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ABSTRACT
This paper presents the design, production, and testing of a mechanism to passively deploy a coiled tape spring in a
controlled and reliable manner. The design has the tape spring wrapped around a central spool and constrained by
five rollers attached to ball bearings on either side. Except for ball bearings and a metal shaft through the central
spool to provide an attachment point for an encoder, the mechanism is intended to be mostly 3D printed using
various ABS-based polymers. Prototyping the deployer produced data regarding the selected tape spring and the
design presented in this paper. Examination under extreme temperatures revealed difficulties for the mechanism to
perform appropriately. However, after several design iterations, the final design performed adequately. Finally, the
development and testing of this mechanism demonstrated a passive deployable boom capability for a variety of
space missions, including spacecraft with passively unfolding structures. Furthermore, the design presented here not
only has the potential for intricate unfolding spacecraft designs when motorized deployment is not desirable but also
opens up opportunities for the SmallSat community with its lower complexity and small size.

1 INTRODUCTION
The passive deployer mechanism will fly on Virginia
Tech’s ThinSat mission, VT ThickSat, scheduled to
launch along with the resupply mission to the ISS,
NG-15. This mission is a proof-of-concept that could
lead to similar deployable structures in future missions,
e.g., solar sails and solar panel deployments. The
mission-critical objective is to demonstrate a passive
deployment mechanism in space. The boom is required
to release itself from the coiled state using only its
stored elastic energy. Furthermore, the mechanism
takes advantage of a scalable chassis, built for the same
mission, restricting it to fit within the space of a 5 x 1T
ThinSat form factor. Figure 1 shows a render of the
Block 2 assembled spacecraft.
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Figure 1:

VT ThickSat Satellite

Since the proposed mechanism is intended for passive
deployment, detailed attention was paid to its
development. Many iterations of the mechanism were
analyzed and upgraded as testing was conducted. This
paper builds on information from these iterations. It
summarizes the development process from the proposed

design in 2019 and through the developments of Block
1 and 2.
Tape Spring
The boom that this device is built around is a carbon
fiber CTM tape spring[1][2]. It is provided by the NASA
Langley Research Center. Figure 2 shows a
cross-section of the boom. The height of the boom is 18
mm and its width is 39 mm. When flattened the boom
spans 45 mm.

Figure 2:

Initially, the spool was surrounded by eight cylindrical
rollers that were connected on either side to ball
bearings embedded into the same structure that
contained the spool. The ball bearings were obtained
from a hobbyist shop and were initially made for use on
skateboards. The ball bearings were 22 mm in diameter
on the outside and 8 mm on the inside. Their width was
7 mm, which served as a constraint for the width of the
external structure. Since they are freely spinning, the
rollers minimize the friction of the boom as it is
deployed and constrains it from unfurling in every
direction. The boom could be made to deploy
in-between any of the two rollers. The external
structure that the rollers and the spool are connected to
was printed in two parts, nearly identical except for two
plates that extended parallel to the rollers. The two
plates served as attachment points with four screws
connecting the two plates, and thus both structures,
together. The rollers and the spool were also 3D
printed. All the printing was done with the Zortrax
M200 3D Printer and used Z-Ultrat printing filament.
Figure 3 shows a model of the test device.

Tape Spring Cross Section

This paper is organized as follows: in section 2,
Development of Block 1 describes the iterative process
of development from the original design to a stable
release. In contrast, in section 3, Development of Block
2 describes the iterative process of transformation of
Block 1 into a space-rated mechanism. A conclusion is
provided in section 4.
2 DEVELOPMENT OF BLOCK 1
As proof of concept, a first test device was designed to
serve as a demonstration of the concepts used in the
deployment. As a result, it was only roughly the
required size for the mission. The initial base structure
was designed to fit in a cube 8 cm on each side.
Test Device
This design had the boom rolled around a central spool,
connected on either side to ball bearings embedded into
an external structure, allowing the spool to rotate freely
concerning this structure. The spool consisted of a
central cylinder with two rims on either side, spaced to
be only 2 mm farther apart than the boom's width.
When fully coiled, the outside layer of the boom is only
a couple millimeters from the top of the rim. For the
test device, one end of the boom is held flat against the
inner cylinder with duct tape.
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Figure 3:

Test Device

Initial Testing
Once constructed, the test device used a 1-meter boom
for initial testing. Several of the attempts resulted in the
boom getting stuck instead of deploying. One way to
improve the odds of a successful deployment was to
roll the boom as tight as possible around the spool, but
even this did not guarantee deployment every time.
Even when tightly wound up, the boom was pressed
against the rollers, causing increased static friction that
the stored strain energy could not overcome. Any
solution involved increasing the distance between the
roller and the inside of the spool so the boom could fit
more comfortably, or reducing the static friction.
Removing four of the rollers improved the chance that
the boom would fully deploy but did not guarantee it.

Since the four rollers removed were the ones that had
their ball bearing extruding out of the 8 cm cube, their
removal was also advantageous for ensuring that the
final device would fit in the satellite.

Figure 4:

Length of the Boom

The first change attempted was using a shorter boom
with a length of 80 cm instead of one meter. Figure 4
shows the final model with the boom fully released at
that length. With the shorter boom, there was now a
considerable gap between the tightly wound boom and
the rollers. Under this configuration, the boom would
successfully deploy every time (excluding occasional
operator error). While this change was acceptable to the
team working on the satellite, a different approach was
also attempted by decreasing the diameter of the inner
cylinder of the spool. However, the boom had more
difficulties lying flat against the smaller diameter spool,
resulting in creases in the smallest radius portion of the
boom, the same effect found in other tape springs[3].
These creases would push up against the consecutive
layers in the coil, resulting in bulges at the surface of
the coil. The bulges were liable to get stuck on one of
the rollers when attempting to deploy, which made the
overall design less reliable than previously. A third
possible change considered was to move the rollers
farther out to allow more space between the rollers and
spool, but was discarded as there was not much more
space available for the 8 cm cube constraint.
Temperature Testing
Initially, the launch was to be predicated by a
stratospheric balloon test. In anticipation of the low
temperature the device would have to operate in, an
initial test was created. The device was lowered into,
and buried in, a box of dry ice and let to cool as low as
possible. Temperature readings of the device showed
that it averaged -18 degrees Celsius by the time it was
recovered from the dry ice and released. Even though
this was not close to the expected temperature of -50
degrees in the Stratosphere, these initial deployments
showed the boom would not deploy under these
temperatures. Close examination showed that the ball
bearings exposed to the cold temperature were much
stiffer compared to a ball bearing in ambient conditions.
The cause of this was suspected to be lubricant within
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the ball bearing freezing. While it was clear that
different ball bearings would have to be used for the
actual mission, the initial ball bearings had their
coverings removed and were then soaked in ethyl
alcohol to dissolve the lubricant. After this process, the
friction was considerably reduced, and the ball bearings
would now take several seconds to stop from a spin
instead of almost immediately. The effect of this was
the device was now able to deploy somewhat reliably
while at -18 degrees. However, whether or not there
had been significant improvement in the deployment at
cold temperature was inconclusive. Another effect of
the unlubricated ball bearings was a substantial increase
in the speed of the deployment.
Second Design
After the test device had validated the concepts used in
deploying the boom, a second design had to be created
to integrate with the rest of the satellite. The second
iteration had an external structure that was just one
piece and had mounting points to attach to the satellite's
chassis. The spool was no longer directly connected to
the ball bearing embedded in this structure but had a
steel rod inserted through its center that would also be
attached to the ball bearings on either side of the
structure. It allowed the spool to be inserted without
having the two sides of the external structure separate
pieces, while also increasing the rigidity of the spool
The rollers were thinner than the ball bearings; thus,
they could be inserted through the side without issue.
Additionally, because of how they were printed, the
rollers were now hollow to increase their strength.
Initially, the rod through the spool was just a steel
corkscrew; however, it was quickly updated to be a
specially machined aluminum rod that would allow
better attachment to an encoder. The new spool had a
slit in the inner cylinder that the end of the boom would
be inserted into to keep it in place instead of relying on
tape.
The second design also made use of a burn wire to
trigger the deployment. Several holes were made in the
external structure, along with 32 holes on the rim of the
spools. A tied loop of the fishing line was threaded
through the external structure and into one of the holes
on the rim. Upon activating the burn wire, the fishing
line would be cut by the heat, and the boom was able to
deploy.

-70 degrees Celsius. At these temperatures, it took
approximately 15 minutes for the device to cool to -50
degrees Celsius from room temperature. The initial test
used a fishing line to hold the boom in place while in
the freezer, which was then manually cut as quickly as
possible after being removed from the freezer before
the device had time to heat up. Some later tests also had
the device fully integrated with the rest of the satellite
to be a more comprehensive test of the entire system,
and allowed the boom to be released remotely inside of
the freezer.

Figure 5:

Second Design

The second design also adjusted the placement of the
rollers to funnel the deployment in a specific direction.
Three of the rollers remained in the same location;
however, the roller in the direction of the deployment
was moved further out; and thus now accompanied by
another roller, making a total of five in the design. The
two rollers restricted the direction of the deployment to
a few degrees. The size of these two rollers was then
also adjusted to make the deployment as level with the
rest of the spacecraft as possible. Figure 5 shows the
model of the second design.
Ball Bearings
As mentioned previously, the original ball bearings that
were used had issues stemming from their lubrication.
While removing the lubrication did cause them to
perform better under colder conditions, the material
they were made of was prone to rusting under cold
temperatures. The new ball bearings had a casing made
of acetal plastic that housed stainless steel balls. The
dimensions of the new ball bearings were identical to
that of the first, requiring little adjustment to the rest of
the design, and, most importantly, had only dry-film
lubrication. The new ball bearings had much higher
resistance to cold temperatures, officially rated to -40
degrees Celsius. After the installation in the device,
they had significantly less friction than the original ball
bearings before the lubrication was removed, but
slightly more than after the lubrication was removed.
Temperature Testing
Since the second design was intended to be the
operational design onboard the satellite and balloon,
more rigorous testing was required. Instead of using dry
ice, new cold temperature testing was to be conducted
in specialized freezers that maintained a temperature of
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In both of these cases, the boom would fail to deploy,
remaining stuck up against the rollers. The boom also
was resistant to being manually pulled out. As it
warmed up, attempting to deploy the boom would
become more and more successful, until finally
succeeding at approximately at a temperature of -10
degrees Celsius. There was a significant error in
determining the precise temperature the boom would be
able to deploy again, as it took approximately 30
seconds to heat back up to room temperature, much
faster than the rest of the device. In particular, the ball
bearings took a while to heat up, but they were
unaffected by the cold temperatures, and it was
suspected that the only problem was with the boom
itself. Additional testing without the rollers showed the
boom would unwind itself much more at room
temperature than at -50 degrees Celsius, indicating that
the elasticity of the boom material was significantly
reduced under cold temperatures. Since the problems in
this environment were inherent to the chosen tape
spring, it became clear that the boom would be unlikely
to function correctly during the balloon test.
Boom Fatigue Failure
Throughout the testing process, the boom was wound
up and deployed dozens of times. The more times a
single boom was deployed, the less reliable it became,
and its deployment velocity reduced. Initially, the
connection between the reliability of deployment and
the number of times the boom had been deployed was
not realized. The times that a degraded boom would not
deploy was thought to be the result of a flaw in the
existing design. However, every time the boom was
deployed, damage would appear in holes and cracks in
the boom, mainly near the base, as can be seen in
Figure 6. This damage is thought to be the result of the
sudden deceleration of the boom once it’s completely
deployed, which would result in high stresses at the
base. Over continued use, the cracks expanded until the
boom’s overall elasticity was critically affected to the
point at which the boom no longer deployed. The

damaged area of the boom can also rise up and create
similar but more severe effects as creases, causing
bulges in the layers above that would be prone to
sticking against the rollers. These fatigue fractures
mean that the boom needed to be replaced after
approximately 100 deployments. While this is
important for testing purposes, for the actual satellite
mission, it is not a design constraint as long as the
boom used is pristine and only intended to deploy once.

the servo has a short single spoke inserted in a
rectangular hole in the spool. The spool has 16
rectangular holes on one side, any of which can serve as
the anchor for the servo. When the boom is completely
rolled up, the spoke would be inserted into the nearest
hole and would hold the boom and spool in place.
When it is ready to deploy, the servo spins the spoke
out the hole which would allow the spool to spin and
release the boom. It proved to be a very reliable form of
deployment, never failing during any of the tests.
The overall mass of the structure was also reduced by
removing a large portion of the external structure.
While not crucial for testing purposes, the flight modal
will be printed with a denser material, and this removal
will reduce mass. The printed and constructed device is
shown in Figure 7.

Figure 6:

Damaged Boom Section

Figure 7:

Block 2 Deployer without Cover

3 DEVELOPMENT OF BLOCK 3

Boom Cover

A third iteration was necessary to correct issues with
the second iteration. The method of release using the
fishing line was unreliable. The ability to cut the fishing
line with the burn wire was dependent on its starting
temperature, and the cut fishing line could get jammed
in the spool and disrupt the deployment. Due to these
failures and the complications with operating a burn
wire system in such a small area, a servo was instead
planned to trigger the deployment. Though briefly a
solenoid was considered as well, it proved unreliable
when subjected to vibrations that could be experienced
on the launch of the satellite.

Throughout all of the versions, it was apparent that
there would need to be a covering on the tip of the
boom. While securing the spool prevents the
deployment, if the boom starts tightly wound against
the spool, then the boom can still unwind slightly by
loosening around the spool. This issue is not a concern
during testing because the boom is usually tightened
before every deployment; however, if left unattended
for a long time in a ready-to-deploy configuration, there
is a chance the boom could unwind. With the spool
fixed, the only way the boom can unwind is by pulling
the tip of the boom back inwards towards the spool. If it
goes past the first roller, then the boom will no longer

In this modification, a servo is set flush with the
external structure. Secured to the structure with screws,
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be able to deploy, or at least deploy properly. Thus, a
blocker in the form of a cover was added.
The first cover tested was in the shape of a rectangular
plate with a rim in the shape of the boom that the tip of
the boom would be inserted into. The edges of the plate
would catch onto either side of the external structure,
preventing the boom from rolling in any further past
that point. The rim served as an attachment point for the
tip of the boom, but tape or glue was needed because
the boom was unable to fully secure to the rim. For
simplicity, most of the testing was done using an
unfolded paper clip taped to the end of the boom. It was
used for a month-long test in which the device was left
ready to deploy and deployed successfully after that
period.

boom with regard to repeated deployment could be
experimentally determined instead of estimated. The
results of the booms deployment on its mission in orbit
should also be reported when it happens.
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4 CONCLUSION
The final design is now a functional tape spring boom
deployer for a boom of at least 80 cm that can release
entirely under the stored elastic energy of the coiled
tape spring. While the deployer does cause damage to
the boom after repeated use, causing it to become non
deployable after approximately 100 deployments, for a
single use deployer this will not be an issue. The boom
itself suffers elastic degradation in colder environments
and as such the deployer is unable to function properly
in temperatures of less than -18 degrees Celsius. The
use of rollers allowed friction to be reduced in the
device while guiding the deployment in the direction
that was wanted. The best release mechanism was the
servo, which had none of the failures and complications
of the burn wire mechanism, or a solinoid.
The constraints of this project limited the versatility of
the device. While it may be possible to scale this
deployer up to accommodate longer booms, this was
unable to be realized in a T5 ThinSat form factor. It is
unknown whether this design can be used with tape
springs of a different cross-sectional shape.
Furthermore, the design of the deployer had to take into
account the positions of other components of the
satellite, and required extra components such as the
aluminum rod to support the sensors onboard.
There is a lot of future work that can be derived from
this project. Temperature cycling and vacuum testing
on the deployer and the boom was originally a goal,
however external events disrupted access to the
equipment required to perform this testing. The stresses
acting on the boom as it deploys could be quantified,
particularly near the base of the boom when the
fracturing is occuring. The precise durability of the
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