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Dear Sir, 

The design of a high altitude balloon using a different shaped payload has been an 

ongoing project for Wright State students in the past.   This project, which has been sponsored by 

various companies, has come out with the successful launching of payload structures.  This 

project has had problems in the past like too heavy a payload being created, failure of parachute 

deployment during decent, tangling of parachute strings during deployment, destruction of 

payload during landing, and inability to recover the payload. With all the various problems, there 

hasn’t been a significantly successful launch, but as more research has been carried out on this 

dynamic project, the team is determined to come up with a successful launch this year. 

After studying all the previous problems encountered, the team has worked hard to come 

up with a new fundamental design using a ballute shape and propose the use of plywood and 

balsa wood covered with MonoKote to obtain a lighter weight payload, but still be strong on 

impact to solve the previous problem of weight. The team also proposes working with the 

electrical engineering teams to ensure the monitoring of the payload and the area of landing, and 

the parachute is going to be attached to the end of the ballute ribs to prevent any issues of 

tangling. 

The structure of this ballute will be designed using Solidworks, and FEA analytical 

methods will be used to obtain a model, while putting all the design factors into 

consideration.  The team is going to construct the payload using the laser cutting machine at 

Wright State, and at the end of the project, hopes to come out with two ballute structures that will 

undergo successful launching with no problems encountered. 
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ABSTRACT 

The Wright State University High Altitude Balloon Project (WSU HAB) has been 

steadily improving ever since its start in 2005. The past teams have made large strides in 

improving launches, reaching the appropriate altitude of 100,000 feet, detaching the payload, and 

tracking it. Though many successes have been made, there is still one problem: the deployment 

of the parachute after free fall. Presently, there has not been a single successful deployment of a 

recovery parachute on the package.  The goal of the team is to design, analyze, modify, fabricate, 

and test a new design for the body of the instrument package and parachute deployment device 

that will ensure a reliable deployment of the parachute, eliminate tangling of rigging lines, be 

extremely lightweight, and ensure landing survival, while incorporating the knowledge and 

experiences of the past teams. The current design incorporates past design features of using a 

cone for the package shape as well as other ideas for the parachute release mechanism. It also 

improves upon its weight by extensive use of balsa wood, plywood, and MonoKote components.  

The design must be able to withstand extremes of cold, low pressure, vibration, and impact.  The 

design constraints focus on Federal Aviation Administration (FAA) regulations; among these is 

the fact that the whole package cannot be more than 6 pounds in weight.  These challenges are 

all to be studied thoroughly and each one is to be tackled in turn over the next few months, in 

order that the team obtains the final goal of launching and retrieving the payload. 
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1 INTRODUCTION 

The High Altitude Balloon project (HAB) was established here at Wright State 

University in 2005 as a replacement for the Temperature Satellite project which was initiated in 

2003.  This project was initially for freshman students and is what started Wright State’s 

fascination with near space.  The Temperature Satellite project received high regards from 

NASA and was the incentive that Wright State needed to continue its exploration of near space.  

Thus was born the High Altitude Balloon project.  Gaining money from the Ohio Space Grant 

Consortium, this project took off in terms of the number of people involved and the budget that 

was allowed.  It was no longer a mere freshman project.  This became a senior project which 

would take up several months.  Now it is essentially a learning tool for seniors to take with them 

into the work force upon graduation.   

One of the main goals for the high altitude balloon project is to “launch two senior design 

experiments each year with growing sophistication and technology demonstrated each time.” 

(Slater 2011) The teams of past years have been able to track and recover their packages with 

relative ease, but that is only part of the experiment.  The other jobs of the team include flight 

prediction, parachute packing and preparation, and materials management, amongst others.  All 

of these jobs must be learned in the first few months of the project in order that the team is 

completely ready to go come launch date.  Also, every single team member must be proficient 

using a ham radio.  These amateur radio licenses must be obtained prior to the launch so that the 

team can easily talk to each other while searching for the package after reentry.  A 35 question 

exam was given by the National Association for Amateur Radio in which the team all passed and 

obtained the necessary license.     

 The idea behind this entire project is that, as mechanical engineers, the team must 

develop a proper “package” for the electrical engineering teams to use as a module for releasing 

from 100,000 feet.  In the past, teams have simply made boxes to release from high altitude, but 

now teams are advancing towards a ballute design which will be much more aerodynamic and 

will eventually allow for a completely parachute-less design.  “A ballute is an inflatable device 

that provides a large drag area to slow a vehicle entering an atmosphere.  To date, vehicles 

entering the Earth's atmosphere rely on a layer of thermal protection material, either ablative or 

non-ablative, which tends to be heavy and expensive. The ballute system offers a more 

lightweight alternative. (Andrews Space 2008)” Using a ballute will eventually allow the teams 

in the future to save money and time by not having to buy and test parachutes.   

 Because the ballute will be taken up to near space by a balloon, it is at the mercy of the 

weather.  The entire balloon-ballute system will be traveling at such altitudes that the team must 

consider things like wind speed in the jet stream, atmospheric pressure, temperature, and 

humidity.  There is a program written in Microsoft Excel by Steve Mascarella that provides flight 

predictions based on the latest weather data obtained by a weather balloon sent up by the national 

weather service in Wilmington, Ohio.  This program allows the team to find a suitable launching 

location and will provide an accurate landing spot as well.   
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The flight path will show the balloon being launched and ascending to altitude.  Then the 

balloon will rupture, allowing the package to enter free fall.  After about 40,000 feet of free fall, 

the arresting device, either a parachute or ballute, will be deployed, and the package will descend 

and land.  See Figure 1.1 for a schematic of the flight path. 

 
Figure 1.1 Schematic of Planned Flight 

 Past launches have given the team much to look at in terms of where to improve.  The 

single most important failure that no one has been able to correct is having the parachute deploy 

successfully and remain attached to the package in order to safely guide it back to earth.  This is 

the main focus of the team: finding a design that will significantly increase the performance of 

parachute release system.  As mentioned previously, the team will be constructing a ballute, 

which technically does not have a parachute, but this time it will.  The team will construct small 

spring-loaded devices that will allow for both maximum absorption of force and will prevent the 

strings from tangling.  The goal in the end is to further the advancement of the ballute and allow 

for future groups to be able to rid themselves of the parachute altogether. 

 One of the main ideas that the team is looking into is that of an endoskeleton inside of a 

skin of MonoKote.  This skeleton is made up of a type of wood that will be both strong and 

durable at the atmospheric temperatures and pressures it will be experiencing.  Several different 

tests will be done in order to assure this.  Those tests include putting it into a vacuum chamber 
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and testing the adhesives that may be used to hold it all together.  It will also be tested in tension 

and bending in order to determine it strengths.  This wood will be cut out using the laser cutter in 

Russ Engineering Center, under the supervision of Dr. Thomas. 

On the whole, this design will help the program take a giant step forward in taking 

measurements at high altitudes.  This will aid companies in designing aeronautical systems in the 

future to be able to account for specific atmospheric conditions at various altitudes during any of 

the seasons, so they may be able to develop products that are more robust. 

 

2 STATEMENT OF WORK 

2.1 Purpose  

The reason for attempting the designing of an entirely new structure to hold the 

instruments is to satisfy graduation requirements for bachelor of science in mechanical 

engineering, advance the perpetual Wright State High Altitude Balloon team’s collective 

knowledge, to learn new skills and refresh old skills, to gain field experience, and apply 

knowledge gained while students at Wright State University. 

2.2 Scope of Work  

First, a goal had to be determined, followed by the general strategy of the achieving of this 

goal.  The overbearing strategy that was developed was to keep the design as simple as possible, 

then to do most of the design by CAD.  The tactics involved were brainstorming material 

possibilities, manufacturing methods, and deliverables, using SolidWorks to design the structure, 

manufacture and test bodies made of different materials prior to launch, and to create an 

optimized final design.  Laser cutters, computers, shop power tools, vacuum chambers, cooling 

devices, HAM radios, tensile testers, lab scales, and a wind tunnel are all pieces of hardware to 

be used in the completion of the design project. 

2.3 Work Location 

All fabrication, testing, and experiments are and were performed at the Wright State 

University Russ Engineering Center and associated labs.  Design work on paper and computer 

was and is performed at both Wright State University and at the homes of the team members.  

Balloon launches and retrievals are to be carried out in Ohio, Indiana, and Kentucky.  

2.4 Period of Performance 

The entire project timeframe is to go from early January 2011 through June 2011. 
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2.5 Deliverables Schedule  

 

 
Figure 2.1 Gannt chart for timeline of project deliverables 

2.6 Acceptance Criteria 

The design must adhere to FAA regulations, be functional in its mission to carry 

instruments, and fulfill the requirements for Engineering Design.  

 

3 EXPERIMENTAL PROCEDURE 

3.1 FAA Criterion 

The main design specifications of the project are that payload has to abide by the regulations 

set forth by the FAA (Federal Aviation Administration). All the regulations provided by the FAA 

were set for safety and all should all be abided by, but the regulation that is most important is the 

one for a non exempt flight. For a non exempt flight of an unmanned balloon the payload must 

be less than 6 pounds. The 6 pounds of weight does not include the balloon or the parachute 

attached to the control box, but does include the parachute and the ballute. Since weight is one of 

the most significant factors it has been greatly involved in each design process. (Adminstration 

2011)   

Another parameter set by the FAA was that any lines need to severed at 50 pounds of force 

so that any aircraft will not be damaged if it came into contact with the vehicle. The unmanned 
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balloon may not cross into restricted airspace, and all airspace near the launch site and the 

balloons path are to be contacted and faxed contact information. The package must be safe and 

secure to prevent injury. The operators must keep updated tracking of the payload through ascent 

and descent (Adminstration 2011). 

3.2 Flight Prediction and Site Selection 

The flight prediction is done through Microsoft Excel and Google earth. The main author of 

the program is Mr. Steve Mascarella. Before the flight prediction can be accomplished a launch 

site must be selected that does not exceed 65 miles from WSU, head into restricted air space, or 

land near a highway. A sample of the launch site prediction is shown below in Figure 3.1. 
 

 
Figure 3.1 Launch site selection map 

The yellow pins indicate potential launch sites and the white lines are the paths of the 

balloon at those sites. The red and purple areas shown are restricted airspace and off limits. Once 

a sight that meets all parameters is found it is then run through the flight prediction software. The 

software will give a more accurate path of the balloon and track the ascent and descent as seen in 

Figure 3.2 below. 
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Figure 3.2 Flight Prediction from Muncie, Indiana 

The light blue area protruding from the map is the ascent and descent of the balloon from 

Muncie, Indiana. 

3.3 Material Selection 

The first step in the design process was to build a decision matrix to decide what material 

is to be used to make the body.  See Table 3.1.  The decision matrix used by the team was on a 

ten point scale for each factor. The team voted for each factor using their best judgments and 

then the scores were added up and divided by the number of group members. Ten was rated the 

best and one was the worst.   

 
Table 3.1 Decision matrix on what material to use 

Decision Matrix for Body Material 

 Factors 

Material Cost Manufacturing Durability Total Wt. Total 

Styrofoam 8 5.25 7 3 23.25 

Carbon Fiber 2 4.5 10 8 24.50 

Balsa Wood 10 4.5 2 10 26.50 

Fiber Glass 10 6.5 7.5 6 25.50 

Aluminum 7 10 7 5.5 29.50 

 

The table shows that the aluminum had the best outcome and was going to be the new 

material used for the body of the instrument package. After much deliberation and research the 

use of aluminum was decided against due to manufacturing difficulties that were not accounted 

for during the decision matrix. The team went forth to use balsa wood instead due to it being 

second on the list. Also chosen as a potential martial was corrugated cardboard of 9/64 inch 

thickness based on its ease of availability, light weight, and the fact that similar manufacturing 

methods to wood could be used. 
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The goal was to find a material that will provide sufficient strength with minimal weight 

for use in our particular design and be water resistant.  Since wood and cardboard were chosen to 

be the design material, it would be needed to be coated with a material to facilitate water 

resistance.  Michelman VaporCoat, a water based coating designed to repel water, was chosen as 

a potential surface sealant, as well as cyanoacrylate glue, also known as CA glue or Superglue.  

VaporCoat when applied and left do dry, was less dense than CA glue when dry, but needed a 

thicker layer to be applied, 3 hours of drying time, as well as post application heat treatment.  CA 

glue could provide the same water resistance, but with a thinner layer, much shorter curing time, 

and no post application treatment.  Combined with the fact that when VaporCoat was applied to 

cardboard and left to dry caused the cardboard to become deformed and misshapen, and it was 

unable to be used. 

The use of balsa wood was presented in front of the team’s advisor Dr. Slater and a high 

altitude balloon veteran Steve Mascarella. Mr. Mascarella introduced the team to the thin model 

grade plywood. The thin plywood was significantly heavier than the balsa wood, but more 

resistant against bending and shear. Since the plywood was heavier making the entire body of the 

payload out of one eighth inch plywood seemed inconceivable. The weight was fast approaching 

the three pound design constraint set forth by the team and that of the advisor. The team leader 

came up with the decision of webbing to reduce the weight of the body, so that the chassis could 

be made out of plywood or balsa wood, and not come close to approaching the weight limit.  

Please see Figure 3.3 for the completed design of the endoskeleton. 
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Figure 3.3 Mock assembly of endoskeleton 

 Balsa wood was light weight, but unfortunately not able to support our design. Stock 

boards of balsa wood are not sufficiently large enough to meet the dimensions required to build 

the ballute. The next choices were model grade poplar plywood and “lite” ply. Both materials 

came in stock boards large enough to suit the design. The boards needed to be 12 x 24 inches or 

be able to be cut down to 12 x 24 inches.  Model grade plywood was almost twice as dense as the 

liteply, so it, as a material, was rejected.  This led the team to conclude that the best option for 

the ballute was to use liteply.   

 

3.4 Beam Shape Selection 

 The ribs of the ballute were going to be solid members, but again the weight came into 

effect. The team came up with a box section beam that was to be used as the primary unit of 

construction.  See Figure 3.4.  The box section beam adds resistance to bending in the members. 
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Figure 3.4 Completed box section beam collapsed 

  

 The beams were made to be pieced together from parts that were cut using a laser cutter. 

Once the sides of the beams were manufactured, they were to be glued together to form a box 

section beam.  See Figure 3.5. The CA glue used as the coating also doubled as the adhesive for 

the beams, and provided a stronger bond to the base material than the material itself at 

temperatures down to -40° C.   

 
Figure 3.5 Exploded box beam 

 Weight has also been reduced through optimal design of components, specifically, 

making components that incorporate a large second moment of area.  The overall design is 

comprised of boxed section components to increase the second moment of area, allowing for 

three separate advantages.  First, there is a reduction of weight compared to single beams made 

of material that are just as strong.  Second, fabrication is simplified because the available laser 

cutter is not able to handle thicker material.  Third, an anisotropic material, which has limited 

subjective strength in certain orientations, can be made quasi-isotropic in a box section beam.  

Combined with webbing the material to further reduce the amount of material in each piece, a 

light weight and stiff member can be realized with a material that is otherwise unsuitable for the 

design’s goals.  



10 

 

After analysis, it was determined that the box beam would not provide the best strength to 

weight ratio, and was weakened by its design of interlocking pieces.  An I-beam of similar 

dimensions was designed as a replacement, shown in Figure 3.6. The properties of light ply and 

cardboard were hard to determine due to the isotropic nature of the materials, so testing was done 

to get approximate values of the material that was to be used. A three point bend test was done 

on the box section beam and the I-beam using both cardboard and light ply. The light ply was 

proven to be stronger than cardboard all together.  The I beam was 28% lighter, but only 

sacrificing 15% in strength. 

 
Figure 3.6 I-Beam 

 

 
Figure 3.7 Bend Test Results: Load vs. Deflection 
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The Box beam and the I-beam made of light ply were compared, and the box beam was 

stronger, but weighed much more.  The reduction in weight was more important than the strength 

of the beam, so the I-beam was chosen as the best shape. 

The tensile test was done upon the model grade poplar light plywood.  The modulus of 

elasticity, E, was found to vary, even within the same piece of wood.  The measured E was 

between 4765 and 5627 MPa.  The wood exhibited only a linear stress-strain curve, indicating 

the material was very brittle, and that there was no plastic deformation.  See Figure 3.8 for the 

test data.   

 

Figure 3.8 Liteply Tensile Tests 

 

ASTM standard was used for the tensile test for plywood. The dimensions for the test 

specimen are provided below; see Figure 3.9 for the standardized dimensions of the test 

specimen. 
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Figure 3.9 ASTM standard for plywood tensile specimen 

3.5 Weight Reduction and Optimization 

A way to reduce the impulse on the springs and main body is to reduce the mass of the 

primary structure.  This has been done also to meet requirements put forth by the FAA.  Primary 

body weight has been reduced by means of material selection.  Initially, aluminum was selected 

for primary structure material, but lacking proper manufacturing methods and fabrication 

experience, the material was rejected.  The primary materials to be tested have been narrowed 

down to model grade poplar plywood, balsa wood, and corrugated cardboard, all coated in a 

polymer to provide water and humidity resistance.  The design uses planar shapes that are able to 

be fabricated with a laser cutter, so material that comes in flat stock shapes is required.  See 

Figure 3.10 for a representative picture of the laser cutter that is to be used.   

 
Figure 3.10 Epilog Laser Cutting Machine 
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Eventually, a ballute drag inducing device was to be designed with the intention of the 

removal of the parachute all together.  This design is expected to allow for a still lighter weight 

design, simplify the overall construction, and eliminate some electronic components.  The ballute 

was designed of an inelastic yet flexible and light weight material, such as Mylar, that is very 

light and is relatively strong.   The goal was to have a ballute that is inflated by internal or 

external means that will provide enough drag to allow the entire package to slow down in a 

gradual method and land safely.  As ballutes have been proposed and constructed, yet never 

tested, data concerning the deceleration of the unit will be collected during the flight and will be 

crucial to the improved development of such a device.  See Figure 3.11 for the old, untested 

ballute design. 

 

Figure 3.11 Previous Teamôs Untested Ballute 

3.6 Simulation for Environmental Effects 

 The package at high altitudes will be faced with extreme temperature near -40° C. To 

mimic the cold temperatures in the lab the team used liquid nitrogen and dry ice. The plywood 

and balsa wood had adhesives applied to them when completely assembled, and set under 

extreme temperatures to test the various types of epoxies and adhesives. The test showed what 

adhesives are not reliable at -40 °C. The members were coated with CA glue to protect them 

from moisture absorption. The cold conditions are then applied again to the completely 

assembled members, and sprayed with a light coating of water in one test, and submerged into 

water in another, to test the coating.  The tests showed that the CA glue coating was exceptional 

as a water repellant. 

 The test procedures for the water resistance were to take a sample of the coated wood, 

weigh it, and mist it completely with water and let it sit for 30 minutes at room temperature. The 

water was dried off with a towel, and the piece was weighed again.  To test a submerged piece, 

the wood sample was weighted, allowed to sit under room temperature water for 30 minutes, 

then removed, wiped with a towel, and weighed again.  Both tests showed that the lite ply, 

coated with CA glue, absorbed no water in either situation. 
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 To simulate the low pressure of the atmosphere at 100,000 feet, a vacuum chamber was 

used.  See Figure 3.12.  The vacuum chamber can reach low pressures that are approximately 

similar to those at an altitude of 100,000 feet above earth. The assembled members coated with 

CA glue were placed in the chamber to see how the adhesives and sealants react.  The beams 

were not affected at all by low pressures, nor were the performances of the adhesives used, or the 

electronics. 

 
Figure 3.12 Vacuum chamber 

3.7 Exoskeleton 

 The completed package mock up is seen below in Figure 3.13.   The payload appears 

orange due to the fact that it needs to stand out in natural surroundings for easy retrieval. 

 

 
Figure 3.13 Completed package.  Lid is not attached yet 

 The coating around the body is MonoKote, a skin usually used in model airplanes to 

protect vehicles against environmental effects. Once, again having the expertise of Steve 

Mascarella proved invaluable in finding this skin. The MonoKote has been put through the same 
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test as the members to see the effects of low temperatures and pressures at high altitude, and 

survived all tests.  The only thing that happened was the MonoKote. 

 The torus shown in Figure 3.13 is designed to be inflated naturally during descent.  The 

calculations to make the inflatable torus were derived from the following equation: 

 

 

Equation 3.1 

 

Where Vt is the intended landing velocity in m/s, w is the weight of the package in Newtons, A is 

the surface area needed in m
2
,  is the density of air in kg/m

3
, and cd  is the coefficient of drag.  

cd is  a dimensionless number measured experimentally, but a value between 0.3 and 0.5 is 

expected, where a value .3 is more aerodynamic than that of 0 .5.  Calculated terminal velocities 

for our package were to be between 14.3 to 16.5 m/s. 

3.8 Ballute Design 

  The use of a gas generator was proven to be expensive and added significant weight to 

the package that cannot be allotted for. The use of a gas cartridge was also too dangerous to work 

with because they may explode unexpectedly. The torus is made out of Mylar, due to the high 

strength-to-weight ratio, it is non-porous, and it is overly inelastic.  Mylar was not as easy to be 

formed as once believed. The Mylar used in balloons has an adhesive applied to them and are 

more easily sealable than Mylar that is commercially available. Team HAeHO used space 

blankets to attempt the making of a torus using various methods to do so.  

 The use of wax paper and a soldering iron to seal the Mylar to itself seemed to work on a 

small scale, but unfortunately on a larger scale it proved to be less than satisfactory as it allowed 

many small leaks to form, and caused many small stress concentrators that would form tears 

without much force.  A stylus was made to use on the Mylar to seal the torus with the use of a 

hollow ceramic rod and NiCr wire, as shown in Figure 3.14.  The NiCr wire was heated using a 

power supply and heat resistant gloves were used to hold the stylus. The stylus had the same 

effect as the soldering iron, but over a larger area. The next attempt was made with spray-on 

contact cement. This method proved to be the best method in making the torus; however, results 

were still unsatisfactory because of the trouble aligning the two halves of the torus, as well as 

leaks. See Figure 3.15 for the prototype Mylar torus made with spray adhesive. 
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Figure 3.14 NiCr heated stylus 

 

Figure 3.15 Mylar torus made with spray contact cement 

 

 Mylar was ruled out as a design material based on the difficulty of construction and its 

electromagnetic blocking properties.  Suggestions of other materials to create the torus, such as 

rip-stop nylon fabric and MonoKote, and their constraints were put forth.  After these were 

compared, the idea of manufacturing an inflatable torus was abandoned due to time constraints.   

 The design concept of the torus was manifested in the use of a vinyl air duct, the same 

concept that Team Chutes and Giggles.  This allowed for a vented and ridged torus that did not 

succumb to the effects of low pressures.  This also was much more simply attached to the 
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package.  The downside was that it was heavier than a self inflating torus, and that it potentially 

would cause electromagnetic interference, an assumption based on the fact that it was formed 

from a large amount of coiled wire. See Figure 3.16 for the attached vinyl air duct torus. 

 
Figure 3.16 Vinyl torus 

   

3.9 Nose  

 A hemispherical, medium density open cell foam nose cone, as shown in Figure 3.17, 

was attached to the front of the internal skeleton’s bottom ring.  While the nose is not conducive 

to creating drag to slow the package, it enhances its overall stability and above all, will absorb 

impact from the fall.  The shape of the nose cone is such that impact from the ground will be 

directed up into the I-beams and the body of the package rather than just the thin wooden ring on 

the nose.   Impact causes the nose to compress and deform, pushing smallest ring up, the beams 

pushed outward and upward, and causing the MonoKote to tear and absorb the impact.  The 

middle two rings that form the instrument package will survive the impact while the package 

around them breaks, absorbing the impact. 

 
Figure 3.17 Nose cone attached to bottom ring 

3.10 Cut Down 

 The primary package was connected to the command package a large loop of cord.  

They primary method of cut down was to be achieved by triggering a NiCr wire toward the 
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bottom of the primary package severing the loop, and allowing the package to start free fall.  

Two tubes were installed to prevent tangling with the inner components. See Figure 3.18.  

 

Figure 3.18 Release from command package schematic 

The secondary method of cut down was to be achieved by triggering the NiCr burners in the 

command package to sever the lines. 
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3.11 Parachute Deployment 

The design chosen will release the disposable lid of the conical ballute body and allow a 

spring loaded lifting mechanism to deploy, pulling the parachute out with it, as shown in Figure 

3.19, reducing dedicated parachute deployment devices to a simple electronic circuit that will 

release a single tether that is attached to the lid.  

 
Figure 3.19 Parachute to lid attachment 

 

The NiCr burner board was mounted to the top platform on the frustum and performed 

two cuts. Both cuts were designed to release the lines tying down the lid and a spring powered 

lid lifter.  Figure 3.20 shows the NiCr wire configurations to sever the line that retains the spring 

loaded lid lifter. The NiCr burner wire setup located behind the lid lifter tube is attached to 

another NiCr burner board mounted to the bottom platform of the frustum, and is designed also 

to release the lid and the spring loaded lid lifter after a pin has been pulled. The pull pin is set to 

a ten minute timer programmed into the NiCr boards, and is pulled when the primary package is 

severed from the command package. 
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Figure 3.20 NiCr burner wire, one out of view behind white tube 

This design is put into place to reduce the associated weight with deploying the 

parachute, eliminate multiple points of failure in mechanical devices and electrical systems, 

simplify construction of the entire unit, and reduce the final overall cost of construction and 

materials.  The parachute was attached to a clothespin by folding over the top 3” of the parachute 

and clipping the fold.  This allowed enough friction to extend the parachute, but not so much as 

to keep the lid attached to the parachute. 

The rigging lines will not be able to tangle in the design chosen as easily as in previous 

designs because there has been a dedicated packaging method developed.  The goal was to create 

a parachute packing method that prevents individual rigging lines from entanglement with other 

lines.   This will isolate each rigging line during packing and ascension to operational altitude, 

and upon the releasing of the lid, it will prevent each individual line from interfering with each 

other.  The lines are stored in a very small rubber band housing device that is passive in 

operation and very light weight that is attached to each parachute mounting point.  Powered 

graphite was liberally applied to each parachute rigging line and rubber band to facilitate rapid 

and smooth deployment, ensuring a reliable parachute release.   

After the parachute has been deployed, there will be a sudden impulse delivered to the 

instrument package from rapid deceleration in the parachute while the momentum of the 

instrument package keeps it from slowing down as fast.  This will be arrested by means of elastic 

devices in an isolation system that will allow the impulse of the parachute to be spread out over a 

relatively longer time to reduce the chance of rapid brittle failure of the wooden structure.  These 

devices will also help to damp out transient vibrations in the package by decoupling the main 

instrument package from the parachute itself.  Metal springs were initially used because of the 

large amount of displacement they can achieve while still behaving elastically.  These were 

replaced with elastic cords, which were less than half the weight of the steel springs.  The elastic 
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cords cannot deform as much, but stretch enough for acceptable use.  The parachute lines were 

also attached to the package directly, as well as to the elastic bands.  This prevented a line from 

becoming detached in the event of an elastic line failing.  Please Figure 3.21 reference for an 

example of the parachute attachment method. 

 

 
Figure 3.21 Dual attachment parachute rigging 

 Four drop tests were conducted to test the parachute, specifically, to see how the parachute 

slows down the package. The last two tests were used to gain information on the parachute 

deployment. Test three showed that during descent the lid began to drag the parachute out but 

unfortunately the lid turned to its side. The team went back to the design to develop a way to stop 

the pivot of the lid on descent. The way it was overcome was by using four eye hooks connected 

at every 90 degrees of the lid to have ubiquitous tension acting on the lid, instead of having the 

lid connected to the parachute by one string. Drop test four proved that the four contact points to 

the parachute stabilized the lid and allowed the parachute to be deployed.   

It is worthy of note that the inner frustum was undamaged in each and every drop test.  Even 

if the upper and lower rings and ribs were damaged, the inner frustum was not.  This proved that 

the designing of an isolated instrument pack was successful.   

3.12 APRS 

APRS stands for automatic packet reporting system which is what is used to track the 

balloon once it is launched.  These packets send data back to the ground that includes altitude, 

GP location, speed, and direction.  This data is then in turn, fed into the AvMap system, which 

shows where the balloon is reporting its position to be.  The radios that are reporting the APRS 
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signals can be set to different rates of reporting data in order to save battery life and to get the 

quickest, up to date GPS information out. 

It is worthy of noting that the handheld radio that was chosen to relay back GPS data, as 

well as send the DTMF codes to the DTMF board, a Yaesu VX-8G, was stated, by a technician 

from the company that made the GPS chips, to follow the International Traffic in Arms 

Regulations part 121, category XV of the Federal Code of Regulations, indicating that the GPS 

may cut out at either 60,000 feet, or 1,000 kts velocity.  While the 1,000 kt velocity would not be 

achieved, the 60,000 foot ceiling on the GPS caused worry, because it was unknown whether the 

radio would still be able to send DTMF codes above this altitude, or if the radio was going to 

work again after going below 60,000 feet. 

3.13 Electronic Setup 

All electronic components and connections are described in Figure 3.22.  Red lines indicate 

power flow, blue lines indicate data flow. 

 
Figure 3.22 Flow Diagram 
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4 RESULTS 

After the launch, tracking, and recovery of the package, data including the acceleration of 

the package, altitude compared with the time, and position were recorded.  Below in Figure 4.1 is 

a chart showing the package’s altitude vs. time.  

 

Figure 4.1 Altitude vs Time W1WSU-13 (Yaesu) from Launch 22 

The flight predictions that were ran gave a very general idea of where the package was to 

land, but proved to be unreliable for anything more accurate than about a 5 mile radius.  Below 

in Figure 4.2 shows two predicted flight paths, one in red, done by Edge of Space Sciences’ 

“Balloon Track” software, the other in transparent teal, done by Steve Mascarella’s Excel 

spreadsheet program, as well as the actual flight path in lime green.  The teal flight path was 

predicted so inaccurately that it went off of the screen in its altitude, and the red path was 

programmed with a maximum altitude of 100,000’.  
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Figure 4.2 Predicted flight paths and actual path 

The final launch for Team HaEHO was June 7, 2011.  As can bee see from Figure 4.2 the 

launch took place from Ankeney Park in Beavercreek, OH.  It was tracked to an area just north 

of Port William, OH.  The package reached a max altitude of 73,619 ft.   

Such a low maximum altitude was achieved due to what was believed to be a low cycle 

fatige fracture.   This can be seen by observing Figure 4.3.  The balsa wood beam on the top of 

the command package had an eye hook centered on it where the string was attached.  This string 

ran from the command package to the balloon itself.  It is the team’s conclusion that the balloon 

and package system observed so much turbulence at high altitude that the eye hook eventually 

ripped completely out of the package itself, dropping the package prematurely.  The balloon 

continued rising along with the top-most parachute and was unable to be tracked.   

 

Figure 4.3 Top view of command package and its broken balsa wood beam 
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 As a result of this premature release, the team attempted to try to cut the two packages 

away from each other, not realizing that the parachute for the command package had been ripped 

away.  The signal was sent but the packages remained attached to each other.  Had the NiCr 

burners worked correctly, the packages would have separated and the command package would 

have fallen, unknowingly, without a parachute.  A signal was then sent to release the lid of the 

ballute and deploy the parachute.  This signal was sent successfully, however the parachute did 

not deploy successfully, as can be seen from Figure 4.4.   

 

Figure 4.4 Top view of ballute after impact with the ground 

Figure 4.4 shows a mangled mess of wood and string.  Because the parachute did not 

successfully deploy, the ballute-command package system fell rapidly, explaining the damage 

that is seen in the photo.  However, the center frustum that was designed to house the electronic 

equipment was intact.  It sustained little damage and all of the electronic systems were intact as 

well.  Figure 4.5 shows this well.  This was exactly what it was designed to do, and was 

demonstrated in the numerous drop tests that were performed.  The frustum was designed so that 

the outer skeleton would crumble, absorbing the impact of the crash landing, saving the center 

frustum from any major damage.     
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Figure 4.5 Inside frustum after impact with the ground 

 In the end, the flight was not a total success, but not a complete failure either.  The launch 

was successful, and the lid deployment was successful, but because the package did not reach the 

high altitude necessary of 100,000 feet, the team was not able to obtain any useful data from the 

IMU.  Also, because of the design, the lid was unable to be separated from the package if the 

command package was still attached. 

 The Yaesu VX-8GR did not cut out its GPS at the 60,000 feet regulation, as was feared, 

but rather kept reliable track all the way to the 73,619 foot maximum altitude. 

5 DISCUSSION 

The design, construction, setup, and utilization of the package has taught the team many 

things, revealed issues that needed to be addressed, and raised questions that could be addressed 

in the future.   

First, the failure of the experiment was centered on the fact that the command package failed 

at the connection point at the balloon.  This could be remedied by strengthening the mount 

points, using redundant mount points, and using separate mount points for both the parachute and 

the balloon.  Also, since this point is subject to fatigue more than any other point in the system, it 

should be made with a material and design able to either withstand the fatigue, or alleviate the 
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damage caused by fatigue.  It would also be prudent to use a “fresh” command package to 

support reliable control methods.  The command package that was used was dropped twice 

before on prior launches, and could have sustained damage that was not perceivable to normal 

inspection methods. 

Second, in regards to the launch process itself, it would be advisable to install methods of 

remote powering and safetying of all components.  The package, when on site, suffered a small 

drop while being prepared that inadvertently set off the 10 minute timers programmed into the 

NiCr burning boards, and the ropes that attached the primary package to the command package 

were severed.  In regards to this accident, as well as the exorbitant amount of time to set up the 

package by installing the batteries and reset the NiCr burning boards to provide another 10 

minutes, a remote method of switching on all the power sources would be prudent.   

It would also be advisable to install remote access points to the programmable electronics so 

as to facilitate the modification of their programming while not having to remove them.  Even 

though the package was designed to be easily disassembled, once the parachute was packed and 

the lid was attached, it was very time consuming to undo these processes and repeat them.  

Remote ports for the RTrak board, NiCr burners, IMU, and data logger components would allow 

for quicker reprogramming once the package was assembled entirely. 

Third, a divulging of the source code, and a GUI being created allowing the NiCr boards to 

be reprogrammed, would allow for quicker adaptation of the boards by team members not versed 

in a computer language.  This came to be an issue upon the acquisition of the NiCr boards from 

another team that had them programmed to do another set of commands.  A volunteer expert was 

the only person on the project that knew how to recode the boards.  Student programming would 

enable faster assembling of the entire package. 

Fourth, the I beams used were overdesigned and too strong.  Weight could have been 

reduced by making them lighter.  Many of the I beams survived the impact from unarrested free 

fall, and did not absorb as much energy as ones that would have broken.  A thinner beam, 

different material, or a combination of both would allow for more weight to be installed in 

useable components or insulation. 

Fifth, open cell medium density foam was not ridged enough for the nose of the package.  

The package impacted on the nose, and the package bottomed out.  This is proven by two long, 

round pieces of the foam nose punched out by two screws attached to the wood skeleton.  A 

stronger foam, still able to deform, light, and shapeable, yet more ridged, would be better.  

Expanded polystyrene foam would be better.   

Sixth, it would be advisable to have more of the electronics available to support two teams.  

Additional components in reserve, or fewer packages being built, would alleviate the dearth of 

components.  Additionally, it is believed that there were too many teams working on this project, 

and all teams were working on the same things separately.  This is good to get a variety of 

different ideas, but faster development would happen if many people worked on a fewer number 

of designs. 
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Seventh, if the components were ordered well in advance, and not used, it would be better 

than if the part was ordered too late and caused delay of the entire project.  The balloons for this 

project were ordered in a respectable amount of time, yet due to shipping delays, they arrived 

much later than anticipated.  While still arriving before the time needed, it would be prudent to 

order parts that are in great need well before they are planned to be used.  If the parts are not 

used immediately or something happens to remove them from the design, there are no ill effects 

other than the loss of their cost.  In industry, it is better to spend $1000 dollars on parts that are 

not needed than have a potential period of nonproduction.   

Eighth, it is advisable to other people wishing to undertake this design project to avoid 

relying upon the flight prediction software, specifically the software written in excel. At the 

moment, the program gives massive calculation errors in the altitude programmed in, and 

demonstrates a package flight that is much too long compared to the true flight path.   

Ninth, the laser cutter cuts all components slightly smaller than what the engineering 

drawings specify which are exported to the machine. The program that the laser cutter uses 

seems to not take into account for the width of the laser, hence, all cuts the machine make take 

an additional  0.0705” off of all cuts that are made.  Parts in the future can take advantage of this 

if additional tolerance is needed so as to prevent having to modify drawings, or must be given 

different dimensions to take into account the amount of material cut off. 

Finally, the material and geometry selected proved very difficult to calculate strains in 

specific locations; it would be advisable to use finite element analysis to determine the optimum 

design for the beams given certain parameters.  Should time have permitted, the team would like 

to model the entire skeleton in an FEA package, apply forces at different locations, and 

determine specific weak modes of impact. 
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8 APPENDIX 

 

8.1 IMU data 

Please see attached digital files for IMU data, or visit  

http://www.cs.wright.edu/balloon/images/b/b1/Team_HAeHO_Launch_22_IMU_logged_Data_

Files.zip 

8.2 Prelaunch Checklist 

PREFLIGHT PLANNING  

THREE WEEKS PRIOR  

___Determine Launch Captain  

___Payload(s) Weight Estimate  

___Balloon and Spare of Required Size on Hand  

___Required Helium volume calculated  

___Helium Tank Quantity Sufficient (two fills single launch, three fills for double 

launch)???????  

___Gas Cylinder Transport Arranged  

TWO WEEKS PRIOR  

___Flight Computer Program tested for proper functioning. Check flight prediction software by 

running  

cite selection and flight path (most current) to make sure flight paths and landing cites match.  

___APRS Programmed and Tested  

___DTMF-8 Programmed and Tested  

___Launch Team & Chase Team Personnel Totals  

___Check flight prediction software: run site selection and flight path (most current) to make 

sure flight  

paths and landing sites match  

http://www.cs.wright.edu/balloon/images/b/b1/Team_HAeHO_Launch_22_IMU_logged_Data_Files.zip
http://www.cs.wright.edu/balloon/images/b/b1/Team_HAeHO_Launch_22_IMU_logged_Data_Files.zip
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WEEK OF  

___Completed Payload(s) weighed Payload and parachute weight: _________ lbs  

___Calculate Helium Volume Needed Desired lift: = _________ lbs  

___Determine & Mark Helium Cylinders Needed for Mission Fill  

___Possible Launch Site(s) Confirmed  

___Launch Team & Chase Team Personnel Totals & vehicle arrangements  

___Gas Cylinder Transport Arrangements Confirmed  

___All Batteries Charged / Sufficient Disposable Batteries on Hand  

___Airport Contacted (on Thursday) (if launch site is an airport)  

___Ground Test All Systems (conduct ground flight)  

..1.2*#1balloonballoonmm.. 

Flight Computer  

___Flight Computer Operating as Intended  

___Altitude Triggers Operate Properly  

Gas Fill Team  

___Balloon Available  

___Fill Valve Ready  

___Equipment Ready  

Imaging/Cameras  

___Camera(s) Functioning  

___Memory Available  

___Batteries Charged  

___Flight Crew Available  

Communications  

___Air to Ground Communications Operate Properly  
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___Radios & GPS Functioning  

___APRS Programmed Correctly & Operating Properly  

___Audio Beacon Functioning  

___Fox Hunting Beacon Functioning  

___DTMF Systems Operate Properly  

___Laptop Functioning & Power System Ready  

___Batteries Charged  

Payload  

___All Flight Boxes in Good Condition  

___Experiment in Working Order  

___Experiment Data Collection Working  

___Experiment Controls Operation as Intended  

WITHIN 24 HOURS OF LAUNCH  

___Weather Checks Completed  

___Flight Prediction Okay  

___Airport Approval Confirmed (if launch site is an airport)  

___NOTAM faxed to FAA ATC Facility (Dayton Approach) . Call to make sure fax was 

received. Initial fax  

must be sent at least 6 hours before launch. On fax sheet, change Rowdy Raider and the cell 

phone  

number and the landing location. (fax from Flight Prediction Package)  

___Call FAA ATC Facility to Confirm Receipt of NOTAM Fax  

Launch Day  

___ Run flight path again in morning. If path has changed, send a new fax to (NOTAM) to FAA 

ATC  

Facility (Dayton Approach). Call to make sure fax was received.  
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___Call Dayton Approach when balloon is released.  

___Call Dayton Approach when balloon is recovered.  

PARTS CHECKLIST  

. Ground cloth/tarp and stakes  

. Balloon enclosure and Velcro break-away  

strap  

. Lead shot weights for balloon enclosure (4  

big and 4 small)  

. Weights for ground cloth (water jugs)  

. Table  

. Handling gloves (latex gloves)  

. Helium (in secure transport structure)  

o Take 3 tanks for 1500 gram balloon  

o Take 4 tanks for 3000 gram balloon  

. Helium regulator  

. Balloon hose and filler assembly  

. Filler assembly hose clamp  

. Quick clamp (for balloon filling)  

. Flow meter  

. Scientific scale (not fish scale)  

. Fish scale/counterweight  

. Bucket to fill with sand  

. Balloons (this means more than 1!)  

. Party balloons  

. Aluminum foil (for party balloons)  
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. Servo  

. Servo tester  

. Foam enclosure for servo  

. Gauge 32 NiCr wire  

. NiCr wire circuit  

. Parachute  

. Kite string cut to length??????????  

. Yellow cord  

. Orange nylon cord  

. Red cord for ascent control  

. Payload harness  

. Water bottle with soapy water  

. Carabineers  

. Barnes Balloon Attachment  

Connector/Ring  

. Radar reflector  

. Handheld GPS tracker  

. Notebook and pen  

. Mobile HAM (with car battery)  

. directional antennae  

. ham radios used with directional antennae  

. AA batteries for directional antenna radios  

. Cigarette lighter plug  

. FRS Walkie-Talkies (for foxhunting)  

. AAA batteries for walkie-talkies  
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. Smoke dectector  

. Cigarette lighter plug  

. Spreader Ring  

. Swivels (at least 3)  

. Quick link connectors (at least 4)  

. 4 black shock absorbing bands  

. Fishing leaders  

. Extra snaps  

. Extra springs  

. Extra jones plugs  

. Extra split rings  

. Extra welded rings  

. Balloon connection  

. Laptop  

o Power cable  

o Floppy drive  

o CD-ROM drive  

o Drive cable  

o HAM.PC cable  

o USB flash drive  

. Communication module  

o GPS receiver  

o GPS antenna  

o Battery pack (for GPS)  

o Handheld HAM radio with battery pack  
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o HAM antenna  

o Screamer circuit  

o 9V battery for screamer  

o “SOS” foxhunting beacon  

o Camera  

o Box lid  

o Nylon bag  

o Bag label card – harmless radio device;  

contact info  

o hand warmers  

o carabineers to attach to bottom of  

command module  

. Experiment module  

o _Data logger power cord______________________________  

o __DVR remote_____________________________  

o __DVR batteries_____________________________  

o _______________________________  

o _______________________________  

o _______________________________  

o _______________________________  

o _______________________________  

o _______________________________  

o _______________________________  

. Tool kit  

o Multimeter  
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o Screwdrivers  

o Pliers  

o Wire cutters  

o Wire  

o Electrical tape  

o Duct tape (black)  

o Gorilla tape  

o 2 large adjustable crescent  

wrenches  

o Measuring tape  

o Soldering iron  

o Solder  

o Solder wick  

o Spare AA batteries  

o Battery charger????????????  

o Spare 9V batteries  

o Zip ties  

o Kite string  

o Pocketknife  

o Scissors  

o Extra batter terminal leads  

o Stop watch  

o Tackle box  

o Allen Wrenches  

o Extra carabineers 
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. Documents  

o Tax exempt form  

o Phone numbers (launch cite and area approaches)  

o Directions to launch site (enough for all drivers)  

o Directions from launch site to landing site (enough for all drivers)  

. In-Box  

o Thermal load  

o Servo unit  

o Camera  

o APRS  

o Basic stamp  

o DVR **  

o Beacon/Screamer **  

o Data logger **  

** Power on as close to launch as possibleLaunch Preparation Procedure  

1. AT LAUNCH SITE  

a. Spread ground cloth with no sharp objects located underneath (weight down corners)  

b. Attach regulator to cylinder #1  

c. Make sure regulator output closed  

d. Note Initial pressure of cylinder #1: _______________psi  

e. Put on handling gloves  

f. Place balloon on ground cloth, inspect for damages  

g. Tape lift gauge loop to filler assembly  

h. Place balloon nozzle over filler assembly  

i. Clamp or tape balloon nozzle onto filler assembly  
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j. One person should be holding the balloon nozzle, one person operating the regulator,  

others guarding the balloon with “big hands”  

k. Begin inflation (use regulator to begin slowly and increase fill rate as balloon takes shape)  

l. When appropriate, connect fish scale to loop  

m. Attach lift gauge to weight on the ground (to prevent accidental release)  

n. When cylinder #1 reaches ~100 psi close regulator output  

o. Record cylinder #1 pressure: _____________ psi  

p. Shut off in-line valve  

q. Shut off cylinder #1 valve  

r. Move regulator to cylinder #2  

s. Open cylinder #2 valve  

t. Record cylinder #2 initial pressure: _______________ psi  

u. Open regulator  

v. Open in-line valve, continue inflation  

w. Carefully let go of balloon nozzle while someone holds fish scale  

x. Take several readings and roughly average in your head  

y. When desired lift achieved, close in-line valve and regulator  

z. Record final pressure of cylinder #2: _____________ psi  

aa. Close cylinder  

bb. Pinch off balloon nozzle  

cc. Twist balloon nozzle  

dd. Tie balloon nozzle with kite string (CAUTION: not too tight or it will tear through) at  

the top of the nozzle, make this string have an extra 2-3feet in length to attach to the  

weight on the ground  

ee. Wrap tape around the tied section  
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ff. Tape and tie load loop on balloon nozzle about mid length down the nozzle by  

wrapping and tying the string and then wrapping that with a small piece of tape; this  

string should have an extra 4 – 5 feet in length that will attach to the parachute; wrap  

this section with tape  

gg. Fold nozzle material at the load loop section  

hh. Tie again  

ii. Duct tape balloon nozzle  

2. CHECK CONNECTIONS  

a. Flight GPS antenna to GPS unit (before power-up)  

b. Flight GPS to flight HAM radio (Kenwood TH-D7)  

c. Batteries to GPS unit  

d. Flight HAM radio to HAM antenna  

e. HAM radio battery pack  

f. Camera batteries  

g. Camera timer circuit  

h. Camera timer circuit switch  

i. Screamer speaker  

j. Screamer circuit  

k. Screamer battery  

l. Screamer switch  

m. HOBO thermocouple  

3. PREPARE LAPTOP/MOBILE HAM RADIO  

a. Power on laptop  

b. Power on HAM radio  

c. Connect to mobile HAM radio  
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d. Set HAM frequency to 144.390 MHz 

e. Check TNC mode  

f. Check APRS mode  

g. Load Xastir  

4. CHECK SETTINGS  

a. Power on HAM radio  

b. Set frequency to 144.390 MHz  

c. Check TNC mode  

d. Check Beacon mode  

e. Lock keypad (hold F for >1s)  

f. Confirm receiving signals in Xastir  

g. Move communication module around, checking that Xastir updates location  

5. HOBO LAUNCH  

a. Close Xastir (serial port is needed to launch HOBO)  

b. Connect HOBO cable  

c. Launch HOBO logger  

d. Delete log file in Xastir log folder  

e. Reopen Xastir  

f. Reconfirm data reception  

g. Start trace on call sign  

h. Confirm that coordinates are reasonable by comparing with handheld GPS  

 

6. CHECK EXPERIMENT MODULE OPERATION  

a. _______________________________  

b. _______________________________  
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c. _______________________________  

d. _______________________________  

e. _______________________________  

f. _______________________________  

7. CAMERA  

a. Turn on camera  

b. Turn on timer  

c. Confirm pictures are being taken  

d. Make sure the display is off  

8. Switch on screamer circuit  

9. Final check of APRS packet reception  

10. Begin APRS packet logging  

11. Connect Radar reflector to hoop  

12. Connect parachute to balloon (redundant strings)  

13. Connect parachute to hoop  

14. Connect hoop to communications module  

15. Connect communications module to experiment module  

16. LAUNCH  

17. Call ATC to confirm launch  

18. Recovery Team Heads for Predicted Landing site.  

CONTACT SHEET AND DIRECTIONS  

Contact Names and Phone Numbers:  
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8.3 Launch Go/No Go checklist 
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8.4 Volume Chart 3000g 

 

8.5 Programmed Frequencies 

MP-MECH PACK EE-ELEC PACK 
 

 
                       Freq. 

 CW Beacon CP 146.565 
 CW Beacon EP 146.565 
 CW Beacon MP 146.565 
 Yaesu APRS MP 144.390 W1WSU-13 

Yaesu CUT DOWN MP 144.050 
 R-Trak MP 145.050 W1WSU-14 

Command Pack 145.050 W1WSU-12 

R-Trak EP 144.390 W1WSU-10 

 

  

http://www.cs.wright.edu/balloon/images/e/e7/Vol_chart_3000g.pdf
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8.6 Balloon Fill Program 
% Balloon filling calculations 

% Caleb Barnes 2008 
% Adapted from hab_Vol_gas_burst_press created by Brandon 

Kirby 2006 

clear all; clc; close all; 
disp('-------------------------Inputs------------------------------------') 

% Input launch conditions and initial conversions 

Ta = input('\nInput ground surface temperature (C):  '); 
Ffe = input('\nInput system weight (lb) (everything except 

balloon):  '); 

Mb = input('\nInput mass of balloon (kg):  '); 
disp(' ') 

disp('Input burst diameter of balloon (ft): '); 

disp('1500g balloon: 27ft'); 
disp('2000g balloon: 30ft'); 

burst_de = input('3000g balloon: 35ft \n'); 

Wb = 2.20462262*Mb; %Convert mass to lb 
Ffe = Ffe + Wb; %Add weight of balloon to system weight 

Ff = Ffe*(1/.224809);%Convert payload weight to Newtons; 

% Find the density of helium and air at ground temp and pres 
rohe = (101.4*10^3)/((2.0769*10^3)*(273+Ta));%kg/m^3 

roa = (101.4*10^3)/((.2870*10^3)*(273+Ta));%kg/m 

% Calculate balloon volume (assuming elastic effects negligible) 
% This section calculates volume to obtain equilibrium 

V = Ff/((roa-rohe)*9.81);%in m^3 
Venglish = V*35.3147; %Convert to ft^3 

Vliters = V*1000; %Convert to Liters 

ground_d = 2*(3/(4*pi)*Venglish)^(1/3); %ground diameter in 
inches 

('----------------------------Outputs------------------------------------') 

% Compensate for lift required to obtain 1000 ft/min ascent rate 
% Based on reference sheet provided by Hank Riley, N1LTV with 

LIFTWIN v1.02 

% This information included at the end of the program 
if (ground_d < 3.5) 

Ffe = Ffe + 0.7; 

elseif ((ground_d > 3.5) & (ground_d < 4.5)) 

Ffe = Ffe + 1.2; FL = 1.2; 

elseif ((ground_d > 4.5) & (ground_d < 5.5)) 

Ffe = Ffe + 1.9; FL = 1.9; 
elseif ((ground_d > 5.5) & (ground_d < 6.5)) 

Ffe = Ffe + 2.7; FL = 2.7; 

elseif ((ground_d > 6.5) & (ground_d < 7.5)) 
Ffe = Ffe + 3.7; FL = 3.7; 

elseif (ground_d > 7.5) 

Ffe = Ffe + 4.8; FL = 4.8; 
end 

% Recalculate volume with compensated free lift 

Ff = Ffe*(1/.224809); 
V = Ff/((roa-rohe)*9.81); 

Venglish = V*35.3147; 

Vliters = V*1000; 
Vfm = 1.398*(Vliters) + 0.4675; %Compensated for flow meter 

reading 

ground_d = 2*(3/(4*pi)*Venglish)^(1/3); 
% Display results 

fprintf ('\nFinal lift force needed: %6.2f lb', Ffe) 

fprintf ('\nFree lift required for balloon size:  %4.1f lb\n',FL) 
fprintf ('\nVolume required: %6.2f L, or %6.2f 

ft^3',Vliters,Venglish) 

fprintf ('\nBalloon ground diameter:  %3.2f ft\n',ground_d) 
fprintf ('\nCompensated flow meter reading: %6.0f L\n',Vfm) 

% Find the balloon burst altitude 

m = V*rohe;%Mass of helium inside balloon in kg 
burst_d = burst_de*0.3048; %Convert bd to meters 

r = burst_d/2; %Radius of balloon at burst 

Talt = 253; %K %-20C Approximate temperature at max altitude 
Vb = (4/3)*pi*(r^3);%Balloon burst volume in m^3 

P = m*(2.0769*10^3)*Talt/Vb; %Pa 

Pk = P/1000; %kPa 
%altitude data pulled from http://www.sablesys.com/baro-

altitude.html 

if Pk<7.24 & Pk>4.49, %60K to 70K 
ah = 70000; 

al = 60000; 

Ph = 4.49; 
Pl = 7.24; 

Altitude = (ah - al)*((Pk - Pl)/(Ph - Pl)) + al; %feet 

end 
if Pk<4.49 & Pk>2.8, %70K to 80K 

ah = 80000; 

al = 70000; 
Ph = 2.8; 

Pl = 4.49; 

Altitude = (ah - al)*((Pk - Pl)/(Ph - Pl)) + al; %feet 
end 

if Pk<2.8 & Pk>1.76, %80K to 90K 

ah = 90000; 
al = 80000; 

Ph = 1.76; 

Pl = 2.8; 
Altitude = (ah - al)*((Pk - Pl)/(Ph - Pl)) + al; %feet 

end 
if Pk<1.76 & Pk>1.12, %90K to 100K 

ah = 100000; 

al = 90000; 
Ph = 1.12; 

Pl = 1.76; 

Altitude = (ah - al)*((Pk - Pl)/(Ph - Pl)) + al; %feet 
end 

if Pk<1.12, 

fprintf('\nBurst beyond 100,000ft\n') 
end 

if Pk>7.24, 

fprintf('\nBurst below 60,000ft\n') 

end 

fprintf('\nFinal altitude is approximately %6.0f ft\n\n',Altitude) 

%Information from the file freelift.txt provided with Hank Riley's 
LIFTWIN 

% There is a somewhat popular notion that one pound of freelft 

% provides an acceptable ascent rate for a small amateur radio 
% equipped balloon. 

% This is a good approximation if the balloon is close to 4 feet 

% in diameter at release, but most of the payloads now with GPS 
% onboard and one or more radios will need a bigger release 

diameter 

% to obtain the necessary lift. 
% Here is a small table of values obtained by using LIFTWIN that 

% shows the dependence on release diameter for the proper value 

% of freelift required to achieve an ascent rate of 1000 feet/minute. 
% Release diameter            Freelift for 1000 feet/minute 

%     3 feet                              .7 pounds 

%     4                                  1.2 
%     5                                  1.9 

%     6                                  2.7 

%     7                                  3.7 
%     8                                  4.8 

% Hank Riley, N1LTV 

% 04/24/00 


