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y&sm.m--» The Object of

SKA Dish Verification Antenna 1, known as DVA-1

15m Aperture
Offset Gregorian

0.5to 10 GHz

Installed 2014
DRAO Canada
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DVA-1 Fabrication & Funding

TDP remaining funds
NSF

SKA SPDO
funds

Mational Research Conseil national
'ARC-CARC \
O‘ I*I Council Canada de recherches Canada

National Research Council Canada
Hertzberg Institute for Astrophysics

Mount Drives & Steel Structures
Minex Engineering Corp.

Wilcox Machine
Harrison Industrial

Glen Crete Fabrication

Majority Fabrication Funding Through NRC

Reflector Surfaces & Support Structures
Dominion Radio Obs. CART Team

Foundation & Site Infrastructure
Penticton Contractors

Composite Tubes & Fittings
Profile Composites
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R @  Outline for this Presentation

Antenna design opportunities with a large array.

Discussion of SKA Dish specs & design drivers.

Optics design. ( feed dependent)

Structural design. ( basic approach )

Reflector design & fabrication. ( new technology from NRC )
Mount design & fabrication. ( low maintenance machinery )
Installation.

Testing.

Comments for future antennas.
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US SKATDE. ( Design Opportunities with High
| Volume Antenna Production.

Engineering costs can be amortized over many units.

Complex tooling can be easily justified.

Custom designs for higher reliability are well justified.

Designs with parts that fit shipping containers allows more sources.
Factory assembly and delivery of pre-tested systems is justified.
On site fabrication can use more complex processes.
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Dish Specifications &
Design Drivers.

Low Cost and High Performance

Searching for the right compromise.
A discussion of what the SKA wrestled with.

Strawman Design
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Science Requirements and
Project Cost Tradeoffs

Array Number & Size of Antennas ( Lessis More ?)
This discussion is critical during early array design.

Two truths always seem to compete

Truth 1. A smaller number of large antennas is better.
Truth 2. A lager number of small antennas is better.

This comes from different interpretations of the following costs:

Antennas, Feeds, Baselines, Infrastructure, Maintenance.

SKA worked hard on this costing function.
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US SKA TDP. @ Array Design Tradeoffs

Jack Welch
_ _ _ Peter Dewdney
1. For an array in survey observation: Truth 2, small dishes.

speed & sensitivity is a function of ND (where N = number, D = diameter)
2. For an array in point source observation: Truth 1, lager dishes.
speed & sensitivity is a function of ND?

3. Larger antennas require better surface accuracy & pointing, but make
success more difficult, therefore Truth 2, small dishes.

4. Cost of Feeds, constant but usually high, truth 1, large dishes.
( spend money on research , development & engineering)

5. Cost of Infrastructure, therefore: Truth 1, large dishes.
Cost from number of baselines: Truth 1, large dishes.( computing & Moo

7. Cost of Maintenance, Truth 1, | ar ger
good design is the dominant factoro.

o
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Antenna Design Tradeoffs

What feed systems will be used.

Symmetric vs offset ( lowest frequency )

Offset high vs offset low. ( maybe feed spillover dependant )
Shaped reflectors vs true conic sections.

Paneled reflector vs Single Skin.

Composite vs metal surfaces

Stow position & survival position.

Close spacing short baseline requirements.

Spillover.
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e @ SKA Antenna Design Drivers
' 1 Low cost antenna at high volume. (very system driven) o Mass o
. . e
( low cost materials, low mass design, low fab labor) D\IP\"\ :,:\ r\a\ 10 meet sP

2 Low cost operation for a 30 year life.
( very few maintenance visits 60 month interval )( get it right or pay )

3 Allow operational modes to match environment.
( specifications for operation in several environments, high freq on a calm night)

3 Frequency range of 0.5 to 10 GHz. R cost
(4.0m Gregorian secondary ) ( favors offset ) \.‘O(ﬁ\a%eoﬁs
4 Large & flexible feed area. WBSPF & PAF e

( several wide band single pixel feeds & possibly a phased array feed ) ( favors offset )

5 Excellent Ae / Tsys.

( accurate surfaces, controlled spillover, low diffraction ) ( favors offset )

' 6 Exceptional dynamic range.

( not just accuracy, but very fAstabl eo surf aces|,
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Strawman Spec Compare

DVA-1 NGVLA

Dia 15 18 m 1.20
Area 177 254 sSg-m 1.44
Frequency Max 10 100 GHz

30 16 N
Surface rms

1.00 0.188 mm W /N

. 50 10 N

Pointing rms

10.1 4.2 arc-sec |B/N
Precision pointing at 10 arcsec means
edge movement O.74mm ( O.
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US SKA TDE- @y Building on the ATA experience.

A large number of low cost antennas with a single wide band feed.

Adydroformed aluminum thin primary supported at the rim with flex center.
Anind & gravity moment loads are reduced with Az & El near the shell center.
A\ compact close nested turnhead contains all the precision machining.
AStow at low elevation and windsock as needed and allow drives to yield.

Feed 5D 2015
Feed 4C 2009

0.9to 14 GHz

0.5to0 10 GHz Cost: $30,000

Cost: Weight: 70 Ibs
Weight:
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Antenna
Cost: $80,000
Weight: 4,350 Ibs
18.39 $/Ib
2737 $/sg-m

Primary 6.1 x 7.0m
Secondary 2.4m

Offset low therefore
mount is rather tall.
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US SKA TDP. @ Collaboration US-TDP & NRC-CART

ATDP, for reflectors 6 to 12m, hydroforming was projected to be problematic.
ACART, for reflectors at 10m and up composite was looking promising if thiin.
AComposite technology developing in Canada is a perfect solution.

Anork began to apply composite technology to a thin shell antenna.

ASome of the same manufacturing issues are present, but better in composite.

Also South Africa
Prototype 10m complete.
Symmetric with Core, Beams & Hub

DRAO = Dominion Radio Astronomical Observatory
CART = Composite Application Radio Telescope

DVA-1 Design Report, NGVLA Meeting, Caltech, 2015-04-08, Matt Fleming 14



_US SKA TDP.

@ Antenna Several Positions

2
Az 00 EI90 Z s ’ Az 00 EI40 { S ' Az00 EI15 Z s ]

Zenith position Stow Position Low Position
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US SKA TDP.

@ Why This Optics Choice

Beam shown at
15 deg elevation angle

15.0 x 18.3 m dish

DVA-1 Design Report, NGVLA Meeting, Caltech, 2015-04-08, Matt Fleming

16



| Optics Design
US SIKH LI @ Ray trace for shaped optics

Extensive work by Lynn Baker,
German Cortes & Bill Imbriale
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s sia e [\ Optics Design

Features of the design

A Clear optical path, no blockage or scattering.
A Shaped optics, leads to very low spillover. (~ -50db wide angle)

A Very low spillover yields very low antenna noise temp. (<6 K ground)
A Very low spillover results in high rejection of RFI and strong sources.
A Shaped optics yield high efficiencies, total result is a high Aeff / Tsys.
A Ample space and access to mount multiple feeds on an indexer.

A PAF works effectively at either secondary or primary focal area

A Feed arm high chosen for structural cost reasons.

A Feed arm low may produce slightly lower spillover for some WBSPFs.
A Feed maintenance access via a standard bucket truck.

A Primary area is 22% over symmetric but antenna cost is 13% more.
A Primary surface accuracy will need to be <1mm rms, 1/30 a

More features will be listed in the structural design section.
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Optics Design

 US SKA TDP. @
ot W' Beam Pattern, 1.4 GHz, Assumed Perfect Feed
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