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@ JPL Mesa l_
Overview Antenna g

Jet Propulsion Laboratory Test
California Institute of Technology Facili ty

 Early Years: VHF, UHF, L-band, S-band & Building an
Antenna Range

« Galileo: Exploring Measurement Approaches

 Deep Space Network: X-band to Ka Band and Beam
waveguide

e Missions from the 2000’'s

e Conclusion



JPL Mesa
Explorer 1 Antenna

Jet Propulsion Laboratory Test
California Institute of Technology Facility




JPL Mesa
Pioneer Antenna |

Jet Propulsion Laboratory Test
California Institute of Technology Facility

Pioneer 4 Spacecraft

» Pioneer 4 - March 3, 1959

» Used a dipole consisting of
a lower cone and upper
probe

» Operated at 960 MHz.

» Goal was to do close flyby
of moon for photos
Trajectory was off and
could not get clear pics

~12”
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@ Antenna b
Ranger Test W ‘,

Jet Propulsion Laboratory
California Institute of Technology Faci I i ty
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JPLMesa
@’ Ranger 1 Under Test On Lab antenna
St e ool Circa 1959 Jest B2
* acility

Ranger 1 Under Test On Lab

. Not the ideal location for antenna measUrements
Circa 1959

Alternate location developed




JPL Mesa
Antenna

Jet Propulsion Laboratory J P L Clrca 1958 Test

California Institute of Technology Facili ty




Antenna

Original Antenna Test Operations Test

California Institute of Technology Faci I i ty

@ Mesa Circa 1960 JPL Mesa

ng 256)

23 Futng ModeI‘Range sight
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@ Mesa Circa 1960 JPL Mesa

- . . Antenna
Jet Propulsion Laboratory Orlglnal Antenna TeSt Operatlons Test
California Institute of Technology Facili ty
Transmit sight &

Test operations trailer

Ranger 2 (Lunar Orbiter)
Launched Nov 1961




JPL Mesa
Antenna
Test

Building 212 Plan Circa 1960 Facility

)
Crd |'.~/’..~A[ i

B el
AUSTIN - FIELD & FRY A.lLA. ARCHITECTS 8 ENGINEERS : ANTENNA RANGE LABORATORY
WHEELER & GRAY STRUCTURAL ENGINEERS BUILDING 212 JET PROPULSION LABORATORY

HOLLADAY 8 WESTCOTT MECHANICAL 8 ELECTRICAL ENGINEERS CALIFORNIA INSTITUTE OF TECHNOLOGY
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JPL Mesa
Antenna

Building 212 Circa 1961 Test

California Institute of Technology Faci I i ty




Jet Propulsion Laboratory
California Institute of Technology

Foundations
2X subterranean chambers

Mesa Extension #1
1964

JPL Mesa
Antenna
Test

Facility

m

60’ chamber




Antenna

High Power Vacuum Chamber Test

California Institute of Technology Facili ty

@/ Mesa Extension #2 JPL Mesa

Not too long after the Indoor chamber extensions the vacuum bell jar chamber is erected
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Jet Propulsion Laboratory
California Institute of Technology

Mariner 3 & 4 1964

JPL Mesa
Antenna
Test
Facility

Mariner 3 & 4
Mars Missions
Launched
Nov 1964
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Jet Propulsion Laboratory
California Institute of Technology

Mesa Circa 1970

High Power

Vacuum

chamber
Circa 19652

JPL Mesa
Antenna
Test
Facility
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_ _ Antenna 5
Jet Propulsion Laboratory Gallleo Clrca 1983—86 Te.s.t
California Institute of Technology FaC|I|ty
Galileo
Mission to Jupiter
4.76 m diameter S/X-band Galileo High Launched: Oct 18, 1989

Gain Antenna in Mesa 40’ chamber
Measured using a custom developed plane-
polar near-field technique




JPL Mesa
@ Plane Polar Near Field Test Facility = Antenna 2

Jet Propulsion Laboratory Test
California Institute of Technology Facili ty

» Plane polar range
setup in 40 ft Long x
20 ft wide x 20 ft
high chamber

» Viking Orbiter S-
Band High Gain
Antenna used to test
measurement
approach
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Best Laid Plans ...: Mission completed e

Jet PropulioLaboratory USI ng LGAS Test

California Institute of Technology Facili ty

Forward LGA

Connecting
Tabs (4 Places)

6in. (15.2 cm)
Diameter

Capacitive Ground Plane
I\Df'lratkchlng in Order to
1 Narrow Pattern
Top Duroid
6in. (15cm) Board
Diameter 0.062 in.

Choke in Order
to Suppress
Back Radiation

(0.157 cm)
Thick

0.5in.
ity i Nomex
Cavity is

2.70in. (6.86 cm) Core
Square with

1.70 in. (4.32 cm) Depth SMA Connector

Feed Network Duroid Boards Are Replaced by 4 Connectors

0.062 in., 0.013 in., and 0.062 in.

(0.152, 0.33, and 0.157 cm) Thick, Note: The S-Band Feed Breadboard Is the Same
Respectively, and Are a 180-Ring Hybrid  as the LGA Except that the Feed Does Not Have
Feeding Two (2) 90 Over-Under Hybrids the 6 in. (15.2 cm) Diameter Choke and Groundplane

Aft LGA
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JPL Mesa

& From Plane Polar to Cylindrical Near-Field *7o"™ 2
CalifornEa\ Institute of Techr)(ology Fa Cility
9 .M,J\rv'\_fv'\‘.\' B
gl i
NSCAT Antenna Element
NSCAT measured in Mesa 40’ Chamber
Earth Ocean Winds , 4 using custom developed
Mission : . Cylindrical Near Field Approach

Launched: Aug 1996 ; | ‘
i This Cylindrical NF setup still

heavily used today

SOLBES
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Deep Space Network Beam JPL Mesa

e Antenna
et Propulsion Laborator I Test
g:atli;rng IlnstitutLe gf Te::hrz/ology Wa'veg u I d e Devel O p m e nt Facility

Late 1980’s saw expansion to Ka-band
and introduction of Beam waveguide

/ Tripod

34-m Shaped-Surface

/ Reflactor
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Wavegulde
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Shrowd
Azimuth
T Track
Support = ._ig:_____ e
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e S Room
I ﬁ ]
Microwave '_._,_,_._-—-—'—"'" :
Test Package —T |
—a______  _______[J
Rear Wiew
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JPL Mesa
Cloudsat Antenna Circa 2001 Antenna

California Institute of Technology FaCi I ity

Cloudsat
94 GHz Earth Cloud radar
Launched: April 2006

Cloud Sat Antenna Measured on 3000’
range (top left) and in the Mesa 40’ chamber
using the cylindrical NF scanner (bottom left)
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JPL Mesa

Mars Exploration Rover Antenna
t Pro uio aborator I Test
é%li;rng IlnstitutLe ngechrz/ology Clrca 2003 Facility
Mars Exploration Rover MER DTM Rover
Mission to Mars
Launched

Jun & July 2003

MER Rover Mockup




Jet Propulsion Laboratory
California Institute of Technology

Aguarius Scale Model JPL Mesa

Antenna

2006 Test

Facility

» Aquarius Scale Model Measured in the
Mesa 40’ chamber using the cylindrical NF
scanner

» L-band system scaled by ~1/10 for testing
at Ku-band

Aguarius
Mission to measure Earth Ocean Salinity
Launched: June 2011
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Jet Propulsion Laboratory
California Institute of Technology

Mars Science Laboratory JPL Mesa

Cruise Stage Mockup Antenna :
2010 Facility

MSL Cruise Stage Mockup measured in
Mesa 60’ chamber using a custom spherical
near-field scanning approach

MSL
Mission to Mars
Launched: Nov 2011
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Newest Addition
Planar Near-field Scanner

Jet Propulsion Laboratory

California Institute of Technology 2 O O 8

Installation of 30’x15’ planar near-field scanner
in Mesa 60’ range for operations from L-band —
Ka-band

JPL Mesa
Antenna
Test
Facility




JPL Mesa

dasa Juno High Gain Antenna Arvterms
et Propulsion Laborator T
éeﬁiz)rng IlnstitutLe gf Tef:hrz/ology 2 O 1 O F a Ceif:ty

Juno High Gain Antenna
measured in the Mesa 60’
chamber using the 30’x15’
planar near-field scanner

Juno

Mission to Jupiter
Launched: Aug
2011

\ =
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b =y
-

Arrives at Jupiter
on July 4, 2016




JPL Mesa
Conclusions Antenna

Jet Propulsion Laboratory Test
California Institute of Technology Facility

» As NASA missions have advanced — new antenna types and
associated measurement capabilities have been required

» We continue to evolve the antenna designs to larger apertures and with
very tight antenna pattern knowledge.

> Near-field technigues measurement techniques have helped to meet
our metrology requirements

» Antenna Modeling has moved further to the fore with measurement
providing model validations
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