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TDP Antenna Specification

Structural Mechanical Portion, Rev B SKA = Square Kilometer Array
US = United States
SKA US TDP for SP or PAF TDP = Technology Development Project
i - il- AWG = Antenna Working Group
Matt Fleming, 2009-April-24 APr e i e
PAF = Phase Array Feed

This document contains the current working specifications for the US TDP antenna
structural mechanical design work. Although many requirements for the antenna are
still undetermined, portions of the design can proceed with guidance from this
document. The largest unknown is the preferred optics design. This choice is based on
scientific discussions still in progress. At this point the preferred feed is also unknown.
It may be one of several wide band single pixel feeds or a phased array feed or a
combination of these. All of the WBSP feeds seem to favor a Gregorian secondary
optics configuration probably of slightly different F/D between 0.38 and 0.65. The PAF
candidates will likely favor a prime focus at F/D of 0.50, although recent thoughts have
imagined the PAF using a Gregorian secondary as well. Interest in very high dynamic
range and low noise has made the offset designs more attractive, because of less
blockage and reduced diffraction. Having observed the lower cost and success of the
6m ATA antennas and similar units done for JPL, we are compelled to fully investigate
the use of hydroformed aluminum reflector surfaces in early design & costing efforts.
Fortunately hydroformed reflectors lend themselves to fairly similar designs for both
symmetric and offset optics. Even the likely reflector support structure concepts can be
adapted to both designs. This allows us to carry both symmetric and offset antenna
designs forward in parallel. At this point we will carry 3 designs forward: a symmetric
Gregorian, an offset Gregorian mounted low and an offset Gregorian mounted high.

The purpose of this design effort is to produce data for a costing model and eventually
drawings and a physical prototype. We start by fixing the following usual requirements:
aperture diameter, survival criteria, range of motion, desired frequency range, and so
on. The initial design goal is to satisfy the environmental survival criteria while keeping
in mind major performance goals such as surface accuracy and pointing performance
and the like. Once that design is complete, all other listed specifications will be
evaluated to determine their resultant performance. Then a series of design
improvements will be employed to achieve each specification goal. The cost for these
improvements will have to be evaluated against the added scientific capability.

The terms specifications, requirements, goals, and properties are often used to describe
an antenna. We should consider the term specification applies to an item having either
a design requirement or goal, and use the term property for what is actually measured
from a finished device. The ATA started with design specifications and now has a fairly
complete list of properties.
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This specification document will evolve. Our list of specifications below has several
sections. Section 1 has the very basic physical specifications to define the antenna.
Section 2 has the more complete specifications defining antenna performance for three
defined environmental categories. And section 3 is a catch all for specifications or
design features we consider important and want to stay aware of.

Section 1 describes many fixed specifications, but some remain open for discussion.
Item 13, secondary diameter, is set by desired low frequency and several assumptions.
Secondary size will have a significant effect on weight, wind load, shroud size and so
on. It is critical the science requirement for lowest frequency performance is important
enough to justify extra costs. Item 14 equivalent focal length is dependent on feed
opening angle characteristics and effects secondary shape. Item 15 is only relevant for
offset designs. It is the ratio of distance from aperture center to the closest edge of the
secondary divided by the aperture diameter. The offset will need to be adjusted to
prevent blockage or diffraction while accommodating feed, shroud and support systems.
The ATA actually has Yc = 0.45 causing some blockage, but allowing a feed mounting
point and reducing the antenna height. Item 17, minimum spacing, is very important for
the short baselines considered critical for certain types of observations. Item 20,
azimuth range, has implications to encoder mounting, cable wrap design and cost; less
is better. Other items listed here deserve careful consideration. Item 31, power
consumption, and peak power drawn by all antennas working together, has major
infrastructure and operation cost implications.

Section 2 describes specifications that are effected by environmental conditions. The
environments are defined as follows:

Precision: night time, low wind speeds, ( best conditions)

Standard: daytime, low wind speeds, ( solar heating issues )

Degraded: day or night, medium to strong winds, possibly daytime in dead calm.
Items 57 thru 60 and 62 thru 65 have been added to the table to quickly illustrate the
changing performance throughout the available frequency range for each environment.
As higher dynamic range is entertained these entries will help illustrate performance
tradeoffs and the possible need for more stringent specifications. There are issues
related to pointing accuracy and baseline pathlength stability that may not be
adequately defined. Perhaps some specifications should have an associated per unit of
time component. Other items listed here need further discussion at another time.

Section 3 describes other specifications or design features we consider important and
want to stay aware of. Feed shrouding, for spillover control and diffraction issues are
very important for high dynamic range and calibration. Perhaps the manufacturing
tolerance on certain axis offsets will be important for calibration and baseline stability.

Please note that we very much welcome comments, additions and clarifications to the
items listed so far and look forward to suggestions from all sources.
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