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FOREWORD |

. This report describes work carried out under contract No. 13SR.

136100-4-0565 for Department of Communications. Mr. H. Werstiuk of the

Communications Research Centre wasAthe_ptqject officer,
Two transponder configurations were invéstigaﬁed. The first was

a single band UHF spacecraft with the proviso that the gomplete UHF

" band be translated to.7,GHz for transmission to the ground where all

signal procesSing'Was=tb'téke‘place; A1l signals were then assembled
at 8GHz for{transmission.td thé spacepréft. :The'sigﬁal Baﬁd isjtﬁen
tfanslated back to fhe UHF baﬂd.férlbroadcasﬁ to the mobilé'fiéld units.
The.UHFvﬁranspondervwaé,sizéd to fully'océupy.the pafload of a.3-axis
stabaiiéed_spacecraft suitable for launch on a 3914 Thor Delta'vehicle.‘"

Thg second traﬁSponder configurationlwas similar‘in the UHFvband
but some of thé capacity-éf the spécecréft ﬁas assigned ﬁo an L%bana
service for ships aﬁd airéraft in ‘the arctié fegion.-

.Two draft reports wefé submitted for the tﬁo transponder configurations}
These are now assembled into a final report as Part I and Part II

respectively except that the trade-off calculations for the two

‘payloads are combined in Part III of this report.
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" PART I

 UHF/SHF PAYLOAD
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1-1.0 INTRODUCTION

:\ , f .'A Part I describes work carried out on Some aspects of
e'proposed UHF/SHF;spacecreft for Canadiaanovernment‘communlcationA
needs. | o | |

Three tasks wéfe tovbe‘undertaken as 1isted'below.'

Task 1:  To assist the design authority in developing satellite trense
ponder configurations which ‘will meet the requirements of the |
antlcipated traffic characterlstics of the UHF Communicatlon
System |

Task 2:.l. To carry out transponder payload tradeoffs for a few selected
'transponder”conflgurations developed in Task 1. Weight and - power
‘tradeoffs.Willibe.carried out as a function. of operating frequency,

. antenna gain, EIRP/Channel, No. of channels, DC'to RFiefficiency
and eclipse capability. o | |

Task 3: - Based on tradeoffs‘carried out in Taskiz, furnish trensponder

".block diagrams including weight. and power estimates,

I-2.0 REQUIREMENTS FOR THE UHF/SHF SATELLITE CONFIGURATION
| Some of the requirements, as furnished by the design authority,
are‘reproduced below. - Some of these, particularly the frequency
bandwidths were_modified during the course of the work. Other
>requirements, sueh as the needAto consider the 3914 launch vehicle
only, were introduced during meetings with the Project Officer, A
full list of the requirements is not 1nc1uded here but these have

been fully cons1dered and satisfied Whenever pos51b1e.
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-Requirements for Bandwidth

‘ L'Preliminary indications are that the satellite shonld-be sized

to support approxlmatelyVSO FDMA slmultaneous w01ce equ1valent

25 KHz channels. AllOW1ng for guard bands, at least 50 KHz is
requlred for each channel Hence the minimum. requlred bandW1dth '
is 4 MHz for both the upllnk and downlink

- Some allowance w1ll have to be made for growth and to- allow

two satellltes ‘to . operate 81mu1taneously on-a non- 1nterference

.¢‘basis.

- A w1deband link (about 15 MHz) w1ll be requlred for Spread—
Spectrum multlplex access for DND, -

- BandW1dth allowance will be requ1red for Data. Retransm1881on

"Platforms (DRP's) and for pOSSlble EmergenCy P081t10n Ind1ca-

‘tlng Radio Beacons (EPIRB's) in the allocated bands.

- A tentative ftequency.plan is -shown in Figure I-1

Available Spectrum from Radio Regulations

- UHF -
for mobiles (uplink and downllnk) 240 - 328 6 MHz and 335 4 .
to 399 9 MHz, |
~for DRP's (uplink) S 401 to 403 MHz
for EPIRB's (ﬁplink), S 4o6 to 406.1 MHz
| Option 1 downlink 3;7 to 4;2 GHz: uplink 5.925 to 6.425 Ghz
Option 2 downlink 7.25 to;7.75,éHz:f uplinik 7.9 to 8.4 GHz

Option 3 downlink 11,7 o 12.2 GHz: uplink 14.0 to 14.5 GHz
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" Figure 1-1 Tentative frequ ency plan for UH F/SHF transponder
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Figure 1-2  Tentative block diagram for UHF/SHF transponder



Other Constraints‘_

DND is likely to require some 1nteroperabllity between the

Canadian system and the U, S system. ThlS requ1rement is 1ike1y

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.

‘determine the best method of'implimenting the cross strapping:

Preliminary Conclusions ‘Bandwidth Requirements

UHF uplink . . 5 MHz for FDMA, 15 MHz for SSMA, each

»satellite -

UHF downlink -+~ 5 MHz for FDMA, each satellite
SAF uplink - 20 MHz for each satellite
SHF downlink . ) o 20 MHz.for-each satellite

EVOLUTION OF TRANSPONDER CONFIGURATION

‘The block diagram of Fignre'I-Z presented by the design
authority‘was examined to determine the implications resulting

from introducing redundancy, The diagram was also examined to

without having excessiye multipath problems due to‘looping thronéh'
alternateipaths. . |

The first modification to Figure I-2 (shown in~Figure Is3)
resultedain the elimination of active gain from the central cross

strapping section.. This is accomplished by putting a 3 dB hybrid
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at each of thegfour'corners‘of the central section and assuming

thatTeachzof the.mixers in‘each'of the four sides has the same

'conversion'loss. In this way the cross strapped signal has the

same 51gna1 strength as’ the d1rect through path " The central
section stlllghas_actlve elements. consisting of mixers and local-

oscillators. One-method of providing redundancy shown in Figure

' I-3 is to.switch in_a;redundant box in the event of failure of

one_of‘the.primary_units, This results.in five redundant'assemblies;.
and  a total of eight sﬁitches._' R

| The act1ve elements can be completely.renoved from the’cross
strapp1ng sectlon (as shown in F1gure I-4) by maklng the UHF to SHF

chain double convers1on.; That is the up11nk frequency of about 380

"MHz is translated. to ‘the downllnk frequency of about 300 MHz. Cross .

strapp1ng is then accompllshed W1thout any further change of frequencyn

or power 1eve1 The central cross over sectlon is completely passive

and nonredundant resu1t1ng in 1ess.comp1ex redundancy sw1tch1ng.

The section‘of_the transponder contalning the UHF transmitter
is shown in Figure I-4 with a total gain of 105 dB; This is
sufficient gain so that the thermal noise in the transmitter cha1n
in .the receive band is unacceptably high and may dominate the output
filter~design. Th1s is allev1ated by_ralsing‘thegpower level of
the cross over sectlon.by moV1ng some of the gain in the two trans-

mitter‘legs»to the two_recelver legs as shown 1n.F1gure I-5, Other

.approachs»such‘as a filter after the.driver amplifier»Would'alleviate

the problem and make the configuration of Figure 4 more acceptable.
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Some addltlonal changes are also shown in Flgure I- 5 namely the

addltlon of fllter number 9 for a narrow band of UHF to UHF

'traffic and the addltlon*of a PIN dlode'attenoator and~its‘re-s

dundant driver. ~This attenuator is controlled by the output power
of the TWTA in such a way that the TWTA is never allowed to get
too close to saturatlon.

| Figure lr6 shows.the.final.versioniof-the‘trahsponder hlock

diagram‘developed during theloourse of this study. There is a

' slight-rearrangementAof‘the filters 4 and'5 resulting in the
‘elimination of filter number 4, In addition:it.has been fecog_

nized, by the addition of filter ﬁumber'lo,_that a significant

filter problem exists:aftet the SHF to UHF mixer inethe‘SHF‘
receifer; _The multipath’prohlem in thevoross strappe& seotion:
has'been eaamlned. In the cases examined, the combination‘of
filter separation and directlvity of thevhybtid junctions reduced -
the multipath signal to a low level and it lsifelt.that~no intrac-
tableiproblems of this nature are likely to occur.

| . Ih FigutespI—7 to I-9 signal levels are included on the-block
diagram of Figure IFS.> A low power signal of 18 oBW on the UHF
downlink and -143 dBW/m® on the UHF uplink is used to illustrate the
signal levels. In the SHF.link an uplink field strength of -98.5
dBW/m has been assumed for a low power channel for the purpose of
setting the s1gnal levels in the transponder. Other flux densities
could‘beiused with only_mlnor 1mp11cat;ons on_the spaceoraft'powef X

and Weight.budget.
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.Figure I-7 shoms_theisignalelevels-for”thehcondition of no
' interference. ThehSHf antennaAprovides;Canada coveraéevano the.”
‘switched attenuator in the~SHF:receive~ieglis-Shown_in its Low
“attenuation state. Figure I-8 shoms the-signal leveis when the
'_satellite is experiencing UHF interference 50 dB above one low' .
power channel, The 1nterfer1ng s1gnal enters the UHF receiver
and attains a level of -11 dBW at ‘the output of the UHF receiver.
All elements of the UHF receiver chain must have a 1arge enough
’ power handling capability to handle this power 1evel in an
essentially 11near manner. In the SHF transmitter chain the
interference is the dominant S1gnal and the PIN diode leveling
circuit maintains it at.about~the -7_dBW.leve1; The~desiredii
S1gna1 is suppressed by, about 30 dB. To recover some of the
s1gnal strength on the SHF downlink the antenna is SW1tched to
spot beam coverage. At the same time the. SW1tched attenuator
~in. the SHF receive chain is. SW1tched to its high attenuation
"state so‘that signal 1eve1s_1n.the UHF downiink.transmitter are
maintaineo constant; |
In figure I-9 the signal‘levelshare shownewhen SHF interference

is encountered,. The SHF'antenna«is‘SWitehed'to spot beam and at

the same time the attenuator switchedhto‘the high attenuation stateP
The interference is assumed to be outside theACovefage area of the spot
beam'and.therefore does not.enter the SHF receiver. | |

It is recogniaed_that.a high power'interference signal could -

pass through fiiter number 9 and jam the high power UHF transmitter,
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This would have to be.prevented,by‘appropriate AGC'action. This

would have some impact on the spacecraft resources but the requirement

has not been considered at this time.

FILTER REQUIREMENTS

- The block diagram of Figure I-6 was examined to determine a

. reasonable manner in which'the_Various filters could.be-located in

the UHF band so as to provide the various.services required and, on
theﬂother hand, avoid interaction between the‘filters.. The various

filters and their locations 1n the transponder are shown, ‘with numbers,f

in Flgure I-6.< The serv1ces required are SSMA of about 15 MHz, FDMA

with a minihum of lS-MHg, UHF to_UHF of.about-ZVMszpermenantly con-
nected plus.a'back up UﬁFrto.UHE‘connection for FDMA in case of a
failure in the SHf section of the transponder. In additlon, a narrow
’band SHF to SHF connection of 1-2. MHz is requlred |

In addition to these communlcations services the bands 401 to 403
Mhz for data retransmission platforms and 406-to 406,1 MHz for emergency
position indicationpby radio beacon service are ‘to be received by the
satellite’ at UHF translated to. SHF and relayed to the Central control
terminal. These two services along with the SSMA traff1c do not appear
in the return link from SHF‘to_UHF, B

A tentative assignment of frequency and bandwidth for all services

~ and the associated UHF filters are shown im Figure I-11. The filter

center frequency and bandwidth are listed in Table I-1,
The most critical filters are the input and output filters at

both UHF and SHF,  The output filters must reduce emissions from the



TABLE I-1 - TENTATIVE FILTER PARAMETERS

—

Filter No.

OO OO U W N

.Center Freq. -
- mHz - '

314 .
388
317
314 -
297
-7300
8000 -
327
311

'Useable
.BW
... MHz .~

28
36.
34
28
1
120
120
1

..34
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" FigoreI-10  Intermodulation noise spectrum calculated from measured dmplifigr' -

nonlinearity characteristics
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Figure I-11  Tentative frequency bandwidths in the UHF band



transmitter in the receive band to:a'léQél‘Well,beloW the thermal nolse of

" the receiver, A level 10 dB below thermal néise has Béen,selgcted‘3“

as maximum_acceptablé,levél.-VThis-cauSes a degradatibn in‘C/N_in'
the uplink of aboutZO.S.dB which is about the maximum that can be

tolerated at least in the UHF~uplink.i

The input filter is required to protect the receiver from the

Transmitted signal. The criteria is that the residual transmitter

,signal in the fécei#ér should be well below;ﬁhe sétufation,level of

the receiver. - Under these conditions the intermod produéed by the
transmitter signals iﬁfthe‘receivér are low.and the gain of the
receiver is not affected.

Calculations of the isolation required from the.input and

_output filters at both UHF and SHF are summarized in,Téble 1-2.

‘The minimum total input and output filter isolation is calculated

which may be dividedAbetWeén the ‘input or output filter-and the

diplexer as required.
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TABLE I-2 - FILTER ISOLATION CALCULATIONS

UHF Output Filters

Receiver thermal noise (25 kHz F=2d6) -
Reduce all Transmitter 31gnals

. Receive band to

Transmitter thermal noise flgure

_ Transmitter thermal noise  power.

Amplifier gain

- Transmitter noise at transmitter output“

Transmitter 1ntermod C/I
Small carrier power level
Intermod power (worst channel) -

Decrease in Intermod from transmit to
. receive band at 370 mHz (see Figure I-10)
. Intermod in receive band (transmitter output) .. -

 Transmitter spurious at transmitter output

Required reduction in thermal noise

Required reduction in intermod power

Required reduction in spurious

Minimum total output filter isolation in
receive band

- -128

o138

dBM

dBM

104dB

-120
dB
dBm .

72
-48
15
.29
14

17
-3
-75

A90

135,

63

135

continued

dBm

dB

dBm

‘dBm
B

"dBm.

‘dBm

dB
dB
dB
dB
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SHFF Qutput Filter
Recelver 'thermal nolse power ' o 125 dBm
Reduce all transmitter signals ' 5 S B :
in receive band to I I, .. .+ =135 dBm
Trasmitter thermal noise. figure = . v - 30 4B
Transmitter thermal noise power ‘ ' S © =100 dBm
Amplifier gain : T : 55 dB
Transmltter noise. power at transmltter output ‘ «45 dBm
Transmltter intercept polnt 3 - , o 12 dBW
C/ (2 carriers) 2 x (12 - 26.5) . L 77 dB
#¥Degradation. for 100 carriers : : . 42 dB
C/1 (100 carriers) worst case B o : " 35 dB.
Carrier level = : » : . =26.5 dBw - ‘
Intermod -Power . ’ : g ' ’ . =61.5 dBw 31.5 dBm .
Decrease in Intermod from transmit to receive : ‘ 30 dB- C .
band . o ’
Intermod power (recelve band) L A ) . =-61.,5 dBm -
Transmitter spurlous at transmltter output - — " -75 dBm
Required reduction in thermal noise : - : 90 dB
Required reduction. in intermod power 4 ‘ 73.5.dB
Required reduction in spurious - i ' "60 dB
- Minimum total output filter isolation in receive - 90 dB
- band, : :

%% Westcott R.J, Investigation of multiple FM/FDM comes through a
satellite FWT operating near to saturation Proc. IEE Vol, 114,
No. 6, June 1967, P8 726-740 : ‘ y

" continueéd
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UHF Input Filter

Rediice transmitter s1gna1s in transmlt band

-well below saturatlon 1eve1 of rece1ver front end

-LNA 1ntercept point

Transmitter signal power at output of LNA

LNA gain :
Transmitter signal power at 1nput of LNA
Transmitter  output power: :

Minimum total input f11ter 1solat10n in transmlt

‘band

_SHF Input Filter

Intercept p01nt on’ Recelver LNA
Transmitter s1gna1 power at LNA output

- LNA gain

Transmitter signal power at LNA 1nput
Transmitter output power :
Minimum total input filter 1solat10n at transmlt band

10 dBm

=10 dBm

42 dB

- 52 dBm

50 dBm .
102 dB p

' -15 dBm
-35 dBm

20 dB

-55 dBm .

23 dBm
78 dB-

|
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Figure I-12  Required characferisﬁ_c’s of the input and output filters at UHF




ANTENNA CONFIGURATION

Considerable attention ‘was directed towards the antenna conflguratlon

to meet the requrrements. These requ1rements are rather str1ngent. The

antenna was required “to transmlt and recelve on each of three beams

namely

1. Canada coreraéedat"dHF’
, 2.1"Canada coverage at SHF
3. Spot beam at SHF
Two basic conflguratlons were con81dered (a) A s1ng1e parabollc
reflector.W1th a complex feed assembly prov1d1ng all the above three
beams and. (b) a quad helix for UHF w1th a smaller reflector in the '
center of the quad hellx to prov1de the two. SHF beams. The 1atter has

been found less favourab1e~because to.prov1de the des1red.UHFrga1n of

19 dB 1t Would be necessary to deploy the quad helix in two d1rectlons,

namely mov1ng the helices to glve the correct spacing and then extending

the helices. By contrast the parabollc_reflector requ1res only one
deployment mechanism\(the.outer rim of_the-parabola is a fold out mesh
structure). The necessity to provide three feeds'for the reflector
instead of only two for case (a) above is an added.complication,
Apertures will have:to be cut infthe.solid central‘reflector)for.the
earth_sensors etc,, but this would not‘alter the performancetby~any_ :
significant~amount. a

Gain and beam nidth are presented as a function of.dfameter for
UHF in Figure I-13 and for SHF 1n Figure I-14, The cross'section of

the parabola with feed is shown 1n Figure I- 15 while the plan view 1s
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Figure 113 | Beum width and 'éqin of a UHF purubol'i; reﬂecﬂ;r versus diameter
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el
given.in'Figure-I-lé 'Anvf/d'of about .25 is. shown for UHF .5 for
SHF spot beam and much 1arger for SHF Canada coverage.

A quadrifilar helix. 1s shown for the UHF feed and an array of

. horns for SHF (F1gurefI-l7) The array'ls fed Wlth a.Bulter matrlx

(Flgure I 18) so that for the Canada coverage beam the reflector is
Alllumlnated off axis. In this Way the blockage of the feed assembly
is ayoided_A‘To‘provide.a spot beam»the signal is fed to only one of.
the feed horns-giving symmetric‘illumination out to abouta7 £t diameter
(switching arrangements are nct shown).

The quadrifilar helix is a four wire helix with a length about
equal to the diameter.“.It radiates circularApolarization. In Figure

I-17 the length iscsomewhat shorter thanmthe'diameter, ~This is necessary

.to increase the diameter 50 ‘that it Will enclose the horn assembly.

Dependlng upon the size of- the horn assembly this may not be an acceptable

~solutlon as the polarlzatlon purlty degrades ‘as ‘the length to d1ameter

bratlo departs from opt1mum. In additlon the quadrlfllar antenna is a

resonant structure and requires a separate helix for transmit and-
receive. This may be an advantage because it will provide additional

isolation between transmit and receive.

Table I-3 Antenna parameters

Antenna type

- deployed parabola -

Antenna diameter 13 feet
UHF gain over all Canada 19 dB
SHF gain over all Canada 26 dB
SHF peak spot beam gain 42 4B -
. UHF Polorization . - Circular
SHF - Polorization Linear
Weight . 55 1bs,



_ ..29..-: o

- TT&C ANTENNA S
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" Figure I-15 Ciogs ~sec'vtion.>,vof. dualband reflector antenna
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 FEED FORSHF

— QUADRIFILAR
HELIX

» Figure 1-17 Def&il of feed sﬁuctu_re :

MULTIHORN ~ -



~INPUT -

Figure 1-18 ~ Butler matrix feed for a four-hotn array

. 3dB 90° HYBRIDS

e | ©=#°PHASESHIFT

3dB 90°HYBRID
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WEIGHT AND POWER

The weight and power estimates are given in Table I-4. The

UHF amplifier weight‘and power figures are based on commercially

available units of appropriate noise and power level, Filter weights .

are based on comb type frlter‘structures fabriCated from GFEC material.

Some resources are alloted to power condltlonlng. This is required"

because power from the spacecraft sw1ngs between array voltage and’

battery voltage. It has been assumed that the hlgh power UHF amp11f1erb

can work between these llmits and no power condltlonlng has been -

included for this unit
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TABLE I-4 - WEIGHT AND POWER ESTIMATES

Uﬁit ‘_:‘ '-:_Tbtal o PoWer

Weight - Number = Weight . (Watts)
(oz)" ' - (¢2)
. UHF LNA : S 12 2 24 R
IW UHF Amp ' - . 40 2 80 : 16
- UHF mp o .10 .2 20 .. 2
UHF driver ' g 40 2 -~ 80 16
HPA & EPC AR .. . To be determined S
SHF L A o S - 15 ) 30 1
SHF ‘TWTA . S - 80 2 - 160 - 20
UHF /UHF mixer , © 8. 2 16 - -
"UHF/SHF mixer y o 8 2 16 : I
SHF /UHF mixer . _ o 8 2 16 -
UHF/UHF L,0. ° . - 8 2 16, 1
'UHF/SHF L.,0. =~ . . . 16 S 2 32 1
_ SHF/UHF L.OQ. S 16 2 32 1
UHF hybrid 2 6 12 -
SHF direct Coupler 1 2. 1 o2
UHF switch 6 :3 - .18
SHF switch 4 3 12
command attenuator ) 1 8
attenuator pads (UHF) 1 4 4
UHF isolators - 8 8 64
SHF isolators 3 6 18
-UHF filters. 16 9 144
SHF. filters 4 A 8
“PIN modulator . 6 1 b o
PIN driver ' 8 2 16 1
Antenna and feed’ N 55x16 1 880
Cables ‘and connectors : K . 48 1 48
misc Hardware ' . 5x16 1 80
Power, telemetry and Command (PTC) 6,5x16 1 104 6
: ' ‘ ‘ 1946 oz . 66 W

' =121.6 lbs,
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Introduction

Part II déscribeS’Work carried out to define an L-band

addition to tﬁe‘UHF/SHF transponder gqnfigﬂrationw The basic

‘UHF/SHF‘transpoﬁder is. described ir Part I_and-shouid be read

'in conjunction with this part to obtain a full understanding of

‘the complete transponder configﬁration;,

L—band'requirements

"The following pages prbvided by‘the project offi¢er, specify

‘the L-band portion of the transponder.  Included is a task description

of the three tasks covered by this portion of the contract and
included in this report,

UHF/SHF/L-BAND TRANSPONDER -

1. Purpose
‘To provide a domestic coverage AEROSAT and MARISAT_ccmpatible
service to air and ship mobiles, in addition to the UHF/SHF services' 

provided by the UHF/SHF transponder concept.

2, -Frequenéy‘Plan

| "Figure II-1 éttaéhed. L-band fréqﬁency aSsignmentérare
proposed to be in the 1 MHz band which is-sharéd.between Aeronautical
and Maritime services. (i.e., 1644 - 1645 MHz ﬁplink and 1542,5 -
1543.5 MHz downlink) ‘ |

3. Assumptions

(a) Frequency plaﬁ - ‘see Figufe Ii-l.
(b) L-band coverage 4° x 8° beém (i.e., 29 dB peak gain;
26 dB gain af e&ge of coverage).
.'(c) Poléfization for L-band is RHC,AUHF/SHF Polarizations

remain the same as in the UHF/SHF transponder.
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PROBABLY

1542.5-1543.5 MHz
]:l Primary Mission . ‘ Secondary,. payload pemitting

Figuré II-1  Tentative frequen&y pla.nA - UH F/SHF/L-Baan. fran;spéqder
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(d) Spacecraft L-band RF losses from the TWT to the antenna .
‘are l,S;dB,‘ | ‘ |
(e)»'Fixed,station'pafametersz 30”:péraboliéé ibO°K noise temp,

100 watt TWT. -

‘Technical‘Parameters,

4.1 ForwardFChannéls‘(fixed to~mobile). ‘v

Aeronautical © Maritime

' Require space to mobile ¢/No dBhz B 43 ‘ 51

Mobileinoise‘Temp °r . . - 1000 - 500
Mobile antenna gain dB. : _i R S 23

Margin at L‘Band«dB ' h o : 5 : : 5

Free space loss L-band dB . ass.. . 188.4

Required space to mobile L-béﬁd'ElRP'. ‘  _f“'33.8- - » 19,8
dBW (edge of-coveragg).' | | -
s;texliteISHE- . o R .. 00 1000
Satellite SHF net ;ntenna gain dB . 20, 29
Required fixed to space.d/No dBHz: ‘ o .63‘ R ~&, 71
Fréé’space loss ‘at SHF <8GHz) dB ’ .202.6 - - 202.6
Margin at SHF dB ‘i .4‘ :   \-.,>~. .3 ; _ : '3 -
Required EIRP at SHF (dBW) -  A'.j B | ‘413 o 49
For fixéd gain transééﬁder fequired_ 63 | ’ ..; 49

ground statién EIRP

SHF flux density at satellite (dBW/m) =100 - S =114
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4,2 Return Channels (mobile to fixed)

13.

5.  Contract

'i Aeronautical

Number of return channels

Overall C/No required

Satellite L-band Rx noise‘tehpefature'

Gain of the satellite L-band antenna
‘(edge of Canada) -

Margin at L—band

. Mobile EIRP

L-band flux at satellite:
Mobilé-co%space C/No a

Ground stationvahtenna gaiﬁ;(SHF)'
Ground station~Rx temoérafuré

SHF margin |
Raquired spacefco-fixed C/No. .

Reqﬁired'space-ﬁo-fixed EIRP

Task

@

'1000°K

o2

44 AB-Hz

26 dB

5 dB

23 dBW

2140 dBW/m®.

53.5 dB-Hz
54 dB

100°K

348

44 .5 dB-Hz

~13 dBW-

" Maritime

2 to 5

53 dB-Hz
0

- 1000°K

26 dB

5 dB

37 dBW

=126 dBW/mz

67.5 dB-Hz

54 -dB
0

'100°K

3 dB
53,5 dB-Hz

-4 dBW

Modify the UHF/SHF transponder to accommodate the L- band

requirement.:

This involves the installation of L-band .

antenna fceds,'receiver,,cross-strapping~of-the L-band to

the SHF

and the additioﬁ-of'a L-band TWT (redundant).

Assuming an L-band antenna gain of about 26 dB edge

'gain, the TWT power is as shown in. the chart below.

Number of channels
EIRP/channel

L-band gainr(edgé’of coverage)

Aeronautical
1 .
33,5 dBW

26- dB -

Maritime

1l to 4

©19.5 dBW

26 dB
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VRF-losées. V 1i: o SR 1.51d§- - i;5‘dB-
: RF.ﬁafté/chanhei N . %” ; .‘ 7.9 o .32'
' Total Rf (one aeronautical, foﬁr“maritimé'}f<' - ‘9,2(Waﬁts»‘

" TWT power (2 dB backoff) = s T 15 'watts

Determine the»weight'éndfpéﬁér budgéts“for‘fhis new -

. configuration.

Determine if this new transponder can be accommodated in a

.»typiCal 3914 3-a$is-bus._ AlEo:detérmine the_remaining UHEf

capaéity:for varfoﬁé eclipse capability (100%, 50%; 25%)
assumiﬁgﬁ |
(1)-aLfband.pqrtioﬁ hés.full eclipse capacity.

(2) L-band portion has no eclipse capacity.
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II-3.0 Transponder config_ration with L- band addition

Two ways have been identified for including the L~ band

'capability into the UHF/SHF transponder.- Block diagrams of

transponders illustrating these two methods are shown in Figures
I1-2- and I1-3, |

L-band trafficvfrom aircraft or_marineAvehicles is
receiued by the L-band antennacand after'frequencyitranslation

in the spacecraft is radiated at 7GHz. It is then received by

i

~ the central‘control‘station_and-routed‘to its_destination.' The
ireturnimessage retracesfthe.path-from the central station to the

' SHF receiver on the spacecraft whence it is radiated'at L-band,

There is no requirement for traffic.between_L-band‘and.UHF.

Figure II-2 shows the Lnband portion'of the tranSponder'

vconnected 1nto the SHF receiver Just after the low noise amplifier

and into the SHF transmitter Just before the TWTA. Thus the- SHF
to L-band path and the L-band to SHF return both have singlef
conversion frequency'translations. | |

- Figure II-3 shows the L-band portion of the transponder
connected in at the UHF transmit frequency. - Thus ‘the SHF tovL-band
link and the L-band to SHF return'path-both have double conversion

frequency translations, This latter configuration (Figure II-3)

would seem to be the least desirable because of the double frequency

conversion and the addition of four of the relatively large size UHF
filters. Howevér, this arrangement causes the L-band signals to

pass through both the commandable attenuator and the PIN attenuator
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and gives protection against L-band-interference as well as UHF and

SHF interference. On the bthethand; if the cdhfigufation of'Figure

- 1I-2 is used, then L-band interference would not omnly block.Lngnd

traffic but UHF to SHF and SHF to SHF traffic as well. Only UHF

'to UHF and SHF to UHF traffic would remain. If it is not required

to maintain L-band service in the preSenée of large L-band interference

then the UHF traffic can be protected from L-band interference by an

AGC. action in the L-band receiver, Another consideration is the

éffect:of UHF interference on the L-band service, With the configu-

ration of Figure II—2;the SHF ground transmitter would havé to
adjust the levels of all carriers destined for L-band, a fequifement '

that does not occur with the configuration of_Eigure’IIrS. 'For.these

“various reasons Figure II-3 is considered to be ‘the prefered.*

configuration,

IT1-4.0 Frequency Plan

This frequency plan is,based?on.the assumptipn-tﬁaf the
transponder of'Figure ii—3 is adoﬁted., TheAf:équency plan is-shown:
in Figure II-4, It is the same as that inciuded in the~fart i |
of this report excépt,fpr.the additién of a narrow band
of 1MHz for the.ﬂ-band tfaffic. Only one filter (No. 10) needs
to be changed from the UHF/SHF configuration. The additiomnal.
traffic éppears internally ig ﬁhe_UHF band buﬁ.is.only rédiéted'
ét L-band and SHF. An additional advan£dge of doubie‘conversion
of the L-band.traffic iglthat relativeiy narfoﬁ band filters can be

utilized to separate the L-band traffic from the rest of the traffic.
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'II-5.0 Antenna Configuration

The antenna configuration:required-for this spacecraft is-

extremely complex, Four separate“antenna beams in three digtinct.

frequency BandS»are reduired Transmit and'receive capability is

reduired on all four beame.‘ Three of the beams are provided by a

13 foot dlameter parabola of revolutlon reflector with a focal point

feed, The central ‘portion of approx1mate1y seven foot diameter is

a solid refLector_while the outer 6 feet (3 foot radius) consists

each of the four beams

(a) UHF - The-full 13

filar helix to provide.

length of 3.25 feet is

of the resonant nature

‘of a deoloyed'mesh configuration., The facilities sﬁggested for-

are described below (shown in Figure II-6).

foot diameter is illuminated by a quadri

circular polarization. A parabolic focal

‘used giving an £/d rafio ova.25. Because

of the quadrifilar helix»separate'helices

for transmit and~receive‘are considered necessary.. The quadrifilar.

helix provides very good'circular_polarization‘over‘a full hemis-

phere and seems ideally suited for this applioation;

- (b) SHF spot: - An aperture size of seven feet or slightly less'

1s required for the SHF spot beam. This is‘provided by a focal

point-feed horn but the horm is aimed'to one side to reduce

. distortions caused by the Canada coverage insert desoribed in (c)

below and by ‘holes that must be cut in the solid central parr of

the reflector for station keeping functiOné;

(¢) SHF Canada coverage:- This is provided by a specially formed

insert set into the east (or west) side of -the solid portion of

rhe main reflector. A focal length of 2 feet has tentatively .
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been selected for this insert, If the vertex-ﬁf the insert i$

-~ displaced from the vertex of the main reflector both_éxiallyiand '

,1attefly,:then‘thg contour of the inseft follows the contour of ﬁhe';

main reflector th;t it replaces by a Vefy éhall.maximum érror..

There is also a blockage pf'the;UHF and LQﬁaﬂa_éperturg b§>the'SHF ‘
horn for fhé insert, - This:blbékaée,ﬁust:be>cbnsidéred in»optimizﬁngf.
the SHF.Canada'cqverage‘antgﬂna.

(d) L-band coverage: - Because L-band radiation must be cifcularlyv_

.. polarized a Quadrifilaf helix is used as the feed element. This

provides a circularly symmefric illumination.pgttern and would

prbvide,a circular beam in the far field from a parabola of'r¢vo-
lution reflector, .To'optiﬁize the ground coverage at.L—bénd aﬁd ‘giQe
the required 4° x 8° béam, two-quadrifilar he1ices are used -

'apprbpiiately spaéed;to.illﬁminate_the>reflgqtor over an area

of approximately 7' x 13', The gain and beam width of an L-band.
épeiture is shown in Figure LI-f as a functioﬁ of dismeter. It

is seen thét almost the full 13 feet is required to give 4 degrees

N-§8 beam width,

The basic concept for this antenna incorporates an insert with
a shorter focal length for the SHF Canada coverage. ﬁepause of
.defocﬁssing effeéts, the SHF spot beam illuminatibn-may ﬁot bg
able to fall on;fhe_area.occupied ﬁy.the insert.'.Thé.SHF(spof
mpst‘then be squinted sideways<(East-West) so tﬁat a portion of
the SHF spot falls on the less acéurate mésh~portion of the 

reflector. At the same time a part of the accurate solid portion
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Figure IT-5  Beamwidth and gain for an L-band uﬁi_enna versus diameter
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of the reflector is noﬁ illuminated by SHF, oniy L-bénduand.UHF} A

The principle objectivé'of an optimized anteﬁna'éonfigpfation\is_

‘to bring the SHF spot bgam-illumination.closewto the center of tﬂé

reflector to utilize most of the'accuraté portion of the reflector,

In this way the mesh portion can be less -accurate and therefore have-

lower weilght and cost.,

This objectivé can be accomplished by placing‘the'SﬁF Canada .
coverage ‘inset on the easg side of the méin reflector., In\th15 ~
way the short dimeﬁéion.of‘the‘ingert is along~the.radius of the;- 
main féflecto¥ and the léng dimension'along the ciféuﬁfefenbé,

The SHF spot.illuminationAis npw.squiﬁted west by the amount

required to minimize degredation caused by'illumination falling

on the Canada coverage insert, Finally by careful selection of the

contour of the insert the departure from the main reflectorvéontOUr

'6aﬁ be made smaller'towérds the center than towards the mesh so
that the SHF spot beam illumination can overlap "afi)or:tior_l- of the
insert without undue defocusing effect;.v‘

The concept is.illustrated in the attaéhed figures, . Figure‘~

:

II-6 gives the plan view showing the location of the inseft»and

the SHF spot beam”illumination.‘ Figure -I1I-7 is a east-west‘section"

of the antenna showing the-insert, thezlpCation of its gapex and the

' feed'elementé.. Figure II-8 gives two views of the L-band feed and

the SHF spot beam feed horn. The L-band quadrifilar helices are
diménsioned for half-turn”eiements. iThis makes themtquiﬁe small
and gives maximum.Space for the SHF horn between. The>UHF quadri-
‘filar.helices éurround the L-band‘and‘SHF spot beam feedg and
would be one quarter turn quadrifilar helices to give maximum

space .inside for the L-band and SHF., Finally Figure II-9 gives
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N\ FOR
SHF SPOT BEAM

~ FigurelI-6  Plan view of UHF/SHF /L-band reflector antenna showing
illumination areas : " S
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1 L : :
32 1 o;.__I\z 3 4 5
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Figure ll-7 East-west section of UHF/SHF/L bund shom ng.

location of insert and feed structure
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Fiéure II-8  Sketch of L-band-and SHF spot beam feefl complex
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the difference between the main reflectorswith 3.25 footdfocal;

' iength and the'insert~with Z\foot.focal 1ength aiong~the’east-west'v
~cut for the case Where the apex of the parabola for the insert is

_ di5p1aced_one foot laterally and‘.196 feet‘axially.~ This show5~

that the SHF spot:beam:iliumination can“owerlapvthe\insert:to'the~

A.13 foot radius point without exceeding the tolerable error at SHF.

Between 3 foot and 3.5 foot radius the error increased rapidly

but does not exceed the tolerable 1imit for L band at the worst

.1ocation.

II- 6 0 Weight and Power Budgets

The weight and power budgets for the L-band portion of

the. transponder are given in Table II 1-’ addition to the L- band
feed weight,ten pounds has been added to the basic UHF/SHF antenna-.
AﬂAn implementation margin of 15 1bs. has been added to apply speci-‘

~‘fically to the transponder. This is 10% of ‘the transponder weight

If L- band service is not required during ec11pse the
L-band:portion'can\be-turned;offﬁand)thec83:watts*o£vpowerrused'

for the UHF‘service,‘gNo.partial Lfbandfserwice is~possibie;
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Table II-1:  LiBand Weight Budget (3B) .

UHF filters

UHF hybrids
L-band TWTA
UHF/L-band mixer
L~ band/UHF mixer
L.O. )

_ UHF Driver Amp.

L-band INA.-
L-band filters .
UHF Amp .

“ L-band antenna feed

L-band feed line

.. Cables and connectors :;&
- Misc. hardware o
Power, Telemetry & Command

(PTC)

UHF/Shf total with -

(19dB gain antenna and

~excluding the HPA)
‘ Margin

‘Total" -

uvUnit
: Weight
o 0Z

Number

"Tabie

'Weight
0z .

PR NBPENNMRN DL |

S s Rl

224
16
16

32

48,

b

10
12

32
48
16

 1.32i: B
-30‘f}f'

%16 0z
‘].38 5 1bs,

15 1bs.

T 175.1 1bs.

36
60

) fPower
SV_Watt3‘~

v66‘Wat£s

-
ma————

126 Watts



PART III-

" TRADE-OFF ANALYSIS AND'

CALCULATIONS
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III-1.0 UHF Cagacity Anaiysis

" The UHF capacity depends upon the antenna - vain, the
transmitter efficiency and the.eclipse capability as weli as_.f
the welght available to provide transmitter power. The capa-
city depends upon the efficiency in two. ways: ‘a) in'proyidingsf"
RF power proportional to the efficiency for fixed prime power
and b) in providing more weight for prime power ‘with higher

efficiency because the transmitter weight depends upon power

.dissipation rather- than either RF or DC -power,

Weight coefficient for the soiar arrayfand batteries

‘are as follows:-

" Array #/eclipse watt = ;127_1bs/watt}

Kl.

Array #/sunlight:watty K2= .115glhs/watth
Battery.#/Watt \ e 5}1<3=. 167 l‘bs/waﬂtt
Full payload capacity of Bus K= 360 lbs/watt
Redundant transmitter | K4= .128 lbs/watt dissipation'
UHF/SHF recelver prime power j; Pp= 66 watts
L-Band prime power - .-i.‘ ' P = 83 watts. o ‘. i
UHF /SHF weight less transmitter_ WR=-131;6 lbs. 3
L-Band weight (total) - f~fi'~ WL= 43.5>1bs3
UHF transmitter Weight _ .i':‘ _W&lbs. L - o '
jﬁHF transmitter power - ' Ps'wattS-hi |

in sunlight : ' : o
UHF transmitter prime power » ‘felwatts:;h

in eclipse
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UHF Eclipse capability  E, = Pe = 100%, 752;3501,725%':"
' : e - . Ps- .
L-Band eclipse Capabilityf_ _.EL”= r-;quD'&~0% -
Battery eclipse_ratio . EB‘"
(ratio of eclipse load
to sunlight-load)'
Total weight coefficient Ko
“including array, battery :
and transmltter
‘Transmitter stage  EFF

efficiency

The transmitter ‘weight 1s assumed proportional to dissipation.__
This is considered valid as a low pOWer amplifier with- 30 dB gain o

Weighs only a few ounces.

Pep = EFF x P_

P, = (1-EFF) x P_ |
- > = K, (1L-Eff) P

Wp = K, x ?H K, (1 ) ]

il

KT A KQP (1 - EFF) + (1 = EB) X K2*+ EB X K3 + K X EB
PTot '

NOTE: - The heat dissipation "PH" in the output power amplifier

must include the power to the drive circuits. :This has been
taken as 1,5dB thus "Eff" in the above equatlons must be
multiplied by

107017 = 708

Thus

P (1 - Eff x .708) P

H DC

KT, K4P (1 - EFF x .708) + K2 (l;-E ) + Ep (K + K )

The batlery ratio B, is related to ‘the UHF eclipse capability

The sunlight load is. PTot = Pg + PR + PL

The eclipse load.is_ETpS + PR 3+ ELf'
' ‘ : - L
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Thus»EB:= E, P + P, + E P

TS - R L L
®s f Py * L
This is a variable depending upon ET‘and'EL and upon the

ratios of PS’ P and P

‘R
Finally -

= (360 - g - W) 1 R R

KT'

Thus we have EB*depending upon Ps and Ps-depending upon Eﬁ:

~ This can be solved by a trial and error approach using the
computer, 'Fiually, the'prime'poﬁer_Ps is converted to.ra-,ﬁ

diated power using the assumed tbtai-convefsion loss. Thie

is 6dB for the case listed in Table III-1 but will vary .

depending upon the assumed output stage efficiency. _Finally

the total radiated power is converted to No. of channele at

an EIRP of 18 dBW.

TABLE III*l‘

DC to Radlated RF Conver31on Losses

Unit o \ . ': . Loss (dB)
EPC .5”
Output Stage 2.5
Driver Stages g , 1.5
Isolater N f .25
Switch ‘ ' : .25
Output Fllterl' .5
Line Losses ) «5

~ Total -~ . . . 6.0
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UHF Antenna ~ Trans- . Redundant Transmitter W = Power subsystem and baterries
ANTENNA Weight Weight Transmitter Prime Power ' L - .
GAIN (1bs) (1bs) Weight (Watts) © 100% eclipse  50% eclipse 25% Eclipse
(dB) ' : ‘ (1bs) : :
. ' A . : W Total W Total W Total,
20 51 126.8 102 250 76 137.2 56 - 117.2 46.5  107.7
19 46 124.4 12,8 3.6 9%  154.8 70 - 128.8 58.5 117.3
18 . 42 123.7 6.1 398 - 121 . 179 89 147 74 132
17 37 122.9 203 , 500 152 209.3 111  168.3 93 150.3
16 32.5 123.6 - 25.5 630 -~ 191 249 140 198 117 175
15 28.5  126.2 . . 32.1 . 795 260 300.6 176 236.6 147 207.6
14 - 25 131.0 40.4 . 1000 313 . 368.4 222 . 287.4 185  250.4

.86 .-

. TABLE III-2 - TRADE-OFF:CALCULATIONS TOZMiNiMIZE PAYLOAD'WEIGHT' :
AS ANTENNA GAIN IS VARIED (FOR 100 CHANNELS AT 18 dBW)
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© III-2.0 TRADE-OFFS -

The trade offs performed in the UHF/SHF configuration

are tabulated in Table II 2 and presented in Figures II 1 to III 2

In Table III-2 the total weight of . all power sensitive‘

units, namely the high power amplifier, the eclipse batteries, the

power subsystem and the antenna has been claculated as a. function

of antenna gain and percent of eclipse capability. It is evident

‘that the highest antenna gain, up to the 20 dB considered, gives

the'lowert total weight. Reducing the - eclipse capability also

reduces the Weight as - expected
These calculations have been based upon an efficiency

of 56% (2.5 dB) for the output stage of the HPA. For output ‘H

"stages of different efficiencies the available capacity is shown in

Figure IILI-1 assuming an antenna gain of 19 dB. These are cal-
culated for different UHF eclipse capabilities from 25% to 100
The eclipse capabilities is specified in the number of 18 dBW
channels but in reality it is bC power to the UHF transmitter.u

Because the backoff during eclipse would be. obtained by cutting

down on the number of channels loaded on: the spacecraft, the UHF out-

- put amplifier would experienceva‘reduction in efficiency during

eclipse.; Thus - for less than 100% eclipse capability¢thefaverage>A
load on the spacecraft would of necessity be:lower thanfshowni

in the graphs in this report.
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UHF ECLIPSE CAPABILITY — 25%

UHF/SHF TRANSPONDER
* UHF ANTENNA GAIN 19 dB

30 0 5 60 70
UHF TRANSMITTER OUTPUT STAGE EFFICIENCY (Percent) = -

Figure H1-1 . UHF capacity of basic UH F/SHF fransponder versus oufput stage :
' efhcnency and echpse cabability '
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Figure II[--2 UH;F capacity with I_._‘-_Bli_nd gababi‘li.fy_ operating du.ringieclips"e )
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UHF TRANSMITTER OUTPUT STAGE EFFICIENCY (Percent)

Fiéuré TH-3 UHF cupucufy wnh the L bund cupqulnfy NOT operuhng _

durmg eclipse -
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Fig-;ure.lll—-li ~ UHF c@pu{:iiy \w;vi.th l..«b"uvrid‘éc-lpc.lbilify\ operating during eclipse
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The capacityiof.the UhF/SHF/I-band'configuration‘has alsov
been calculated, Figure III-2 shows the UHF}capacity>if.the:
L—band transponder is left oniduringﬂeclipse. ‘The . UHF sunlight
capability is shown for 100%, 75%, 50% and 25% eclipse Capability
as a function of the UHF output stage efficiency.

Figure III 3 shows the sunlight capability if the UHF.

transmitter is-sized on the assumption that'thevL-band capability,

'will be turned off during eclipse. The final Figure (III-4) -

shows the UHF capability as: ‘a function of antenna gain in the

case that L-band capability is maintained during eclipse.‘

III-3.0 Conclusions

It_has.been shown'that‘aAthree axis stabiliZed bus on
the 3914 launch vehicle’has sufficient launch capability to
include an L-band service capability. If 100% of the UHF
capability and the L-band’seryice~are maintained during eclipse
'approximately 100 simultaneous carriers at UHF can be supported

providing 18 dBW per carrier.
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