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SUMMARY

* This report covers work: carried out on pcyload.i'rdde— off studies for the UHF

mul tipurpose spacecraft. Mr, H. Werstuik of the Communications Research Centre
was the project offi\cer. o : '

-Two payload conﬁgurohons were investigated, the first a hybrxd spacecraft combmmg

UHF with twelve channels in the 4/6 GHz communications band, and the second
combining UHF w;fh five to seven channels in the 12/14 GHz space communications

_bond.

The first configuration, described in Part I, required a twelve  channel transponder
with EIRP and ground coverage compatible with ANIK so that the hybrid spacecraft
could provide a direct replacement for the ANIK spacecraft without adjustments to
the ground segment and without any degradation to the system performance In
addition, certain improvements were required, notably in provision of a redundant
batfery.' ‘ ‘
The UHF portion of the payload was required to support 80 carriers with an’ "acceptable "
level of intermodulation noise. On the uplink, the traffic included spread spectrum
multiple access (SSMA), frequency division multiple access (FDMA); as well as signals
from data retransmission platforms (DRP), and emergency position indicating radio
beacons (EPIRB). The whole UHF uplink band is translated to 4 GHz and relayed to a
communications control terminal (CCT) using one of the twelve chonnels at'4 GHz as’
a "backhaul" channel . ’

All signal p'rocessin\g, power leveling, frequency shifting and decoding is performed at
the CCT. In addition, those calls destined for the national telephone network make
connection at this location.. The return messages, fixed to mobile, are assembled at
the CCT and transmitted to the spacecraft on one of the twelve 6 GHz channels The
whole band is then translated to 300 MHz and broadcast to the ground o

Protection against mfenhonal_ lnferference has been m_corporc:fed on the UHF uplink
by providing a very large dynamic range and ALC dction so that the transponder can
neither be damaged nor saturated. On the 6 GHz uplink, protection is incorporated
by providing spatial discrimination on the uplink for the backhaul channel ’

A 5|gn|ﬁcant problem has been to develop an anfenna concepf fha’r would give the
required ground coverage with minimum degradation in 4 GHz EIRP due to the

addition of the UHF antenna and the 6 GHz receive spot’ beam. - The selected
configuration is a deployable mesh parabolic reflector with an accurate solid center
section used for the 6 GHz spot beam and the 4/6 GHz Canada wide beam. The latter
uses only a part of the solid portion of the reflector, and the feed for this beam is
directed towards the side of the aperture to minimize blockage from the feed structure.
A turnstile, with parasitic reflecting elements, is used for the UHF feed This feed
also minimizing blockage For fhe Canada wide beam.




Intermodulation noise, generated by passive metallic elements that-are normally

considered linear, was an important problem. Based on a study of the proposed
frequency plan and information obtained from industrial sources on state-0f-the-art
construction, it was concluded that the system requirements could just be met by a

- single UHF antenna with transmit and receive signals separated by a duplexer.

The trade-off studies showed that, on a 3-axis stabilized spacecraft sized at 2000 Ibs.’
for a 3914 Thor-LCelta launch veh|c|e the minimum UHF capability could be met.

The UHF eclipse capability must be reduced to about 50% while still maintaining full
capability at 4/6 GHz throughout ec||pse to meet the minimum requned UHF copablllfy
in sunlight,

The second configuration described in Part 1] substituted a number of 20 watt TWTA's
at 12/14 GHz for the 12 channels at 4/6 GHz. The 12/14 GHz traffic consists of -
four TWTA's devoted to multiple channel per carrier (MCPC) telephony plus two
TWTA's carrying single channel per carrier (SCPC) for thin route traffic. A seventh
TWTA, plus a redundant unit, is used for the UHF backhaul. The UHF transponder
for this configuration is essenhally |denhco| to fhaf conflgured for the 4/6 GHz
configuration., : '

Trade-off studies on the second configuration showed that the minimum ' UHF copcblllty |
could be met, provided the 12/14 GHz traffic is reduced along W|fh the UHF traffic
during eclnpse

A number of other studies have been carried out on the UHF multipurpose spacecraft,

A previous feasibility study on contract no. 13SR36100-4-0565 resul ted in a final report
entitled "UHF/SHF/L-Band Spacecraft Trade-Offs and Budgets". This report covers two
other payload configurations, namely a purely UHF spacecraft with one SHF backhaul
channel and a hybrid configuration comblnlng an L-bcmd copablllty compuhble with
Aerosat and Marlsot with the UHF: pdylood

Another related si'udy is the concurrent poylo_od implementation study under con‘ijrdef
no.  PL36100-4-2008. That study investigated hardware availability and implementation
problems associated with the two cdnfigurations described in this report.

"Two other related studies covered the power subsystem of the spacecraft bus under contract

no. PL36100-4-0959 and TT&C cmd TT&C ospecfs of the UHF spacecraff under confrocf
no. PL361OO 4—0969
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PART 1

UHE PLUS 4/6 GHz

_ PAYLOAD CONFIGURATION



REQUIREMENTS

Functional Requirements -

The functional requiremen’rs of the payload are to provide voice,

data, -and facsimile communications services to mobtle and

~ transportable UHF stations, and to recelve transmissions from data

retransmission platforms and emergency beacons. In addiiion, the

payload should provide communications service in the 6 and 4 GHz

common carrier band compatible in performance with that provided-
by the Telesat ANIK satellites and in accmdance with the guidelines
of Appendix A, .

~ Payload Conﬂgurafi-on

The payload should be compatible with the weighf, space, _dnd .
physical constraints imposed by a 3 axis stabllized spacecraft launched -
by a Thor Delta 3914 vehicle (2,000 lbs. in transfer orbit). The
transponder for the two services should be arranged so that one channel

- of the 6/4 GHz transponder is used as one half of a transmission path

between a mobile UHF user and one or more fixed stations normally
called Communications Control Terminals (CCT). - This configuration
takes advantage of the statistics that most of the traffic flows beiween
mobile and fixed terminals and not mobile to mobile. - It is less costly
in terms of spacecraft resources to use spectium space and RF power at

'6/4 GHz. to establish links with high performance fixed terminals rather
‘than to use relatively scarce UHF spectrum space and -RF power fo

establish such links with fixed terminals. This configuration also allows

 flexibility at the lqrge earth terminal in dealing with Jamming threats.

Coverage
The system for 6/4 GHz service should provide polarlzaﬂon, EIRP and
G/T in accordance with Appendix A and in addition should provide a spot

beam for reception at 6 GHz as profecﬂon against uplink jomming.

For calculqﬂons the iammer may be assumed to have a 30 foot dish with

| | o

" 10 KW of CW power at any frequency. .The UHF service should cover all |
“of the Canadian land mass, including as much of the Arctic islands as can |
_be seen from geosynchronous orbit slots between 114°W and 124°W.

longitude. In addition, the coastal waters between 40°W and 140°W and o
nor’rh of 49°N latttude should be covered. . ) o |



T‘ .

1.4

- 4/6 GHz Common Carrier Service

Eleven channels each 40 MHz between centers is required for this

 service. The quality of the channel should be compatible with

ANIK, The usable bandwidth per channel is nominally 36 MHz.

-~ The twelfth channel in the 4/6 GHz band 1s fo be used as a bC‘lehGUl
channel for the UHF traffic.

UHF Serv]ces

The Fo”owmg services are to be provided in the UHF band:

(i) A 15 MHz band for spread specfrum multiple access (SSMA)
, reception from mobile and transportable UHF terminals.

(i7) ~ A minimum of 15 MHz is required for frequency division
multiple access (FDMA) o and from mobile and frdnspon‘able
‘UHF ferminals,

(i) A 2 MHz band for dlreci‘ UHF/U HF commumccﬂons between
mobile and transportable UHF ferminols

(iv) "A 2 MHz band for direct SHF/S HF traffic for housekeeping
functions between di FFerenf communicaﬂons control ferminalsf

(v) A 2 MHz band for data relay plafform (DRP) |ecepﬂon _
- (401-403 N\Hz)

(vi) A 0.1 MHz band (406 -406. 1 MHz) for reception AoF

emergency posiﬂon indicaﬂng'radlo beacons (EPIRB)

_The satellite should be sized to support approximafely 80 FDMA

simultaneous voice equivalent channels of 25 KHz each on the UHF
downlink. Allowing guard bands, a minimum spacing of 50 KHz is-
required between chomnels

» Redundancy

The channel used for the UHF backhau! should have a redundant TWTA.

- No single point fatlures should exist among the transponder active -

elements. The 4/6 GHz common carrier band is protected by one of the
remaining eleven channels being unused and acting as bockup in the
event oF faflure oF one of the operating channels



1.8

1.9

~>Ec|Ipse .

The 4/6 GHz common carrier band must be maintained fully

operational during eclipse. Eclipse operation of UHF is a parameter A

of the study with values ranging from 25% to 100%. The eclipse
service should be maintained with’ 66% depth of discharge wﬁh two
out of three baHeries operaﬂonal

, Si'afion Keeping Fuel

On orbit station keeping fuel shall be budge’fed at 6 years. The tanks

shall-be maintained at the size presently used on SATCOM in
anticipation that spacecraft margin remaining af the time of launch
and/or growth In launch vehicle capability will allow the hydrazine
tanks to carry more than the budgeted 6 years fuel load. .

' Orher‘ Constraints

~_DND is likely to require some interoperability between fhe Canadian
“system and the U.S. system, This requirement is likely to be that

DND UHF ground stations should be able to operate on the U.S.
FLEETSAT system. This is to allow access to satellite communications
for DND mobiles when they are outside the coverage of the Canadian

_ system, provided such arrangements can be negotiated with the U.S.
* This requirement can be met by proper design of the mobile stations.




2.0 ©  COMMUNICATIONS PAYLOAD OPERATION -

Referring to the block diagram Figure 1-1 and ignoring for the moment -

the detalled operation of redundant chalns, the operation of the

system Is as described in the following sections. The various modes
~of operation are outlined in Table I-1 with IeFerences to Figure I 1
~and to the text.

I-2.1 6/4 GHz Operation.

‘Under normal condltions signals orlginating anywhere within the
coverage provided by the combined 6/4 GHz antenna are picked up
by the feedhorn and fed to the 6/4 GHz redundant receiver converter
(CRX1) via an orthocoupler combiner network, a switch (CSW1),
a latching clrculator, a command extractlon filter, and an input filter.
Under jamming conditions, slgnals are received from the spot beam

* feedhorn and fed fo the recelver via an attenuator (CATT13) and filter
(CFL1). The orthocoupler combiner network in conjunction with the
feedhorn array, provides 6 GHz beam shaping and part of the required

. isolation between transmit and recelve antenna ports. The command
extraction filter (CFL2) performs the feed function of attenuating the .
command signal before entering the communications receiver, and
providing an interface to the command receiver for normal on station
operation. The Input filter (CFL3) defines the passband of the
communications receiver and prevents out of band received spurious
signals from beéing retransmIHed or from degroding the performance of

‘ the receiver.’

- Following the receiver converter, the input band is separated into 12
individual channels by the Input multiplexers. Except for channel 12,

~each multiplexer filter Is followed by a fixed level adjusting attenuator, -
an isolator, and a 5-watt TWTA., The TWTA outputs are collected
together in groups of six by the output multiplexers and fed to the two
“transmit ports of the antenna. The hybrid, in conjunction with the ortho-
coupler and feedhorn array produce a shaped beclm at 4 GHz to give '
Canadian coverage : -

Two ]ammlng threat possibilities are considered: In the first, it Is
assumed that a few jammers concentrate on the channel dedicated to

UHF back haul and SHF/SHF communications. The jommers are assumed
to be in the ocean areas and their signols enter the transponder via fhe
Canada wide antenna beam. '




TABLE 1-1

SUMMARY OF SERVICES

CCR1, CFLI, CSWI

MODE _'vElenl\éniis Involved Paragraph
_ o Reference
 6/4 GHz Traffic CRX1, CPAT-11 12,1
Mobile to fixed ULNAT, UFL4, CPAT2 12,21
Fixed to mobile CRX1, UFL2, UPAT 1-2.2.2
Fixed to fixed CRX1, UFLI, CPAT2 .~ 1-2.2.2
- Moblle ta.moblle ULNA1, UFL3, UPAT 1-2.2.1
normal mode _
Mobile to mobile ) \ay, yswa, UPAT ~ 1-2.2.1
backup mode ‘ , .
UHF Inferference ~ ‘UALC2, UPN2, CPA12  1-2.2.1
" 6 GHz Interference 2.1
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1-2.1

1-2.2.

1-2.2.1

6/4 GHz Operation = Coni‘inued

To circumven’r this, the latching circulator is reversed (counferclock—' :

wise In the diagram) so that the jamming signal is passed through CFL1

which passes channel 12, and is largely absorbed by CATT13 and.
subsequently reradiated by the spot beam.

The input match of CFL1 and the isolaﬂon oF CCR'I at the jamming

frequency limit the degree of suppression of the jamming signal to about
. 25 dB. Signals from one of the CCT's enter the fransponder via the

spot beam horn and pass-in the opposite directionthrough filter CFL1
to reach the receiver. At the same time the regular channels 1-11
coming from the wide area beam are reflected by CFLY and pass back

- through CCR1 and thence to the receiver with only a small loss in

performance. A more careful evaluation of the system of telecommand
may show that the command extraction filter may better be placed

before or after CFL1 than in its preseni- location. The second possibility
assumes several jammers covering many channels so that normal operation’
is Tmpossible on any channel. = To. circumvent this, switch CSW1 is
opened so that now only signals originating within the spot beam may
reach the receiver.via CATT13 and CFLY. In this mode the aftenuator
serves to reduce the recefver sensﬁivify ond ’rhus improves its rests’rance
to overload

UHF Opercxﬂon i

Mobile to Fixed-Direction

UHF signals originating anywhere within the deflned coverage area are
recefved by the UHF antenna which Funchons as both a ’rransmi?ﬂng and
receiving antenna( 1),

From the antenna fhe received slgnals are seporafed from the transmitted -

signals by the duplexer (UDUP1) and passed via a switch to the low noise
amplifier (ULNA1). - This amplifier has enough gain so that the noise of
succeeding stages has a negligible effect on the overall noise figure. .

- The local oscillator (UL02) and mixer (UMX5) translate the incoming
_ Frequency band. downward by 72 MHz and the resulting. band 1s ampliﬂed

Note (1) (The feasibility of this approach compared to separate
' transmitting and recelving antennas depends. upon the degree .
“of non-linearity exhibited by the duplexer and other passive
components carrying high currents or operating in high field
regions of the antenna. The subject of intermodulation in
passive components Is discussed elsewhere in this report.)
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1-2.2.1

1-2.2.2

Mobile to Fixed Dlrecﬂon - Conﬂnuéd

| by the driver ampliﬂer (UDA2). The signals then pass info a3 dB -

splitter (UCPR7) which performs the dual function of combining.
redundant chalns without switching and provides two Isolated
outputs. One output passes the translated tnput specirum via a
circulator (UCR9) to a 2 MHz wide filter (UFL3) which passes the
UHFAUHF signal band directly to the UHF transmit chain and

reflects all other signals to the isolator where they are absorbed by |

a termination (UR9).. The other output of the 3 dB splitter feeds
another splitter (UCPR6) which divides the power unequally Info two
isolated outputs.  The higher level output goes through a circulator
(UCRé) and thence to a normally open switch (USW2) where the -

signals are reflected and subsequently absorbed by a termination UR7,

By ground command the switch may be closed to provide a direct path
for UHF to UHF communications for the complefe UHF spectrum.

This mode of Operoﬂon Is considered a back-up to the normol 6/4 GHz
back haul operation. The lower level output Is further reduced by an

* attenuator (UATT1) and then split Into two redundant paths by the 3 dB

coupler UCPR5. - From this point the signals pass through an isolator
(UCR7), an electricully controllable attenuator (UPN2) and then an
upconverting mixer (UMX3) which translates the UHF spectrum fo
channel 12 in the 4 GHz band by the addition of a fixed frequency
(ULO1). The signal level Is then boosted by amplifier (CDA1) and the

'5W TWTA (CPA12). The TWTA selector switch (CSW3) is followed by

a coupler (CCPR1) which samples and detects the output signal before it
is comblned with the 5 other channels in the output multiplexer (CFL9).
The detected channel 12 output is DC amplified (UALC2) and used to
conirol the variable attenuator so that the operdting power level of the
5W TWTA remains below saturation during cuﬂ'empfed [clmmlng of the
UHF up“nk ' ~ A

\leed 10 Mobile Direction

6 GHz signals or!glnoﬂng wifhln the normcll Canada covercge beam,
- or the spot beam under threat conditions, are amplified and converted

to 4 GHz channel 12 in the input muliiplexer (CFL7). Following the

“attenuator (CATT12) and the redundancy switch (CSW2), the 4 GHz

signal band is translated to the UHF transmit band tn a mixer (UMX1) by
the subtraction of the same fixed local oscillator frequency used fo
upconvert the received UHF spectrum to the 4 GHz band. The down-
converted signals then are passed to a 3 dB splitter which performs the
dual function of combining the redundant pciths and providing two isolated



|

1-2.2.2

Fixed to Mobile Direction ~ Continued

outpufé One output passes the sigﬁal band fhr0ugh a circulator
(UCR4) to a filter (UFL1) which passes a 2 MHz band containing
the SHF/SHF signals, and reflecis all other signals back through

" the isolator which are then absorbed by a termination (UR5).

The other output passes the signal band via a circulator (UCR2) to
a coupler (UCPR3) which feeds a UHF filter (UFL2). This filter

“passes the UHF FDMA transmit band and reflects all other signals

which are then absorbed by the circulators and terminations.

The output of filter UFL2 is combined with the output of UFL3
(UHF/UHF direct channels) in a coupler (UCPR4) which feeds the
UHF driver amplifier (UDA1) via a circulator (UCR3) and an .

- electrically controllable attenuator (UPN1). The outpui of the -'

driver amplifier is sampled and detected by a coupler (UCPR1)
and subsequently DC amplified by UALC1 and used to drive the

variable attenuator. 'The automatic level control thus formed

-protects the final UHF power amplifier (UPA1) from overdrive
~ elther accidentally through the normal 6 GHz uplink or by

intentional jamming through the UHF uplink. In the latter case

a switch (USW3) may be commanded open to eliminate the direct
UHF/UHF path. The regular signal path culminating in the 4 GHz
downlink is protected. from overload by the automatic level control
circuit around the TWTA as described in the mobile to fixed operation.

Following the redundancy switch (USW1) and circulaior (UCR1), the .
“high power UHF signals pass through the transmitting filter of the

duplexer to the antenna. ‘The function of the duplexer is to combine
transmit and recelve pai‘hs into a single antenna port while fsolating
transmitter and receiver. To achieve this, the fransmit filter must.
attenuate transmifter noise and intermodulation af the receive band,
well below the receiver basic noise, and the recelve filter must
attenuate the transmit band fo pro’reci‘ the low noise amplifier agalnst -
overload. T




-3.0 FREQUENCY PLAN

The requiremenfs outlined in section 1-1.0 place certain
restrictions on the frequency plan. The basic UHF frequency plan.
is shown in Figure 1-2. The UHF uplink has SSMA between 370 and
385 MHz, FDMA between 385 and 400 MHz, signals from Data ~ _
Retransmission Platforms (DRP) between 401 and 403 MHz and signals
from Emergency Position Indicahng Radio Beacons (EPIRB) between

- 406 and 406 1 MHz. This is translated by 72 MHz to the 300 MHz
region, i.e., SSMA between 298 and 313 MHz, FDMA between 313
and 328 MHz DRP between 329 and 331 MHz. dnd EPIRB between
334 and 334.1 MHz. This Is done so that cross-strapping between the

- mobile to fixed link and the fixed to mobile link can be accomplished
at the same frequency and the same power level.” A small segment of
the FDMA band, namely that between 326 and 328 MHz is assigned
to mobile to mobile service (UHF to UHF) and is coupled directly to
the UHF transmitter amplifiers provided the switch USW3 is closed. .
The remaining FDMA from 313 to 226 MHz is used for mobile to fixed
service and is routed along with the DRP and EPIRB to the communication
control terminal (CCT) via the 4 GHz transmitter. The mobile to’
mobile segment (326 to 328 MHz) is not removed from the rest of the

. spectrum and gets transmitted ot 4 GHz to the CCT. The signals from
the 6 GHz uplink.are translated, first to 4 GHz by the main 6 GHz

" receiver and then-to 300 MHz. The internal spacecraft assignments for
these signals are shown in Figure 1-2. They consist of an FDMA spectrum
from 300 to 326 MHz and an SHF to SHF segment ‘(also' FDMA)-from
331.5 to 333.5 MHz. . The SHF to SHF trdffic is coupled into the
‘spectrum routed to ’rhe 4 GHz recelver and is fiited in between the DRP
and the EPIRB segments. The UHF downlink Frequency spectrum consists
of an FDMA spectrum from 300 to 326 MHz and-the UHF-to UHF segment
from 326 to 328 MHz. The SHF to SHF segment from 331 5 to 333.5 MHz
has been removed by ’rhe internal Filtering

The routing of the varfous signal bands In ’rhe cross strapped- 300 MHz
portion of the transponder. is illustrated in Figure 1-3. - The signals that
- appear in the UHF uplink are shown along with the frequency limits after -
translation to the 300 MHz band. ~ The spectrum from the 6 GHz uplink -
and that going to the 4 GHz downlink are labelled with the frequency
limits pertaining to the 300 MHz band. The make-up of signals in the
four legs of the transponder (fwo uplink and two downlink).are illustrated
in Figure 1-3 for the case where the switch USW3 is closed. -
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Figure I-2 Tentative frequency plan in the UHF band.
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3.0

: FREQUENCY PLAN Conﬂnued

It should be noted in Figures 1-2 and -3 that the Filfer UFL2
bandwldth.is specified as 300-328 MHz to cover the full UHF

“down link frequency band. This Is done so that If a direct UHF
‘to UHF link is not required or Is jammed out, the switch USW3

can be opened and the full FDMA uplink band from 375-400 MHz
and the full downlink band from 300-328 MHz can be used for
mobile to fixed services. - The filter UFL3 Is isolated from the -
direct mobile to fixed and fixed to mobile paths even for operation
In the passband of this fllter by the use of hybrid couplers. and -
isolai'ors as comblnlng elements. .




1-4.0

1-4.1

1-4,2

UHF FILTERS

In fhelfreque”ncy band 300 to 400 MHz, freéwspoce Woyélengfh is
of the order of 35 inches. . Such a long wavelength tends to make

- the filter structures big and therefore necessitates a critical trade-~

off between electrical performance and the physical size and

‘weight,-

‘A survey of the pf'esenfly used Filfers in the frequency range under

consideration indicated the following structures.

a) “MIC Sfrucfﬁres
b)‘ ‘ Infer;—Digi’ral Structures .
] i) Q‘uorfe_rWave CbUpled
) -Combf—li_ne Structures
c) Helical R‘eﬁonafo; Filfefs .
d Codxidl—Sfr'uch;'es |

. MIC Structures

Primary advanmge of Using MIC structures is fhe reduction in size

by virtue of using low=loss substrates with high dielectric constants.
At UHF ﬁequencues however use of a substrate material like Tamtron

5038 or Ti0,, with E =60, the size of a /\/2 disc-resonator is still

s 3", whlc‘% is qui're Iarge. Further considerations of copper losses
and the basic thermal msfablll’ry of' dlelectrlc mofenals rule out MIC
sfrucfures : :

Inter-Digital (I1D) Structures "

These structures are widely used at UHF fréquehcie‘s - especially on

ground-based equipment including earth terminals for communications

satellite, A typical ID structure is shown in Figure |- 4 There are

two basic types that are. commonly used
i) Quon‘er=~Wave Coupled Filters

if) Comb—l..i'nei Filters
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4.2

1-4.3 .

4,4

Inter-Digital (D) Structures - Confinued

= “In the quarter wave coupled sfrucfures, length of each. dign‘ is
_approximately A /4 which for the present appllcoﬂon amounts fo

about 8 inches, With a ground plane spacing of between % to 17
it is readily feasible to realize unlodded Q's of the order of

1000. This is bosed on hordwore experience on filters for Earth =
sfohons°

For comb-—line structures, transmission lines or the filter digits are
capacitively loaded at the end to reduce the size fo approximately -

/8 or 4 inches, This reduction insize is achieved at the expense .
of higher losses. It is estimated that the achievoble Q with this
structure will be oround 500,

‘ Table -2 summarizes the size and weighrbfor these two types. An .

alternative weight. Is provided for both types using Graphite Fiber -
Epoxy composite (GFEC) rods. This was done on the assumption

. that use of GFEC rods only introduce a minimum of risk but resulis

in significant weight saving. Table -3 summarizes the expected
response for the various UHF filters used in the proposed system
assuming 1D structures. ‘This type is used as the baseline for this -

~study. These can readily be realized using- Invor, Al, GFEC or

some hybrid combi nation.

* Helical Reso‘na’ror.Filfer‘s

At UHF, it Is possible to realize inductances (L's) using semi=- ~lumped
structures like helices. Such a structure enclosed ‘in a capaclty can
be made to resonate at a given frequency by virtue of its L and
capacitance between the helical windings. Reasonable Q's

(500 to 1000) are achievable in moderate sizes. Thermal stability
depends upon the material and the choice of design. - This type

_is a potential design candidate, "It is somewhcn‘ difficul’r to realize
~.using Invar as the bosic moferlol

Coox Structures

This is similar to ID structures except that round-rods in enclosed spdce
are used as the resonant cavities. Coupling is achleved via slots between
these cavities. Such designs can realize Q's of 1000 or more (up to
1500) depending upon the choice of the design. These types are also
potential candidates for UHF filteri ng - especially where insertion -

loss is critical. : :
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“ TABLE -2

 WEIGHT-ESTIMA%®E = UHF FILTERS

;?; Coupled Inter-digital Filter (Qo> lKOO(‘J)q R _ ' -—’g' Coupled Comb-line Filter Qo _‘2.450) '
' o : S . ’ | of - T S I : o ,  Lot=
Parts Qty | Material and Dimension - - Lbs. {| Parts | Qty |  Material and Dimension o Lbs.

Rods | 9 Invar (hollow) .&" Dia; .050" | .89 || Rods 9 | " HollowInvar - 45
:  thick : - ‘ , C ' :
or . ' o b or- - -~ or

GFEC-.3" Dia. - | .30 || . 0 | erc . . 2

Middle | © | | : : |l Middie= | o .
Sections| 2 Aluminum - ' - .07 || Section~ |1 Al- : ' .07

Top Cover 1 . : ~' | 35 || Top Cover| 1 o o , 175

-Bottom o L |1 Bottom - b S S .
Cover | 1 o o . 1 W32 {|Cover T | " ' R Y

CSiffners) | " .05 llstiffeers - | v 03
Connectors 2 | OSM | | .065|Connectors |2 | OSM | 1 oss
' | N Co S 'Di;sc':s .fo., f 9 [nvar _ | L - 057

load - 1 or B i or
Resonators: . | . GFEC = ' ~ - -1 0I5

l
1 TOTAL I.7lbs. using Invar rods TOTAL | 1.0ibs. using Invar rods

-1 WEIGHT 1.11bs. using GFEC .rods =~ | - WEIGHT - | = 0.65lbs. using GFEC rods

Ll




1-4.5

Filter Parameters

Basic parameters of the UHF filters requlréd by the UHF trdnspondér

~ are listed inTable 1-3. The function of each filter can be obtained by
~ referring to Secﬂon [-2.0 and Figure (- 1 o

18




TABLE 1-3

EXPECTED PERFORMANCE — UHF FILTERS

Filter Type . o - Center = = Minimum Estimated Insertion Loss
- Frequency o - Required = = - No. of Sections af fo indB "
“MHz - Bandwidth _ Conpr  Assumes 4-coupled
- . MHz~ o R . Structure with a
' ' . : ' Q, = 1000

Trarsmit Filter - UDUPT ‘731»4' 8 o 9   RS
Rece'ive_ Filter - UDUPZ - .3‘88,., | A - SR 36: S 8 3 . ) .
Band-Select Filter - UFL] 3325 | " 2 | - 5 | 4.3
Band-Select Filter - UFL2 314 - R 7 s
Band-Select Filter - UFL3 7 R e 5.6

MixerFﬂi‘er—'UFL{iv;_ ‘ 316'3 - 36.1 S | ,' o 4
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1-5.0

=5,

1

| .ANTENNA SUBSYSTEM FOR THE UHF PLUS 4/¢GHz HYBRID SPACECRAFT ‘

o lntroduchon and’ Summary of Requnremenfs

The basic antenna requurement of the hybrid satellite system cupable of
providing the required service for Canadian public and military operations
can be summarized as follows:

u).

~_contour, when 6.5dBw power enters into the antenna port. Under these
~conditions, the performance in this band is {dentical to Telesat's presenf
performance wn‘h Anik satellite. :

- In the 5.925-6. 425GHz band a Cdnada wide receive beam is requn'ed
~ communicating with the same darea as defined for the 4GHz band opera-

In the 3.7-4.2GHz band, a Canada wide transmit shaped beam is =
required, covering edge located cities such as, St. John's and Dawson
by approximately 27, 5dB gcnn with an East-West polarlzed signal at

the satellite in the 109 +5° orbital slot. The antenna must have two
independent inputs for this operation to separate the 6 odd and 6 even
numbered channels by approximately 30dB isolation. The above re-
quirement is compatible with the final EIRP requirement of 34dBw at the

tion. The antenna must provide North-South polarization and all 12
channels may be received at one single terminal.. In order to make the.
performance of this beam also compatible with Anik's, the antenna must
have an edge gain of approxlmately 26dB or more, prowdmg at leas’r
—8'IdBW/m Flux densn‘y at contour,

‘ One of fhe receive ’rransponder channels in the 6GHz. Frequency band -

o
must ge conneé:fab|e to an approximately 1.6 wide spot beam directed
to 55N, 110" W. This beam must be linearly polarized with either

 N-=S or E-W polarizaﬂon and must have as low as possible sidelobe levels.

toward oceanic areas. No gain requitenients are specified for this beam,
but its beamwidth is compcmble WIH’\ a peak gain of apprommafely 40dB.

" In the 370 - 406, IMHz uplink and 300 - 328MHz downlink (300 -
406, 1MHz UHF Frequency band), a curcularly polarized antenna is .

: reqmred with approximately 19dB edge gain over Canada. The above
~gain figure represents an approximately 20~ circular cross-section beam

directed toward the Winnipeg region.. The transmit and receive opera-
tion can be.provided by en‘her one antenna with a diplexer or with two
|ndependenf antennas,
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1-5.1

[-5.2

Introduction and Summary of Requirements - Continued.

e) For the tracking, telemetry and conirol of the spacecraft, the antenna
farm must include a TTC antenna which has a down and uplink Frequency
band c:nd two modes of operaf!on in each. Frequency bcmd

" In the following, a brief description of a‘posmble antenna farm is given,

The antenna configuration assumes a three axis stabilized spacecraft, such as
the Satcom bus, which can be launched by the Delta 3914 vehicle. From the

- polnt of view of the antenna design, one of the major characteristics of the launch

vehicle is that it has an 84 inch dynamic envelope shroud diameter. Beyond
this diameter, elements of the antenna farm must be deployable. The basic
characteristic of the bus is that it has a rectangular top deck of 64 in. x 48 in.
Ideally, c:ll waveguide and tower connections must fall within this area. -

4 GHz Band Public Opercfion

This Funchon is Uhllzmg an offset Fed parabolmd reflector of 60 inch
nominal projected aperture diameter with a focdl distance between 36 in’,
and 44 in, The projected aperture diameter is achieved by using the outer
region of a circularly symmetrical paraboloid wufh 84 in. diameter and

the above stated focal lengfh

‘ The 4GHz performonce can be c:chleved if fhe uflhzed parf of the parabolond

is lllumina’red by a pcnr of horns, directed toward the center of the projected
aperture , have 4.6 in. NS and 3.2 in. EW aperture, and fed inphase through
a Magic Tee. Alternatively, the horns can be pylled away from the paraboloid

~ (axial defocussing) and can be fed through @ 90 hybrid.  For this configuration,

the EW aperture of the horn can be slightly reduced in order to increase the
fleld at the crossover of the two component beams. It may be mentioned that

- axial defocussing is effective for relatively small F/D ratios. Alternatively,

the EW dimension of the aperture can be slightly reduced for the same effect.

- Among these manipulations, only the axial defocussing does not change the
: spillover efFlclency of the antenna, buf deferiorc:ﬂon of splllover efficiency

in the latter cases is tolerably small.

The surface of the reflector. for this ope vation c':cm‘be solid or an"N-$ polarized

- grid deposited on a kevlar reflector, such as in the Satcom antenna. The

advantdage ot the second method is that it provides the. optimum size and shc:pe
reflec’ror which acts only on the 4GHz verhcally polcmzed sngnal

More than 2 horns can also be used for the 4GHz band operation. However,
such systems require more complicated feed cnrcunfs ond the performance

~ improvement Is very small.

2




5.2

1-5.3

4-GHz Band Public Operdﬂon - Conﬂnued

© Justification- for the use of 3 horns for the 4GHz operation. can be considered

only in conjunction with the 6 GHz band operation. Thls will be discussed
later. :

" Figure I-5 shows a configuration of the antenna for this operation which meets
the requirements listed in Section 1-5.1, ' Table 1-4 shows the details of the.

calculated performance. The performance calculation was based on efficiency

- factors defined relative to the directivity of the antenna. The directivity of
‘the antenna was assumed to be identical to the dlrec’rlvify of the Anik an’renna

using the same aperture size.

6GHz Band Public Operation

There are two basic differences ‘in the operations in this frequency band
relative to the 4GHz band operation. First, the center frequency is 1.56 times

‘higher, thus directivity of the component beams tend to be larger if the same’

horns ‘and reflector- aperture are used for this band. Second, the horns are

stacked in the H plane which tends to sepamte the beam centers even more,

" There are se\'/eral ’rechmques. to compensate the cbove effects. If the same horns .

are used for the 4 and 6GHz band operations, then the axial defocussing widens
the 6GHz component beam more than the 4GHz component beam on two counts:
First, the phase center of the horn is deeper in the horn for this band; second,

‘the quadratic path length error in the aperture of the pardbolmd corresponds to
larger phase error in this band because of the higher frequency. An alternative

method is to use a smaller EW dish size for this frequency band. For instance, -

" if the EW size of the dish is reduced to approximately 60/1.56 =38 in., then the -
~ E-W size of the component beam remains comparable to the 4GHz size of the

component beam dand splitting of the shaped beam can be avoided. The dish size
reduction requires the use of E-W polarized grided reflector, supporfed by ’rhe

same Kevlar- sfruc’rure as employed For the 4GHz operaflon. .

A Furfher alternative is the reduchon of the E—W horn snze, menﬂoned earlier,

In-all the above cases, the 6GHz horns are cdded inphase.

When the same hOrns are used for 4 and .6GHz, an 'or'fhogondl ‘coupler must be

included for each horn. In order to avoid excessive radius of curvature in the

_connecting (square) waveguide, these orthogonal couplers must be placed at the

throat of the horns and from there, separate waveguides come down to the top

deck (WR137 for fhe 6GHz band, half height WR229 for the 4GHz band).

It may be mentioned that an alternative, separate conflgura’rlon of horns can .

also be used to obtain.the required 6GHz performcmce. In this case, no orfhogonal
couplers are employed, the 4GHz horns are op erated in a focal point configuration

as previously, and the 6GHz horns are operated in a Cassegrdlnlan configuration.
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TABLE 14

CALCULATED ANTENINA EFFICIENCY COMPOMNENTS RELATIVE TO DIRECTIVITY O‘F.
a SHAPED BEAM AND RESULTANT EIRP FOR THE 4 Gliz' BAND OPERATION

3.72 GHz . 4.16GHz |
Anik | Proposed . Anik Proposed |
s 0.68 | 0.61 ©0.68 | 0.61
Tp 0.0 | 0.0 | 0.0 0.20
i - 0.12. 0.03 0.74 0.04
b (0.04" rms)| (0.02" rms) : R R
Ay | o0as | oas | 05 | 0.5
Ti 0.15 | 019 | 0.5 | 0.9
M scan 0.25 | 0.20 © 0.5 | o020
e 0.10 | 0.10 010 | 0.10
o Vl block - .. = | 0.15 ' - ) 0.]5.7: '
(TS 1.65 1.63 .67 | 1.64
Dy | 30.57 | 30.57 | 30,90 | 30.90
Gm . 28.92 | 28.94 29.23 | 29.26
6o | 95.47 | 3547 | s | 3644
Pa(dBw) | 74| 74 7.4 7.4
x| 05 | o5 ] 05 | 05
Poys (dBW) 69 | 6.9 69 | 6.9
EIRP\ay | 35.82 | 35.84 |- 36.13 36.16 |
ERPy | 34.32 | 3434 | 34.63 34.66
(kO0.C) | | -




[-5.3

6GHz Band Public Operation - Continved-

The Cassegrainian subreflector Is grided, orthogonal to the 4GHz polarization
and lts shape can be selected to give optimum shaped beam at 6GHz when

1lluminated by the (near field) horns. 2,3 or 4 horns can be selected for the

6GHz band in this case, resulting in considerable flexibility. The Cassegrainian =
subreflector has to be constructed as a double grid or-parallel plate system in-order
to achieve 30dB or more isolation between receive and transmit horns. Since '
the scanning properties of Cassegrainian optics are more limited than focal point
optics, the ideal pattern shape for Canada would require a 4 way -power divider and
4 horns plus the Cassegrainian grid. For exchange, 2 orthogonal couplers are .

“eliminated. Although the §GHz performance. of this sytem is slightly higher than

for the common 4/6 GHz horn based system, the added complexity may not justify
the |mprovemen‘r. However, it hasto be noted for a particular advantage of this .
conﬁgumhon boresnghﬂng of the 4 and 6GHz beams can be made |ndependenf|y

"Figure 16 shows the antenna configurcﬂion for ’rhe case when common horns are

used and the 6GHz performénce is optimized by reducing the 6GHz operfure size

- for the EW polarization employlng EW grid on'the parabolold

- Table 1-5 exhibits ’rhe details of calculafed performance using the same mei‘hod
- as in Toble I-4 . Table I-6 gives. fhe definition of i‘he symbols used. :
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" TABLE I=5

CALC ULATED ANTENNA EFFICIENCY COMPONENTS RELATIVE TO DIRECTIVITY OF
S SHAPED BEAM FOR THE 6 GHz BAND OPERATION

5.945 GHz
Anik | Proposed
Ms | 0.53 0.56
-'Ip 0.30 0.30
¢ { 02 0.07
x| o5 | oas.
o 0.20 | 0.25
'l ‘SCQn. 0.30 0.25
if"' | 00 | o0
'l block. = 0.15
R ow | 1.86 | 1.83
Dopm |os0a7 | 3017
VEGM.. 28.31 | 28.34
Go - | 39.54 | 39.54
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 TABLE 16

" DEFINITION' OF SYMBOLS

aperture efficiency

spill-over.

: phﬁse error
cross polarization,loss »
.surfdce error
‘wo'vve"guide and hom.lossss :
feed séan loss

" mismatch loss

'dp’eﬂu re blockage

. mesh loss
output of TWT cssumed to be 5. 5 W
.’mulhplexer loss -

net- powar out For mpuf into cmfenna feed sysfem

edge of cover EIRP, assumed edge gain loss is ] 5dB.

maximum gam of 100% efficient antenna -

- peak gain

maximum directivity
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-5.4

6 GHz Band Spof Beam Operation |

- For the 6GHz bcmd spot beam operahon, the full c:vcnlable 84 in,

diameter for which no deployment is necessary is utilized. Selection of .
N-S polarization has the advantage that the N-§ dimension of the

- radiating horn can be minimized, thus the horn can be moved as close =~
as possible for the already used dual horns in order to minimize boresight

direction difference. On the other band, E-W polarlzaﬂon can be
handled by an E-W grid, which does not interfere with the opfimum

" shaping of ’rhe N-S polarlzed 6GHz Canada wide baam.

~_In order to optimize the communication for the 6GH2 band public

channels E-W polarization will be assumed . in the Fo"owing,, - The spot -
bedm horn requires

60 x 3950 = g
84 8175 .

" times smaller aperture size than the optimum horn dimension for ’rhe

4GHz band operation, However, in the E plane of the horn, a further

reduction can be introduced at the expense of a slight deterioration of

spillover efficiency. Figure I-7 shows a.number of ways. the spof beam
horn can "coexisi'" with the 4/6GHz band dual horns,

_ 'Figure I- 7u shows a layou’r when @ dual horn as preViouélyvdescrlbed is

used for the 4/6GHz band public operation and a separate horn for the
6GHz spot beam. In this arrangement, the boresight of the spot beam - -

can be selecfed freely in the E-W direction but there will be dan approxi--
mately 2,55 ON-S boresight difference between the center of the spot

‘beam and the center of the 4GHz band shaped beam. That may be useful
- to reduce radiation toward the ArcticOcean, buf ofherwuse such.a sufuaiion
" may no’r be folerable. ‘

" Typically, the Canada coverage beam has its s‘yrrime’rry‘plcmé about 1,1°
* North of Calgary., Thus, a station south of Calgary - will be about 1.4~

away from the center of the spot beam. . Since the spot beam has’ approxi-

" mately .82 NS half beamwidth, a station for.such conditions will be about

?dB below the peak of the beam. That may be compensated by higher EIRP
at the ground, but the FIRP at the satellite will be highly pointing error
dependent., Thus, configurations correspondmg to Figure 1-7a require some
compensation to move or widen the beam in the direction of the North.
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6GHz Baﬁd Spot Beam Operation - VCon"rInued_ |

_ One such method Is fo split the reflector as shown in Figure 1-8 and

HIt the lower half until its focal polnt coincides with the phase center

~ of the spot beam horn, - This method reduces the peak gain of the spot
beam by an amount proportional t6 the tilt. A reasonable compromise -

is probably a 1,7 times N~S widening of the spot beam at which point.

the peak almost coincides with ‘a Calgary South station and only 2.3dB
gain is sacrificed instead of the previously occurring 9dB. Note that the
beam widening technique described above does not significantly influence
the sidelobe levels In the E-W direction. Furfhelmore, the 4/6 GHz public '

operation remamed unaffected.

Figure |-7b shows a configuration in whlch the N~ S bores:ghf error is
eliminated, but the E-W positioning freedom is lost. Also,. the inserted
diagonal horn tends to separate the 4/4 GHz beams shghfly. This effect

is practically eliminated in the configuration shown in Figure |-7c where
the spot beam horn itself is spllt and it is also reused for the 4GHz band’
operation. This arrangement is unfortunately too complicated (requires two
additional orthogonal couplers and two 4GHz power Spllffel ) und still does
not solve the E-W boresighﬂng problem, : :

The arrangement sho,Wn in Figure I-7d offers a solution for no N-S boresight

~ error, approximately right E-W. location of the spot beam and requires no
. splitting of the dish. Instead, now the added complexity is in the requn’ed

additional two power splitters at both 4 dnd 6GHz. ‘Although the spot beam

- performance is best of the four considered configurations, this system is still
. falrly complex. On that basis, the al configuration with the split dish seems to
be the best compromise. . It may be mentioned In this configuration the shape '

- of the spot beam is controllable by both the phdse and amplitude distribution

in the aperture of the 84 inch diameter reflector. The phase distribution is
introduced by "splitting" the reflector Into two and tilting its lower half relative

 _ to the upper half. "This infroduces a linear phase error and corresponding beam
" wldening toward the MNorth. - The amplitude distribution is intro duced by the
- varlation of the wire density in the edge region of the reflector. This technique
- was used-in the past to achieve sidelobe levels in the 25 to 30dB region af the
~ cost of a slighf reduction of aperture: efficiency through dish transparency. The

increased dish transparency has only second order effect on.the antenna gain
.3 to .5dB reduction), but it has primary control on the fine detail of aperture
illumination function . and, thus on the achievable sidelobe level. In the
present case, nof all sidelobes, but only those which do not fall to land areas
have to be minimized, Furthermore, the sidelobe optimization can be made for

the small frequency band corresponding to one or a few transponder bandwidths.
Table 1-7 shows the calculated efficiency and gain for the: 6GHz band spot beam

operation with circular beam cross-section. When the N~S beam widening is

introduced, the peak gain has to be reduced by -~2.3dB.
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 TABLE 1-7

CALCULATED ANTENNA EFFICIENCY COMPONENTS RELATIVE TO
100% EFFICIENT ANTENMA FOR 6 GHz SPOT BEAM OPERATION

(D=84 rh;_)

{ A 0.35
s T o
QX'. -0.10
e " 0.18
'2(11 ~0.10
L. 0.35

tn | o

l. bl_o‘ck_ | 0.10 .

"l_tdf"'.‘ 2.22

Go | - 4.6

Gm | 40.39




1-5.5

UHF Band Operutfon'

If the UHF band operation is achieved by.ovne antenna, then this device

must have +16,3% relative bandwidth around a center frequency of

-349MHz. Within this overall band, the transmit band represents +4.56%

relative bandwldth around a center frequency of 313,7MHz und a recelve .
bund of +4.48% relutlve bandwidfh around a center Frequency of 388,67MHz,

Af fhe center of fhe fransmit Frequency bund i‘he wavelengfh Is
=95.63 cm= 37.65in. Thus, the shroud diameter of 84 in. represeni‘s

-2, 25 A To- If this aperture Is utilized by a conventional tapered aperture

distribution, the 3dB beamwldth of the obtained beam will be only about .

.33°% and.the corresponding direcﬂvii‘y 15.8dB.

" In actual practice, the maximum p0551b|e gain will be-even- |ess because
of spillover and ohmic losses relative to the above directivity figure. From

this, it follows that the desired 19'dB gain cannot be achieved by an
aperture radiator which stays within the dynamic envelope of the shroud.
In order to obtain more gain efther a volume radiator or a |urger aperture
radiator must be employed

The specﬁned mlssion requwes the same circular polurlzqfion for both the -

* transmit and receive operation. The simplest possible "volume" radiator in '

this case is a single wire travelling wave helix. The diameter of such a

helix must be about .3 \ at the center Frequency “If such a helix must be

used for transmit as well as for receive, then this diameter must be provided

at 349 MHz; yielding .3 x 33.84 in. = 10, 15 in. The gain of such a helix

_increases with its length but in pracflce, it is difficult to obtain more than

" 14-15 dB gain. Furthermore, the associated ground plane diameter is

- increasing as the length of the helix increases. A more efficient utilization.
- of the used volume can be achieved if the number of windings on cylindrical -
~ surface suppor’rlng the helices is-increased. For instance, with a 4 winding

helix, a peak gain of 17 dB can be achieved using a ’ro’ral length of

: approxnmufely 3 wavelengths (101.5 in.) and « variable pitch angle, -conical

shaped ground plate for maximum gain and optimum sidelobe level. Such
a helix can be mounted in the middle of the spacecraft top deck (84 in.

- reflector) and would produce a practically axially symmetrical beam down to

the 12 dB point of the bedm, a sidelobe level in the order of 18 dB and an axial
ratio of better than .25 dB within the 3 dB contour of the beam. The 3 dB
beamwidth of such an antenna is about 29°. The disadvantage of this device

is that 1t would block the radiation of the 4 and 6 GHz horns and would require

“an axlal deployment mechanism;, capable not only for the 101.5 in. extension

but also to maintain the delicate varicble pitch angle geometry. These ‘
difficulties already rule out such a device, but its length would cause further
difficulties on account of the shadow, whlch the helix causes on the solar -

: panels
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UHF Band O'perof.ion ~ Continued

The above difficulties can be reduced and the goin increased if rﬁore

than one helix element is used in an array, With two elements on the
East and West side of the 84 in. diameter reflector 3 dB additional gain
can be achieved and the rf blockage can be eliminated, Furthermore,
the sun blockage can also be eliminated if the begmnmg of the solar
panel is not closer than 60 in. from the center of the spacecsaft, (This
is compatible with the present Satcom solar panel configuration). “The
trouble with this configuration is that its coverage is elliptical in the -
wrong direction (EW) and it requires not only an axial deployment but
also a sideway deployment and the deployment must cover not only the

“ very long helices but also their very large conical ground plates. Even

under these conditions, the shape of the ground plates will not be ideal

~ unless they penetrdte into the cylindrical space represented by the -
- contour of the 84 in, diameter reflector. Although the interference:

between the UHF and 4/6 GHz band antennas can be minimized by using
a very thin ground cone; some blockage will occur,

To reduce the complexify of the helix to be deployed, their size can be
reduced and their number increased. This generally increases the total
weight and present additional packaging problems but the gain can be
slightly increased. Three or four element arrays can be visualized, but
due to symmetry considerations and interference with the solar ponels,

~probably only 4 element array is worth further consideration, Such an

array can produce 23 dB-galn if helix length and ground cone size is
not limited. -Forthe present case, an N=4 element array with w=2 wind-

©ings, f/)\T— 2,7(10165 in.) element length, l/)\ o—'l 21 (71.91 in.)

element spacing d//\ = 1.69 (63.62 in.) ground cone diameter can
be considered which yleolds a peak gain of 19. 75 dB.  This ground. plcfe

'size is still too large. * A reduction to q//\ To =1 (37.65 in.) results in

a peak gain of 19 dBo

o Elecfrically, the above described array is.an occepfoble soluhon, It is

exhibited in Figure 1-9, 1t has i‘he odvon’roge of an axial symmeirical
‘beam with a 3 dB beamwtdth of 20°; an axial ratio of bet’rer than .5 dB

. and o rf blockage on the main reflec’ror.,

Mechanica”y, the obove arrangement can be reolized th consnderable

difficulties. The helices must be sideways as well as axially deployed, in-

cluding their ground cones. The beginning of the solar panel must be

~ further than about 100 Tn. from the center of the spacecraft. ‘In order to
.make the welght of the deployed helices tolerable, their lowest resonant
~ frequency falls below 1 Hz and may have some effect on station keeping

operoﬂons o
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"Fig.I-9  Layout of an UHF antenna using a quad helix array.
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I-5.5

UHF Band Operation —Gonﬂnued

A completely differenf alternate to provide 19 dB UHF Frequency band _ |

gain is based on the use of extending the already provided 84 in, dia~

meter paraboloid. Assuming that the basic paraboloid Is extended by

a mesh or wire surfaced paraboloid which is focal point fed by a CP
turnstile feed, a gain in the order of 19 dB can be achieved with
relatively smoll mechanical difficulty. Table 1-8 shows the efficiency,

. gain and beamwidth characteristics for 144 in. and 156 in. diemeter .

extensions. In the IaHer case, the maximum gain is 19.49 dB with a
beamwldth of 21.8°. Assuming that a Canada coverage requires an 8
wide EW beam, the edge.gcin for this condition will be 19,09 dB -

' (See Table i-8).

'This antenna has a very small interference to the calculated petformance
- of the 446 GHz antennas, through some blockage, but this interference

is fairly small. [t is assumed that the antenna is fed by a four element
turnstile, quadrature Fed to obtain circular polarization and two such
turnstiles are used in 90° endfire condition feeding its beam toward the
reflector. (See Figure 1-10). The complete configuration is shown in-
Figure I=11. Notice that the dish now also has to have vertical wires

" but their separation corresponds to the UHF band (about 2 in.), thus

they prucficu“y do not reflecf fhe 6 GHz bond signals

In an integruted desugn the focal distance oF fhe porobol Old reFlecl'or
has to be selected in-such a manner that the depth of the deployed dish -
Is not excessively large. For a very deep paraboloid, the surface of the

reflector and its weight are relatively large compared to the aperture

area. At the same time, the directivity of the tumstile feed is not very
large, thus a fairly lorge aperture angle Is desirable. The selected focal -
distancé of approximately 40 in. results in an angle slightly below 90°,
which is a good compromise. That requires a. feed tower of slightly larger
than 40 in., which must support the turnstile elements forming o 16 2 in,
x.16.2 in, cross-section, 8. 12 in. hlgh box. -

When I'he outer part of the ref|eci’or is folded, it must |ec1ve ’rhe msnde
22.8 in. diameter space unobstructed for the furnshle feed, 4/6 GHz
band horns, orthogonal couplers, five connecting wave guides and their
supporting structure. The projected length of the hinged support elements

~ at the circumference of the reflector is 36.in., even for the 156 in. deployed

diameter case, thus these elements can be comfortably folded to the tower
without covering its top, where the TTC antenna must be situated.

37



~ TABLE 1-8

CALCULATED ANTENNA EFFICIENCY COMPON ENTS OF TURNSTILE FED

PARABOLOID FOR UHF OPERATION

Pa‘rabolo'ild : - 144 in. 156 in.
A 170w .80 dB
S 0.19 dB o‘.l‘s_' dB
p 0.05 dé‘ 10.05dB
A ‘(0.25'". .rn'ns)i- 10.03d8 | 0.03dB.
» (mesh loss) 'f. 0.08 db o.o.é’ dB :‘
bl - - 0.03 @ | o.02ds
n 0.15dB 015 B
. 10.10dB 'o;yo b
et 2.33d8 | 2.41dB
Go 21.21d8 " 21.90 dB
| GM | ‘18.8"8 & 19,49 dB
©3an ZISOV s
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Fig. 1-10 Layout of the: turnshle feed for parabolond reflector type

UHF antenna.
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T-11 Overoll conflgurcmon of the antenha sysfem usmg deploycbl(.
pcrcbolmd for UHF operohon
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1-5.7

1-5.8

is used, which remains independent of other antenna functions.

~ Earth Sensors”

“TTC Antenna

The TTC antenna is selected identical to the SATCOM satell‘i"fe.  This

~_antenna is the combination of a resonant biconical helix for the spinning

mode operation cmd an endfire resonant helix for fhe on—-staﬂon cardioid .
pc:ffern operqtion . '

*This antenna is quite §md|‘ for the 4/6 GHz bdndoperaﬂ.ohﬁ and can be

mounted on top of the feed supporting tower. It remains unobstructed
during the spinning mode since the folded reflector ribs do not reach that
height. After the satellite is in station, the endfire mode of the antenna

A pair of redundant earth sensors have to be integrated with the antenna
farm. These will be mounted on small pedestals on the top deck of the
satellite, close to the South edge of the spacecraft. ' They will be raised
close to fhe surface of the paraboloid so that their clear field of view .
requires only small holes (approximately 3 in. dlamefer) in the surface of -
the reflector. These holes have negligible effect on the overall performance

of the antenna.

‘-O'vervqll _Confi'gur‘clﬁoﬁ.and Weighf :

Flgure 1-12 shows fhe overall mechdnlcal conﬁgurahon of fhe dnfennd

. system using fhe deplquble parabol oid antenna.

Table =9 gives a prelimmary WEIghi' budgef assocmfed wifh fhese
: A“elements ‘ :
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. .Fig. 1-12 Mechanical layout of the antenna system using deployable
paraboloid. - .




TABLE -9

PRELIMINARY- WEIGHT BUDGET FOR UHF/4 & 6 GH-
ANTENNA SYSTEM

_Feed System & Wiring .

‘Sub Total (2) R ST - 21.3

4 & 6 GH -Subsysfem:. | o Lbs.

Main Reflector | 18

Support Tower & Bracket o 10
- Feed Horns 2-

Waveguldes (3 X WRI37 + 2 X WR229%H) é

Orthro-Couplers (2 Off) 2

Underdeck Components & W/G 6

Thermal Hardware 3 -

Sub Total (1) B 47

UHF (1st Alternative) . ‘ ) _ | . _ - A Lbs.
Extendible Booms (8 OFf) 5 Total (1 &2) .  68.3
. Reflecting Mesh (17,600 in2)" . 6.3 - - 10% Contingency 6.8

2 & Hardware
Support Brackets at Tower - o 2 -
Springs, Hinges, & Shock Absorbers, o3
Pyrotechnics Conirols & Strings .3

Grcmd Tofal (1 &2y 75.1

Total (1 &3 84
10% Contingency 8.4
& Hardware - C

e Grand Total (1 &3) 92.4
UHF (2nd Alternative) N . o .

Extendible Booms for Radial Déployfﬁ'erif (4 OFF.)-

- Supporting Structure (TRW Type) (4 Off) 1
_ Coax Runs and/or Wiring

4

6
. o2
Ground Plates (4 Off 30" Dia.) 4
Support Brackets for Stowed Position (4 OFF) 2
Spring, Hinges, and Shock Absorbers - 2
Pyrotechnics, Controls & Strings 3
Radiating Elements (4. Off) 4

swbTotl (3 . 37
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6.0

' INTERMODULATION PRODUCTS GENERATED IN "LINEAR" COMPONENTS

- It has been the experience for other UHF spacecrdff that mfermoduloﬂon
- (hereinafter abbreviated to IM) products are generated by the multicarrier
- output spectrum in the receive band due to spacecraft hardware whenever there:

is a metal to metal contact that has not been solidly welded together. Though
the process is not properly understood, it appears to be due to moisture and .
other confaminants entering the contact area ‘and changing the ‘metal to metal
contact into a weakly rectifying junction. Other causes that have been

. observed are nonlinear materials, oxide layers and corrosion.

Spacecraff carrying UHF transponders are prone to this pheno'mencmdbe-

- cause of the very high gain within the transponder. Transponders for the

4/6 GHz band generally have gains of only about 100 dB whereas UHF
transponder gains are in the 140 - 150 dB range. This extra gain internal
to the spacecraft means that IM in the UHF transponder must be suppressed

an extra 40 50 dB below i'hcf in a sfc:ndard 4/6 GHz frdnSpondel o

Informclﬁon* was obrained on the IM problems experienced in two previous

_spacecraft; LES~6 built by Lincoln Labs and clrecdy in orbif cmd FLTSATCOM

presently under. constryction by TRW. -

The lowesf order. IM producr appearlng in the receive bdnd of LES 6.was the

19th. This is a very high order but gave trouble because of spring fingers
used to connect the front-and back surfaces of the cavity backed. slots-

used as radiating elements. Theyhad great difficulty on.the ground =~
keeping the IM generated by these spring contacts down to an acceptable

~_level. However, when the satellite was Inorbit, the IM disappeared
within 5 minutes after the transponder was turned on. Thus it required”

a combination of vacuum and power: to clean up fhe coni'acts and make

_fhem fruly linear.

‘In the case oF FLTSATCOM the transmit and receive bands are closez

enough so that even the 3rd order IM products can appear in the receive
band. The main problem units are those that are subjected to high field -
strengths, namely the duplexer, coaxial connectors, the feed and thermal

- ‘blankets:around the feed. The mesh reflector is fully welded at every
- contact and glves no problem. In addition it shields the spacecraft from:

the UHF radiation and prevents IM generation in bolted points on the

spacecraft body.. Also, in the multicarrier situation it has been observed
by TRW that indivldual IM products decreased compared to the two=tone
case. - S :

* Private communicaﬂon from Mr. Berg of Llncoln Labs, Lexmgfon Mass.,
and Mr. Becker of TRW, Redondo Beach, Calif.




1<6.0

INTERMODULATION PRODUCTS GENERATED IN "LINEAR" CON\PONENTS

~Continued

;'TRW’ were not able to-build a duplexer with sufficient Iinéurif);_ to -meet their

requirements and had to add a separate receive antenna to isolate the recelver

~from the transmitter IM.

For the UHF Mulfipurpose spacecraft it is necessary to establish if a dublexer

can be utilized or if the IM Issuch that separate antennas will be required.

" From TRW it is determined that a state~of~the-art duplexer will generate

IM 160 dB below each of two 40 watt carriers, that is, the IM level is

- =144 dBW. . It was also determined that in the worst case, when the carrier

level was changed, the C/1 may change one dB per dB rather than the
expected 2 dB per dB. " Thus at the one watt power level the C/I ratio
becomes, at a minimum, 176 dB and the IM level =176 dBW. . In addition
the IM level would become -186 dBW for 5’rh order and ~196 dBW for 7fh
order etc.

The above numbers are expecfed levels for two~tone’ tesfs. For multicarrier
operation it Is necessary fo determine the Increase in'IM level from the
single IM product level, The actual situation expecfed in the UHF multi=-

~ purpose spacecraft is illustrated in Figure I-13. - It is seen that for low power

channels.the 7th order is the lowest order in the FDMA segment of spectrum
while 5th order Isthe lowest order in the SSMA frequency band. “In addition,
if the high power channels are located in the centre of the band (beiween :
314 and 316 for example), the lowest IM products generated by high power
channels are 11th and 9fh orders in the FDMA ond SSMA receive bcmds

respecfive|y°

- For equclly spcced carriers the IM produci's appear at equally spcced locations
- but the number of IM products increases from one for the product furthest -
- away in frequency ‘of a given order (i.e. at 412:MHz for 7th order), to the
“number of products that occur at the middle of the band. This number has
" been estimated by counting the number of products appearing in the Flrs’r

5 frequency positions (beginning at 412 MHz for 7th order for example) - -

 and then generating an infinite series on that basis. . The series (written
~ in APL) and the resulting sequence of the first 30 numbers is as follows:

: +\1,N+ 7140, H+130 o o .
4 2 5 10 17 26 37 50 65 82 101 122 145
© . 170 197 226 257 290 325 . 362 401 442
‘485 530 577 626 677. 730 .785 - 842 901

- .45




- HIGH POWER CHANNELS
/- ©314-316 .

FOMA OV ' o o SSMA ~ FDMA DRP * EPIRB

) .= — I3 |
L R | |- i TR o | !

300 S o 350 . i S 400
LOW POWER INTERMOD ' T , o : ,

FDMA

,! , I _ , -
LOWPOWER INTERMOD .. - . . 36MHz ’ : 1. 384MHz o 412 MHz -
a L : - . : 3rd ORDER . 5th ORDER o 7th ORDER.
. LIMIT -~ LIMIT. T LMIT .
HIGH POWER O _ o ,
INTERMOD 314 - o328 . 342MHz 3% MHz - 370MHz 384 MHz 398 MHz
: E - 3)d ORDER . 5th.ORDER 7th ORDER " Sth ORDER " 11th ORDER
LIMIT LT - LIMIT - LiMIT CLMIT
300 - ' 316 : 332 MHz - .383MHz .. 364MHz . 380 MHz 396 MHz , 412 MHz
HIGH POWER - - - 3rd ORDER 5th ORDER . 7th ORDER. - 9th ORDER 11th ORDER - 13th ORDER
INTERMOD o LT R LIMIT - - LiMT LIMIT : LIMIT

" Figure 1-13 Frequency rangé of passive intermodulation 'produ'cfs,.up to the 13th ofder .
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|-6.0M_ - INTERMODULATION PRODUCTS GENERATED IN "LINEAR" CON\PONENTS
: —Conﬂnued

The number oF products generated by this series is high, because the series
does not level out as the middle of the band Is reached. -However, some of the
products have a higher power level than the product measured with a two-
“tone test. For this reason the numbers generated by the sequence and used

as multipliers are fheughf to-give o reasonable represenfahon of the multicarrier
M level : ’- ,

On fhe basls of the above: sequence the multicarrier IM levels at varlous
frequencies and condition are listed in table 1-10. As an example the IM
level for 5th.order, 20 tones is calculated from the 1 watt 2 tone 5th order
IM level-of-186 dBW by applying the appropriate multiplier from the above
sequence. The appropriate multiplier Is determined by reference to
Figure 1-13. At 385 MHz the fifth order does not' occur and the tenth
~ equispaced Interval (1.5 MHz each) occurs at 370 MHz. At the tenth
location the multiplier is 82 = 19 dB which increases the IM level to -
~167 dBW. These levels are considered to be conservative estimates in that
the true levels are expected to be lower.than those given, In all cases
the IM level is below the uplink thermal noise level of <157 dBW in a
25 kHz bandwidth. An additional IM margin occurs because the carriers”
are not equally spaced as assumed here. - When the carrlers are randomly
spaced the average improvement is equal to the ratio of-utilized to
~occupled bandwidth. - In the present instance elghfy carriers of 25 kHz
each utilize 2 MHz but are spread over a total bandwidth of 28 MHz
" aratio of 11.5dB. While, this is the average improvement the worst
channel wlll be considerably poorer with an improvement that may not -+
exceed 6 dB. Considering all these factors the single antenna approach -
- is consldered to be feasible and Is the approach that has been adopted in .
‘this report. In the parallel implementation study the Implications of this -
. ‘approach as far as technical risk and schedule are concerned will be
~ examined. : :




TABLE I-10

ESTIMATED INTERMODULATION LEVELS IN THE RECEIVE BAND DUE TO PASSIVE ELEMENTS

40 watts

10w

1 watt

single
product

- 370

385
MHz

single
product -

370
MHz

385

{1 (2 tone)

3rd

|1 (2 tone)

5th

| (2 tone)
7th

1 (2 foné) |

9th

I (2 tone)
T1th

| (20 tone)

Zth
| (4 tone)"
9th

| (4 tone)
11th

| (20 J‘obné‘)._, -
5th - |

[-144dBW

4.—1‘56d_BW

-186dBW

~196dBW.

~166dBW

| ~166dBW

~176dBW

[-176dBw |
| -186dBW

1-196d8w |

o -167amw

{=167dBW

MHz

~170dBW
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1-7.0

 WEIGHT AND POWER BUDGETS

' The welght and power budgef shown in table 1-11 is based on the block

diagram of figure I-1. The total welght for the fransponder excluding

- the HPA is 46,3 lbs, To this is added 75.1 lbs. for the antenna complex
- and 87 lbs for one half of the SATCOM transponder weight. To bring the

total to 208.4 lbs.* These weights are based on actual SATCOM welghts
for the 4/6 GHz components and upon catalogue data as well as dilecf
contact with suppliers wherever posslble for the UHF components. ‘

x This welghf would be Tncreased by an esflmafed 9.5 Ibs if a separare

redundant spot beam recelver were . considered necessary to saﬂsfy
rhe mission requiremenrs. :
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Table =11

‘ UHF/SHF WEIG HT BREAKDOWN

" A. UHF COMPONENTS

UNIT

UDUP1 - UHF Duplexer
USW1, 4 - UHF Switch
ULNAT, 2. - UHF LNA
UMX 5, 6 - UHF/UHF Mixer -
ULO 2, 4 - UHF/UHF L.O.
UDA 2, 4 - UHF Driver Ampl.
UDA1, 3 - UHF Driver Ampl.
UCPR 2 to 7 - UHF 3dB Hybrid
UFL1 to 4 - UHF Filter

UCR 2 to 10 - UHF Isolator
USW 2, 3' - UHF FE Switch ~
UPNT1 to 4 - UHF Pin Diode Atten.

Nt N e N

UALC 1 to 4 - UHF Pin Diode Level Control ) :

UCPR 1, 8 - UHF Coupler
UPAT, 2 UHF Power Ampl:

UCR1 - UHF Output Isolafor/Termmahon -

UATT1 = UHF Atten.

UMX 1 to 4 - UHF/SHF Mixer :
“ULO 1 = UHF/SHF L.O. (redundant)
"UR2to 12 - UH_F Termmahon :

PT & C Unit

Coax Plumbing

Wiring Harness*

Brackets & Hardware
RF1 Enclosure: & Hardware

B

CSW1 - .6 GHz Switch
CCR1 - 6 GHz Circulator
CFLT - -6 GHz Filter

CSW2,3 . 4 GHz Switch
CDA1,2 4 GHz Ampl.
CPA13 - - 4 GHz TWTA (spare)
CCPR1 4 GHz Coupler
CATT 12,13 Atten.

CR . 4 GH=z Termmdhon

" TOTAL (excluding UHF -Power Amplifier)

Number

2 o

SN e e e N = = N R N0 R ON

SHF COMPONENTS.

Weight (oz).

- Margin (10%)

Antenna Complex

3 SATCOM

- Per Unit. Total =~ Power (Watts)
36 36
8 16
30 .. 60 1.
8 - 16 10
.2 12 ‘
18 72
2.5 20
2.5 5
48
Subject to tradeoff
- .25.6 - 25.6
- 0.25 0 0.25
- 8. 32
33 . .33 3.
0.25 3.3 -
80 80 3
48 S48 ’
6 6
24 - 24
14 28
12 .. 12
12 12
8 8
7 14
- 3 6 - 1
. .56 56 . :
2 2
0.25 . 0.5
0.25 _‘_QLZS L
 Sub-Total 673 oz :
= 421 10b - 30
4.2
75.1
121.4 lbs. - 30
87.0 209 .
208.4'Tbs. 239 Watts
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1-8.0

-8.1

1-8.2

' TRADE-OFF CALCULATIONS

General

' The objective of the frqde-éff studies is to fu”y utilize the available

capacity of the RCA SATCOM Bus which is sized for the 2000 Ik

launch capdblhfy of the 3914 launch vehicle. The payload related

weight is determined from the SATCOM weight budgets including that
porfion of the battery and the solar array which is proportional to power
andis used to power the payload. This total payload weight (Wp) may
then be divided up as desired between array, battery, antenna and

‘transponder hardware . 'The variable, used to bring the payload weight

up to maximum, has been taken as the UHF capacity in terms of fhe

_number of. simulfcmeous carriers at 18 dBW each

The payload weight can be divided into a fixed porfioh and a portion

which.is proportional to power namely, the array, battery and the UHF

power amplifier. These: latter are represented by a total weight coefficient
Ky (Ibs/watt) for the purposes of calculation. The contributions to KT

‘~musf be weighted by the fraction of power used by the UHF: power-amplifier

in the case of its coefficient and by the fractiondl eclipse load in the case

~ of the bqftery In addition, the array can supply more power when charging
current is not required, Thus slightly different array coefficients are used

for fhe fracﬂonal ecllpse pOWer than For ‘rhe remamcler of the array power

‘The UHF capacnfy depends upon fhe antenna gain, the transmlh‘er efﬁcnency

and the eclipse capability as well as the weight available to provide
transmitter power. The capacity depends upon-the efficiency in two ways:

“a) in p’rovidinQ RF power proportional to the efficiency for fixed prime

power and b) in providing more weight for prime power with higher

‘ efflmency because the.transmitter weight depends upon power dlSSlpahon

rather than el’rher RF or DC power.

| ‘Welghf Coefflcienfs-»

.. The weighf and power speciflcahc')n.s of the battery, solar array and the .
.. UHF power amplifier have been examined to determine the coefficients
“that are niost appropriate for use with the SATCOM bus as modified by

the requirements outlined in Section 1-1.0. As a basis for establishing :

- the magnitude of the coefficients the data will be used as ‘presented in-

the RCA proposal , dated December 12, 1974, t6 Telesat for a 24 Channel

Spacecraft., Specifically the data of Table 2 .6-2, 2,6=1, and 2.1-3 will

be-utilized. . These are reproduced here as Table | 12, |- 13 and |- ]4

'lespecﬂvely
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. TABLE I-12.

POWER SUBSYSTEM COMPONENT SUMMARY t
(From 24 Channel Proposal) -

Component

Key Features”

Elsotrioal Parhmetars

Physios] Data

Solar Array

Single-axis aun orlentation
-160° C to +55° C temp, range .
toitiel max, power: 850 watts @ 35.5 voits

* Min, power @ 7 years: 655 watts € 35, § voits

" 8360 2 x 4 cm N-on-P 1 02 om cells

88 parallel strings of 95 saries cells
12~mil fused silicon cover glass
Diode 1sclation batween olrouits-

>
© Total ares - 8%laquare feet

Total waight - 70 pounds

0. 25 inch honsycomb substrate

Deni's tali particles) 4 x 1014 for 1. vr life

. Trapped oleotron and protons - NASA SP 3024
Solar flare protons - Comsat CL-0-69

Solar Array Drive

.Gearless dc molor drive

Clock rate controlled servo
Array velocity apeed trim

24 Power slip rings - rated 10.3 amperes
7 Signai slip rings - rated 3, 0 amperes
4 Brushes on power slip ring -

2 Brushas on slgnal slip ring

‘Electronios Weight:

Drive Asgambly Weightt 11,2 Ib
5.6 1b
Power: 111w .

e «

0 to +10° C temp, range:
Reconditioning cycle prior to ecilpse

15.3 ampare-bour cells

. 59% max. discharge with 22 TWTAs

Solar Array Deployment Deployment energy: torsion springs 8quib firing Wolght - 8.4 pounds
Rotary hydraullc dampor
G~polint aupport during launch
Redundant rejoase squibs
tinttery 3 nickel-cndmium batterles 45.9 amp hour total capacity Sixa - 12.2x 6.3 x 5.6 Inches.

Total woight - 99.8 pounda

.2 modulos per battery

11 colls per .moduie

Iower Supply Eloctronics

Essential and non-essential buses
Over-current detectlon

Funsed outputs

Battery rncondll!onlnz circults

+24, 5 to +35. 8 volt rangs, both buses

+24. 5 to +29 volta during oclipee
Withstand 100% overload before operation’
Dischsrge sach cell to 0,05 voit, thon fully’

oharge at C/10 rate during battery reconditioning’

" Slze - 11 x 7,9 x 7.6 inches

Total weight - 13,1 pounds

Charge Regulator

3 primary regulators

3 backup regulators

C/60: 0.38 0,05 amp/batt, - during 100% sun

C/20: 0.7 + 0, 5 amp/batt, - durlng eclipse season
*C/10t 1,4 + 0,10 Imp/b‘ﬁ.

ing cyole

during recondition~

‘ Looatcd in t\m yower uupply elec- '

tronios

Shunt Controt

Redundant ‘shunt controlier amplifiers with
redundant failure detectors for each awp.

 Distrlbuted dissipators

Automntlc switchover to standhy unlt

Limits ioad bua to +35.0 ¢+ 0,5 voits
30 shurt transistors .
S parallsl transistors por shunt section .

"Amplifiers and detectors located In the -

power supply electronico

. Dlnlp-tor wtal weight - 2,8 pounds

Llectrical Narness

. belocted wire redundanoy
. Redundant return lines,

Sepante redundant pyrotechnio lines
Separated grounds

Nlltod power wirlng

" Shislded twisted wiring - cmd, slgnal lines 50-500
© kHz .

Coaxial cables 500 kHz
Shielded twisted pyrotechnic lines
Single Point Star Ground

Total walgm 34.5 pounds .
\‘Ilro olza - AWG *26 mln. AWG (318
max

Total Weight:

llarnegs |

Power System.208.5 lha

34.5 lbe




TABLE I1-13

"OPERATIONAL ORBIT POWER REQUIREMENTS.

(From 24 Channel Proposal)

" End 6f 7 Year’si

Solstice Equinox .
Subsystems Winter Summer | - Day Eclipse -
Transponders 1503.6 watts | 503.6 watts | 503.6 watts | 503.6 wats
(RCVR +22 TWTAs) » o - |
Comrﬁqnd, Ranging, & 17.4 watts 17.4 watts ‘17.4 watts 17.4 watts|
‘| Telemetry S : BN C
Attitude Control & 16.1watts | 16.1watts | 13.6watts | 13.6'watts
|Propulsion ‘ . ' L
Power 56.3%watts | 56.3%atts | 101.3Watts | 32.4 watts|
Thermal 54.0 watts | 26.6watts | 54.0 watts | 23.0 watts| -
Harness 11.5 watts | 11,5 watts 1 Swatts | 11.5 watts
TOTAL 6586 watts | 631.5 watts | 701.4 watts | 601.5 watts
TOTAL FOR.24 TWTAs  [706.7 watts | 676.3 watts .| 749.2 watts | 648.4 watts|

+ Includes Trick’le Charge

++ Includes Charging at C/20 Rate




,_ TABLE I-14

"WEIGHT AND POWER SUMMARY
. (From 24 Channel Proposal) =

. _ : Wefgﬁf o ._Avg.iPower
~ Subsystem . (b  (watts)
Structure o _ - 100.3 o e
| Thermﬁl Control | ) 17.7:'" | 23 - 54
Propulsion_ (RCS) 392 0.6
Power S 208.5  32-56
' Attitude Control 57916
| Command, Ranging, and = 2>8.3 - 17.4
_Teleme’fry( : : T S
Harness. B ' ) - 34.5 1.5
" Communications - I . e
Transponders . - 183.5 . 503.6
~ Antennas 549 . -
Apogee Motor Case . .. .62.2. Ce

Bcldncé .Birc‘:ckefs‘ and Misc. . ]8.6.

Spocecraff Mcrgin o 1 25.0.

Tofcl S/C Dry Welghf - 830.6

Reqcfion.Confrol Propellanf - 190.0
Apogee Motor Expendables : 904.4

Lc:unchb. Vehicle Adapter = 75 .0

Total Transfer Orbit Weight 2000.0

Comments -
- 5% of transfer orbit weight.

" Heater power varies with:

season

Pressure transducer power.

11.1 watts réq vired for
‘array drive. Power system
- - losses and shunt dissipation

vary with foad, life, and I

. SEOSOI'I

Addlhoncl 12 watts for gyro.

| durlng sfchonkeepmg only.

48 watts fofcd in fransfer

: orblf

o chlebhmic,loss".

22 channe.l s; 547, 8 watts for

: 24 chunnels early in llfe.
' Includes CR&T anfennas

'Cc:se sazed for 2190~|b

frqnsfer weight.

6 yecr sfahonkeepmg capablhiy. ‘

MCD-D 3721A wnfh Te|emefry

Package .

Delta 3914
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1-8.2

Weight Coefficients - Continued

In Table 1-12, the solar array, the power sucply eléci'ronics, and the
shunt control have been identified as the power dependent parts of the'

solar.array, making the total solar array weight equal to 85.4 lbs, The

total battery weight is only the battery at 99.8 lbs. as very little.

electronics is associated. with the batteries. The’ remaining ftems’in
Table 1-12 are considered fixed so that the total power dependent portion

of the power subsystem is 85.4 + 99.8.= 185.2 lbs. From Table 1-14 the

* total payload related weight can be obtained-as the transponder at 183.5 lbs.
~ plus the antenna at 54.9 Ibs. plus the portion of the 185.2 Ibs, of the power -
- subsystem that is used by the payload. This fraction is obtained From the

summer solstice conditions in Tab|e I-13 as 185.2 x 503. 6% 631.5 =148 Ibs,

‘In addition the Table 1-14 shows a 63 year station keeplng fuel budget.

To meet the present requirements this must be reduced by % year to 6 years at
“the rate of 19.2 Ibs/year. This extra weight is then available for payload.
“The total payload weight then becomes 396 Ibs.* using the SATCOM bus and -

the requirements of the present mission. This assumes there is no effect of -

the payload on the SATCOM Bus. Some contingency is carried in the spacecraft

margin of 25 Ibs, listed in Table I-14 cmd re‘ramed |mp||cifly in fhe weighf ‘

oefficlenfs used in this sfudy

The power available from three batteries wnfh a tofal welghf of 99 8 lbs

can also be calculated using the data of Tables 1~12 and 1-13 and some
additional data on cell vol tage. versus fractional discharge. This is done
(Table 1-15) for two cases as a comparison,, for'all three batteries discharged
to 59% and for two of the three batteries carrying the load fo a depth of

‘discharge of 66%. The second is required by fhe preseni- mission giving a

bcifery coefficient of .242 |bs, /waﬁ

The array coefﬁcienf can also be cclcuqued This is done on fhe basns

" of the power load for both summer solstice and equinox and the most -
.- pessimistic coefficients are used. During equinox the array produces more
. power because:the sun's rays are normal to the array but the spdc‘:ecrqff
- load is.also higher mainly because the battery churgmg current is higher,
" making solar array power about as critical at equinox as at summer solstice.
“Using figures from Table 1-13 und the appropriate charge rates, rhe following "

coefficlen’rs are obfcuned

*The SATCOM Bus has been budgefcd for station :kéeping fuel qésﬁrﬁing an ci‘ghf. year

life and near maximum average rate of inclination buildup. For most launch dates

therefore, no modification to the total payload weight is anticipated.
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TABLE I 15

AVAILABLE. POWER FROM THE BATTERIES IN ECLIPSE

P=V xnx (DOD) C P= uvuilcble powar in W

3 batteries @ 15. 3 AH

\IFV*123V n= 22 DOD = O59cmdt—12hrs

-I

- Weighf Coefficient = 99.8 = .169'<|bs._./w:atf -,

V = average cell voliuge during dlscharge in Y
n = number of series connected cells = o
DOD depth of discharge, (assuming |n|hu||y fully
~charged batteries) full charge = 1
‘ t* maximum discharge time in hrs.
C = battery charge in AH

C 3x153 45 .9 AH

P =1.23x 22 x0.59 - 45.9 =610.7W availdble from i'he bairery
T ? ' : _ fermlnals :

Note: Vp <= 1.23 x 22 O 86 = 27 06 0. 86 26 2V

Thus PTB '—45 9x 0. 59 X 26 2 *591 3W avallable from the bus ‘

591.3 .

2 bof’rerles@ 15. 3 AH C= 30 6 AH

IfV“‘T 155 n-—22 DOD 066cmdf--T 2hrs

_->P2 =1,155.x 22'x 0.66 30 6= 427 6W avculable from i'he boﬁery

1.2 S L terminals

| Nofe: Vpyg=1.15x 22~ 0.91 = 25.41 = .91 =24.5V

Thus Pyg, s =30.6 x 0.66 x 24.5 = 412.3W available from the bus

412.3

'Weight Coefficient = 99.8 = .242 Ibs. Avatt
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1-8.2

I-8.3

Weight Coefficients - Continued
Summer .‘sQl stice

i Daylighf power . 631.5 watts

Battery charging . 30.4 watts
-Useful power 60T, T watts

142 Ibs, /watt -

K, =85.4:601.1 _ |
135 Ibs, /watt

K, =85.4 ; 631.5

M

“Equinox
Daylight power - 701.4 watts -
Battery charging - 80.5 watis
Useful power - - 620.9 watts

i

.138|bs, /watt
J122 lbs._/WcH

- Ky =85.41£620.9
Ko =85.44701.4

il

" Summer solstice coéfficienfs aré used since they are most stringent.

- The UHF power amplifier coefflmenf has been colculofed from

specifications for the 42 watt AB amplifier built for FLTSATCOM.

~ This amplifier has 60 dB gain, has an overall efficiency. of 34%, and
“weighs 6 Ibs. including the power conditioning function. The total

dissipation is 81.5 watts giving a coefficient of 6 - 81.5=.074. To
allow for a redundant unit this coefficient is doubled to . 148,

Analysls

The transmitter weight is assumed proportional to dissipation. This is

. considered valid, as.a low power ampllﬁer with 30 dB gain weighs only

a few ounces
PRF= EFF x P
PH —-('I - EFF)x P
' W —K4x PH K4 (1'- EFF) P

The heat- dissipation "P,," in the output power amplifier must mclude the
power. to the drive circuits. Thus "EFF" in the above equations is the

overall efficiency. mcludmg the driver stages and the power conditioning, |

if it is used.
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-8.3 - 'Analysis - Conﬂnued

‘Under-eclipse conditions when fhe UHF capablhfy is reduced itis
assumed that the battery drain is controlled by reducing the number

- of active channels in the system. In this way the total drive level is
reduced which reduces the output RF power and consequently the DC
power drain from the battery. However, the DC to RF efficiency does
not remain constant as the amplifier is backed off with the result that
any specnflc RF eclipse capability in the UHF band, such as 50%,
requires more than 50% battery load, compared fo ’rhof required for 100%
UHF copubﬂify, to provide the necessary DC drive power. This: has
‘been simulated in the calculation by using measured results on o single
stage class C amplifier* ot 300 MHz. Correction factors, ‘normalized
“to an orbifrury maximum operating point, have been defermlned for
output power and efficiency: from fhese measured results, They are

. ||sred in Table 1-16. : : :

TABLE - 16

BACK- OFF CHARACTERISTICS OF A CLASS C TRANSISTOR AMPLIFIER ‘

 Relative RF . Relative

- Output Power . Efficiency -

795 - L0921

. .609 ' .. .855

45t 77
327 68
229 . 594
A5 496
097 - 41
L062 . 349

Using Table 1-16 and linear interpolation between points, the eclipse’
battery ratio for UHF operation can be calculated for any specified RF
- eclipse capability.. For example, if an RF eclipse channel capacity
~of .609 is required, then the fractional battery power. of 609 + ,855 = ;713
is. required ‘The value .713 becomes Eg, the UHF echpse ba’rtery |oad
while the value 609 is the UHF echpse channe| capacnfy

*R.G. Harrison and H,J. Moody "A Study of Low Intermodulation Transistor Power
Amplifiers", RCA Lid, Report No. FXC65-2 May 1974, Performed under Contract No..

PZ.36001-3929 for the Communlcuhons Research Centre O’rfawa On’rorlo
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1-8.3

P

_Ana'ysiﬁ - Continuved

The total weight coefficient for the array, battery and UHF power .

~ amplifier can be formulated by welghting the individual coefficnenf by
the fracﬂon of power assoclated with each, Thus :

PT ot

~'The battery ratio EB is fhe ratio of the total echse |oad fo fhe total
. sunlight load. o .

" The sunlight load i.s‘ PTot = Ps + PR + P an_d,'. |
»Th‘e‘teclipse load is E_TP,S + P+ E P
Thus: |

_EB =‘ETPS'+ PR + ELPL : :

PS+ PR'+PL'

- This Is a variable depending upon ET cnd EL cmd upon fhe re|oﬂve

values of Ps, PR’ and PL

. Finally,_\ |

= (Wp=We-W)1 -R=P
T

Thus we have E; depending upon Pg, cnd P depending upon EB This
- ean be solved by a trial and error approach using the computer. Finally

the prime power P, is converted to radiated power using the assumed

~total conversion-loss. This is nominally budgeted at 6 dB (Table 1-17),
. but will vary depending upon the assumed output stage efficiency.
- Finally, the total radiated power Is converted to the number of channels

_at an EIRP of 18 dBW.

The coefﬂcienfs cmd poramefers used In the- trade~off ca|cu|aﬂons are

__'||sted in Table 1-18.
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~~ TABLE I-17

DC TO RADIATED RF CONVERSION LOSSES .

Unit

EPC

© Output Stage

‘ Dﬁve_r qugés'
v' I.sb.liqui': |
Switch
| O.u’rqu“F.Ilter
Line Loss‘e.s

TOTAL

~ Loss (dB)

5
2.5
1.5

.25

6.0
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TABLE -18

'WEIGHT AND POWER COEFFlClENTS USED IN THE CALCULATIONS

Array /e cli pse watt

‘ Array #/sunlight waH

Bal‘lqry #/wall '

, RedUhdanl'TransrﬁlHer
" UHF/SHF Receiver Prime Power

- 4/6 GHz Prime Power

UHF/SHF Weight Less Transmitter

" 4/6 GHz Transponder Weight (¥ SATCOM)

UHF Transmit'rer Wéight |

Full: Payload Capucnty of Bus

UHF Transmlt'rer ane Power ln Sunllghr

UHF Transmi ther - Prlme Power in Ecllpse :
UHF Eclipse Load
4/6 GHz Eclipse Capablllfy

Bc:Hery Ecllpse Ratlo (ratio of ecllpse load
to sunlight load)

: Tofal Welghl Coefficlenl lncludmg Array,

Ba ttery and. Transmll'ter

UHF Power Amplifier Efficiency |

K]'.= 142 lbs../wat_iﬁ N

- Ky =135 Ibs. /watt
_|<3- 242 lbs. fwatt

K4 l48 lbs /wa’rt d|55|pahon :

PR =30 waHs

PL = 209 watts

Wp=142.1 Ibs.

__ W =87 lbs,
| Wy lbs.
. Wp=3961bs.

Pe watts

EFF .
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1-8.4

Trade~Off Results -

“The number. of RF channels (at 18 dBW) has been calculated as a funchOn -

of efflClency and for various values of fractional eclipse capability .
(specified in both channel capacity and battery load). The results are -
plotted in Figure I~14, In the event that the efficiency of the output’

~ amplifier can be maintained. in the backed off condition, then the channel -

~ capacity becomes equal to the battery load and figures for battery load

~ can be used for channel capacity. It is evident from Figure I-14 that. 77 -
- channels at 18 dBW can be supported in sunlight for 50% UHF eclipse channel -

capacity and 35% efficiency for the UHF power amplifier. During eclipse,

50% capability gives 38 channels, A total loss from the power amplifier to

the antenna of 1.5 dB has been assumed (Table 1-16), ‘and this combined with

_the 19 dB antenna gain requires 0.5 dBw output. power per channel to give
_the standard EIRP of 18 dBW. Thus fhe 77 channels requ:re a tofal RF power

of 86.5 waHs

Correspondmg to fhe curves of Figure I 'I4 the weight of the UHF power .

" amplifier is plotted in Figure |~15, In flgure I-16 the weight of the batteries

and array required for total communications payload are presentéd. It is seen
that, .as the amplifier efficiency increases, the amplifier weight decreases

.whlle the battery and array welght increase, keeping the total welgh’r constant.
~ Also, in Figure 1-17, the DC prime power requlred for the power amplifier and
“the total power required by the communications payload is shown. These powers

incredse slowly as the power ampl!fier efficiency increases

Additional ca|cu|aﬂons have been made showmg i'he sensi tivity of number of

channels to antenna gain (at constant antenna: weight) and to increases in

_the estimated weighi‘ .at constant antenna gain, The results are shown in-

Figure I-18, It is seen that at.a UHF amplifier efficiency of 35% a 10 lb,

‘weight increase decreases the channel capacity by 8 channels, while an

increase of one dB in the antenna gain increases the channel capacity by
16 channels. - Thus an increase in antenna. gain is udvaniugeous If it can

- >be obfained for less fhcm 20 lbs. per dB
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PART 11
UHF PLUS 12/14 GHz

* PAYLOAD CONFIGURATION -




I-1.0

REQUIREMENTS

The requiréments for the 12/14 GHz transponder have beeﬁéupphed by

the contracting agency in the form of guidelines and are reproduced in
Appendix B. These are in addition to all the UHF requirements and
the general requirements on redundancy, baﬁenes launch vehicle,

etc., outllned in Sechon 1-1.0.
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1-2.0

-2.1

TRAN SPON DER DESCRI PTION .

: Conflguroflon A

This configuration, shown In Figure 11-1, has 7 TWTA's operating at .

20 watts of RF power. Four of these TWTA s ‘are ‘used to provide
multi-channel. per carrier (MCPC) service to each of four 20 x 20

" spot beams across the width of Canada. Two channels are used fo

provide single channel per carrier (SCPC) service with the power

. _from each channel split between one pair of the four beams. The
remaining TWTA dlong with its redundant unlf are used. for the UHF
: backhoul channel . : .

The two channels used for SCPC service. ulso serve as buck -up For
the MCPC service. For exumple, if the TWTA in Channel 1. failed,

‘then the TWTA in Channel 3 would be switched so that all its power |
was radiated in the west coast spot beam. Similarly if Channel 5
- TWTA failed the Channel 3 TWTA would be fully switched to the .

prairie spot beams. This switching action is accomplished by i means

" of two 90° hybrids and two latching ferrite phase shifters, one

located in each arm between the two hybrids, One phuse shifter

 has stable phase shift positions of 0 and 909, while. the other has0

and 1809, - The configuration obeys the followmg swn‘chmg ’rqble ‘

“for power division between outputs A & B

Phase

. Shifter -}
2 - | Phase Shifter.1
. o0 900
0° A=0 A=3
180° A=1 CA=%
| B =0 - B=%
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11-2.1

* Presently bemg measured at 11.8 GHz on FET amplifiers fhof have not’ been '
: ophmlzed for: noise figure. »

Configuration A ~ Continued

To provide a Conodo wude receive beam the four spot beam horns are
fed with orthocouplers and the horlzonfolly polarized received signals

- are combined in phase to prov;de a composite 2° x 82 beam. A spot
_beam for both transmit and receive of the UHF backhaul on Channel 8

is provided by a fifth horn positioned between the west coast and -

. prairie hom. To provide a Canada wide transmit beam for the UHF
‘backhaul channel, the power from the TWTA is split four ways and

combined with fhe other signals in each of the four output mulhplexers.“
Channel 7 is unused in this configuration to provide a separation

- between Channels 6 and 8 which are multiplexed together in one of
the oufpuf multiplexers. Adjustable phase shifters are provided in
- some of the feed lines. These phase shifters are adjusted before.

launch to optimize the composite antenna patterns for the combmed

' beams

The G/T specif:cahon for a 2° X 8° beam is -8 dB ThIS is equ:valenf
to a noise temperature of 36 dB or 4000°K. To meet this noise -
temperature, it may not be necessary to have gain at the 14 GHz

- uplink frequency An image recovery mixer similar to that built for

CTS having a noise figure of 5 dB and a conversion loss of 5 dB

- followed by a.FET amplifier with a noise figure of 5.5 dB* should

meet the G/T specification. Being able to operate withoutan

- amplifying stage at 14 GHz has some advantages. Not only is Welghf
- and power saved, but existing hardware. would favour a TDA as the
~ front end amplifier. However, in this c:ppllcoﬂon the TDA would limi t

the dynamic rcmge needed in fhe even’r of mferFerence at the 14 GHz

' upl mk freq uency

lf a 14 GHz RF stage is required to meet the G/T specification, then

it would be advonfugeous to develop a single stage FET amplifier.

With such an amphf:er, the G/T figure would easily be met and fhe

“dynamic range is great enough to handle any expected level of
- interference. The weight and power budgets have been deVeloped to

include this single sfc:ge FET or TDA amplifier at 14 GHz




11-2.2

'Co_nfigbraﬁ.on--B‘

“TWO block diagrams have been deve!oped for Configuration B, ShOWn.

in Figure 11-2 and 11-3. - Neither of these are entirely satisfactory.

" A major concern in Configuration B has been the double multiplexing

both on the input and output multiplexers. That is, channels are
separated and recombined using the same filters. At different
frequencies, the filters are different lengths so that the shorter filters

o not reach from the separating manifold to the combining manifold.
- Extending the filter by a short length of waveguide does not rectify

~ the situation since, for frequencies outside the passband of the filter,
~ the filter appears as a short which may not appear at fhe ophmum ‘
~location for some. filters.

" The problem has been solved for. the input mulfieleker by recombin‘ihg-
‘the channels using a 3 dB hybrid. There is a loss of 3 dB which must

be made up by additional gain. Since there isno power loss, this

. ‘qddiﬂonal gain can be obfained with only a small welght penalfy

For the output mu|ﬂp|exer, two soluﬂons have been considered The
first, shown in Figure 11-2, uses hybrids for recombining for the output

' mulﬂplexers as well as the input multiplexers. The power loss is

avolded by providing elght feed horns to the antenna-and thus radiating |
all the energy. The horns are fed in- ‘palrs with each pair providing a

dog-bone shaped: pattern in the far field. “This system is satisfactory
- for Channels 1 to 8, but it is not certain-that it provides a Canada

wide beam for' Channel 10. In Figure 11=2, Channel 10 is shown power
divided by four and multiplexed in with Channels 1,7,2, and 8,
However, the hybrids between horns introduce a- 90° phase shift so that
at the output of the eight horns the phase alternates between 00 and 90°.

" The type of beam that this would produce ‘in-the far field is uncertain.
- An alternative approach is shown in Figure 11-3. Four horns are provided,
" each fed by a three port multiplexer. The problem of separqﬂng ond -

recombining in the output multi plexers described above is sol ved by

| ~dividing each filter into two halves with one half attached to the

separating manifold and the other half attached fo the combining manifold.
If a five section output filter would normally be used, it might be replaced

" by two halves of three sections each. The two hdlves of each filter are -
. .connected by short lengths of straight waveguide of appropriate length
~and possibly a waveguide isolator if required, A sketch of an output.

multiplexer is shown in Figure 11-4. This’ approuch presents some possible

: de5|gn and schedule risks.-
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Figure 11-3 vanﬁguru%ion B, - 12/14 GHz/UHF Transponder — functional block diagram
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TO PRAIRIE BEAM

A~

HALF FILTER / TO CENTRAL BEAM .

s 7

: JOINING SECTION ‘
HALF FILTER .
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TWTAT  —=|
5 7 1
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TWTA2 = _ _
o~ .~ o

FROM BACKHAUL TWTAJ

~ Figure [l-4 A possible sepalrcﬁngcréf’:omb.in:ing ouﬁ:uf multiplexer arrangement
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1-2.2

' C:onfigu'roﬁon‘B ~ Continved

" The remoihin’g parts of Configuration B are very similar to COnfigUraﬁon

A. In the case of Figure 11-3, the antenna is idenfical in concept to

| -Configuration A antenna. The receiver and the spot beam receive

arrangement for the backhaul spot beam is also identical to Configuration -

~ A. In the case of Figure 11-2, the antenna is different, having 8 horns

instead of 5, and some dlfferenr arrangement is reqUIred for hondling the

bockhoul channel for the Conoda wide transmit beam.
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11-3.0

8.1

11-3.2

11-3.3

FREQUENCY PLAN -

N One. of the considerations used in establishing the frequency plan is that

it should stand the test of time and be applicable to the majority of users.
This is parriculcrrly true when commercial traffic is being introduced info
a new frequency band, When introducing a new frequency band, a '
conslderable amount of time and effort must be expended in deS|gn|ng
both spacecraft and ground equipment and much of this design.effort and

: equipmenf is wcrsfed if the frequency plcm is subsequenrly changed

' UHF Frequency Plcrn

The UHF frequency plcrn is identical to rhar presenfed in Part | of this
report (Secﬂon 1-3.0). o :

SHF Frequency Plan for Conflgurohon A

The traffic model combined with fhe method of |mp|emenfcmon presenfed
in Section 11-2.1 requires a total ‘of eight transponder chahnels-of which -

Number 7 is unused allowing Channels 6 and 8 to be multiplexed fogefher.

If all channels are-made equal width the spacing between band centers
becomes 60 MHz with a 20 MHz band remaining at the band edge for

telemetry and command. Channels 7 and 8 do not need to be as wide as

60 MHz but it seems unreasonable to have a frequency plan with channels
of different widths.  ‘For this reason eight channels of 60 MHz spacing as
shownin Figure |1-5 hcrs been chosen for the frequency plcm to be used

‘with Configuroﬂon A

In the configuroﬂon proposed the Canada wide telemetry beam Is obtained ‘

by using the backhaul power division dnd multiplexing arrangement. To -

do this it Is necessary to make each of the Channel 8 filters 80 MHz wide

to include the 20 MHz u|locui‘ed to felemefry and command .-

SHF Frequency Plun for Conﬁgurqﬂon B

For Configuration. B ighf channels are. required for communicuﬂons traffic
and an additional c‘mnnel for the UHF backhaul which must be separated
from Channel 8 by a buffer channel.” Thus 10-channels in all are required.
The 500 MHz available frequency band has been divided into 10 equal

bands of 50 MHz each as shown in Figure 11-6. The telemetry and command

function can occupy. the unused channel or crlferncrrely crnorher bund such
as2 GHz mcry be used, "
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I1-4.0

4.1

ANTENNA SUBSYSTEM FOR THE UHF-12/'I4 CHz HYBRID SPACECRAFT-

‘ Summory of Requiremenfs

The following requwemenfs for the 12/14 ‘GHz anfénrio combihed with

the UHF requirements of Section I~ 5 1 conshfui'e the combined onfennu N
requiremenfs ' :

a)

The downlink For fhe public operaﬂon will be in fhe
12 GHz frequency band. Two possible conflguraﬂons ~

are defined. Configuration A provides Qty. 4 spot’

beams with 20 wide beams centered ot approximately
559N, 120°W; 55°N, 104°W; 50°N, 85°W; 509N, 66°W res~
pectively, Each beam carries2 transponders af o single input

~ terminal, Configuration B provides Qty, 4 spot beams
- with 29 E=W and 19 N-S (dog-bone) shaped beams. In
* this case, each spot beam is associated with 2 isolm‘ed

input terminals for the 8 transponder channels.

Polarization will be linear, Since the relative
frequency separation between up and downlink is small
. In this case, orientation of polarization is a relatively:

free paramefer. The N=-S polarization for the _downhnk
however, yields slightly better con tour EIRP

The uplink for the publlc communication in the SHF

" band will be centered around 14 GHz and requires o

Canada wide beam. Coverage is either 20 x 8° or-
1° x 80-for Configurations A and B respectively .

" Polarization is opposite fo the downlink operation.

The antenna m'us”r have 1 terminal for this opérd'r'ion‘

A fransmlf spof beom for the SHF version of the hybrld
satellite must be centered at 55°N; 110°W, have.a.

‘beamwidth of 1° and as low as possible sndelobé Ievel
toward oceanic areas. The spot beam polurlzcmon can

be ldenhcal or the same as for the pubhc operuhon.

A receive spot beam corresponding to the transmit spot
beam described -under ¢) must also be available. The .
receive spot beam must have comparable characteristics
to the transmit spot beam except that its polarization
must be orthogonal to the transmit polarization. '

80




144,212 GHz Band Public Operation.

Conflgurufion A

The requlremenf for this conflgurahon is fo provu de four 20 wide spot.
beams for fransmif operaﬂon

The proposed sol ution requires'a 35 in.. diameter reflector fed by 4
horns (see Figures |1-7 and. 11-8). Because the feeds and their
connecting waveguides' represent considerable blockage, this.
antenna is offset fed. The main elecfrical characteristics of the
antenna for the 12 GHz operation is shown in Table [I=1. It can:

. be seen that a contour guln of c:pproxlmately 35 dB is achlevable
wifh this system.,

Configuraﬂon B ‘

“The r’ecjuiren‘\enf for this configuration is to provide four 1° NS by
2° EW beams for transmit operation. '

This pattern coverage can be achieved by a total of eight horns -
illuminating a 70 in. diameter reflector as shown in Figures |1-9
and 11-10, The horns are approximately square and they are nearly
in line.  Each horn is fed by an orthocoupler. The eight transmit.
ports of the orthocouplers are brought down below the deck by
eight WR75 waveguides and connected in pairs to four short slot
hybrids. Thus, each of the eight short slot hybrid terminals

" corresponds to an independent .1° x 2° "dog-bone" pa’rtern and
they complefely overlap each other in pairs.. :

Table 11-2 sh_cows the main electrical charclcferlsﬁcs of the antenna
~ for the 12 GHz operation. [t can be seen that the improvement relative
_to the edge gain' values in Table 11=1 are a little less than 3 dB due to
the larger effect of blockage, antenna surface inaccuracy and beam
~scan loss (in Configurahon B, the outer beams are scanned by 1.5 @3
from the cenfer)

11-4.3 14 GHz Band Public Opercmon

_For: this (receive) operuhon a Canada Wlde beam- has fo be provnded
resulting'in a reluﬂvely low edge guln
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" TABLE 11-1

" EFFICIENCY AND GAIN CHARACTERISTICS OF COMMUNICATION ANTENNA

. FOR THE PUBLIC OPERATION OF CONFIGURATION A

Freqﬁenéy GHz 12
Reﬂectdr (in.) 35 35
Diameter. ( A ) -35.56 4] ,49‘
Horn dimAension R — Off" : L — Off
» 2.20" U set | 2.20"| —>» [set
T k2080 fed | ] [#2.167-4 fod
, o or 90° rotated -~ - | - - or 90° rotated
Pattern §hape Circular | '_ Double dog-bone. -
Compbnent;beanﬁwidfh : L 20 . 1.80
(deg.) i ‘
Ma  (dB) 51 0.83
Mg (dB) 1.00 0.66
My (dB) 15 a8
Mp () a5 a8
me (dB) .10 S0
s (dB) | .28 240
(for &4 =.,02 in.,ms) -
M) .25 .35
Msean (dB) - | .10 _ ~ ’,;.15
Mplock (dB) .10 0
m-  (dB) 2.64 2.95
Go (dB) 40.96 42,30
Gy (dB) ~ 38.32 33.35
“(dB) - 35.32 : 29.25 |
G @B) 532 sap) -4.1dB)
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Fig. 11-10 Antenna Ia)'louf for Configuration B,
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TABLE II-2

EFFICIENCY AND GAIN CHARACTERISTICS OF COMMUN ICATION ANTENNA V

FOR THE PUBLIC OPERATION OF CONFIGURATION B

. Frequency (GHz)

BVE

2.5 e = .9842 in.

2.143 =

.8436 in.

Reflector (in.)
diameter (X))

70
71.123

70
82.98

Hom dimensions

Center|

'A-I T |Toor
R-] .02“__, l ;t-:)c(l)or

i'ofdfed

Center .

—————ady

10 ].02":

] 09" fed or
i 9Q°

-rotated

Pattern shape

" Dog~bone

: Quadruple dog-—bone

Component beamwidth -

. (deg.)

Ix1

lx09

m A (@B)

B

“85

ms (dB)

.95

.70

my (dB) L

a5

.18

Mp (dB)

"5

.18

M (dB)

10

M. @)

"(for A = ,022 in. ,rms).

T34

B

- (dB).

.35

(d )

Mscan R

.20

220

"l‘block. (dB)

a8

8

2.93°

L 3.23

o @

4696

5'48 0 .

GM‘ (dB)

41.03

'1'36 071'

Ge (@)

- ‘38 03

3200

, (-3clB) .

| o ﬂ(-.4"] dB)
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11-4.3

11-4.4

14 GHz Band Public Operation - Continued

Configurqfioﬁ- A |

- The feed cireuit for this mode of operafion consi s'rs of 4 horns which

are combined in phase by three magic Tee types of hybrids (Figure
[1-8). The polarization is orthogonal to the 12 GHz band.

"~ Since the component beams from the i_nc“viduol horns'cxre about 10%
- narrower than af 12. GHz, the probleém of crossover levels between

component beams again occurs as in the 4/6 GHz band systems.
However, since in the SHF band, the relative frequency ratio
between band centers is much smaller, adequate coverage gain .
uniformity can be ‘achieved without the use of fhe wire grating
technology.

" The performcmce. chardcteristics for this case are shown in Table 11-1.

' Configuraﬁon'B» :

. The feed circuit in fhls mode of operation consls'rs of 8 horns which
‘are_combined by an 8-way power divider network as shown in

Figure 1I-11. The performance of this configuration is given in

" Table l-2.

12/14 GHz chd Spof Beam Operah on

" The basic requlremenf for- fhis mode 1 to. provide a high gcun - |ow

s:delobe level transmit-receive spof beam toward the Calgqry reglon

This can be cchieved by a sepcrofe horn for Configumﬂon A while

~an alreqdy existing horn ‘can be used for Configuration B. This-

resulfs ina 5-horn or 8—horn system for the. complei'e anennq sysfem

- Configuration A

_The location and relative size of the spot beam horn is shown in

Figure I1-7. This horn illuminates the complete 70 in. diameter

‘reflector, thus,.its dimensions will be the same as shown in. Table 11-2.

This horn has a diagonal transformer at its input in order to fit the .
horn better into the cluster of the already present four horns.
Furthermore, it has its own orthocoupler to separate the transmit.

and receive frequency bands. .The peak gain of the beam associated

with this horn will be 44,03 dB at 12 GHz and 45.07 dB at 14 GHz.
However, its boresight will be .5° shifted to the south relative to .
the center of the 2° wide communication beams. That means that

~in the Calgary region,.the edge gain will be only~ 41 dB and

~ 41.5 dB in the 12 GHz and 14 GHz bands respectively.
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Fig. 11-11 Circuit layout for 14 GHz, Canada and spbi‘_ beam o‘pérofi_tl:an;
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N4 .4

I1-4.5

11-4.6

~ 12/14 GHz Band Spot Bt:aam Operation ~ Continued

" Configuration B

According to Figure 11=11, no new horn is. required. for.fhls case,

but-a switch has tobe mserfed at the output of the, pralrle beam For :

receive opera’rlon

UHF Band Anfenna

Asa ﬁrs’r upproximahon fhe UHF bcmd qn’renna configura’non is the
same, whether 4/6 GHz or 12 /14 GHz isselected for the public and

‘spof beam communications. . A minor change occurs when the
" "communication™ dish is on|y 70 in. in diameter for the 12/14 GHz

operation instead of the 84 in. diameter for the 4/6 GHz operation,
This causes a second order reduc’rion in the weighf of the overall
reflector system.

The main characteristics of the UHF qni‘enna system remain rhe same
as has been dnscu55ed in Section 1-5.0. ' ‘

- Overall’ Configurqﬂon and Welgh’r

Tab|e ll 3 summarizes the welghf estimate of fhe anfenna for
Configuration A and B. It can be seen that within the accuracy |
of the present estimate Configuration A is about 9 lbs lighter.
The weight of the UHF subsystem-in each case is 21 Ibs. ‘With -

++ 10% contingency, the resulting antennd ‘weight is~ 67 Ibs. and _
~ 76 Ibs. for Conflgurqi‘ion A and B respech vely, -
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U TABLE I-3 <

_ PRELIMINARY WEIGHT BUDGET FOR THE UHF

~ AND 12/14 GHz ANTENNA SYSTEM

 CONFIGURATION A

Componenf_ I .. No. of Unit Unit Weight

Horn | - 441 - .20 and .'13. 

Orthocoupler . . E B 5 - . '    ..25 -

MdgicTee ' V : 3 28

‘Waveguide Run (5 ft...perrun, S9 - o .85

_ 17 1b . /1))
Reflector (.56 1b./f.2) 1. R
SupporfT.ower.‘ . | N 10

Thermal Hardware .~ 1 - 3

Total Weight
B

.93
1.25
.84

L 7.65

- 15.00

10.00

Total SHF Antenna S L » -
TTC Antenna. - A , 1.5
UHF Antenna 1 " o
Contingency ; :

- 38.67
1.50
21.00
6.00

"TOTAL

L 67.17
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Table 11-3 = Continved

~ Component -

Horn

Hybrtd
Oﬁhdééuivler -
Phase 'Shiﬁejr
#N’réf h
Wévelg_p.ide‘ 'Ru.ns. -

Switch - .

" Reflector

Support Tower

: Therma| Hclrdware_‘_ o

" CONFIGURATION B

15

1

" No. of Unit Unit Welght

a3
10
25
.05
15
85

25

15,00

10,00

3,00

Tofcﬂ Weight

5 ].;50
2.00

A5 0

13.60 -

50 |
15.00

10.00

300 ¢

Total SHF Antenna.

TTC Antennd -
UHF Antenna -
Contingency -

 47.39
©1.50
21.00
6,00

TOTAL, switching in both bands: . -

75.89

TOTAL, switching in 14 GHz band only

74,74
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" 1-5.0 . WEIGHT AND POWER BUDGET -

The weight and power estimates for the Confi guration A transponder
_ are presented in Table 11-4, As much as possible these are based on -
" 'CTS technology.. Also presented in Table I1-4 are the UHF weight
* estimates.  These are identical to'the UHF components list presented -
in Table I-10 except that the 4 GHz driver amplifiers (CDA 1 and 2)
have been changed to UHF amplifiers (UDA 5 and 6) and placed
before the upconverters (UMX 3 and 4); This eases the design of
the amplifier somewhat but makes the design of the upconverter more .
difficult. The final decision on the location of the amplifier will
depend on a more detailed trade-off study but there will be: very
tittle impacf on the weight and power budget

The total weighf for Configurahon A of fhe communications poyload

~ including antenna is 178.1 Ibs. exclusive of the redundant UHF
power amplifier. The prime power requirements, also excluding
‘the UHF power amplifier is estimated at 426 watts. The UHF power
ampl ifier is subject to trade-off and its weight and power requirements
are presented in Section II—6 0 asa funcfion eclipse requnremenf and
HPA efflciency ' : V

- For Conflgurahon B the main difference is in the reduchon of fhe
number of TWTAs from 8 to 6 and'a reduction”in the number that
are simultaneously powered from 7 to 5. This saves 11 Ibs, of
weight and 112 watts of power. The array weight to supply 112 watts
is 135 x 112'= 15,1 Ibs, giving a total weight of 26.1 Ibs. equivalent
to 21 chcmnels at 35% efficiency and 50% eclipse. Referring to :
Figure 11-13 for Configuration A and 5 out of 7 12 GHz channels operating-
during eclipse, the number of UHF channels at 50% eclipse and 35% -
efficiency is 67. For Configuration B this becomes 88 channels with
5 out of 5 12 GHz channels operating during eclipse..




12'GHz Output MUX. (3 filter) . :

-Mixer-& L.O,

12 Ghz Coupler .

“PT&C Unit -

~ Brackets and HardWGfe

TABLE II-4

| CON FIGURATION A WEIGHT AND POWER BUDGET , :

"SHF COMPONENTS

Welghf (oz y

ltem L | o Nu'm’ber ~ Per Unit . Toi'al ~* Power (watts) -

12 GHz TWTA'~(2‘0W)
12 GHz Input MUX (3 filter)
12 GHz Input MUX (4 filter)

8 . . 704 . 3%0.(7)
8 ... 8 .
100 - 40
- 15
12
16

12 GHz Hybrid

Switchable Phase Shifters .
Adjustable Phase Shifters .-
Telemetry Filter o

12 GHz Isolators L

12 GHz FET Ampllfler '

— e ) .
N
o..
N

NDWOORWWAEODOOD —WN W W

14 GHz Switch L
Command Suck-—Ouf F||fer .
Input Filter '

Channel 8 Input Filter

14 GHz Switch L

14 GHz.Circulator SW

Output Filter .-

12 GHz Switch.

25 . U250
25 75
10 o100
50 - - 50 . . 27
2 32
4 28

12 GHz Terminaﬂon '
12/14 GHz AHen__uators
2 Way Power Dividers -
Coax & Plumbing
ermg Harness -

RFI Enc|osure & Hardwme

=653 1bs;

1044.5 oz, - 396 wqfrs’::,- _-
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Table 11-4 - Continued

" UHF COMPONENTS

o P o : Weight (62.) S
Unit =~~~ Number .- Per Unit “Total, . Power (wafts)

UDUPI-UHF Duplexer - 1.7 3 . 36

USWI, 4~UHF Switch o2 8 16
"ULNATI, 2-UHF LNA S o o -
UMX5 ,6~UHF/UHF Mixer. 2 30- . - 6. 1
" UL02, 4-UHF/UHF L.O.. - o o
UDAZ2,4-UHF Driver Amplifier
UDAT1,3-UHF Driver Amplifier = -
.UCPR2 to 7-UHF 3 dB Hybrid -
UFL1 to 4-UHF Filter

UCR2 to 10-UHF Isolator
USW2,3-UHF Fer Switch

UPNT to 4-UHF Pin Diode Att,
UALCI to 4-UHF Pin Level Ctl.
UCPRT,8-UHF Coupler S
"UPAT, 2-—UHF Power Amplifier -
, UCR]—-UHF Output Isolator/Term, -
UATTI=UHF . Attenuator -
UMX 1 to 4-UHF/SHF Mixer -
"ULOT-UHF/SHF L, O. (redundant)
UR2 to 12-UHF Termmafion oo
PT&C Unit N
Coax Plumbing

‘Wiring Harness

Brackets and Hdrdware

RFI Enclosure ‘anid Hardware
‘UDA 5,6( UHF Driver Amplifier -

12 ‘
20 .

S5 :
2 2

ANODMORN
." —t '-
©NN®EN®
&S] L

oy Gl g
: Sub|ecf to Trade off
25,6 - 25.6
.25 .25
O R A
-3 .. . . 38 3.
a5 as
o .. 8 - 3
48 480 o
e 6
24 24
428
4 8 N
o 589,80 0z, .30
' S T = 35,6 Ibs. o
SHF Trunsponder e S .. 65,3 . .39
Totdl Trunsponder (excludmg HPA)' L 100.9 426
Margin (10%) S 10,0 :

o S o 10
Anfennu L T AR
Total (excluding HPAY "~ = -  173 1 Ibs 426 watts




11-6.0

' TRADE—OFF CALCULATIONS

" The frude—off calculdﬂons for the 12/]4 GHz fransponder have been

carried out using the same weight coefficients as presented in

. Section I-8.1 along with the weight and power budget for the 12/14 '

GHz ’rrdnsponder Conflgurdﬁon A presented in Table ll—4

To provide ’rhe requned minimum UHF channel cupocn'y, in
number of channels with the standard EIRP of 18 dBW, ‘the 12/14
GHz service has been reduced during eclipse. The frdde-—off
calculations have been carried out for the cases where the UHF ..
backhaul channel plus 2, 3, .and 4 channels ‘of commercial traffic

~ are carried through ecllpse uf 12/14 GHz, These are presented in

Figures 11-12, 11-13, and 11-14. For one specific eclipse capability
namely four chunnels out of seven plus 50% at UHF, the sensitivity

“to weight and to UHF antenna gain has been calculated and is

presented in Figure 11=15. ‘Also, for this specific case, namely 4
out of 7 channels operating during eclipse the. weighf of the HPA,.

“as well as the weights of the battery and array to power the complefe '
- communications payload, plus the prime power of the HPA ‘and the

total prime power have been calculated dnd ure presenfed in Figures

=16 and 11-17; 1i- 18, ||-19

It should be noted that fhe prime p’ow'e-r' requirements for the total

communications payload shown in Figure 11-18 exceeds 600 watts
in all cases. For payload power exceeding about 600 watts it would
be necessary to change the array from a two panel ‘configuration to
some other arrangement such as o three panel array. - This’ chcmge '

“would require redesign of fhe deploymenf mechanism dnd may |mpoc’r

on the Weighf budgei‘
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APPENIDIX A

UHF/4-6 GHz TRANSPONDER MODEL



- A-2.0

A-3.0

A-4,0

GENERAL GUIDELINES

The generul gmdelmes for fhe 4 - 6 GHz porflon of fhe frcunSponder are

confuined in attachment prepared by ° Telesuf

4-6 GHz POLARI'ZATION/FREQUENCY PLAN

; Twelve channels at 4-6, similar polarizahon and frequency plan as for
the present Anik sysfem (see ai'fachmenf) ' . o

UHFBACKHAUL‘

For fhe presenf Hme, one of the 12 xhcmnels will be used for the UHF
backhaul to the central control station. Telesat made the suggestion
that spectral space adjacent to the Fixed-Satellite service allocation:
be investigated for the UHF backhaul. This is bemg actioned by -
Telescu'r/DOC. R ' B S

Vurlous concepfs for rhe backhaul redundcmcy were dISCUSSed includmg o
(a) switch in of another 4-6 -GHz channel for redundcmcy, (b) redundcm'r
TWT for buckhuul chcmnel (c) bofh (a) cmd (b) ' .

\ UHF FREQUENCY PLAN/BACKHAUL CROSS-—STRAPPING

o Assummg a 36 MHz buckhuul chcmnel For 'rhe UHF the Following is .
: tenfuhvely suggesfed as a frequency plan, subiecf to later revismn '

o= UHF~ Uplink .. 372 - 406 1 MHz cross-strapped to 4 GHz downlink
. = UHF do‘W'nlink 300 328 : MHz cross—sfrcupped fo 6 GHz uplink

- SHF/SHF 2 MHz of bandwidth strapped directly from 6 GHz uplink

~ to 4 GHz downlink (l.e., bottom 2 MHz of the 36 MHz backhaul
chunnel) ' .

- *,UHF/UHF one megherfz oF bandwidth (suggest 327—328 For downlink

- and 399-400 for uplink) for direct UHF/UHF cross-strap. Requirement

" for this mode of operation will have to be confirmed with the users.
' To implement it, an ALC circuit will be ‘required for the UHF
amplifier (approx. 2.5 lbs, one waH) a Fllfer (1 Ib) and a switch

(& Ib).
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A-5.0

A=6.0

A=7.0

A"'Bco

A-9.0.

~ ECLIPSE CAPACITY

“Ten out of twelve channels at 4/6 GHz / UHF backhaul 50% and 100%
capacity at UHF. (This means 100% power-to all parts of the transponder -
~ except the UHF PA, which can be cut back to 50% DC power. This’ '

amounts to 50% reduction in UHF capacity if the RF power is assumed to
be nearly linear with fhe DC power consumpﬂon) ’

' ANTENNA COVERAGE

4/6 GHz: See Telesc:’r a’rfcchmenf.

UHF: A|| Iand mass and ocean areas from 40° W to 140 W omd

from 49° to northern limit of coverage

) UHF EIRP

" Nominal UHF channel is 18 dBW, dlthough the concepf of dynamlc

assignment of EIRP- W||| probably allow EIRP to vary # 10 =5 dB from '

~ this nominal value. A target minimum of 40- 18 dBW channels Is
“sugges’red ‘ . : :

_ SPOT BEAM REQUIREMENT

lt is expected that a spot beam (1-2° beamWidfh) will be. reéﬁiréd for
the 6 GHz uplink. It would also be desirable, but not essential for -
a spot beam on the 4 GHz downlink, RCA wIlI look af fhe antenna -

o hordware impllcctﬂons.

; TRADE OFFS

Weight and power budgets will be carrled out paramefncally to establish

~ - the range of available UHF capacity.” As well, a specific weight/power

budget will-be carried out to establish the: UHF capacity with presently

~ qualified flighf hardware for fhe UHF HPA (i .e., the TRW power -
' cmplifier) : , : S
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~ GUIDLINES FOR DOC/RCA UHF STUDY

4/6 GHz

Basi¢ Param’eters ‘.

" EIRP:

.G’_/T:»
' SFD'

35 dBW over 90% of Canada o

12 channels - one for UHF link (10 +1 + 1 spare)

(eclipse 10 + UHF backhaul out of 12) N

BW: 36 MHZ nominal

34 dBW over cenrre 10 MHz, Canadian coverage (minimum) for all Canadian o
landmass :

34 5 dBW at Dawson, Sf John s ) T _
) (Goals)'

- 6 dB/ok over Canadian coverage (Typical of presenf ANIK)

'- 80 dBW/m minimum Canadian coverage (-82 as o goal)

LO srabiliry 10 in1 maximum (long ferm) -and eclipse |

~#+1in 10 per month (lncludlng ecllpse -

_Commumcations performance Per Anlk 1 and 2

Considerafion for Redundancy

Redundant TWT's for UHF lmk L

,F_CRedundant channels for UHF link

| ¢’Redundanf TWT's and redundanf channels for UHF link

' Main Telesaf quesfion 1s, what Is a 1 realistic EIRP for aircraff-use wirh OdB
- antenna, gain? 28 dBW or 31 dBW'-’ : :

Telesar favours i'he more conservai'ive approach viz 31 dBW. How much’

fading can be tolerated? What about- circular to linear polarization loss

| . (for aircraﬂ')?

' Also Telesai‘ would like to sée more reallstic values developed for RF power,
_efficlency, bandwidth and IM distortion using off-the shelf flight hardware,
egs TRW/FLTSATCOM class AB 40w amplifier.
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W

3) st practicable to use same antenna for transmit and'recelve? What IM

problems are we likely to run into as per experience on-other programs
(dve to non—linearifies in passive components eg. anfenna mesh, duplexers,
efc.)? . ’ '

Cothn]caﬂons Peri_\"ormence - 4/6 GHz_~ :

. At this poiﬁf in the UHF// 4/6-.GHz.sfudyb_ the .commun'lc.aﬂ.or')s'perfoi'mance" is

best defined by the attached transmission characteristics. The characteristics
should be achlevable using an Input mulﬂplexer wifh full-height waveguide filfer

] wlth L. Keyes of RCA.

Output TWT

Telesat would probably use ’rhe 6 3W Telefunken TWT unless the EIRP can be met _

wlfh a 5W tube, eg. 'rhe Hughes Anik fype. |

" Batterles

The required 4/6 GHz ecllpse performance should be met with 66% dep’rh of
discharge with two out of three batteries operaﬂonal le. GSSUmlng three baHeries
bu'r one fotally unservicqble. _ 3 :

TT&C

The basic TT'&.C sysfem used for: fhe RCA Globcom domech sa'relllte should be -
adequafe. :
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~ APPENDIXB -

© - INITIAL GUIDELINES FOR THE 12-14 GHz/UHF:

 TRANSPONDER MODEL IR




B-1.0

B_200 .

B-2.1

SERVICE OBJECTIVES |

UHF - to provide voice, data, and Facsimiie communicafions services
to moblle and transportable UHF stations for government users.
In addition, to receive data from data reiransmission plafforms A
and signals from emergency beacons. : -

) SHF - fo provide single channel per carrier (SCPC) and muih—channel

per carrier (MCPC) services for public and commercial use.

~TRA NSPO ND ER PERFORMANC E

Transponder Funcfional Mode Dlagram .

Two funcilonai fransponder block diagrams are being considered.
Configuration A, in‘Flgure 1, is-intended to meet all user service -
objectives. SCPC service is carried on channels 3 and 4, with

- the TWT power divided between adjacent spot beams. Multichannel

Communications’ are camed on the remaining channels1, 2, 5, 6 through
the respective 2° x 2° quarter-Canada beams. Channeis'l to 6 are
recelved on a Canada coverage antenna. Channel 7, which is used

for UHF backhaul, ‘is normally received on the " Canada-wrde beam,

This channel can be. switched to a 1° spot beam centered on the
prairies. Channel 3 TWT provided redundancy for channels 1 dnd 5,

- and the channel 4 TWT provided redundancy for channels 2 and 6.

The SCPC service can be carried on these two channels (3 and 4)
until one of the TWT's for the other channels is Iosi' ‘The SCPC
and MCPC service must then be carried on the same TWT, with the
generafed power being spiir between adjacent quarter Canada beams.”

I Configurafion B In Fig. 2, isa simplified fransponder and would be
- used if the SCPC sewlces Were dropped..- In this case, the downlink
" spot beams would be 1° x 2°, with a Canada-wide (1 -x- 8%) beam used
for Upiink A TWT Is allocated to each spot beam, with the trans-
~ ponder being channel cross=strapped so that adjacent TWT's can
- spare off for each other.. The UHF. backhaul.channel normally.
- transmits and recelves on the Canada-wide beam, but can be -

swifched fo receive and i“ransmiiL on rhe prairie beam.
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A tentative frequency plan for the. conﬂgurahon A 'rransponder is given
in figure 3.. The arrangements of the UHF, UHF backhaul,
: Sh’dpplng modes and mdependen’r SHF channels are shown. .

B-2.5 TYPICAL TRANSPONDER PARAMETERS
SHF
Antenna beam edge gain (2 X _20)_” - - 34dB .
~ EIRP (beam edge saturcfed ' T 46 dBw
~ Satellite G/T (2° x 8 %) dB-k - =8 dB 9.
=80 dBw/m .

Saturating Flux densify

UHF.

" Same as pl;evio_ué' UHF models

‘cross= .-

B-2.2 - . | Anf.enna Coverage
“UHF " Backhaul Charinel SHF
"'Confliguraﬂo'n A | Land'mass dno(l)bcean " Normal: Canada wide | Uplink Canada wnde |
' R ’areas from 40°W o beam (2x8°) for both up| "beam (2x8 )y
140° W, from 49 N | and down links e o o
to limit of northern S: : R Downlink: four quar=
. ‘Specials 1° spot beamn : | . .
coverage; both uplink h ; ter Conada beam
" and downl!nk - | antenna.on the prairies |. (2 x 2 )
an for both up and down- i
:an
Configuration B | Same SI;.J'me : S : . Uplmk ~Canada wide
B | R (1° x 8°)
_ Downlink four 1° X 2
i . -spot beams .-
: }
B-2.3 " Polarization. |
_ . UHF | Bac‘kha.ul Channel ™ - |~ SHF -
-~ Uplink [ RHCP Canada wide H [ 'H -
o . L " Spot- . H -
" Downlink | RHCP Canada wide 'V v
' Spof .V
- B~2.4 . . ‘TFREQUENCY PLAN AND CHANNEL BANDWIDTHS |
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B-2.6

B~2.7.

B-3.0

B~3.1

B-3.2

REQUiRED CAPA‘CITY IN SU NLIGAHT

. The minimum required UHF copoc1’ry in suniigh’r is 80 chonneis ecch
c’r a nomlnoi 18 dBw EOC EIRP .- - :

’ Normoi sunlight Opero’rlng mode for configuro’rion A is oii 6 SHF chonneis
pius UHF bockhoul channel opero’ring. '_ :

L Eclipse Operohon

'-Reduced ‘UHF copuci’ry in eclipse is’ permiSSibie, with an eclipse
- copacity range of 25 fo 100% of the sunlight capacity being ’rhe
- range- of interest. In the event that the minimum required UHF |

sunlight capacity of 80 channels cannot be met for full eclipse -
operation, of all 6 SHF channels, then eclipse capability of this -

- portion of the transponder can be progressively reduced to a minimum
-of 2 operating channels (channels 3 & 4). The bockhoui chonnei

must be opero’rionoi durlng echpse. ‘

. Reiiobiiity Redundoncy

The fronsponder block diogrdms are to be cOnfiguled so as to avoid
single point failure of all active components. Redundant componenfs
must be provided to cover all Firs’r Foiiure modes,

The bofferles are to be in the form of fhree independe‘nt strings -cmy

“two of which can meet the minimum required eclipse load defined

above, with the depth of discharge not exceeding 66% .

. TRADE OFF STUDIES

Anfennc' Concepf Déveidpmenf

: Alfernofive concepr antenna configuro’rions to meet the coveroge :

requirements will be developed early in the transponder feasibility study,

. one of which will be selected as the baseline antenna. Preliminary
eelectrical and mechanical characteristics of the antenna will be provided

 Tra nsponder Trodédffﬁ :

: g A block didgrdm For boseline configura’non A shall be developed from

which weight and power budgets will be derived. Capacity tradeoffs

- will be carrled out to determine if the required UHF and SHF sunlight |
‘capacity which can be provided. The available payload weight is that
: provided by a ’rypicai 2000 ib 3—cxis bus with a 6 year fuei load,
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1

B-3.3

Sensihviﬂes to Payload changes

;Alfhough one configuraﬂon will be selec’red as. the baseline, preliminary
‘welght and power budgets for the alternate configuration will be provided

based on weight/power information developed for the baseline configuration. _- :
In addiﬂon, electrical and T)echanicul changes necessary to converi' the .

. baseline 4-quarter Canada 2~ x 2° beam antenna fo 4-1° x-2° beam antenna’
will be outlined. Detailed capacity tradeoffs for the alternate configuration will -

be carried out only if time and effort.permits. - At a minimum, approximate

~ UHF capacify levels will be indicated for ’rhe ulferno’re TranSponder.
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e UHF —— 4 woceH: . - 45CGHz
T : - z ' CcmadaW‘de j —_— R
g  loor Prairie Spot

401
403

‘370 385 385 4002

sanpe | swa || FomA || |DRR goiees ; lalalalste

Channel
lto7 .
. 60 MHz
© . Useable

5 1 : 5 : - -. 'Bandwiciith:.v
bbbt -
C DOWNLINK |- . | —T1 .
-~ 'BANDS 7 FDMA | I 7 11 - V123 141516 |
R | L 306 - 328 B | Canada Wide e ST
P o S e Prairie Spoi' o - L l
n 7GHz - 12.2CGHz

~Arrows indicate: transponder cross connections

g FlGURE 3 TENTATNE FREQUENCY PLAN FOR CONFIGURATION A
TRANSPON DER '
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ADDEN DUM TO “GUIDELIN ES FOR THE 12- 14 GHz/UHF TRAN SPON DER MODEL"

ISSUE 1 DATED MARCH 30 1975

>'|2-'I4 GHz Anfenno Coveroge ' o

" ‘The required antenna coverage for fhe 12-14 GHz band is defined by the area

bounded by the following locations: Victoria, Winnipeg; Toronto, Halifax, =~

- St. John s, Frobisher Bay, Resolute, Inuvik, Dawson, and Whitehorse. For the

purpose of the feasibility study the following boresights may be- assumed for the
four 2° x 2° spot beoms in order to meet rhe obove c0veroge requirement
\ 55N, 120 W
55N, 104W .
50N, 85W.
'50 N, 66 W -

A boresight of 55 N 110 W will be assumed for fhe l° proirie spof beam |

11 April 1975
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