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1. Introduction 
 

The CU Balloon Experimental Satellite (CUBESat) program was created as a means to allow 

students interested in working at the Colorado Space Grant Consortium at the University of 

Colorado at Boulder to gain experience in the design process that is used on the larger projects 

that are being undertaken by Space Grant.  The CUBESat’s are launched four at a time on a high 

altitude weather balloon provided by Edge Of Space Sciences, Inc. (EOSS) This balloon allows 

each CUBESat to be taken to a maximum altitude between 90,000 and 100,000 feet above mean 

sea level.  Figure 1-1 is an image taken from the CUBESat constructed by Space Team Engine. 

 

 

 

To participate in the CUBESat project students must enroll in General Engineering 2850, 

General Engineering 4850 or Astronomy 2840 at the University of Colorado.  This “prerequisite 

class” to working at Space Grant allows a student to participate in the entire mission life cycle in 

the course of one semester. 

This project studied in this paper is the Multi-Altitude Solar Panel Output Experiment 

(MASPOX).  MASPOX was one of the four initial projects in the CUBESat program. 

 

Figure 1-1: Earth’s horizon from 90,000 feet. 
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2. Mission Objectives 
 

The mission of the MASPOX was to measure the output generated by an array of four solar 

panels during the ascent through the atmosphere.  Measurements taken from each individual 

solar panel to allow for the following: 

 

1 A consistent reading of the power generated by the array due to constant illumination at 

all altitudes. 

2 The z-axis rotation rate of the vehicle can also be determined by examining the increase 

in voltage coming from an individual panel with the voltage decrease of another panel. 

 

MASPOX allowed for a direct correlation between the vehicles altitude and the efficiency at 

which the solar panels may perform.  This data could result in more efficient solar panel design 

and/or selection for high altitude vehicles.  The data collected by MASPOX has not been 

recorded previously on an Edge Of Space Sciences flight. 

 

3. Design Criteria & Technical Overview 
 

To qualify for flight as part of the CUBESat project, each payload must meet exacting criteria 

imposed by Space Grant as well as EOSS.  The areas under the most constraint are payload size, 

weight and materials used in construction.  The remaining criteria are designed to streamline the 

launch day operations. 

The size of the payload cannot exceed 10cm x 10cm x 10cm.  This size constraint was chosen so 

that each payload may later be converted to space flight capable for a potential low Earth orbit 

mission.  Stanford University has designed a mechanism that would allow 12 micro satellites of 

the same dimension to be launched on an unmanned booster for a relatively low cost. 

The weight of the payload cannot exceed 500 grams.  This requirement was imposed by EOSS.  

Federal Aviation Administration (FAA) regulations only allow a six-pound payload on the class 
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of weather balloon used by EOSS.  The equipment used by EOSS to track the balloon weighs 

approximately one and a half pounds.  This leaves two kilograms available for other payloads.  

Each CUBESat launch will optimally launch four payloads; therefore the maximum weight of an 

individual payload is 500 grams. 

The payload must be made out of aluminum.  This requirement is also based on the expectations 

that one of the CUBESat payloads may be converted into an Earth orbiting spacecraft.  

Aluminum is used, as it is lightweight, durable and relatively inexpensive.  In addition aluminum 

is easy to machine and manipulate.  These attributes make aluminum the preferred construction 

material as opposed to other metals such as titanium. 

The cube was constructed completely from aluminum stock.  Milling machines such as the CNC 

and Bridgeport were the primary instruments used for the sides and connecting brackets.  The 

bonding material chosen was a 3M industrial epoxy, which had been flown on previous space 

missions for CU.  The epoxy is also used to prevent the solar panels from grounding out through 

the frame of the payload. 

 

4. Data Collection System 
There are two primary options with which to collect data on a CUBESat mission.  The first is to 

design and build a data transmission system to relay the data to a ground station.  The second is 

to fly a device onboard that will record and store the data. 

The transmission of data is advantageous as it will allow the science team on the ground to 

receive the readings nearly instantaneously.  The science team will then be able to look for 

patterns in the data during the flight.  Reasons to not use a data transmission system are fairly 

simple: it will dramatically reduce payload weight that can be allocated to other necessary 

equipment.  Interference in the atmosphere could also disrupt a signal and produce false 

readings. 

To reduce payload weight and minimize data error, it was decided to fly a data collection device 

on board MASPOX.  The system chosen for the task was a HOBO Data Logger manufactured by 

the Onset Computer Corporation.  To minimize cost it was decided to purchase the 4-Channel 

External model.  The HOBO Data Logger has input ports for four separate data channels; each 
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channel is capable of recording voltage.  Four voltage data leads were also purchased from Onset 

as to minimize compatibility issues between the solar panels and the HOBO logger. 

Upon completion of the cube’s external structure, the solar cells were wired to the HOBO data 

logger and attached to the four external sides of the cube.  The solar cells were wired with a 1-

ohm resistor to induce a current.  The change in this current can be calculated by reviewing the 

voltage data collected by the HOBO. 

The HOBO series of data loggers are capable of taking readings as often as once per half second.  

The 4-Channel External is capable of storing 32,520 measurements.  For MASPOX the HOBO 

Data Logger was set to take a reading from each channel every second.  This would allow for 

over two hours of readings to be recorded.  Two hours is more than sufficient to ensure data is 

collected during the entire ascent.  The balloon ascends from approximately 6,000 feet to 

100,000 feet above sea level at a rate of 1,000 feet per minute.  This equates to a 94-minute 

ascent. 

Once concern with using the HOBO Data Logger is that it can only function from -20
C to 70
C.  

This is a problem because when the payload enters the tropopause, as section of the atmosphere 

beginning at 40,000 feet and ending at 85,000 feet, the temperature is reduced to -40
C.  To 

counter the detrimental effects of this temperature change it was decided to place a heating 

system near the HOBO Data Logger.  The device chosen for this task was a pair of chemical 

hand warmers and minimal expansion foam insulation.  The hand warmers require oxygen as a 

catalyst to begin the exothermic reaction.  They maintain a temperature near 40
C, which is well 

inside the range of nominal operating temperatures for the HOBO Data Logger.  The foam 

insulation prevents the heat generated by the chemical warmers from being radiated into the 

atmosphere through the aluminum structure of the cube. 

Another criteria leading to the decision to use the HOBO Data Logger is the storage of the data.  

The HOBO series uses nonvolatile EEPROM for storage.  This ensures that the data will remain 

on the memory even if the battery dies.  This feature is important if the balloon is not recoverable 

for a matter of days.  This also ensure that the data will remain intact until is can be offloaded to 

a computer for analysis. 
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5. Mission Results 
 

The mission was primarily successful.  There was a malfunction on two of the solar panels at the 

time of launch, which was denoted by a continuous data spike throughout the duration of the 

flight.  The two remaining cells provided excellent feedback for the experiment.  Figure 5-1 

shows the EOSS-45 balloon with the four CUBESat payloads moments after launch. 

 

 

 

 

Figure 5-2 displays the total current output produced by the two operational cells.  There is 

generally a continuous increase in current until approximately 90,000 feet, at which time the 

balloon burst sending the payload plummeting to the earth.  There are variations in the increase 

of current.  These variations can be attributed to excessively high rotation rates at the possibility 

that the defective solar cells were pointing at the sun during the time of the dip in the curve. 

Figure 5-3 (on the next page) is a representation of each of the two operational solar cell’s 

performance from launch to the time of descent.  It is clear that at times during the flight, one 

panel was primarily in direct view of the sun, while the other cell was oriented away.  The cell 

that was facing the sun has a higher current output versus the cell that was not.  During ascent 

from 35,000 feet to 60,000 feet, both cells have approximately equal current output.  This can be 

attributed to an increase in rotation rate possibly caused by the jet stream.  

Due to the long time step for recording the data, it was not possible to determine a rotation rate 

of the CUBESat. Based on video from the EOSS payload, there were times when MASPOX was 

rotating at rates exceeding two revolutions per second.  The result was an incomplete string of 

data for evaluation. 

Figure 5-1: Launch of EOSS-45 
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The payload was recovered intact approximately 75miles Southwest of the launch site.  The solar 

panels were all intact.  The survival of these delicate pieces of equipment is attributed to the 

parachute used in the descent and the landing site.  MASPOX was found in a farm field that had 

recently been tilled, thus the soft dirt cushioned the payload upon impact.  Figure 6-1 depicts 

how the payload was found after landing.  Figure 6-2 shows the path followed by the balloon. 

Figure 5-2: Total Current Output During  Ascent 

Figure 5-1: Individual Current Output During Ascent  
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6. Conclusion 
 

The entire scope of the mission was a challenge to complete within the limited timeframe 

assigned.  Concept design as well as the scope of work was restricted in order to complete the 

mission on time.  With additional time and resources, it would be possible to test and 

troubleshoot the structure and objectives in greater detail that would improve the results of the 

mission.  The limited timeframe was advantageous in one respect; it forced the design teams to 

Picture 6-1: MASPOX Recovery Site 

Picture 6-2: Mission Ground Track 
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follow the concept of KISS, keep it simple stupid.  The success of many payloads can be derived 

from the simplicity in which they were constructed. 

Aside from before mentioned restrictions, the mission was a partial success by showing an 

fluctuations in solar cell efficiency with respect to altitude.  This information can be useful in the 

design of many applications; in particular, the development of unmanned solar aircraft, which 

can be used in place of low orbit communication satellites or weather reconnaissance. A 15% 

efficient solar cell at sea level may become 17% efficient at 90,000 feet where experiments will 

take place.  The result can be reduced costs for materials or an increase in the amount of demand 

required for power during the operation. 
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