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Overview

I SMLS antenna concept for the Global Atmospheric Composition
Mission (GACM)

I Instrument Incubator Program (IIP-10) April 2011 – March 2014
has 4 Major Tasks:
I Develop requirements from simulated geophysical retrievals and

verify they will be met using math models of engineering
performance and measured FOV patterns.

I Fabricate a full-width primary reflector with improved surface
accuracy, based on experience from a previous Small Business
Innovative Research (SBIR) program, in which a 1/3-width
demonstration reflector was built and tested with ESTO support.

I Test both SBIR and full-width reflectors under flight-like thermal
gradients in JPL’s Advanced Large Precision Structures (ALPS)
facility.

I Assemble a breadboard antenna and measure beam patterns in a
Near Field Range.
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SMLS measurement concept
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Full (IIP)- and 1/3 (SBIR)-width Primary Reflectors

I SBIR budget constrained costs:
I Reduced aperture (mold drawn below)

I Full SMLS aperture (blue)
I 1/3 width for SBIR (red)

I Coarse grain (CS grade) graphite mold
I 0.0016 inch rms achieved; GACM

680 GHz will require 0.0005 inch
I GACM Primary needs truss or mold extensions for

full width, plus the improved accuracy.
I Vanguard to select truss or new mold in IIP year 1
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Full-Width Primary Reflector Subcontract
I Through a large contract with Vanguard Space Technologies

(formerly DR Technologies), we will obtain a 1.8× 4 meter
composite Primary with better surface accuracy than the SBIR
demonstration reflector and thermal properties meeting SMLS
FOV performance requirements in the expected GACM
environment.
I Preliminary quotes have identified vendors for the large mold,

machining to a 680 GHz surface and µm-level surface verification
on a state-of-the-art Coordinate Measuring Machine (CMM).

I Contingencies involve an alignment/assembly truss, re-machining
the SBIR mold, and making the full-width primary in 3 petals.

I Through SBIRs, Vanguard continues to study replication errors
(e.g. “springback” after the reflector face skin is cured on and then
released from the mold). In the case of Aura MLS, with a 3 µm rms
mold, such errors resulted in a 5.5 µm rms reflector.

I The current schedule calls for a preliminary design at the end of
year 1, fabrication beginning in year 2, and delivery early in year 3.

I RFP to Vanguard in June 2011
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Beam patterns and retrieval simulations

Angle axis labeled for f=60GHz; previous SMLS design

I Update physical-optics calculation of beam patterns (left), for
reflector geometry matching the GACM orbit (top right).

I Simulate geophysical retrievals for profiles at multiple
azimuths.

I Include FOV changes due to modeled and measured thermal
distortions; find systematic error sensitivities (as at bottom
right, for 10% error in measured FOV width).

I Correlate with breadboard antenna patterns measured on
Near Field Range in year 3; show requirements compliance.

GRASP model, GACM SMLS ray fans
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GACM SMLS predicted orbital thermal deformations

β
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Thermal distortion of all antenna optics

→
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Thermal soak test of SBIR Primary Reflector
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Thermal gradient testing in ALPS facility

The JPL Advanced Large Precision Structures Laboratory (ALPS)
features a thermally stable and isolated 3 x 5 x 10 m test enclosure
within a class 100K clean room(left). Localized heaters will be applied
to simulate orbital heat loads on the SMLS antenna, according to the
math models and results of the 2009 SBIR thermal soak tests. ALPS
also provides gravity compensation fixtures, shown on the right with an
8-m deployable L-band SAR, and available for SMLS if needed.
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ALPS metrology capabilities
The ALPS facility provides two metrology techniques capable of measuring

sub-micron surface displacements, as needed to characterize SMLS
performance at 680 GHz.

Speckle interferometry measures
relative displacement over the entire
aperture; this example was a 16” test
panel for the phase I SBIR.

Measure absolute position at selected
points across the antenna from Laser
Ranging interferometry sensors (in
ALPS from visible light projects)
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RF test on a Near Field Range

I Integrate breadboard antenna in 2nd and 3rd years.
I Combine full-width composite Primary with Secondary and Tertiary, likely Aluminum.

Repeat selected ALPS thermal gradient tests.
I More optics couple antenna to dewar and receivers from the 2007 SMLS IIP.

I Measure patterns on a Near Field Range (NFR) at JPL in 3rd year.
I NSI has quoted upgrades for MLS scanner or 30′ × 15′ JPL mesa range (above).
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