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Abstract
University of Hartford and Tunxis Community College students prepared, tested, and launched a high-altitude balloon successfully during the October 2023 annular and April 2024 total solar eclipse. Key lessons were learned when developing the first balloon for the annular solar eclipse, as the main parachute and payloads were lost after launch. Through collaboration and analysis of the various variables that went astray, new payloads were designed to mitigate risk and successfully collect data during the total solar eclipse. These students traveled to Carbondale, IL where they troubleshooted and tested the various atmospheric payloads in preparation for launch. Atmospheric weather predictions were calculated, and the respective launch location was determined to be in Perryville, MO. The balloon ascended at 6.5 m/s at 18:18 PM UTC where it successfully reached an altitude of 48,000 feet (about 14.63 km) at the time of totality, at 18:59 PM UTC. After the eclipse, the balloon continued to ascend to an altitude of 93,440 ft (about 28.48 km) before burst. After a successful recovery, an Insta360 camera recorded 4k video during the entirety of the total solar eclipse and atmospheric data was recorded. It was determined that pressure during the flight mimicked the standardized atmospheric pressure vs elevation and reached a minimum pressure of 0.24psia at 93,440 ft (about 28.48 km). The temperature was recorded to have dropped 8°F during 90% coverage and totality. The lowest temperature recorded during totality was -23°F, while the lowest flight temperature was -53°F.



1. Introduction and Motivation

The Nationwide Eclipse Ballooning Project (NEBP) is a NASA sponsored project to collect data about atmospheric effects during solar eclipses, as well as involve as many students as possible and perform outreach to the community. This project aims to livestream the eclipse from an altitude of approximately 75,000 ft as well as record atmospheric data, in situ, during both an annular and total solar eclipse. A standard set of hardware was sent to all participants on the Engineering Track in order to have uniform data collection across the country. Over 50 teams participated as part of the Engineering Track at various locations throughout the United States during the Annular Solar Eclipse on Oct 14, 2023 and the Total Solar Eclipse on April 8, 2024. This paper will detail the design of the payloads, launch, and results of the data collection efforts during these two eclipses. 

The University of Hartford and Tunxis Community college students participated in designing and manufacturing two high-altitude balloons for the annular and total solar eclipses in October ’23 and April ’24, respectively. By learning about how each section of the payload stack would function through the Nationwide Eclipse Ballooning Project, the engineering team was able to successfully launch one balloon during the annular eclipse and two balloons during the total eclipse. Despite the team's efforts, unexpected variables prevented data collection in the partial eclipse.

Through risk analysis, troubleshooting and planning for contingencies, the balloon launches for the total solar eclipse were of great success. The NASA stack collected atmospheric data such as pressure, temperature, GPS, and gyroscopic measurements. All these measurements were reliant on the team’s ability to both track and retrieve these payloads, as this data was saved on local SD cards. In future sections, the results of this data and the journey of working as a team and having a successful balloon launch will be discussed. The team learned many valuable critical thinking, communication and team building skills through this invaluable experience. 

2. Preparation

The University of Hartford and Tunxis Community College applied and received NEBP materials from NASA to learn, prepare and launch multiple high-altitude balloons in preparation for both eclipses. Students participated in a NEBP Workshop hosted by the University of Hartford (West Hartford, CT) from May 22-26, 2023 as part of the Engineering East Central Pod for the NEBP Project. This consisted of multiple student teams in the “pod” to collaborate on the systems to be used during the eclipse events and ensure the same end products were being constructed. During the workshop a presentation was followed, going through all the systems and how they are connected to establish a baseline.

2.1. NEBP Stack

The NEBP payload, which consisted of a Pterodactyl board, which stands for Payload to Enable Recording of Data and Communication Telemetry while Lofted, would be the main monitor of atmospheric data. This data would consist of temperature, pressure, altitude, GPS and a 9 DOF inertial measurement unit. All these sensors, along with the microcomputer had to be soldered onto the PCB by hand and tested. This was successful and all the sensors worked as intended. The board itself, Figure 1, is controlled by a Teensy 4.1 microcomputer. The code associated with the board collects the data from the various sensors and exports that data to an SD card to be retrieved after retrieval of the balloon. The board is powered by three 9V batteries in parallel to increase the capacity to about 1500mAh. This was done to ensure adequate powering of the payload until landing. There are two thermistors located on this board, one directly on the PCB, and the other located on the exterior of the payload. A small sheet of aluminum foil was also used to prevent interference between the Teensy and GPS. It was grounded to the board to prevent any buildup of excess electricity.



2.2. RFD/Iridium Tracking

The RFD module, which consisted of a computer board and antenna would communicate with the ground station. This is powered by a 3.7V lithium battery and will allow the ground station to track the balloon and receive live GPS data. The ground station has a Griddy antenna, and an RFD 900 radio connected to the ground station computer. The software used specifies which com port the RFD 900 is located on and displays the GPS coordinates live. This data can also be saved and exported to an excel file for further analysis. 
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Fig. 1. Pterodactyl Board
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Fig. 2. RFD900 Atmospheric Sensor Suite with Telemetry



2.3. Ground Station

The ground station consisted of a laptop, RFD900, grid antenna, dish antenna and Ubiquiti radios for communication. The laptop is the main interface between all tracking and data retrieval with those payloads that have an RFD900 satellite connection. The Ubiquiti radios are connected to the Raspberry Pi cameras on board the balloon. These would allow communication between the ground station and the cameras to livestream the video during the eclipse. 
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Fig. 3. Ground Station Satellite Dish

2.4. Ballooning, Launch and Retrieval

The balloon launch occurred in Perryville, MO which was the optimal location based upon the flight prediction from sondehub, Fig. 4. This software used live weather predictions and based upon the target ascent rate of 6.5m/s and total payload mass of 11.9 pounds (5.40kg), the corresponding flight path prediction would be made. This allowed the retrieval team to travel to the predicted landing site ahead of time while the balloon was still in the air. The preparation and launch of the balloon at 18:05PM UTC were the most crucial part, as the timing was essential to have the balloon reach the target altitude in time for totality. Tying the balloon and attaching the parachute took an unexpected amount of time, all the while the Insta360 camera stopped recording due to overheating. These issues exacerbated the stress of the team, however the launch and retrieval team worked together to ensure all these components were successfully attached. Pouring water on the Insta360 allowed for the camera to cool down enough in time for launch and the parachute was attached. Right before launch, the team held the payloads while the balloon lifted into the air. Holding onto the strings caused the parachute clasp to snap and fighting with the wind, a new clasp was quickly made using pliers. The quick thinking of the team and critical thinking skills allowed for a successful launch at 18:18PM UTC.  

The balloon successfully ascended at the target rate of 6.5m/s and reached an altitude of 48,000feet at the start of totality. Once the balloon cleared totality and reached a viable altitude for data collection, the vent commands were sent to cut down the balloon. This system can be seen in Fig. 5, where the vent assembly and cutdown are located. Both systems did not function as intended, so the balloon had to reach a maximum altitude of burst before retrieval could occur. Once the maximum altitude was reached, the balloon burst, and the parachute was successfully deployed. As air pressure increased, drag increased and rapidly decreased the vertical velocity of the balloon. This allowed for a soft landing in Mt. Vernon, IN where it landed in the middle of a flat Orchard. The payloads were successfully retrieved, and all the data was collected from the SD cards on-board. 
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Fig. 4. Balloon and Vent/Cutdown Connection


3. Troubleshooting 

Troubleshooting is crucial in engineering and when intending on completing a project by a specified deadline. The timing of the eclipse would not change for the team, so the lessons learned would have to be implemented as quickly as possible to leave adequate time for testing. Multiple tethered launches were done, which is the same as launching a high-altitude balloon but attached to a 100ft long string. This would allow for connecting the ground station to the onboard RFD900 and Ubiquiti radios. Live tracking using the satellite dish was done while some of the team physically moved the balloon by the tether. The Pterodactyl was turned on and the SD card was checked once it was brought down to the ground. This allowed for the team to determine what problems would arise while the balloon was in the air and what could be done to fix it.

The cutdown and vent system was tested separately on the ground. A command is sent via email to the satellites which transmit a signal to the balloon to cutdown. This allows the FAA to cutdown the balloon if they deemed necessary as well. Multiple tests were conducted of these two systems and they were determined to function properly. 

With the days leading up to the eclipse, more testing was done on-site where the launch would occur. This was done to ensure everything functioned properly after transit and to make sure each subsystem worked for launch. Since a full launch had not been done, asides from a tethered test, there is a possibility of issues occurring during flight.
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Fig. 5. Balloon and Vent/Cutdown Connection

4. Results 

Many lessons were learned and implemented into both launches during the annular and total solar eclipse. Results were collected and analyzed from the onboard Pterodactyl and camera systems during the April 2024 Eclipse. In this section, the interpretation and display of the results during totality and approaching totality will be discussed.

4.1. October 2023 Annular Solar Eclipse

The launch during the annular solar eclipse in Albuquerque, NM was successful. However, the data collection and retrieval proved too much more of a challenge. During the period of ascent, the ground station was able to stay in contact and livestream the ascent until about 30,000 ft (9.14km). After this period, the ground station was still able to track the balloon, but no data was being received. Retrieval was difficult as it was about 3 hours away in the middle of the desert. However, after two retrieval attempts a couple payloads were recovered. During flight and descent, the payloads spun around each other and caused the string to become overloaded and snap. This caused a loss of video payloads, which have still not been recovered as of writing this. However, the Pterodactyl was recovered and although the payloads hit the ground at 75 ft/s, it still worked and was able to be used for the April eclipse. However, no files were saved to the SD card indicating that the power failed onboard. These lessons taught the team that planning for contingencies is crucial. Carabiners and stronger string would be implemented to ensure the payloads don’t wrap around each other and create high tension. Batteries wired in parallel with the Pterodactyl and hand warmers in each payload will ensure proper functioning during the entirety of flight. Box reinforcement will be done to increase the rigidity of the boxes, as previously they fell apart during descent. All of these factors and increased teamwork and troubleshooting will ensure success during the total solar eclipse. 

4.2. April 2024 Total Solar Eclipse

After the Pterodactyl board was successfully retrieved, the data from the SD was collected and analyzed. The total flight lasted about 1.5 hours before burst and descent. The maximum altitude reached was 93,440 feet which can be seen in Fig. 6. From the moment of turning on the Pterodactyl, setup took about 30 minutes before launch. At this point, the balloon had a steady ascent of 6.5 m/s. There is a lack of data during descent when it reaches an altitude of 30,000 feet. It is hypothesized that the payload got too cold, at about -50°F during its rapid descent, where the batteries were no longer functionable. However, the most important data is located during ascent and before burst during the eclipse. 

Atmospheric pressure was recorded and can be seen to follow an expected decreasing trend in Figure 7. As the balloon ascended over time, the pressure decreased. When the balloon burst and started to descend, pressure began to increase again. Pressure was also plotted against altitude, in Figure 8, where you can see a logarithmic function of pressure and altitude. The US standard pressure vs altitude was compared to this data to ensure accuracy and validate the altitude that the payloads reached. [2] This data lined up exactly to the Pterodactyl pressure readings and hence shows that this data is reliable.
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Fig. 6. Altitude vs Flight Time Total Solar Eclipse
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Fig. 7. Pressure vs Flight Time Total Solar Eclipse
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Fig. 8. Pressure vs Altitude Total Solar Eclipse

The two thermistors on the Pterodactyl recorded the temperature over the duration of the flight. The internal temperature was warmer than the external temperature due to the hand warmers that were used in the payloads to keep the batteries functioning. The temperature follows a similar trend to altitude over time, as the balloon ascended the temperature dropped and increased accordingly during descent. However, it can be seen in Figure 9 and 10 that during the period between 1:26:24 and 2:20:00, or 60,000 to 93,000 feet, the temperature rises from -30°F to 5°F. This is due to the increased solar radiation heating up the payload in the upper stratosphere. Due to lack of thermal insulation attributable to minimal atmosphere, solar heating becomes prevalent. Once the balloon pops at the maximum altitude, an increase in atmospheric pressure and drag rapidly decreases the external temperature. 
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Fig. 9. Temperature vs Flight Time Total Solar Eclipse
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Fig. 10. External Temperature vs Altitude Total Solar Eclipse

Totality occurred between 48,000 and 51,500 ft in altitude, which was between 18:59 and 19:03UTC. A snapshot of the eclipse during 90% coverage before and after totality can be seen in Figure 11, where the external temperature first increased right before totality by about 8°F and then quickly decreased again during totality and 8 minutes after. On the ground, a larger temperature drop was observed and felt due to the lack of solar heating.
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Fig. 11. External Temperature vs time UTC

An insta360 camera was attached to the bottom of the payloads on the balloon and successfully captured video during the entire ascent and during totality. Snapshots of the eclipse were taken and can be seen in Figure 12 and 13. In Figure 12, the 150-mile radius of the shadow can be seen coming into view approaching the balloon. In Figure 13, the balloon payloads were entirely engulfed by the eclipse and totality can be seen on the sun and as the darkness surrounds the camera and the respective payloads.
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Fig. 12. Insta360 Camera Snapshot Approaching Eclipse
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Fig. 13. Insta360 Camera Snapshot during Totality

The raspberry pi cameras were able to successfully record the burst at 93,440 feet and deployment of the parachute. This information was paired with the iridium data which showed a steady decrease in vertical velocity as the parachute encountered more wind resistance. Snapshots of this video can be seen in Fig. 14, where the left image shows the moment when the balloon bursts and the right image just seconds later showing the deployment of the parachute. 
[image: ][image: ]
Fig. 14. Raspberry Pi Camera Snapshot during Burst and Parachute Deployment. Both images are from the same camera seconds apart.

5. Conclusion

The team learned many valuable lessons from the annular solar eclipse in October 2023 that were implemented and used in the preparation for the total solar eclipse in April 2024. Through collaboration and teamwork, launch and retrieval of the payloads during the total solar eclipse was accomplished. The ground station was able to successfully track the balloon and it was retrieved. All the data on-board was collected via SD cards and this data was analyzed. A maximum altitude of 93,440ft (28.48km) was reached at 19:57 UTC, where its respective pressure was 0.24 psia. Totality occurred at 18:59PM UTC, where the balloon was at an altitude of 48,000 feet. During this period, the temperature reached a minimum value of -23°F. After burst at maximum altitude, the on-board parachute successfully deployed and descended where the lowest flight temperature was recorded to be -53°F due to the increase of drag at high altitudes. Successful collection of 360-degree camera footage was viewed and the shadow of the eclipse can be seen approaching, engulfing and leaving the balloon. Despite many roadblocks during the annular eclipse and during preparation, the team was able to successfully launch a high-altitude balloon and collect useful data and videography during this astronomical event. Through the lessons learned, the goal is to develop future high-altitude balloons that can be used to conduct further atmospheric research. The use of data from the eclipses to further discover the impact that eclipses have on the atmosphere will be conducted. 
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