






4 
 

 

 
Figure 3- Line drawing of the deployed configuration. 
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II. Hardware Overview 
 The ADEPT entry vehicle is comprised of a mechanical (shown in Figure 4) and electrical subsystems (shown in 
Figure 5). The primary functional requirements of the mechanical system are to deploy and tension the 3D woven 
carbon fabric aeroshell, lock the structure in a fully-deployed and tensioned configuration, and maintain the required 
aerodynamic shape. A 4-layer carbon fabric [5] was baselined after conducting folding tests on 4, 6, and 8-layer 
weaves while also considering the deployment mechanism design and its ability to achieve the required fabric pre-
tension. The 6 and 8-layer weaves were quite stiff and difficult to fold into the compact size required for the launch 
vehicle payload volume. The 4-layer weave had the most desirable stowage characteristics. The carbon fabric was 
comprised of 16 ends per inch (epi) of 6k IM7 carbon tows in the warp direction, while there are 14.5 epi of 6k IM-7 
carbon tows in the weft (fill) direction. The bottom two layers are composed of orthogonal weave, which provides the 
primary structural function for the fabric skirt, while the top two layers are composed of layer to layer plain weave, 
which serve as the sacrificial thermal protection layers. The carbon fabric is then stitched together with carbon thread 
to make structural joints between the gore panels. Additionally, a trailing edge tension cord pocket and rib-end 
attachment features are incorporated to complete final carbon fabric skirt assembly.[6] A three-phase spring system 
was developed to deploy and tension the fabric skirt and lock the structure into place. In the launch configuration, the 
moving ring is located near the aft-end of ADEPT and the ribs, struts and fabric are folded up like an umbrella. In this 
configuration, a retention cord is routed through the eight retention cord loops and tied tightly such that the eight push-
off springs are in compression. Deployment is initiated when the retention cord is severed by one of the two burn-
wires (see Figure 5). This causes a chain reaction of several mechanical events. First, the push-off springs cause the 
ribs to move a small distance from the centerbody at which point the first-stage springs can pull the moving ring 
toward the nose along the rails (without the push-off springs, the first-stage springs may not have enough leverage to 
pull the moving ring forward). Once the moving ring has translated most of the way to the nose, the four second-stage 
springs are released by four pins mounted to the nose cap. These second-stage springs are responsible for adding 
tension into the fabric by translating the moving ring the remaining small distance on the rails. Once the structure is 
fully deployed, eight latches engage to lock the structure at its final position and the full-deployment indicator switch 
(see Figure 5) is triggered. The ADEPT structure is now fully deployed. The time between retention cord severing and 
fully-locked deployment is less than one second. 

 
Figure 4- Mechanical subsystem overview. 
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Figure 5- Electrical subsystem overview. 

III. Development Campaign 
  Early in the development phase, a Deployment Demonstrator was designed and tested to demonstrate a 
deployment mechanism that met the design requirements and was compatible with the launch environments. The 
testing also served to demonstrate that a spring-based deployment system could be used to adequately pre-tension the 
4-layer carbon fabric aeroshell skirt. Another component of the Deployment Demonstrator was the rib retention and 
release mechanism. This system utilizes a VectranTM cord looped through the rib ends and two spring loaded nichrome 
burn wires.[8] When activated the nichrome heats up and cuts through a VectranTM retention cord, initiating 
deployment. Once the carbon fabric skirt was successfully installed and adjusted for a tension level required for flight, 
extensive testing was performed to refine the deployment system design.  
 Since there is no parachute utilized to slow the descent of the SR-1 entry vehicle, a critical risk reduction activity 
was to ensure that the on-board data sources would survive a hard impact. Estimated terminal velocities of 25-30 m/s 
and impact with the relatively hard desert floor could cause excessive g-loading (>1000 g) and damage to the on-board 
data storage devices. In addition, the SR-1 electronics carriage contains rechargeable lithium-ion batteries. Damage 
to the batteries upon impact could lead to fire and destruction of the memory cards and failure to meet key mission 
objectives. To mitigate these risks, a robust battery package design incorporating fusible links was employed along 
with high shock rated micro-SD memory cards and an impact attenuation system.  

A series of drop tests were executed to characterize the impact load, evaluate various impact attenuators, and 
increase the reliability, robustness and safety of the design. Drop tests from heights of 80-110 feet replicated the range 
of terminal velocities expected. The external scaffolding of the National Full-Scale Aerodynamics Complex 80 ft x 
120 ft wind tunnel served as the drop test platform (Figure 6). Test instrumentation included a high-speed video camera 
to measure terminal velocity at impact and an on-board accelerometer with high data rate to characterize the impact 
event. Post impact screening tests demonstrated that the micro-SD cards survived with data intact, and that the 
secondary lithium-ion battery cells remained healthy and did not appear to suffer any damage. 
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Figure 7- Flat Sat testing prior to electrical subsystem integration. 
 
 Two flight units were built and tested in preparation for launch: one designated the Spare unit and one the Flight 
unit. Final assembly was completed by integrating the mechanical subsystem (including impact attenuator, rib-release 
deck and aft deck) with the electrical sub-system as shown in Figure 8. After fine adjustments to the rib length and 
fabric tension levels were performed, the deployment design was verified through repeated deployment tests. Required 
carbon fabric pre-tension to maintain desired aerodynamic shape was verified through a deflection test wherein the 
maximum expected flight dynamic pressure (~900 Pa) was applied over the ADEPT surface with a vacuum bag.  
 The general development approach has been to perform all procedures on the Spare unit prior to performing them 
on the Flight unit. The Spare unit was also utilized for other risk reduction activities including long duration stowage 
and deploy tests, and repeated mission simulation testing rehearsals. This approach was taken to refine and rehearse 
mission simulation procedures and minimize stowage/deploy cycles in the Flight unit fabric skirt. Once the units were 
assembled, a System Integration test procedure was performed to verify system level functionality, which was 
followed by system level vibration testing and mission simulation testing. The LV provider was responsible for 
verifying the de-spin and separation system designs using a test demonstration unit that replicated the SR-1 Flight unit 
mass properties and mechanical interfaces to the Payload module. Mission simulation testing replicated the planned 
pre-launch preparations, launch window and expected flight timelines and also incorporated deployment and flight 
simulation tests.  Once these tests were complete, the Flight unit was prepped for shipment to the LV provider for 
Combined Systems testing. The purpose of the Combined Systems Test (CST) was to verify the ADEPT mechanical 
interface and electromagnetic interference compatibility with the SpaceLoft XL rocket and other co-manifested 
payloads. ADEPT was physically installed in the payload module and then other systems (payloads and LV Avionics) 
were powered in the same sequence expected during preparation for launch. The test was to ensure that all the systems 
functioned together, and served as a gate for proceeding with launch preparations at the launch site. The CST ends 
after ADEPT has simulated separation (no deployment or recovery procedures are simulated).  
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Figure 8- Final assembly description. 

IV. Flight Test Execution and Operations 
 During pre-launch activities, SR-1 was prepared and integrated into the LV payload module and final system 
checks were performed. The payload module was then integrated with the entire LV to prepare for launch operations. 
The day prior to launch, a mission dress rehearsal was performed after which the main battery within ADEPT was 
charged to full capacity. Figure 9 shows the LV layout on the morning of launch. There are three primary components 
of the LV, the booster, payload module (includes LV avionics, recovery system and payloads), and nose section. The 
LV is also equipped with 3 GoPro cameras to capture various views during flight. A prismatic mirror mounted in the 
payload module section outer skin allows for a view looking down toward the booster. The second camera is mounted 
in the nose section looking towards the payload module (to capture the nose separation event), and the final camera is 
mounted on the separation section push plate that looks up towards the nose (which records ADEPT separating from 
the payload module).  
 

 
 
Figure 9- LV moving to launch position. ADEPT SR-1 is housed just behind the nose in the separation section. 
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Figure 10- Concept of Operations and key event timing with actual still frames included. 
 

ADEPT SR-1 was launched as part of the UP Aerospace SL-12 mission sponsored by the NASA Flight 
Opportunities program. The launch occurred from the vertical launch area at Spaceport America in New Mexico into 
the White Sands Missile Range (WSMR) on September 12, 2018 at 13:33 UTC (7:33 AM local). The ADEPT SR-1 
Flight unit was powered-on at approximately 5:30 AM local time, 2 hours prior to the launch window opening. 
Terminal countdown operations commenced after high altitude wind data was obtained from a previously released 
balloonsonde, which allowed for final launch rail elevation and azimuth adjustments.  

The operations timeline is shown in Figure 10. After launch, booster burn-out occurred ~12 s into flight followed 
by high spin (>7 Hz) coast to the de-spin mechanism deploy point (launch + 55 s). Next, the nose was separated 
(launch + 60 s), followed by booster separation (launch + 90 s) and ADEPT separation (launch + 95 s). Sensing 
separation from the LV at + 95 s, ADEPT deployed 40 seconds later at + 135 s. Figure 11 shows a still image extracted 
from the onboard GoPro video camera just after deployment with the LED status indicator board in view displaying 
that all systems were functioning as expected. The fully locked deployment indicator status LED is lit (leftmost LED), 
indicating the project goal for fully locked deployment into the desired aerodynamic shape prior to entry was met. 
Apogee (~110 km) was reached at +156 s. As ADEPT descended it encountered atmospheric interface (defined as 85 
km), which occurred at +229 s. ADEPT decelerated through the transonic flight regime at +290 s. Impact occurred at 
+857 s within WSMR. The ADEPT test article was radar tracked by WSMR as it returned to Earth.  A Sikorsky UH-
60 Black Hawk helicopter was dispatched around 1:30 PM in the afternoon of September 12 approximately 6 hours 
after SR-1 impacted the ground.  The final radar location latitude and longitude were provided to the recovery team 
which quickly located the test article once the helicopter arrived at the impact site approximately 30 miles E-NE from 
the launch site.  Figure 12 shows the final resting condition of the test article, along with the suspected initial impact 
point, approximately 3 feet away. The article appeared to have impacted on the rib ends as there was no noticeable 
damage to the stainless steel nose, and some of the ribs were bent towards the centerbody. Initial examination also 
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ADEPT SR-1 had two major Key Performance Parameters: 
1. Exo-atmospheric deployment to an entry configuration of the 1m-class ADEPT. 

Assessment: Goal value of KPP met with confirmed fully locked deployment to 70 deg rib cone angle 
prior to entry achieving ~ 8x increase in drag area over stowed configuration 

2. Aerodynamic stability without active control of the 1m-class ADEPT deployed flight configuration. 
Assessment: Threshold value of KPP met with GoPro video (and on-board gyros) indicating stable 
flight from supersonic conditions through Mach 0.6.   

 

 
 
Table 1- Data sources summary and utility for trajectory reconstruction. 
 
The ADEPT SR-1 flight experiment met 5 out of 6 mission success criteria and satisfied both KPPs, so thus has 
demonstrated the advancement of the Nano-ADEPT system to a TRL of 5. Several noteworthy observations from the 
flight however, indicate that further study is needed: 
 

�x An increase in roll rate (from 44 deg/s to 370 deg/s) was observed during supersonic to transonic 
deceleration.  The cause of this is not known at this time, but the faceted forebody geometry is being looked 
at more closely in post flight analysis. 

�x SR-1 started tumbling at t=407 sec which corresponds with approximately Mach=0.25.  This was a known 
possibility and can be mitigated with a parachute or drogue. 

 
The ADEPT SR-1 flight test provided a low-cost means of achieving significant system level maturity for the 1 m 
class Nano-ADEPT design. Continued improvements in thermostructural design and predictive modeling tools are 
anticipated to prepare for a low earth orbit re-entry demonstration test that will achieve mission readiness for secondary 
payloads such as CubeSat and Small Satellite class missions. 
 
 
  




