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I 

ADVANTAGES OF A LARGE ARRAY 

i 

a 

i 0 

LARGE DECREASE IN COST PER DECIBEL OF LINK MARGIN 

SIMPLIFIED SPACECRAFT TELEMETRY HARDWARE 

FLEXISLE SCHEDULING - SIMULTANEOUS TRACKING OF 
MULTIPLE SPACECRAFT  OVER WIDE AREA OF SKY 

NEW SPACECRAFT NAVIGATION CAPABILfTY: REAL TIME, 
HIGH PRECISION ANGULAR POSITION MEASUREMENTS - 
COMPLEMENTS RANGE DATA AND PROVIDES FULL 3-0 
SPACECRAFl' POSITIONS WITHOUT NEED FOR MODELiNG 

HlGH RELIABILITY - GRACEFUL DEGRADATION OF ARRAY 
PERFORMANCE IF NDNIDUAL ANTENNA ELEMENTS FAIL; 
MOVING MECHANICAL PARTS ARE SMALL & LIGHT WEIGHT; 
SIMPLIFIED OPERATIONS AND LOW-TECH  MAINTENANCE 

ARRAY IS CONTINUOUSLY U(PANDA8LE AND UPGRADABLE 

INCREASE SCIENTIFIC OUTPUT OF DATA-RATE-LIMITED 
MISSIONS: NGST, SPACE-BASED INTERFEROMETERS 

ENABLE NEW TYPES OF MISSION: RADIO OCCULTATION 
MEASUREMENTS WITH VERY DISTANT SPACECRAFT, 
DIRECT RECEPTION OF LANDEWROVEWPENETRATOR 
SIGNALS ON EARTH, MULTI-SPACECRAFT VLBl ARRAYS, 
SPACECRAFT WITH NO ON-WARD DATA STORAGE, DOWN- 
LINKS WITH BOTH HIGH DATA RATES AND HIGH DUTY CYCLE 
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Requesb:.for Information and Cost Estimates Sent to Antenna Manufacturers by JPL 

Specifications - January 26, 2000 

Microwave Antenna Arrav Element 

General Description - A parabolic  reflector  including  motorized  angular  position drives, feed 
support system, and  foundations is required for u se  in a receive-only large array  located in the 
southwestern U .S. 

Primary Reflector Diameter - 5 meters. Focal length  and  subreflector  system a re  unspecified  at 
present. 

Surface  and Pointing Accuracy - Two  options,  for 8 GHz  and 32 GHz  operation,  are  being 
considered with the following accuracy  requirements: 

Option A - 8 GHz Option B - 32 GHz 
1 

1 Surface  Accuracy 
1 Pointing  Accuracy I .05 Degrees I .012 Degrees 

0.3mm = .012" 1.2mm = .046" 

Surface  accuracy is the rms deviation from a best fit paraboloid caused by gravitational, wind up to 15 
mph,  and  temperature  variation of -10  to 55C. 

Pointing accuracy is the rms  deviation of non-repeatable  difference  between  commanded  position 
and RF beam position caused by drive  system  error, wind up  to 15 mph, and  temperature variation 
of -10 to 55C. A computer-generated  pointing  correction  table  for each antenna is allowable. 

Slew  and  Scan  Rates - The drive  system  must be capable of slewing  to  any  commanded position 
within 2 minutes of the  applied  command (180 degrees  per  minute in azimuth).  Accurate  pointing of 
the antenna  must be maintained  at speeds of up to 2.5 degrees  per minute. 

Pointing Position  Range - The  antenna drive  system  must  allow  pointing  from 10 degrees above 
the horizon  to 10 degrees  past  zenith in elevation  and 360 degrees  in azimuth. 

Control Interface - Monitor and  control  interface of antenna  position shall be through a n  optically- 
isolated serial  interface. 

Receiver Mounting - The  antenna shall include  provision for mounting a 50 Ib receiver feed and 
front-end  assembly. 

Wind Survival - The antenna  drive  system shall be capable of driving to  stow  position in a 40 mph 
wind and  survive in stow  position with 100 mph  wind. 
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Azimuth and Elevation 
Concept for 5m  Antenna 

Drive 

Rail-Screw 

Azimut \\ Stepping 

\ Azimuth Wire Rope 
ne:. .- 
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TRUE FOCUS Sutellfte Antennas 
Pdce Llst - March 1998 

Description Mount Crrtr, Quantity 
4 

Model Ch8rg. 5 0 +  11 -50 1 - 3  I 4-40  S&. 
0 .?5A $92 $96 $101 $1 07 AZ-EL 30" (.75M) 
0 .7SP 

$10 s150 3158 5162 $169 PAN 42' { 1 .OM) 0 i.0P 

$1 70 $178 $1 as 5193 UNMRSAL 36" (.9M) 0 .9u 
s120 $125 $1 30 $140 PAN 36' (.9M) 0 .9P 

$149 $1 56 $163 $170 UNNERSAL 30" (.7SM) 0 .?SU 
$103 $1 07 $1  13 $120 PAN 30" (.75M) 

0 .9A 1 3 6 "  (.9M) S113 1 $1 19 $1 23 $1 28 AZ-EL 

0 d.OA $10 $1 35 $1 40 $145 5150 AZ-EL 42" (1 .OM) 

0 t.ou 

510 $200 $210 $21 7 UNMRSAL $225 48" (1.2M) 0 12u 
510 Si  62 $170 $177 $1 82 PAN 48" (1.2M) 0 1 2 P  
$1 0 t $1 50 I 5 147 $155 E160 " E L  48" (1.2M) 0 l a  
$10 $1 92 $200 $21 5 t $207 UNNUisAL 42" (1.OM) 

I. T R u E F 0 c U s " g h P "  4. Mountcmflg.:LEPsn,Rhg. CfAZ-EL 
Prkus Above ltufudeih. FMkwlng: 2 MachedoptmiKU8adSi i l ePdpayhedHcm 5. All Iter6 Pointed 

P Series Prime Focus Antennas 

4.5'(1.4M) S140 $130  $100 I $90 $55 $70 . S35 S O  
$145 $135 5125 5120 $55 570 $35 $30 .( 

P 6  6' (1.8M) 
P 610 6'10"(2M) $260 3240 $200 3190 $55 370 $40 $100 
P 8  8' (2.4M) $280 $260 $225 $220 $80 $80 $1 10 
P 8H 8' (2.4M) $280 $260 $225 $220 $80 $80 I $190 
P 8C 8' (2.4M) s395 $375 $350 $340 $90 t $110 

~ ~~ ~ 

$1 90 $180 $175 $160 555 $70 $40 W J  

" " ~~ 

Description Quantity 1 Mounts cr5t4 

4 ?lo lO'(3M) $1,395 $1,375 $1,350 $1.300 $350 $400 $125 $175 
Model sk. 1 - 5  6-25 125-to0 la+ A Z S ,  I Pdrr Stmtfon Cham8 

4 P12.5 b2.S (3.8M) $2,090 $1,925 $1,860 51,800 S550 3375 5275 
I I 

4 P14 114' (4.2M) $2.650 52.510 $2,360 $2,250 $500 1 $550 $375 $300 

1.8M Non-Penetrating Roof Mount $275 Offset Single P d  C-Band Feed  Kits $85 
2.4M Non-Penetrating Roof Mount $375 Center Focus Singk Pol C-Band Feed Kib $85 
Center Focus KU-Kit Single Polarity $75 KU O i i i t e l  /Anslog LNB ( .7 ) $75 
Oflsst KU-Kit Single Polarity $20 25 Degree C-Band CNB $75 

.- .._-"--c-- --- "" - 2 t W e g f e ~  LN8 

Afl C)rric?m Arm F 0 E. Factrrrv Idahn E la Idnhrr I ! S A  



Antenna  Element  Cost  Estimate for SKA 

J u n e  22,2000 
Find the Antenna  Diameter,  Dl which minimizes  the cost of a n  

array with a specified total area 
Antenna   e lement   cos t ,  A = COD' 
Electronics cost per e lement  = E 

Then  minimum  total cost is for N E  = X/2 -1 

X is in t he   r ange  of 2.7 t o  4 
X=2.7 NE = 2.86, X=3.5 N E  = 1.33, X=4.0 N E  = 1.0 

Current Small  Antenna Prices Includinq  Mount 

Skyvision 4.9 m - $4K, 7.3m - $16K, X=3.5 
Orbitron 4.9 m -$2.5K (reflector  only) 
Andersen 4.2m - $3.4K (reflector  only) 
Andersen 5 m - $20K (Ka band with mount) 
SET1 1HT 5 m - $15K? 
Ref: www.skyvision.com,  www.anderseninc.com 

Array Antenna  and  Electronic Costs 

Equival. 

$1 37M  $20K/$15K 3920 x 5 m  20 x 70m 
$17.6 M $25W$20K 392 x 5 m  2 x 7 0 m  

cost Electronic  Elements  Antenna 
Total Antennal N 

costs 

SKA $800 M $50W$30K 10,000 x1 Om 
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1 Low-Cost, Wideband MMlC Cryogenic LNA 

InP MMlC LNA Noise at 15K and 82K 
TRW WBA5T  Wafer  4080-040 in Module SN102 

Bias: 1.46V, OV, 14mA @ 15K; 1.46V, O . W ,  25mA @ 82K 
Input tuned for 6 GHz. DSN lab data Nov 30, 1999 

corrected 
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DSN/SKA Proposed Schedule 
June 22, 2000 

Milestones 

Date Action ! r N o v  1999 I JPL meeting: decision  to write DSN Droposal i 
[ F e b  28-29, 2000 ! Meeting of U.S. SKA Consortium at  Arecibo i 
I Mar 1,2000 Industry replies to  JPL request for cost 

i I Apr I ,  2000 Five page development  proposal  to NASA 
I .  
I ’  1 estimates on 5m 8 and 32 GHz antennas 

May 15,2000 Decadal  plan for astronomy to NSF and NASA 
Aug 2000 

Comdete 4000 x 5m Array Dec 2009 
Start 4000 x 5m Array for RA and DSN Jan 2006 

Completion of 400 x 5m Array Dec 2004 
JPL Start Construction of 400 x 5m Array Jan 2003 

JPL Start Design of 400 x 5m Array Jan 2001 
Jodrell SKA Meeting 

I 

1 

~ 

J 

Jan 2010 
Complete SKA 1 , Dec 201 4 

Start SKA 10,000 x 1 Om Array , 
j 
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