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revision summary

rev bate ~~ chance race
A 08—18—2012 Corrected Vehicle Telemety bitrate to 2 Mps and ground station recever 560

bandwidh to 2.4 MHz. Updated lnk gragh accordingly. Corrected GPB bi rate
from 1.536 Mbps to 0.128 Mbas and GPB ground station receiver bandwidth
from 1500 Miz to 300 MHz. Correctbitrate and receiver bancwicth were
used for Ink margin graghs.
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ORS—3 Link Margin Analysis

Ovenview

ORS—3 wil be launched from the M—Alantc Regional Spaceport (MARS) at Walops Island, Vigina
Analyses were performed fothe S—Band Telemelsy(TLM),S—Band GRS Posttoning Beacon (G®B) , Range
Tracking System {RTS) and Fight Termination Systerm (FTS), Telemetyis needed for payload separation
through 715 seconds. FTS and RTS are neaded up to slage 3 separation at 518 secands. Vehilerjectory data
was oblained from the Orbtal GN&C dept

The Matifie used was located in:
InasDt/osplorsignc/peters|{6246—387_1.6frunt._RFLinkMargin_nrtsimn1.1.mat 

The mission event times are found in the GN&C fle ore3.imelinenrsin‘.1.ixlocated in the same drectory as
the trjectory fle and are as follows

Misston Event Times (seconds)
faunchime=0
s2ign = 61.4350

as srso

  

stburnou
payioad sep
com = 1800
  

MATLAB programs were developed to automate the ink margin calculation process. The margins predicted i ths
report are conservative given that worst ease values are ullized for component inserton loss and conservative
modaing of plume atlenualion is employes.

Analysis Guidelines
"The folowing deliations and quantties are requred to deterrine marginsforthe ORS—3 RF system. The values
provided in the Link Worksheals are used in e folowing equations to determine the Link Margin.

  

(1) Effective Isotropic Radiated Power (EIRP)

Transmt EIRP is calculated for each vehicle and ground staon ransmt Ink as folows:

EIRP = transmiter power — passive fosses + antenna gain

Anterna pattern measurements may cantain passive cable and couplerlsses, These losses are removed from
the anterna pattern data and replaced wih the actual losses from each REF system on board the launch vehicle
In the farfeld of an antenna array, the poserfrom both antennas is present so the 3 dB splting loss is also
removed fom the antenna patlerdata. Each couplerdoes have a specifed maximum inserion loss that is
added to each system loss.

(2) Antenna System Gain and Coverage

Antenna patterntesting for 5—Band and C—Rand was pedfarmed at Physical Science Laboratory fr the O8P and
Pegasus programs (Re? 2). Forthe FTS, antenna pattem tesng was completed by Haigh—Farr Corp and
documented in TH—22527 Rev —, MINOTAUR  SIMULATED ANTENNA PATTERNS (Ref 2)

 

The RTS and FTS fnk analyses use a 95% coverage valuefor vehicle antenna gain. For the Telemety System,
electronic antenna pattern data s employed. The anlenna gain dateis taken in 2" incroments i theta {nose to
tai) and ph!{rl). The Matlab program determines the locston in e antenna pattern that isin ine wih each
receive or ransmt staton and relurms the valueof gain athatlacation af theta and phi



(3) Path Loss, Plume Attonuation and Incident Signal Strength

Using the wavelength (1)and slant range (R, path oss is calculeted for each tajactory sample pointas:

 
Auit Amk

PathLows =10tog! °4 20L0g —]
2 2

Plume data setsfrom MintemanI motors on stages 1 & 2 and Orion motors on stages 3 & 4 were used to model

plime attenuation equations based on vehicle aspect angle

Minuteman II Plume Atlenvation = —13.418Togfaspect angle) + 55.701 (dB)
Orion Plume Atenuation = 91.1"exp(0.1313"aspect angle) (dB)

"The aspect angleis tanglin degreas between the vehicle aft drection and a Ine of ste vector poining toward
the recelvingor transmiting ground assetfor which the k margin is to be datermined.
"The received isotroic signal power Incdent on the receive station antenna is determined as folows:

incitent Signal Strength = EIRP— Space Loss— Atmospheric Loss — Plame Atenuation

(1) G/T (fgure of moriy, Recelved Signal to Noise Ratio and Telemetry Link Margins

S—Band telemey Ink margins are determined by the diference batween the received and requied signalto noise
raties. The recaived signalto nolseralo prosent at each ofttelemairy recebving stations is ealcuated as
folows:

 

 
a

i (4B) = Incidont Signal Strength +=.—hG

Where
Boltzmamns Constant = 1.3810® JX
Receiver IF Bandwicth

 

Required signal to noise ratios were obtained from TV—3579, Telemetty Apgliation Handbook (Ref 4), and
reprasent thesignal to noiserati required to maintaina bit ertor rate of 10° for an RNRZ—L signal with a 1.44
Mps bit rate for Telemeiryand a 0.128 Mps birate for GPS Rerad

(8) Fiight Termination {FTS) and Radar Tracking (RTS) Systems

Link marginsfor Fight Termination and Redar Tracking systems are detormined as folows:

Link Mergin = Inckdent Signal Srength — Receiver Throshold Seneltvily—— Requred Safely Mergin

The FTS required margin indicales the minmum amount by which reseived signal power must exceed fight
terminaton recaiverthreshold senaitvty. This value is 12 dB as required by EWR—127—1,the Eastorn and
Western Range Safety Requirements (Ref 5).The Fight Terminalion Receiver PN 600—4082 specifcation
(Rf 6)states a threshoid sensitvly of 107Bm for the CR—123 FTS recelvers ntegrated on ORS—3

"The RTS required margin incieates the minimum power needed atthe vehicleforthe uplink and at the ground
statons for the donnink, This value of0 dB is also called aut in EWR—127—1. The common hardware C:—Band
fransponder PN 2000—6801—001 specifenton (Ref 7) TM—14327 states a hreshaid of—70 dBm

Ground station EIRP for the FTS and RTS Inks were obtained fom the Wallops Flight Fecity Range Users
Handbook (Ref 1).



(6)GraphsandTablesofResults

+Eachinkisgrapheandtheparametersshownintables.
+Theresultinthetableareforthetmespocifedatthetopoftheeachtable:
+Thelimethathevehiclereachestheprogramrequested1"abovetheLineofSightHorizon(LOSH)point

andtheRadioHorizon(RH)pointareshouninthetables

*ThegraphsshowthemarginswithrespecttotherequiredSNRsothat0Bonthegraphistherequired

SNRlevelforthatpartularInk;13dBforS—Band,12dBforFTSand0dBforRTS

EachnisshownasadiferentInecolororpatternduringthetimeperiodwherethelinkisabove1"abovethe
LOSH.OncetheInkfalsbelow1°abovetheLOSH,thenkInepattemchangestaightdashedIno.Atthe
pointintmewhenthevehiclreachestheRadioHorizon,theinkgostozeroonthegraph.Athoughtelematy
datemaybeobtalnedwhlethevehicleisabovetheRadioHorizon,phenomenonsuchasductngandmutipath
maydegradeorpreventreception.Themarginduringthistmeisshowntodemonstralthattelemetydatamight
beoblainedduringbuttsitegriycannatbequeranteed.BelowtheRadioHorizon,completelossofsignalcan
beexpected

 

"TheRadioHorizon(RH)scalculaledusingasimpleroundearthmodelwiharadiusof43thatoftheactual
earthradiusandtheequation

RH=dt+42—Rii=

 

;\v (a¥iAV, |(n\v
ARetHes!~(rRel+|lRRetMunl~i2Re] {gtar"ss)~ighe)lighe*"w)~ig*s)

MeanRadiusoftEarth=8.37x10°6m
HeightoftheGroundStation

  

_/wl

  



Analysis Results

S—Band Telomotry
"The telemeiryreceive sites included are the Wallops Flight Facly 9 Meter, BMRST mobile telemetsyrecoivr at
Coguina,the 80t dish at Antgua and the 7M dishat Bermuda. Wallops Flght Faciity 8 Mler and 7.3 Metor wil
be used butthe marginsare not shown as the 9 Meter oblains the bestink. Walops ground staton locations and
perameters were cbtained from Ref 1. Coguina parameters from Ref 12, Bermuda peramalers from Ref 10 and
Antigue stationlocalion from Ref 11

+ Wallops OM, sr.ozrasoN rs arsoor we.o2 i
+ Walops 8M srorsoser N, rsarrotrwra.t0 t
+ Watops 7.IM#1, arazeect‘ N, rsarer08w75.0it
+ Goguina 7M Mobilo, 35.8360°N, 75.5705® .O
+ Bermuda 7M Moble, 32.351100° N, 64.65B70" E, 1207 ft
+~ Antcua 60. 17.135020° N. seaesr‘ E, aa ti

"The Telameby Link Summary Tables show the time and slant range from each receive statlon for the folowing
rteria

* Aequistton of Signal (A08)
Vehicle is at or over 1° above thlne of sight horizon wilh margin greater than zero
* Loss of ignal (LOS)
Vehicle drops below 1" above the ine of sight horizon and/or margin is zero or below

 

ORS—3 Ground Track
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Telemmetry Link Margins, Full Mission Timeline
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The Vehicle Telemarysgnal is presented in two categories: constant and veriable paramaters. Vaiable
parameters change during miion time and recaive staton parameters whle constant parameters do not

Verice telmety
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GPBS—BandLinkMargin

"TheORS—3GPSS—.Bandsystemtransmisat2241.5MHztothesamegroundstationsastheVehicleTelomety
system.Groundstationocationsandparametersarealsothesame.TheGPS5—Bandsystemisnolongerused
afterstge3separation

"TheGPSLinkSummaryTableshowsthetimeandslantrangefromeachreceivestationforthefolowingooteri

*AcquistionofSignal(A08)
Vehicleisatoover1"abovethelineofsighthorizonwithinkmargingreaterthanzero
*LossofSignal(LO8)
Vehicledropsbelow1°abovethensosighthorizonandlorInkmarginiszaroorbelow

FromtheGPSS—BandLinkTableandGraph,itisshownthatllInksremainabovetherequredmargnfromthe

timetheyareat1°abovethlineofsignthorizonto543seconds,whentheGPBtransmfterisfumedof.



GPB Link Margin
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"The GPB Telemeby signalis presented in tro calegories: constant and varible parameters. Varlable parameters
change during mission time and receive sieton parameters while consiant paramoters do not.
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Flight Termination System Link Margin

"The Fiight Termination System (FTS) Ink margins were datermined for e Command and Control Trensmiters at
Wallops, Coguina and Bermuda. Wallops ground staon locatlons and parameters were obtained from Walops
Fight Faciity Renge Users Handbook (Ref 1). Goguina location and parametors were obtained from Re! 12
Bermuda location and paramelers were dbtained from Ref 10.

The FTS Links and Timelie graphs show the tme from each recaive staton fortcreria stated above and also
for the folowing crteria

+ Acquistion of Signal(A0)
Vehicle is at or aver 1" above the lne of sight horizon with margin greater than zero

+ Loss of Signal (LOS)
Vehicle drops below 1" above the line of sight heizon andlor margin is zero or below

NOTE: The Bermuda FTS site is shoun as a backup, it may not be used forths mission

"The Wallops ink drops out from 187 to 201 seconds butthe Coguina and Bermuda lnks maintain good link
margins forthe duration of the drop out

Al lnks are above the required margin out past 544 seconds at which time stage 3, containng the fight
termiation system, is separated from the vehicle The gragh displays the contnued ink f stage 3 separation fals
and shows good margin outto 761 seconds wherethe vehicle is at 1° above the LOSH from the Bermuca ste

"The FTS Link Table shows that the signal rom the Wallops Command sites is above the required 12 48 margin
out past 534 seconds when stage 3 separates from the vehicle

to



FTS Link Margins
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TheFTSsignalispresentedifrocategories:conslantandvaribleparametets.Variableparameterschange
duringmisciontimeandrecaivestationparameterswhleconstantparametersdonol.

FightTarminationSymtzm
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mane

isuze
oc0
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Bermuda
1500

Teuss
1eeu00
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arse
on

maco

iszes
oc

crois
on

a1

+Selectedmisiontimesaretoshowpaslivelnkmargin.SeeTSLinkMargingraphforspecitcASand
LO8times.

+AlthoughpltledasdashedIiesbelow1°abovethelneofsighthorzon,thelnkswilbeabovethe
marginfromoneormoregroundstationsatifidutotheeffectoftheRadioHorizon

FTSLinkMarginParametorTables
Wallops,CoguinaandBermudaCommandSites
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RangeTrackingSystemLinkMargin

TheRangeTrackingSystem(RTS)lnkmarginsweredeferminedfortheuplinkfrequeneyof5690MHZanddown
Inkfequencyof5705NHZforWallopsRadars3,5and18andCoquinaRadar11.Groundstatinlocationsand
peremeterswereobtainedfromWallopsFightFacityRangeUser‘sHandbook(Ref1.

TheFTSLinkSummaryGraphsandTimelinesshowthetimeandmarginromeachRTSgroundstationfrothe
folowingcrtria

AcquisitionandLossofsignalertera
+AcquistionofSignal(A0S)

Vehicleatorover1°abovethelneofsighthorizonwithmargingreaterthanzero
+LossofSignal(O8)

Vehicledropsbelow1"abovetheineofsighthorizonand/ormarginiszeroorbelow

 

EngineeringAnalysis0361758demonstralestttheemiterpowerfromWallopsRedars3,5and18atthe
vehicleismigherthanthealowable20Vim.Thepowerfromthesethroeenitersmustbereducedasfollows

+WalopsRadar3musteattenvatedby30dBunt!Trt
*WallopsRedar5mustbeatnualedby34dBuntlTe119
+WalopsRedar18mustbeattenvatedby19dBuntlT+70

NOTE:TheBermudaRTSsttisshownforbackupifneeded.tmaynotbeusedonthismission.

AllLiksdropbelowthereuiredmarginatspecifmissiontimeswththeexceptionofWallopsRadar3which
maintainspositvemarginfrom33to543seconds.SeeRTSUplinkandDowninkgraphsandAOSandLOS
detais

NOTE:Thesystempassivelonsscalculaledasfolows:
SystemLoss,includingcouple,fromAntennaPatternTest=5dB(PSLRF:—90/20,p69)(Ref2)
ActualATPworstcasedateincludingcouplerloss=—5.0731dB
508——50731dB=+0.0731as
Inthefarfeldoftheantennaarray,thepowercombinessothe3dspitinglossofthecoupleris
notpresent.Thecouplerhasamaximuminsertionlossof0.7dB
00731d+348—07dB=23731as

TesystemfossfotheRTSisapostivevalue.RecausetheMatlabprogramneedsapositvelossvalue,the
237314Bisenferedasanegativevalte.ThiisthereasonforanegativelossvaluentheRTDUpandDown
inparametortables

Enginceringanalysis030—1758,ElecicFlelatVehiclefromRangeEmiters,demonstralesthalthepawerrom
Wallopsraders3,5and11maycauseanelectrcfldatthevehiclewhichexceededthe20VimIimi

WallopsRedar3mustbattenatedby30dBunt!T#1
WallopsRadar5mustbeattenatedby34dBuntlT+118
WallogsRadar18mustbeattenvaledby19dBuntiT+70

Thiswilensurethe20VimImitelectcfeldtthevehiclismettroughoutfight
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RTS Uplink Link Margins
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+ Selected mission tmes are to show posiive ink margin. See RTS Link Margin graghs for spociic AOS
and LOS times

+ *The system loss for the RTS is a positve valve. Because the Matlb program needs a positve loss
velue, the 23731 dB is entered as a negative value. This is the reason for a negalive loss value i the
RTD Up and Down link parametor tbles
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GPS L—Band Link

Using the recommended CiNo for the JNG—100,the minimum stastcal anterna gains required for the GRS Iik
can be established. For JNS—100 signaltracking, a specifed minimum Carier to Nolse ratof 30dB—H4z is
required and the specifed input evel o the JNS—100 is 130 dBm minimum. The minmum required inputfevel for
sequistion is 123 dBm corresponding to a GNo of 37 dB—Hz.

 

The L—Band system noise temperatire ofthe ORS—3 GPS system is determined from the maximum LNA noise
figure of 24 dB and a front end cable loss of 0.87 B (measured, rounded to 0.6 dB). This resuls in a calculated
system noise temperature of 288.63° K. An addional antenna nolso of 150° K is added to the system noisefor a
terml noise temperature of 438,83 . The high gain and low nolse fure of the LNA wil rende the noise of the
JN!S—100 insigniicant so 2nstage noiseis not cansidered. Using the required GNo, carrler power and system
noise, e required minimum statiscal anterna gain can be establshed. A GNo of 370B—Hzis required for
acquistion wl a GNo of 30 dB—Hi is requred for tracking

The antenna system gain minimum requirements are —5.18 dBiand —12.18 dBifor acqulstion and tracking,
respectvaly.Galculatons are suppled in EA 030—1683 Rav —, Appendix A (Ref B}, The GPS link margin uses the
minimum resuired antenna gain to achieve a C/No of 37d8—Hz and 30 dBHiz. GPS system parameters are isted
below

Statistcal Antorna Coverae
Statitical antenna coverage for 5 18 dBl and —12.16 dBiis 68% and 96% respeciively. The JNG—100 is required
to aequire and track atleast 4 satelites. 100%antenna percent spherical coverage is required f only 4 satelites
are vsible. The anterna percent spherical coverage required with 8 salelltes vsile drops to a much more
reallsic 50%. The antenna system gainrequired toachieve a GNo of 370B—Hz s 5.18 dBi. At higain,the
antenna coverage is G8%. At 68% coverage, 8 saleites are required to be visble in order to acquire a miimum
of 4 satelites The antenna system gain required to achieve a C/No of 30 08—zis —12.18 dB. At ts gain,the
anterna coverage is 96%. At 96% coverage, 5 satetes are reauired to be visble in orderto acquire a minmum
of4 setelites. Typicaly at least 12 sateltes n the GPS constalation are vsible,ging the GPS system a we
margi. Referto table4—1 for % coverage verses antenna gain, refer tolable 4—2for % coverage verces visle
satelites required

 

Receiver Dynamic Range
"The specifed dymemic range for he recelver s between —123 dBin an—100 dBm for acquisiion and —130 dn
and 100 dm for tracking. The maximum signal atthe receiverlrminals is determined by incident signal power,
anterna system gain,LNA gein and antenna system losses

The maximum antenna system gein for this system s 0.37 dBic at bore sight and represents about a 10%
ceverage area. The LNA gain is 30 dB nominal +3 d. The tolal maximum antonna system gain is (0 37 dB + 0.7
d8 (see note) + 30 dB) +db or 28 to 34 dB. Wik a nominal inputsignal level of—130dm the highest signal
presentat the JNS—100 98 dam. Levels of 2 dB above nomnal can be expected from GRS satelites greater
than 5 degrees over the hortzon. Wh a GPS signallevel of —128 dBm the signal evelatheinput of the JNG—100
would be 84 dBm. This is 16 dB above the recommended power level of—100 dm. No data xiststhatindicates
the effecs of exceeding —100 dBm. Several Orbital missions have fownts configuration wih no GPS anomales

Note: ORS—3 L—Band contiguration has approximately a 0.7 dB higher antonna system gain dus to ower cable
lasses compared tothe TACSAT—3 confquration:

L—Band GPS link conctusion

The vehile L—Rand antenna system will provide more than the required 4 GRS setelie Inks necessary for an
acourate, relable GPS solution rom the JNS—100.
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GPS Systom Parameters:
GPS signal power
Antenna Temperature (exteral noise)
Cable Loss,
LNA NF
Toial NF
Total Thermal noise:
Antenna Noiso Temperature
Systom Noise
Total Noise

 

«180 daw
150K
o6«8
24 08
30 dB, Thermal Noise = 286 63 °K

150° K (exteral noise)
zeacs
ass 63 k

Table 4—1L—Band Antonna System Percent Spherial Coverage Verees Gain
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Table 4—2 Antenna % Coverage vs Satelites avaiable
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