compression degree of freedom only occurred because the diameter of the flexible composite was about half the
diameter of the locking tube, as the locking tube had to surround the rigid tubes.

One of the key properties of interest for the flexible composite hinge
was deployment repeatability. Deployment repeatability is a critical
property for deployable structures, especially when they support RF or
optical instruments. Two key research questions exist when investigating
deployment repeatability. How closely does the hinge return to its previous
position? How do multiple deployments influence deployment
repeatability?
To test deployment repeatability, the prototype beams with flexible
composite hinges were secured in a vice. A Keyence LK-G152 head with a
LK-G3001 readout was used to measure the position of the deployed
position of the beam. A total of four different deployment repeatability
tests occurred, each measuring different aspects.
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A. Test 1: Rapid Deployments
0.08
For Test 1, laser measurements were taken 178mm away from the
0.06
where the beam was clamped in the vice, with the flexible composite hinge
0.04
0.02
beginning at 79mm to and ending at 110mm from the vice (Figure 4). A
0
total of 107 deployments were conducted sequentially, where the hinge
0
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20
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40
50
Time (Sec)
was bent to approximately 160 degrees and then allowed to freely deploy.
After each deployment, the hinge was allowed 2-3 seconds to damp out Figure 5: Test 1: Deployment Error
vibrations, at which point the Keyence system produced a consistent and Relaxation
reading. Deployment repeatability tests found that initially the error in
deployed position increased rapidly (up to 0.02mm per deployment), but after 25 deployments the error in deployed
position grew much more slowly
Another fascinating result, occurred on the 100th deployment, where instead of 2-3 seconds of time between
deployments, a total of 45 seconds was allowed to pass. During this time, it was observed that the composites error
in deployed position relaxed by almost fifty percent (Figure 5, bottom), and there appears to be some type of
memory in the material of its original unstrained state. This observation caused the researchers to perform further
investigations.

Deployment Error

B. Test 2: Alternating Deployments
Test 2 was a rough repeat of the first test. Once again 100
0.03
deployments of the hinge occurred. However, this time the
0.02
hinge was allowed to relax for 15 seconds between each test,
and each deployment alternated between positive 90 degrees
0.01
and negative 90 degrees from center.
From the data collected in this test (Figure 6), it can be
0
0
20
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120
observed there is no increasing creep with the number of
-0.01
deployments. The deployment repeatability error generally
alternates between positive and negative with each
-0.02
deployment, which follows the alternating deployment angle.
-0.03
This test seems to demonstrate that the relaxation effect
Number of Deployments
follows the most recent strain position. The material has a
“memory” of its last position. However, because of the Figure 6: Test 2 Results, Alternating deployment
alternating deployment angles, this test did not demonstrate Angles
how an extended relaxation period played a part in reducing deployment repeatability errors. To investigate this, a
third test was designed.
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Deployment Error (mm)

C. Test 3: Alternating Deployments
Test 3 consisted of three different trials. The test was set
up with two Keyence heads, measuring two different
locations on the rigid rod after the flexible hinge. The first
measurement occurred at 64mm after the start of the
composite section, and the second 102mm (Figure 7). This
setup allowed the deployed angle of the rod to be measured.
The change in deployed angle was used for the rest of the
tests to measure deployment accuracy (for comparison to the
previous tests, a difference of 0.01mm was approximately
equal to 0.015 degrees of deployment angle).
The first trial explored 90 degree stow (without
alternating deployment angles) with approximately 20 Figure 7: Test 3 Setup
seconds between each deployment. The second explored a
180 degree stow, with approximately 15 seconds between deployments. The third explored 180 degree deployments
where the element was held in the strained state for 20 seconds (instead of being released immediately). A
measurement was taken 20 seconds after release, but the element was allowed to stay in the unstrained state for
another 10 seconds after release.
The results from the first and second trials show very similar results, implying that stowed angle is not a driving
factor. Instead, it appears that the amount of time the element is given to relax between deployments is a
fundamental factor in deployment repeatability, given the
0.09
results from test 1 where only 3 seconds were allowed for
1:
90
Degrees
0.08
2: 180 Degrees
relaxation. Because of the lack of relaxation time, the results
0.07
3: 80 Degrees Long Hold
from test 1 make it appear that deployment accuracy
0.06
0.05
decreases with the number of deployments. Additionally,
0.04
trial 3 demonstrates that not only is relaxation time
0.03
important, but the amount of time the hinge is held in the
0.02
strained state is a driving factor. This raised the question and
0.01
motivation for the fourth test, “What happens when the
0
composite is held in a strained position for a long period of
0
5
10
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20
Number of Deployments
time?” This scenario aligns with those encountered in
spaceflight, as often a satellite is stored stowed for long
Figure 8: Test 3 Results
periods of time before launch.
D. Test 4: Long Term Stowing and Deployments

Angular Error (deg)

Test 4 had an identical set-up to test 3. However, instead of
16
performing multiple different deployments, this test focused on
14
a single long term deployment. The hinge was bent at 180
12
degrees, and held in position for 155 hours (almost 1 week)
10
before it was released. Then the release was tracked over a 24
8
hour period. The initial release happened rather quickly, with
6
the hinge deploying to within 15 degrees of its original angle in
4
2
seconds. During the first 90 minutes, the deployed angle
0
dropped sharply from 14 degrees of error, to less than two.
0
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Going from just two degrees of error to one degree took nearly
Time Since Deploy (min)
10 hours. After 24 hours of deployment, the rate had slowed
even further, only improving be 0.2 degrees from the Figure 9: Test 4 Results
measurement taken at 10 hours post deployment. From the
deployment angle vs. time curve, it appears some small amount of permanent deformation occurs in the structure.
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V. Conclusion
This paper has discussed the development of bi-material beams, how they are constructed, and deployment
repeatability testing results. These beams have applications as support structure for reflectarrays, solar arrays,
booms, and other deployables. From the results of deployment tests, we can ascertain the following conclusions:
 Time the elastomeric composite hinge is stowed and given for relaxation directly influences deployment
repeatability. Less stowed time and more recovery time is desirable.
 The elastomeric composites require relaxation time to erase their memory of a strained state.
 Long term stowed states seem to create some small amount of permanent deformation.
Finally, the observations on the long-term deployment have demonstrated that this material is “almost” good
enough for precision deployables, as it deploys with an accuracy of less than 1 degree. Some of the most stringent
requirements for reflectarrays require 0.5 to 0.2 degrees of deployment repeatability.
There are also a number of unanswered questions. How does temperature fluctuations while the antenna is
stowed influence relaxation time? Would stowing the beam for longer than 1 week, perhaps months, produce
different results? How do different beams designs vary with deployment repeatability? How would thickness and
flexible portion length influence deployment repeatability? These are all questions for future work.
High strain composites are a new exciting field, especially in the area of spacecraft structures. It stands enable
novel deployable structures which consist would consist of fewer parts. Thus far, flexible composites provide a lot
of promise, but many further tests need to occur to understand their true value.
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