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Abstract—The Auroral Emissions Radio Observer (AERO) and
Vector Interferometry Space Technology using AERO (VISTA)
CubeSat missions will use two identical 6U CubeSats devel-
oped to measure HF auroral emissions from Low Earth Orbit
for NASA’s Space Mission Directorate (SMD) for Heliophysics.
Each CubeSat employs a unique antenna, called a Vector Sensor
Antenna (VSA), to measure all six electromagnetic degrees of
freedom of incoming HF radiation via a combination of loop,
dipole and monopole antennas. The VSA payload stows into a
compact volume within the 6U spacecraft, and through a series
of deployments, makes a 4 m by 4 m by 2.3 m antenna array.
The relatively large antenna element deployment from such a
small initial volume is achieved using fiberglass composite tape
springs which unroll to form the antenna elements. These tape
springs fall into a class of structural elements called High Strain
Composites, which are becoming more commonly used in space
missions. This paper describes the development, integration and
testing of the AERO-VISTA VSA payload prototype.
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1. INTRODUCTION
AERO and VISTA are identical, 6U, spacecraft being de-
veloped by MIT Haystack Observatory, the MIT AeroAstro
department and MIT Lincoln Laboratory. The goal of the
AERO CubeSat mission is to investigate the nature and
sources of auroral HF (100 kHz-15 MHz) emissions [1]. HF
emissions from aurora typically do not reach the ground due
to Earth’s ionosphere, therefore these measurements can only
be done from space [2]. The specific primary goals for AERO
& VISTA are to:
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1. Validate the use of electromagnetic vector sensors for
localization of Auroral radio sources,
2. Investigate the generation and propagation of radio emis-
sions such as Auroral Kilometric Radiation (AKR),
3. Explore the electromagnetic wave environment of the
Earth below the ionospheric cutoff, and
4. Demonstrate dramatically improved angular resolution
using interferometry in space with both controlled ground
beacons and Auroral emissions.

The common AERO and VISTA spacecraft is called AERO-
VISTA. Each spacecraft contains a deployable Vector Sensor
Antenna (VSA), shown deployed in Figure1, that is com-
prised of loops, dipoles and a monopole, which make up
the main sensor for the mission. The two spacecraft will
be launched together and released at the same time into a
local noon sun-synchronous, 450-600 km altitude, polar orbit.
They will use differential drag to slowly separate during
their 90-day mission. The VSA on both AERO and VISTA
can individually fully characterize incoming HF radiation,
but measurements from the two spacecraft will be combined
interferometrically to better geolocate HF sources.

Figure 1. The AERO-VISTA spacecraft CAD model
shown in its final deployed state with major dimensions.

This paper will present the design of the deployable antenna,
the integration and testing of engineering model antenna into
the non-flight spacecraft, and the results of further design
updates and mechanical risk reduction tests.

2. SPACECRAFT OVERVIEW
The AERO-VISTA spacecraft consists of a custom 6U satel-
lite bus, developed by NanoAvionics, and the mission pay-
loads, consisting of the Aurora Radio and two identical Aux-
iliary Sensor Payloads (ASP) and the VSA. The spacecraft
and the associated payload packaging are shown in Figure 2.
The spacecraft provides all communications, commanding,
attitude determination and control, and power generation,
storage and distribution. The Aurora Radio serves as the
mission radio and payload controller, providing the commu-
nication and power link between the payloads and the bus.
Details about the Aurora Radio can be found in [3].

The ASP was designed and built by students at MIT. The two
identical ASP units in each spacecraft will capture magnetic

Figure 2. Packaging of the VSA, Electronic Payload and
ASP units, with spacecraft bus frame (left) and without

spacecraft bus frame (right).

and optical data simultaneously with the VSA to contextual-
ize the measured auroral radio emissions [4, 5]. Additionally,
the ASP has an engineering optical fish-eye camera to verify
deployment of the VSA and to provide contextual imagery
during science operations [6].

The VSA and Aurora Radio were designed and built by
MIT LL and are provided to MIT Haystack Observatory
for spacecraft integration. The VSA is the main science
instrument for AERO-VISTA and is the main focus of this
paper. It is described in more detail in the following section.

3. VECTOR SENSOR ANTENNA
The VSA is a collection of loop, dipole and monopole
antennas that together can fully characterize incoming HF
emissions [2, 7]. These antenna elements are highlighted in
Figure 3. The VSA and Aurora Radio are able to measure
emissions between 100 kHz-15 MHz, but is optimized for the
science mission to measure between 400 kHz-5 MHz [8].

While the antenna is small relative to the wavelengths it is
measuring, as Figure 2 shows it is very large compared to
the spacecraft. Therefore the antenna must be packaged for
launch and deployed once on orbit. This is achieved through
the use of high-strain composite tape measure members,
which unfurl when released to form the structural backbone
of the VSA and also carry the wire used to make the antenna
elements [9]. These unique deployable elements allow the
4-meter by 4-meter by 2-meter antenna to stow for launch
in a 1.4 L volume. The mass of the VSA and its associated
deployment mechanisms and cables is 1.7 kg.

After the spacecraft reaches orbit, is stabilized and has de-
ployed its solar panels, the spacecraft will be commanded
from the ground to initiate the VSA deployment. The deploy-
ment is achieved over three steps. These three steps are shown
in Figure 4, and details of the mechanisms used to enable each
deployment step have been described previously [9]. First,
the stowed VSA must be extended out of the spacecraft to
become clear of the structural panels. Second, the top half
of the VSA is extended up to create the height needed for
the vertical loops. As this extension happens, the composite
booms that carry the loop/dipole wires are released to freely
unroll. Finally, the monopole is deployed by releasing a com-
posite boom with the monopole wire to freely unroll. Each of
these steps is initiated through separate release mechanisms
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Figure 3. The antenna elements that make up the VSA,
each highlighted in different colors.

and each release mechanism is commanded independently,
so that the deployment process can be phased as needed to
accommodate monitoring of the success of each deployment
step.

To date, a non-flight prototype of the VSA has been built
and tested. This prototype was called the Delta Model (DM)
version of the VSA. The purpose of making the DM was to
validate the concept and perform mechanical and RF testing
to identify modifications needed for the Flight Model (FM).
The next section describes the design modifications identified
as a result of the DM VSA deployment testing and further risk
reduction activities completed after the testing.

4. VSA MECHANICAL DESIGN
MODIFICATIONS AND RISK REDUCTION

The DM VSA was designed, assembled and tested at the
payload-level at MIT LL. Although this unit was not desig-
nated a flight unit, it received the same rigor in material selec-
tion and cleanliness required for a Flight Model (FM).During
the initial assembly of the DM VSA, several risk reduction
tests were completed to ensure that each separate deployment
mechanism worked independently and to show that the higher
risk deployment actuators had sufficient force margin. These

Figure 4. The stowed VSA and the three steps of the
VSA deployment sequence.

initial tests were mostly successful and highlighted several
remaining risks. A detailed description of these tests was
previously published [9]. The following mechanical design-
related risks were identified that could result in deployment
failure:

1. The extension deployment mechanism wears easily and is
very sensitive to misalignment.
2. The release mechanisms for each deployment step have
insufficient force margin for the extension and loop deploy-
ment.
3. The 3D-printed plastic housing that contains the compres-
sion springs that drive the loop deployment break easily.
4. Friction in the monopole housing makes the deployment
unreliable.

In addition to these design-related risks, there were key risks
for the VSA that had not been reduced in this DM testing
which could result in deployment failure, namely:

5. The VSA mechanical components may fail under launch
vibration loads.
6. The as-built VSA may not have the RF sensitivity pre-
dicted by modeling.
7. Cold or hot extreme temperatures could cause malfunction
in deployment mechanisms.

Design modifications were developed to address risks 1-4
and testing was performed to address risks 5 and 6. These
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are described in the next section. The AERO-VISTA team
has determined that risk 7 can be retired by limiting the
deployment to times when the VSA is within a predetermined
temperature range, which will be possible due to the local
noon sun-synchronous polar orbit.

Extension Deployment Mechanism Design Modifications

The first risk required the most significant design modifica-
tion. To reduce this risk, an alternate approach was used to
allow the extension motion. Initially, the extension motion
was enabled through parallel shafts and cylindrical bearings,
as described in [9]. The modified design uses standard 5mm
linear guide rails and carriages, and is shown in Figure 5.
The linear guide rail approach was considered because the
carriages have more compliance than a cylindrical bearing,
which should result in less sensitivity to misalignment.

Figure 5. Prototype of linear guide rail and carriage
extension slider stowed (left) and deployed (right).

These standard carriage and rail systems have well docu-
mented limit loads. A worst-case loading analysis, which as-
sumed that a malfunction occurred such that a single carriage
experienced all of the possible moment loads, showed that
the carriages have sufficient margin. Based on this analysis,
an experimental prototype was built to investigate the design
and validate the ability to accommodate misalignment due to
enforced expansion or compression at the top of the extension
stage. The test apparatus and extension mechanism prototype
are shown in Figure 6.

In these tests, the top edges of the opposites sides of the
Test Frame were either compressed together or spread apart.
Figure 6 shows the configuration where they are spread
apart by two spreaders. For the compression tests, the top
edges of the opposite sides of the Test Frame were pushed
together with a large c-clamp. The deflection indicators on
either side measure the amount of expansion or compression.
During the tests, the amount of expansion or compression was
slowly increased between tests and the VSA mass simulator
was deployed. The deflection indicator measurements were
recorded and any change in the rate of deployment was
noted. The compression or expansion was increased until the
extension deployment would not fully extend.

The test results are shown in Table 1. These results show that
the prototype rail and carriage deployment mechanism can
operate with no noticeable change in deployment rate with

Figure 6. Linear guide rail and carriage extension
mechanism prototype testing to validate performance

under misalignment.

up to 0.50 mm of compression and 0.30 mm of expansion at
the top of the mechanism. Nominally, the dimension between
the two interfacing sides of the spacecraft where the VSA
mounts is 95.00 mm. Measurements along this interface
from the Engineering Development Unit (EDU) spacecraft
found that as-built dimensions were 95.09-95.14 mm. This
indicates an expansion of up to 0.14 mm, which is well within
the 0.30 mm that the rail and carriage extension mechanism
can accommodate with no noticeable change in deployment
speed.

Table 1. Test results for rail and carriage expansion
mechanism misalignment limits.

Condition Compression (mm) Expansion (mm)
No Change 0.50 0.30

Slowed 0.72 0.48
Stopped 0.73 0.57

Based on these results, the extension mechanism design is
being updated to adopt the rail and carriage design. There
are still some aspects of the design that require further de-
velopment, including determining the proper lubricant for the
carriages that will work in the space environment. There are
several options that can be used or the carriages could be used
without lubricant. The proper lubricant will be determined in
future experiments.

Release Mechanism Force Margin

The release mechanism used for each stage of deployment
is the nD3PP shape-memory alloy pin-puller developed by
DeployablesCubed GmbH. This mechanism was fairly new at
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the beginning of the AERO-VISTA programs, but it offered
many benefits when compared other options. The key benefits
of using this release mechanism for AERO-VISTA are that it
is compact and very easy to reset. More about this pin-puller
mechanism and their use in AERO-VISTA can be found in
[9].

While initial testing showed that the pin-pullers should have
sufficient force margin to retract for all deployments, the
amount of preload on the pin was difficult to repeatably
control each time the VSA was stowed. Therefore, the deci-
sion was made to consider redesigning the higher preloaded
deployments, the extension and loop deployments, with a
release nut from the same manufacturer. The nD3RN reacts
the load axially through the nut, while the nD3PP reacts the
load in shear and bending along the pin. Based on this loading
difference, the nD3RN can operate under up to five times the
preload of the pin-puller, but has the same small form-factor
and is just as easy to reset. Incorporating the release nut
required rotating the actuation direction in the design. This
change has been accommodated in the design without issues.
Future testing of a non-flight version of the release nut will
verify performance under the higher preload.

Compression Spring Housing

Several parts within AERO-VISTA were designed to be 3D
printed using FDM of ABS plastic due to their complexity.
One particular 3D printed part is used to contain the com-
pression spring that drives the telescoping action during the
loop deployment step. Details about the mechanisms used for
this deployment can be found here [9]. While the housing
worked to contain the compression spring, the process of
stowing the spring repeatedly weakened the thin walls of the
3D printed part and results in repeated failures. Therefore, the
housing was redesigned in aluminum and to be manufactured
through traditional machining. This new design is much more
resilient than the ABS version. However, the compression
spring experiences more friction from the inside of the alu-
minum version, which can keep the loop deployment from
initiating. Further development is underway to reduce or
overcome this friction through better control of the surface
roughness or by adding a kick-off spring to initiate the loop
deployment.

Monopole Release

The monopole deployment is enabled by releasing a coiled
tape measure-like boom which carries the monopole antenna
wire. Figure 7 shows a diagram of the stowed monopole in
a model cross-section. In working with the DM VSA, it was
found that after some amount of handling of the VSA with
the monopole stowed, it would not unfurl from the stowed
volume when the monopole door was opened. This is likely
due to the fact that the strain in the coiled boom forces the coil
to expand as it is jostled through release of static friction in
the coil. At some point it expands so much that it is preloaded
against the side of the monopole constraint box and does not
unfurl due to friction.

The proposed solution to this problem is to add a kick-off
spring underneath the coiled boom such that as the monopole
door is released, the coil is pushed clear of the monopole
constraint box so that it can start to unfurl. A concept for
the kick-off assembly is shown in Figure 8. This design will
be prototyped and tested before final implementation into the
final FM design.

Figure 7. Diagram of the DM model cross-section
showing the stowed monopole.

Figure 8. Concept for monopole kickoff spring.

VSA Vibration Testing

For a typical space flight program, a finite element model
is used to simulate the response to random vibration, which
simulates the launch environment, and estimate the stresses
in the components to determine stress margins. The scope
and risk posture for the AERO-VISTA missions offered only
minimal mechanical finite element analysis of the VSA.
Therefore, the risk of failure during launch was to be reduced
through random vibration testing. This testing only was
performed with the DM VSA after all other testing and RF
measurements of the VSA was complete in case of a failure
during testing.

In order to replicate the true boundary conditions for launch,
the VSA ideally would be installed in the spacecraft. How-
ever, the EDU spacecraft was still needed for other parts
of the project and could not risk potential damage if the
VSA failed during testing. Therefore, a stand-in structure
was designed and built for the vibration tests. This stand-
in also had components inside it that simulated the mass
and inertia of the actual spacecraft components. There was
no attempt to match the stiffness of the actual spacecraft
components. A photograph of the DM VSA installed in the
stand-in spacecraft in its post-vibration deployment testing
configuration is shown in Figure 9.

For vibration testing, CubeSats are typically installed in a
frame that mimics the deployer box that they are held in
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Figure 9. Photograph of DM VSA within in the
spacecraft stand-in installed in the post-vibration

deployment test frame.

during launch. This test frame is called a test-pod. A test-pod
available from a previous 6U CubeSat program was available
and was used for these tests. The DM VSA and the stand-in
spacecraft are shown inside the vibration test-pod in Figure
10. This figure all shows the test coordinate axes and the
locations of accelerometers used to monitor the test.

Because the specific launch vehicle that will be used for the
AERO-VISTA launch is unknown, the vibration testing per-
formed using random vibration spectrum defined in NASA’s
GEVS [10]. The initial plan was to start with acceptance level
vibration, then move up to proto-qualification level, then to
qualification level, with deployment tests occurring after test-
ing in each axis (X, Y and Z) at each level. Vibration testing
would only advance through the test plan if the DM VSA
survived and successfully deployed. However, due to Ground
Support Equipment (GSE) related issues and availability of
the vibration tables, the test campaign needed to be com-
pressed. This resulted in skipping the first set of deployment
tests planned after Y-axis Acceptance-level vibration and
later skipping the Proto-Qualification-level tests all together
and moving right from Acceptance-level to Qualification-
level.

Vibration testing was performed on one of MIT LL’s two
Unholtz-Dickie T2000 shaker systems with an integrated slip
table. The Y- and X-axes were tested using the slip table,
while the Z-axis used the vertical orientation. Therefore, Y-
and X-axes were tested before the Z-axis. X-axis testing was
considered higher risk because it loads all three of the pin-
pullers directly. Therefore, the Y-axis test was performed
before the X-axis for each vibration level. Table 2 shows a
summary of the post-vibration deployment testing that was
performed.

Figure 10. Photograph of DM VSA and spacecraft
stand-in installed in the vibration test-pod. The locations
of accelerometers are labeled and the test coordinates are

shown.

As mentioned previously, because no damage was visible
after Y-axis Acceptance-level test, no deployment tests were
made after Y-axis Acceptance to expedite testing. Deploy-
ment tests after Y and X-Axis Acceptance testing identified
an issue with the extension pin-puller. It would not release
when commanded. Due to this issue, the telescoping de-
ployment could not be tested because it requires the VSA to
be extended out of the spacecraft to deploy. The monopole,
however, could be released without the extension deployment
and that release was successful.

At this point, the team decided it was best to move on to
Z-Axis Acceptance testing to ensure that the VSA could
survive vibration in that axis. Deployment tests after Z-
Axis Acceptance testing encountered the same pin-puller
issue during the extension deployment. After several elec-
trical checks, the team decided that the problem may be
a mechanical problem with the pin-puller. Through some
experimentation the team found that jostling the pin-puller
through its rear reset hole allowed the pin-puller to release
when actuated. After discussions with DeployablesCubed, it
was determined that the likely cause of this issue was foreign
objects or debris (FOD) in the pin-puller housing. The FOD
could have been introduced through handling in a non-clean
room environment or from excessive cycling of the pin-puller.
This problem with the extension pin-puller persisted through
the rest of the testing, but the intervention described earlier
allowed the pin to retract and deployments were successful.

A second issue was found during the telescoping deployment
tests after vibration. The pin-puller would release but the
deployment would not initiate. It was found that tapping
on the VSA would cause the deployment to initiate and the
deployment would successfully deploy. This indicates the
presence of too much friction in the interfaces in the stowed
configuration. There are several potential sources of friction
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Table 2. Post-vibration deployment testing results summary.

Level Axis Extension Telescoping Monopole

Acceptance
Y Not Tested Not Tested Not Tested
X No success N/A (Needs extension) Success
Z Success1 Success2 Not tested

Qualification
Y Success1 Success2 Not tested
X Success1 Success2 Not tested

1 Pin-puller intervention required, 2 Assisted initiation of deployment

in this stowed configuration and it is difficult to determine
which interfaces are driving this friction. This issue was
never identified in the pre-vibration testing, it only occurs
after vibration. One likely cause of this increased friction is
the compression springs and their aluminum housing.

5. VSA RF MEASUREMENTS
Before vibration and deployment testing, the DM VSA RF
performance was tested in the Large Near Field Chamber at
the RF Systems Test Facility (RFSTF) at Hanscom Air Force
Base, Massachusetts [11]. The purpose of this testing was
to demonstrate the ability of the AERO-VISTA VSA and
electronics to receive external test signals on all 6 antenna
channels at various frequencies and electromagnetic field
orientations.

The chamber provided a relatively quiet environment, reduc-
ing the strength of potentially interfering signals. All testing
was done in the near field, and electromagnetic simulations
indicated that effects due to proximity to the walls, ceiling,
and floor are negligible as long as the distance between the
antenna-under-test and the probe is small compared to the
distance to any other conductive object.

The antenna wires were deployed to their full extent and
supported using a gravity offload structure consisting of a
wooden platform and PVC tubing, as shown in Figure 11.
A signal tone was radiated in the near-field of the antenna
using an arbitrary waveform generator and a small test probe
with controlled position and orientation. The signal received
by the Aurora Radio through the VSA was captured and
saved to disk. The testing used various frequencies and probe
positions. These data were then analyzed and compared
to simulated data. A diagram of the simulation model,
highlighting Dipole A mode, is shown in Figure 12.

The results for the Dipole B mode are shown in Figure 13.
These results show excellent agreement with simulation. The
measured amplitudes of the discrete frequency tones that
were radiated in the near-field of the dipole were found to
track very closely with the expected frequency response of the
antenna and receiver electronics. While the Dipole B mode
showed good results, the testing procedure revealed issues in
some of the other antenna modes. In some cases little to
no signal was received, suggesting a simple wiring error or
receiver issue. This result is not unexpected given the fact
that this is the first testing performed on the system at this
level of integration. After the RF testing, continuity checks
of the DM VSA alone showed that the antenna wiring was
correct. The root cause of these issues will be investigated in
future testing.

Figure 11. Photo of DM VSA deployed in a test frame in
anechoic chamber.

6. CURRENT STATUS
The AERO-VISTA space flight program was put on hold in
October 2022 due to the end of the original NASA programs.
At this point, the flight spacecraft buses, ASPs and Aurora
Radios have been delivered and are being stored in a clean
room at MIT Haystack Observatory. During this pause in
work, MIT LL internal funds were obtained to pursue the
risk reductions described in this paper. The team is working
to find further funding opportunities through NASA to bring
this program to flight.

7. CONCLUSIONS
This paper presented the results of a variety of risk reduction
design and testing tasks for the AERO-VISTA satellite Vector
Sensor Antenna payload. The risk reduction work described
here addressed key risks which were identified during the
development of a non-flight version of the VSA, namely
susceptibility to damage during launch vibration, as-built an-
tenna performance, and several deployment reliability related
issues. These were all addressed to some extent in the current
work, but there is more work needed to fully reduce these
risks for the flight model.
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Figure 12. Electromagnetic simulation model of antenna
test apparatus.

Figure 13. Measured vs. simulated frequency response
of the AV antenna Dipole B mode.
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