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Inflatable structures present a novel solution to high volume-to-weight habitation for 
future space missions. Structural health monitoring (SHM) of flexible softgoods materials 
cannot be achieved with many traditional techniques. Fiber optic sensors that measure strain 
every 0.65 mm along the fiber have been embedded in Vectran webbing to measure strain 
profiles, gradients, and anomalies within these flexible load-bearing structures. The sensors 
directly address the two leading failure modes of inflatables: creep and micro meteoroid 
impact. Fiber optic data were collected during creep tests of an individual strap and during a 
1.5-month creep test of a 1/3-scale inflatable at NASA Johnson Space Center culminating in a 
burst. Distributed strain datasets from the embedded fiber optics were compared with 
photogrammetry/digital image correlation (DIC) results. System integration studies detailing 
how the sensing system could be included in future space deployments of inflatable habitats 
for increased reliability is also presented. 
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I. Introduction 
NFLATABLE habitat structures are a novel solution to an enduring problem in human space exploration: how can 
we achieve the maximum livable volume for the minimum launch weight? The softgood materials used in these 

structures are flexible, foldable, and can be packed into a small volume for launch. Once in space, the inflatable is 
pressurized to reach its full dimensions, which can be many times the launch volume. This approach achieves the 
highest volume-to-weight ratio of current space habitat designs, and test modules have been flight tested and attached 
to the International Space Station (ISS) [1]. So why has this approach not become the dominant space structure 
architecture? Presently it is unknown what reliability and damage tolerance an inflatable structure can achieve over 
decades of deployment. To reduce risk, structural health monitoring (SHM) of inflatables will identify problems in 
real-time so that corrective action or evacuation can be performed to maintain human safety. Building confidence in 
inflatable structures through rigorous ground and flight testing combined with built-in SHM sensing will lead to 
greater numbers of space deployments of this innovative habitat architecture. 

Structural health monitoring of these inflatable structures is critical for human safety, however accomplishing this 
goal is a challenging task. The two primary factors that can result in failures of the softgoods are creep of the Vectran 
webbings and micrometeoroid impacts. From Selig et al., “Creep is a time-dependent failure mode that affects 
materials under load for long periods of time. Due to the nature of inflatable habitats, the structural restraint materials 
are at high loads continuously for the entire life of the structure. Creep is therefore one of the most significant factors 
in assessing the life of an inflatable structure.”[2] The flexible softgoods materials that comprise inflatable structures 
are not conducive to traditional methods of strain measurement [3] or SHM and require a new approach. The technical 
developments presented in this paper aim to advance the technology readiness level (TRL) of a promising solution to 
inflatable SHM that directly addresses creep and micrometeoroid impacts through embedded sensors.  

The authors have developed a novel 
technique for SHM of webbing straps in 
the restraint layer of inflatable space 
habitats using embedded high-definition 
fiber optic sensing (HD-FOS). Leveraging 
distributed measurements with data 
spacing as small as 0.65 mm, high-
resolution strain profiles are attained that 
can identify and localize the effects of 
impact damage, creep, pressure induced 
loading, and structural anomalies (Figure 
1). The technique leverages optical 
frequency domain reflectometry (OFDR) 
that uses the natural Rayleigh backscatter 
in the fiber to make these measurements.  

The fiber optic sensors are embedded 
during the weaving of Vectran webbings, 
resulting in minimal impact to the 
inflatable structure’s design but providing 
unprecedented quality of data for real-time and long-duration monitoring of the softgoods structure. A NASA Tipping 
Point project was recently completed with the goal to advance the TRL in preparation for transition through applying 
this innovative technology to a real-world design: a 1/3-scale version of the Sierra Space LIFE module developed 
under NASA’s NextSTEP-2 program (Figure 2) with embedded fiber optic sensors to demonstrate the integration and 
sensing capabilities in a representative structure. The effort culminated in a 1.5-month creep and burst test at NASA 
Johnson Space Center ending in March 2022. Comparisons of creep strain data from the embedded fiber optic sensors 
and external measurements collected with photogrammetry (also known as digital image correlation, DIC) have 
validated the HD-FOS embedded sensors. This paper shares the highlights from that effort that was focused on creep 
sensing, while previous publications presented results on damage sensing and hypervelocity impact sensing [4] as 
seen in Figure 3.  

I

Figure 1. Embedded Fiber Optic Sensors for SHM of Inflatable 
Space Habitats. 
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Figure 2: Sierra Space NextSTEP-2 Full Scale Inflatable at NASA Johnson Space Center. 

(a)  (b)  
Figure 3: Demonstration of SHM Sensing Capabilities, (a) Inflatable Strap Cut Damage Localization, (b) 
Hypervelocity Impact Damage Data Correlates with Impact Location [4]. 

Hypervelocity impact tests at 7 km/s (Mach 20) with aluminum projectiles of diameter 3.2 mm and 4.8 mm were 
performed during a previous effort to simulate micro meteoroid impact conditions. The impact tests demonstrated the 
ability to locate the point of impact as seen in Figure 3(b), which depicts the residual strain after the impact of the 
smaller projectile that passed through upstream shielding layers but did not penetrate through the panel of Vectran 1 
inch webbing. The larger of the two projectiles passed through the webbing and severed or destroyed a portion of the 
embedded sensors. The remaining sensors indicated the general location of that catastrophic impact. For more 
information on hypervelocity impact test results, please refer to reference [4].  

II. Experimental Setup 
Several experimental campaigns were undertaken to better characterize the embedded fiber optic sensors’ 

performance for detecting strain, load, and creep. The following subsections detail the tests setup for each dataset 
presented in the Results section. The experiments planned with the 1/3-scale inflatable are important because creep 
and burst tests are typical steps in flight qualifying inflatables for space deployment. If the fiber optic sensors can 
adequately measure strain, are validated by DIC, and detect structural problems accurately during such a test, they are 
a good candidate SHM technology for space deployment. DIC based measurements require line-of-sight and external 
cameras; this approach is not compatible with space deployment. In contrast, the embedded fiber optic sensors do not 
require line-of-sight, can be buried deep inside a structure (under micro meteoroid shielding layers), can be 
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folded/packed for launch, and can be interrogated in real-time. These characteristics make the technology a desirable 
solution for inflatable SHM if all qualification steps can be achieved. 

A. Fiber Optic Sensors and Integration in Webbing 
The sensors used in this effort were constructed from optical fiber and the interrogation scheme used was based 

on the Rayleigh backscatter that is naturally present in all fiber optics. This is in contrast to fiber Bragg grating (FBG) 
sensors, which are more common in the literature but more expensive to produce. A Luna ODiSI 6108 interrogator 
recorded data on 8 channels, with sensors spanning lengths up to 20 m. The data spacing of points along each sensor 
was user selectable and was typically 0.65 mm for small samples and 2.6 mm for the large sensors used in the inflatable 
test article. Each sensor reported thousands of strain measurements for each time sample.  

Fiber optic sensors were woven into 2-inch wide Vectran webbing on the loom. Protective armor was added to the 
exposed sensors and connectors were added. Two fiber optic sensors were present in each section of webbing and 
could be interrogated separately (Figure 4(a)) or daisy-chained together to produce a single sensing channel with twice 
the length (Figure 4(b)).  

(a) (b)  
Figure 4: Fiber Optic Integration in Vectran Webbing, (a) Two sensing channels per webbing, (b) Single daisy-
chained sensing channel.  

B. Individual Webbing Creep Test Setup 
Individual webbing creep tests were performed at Virginia Tech’s Structures Lab. The webbing test specimens 

had dimensions as shown in Figure 5(a). A lever arm with mechanical advantage of 10 was used to apply a constant 
“dead weight” load to the webbing over a 4-month duration. The tests setup is shown in Figure 5. The test apparatus 
was calibrated using an inline load cell (Figure 5b). The installed load on the webbing was 5,500 lb of tension, as seen 
in Figure 5a. 

(a)  

(b)  (c)  (d)  
Figure 5. Creep Test Setup, (a) Specimen Dimensions, (b) Specimen Installed with Weight Applied, (c) 
Preliminary Calibration with Load Cell, (d) Dead Weight to Apply Constant Load 
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C. Individual Webbing Tensile Test Setup 
Individual webbing tensile tests were performed at NASA Langley Research Center. NASA’s softgoods engineers 

have used photogrammetry to measure strain of webbing reliably in the past [3], and performed a comparison of 
photogrammetry to fiber optic strain measurements with new fiber optic instrumented specimens. The test specimens 
were slightly longer but similar in design to the creep specimens. The dimensions are shown in Figure 6(a) and the 
fabricated specimens are shown in Figure 6(b). 

(a)  

(b)  
Figure 6. Tensile Test Specimen, (a) Layout Dimensions, (b) Fabricated Test Specimens 

D. 1/3-Scale Inflatable Creep Test Setup 
The inflatable test article is a third-scale version of the Sierra 

Space LIFE design, where the basic geometry is scaled down. 
Only the primary softgoods layers are included in the third-scale 
design, while other layers that are important to LIFE operation 
but are not load carrying are omitted, such as the outer micro 
meteorite debris shielding layers. The softgoods layers all 
terminate to a hardware core assembly along the axis of the 
article. The core assembly provided is designed to withstand 
pressures significant enough to induce failure in the restraint 
layer. Four axial webbings and four hoop webbings were 
instrumented with embedded fiber optic sensors. The inflatable 
was installed in the test chamber at NASA Johnson Space 
Center. The layout of the sensing webbings and their labels are 
shown in Figure 7. The hoop webbing labels in parentheses 
include a T or B for top hemisphere or bottom hemisphere, 
respectively. The axials sensors all begin at the top mounting 
plate and proceed to the end of the bottom hemisphere of the 
inflatable. The cylindrical coordinate system used for the DIC 
data is shown as angle Theta and length Z along the cylindrical 
section of the inflatable, and the labels outside of parentheses 
correspond to the DIC naming convention. The toroidal endcaps were not monitored by the DIC cameras, but fiber 
optic sensors do extend into those regions.  

III. Results 

A. Individual Webbing Tests 
1. Creep Test 

The creep test on an individual strap was conducted for 130 days, roughly 4 months. The loading on the webbing 
resulting from the dead weight was 5,500 lb for the full duration of the test. The acquisition of data was interrupted 
for three weeks (gap in plot on left of Figure 8 due to proof testing the inflatable) but the individual strap creep 
continued to grow and when the data acquisition was restarted the trends continued as expected. The overall trend was 
logarithmic, such that when the strain data was plotted on a log scale, a nearly straight line resulted, as seen in Figure 
8(b). The apparent glitches in the data near the start of the test (days 5 – 15) resulted from the test apparatus being 
jostled while setting up another experiment. These results showed the expected logarithmic trend in creep and gave 
confidence that the embedded sensors would perform well in the 1/3-scale inflatable creep test. 

 
Figure 7.  Inflatable Test Article Geometry
Coordinate System and Webbing Labels 



6 
Copyright © 2022 Luna Innovations Incorporated 

(a) (b)  
Figure 8. Individual Strap Creep Results (a) Strain vs. Time, Linear Scale, (b) Strain vs. Time, Log Scale. 

Beyond the general trends in the data, further inspection revealed other important findings. Environmental data 
(temperature, barometric pressure, and relative humidity) were acquired during the duration of the test. Small 
variations in the creep data can be correlated with fluctuations in these environmental parameters. For instance, the 
data from day 90 to 130 is plotted in Figure 9. The average strain over this duration increased roughly 30 . The 
temperature, relative humidity, and barometric pressure fluctuations were due to weather conditions and the fact that 
the test cell was not sealed or tightly climate controlled. There are small features in strain that seemed to correlate to 
environmental changes. These events are pointed out with red vertical lines in Figure 9. When relative humidity drops 
rapidly, we see a rise in average strain on the order of 10  (first and last red line), while the gradual rise in humidity 
correlates with a slight reduction in strain (middle red line). Daily temperature fluctuations that occur more rapidly 
than humidity changes also show up as small ripples in the strain measurements (1-2 ), but the strength of the 
correlation is smaller than that of relative humidity. Barometric pressure seems to have no impact on the creep strain 
measurements of individual straps. 

 
Figure 9. Environmental Effects and Correlation with Strain 

2. Tensile Test Comparison to Photogrammetry 
Photogrammetry (also known as digital image correlation, DIC) and fiber optic strain data were collected during 

tensile tests of individual straps at NASA Langley Research Center. This represents the first comparison test of the 
HD-FOS sensors embedded in webbing. The first test was a ramp to 1,000 lb of tension, the load was held, and then 
released. The fiber optics and photogrammetry system were initialized at 0 lb and then the load frame increased 
displacement of the webbing grips to apply tension to the specimen. The photogrammetry field of view is shown on 
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the right in Figure 10, with the painted speckle pattern visible along with the paths of the two embedded fiber optic 
sensors pointed out with white lines. The results of the test are shown on the left of Figure 10.  

The shapes of the strain history for both measurement techniques are very similar. Overall this is a very 
encouraging result and demonstrates the embedded fiber optics may be a viable solution for strain measurement of 
inflatable habitats when deployed to space. However, for one of the fiber optic sensors a small offset of 295  (3.6% 
of maximum value) was necessary to align the datasets. This may be due to uncertain strain states when the specimen 
is loose in the grips. As the webbing tightens in the grips, wrinkles are flattened, the weave tightens, and the fibers 
become taut; during this process strain fluctuations that bear little meaning can be observed. It should also be pointed 
out that DIC measures the strain on the surface while the embedded fiber optics are on the mid-plane inside the 
webbing. Future tests will investigate whether initializing both sensing techniques at a nominal tension value will 
eliminate the need for small alignment adjustments.  

 
Figure 10. Fiber Optic and DIC Strain Comparison for Ramp to 1000 lb, (left) Strain vs Time, (right) 
Photograph of Test Specimen with Speckle Pattern and Overlaid Analysis Region and Fiber Paths. 

A second test was performed to identify whether the fiber optic sensors experienced hysteresis or drift over 
multiple cycles as compared to the DIC technique. Five cycles to 1,000 lb were executed while collecting both types 
of data. The data is shown in Figure 11. The color gradient in the DIC image on the right indicates there is some small 
nonuniformity in the strain distribution. The averaged strain results from DIC and the two fiber optic sensors are 
plotted on the left. Again there is excellent agreement when loaded, but a small alignment offset at low/no loading 
was necessary (-330  for Left and +260  for Right).  

With the datasets aligned, the RMS variance of the fiber optic data relative to the DIC data was computed for the 
cycles that maintained tension and did not exhibit the discrepancies in strain measurement at zero-load. The RMS 
variance was 51  (0.005% elongation) for both right and left fiber optic sensors. This result suggests that the 
embedded fiber optic sensors are a valid approach to measuring strain in softgoods materials.  
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Figure 11. Cycle Testing Comparison of Fiber Optic Strain to DIC, (left) Strain vs Time, (right) Photograph 
of Test Specimen with Speckle Pattern and Overlaid Analysis Region and Fiber Paths. 

B. 1/3-Scale Inflatable 
A 1.5-month accelerated creep test of a 1/3-scale inflatable was performed. The test included two hoop strap breaks 

and ended in a burst event, providing a dataset with several events to prove the anomaly detection capability of the 
fiber optic sensors. The embedded fiber optic sensors were interrogated once per minute over the course of the test, 
with data spacing of 2.6 mm along the length of each sensor resulting in thousands of points in each strain profile at 
each time sample. The specified range of the fiber optic sensors employed is +/-15,000 , but the total strain 
experienced in the webbing exceeds this limit. By re-initializing the fiber optic sensors to have a reference state at a 
high strain value, for example 10,000 , strain sensing can continue to higher absolute strain levels but is measured 
in a relative sense. The strain limit then becomes the maximum elongation of the glass fiber before break, which is 
typically on the order of 4% (40,000 ). This technique was used to measure strain during the pressure ramp up to 
112 psi, where the total level of strain was on the order of 20,000 . The fiber optic sensors were then reinitialized 
at this creep pressure, and all data presented below are relative strains from this equilibrium condition. The 
photogrammetry system was also reinitialized at the same time to allow for direct comparisons of the two measurement 
techniques. 

Fiber optic strain measurements were continuously acquired over the duration of the test. Time histories of the 
strain profiles can be visualized using a 3D surface plot, as seen in Figure 12. The figure shows an axial webbing 
sensor A1T on the left and a hoop webbing sensor H45T on the right. In the plots, the x-axis is the location along the 
fiber that is embedded in the webbing. In general, there is a plateau shape of the strain profiles along the length and 
the gradients at the edges are due to the fiber exiting the webbing, where there is a reduction in tension and strain. 
There are also small ridges along the location axis that correlate to the over/under passing of webbings through the 
weave pattern of the inflatable. In the time direction (y-axis), there is a logarithmic growth in the strain profiles. These 
plots show jumps in strain at various times and locations that resulted from individual hoop webbings breaking. To 
further investigate these, Figure 13 makes identifying the exact time and location of each strain feature more apparent.  
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(a) (b)  
Figure 12. Strain Profile Time History Plots, (a) Axial Webbing A1T, (b) Hoop Webbing H45T 

 
Figure 13. Top View of Surface Plot of Axial A1T for Visualizing Strain Events in Time 

Figure 13 is a top view of the surface plot and shows discontinuities in strain versus time. Each of these corresponds 
to a significant physical event in the structure that was corroborated by photographic logs and acoustic recordings in 
the chamber. At timestamps 387 hr and 625 hr there are large jumps in strain that correspond to hoop webbings 
breaking (H50B and H50T, respectively); the strain feature around 920 hr corresponds to the beginning of a hoop 
partially tearing (hoop H52T); and the last significant delta in strain was observed at 1032 hr, one hour before a burst 
occurred when hoop H52T failed. These features are identified in the plot by the horizontal line where the color 
contours change and then manifest as vertical features in the plot indicating a permanent change in strain for all future 
time samples. Along the x-axis the location of maximum strain delta can be identified, indicating where in the 
inflatable the strain events were centered.  

To further investigate these events, strain deltas versus time were isolated at these particular moments, for each of 
the sensing straps. Figure 14(a) shows the average strain versus time for axial A1T that identifies each event, and the 
strain deltas for three of the webbings are shown in the remaining subplots. Figure 14(b) shows the effect on axial 
A1T, the same webbing represented by Figure 13. Note that this webbing spans from the top mounting plate to the 
bottom mounting plate of the test article, so the halfway point along the x-axis represents the “equator” of the structure. 
The plot shows that the earlier event at 387 hr (denoted H50B Break) caused a strain delta predominantly in the bottom 
hemisphere of the structure, while the event at 625 hr (denoted H50T Break) caused more strain in the top hemisphere. 
Looking at the hoop sensors in those two hemispheres further strengthens this conclusion. Figure 14(c) shows that 
hoop H45B (in the bottom hemisphere) experienced a strain offset due to H50B breaking, but minimal change due to 
H50T breaking. Conversely, hoop H45T (in the top hemisphere) experienced a strain offset and a localized range of 
strain peaks only for H50T breaking, Figure 14(d). The hoops closest to a break carried more load thereafter. In each 
case the sensing hoop reporting the change was 5 webbings away from the break location, but for breaks 10 webbings 
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away only minimal strain changes were observed. This demonstrates that sensors do not need to be in every webbing 
within the structure to perform SHM adequately, rather an optimal coverage level must be determined. 

(a) (b)  

(c) (d)  
Figure 14. Strain Deltas at Time Stamps Associated with Detected Events, (a) Axial A1T, (b) Hoop H45B, 
(c) Hoop H45T 

The average strain of a webbing versus time can demonstrate the general logarithmic creep trend as well as 
discontinuities that indicate a major physical event. This is seen in the plots of Figure 15. The linear slope seen on the 
logarithmic time scale plot is the expected result of the experiment. However, there are two unique features to point 
out. First there is a rapid drop away from the main trend at 278 hr and then it regains the trend almost immediately. 
This was not readily visible in the surface plots because the features did not persist. This feature is attributed to a 
pressure drop in the test article that was corrected without issue and the creep progress continued on its previous 
trajectory. By zooming in on this feature, modulations in pressure and resulting strain are observed, as seen in Figure 
16(a).  

(a) (b)  
Figure 15. Average Creep Trends for Hoop H45B, (a) Linear Time Scale, (b) Logarithmic Time Scale. 
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(a) (b)  
Figure 16. Observations from Creep Trends, (a) Pressure Modulation and Sensitivity of Fiber Optic Sensor, 
(b) Changes in Creep Trend 1 Day Before a Strap Failure 

The modulations in pressure are an artifact of the pneumatic control system maintaining the inflatable pressure. 
After a pressure drop the pneumatic control parameters were changed, as can be seen by the smaller magnitude and 
higher frequency modulations. This data show that a 0.1 psi pressure change can be resolved by a 5  strain signal 
that sampled more than 10 points per cycle of the pressure modulations. 

The second observation from the creep trend data is that there is an unusual change in slope for hoop H45B about 
1 day before the first strap break (H50B). The dotted line Figure 16(b) shows the general trend of creep before the 
deviation, then around the time of 360 hr there is a reversal in the slope going slightly negative, approximated by the 
solid line. This could be due to the relative unloading of this particular hoop if another hoop in the system is carrying 
disproportionately more load as the whole test article is expanding due to creep. After the strap break the webbing is 
carrying more load implied by the step increase in strain and then continues on a new creep trajectory. The importance 
of this finding is that deviations from the expected creep curve may be able to predict an imminent failure; this would 
be ideal for SHM and an early warning system. If anomaly detection algorithms are continually scanning for such 
features in real-time for the whole structure, this particular case would have given 24 hr notice to investigate, repair, 
or evacuate the habitat structure. 

Next, the fiber optic distributed strain measurements were compared to DIC strain measurements. DIC measures 
a 2-dimensional map of strain over the surface of the test article where the speckle pattern is sufficiently visible. The 
fiber optic sensors only measure the component of strain along their axis, which is aligned with the main tensile load 
in the instrumented webbings. To compare these datasets, DIC data for regions of the sensing webbings that were 
visible were averaged along the direction of the webbing (1-dimensional). There were three sets of DIC cameras 
covering different regions of the cylindrical section of the inflatable, while fiber optic signals span the full 
circumference and axial length of the test article.  

The hoop webbings had the most overlap between DIC and fiber optic sensors, while the sensing axial straps were 
on the edges of the field of view of the cameras and only had partial coverage. Data for specific time stamps are shown 
in Figure 17 for hoop H45T. Continuous time histories of the data are available, but only a few instants in time can be 
shown for brevity (Figure 17(a), (b), and (c)). Roughly two thirds of the creep strain occurred in the first 100 hr of the 
test. The fiber optic data, with spacing between points of 2.6 mm, shows undulating features that are due to the 
over/under passing of straps in the weave of the inflatable (matching the physical spacing of axial and hoop webbings), 
while the DIC data only shows data points where a strap passes over other straps and is visible to the cameras. The 
DIC data was noisier with respect to time, but in general there was good agreement between the fiber optic and DIC 
strain measurements. In particular the DIC dataset from theta 0° to 40° showed the highest stability and also agreed 
very well with the fiber optic data. A time history of average strain for hoop H45T over these angles is shown in 
Figure 17(d) and shows excellent agreement. The DIC did show a departure in strain immediately before the first strap 
break, while a smaller departure in the creep trend is seen in the fiber optic data since this strap is far from the location 
of the first break. The second strap break event is closer to this sensing webbing, and both the fiber optic and DIC data 
show a sharp jump in strain indicating an increase in load on this particular webbing.  
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(a) (b)  

(c) (d)  
Figure 17. Comparison of Hoop H45T Distributed Fiber Optic Strain Data and DIC Data, (a) Elapsed Time 
10 hr, (b) Elapsed Time 100 hr, (c) Elapsed Time 800 hr, (d) Average Strain vs Time for Theta 0° to 40°. 

(a) (b)  

(c) (d)  
Figure 18. Comparison of Axial A19T Distributed Fiber Optic Strain Data and DIC Data,  (a) Elapsed Time 
10 hr, (b) Elapsed Time 100 hr, (c) Elapsed Time 800 hr, (d) Average Strain vs Time for Z = 612 mm. 
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The comparison of axial data is shown in Figure 18 for axial A19T. The yellow region indicates the cylindrical 
portion of the inflatable where the DIC cameras were focused. For axial A19T, the DIC point at Z = 204 mm is in the 
region of a hoop strap break (H50B) and showed erratic behavior, while the DIC point at Z = 510 mm lost tracking 
after the second hoop break (H50T). This can be due to straps sliding under other straps causing the speckle pattern 
to no longer be visible, while unpainted regions of webbing are exposed. Only one of the DIC data points tracked the 
strain stably (Z = 612 mm) over the full duration of the test, and this point is compared to the fiber optic strain data 
for that region and is shown in Figure 18(d). Because this axial webbing spans all hoops in the cylinder of the structure 
it can observe both hoop break events, as seen in both the DIC and fiber optic data. Overall, there is good agreement 
between the datasets. 

C. System Integration Studies 
Design studies are underway to explore how embedded fiber optic sensors will integrate into a flight vehicle LIFE 

habitat. Layouts for interrogator location and stand-off cable routing to webbing sensors throughout the habitat have 
been performed. Vacuum-rated connectors on the rigid vestibule will pass signals from the interrogator inside the 
structure to the sensors in the restraint layer that resides under micro meteoroid shielding layers. The number and 
spacing of sensing webbings in the structure will be determined based on continued ground testing and sensing 
performance achieved. Selection of rugged components that minimize weight impact is critical for space deployment. 
An initial size, weight, and power (SWaP) assessment has been performed and the estimated weight impact of adding 
a fiber optic SHM system is a 0.5% increase in launch weight. Future efforts will focus on hardening of components 
for the temperature range, vacuum, and radiation of the space environment. Detailed folding design and sensor 
ruggedness enhancements are also slated for future work. 

IV. Conclusion 
Embedded fiber optic sensors were evaluated in a softgoods inflatable test article for creep sensing during a 1.5-

month test at NASA Johnson Space Center. The test campaign accomplished several goals. First, the fiber optic 
sensors were successfully integrated into a real-world inflatable structure and provided meaningful data during 
manufacture, proof testing, and simulated operation during an accelerated creep test. Second, the established standard 
for strain measurements of flexible softgoods, digital image correlation (DIC), validated the fiber optic sensor 
accuracy. Finally, the dataset provided regions of normal creep behavior, individual strap breakage events, and partial 
strap tears, and finally a burst event. The fiber optic sensors successfully observed each event, showed excellent 
sensitivity, and detected features in the signals that may be able to predict an imminent structural failure. The sensors 
are well suited for SHM of inflatables and system integration efforts are underway to advance the technology toward 
future space deployment. 
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