante
specific tec
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Antenna 4

Depending on the sa

= Rotating antenna platf
= Wired antenas ( monopc
o Toroidal antenna
o Electronically De-spun anten
» Stabilized ante orm ( du
= Horn antenna
o Double re
o Multibea

and with the cov
o Global, He

o SPO T
. i
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Antenna 6

INTELSATI INTELSATII INTELSAT III INTELSAT IV INTELSAT IV-A

L7
2
o "ﬁ'"'
‘ > .
¢ L)

INTELSATV INTELSAT VI




Antenna /

INTELSAT VII INTELSAT VIII

INTELSAT IX




INTELSAT

Antenna 8

WEIGHT

STABIL-

Satelite RF BW BAND POWER (Kgl ZATION LIFE WEW FEATURE
Series {MHz) (Watts) TYPE {years)
| s0 C 45 45 SPIN 15 First satellite for international telephony
Services
Il 125 C 75 45 SPIN 3 Telephony plus TV capacity.
Il 450 C 120 300 SPIN ] The first global satellite system.
v 480 C 460 720 SPIM T SCPC senvice and the RF band divided into 36
MHz transponders.
V-4 800 C h95 795 SPIN T Frequency reuse by spatial isolation
W 2200 C and Ku 175 a70 -AXES T Frequency reuse by polarization isolation, Ku-
band package and cross-strapped operation.
WA 2250 C and Ku 1475 a7o I-AXES T Frequency reuse for global beams and
steerable spot beams
Vi 3300 C and Ku 2100 1800 SPIM 10 SS-TDMA operation and Solid State Power
Amplifiers (S5PAs) as output amplifiers in
some beams.
Wil 2432 C and Ku 4000 1437 I-AXES 10.9 S5PAs in all C-band transponders; swiichable
fransponder and enhanced U/L connectivity in
Zone Beams; 12 GHz D/L capability; enhanced
Ku-Spot 2 coverage for POR
WIl-A 360 C and Ku 5000 1823 I-AXES 10.9 Linearized Traveling Wave Tube Amplifiers
(LTWTAs) and paralleled LTWTAs in Ku-band
for a high power mode; Ku- to C-band
connectivity
VIl 2550 C and Ku 5100 1587 I-AXES 10 Polarization reversal option in Ku-band;, TV
Broadcast mode in Zone Beams for a West
Quasi-Hemi coverage; flexible transponder
activation for 6 out of 10 Channels in Ku-band
APR 396 Extended 2200 1118 I-AXES 12 Linear polarization, extended C-band, higher
C EIRF
X 3456 C and Ku 8085 1900 I-AXES 13 Selectable split uplink in Global Channel 12 for

SNG; selectable split uplink in Hemi Channel 9
for DAMA. Flexible transponder activation for
12 out of 16 channels in Ku-band. Equipped
with an overdrive control for Ku-band
transponders.
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00tprint - Global, Hemi, Zona

Global

Zona

Hemi
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Iransponder 1

Electronic devices t

Amplifly signal receivec
to signal output to be sent
10 dBW what mesa

Convert the fre




ST £ ‘ransponder 2

The basic building block of any satellite
transponder.This device receives

convert them to the correct downlink

via a high power amplifier back to earth.

In the early satellite a few transponder -

250 MHz - and those used had a relative la

As the demand for circuits he design of
changed to offer more trans ach coverin
available band thus pro\ :
capability.

Intelsat IV contained 12,

MHz guard band ) wha

beacon.

To achieve the optimizat

use or spatial frequnecy

way the initial 50 Dar




ransponder frequency plan
(Intelsat VI

SBET.5
37425

37425

3EMHZ 3I6MHZ 41MHZ

41775

21MHz

14205 Ku-pand 14377.5
11155  Beacons 11577.5

T2 MHz

140425
9825




dyansponder architecture
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S

Low Noise Ampli' .
Down converter
Post converter amplifie
Input and output multiple
Switch matri ‘

Channel pc
= Driver
= QOutput stage
= Multi carrie
= HPA (TWTA

v jsponder components |

sat
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The overall performance
closely related to the chara

oscilattor.Out of band signals are
non linearities and are

and the loss of outp

= Low Noise Ampl

o Basically the lo
global noise figure
14GHz) 8dB ( 30

= Down Converter

o |ncludes mixer, fil
to7dB.
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ran sponder components 3

m Post conversion amplifie

= After frequency con\
necessary to bring signa
transmitter power stages

= Input & output multiplexer

= Determine the |
the repeater
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wan sponder components 4

Switch matrix ,

With multibeam satellite
beam interconnectivity.
command allow fora semi-
switches ( several times swit

Solid state switches
On board contr
Channel power &
Comprises one

Power ampllf
generates unde
when a non-line
carriers at freq




NOn linearity effects

Std order product

Jrd order product

camers
ﬁ

f2 2f2-f1 3f2-211
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ansponder components 5

Driver is a narrowband amplif
IMUX output to the powe

stage.

Output Stage as well as the
where output power gain and p

are achieved. The
when the input pow
the input carrier
PM conversia

monocarrier a

Nowadays outpu
wave tubes (TW
winner, because
significant impro
Increasec of0

ariations in pt
ies, turns ir




Viono-Carrier Output

Third Order

. 1dB . i Intercept
COMPRESSION , Point

PcupR

i’
/"" Third Order
IM products
level

RF OUTPUT (dB)

1 dB GAIN
COMPRESSIOpb

SATURATION OVERDRIVE

RF INPUT (dB)




OUTPUT POWER

SATURATED OUTPUT POWER WITH ONE CARRIER

Multicarrier

TRD ORDER
I\’.E%?CEPTION
>N

- G e S S G S — — ——— — . ——

SING_E
CAR=IER
MODEZ

ONE OUT OF
TwO CARRZPS

ONE OUT OF THE
THIRD OPZER
INTERMOZJLATION
PRODUCT™S

| INPUT POWER £T
| SATURATION P\ THE

| SINGLE CARRIZR MODE
-~
|

-10 -5 0 +5 aB
INPUT POWER (ONE OUT OF TWO CARRIERS)
INPUT POWER AT SATURATION WITH ONE CARRIER
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The RF wave's electric field traveling in the slow-wave structure
penetrates into the electron beam region, and causes some electrons
to accelerate and some others to decelerate producing a periodic
velocity modulation approximately in phase with the RF electric field.
The electron bunches thus formed tend to concentrate ahead of the
accelerating field and behind the decelerating ones. Because the
average velocity of the electron beam is slightly greater than that of the
RF wave, the bunches will tend to move "back" into regions where the
RF field will decelerate the electrons. As the electrons lose velocity, the
energy lost by the electrons is transferred to the RF energy in the RF
wave.This transfer of energy registers a constant gain in the amplitude
of the RF wave per unit of length.
. The wave traveling from input to output will be amplified, and the
wave traveling from output to input will not be amplifie d.

5 o



"L,v =

Va4 (=S

7 W o )

i \ N\
[ [N |
\ ' N )
I L\ )

\ @

. (s

However, in the presence of the inevitable reflections at the output and
iInput couplers, some RF energy could be reflected back towards the
input along the helix, and upon reflection from the input coupler, this
signal will represent RF feedback. All practical TWTAS have sufficient
gain for this feedback mechanism to result in self-oscillation. It is fairly
simple to interrupt this feedback path by placing RF attenuation on one
or more of the helix support rods. The attenuation Is formed by placing
a carefully controlled pattern of a resistive material on the rods prior to
their installation into the helix structure.

Pyrolytic graphite (carbon) and titanium carbide are the most
commonly used substances. The density of this attenuation pattern Is
selected to provide a very low reflection of RF energy so that any
energy reflected from the output of the TWTA Is absorbed in the
attenuation.



MICROWAVE
MICROWAVE INTERACTION

INPUT STRUCTURE
|

|
MAGNETIC ﬁbCUSING STRUCTURE

HEATER

CATHODE
f

rocus MAGNETIC FOCUSING STRUCTURE
ELECTRODE

ATTENUATOR

-6.3VDC @ 5A

-12.5TO -13.7 kV

3 Phase
Unregulated
P3S

Tkv

Regulator
300-2700V

8.0 to 8.5 kV
@ 1.5A

MICROWAVE
OUTPUT

COLLECTOR

ELECTRON
BEAM




SSPA Stage

20-WATT SSPA

P oA

-23 dBm +1.5 dBm +26.6 dBm

DRIVER SECTION MEDIUM POWER HIGH POWER
SECTION | SECTION
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Jansponder components 6

Regeneration Repee

On-board regeneratic
communications system
developing option for future .
An SS/TDMA '
performs the

of microwa\

Compared
repeater has
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* Perform lau
Additionally, any
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Operation scheme
New vision

Mizsile
Warning

¥

Cedicated

MNASA DSN

Dedicated AFSCH S0Cs Civil Dedicated
Mission Centers MAVSOC Missions Centers MASA JPL

- MO R/LDR Primary & Back-up H&S I Standard protocols and Interfaces; Common Hardw:
44— Standard Data Link Profocals & Inferfaces & Software bazed on Data Rate Requirements
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management |

LifeCycle Is specifie
survival , e.g. the
a defined period the

the same performance
Example for ca licatiol
» All the trans -

minimum as
= All TWT of 2C
18 minimum, af
In Mmost rece
achieve :
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Management 2

Factors which influe

= Fuell quantity

= N-S corrections ( sun and

= E-W corrections (earth rouc
distance)

= Satellite driftir B in Y
ascending DVE
according

= TWT dura

= Batteries du

= Assuming

in the spri
- 990/ NE
o
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Maneauvre

Spin up

Rotation maintenance
Reorientation

Apogee motor correction
Spin down

N-S maintenance direction

Tottal

E-W maintenance direction
Global position maintenance

Fuell Budget

weight (KQ)
1,5

4,3

1,2

28,5

1,4
106
11,7
12,3
166,9




Equinoxes

SPRING







yolar interference Outage

Sat




= Network Eutelsat satellite
control

| SCC - Satellite Control Center
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J@ither all presentations are
successful







