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Abstract

The Impact' Booms carry 3 scientific instruments each on the twin NASA Stereo® satellites. When stowed
for launch the boom is 1.54 m in length, when deployed the boom extends to 5.80 m. The boom consists
of 5 concentric graphite epoxy (Gr!E) tubes extended by the spring force of a Stacer. The Stacer is
fabricated from a flat strip of Elgiloy® spring material, rolled with a constant diameter and fixed helix angle.
It supplies the motive force for deployment, and requires no external power once released. The deployed
boom exhibits excellent rigidity, the natural frequency first mode occurring at 1.96 Hz. Discussed is the
implementation of a Stacer to deploy the 5 segment telescoping boom and some of the activities
performed during its design, qualification and testing.

Mission Introduction

The NASA Stereo mission consists of twin, three-axis stabilized satellites orbiting and viewing the Sun in
the plane of the ecliptic at ~1 AU. Spacecraft A (Ahead) will be sent into an Earth preceding path with an
Earth-Sun-Spacecraft angle increasing at a rate of 22 per year, while Spacecraft B (Behind) is sent into
an Earth lagging orbit, also at a rate of 22" per year. The imagers on board will yield true ‘stereoscopic’
views of coronal mass ejections, while other instruments perform concurrent in-situ measurements of a
large portion of the electro-magnetic spectrum. The telescoping boom was conceived to interface 3
instruments from the Impact suite: the Magnetometer (Mag), the Solar Wind Electron Analyzer (SWEA),
and the Supra-Thermal Electron — Downward looking instrument (STE-D) to the Stereo spacecraft. The
program requirements demanded a new concept, as existing hardware was deemed too expensive or
unsuitable. The boom was initially developed via three ‘proof of concept’ models for the tube locking
mechanism, and a final mock up usnng the Stacer to deploy four concentric, telescoping graphite/epoxy
tubes from the center of the fixed 5" tube. An engineering model (EM) was then built to verify end to end
design via qualification testing. The challenge for this mechanism was demonstrating that the design met
the requisite GEVS SE? force (torque) margin. Two flight models (FMs) were then produced, with the EM
being refurbished as a flight spare. The FMs are currently mounted to the spacecraft and mission | & T is
progressing. Launch is scheduled for May 2006 from Cape Kennedy on a Delta II
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The Science Flowdown Requirements

The requirements for the Impact boom were based on the scientific needs of the three instruments
mounted to it: the Mag (built at Goddard Space Flight Center); the SWEA, supplied by CESR, Toulouse,
FR; and the STE-D, supplied by UCB - SSL. The magnetometer for this mission is very sensitive: the
magnetic (B) field at 1 Au heliocentric orbit is ~ 3 to 4 orders of magnitude smaller than near Earth. This
slight field strength was a driver for the EMI/EMC design for the spacecraft and the devices near it. To
avoid ‘sensing’ the spacecraft, the Mag needed to be 3 meters away from it. This requirement set the
minimum boom length. To ensure a low magnetic signature from the boom assembly, no ferritic alloys
were allowed for its construction.

Titanium screws were used to mount the magnetometer to its tray on the 4" tube element and the tray
itself is made of carbon impregnated PEEK, a high-strength, conductive engineering plastic. To lower
Mag exposure to any eddy currents present in the harness or structure of the boom, the mounting tray
offset the Mag 200 mm from the nearest metal on the tube. Additionally there were not to be any other
instruments closer than 1 m to the Mag. To allow accurate inter-experiment correlation of data, the
angular alignment accuracy and repeatability requirement has an allowable deviation of <0.88 (52.5
arcmin) between the Impact boom mounting feet and the magnetometer
housing from the stowed condition to the deployed state, for the two axes
that form the mounting plane of the Mag.

The second experiment mounted on the Impact boom is the Solar Wind
Electron Analyzer (SWEA, supplied by CESR, Toulouse, FR). The SWEA
has two variably charged hemispheric surfaces that attract electrons into
an anode assembly which counts them as they impinge on to it. The SWEA
would have a limited field of view when mounted directly to the spacecraft
deck, hampering its ability to characterize the electron regime in the
volume around it. Proximity to the spacecraft also causes deflections of the
electrons due to the almost unavoidable static fields that develop near the
spacecraft surface. Since this effect is difficult to model, a better solution

; was found. The implementation of the SWEA on the Stereo mission is
Figure 3. SWEA /STE extremely good: it is mounted on the extreme end of the boom, allowing a
full 211 radians x 135 field of view (FOV). The demands of the SWEA for
mounting to the boom are not complex: power lines, command lines supplied to it, data return lines from
it.

The final instrument is the STE, a Supra-Thermal Electron detector, mounted on the side of the SWEA
pedestal. It needs a clear 80 x 80 field of view looking along the plane of the ecliptic at a 45" angle
(aligned with the Parker spiral), and to stay at ~ -40 C.

The fixed base of the Impact boom is pointed towards the Sun for all science activities, and the only off-
points scheduled are for momentum dumping. The boom deploys away from the Sun, so that there is
minimal solar input to the boom suite, giving very low operational temperatures for the instruments.
Thermal control was a large concern for the instrumenters.
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Figure 4. Solid Model Section View of Stowed Impact Boom

Impact Boom Mechanism

The Impact Boom consists of five concentric Gr/E Tubes, ranging from 50 mm to 210 mm in diameter,
with a pair of aluminum rings bonded to each end. Each ring pair contains three lock pins, pointing
outward at the Sun-ward end, and inward pointing at the release mechanism end, and three sockets, in
their corresponding orientations. The pins are spring loaded, and have rollers mounted in their tips. When
released, the Stacer spring extends the tubes until the end of travel where the pins drop into sockets,
locking the assembly rigid. The mounting feet are integral to the outermost rings on the @210-mm tube.
There is a spool for the electrical harness while stowed, a flyweight brake to govern the deployment
speed, a shape memory alloy release mechanism with pretensioning adjustment, deployment assist rods
and kick springs to initiate the deployment. Combs at each end hold the tubes in alignment prior to
deployment, and during vibration/launch. A provision for individually adjusting the combs to remove any
play in the stowed tubes due to fabrication tolerances is also provided. The design was performed in
Solidworks™, utilizing its 3-dimensional solid modeling and multiple configuration capabilities.

Tube Details

The use of telescoping concentric tubes is not a new idea. Each telescope
application brings its own set of challenges however. For the Impact
Boom, the tubes needed loose tolerances on their cylindricity callout to
allow for simple tube manufacture. The deployment / locking scheme
required compliance regarding the inter-tube fit since there is a relatively
low force available from the Stacer. The boom needed to be very rigid
when deployed, so locking pins were utilized at end of travel, rather than
relying on spring force to hold them in place. The tubes have three
longitudinal concave grooves equispaced
about their circumference, running their
length, with a precise profile that doesn’t jam
the rollers. These grooves kept the pins on
track to be aligned with the sockets at the far
. end of the tube. The tubes are a five-layer
Figure 5. Tube Gr/E composite designed to be quasi-
IEnd Detail isotropic: three 0-90 layers interleaved with

two 45 layers of 0.12-mm woven epoxy pre-impregnated material (Fiberite
Hy-E 1034C prepreg). The tubes were fabricated by Vision Composites of
Signal Hill, California on internal mandrels, with a slight taper to enhance
ease of extraction after cure. The cure regimen was specified to be ‘dry”: the
ratio of epoxy to carbon filament was held to a minimum to ensure low

surface resistance. This was achieved by using a higher autoclave pressure e
with a slower ‘warm up to cure’ temperature ramp and a thick layer of Figure 6 Partially
absorbent over the bleeder sheet. The process determination was somewhat Deployed Tubes

lengthy, however, the final result met requirements.
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At both ends of each tube there are inner and outer interlocking aluminum rings that ‘sandwich’, and are
bonded to, the Gr/E. After an extensive search, Loctite Hysol 9309NA was used to form the bond. The
thermal environment for the boom is rather severe: it will be in the shadow of the spacecraft for all of the
science activity; thermal analysis estimates put the operating low temperature at 30K. There is very little
data for epoxies at this temperature, so we performed an FEA for the bond between the aluminum and
the Gr/E to establish what parameters minimized the stresses in the glue, the weakest part. Several
cases for the glue design were examined: thickness of the bond, edge conditions of the bond and effects
of the aluminum ring thickness (internal and external) on the joint stresses. Optimized, the glue line was
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Figure 7. FEA of Aluminum Ring — Glue Line - Gr/E — Glue Line — Aluminum Ring

chosen to be ~0.4-mm thick, wnh a fillet onto a tapered aluminum ring edge. This best case predicted a

stress value of 110vMPA (16 ksi)*, which exceeded the glue published maximum stress value of 38 MPa
(5.5 ksi)®.

There was concern that the joint would not be sound after exposure to the thermal gradient, so an actual
test was needed. A test GR/E tube / aluminum ring
assembly was fabricated, with a large cantilever
mass attached at the extremity providing ~2X
expected loads for this test. This test ‘tube’
assembly was installed in a cryogenic liquid
helium chamber, which was then installed into a
cryogenic liquid nitrogen chamber in turn was
placed inside of a refrigerated chest. We
performed a multiple cycle thermal test (in a dry air
environment), utilizing four candidate glues. The
cold temperature was set to 25K (-248 C), and
warm was 150K (-123'C). The 9309 performed
nominally, with no crazing or cracking and was
accepted for use. As a side note, only one of the tested epoxies exhibited any signs of thermal distress.
As a hedge against exceeding our thermal predicts, small solar absorbers were attached to the two joints

in the mid boom. These little flags raise the expected temperature by ~5 degrees, buying some margin for
the assembly (Figure 6).

Figure 8. Epoxy Thermal Test Chamber
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