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1.0 Abstract

The Wright State University High Altitude Balloon (WSU HIBAL) project is currently making progress toward
developing both a more lrgble and readily launchable system and a freefalling test vehicle for release from
high altitude balloons. The team was previously limited in terms of launch readiness and flight capabilities. In
order to improve reliability during the launching praz@sd provide more launching opportunities, the current
system and methods have been reevaluated and redesigned. To overcome the roadblocks while launching, a
fabric tentlike enclosure was designed to shield the balloon from high ground wind speedsiembdaaiards

during the filling process. Balloon filling procedures and payload connections have been individually tested and
redesigned to reduce the risk of balloon loss during launches. This series of improvements will allow the WSU
HIBAL team to launb under harsher conditions and greatly reduce complications for current and future teams.
The second venture of the current team was to design, build, and test an aerodynamically stable vehicle with a
remotely or automatically deployable parachute to dleased from a high altitude balloon. A -catwn
mechanism was designed and installed to sever the connection betweetritry kehicle and the balloon
through both automatic and remote controls at the discretion of the operators. The ability db thentr
detachment from the balloon and deployment of the parachute will provide a system capable of simulating low
gravity through a stable and uninhibited freefall capable of landing in a safe manner. The proposed designs and
modifications will greatly ierease experimental capabilities and launching ability for the WSU HIBAL team.

2.0 Introduction

The WSU HIBAL team is an intatisciplinary project providing a broad range of experimentation and design
projects. Past projects have varied greatly, providilgl uabl e experience for each
much information about aerospace applications has been obtained from HIBAL experimentation. The HIBAL
project is an important venture for the exploration of near space and is capable of doiogestsfully and
inexpensively. This has led to the establishment of industry collaboration on the project. In previous years,
several companies such as CRG and ILC Dover have expressed an interest in the HIBAL team.

During the 200582006 school year, eéhprimary efforts of the project were made in designing a payload and
establishing communication systems, which laid the foundation for future experiBentfter the essential
ground work had been developed, the 20067 HIBAL team was able to focus on improving flight prediction,
developing more reliable tracking methods, and creating a tube that would deploy-apaeausing only 18
volts of power. This sl memory tube was donated by the aerospace company, ILC Bhvé@he following

year (20072008), the HIBAL team worked toward creating a thdaeensional, unfolding truss using shape
memory materials from Cornerstone Research Group (THG)

The 20082009 HIBAL team, consisting of botheohanical and electrical engineefscused on improving the

launch and flight capabilities of the WSU HIBAL. For the mechanical portion of the project the main goals
were to develop an improved launching system, build a release mechanism to sevelodme flmah the
payload, manufacture a stable command module with a low terminal velocity, and install a deployable parachute
on the command module.

Certainly HIBAL near space experimentation is an important project at WSU and worth the effort involved.
Many different design projects and experiments can emerge from ballooning at nearly 100,000 ft, and joint
ventures with industry can also be established. This project will continue to entice outside companies to
collaborate with WSU in future research andmote this fine university as a respected name in near space
research.
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3.0 Design Criteria

The 20082009 WSU HIBAL team has two main goals to accomplish during the year. The first is that past
teams have been very | i mit eedm must inprave taecnbhing goceaes koi t vy .
allow more launches under harsher conditions and with fewer complications. Some of the challenges to
overcome were high ground wind speeds, uncertainty in the filling process, and component failure due to
dynamicloading during balloon takeoff. These areas must be investigated and resolved to allow current and
future teams to launch more frequently.

The second direction the team must work in is creating a payload that may be dropped from 100,000 ft and
freefall in a stable fashion for 20 to 30 thousand ft before deploying a parachute and gliding back to ground.
Such a system requires three major areas of development. The first is a method of releasing the payload from
the balloon with automatic and remote contrdlhe second is a parachute deployment system with redundant
deployment. Both of these areas must be capable of working in harsh high altitude environments. Both systems
must be designed for very coléb(°C) temperatures and a low pressure environiueditsufficiently tested in

both areas before implemented in the payload system. The third area of development is the payload body itself.
The package design must be reconsidered as a large body with high drag to slow the descent of the payload for
safetyreasons and provide a stable flight during freefall. The package must be able to house all of the necessary
components internally yet remain consistent with the strict FAA regulations. How these goals were approached
and resolved are discussed in thikofeing sections of this paperA simplified schematic of the final payload

operation is showim Figure3.1.

Figure 3.1 Freefall payload operation schematic




4.0 Launch Readiness and Improvements

In previous years one of the major detriments to the Wright State High Altitude Balloon Team has been launch
readiness ahreliability. This has again proved to be a major issue for the 2Q@089 HIBAL team. In order
improve the success of current and future teams several issues needed to be resolved.

4.1 Filling

In previous years, the HIBAL team relied on estimatimg amount of helium in the balloon during the filling
process by observing balloon diameter and measuring lift using a fishing scale. If the balloon had an
insufficient helium volume to generate the required lift, the payload had to be untied andirthenéiltzle
reinserted into the balloon neck. This was often a very-tiomsuming iterative process.

In order to improve the filling procedure, an Omega FVB¥4 flow meter equipped with a totalizer was
purchased shown iRigure4.1. Thisequipment was obtained in order to remove much of the guesswork from
the filling process. An attached flow totalizer records tha&l teolume of helium entering the balloon (in liters)
while the lower display wnitors the instantaneous rate of helium flowing into the balloon. Connections were
made to the helium tank regulator and filling nozzle for use in the field.

MEOMEGA' rorsue

Figure 4.1 Omega flow meter

Before employing the flow meter during an actual launch, the totalizer values needed validation. A test was set
up to check the actual helium volume with the volume values displayed by the totalizer. This was accomplished
by filling a series of balloongvith the flow meter and using the lift generated to find the actual volume of
helium in the balloon. Multiple 36 inch balloons were filled to various volumes using the flow meter totalizer
for measurement. An anchor was then tied to the balloon and meéasishown ifrigure4.2. This weight

was then subtracted from the weight of the balloon, rope, and anchor before filling. The difference in weight
was used to find the resulting lift produced by the volume ofilvein the balloon as shown in equatibb.



Figure 4.2 Measuring balloon lift
(4.1) 0= Wygn oo ©s0ei0 @0

The valueof lift was used in the following buoyancy relationship to find the actual volume and convert this
value to liters

42) o= ——

"o T Q

The densities for air and helium were found using the ideal gas law using room temperature and 1 atm pressure
” 6
(4.3) = v
This volume was then compared with the volume readout from the flow meter totalizer and the process was
repeated for each balloon.

In order to verify the results from the test previously described, a second method of finding volume was
performed in comimation. For each balloon the diameter was also found by wrapping a rope around the filled
balloon and measuring the circumference. The diameter was obtained by modifying the circumference equation

(4.4) 0=2
The diameter was then used to find the volumeabsuming the balloon shape as a sphere and using the
equation for volume of a sphere

._4, 03

While the second method of finding volume is less accurate than the first, it allows for a means of studying the
effects of the balloon elasticity on the helium g
pressure slightly as the elasticaterial becomes tighter near the elastic limit for very full balloons. This
increased pressure raises the density of the enclosed gas by a small amount decreasing the buoyant effect of the

lift gas. If the volume predicted from the lift values agredh wie actual measured volume within a reasonable
amount of accuracy, then compression due to balloon elasticity on the helium can be assumed as negligible.
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A comparison of the two methods shows an agreement between values suggesting that compression is
negligible, and the volumes obtained from measuring lift are valid. The volume and lift of helium obtained from
the lift measurements was then used in comparison with the totalizer output. The expected lift according to the
totalizer output was obtaindry modifying equatio.2

(46) U = d) " () " K00) Q

After the first few rounds of testing, several of the data points were plotted and tredlines were added to fit the
data. Figure4.3 shows a plot of the actual lift generated at each volume compared with the theoretical lift for
each volume of helium. As expected, lift increases linearly with volume with densitiesapfdalivelium held
constant. However, the data for actual and expected lift do not overlap nor are the tredlines parallel. This leads
to the conclusion that the flow meter was not reading the correct output causing balloons to be underfilled.

Actual Lift vs. Expected Volume

0.45 1

y=0.0023%+ 0.0-31/
0.4

e
0.2 ‘/I’/ /
0.15 _/! /= 0.0017x- 0.0085

— —4— Actual Lift

Lift {Ib)
E

—l—Expected Lift

a T T T T T T T
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Volume (L}

Figure 4.3 Comparison of actual lift generated vs. the expected lift for the same volume

Following the previous conclusion, more balloons were filled in order to find a stronger relationship between the
actual balloon volume and the expected volume output from the flow meter totalizer. All the data points
obtained were plotted with the desireolume on the jaxis and the actual volume on theaxis as shown in
Figure4.4.



Flow Meter Reading vs. Actual Volume
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Figure 4.4 Flow meter compensation relationship

Adding a tredline to the complete set of data gives the equation for a line modeling the trend for the difference
in theoretical vs. flow meter volumes. Using this equation, a desired volume may be input and a required flow
meter totalizer reading to aeve this volume will be output giving equatiésT.

The relationship found from these experiments provides a means of compensating the flow meter totalizer to
provide the correct amound of helium to the high altitude balloon. The efforts on thimesproven to be
useful during HIBAL launches.

4.2 Flow Meter Results from October 18, 2008 Launch

A method for finding the volume of helium needed is necessary to make use of the flow meter during HIBAL
launches. Too low of a volume will underfill the balloon causing a very slow ascent rate, and overfilling the
balloon may cause premature ruptureliguaes lower than 90,000 ft.

A MATLAB program was written by a previous HIBAL team calculating the necessary volume and mass
requirements in addition to predicting the balloon burst altitude and lift. The original program required inputs
for system wight, balloon mass, ground temperature, and balloon burst diameter. This volume output from this
program was converted to liters and used as the input for an older version of edadionng the October, 18

2008 HIBAL launch. This launch was thestitest of the new balloon filling equipment and the process proved

to still be insufficient. The launch resulted in a very slow ascent rate due to an underfilled balloon.
Subsequently, both the flow meter and volume prediction program were investgapeissible sources of
error.

The original volume calculator was used to predict helium filling requirements. The parameters input for the
October 18 launch were 9lb for system weight, 1.5 kg for balloon mass, 8°C for ground surface temperature, and
35 ftfor burst diameter of the balloon. The program yielded the following outputs:

Ff =50.9838 N (lift force needed)

Venglish = 169.3775 ¥(volume of helium)
10



m = 0.8333 kg (mass of helium)
d = 10.6680 m (burst diameter of the balloon in meters)
Pk =0.6888 kPa (atmospheric pressure that will burst balloon)
Converting the lift force to pounds provides a more useful number to compare to the payload weight.
Ff = 11.46 Ibf
Converting the volume to liters provides the target volume needed to propehyg fialloon.
V=4796.2 L

This volume was used in the first version of the flow meter calibration equation to find the readiedtoeed
obtainthe required volume.

(4.8) Gaeo 5 aa = 1.3980y qpm + 04675

According to the above equation a flovetar output of 6705 L was required to obtain the necessary
4796 L. During the actual launch the balloon was filled to this value and released with the payload.
The balloon provided sufficient lift to raise the entire system off the ground at an avecagerate of

233 ft/min. This slow ascent rate caused the balloon to travel much further than predicted.

The actual system weight attached to the balloon from this launch was 7.874 Ib. Because this weight
was well under the estimated weight input te tatlab file, the balloon should have had a much
guicker ascent rate. More tests were performed on the flow meter to check the calibration equation, and
the volume calculator was evaluated for errors.

4.3 Volume Calculator

A program was obtained called LIFTWIN 0.2 which automatically calculates volume, burst time, and

ascent rate for various types of balloons. This program was not used to replace the previous program
because it uses preloaded information for different balliypes. None of the preloaded balloons are

used by the WSU HIBAL Team. Reference information provided with the program included suggested

free |ift values to obtain an ascent rate of 1000 f
upward force provided by the buoyancy of the balloon in excess of the entire system weight. Free lift

governs the ascent rate and required free lift increases with balloon ground diameter. This makes sense
because increased volume means increased suréscarad therefore higher drag.

The general launch diameter for the high altitude balloon is roughly seven ft corresponding to a required
free lift value of 3.7 Ib according to this reference. Assuming accurate flow meter compensation, the
4796 L volumethe balloon was filled with theoretically provided 10.85 Ib of lift. Adding the balloon
weight (3.31 Ib) to the system weight (7.87 Ib) accounts for a total weight of 11.18 Ib the balloon needed
to lift. This introduces a situation where the balloon lslfficient lift to ascend, yet is near
equilibrium. Observations from the October 18 launch showed that something similar to this happened.
The balloon actually provided sufficient lift to ascend, but barely. The balloon was very near

11



equilibrium cauiig a very slow ascent rate. This means that the calibration equation provided more
helium than expected and was not the cause of the underfilled balloon.

Therefore, the problem was in the required volume calculated by the original Matlab program. The
program outputted a volume which would provide a lift sufficient to barely lift a 7.87 Ib system weight
even though an estimate of 9 |b was input into thgnarm. Had the correct value been entered, an
insufficient volume would have been output and the balloon would not have lifted the payload from the
ground. It appears the program does not account for the weight of the balloon in the system weight.
Volumes predictions for future launches should be based upon obtaining the free lift referenced in the
LIFTWIN program information files instead of the Matlab program output.

A new Matlab program was written based upon the old code but changed to accoaftodor Wweight
and free lift requirements varying with diameter. The burst altitude calculations for the new program
were left unchanged from the old program.

(4.9) Qo vom = Ovian + Wsgees + Dovm

Equation4.9 finds the total lift force required to achieve a sufficient ascent rate. Equétioasd 4.5

were then used to find the corresponding volume. Equdtibwas used to find the flow meter totalizer
reading needed to achieve this quantity. Thegganm initially takes inputs for balloon and system
weights and calculates the balloon volume to lift the system off the ground. The program then checks
the balloon diameter and chooses a corresponding free lift value and recalculates the volume
requiremets.

The new combination of flow meter and volume calculatiasbeentested durindaunch 3to verify

the improvements made to the filling system. The balloon waentionally overfilled by
approximately 300 L (on the compensation scale) resultimg iascent rate of 1200 ft/min. While this

is an acceptable ascent rate, filling the balloon to the value recommended by the program will allow for
an ascent rate closer to 1000 ft/mirA copy of the new volume prediction program is included in
AppendixA of thisreport.

4.4 Balloon Enclosure

In the past, the major factor preventing more HIBAL launches was high ground winds. Previously, the HIBAL
team used their hands to stabilize the balloaring filling similar toFigure 4.5 The large surface area of the
balloon was dramatically affected by winds causing it to be hard to control. As a result, a method to shield the
balloon from high ground wih speeds was ing&gated in order to resolve this complication. Various fabric
enclosures were researched as possible solutions. The enclosure needed to securely contain the balloon during
filling without harming the latex material. Protecting the balloon from highrgtavinds would also eliminate

the need for contact with the balloon by allowing for hands free filling. Such an improvement would eliminate
the possibility of human oils coming in contact with the latex material. If human oils were to touch the balloon,
they could cause the balloon to rupture prematurely by freezing on the surface and stressing the latex as it
expands during ascent.

12



Figure 4.5 Balloon filling without an enclosure

Another main criterion was that the balloon enclosure needed to be portablstofRipylon and pack cloth

nylon had already been purchased the previous year for an enclosure. Tents, domes, and tubes were obvious
options. One of the negative aspectsaofent or dome design was that the seam work would be more
complicated than a tube desi gn. This could make a
would be simpler to construct because only rectangular pieces of material would neesbwanbat the edges.

Overall, a tube design appeared to be the most cost effective and easy to set up and use during a launch.

For the tube shaped balloon enclosure, one of the main sources of inspiration came from Dr. David Rust from
NOAA/National Seere Storms Laboratory in Norman, Oklahofd2]. The balloon was filled inside the
payload, and a breadway strap was pulled off of the side of the enclosure to release the balloon. Basically, the
tube was actually karge sheet of fair fastened together with Velcro at the edges. The balloon diameter was
compressed by 20% inside the tube when completely filled. The compression had no negative effects on the
ball oon. However, it was deci ded Idtnbtaim totsigreficamtly B A L
compress the balloon. Instead, it was calculated that the largest diameter balloon would be compressed by no
more than 10%. This number was calculated based on the given amount of fabric available to work with. The
design conept was based upon the maximum balloon size the HIBAL team is capable of using. A maximum
balloon diameter of less than 10 ft was estimated. This diameter was based upon the resulting volume of helium
needed to lift a system weight of 24 Ibs suspendenh fthe balloon. However, the balloon enclosure also
needed to work for smaller, 6 ft diameter balloons. The following calculations were done in order to determine
the exact dimensions of the balloon enclosure to be built. The first step taken wasrtongethe total volume

of the largest balloon assumed as a sphere.

(4.1) Qo= 5 13 = 3" 2 53 = 523599"%’

Then, the balloon was modeled as cylinder capped with two half spheres when compressed in the tubular
enclosure. This approximation seemedb® an accurate representation for the largest balloon, slightly
compressed. By equating the actual vol ume of a sp
the required length of the enclosure was solved.

(4.2) Wime = 26 oy mo T Qoo
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(4.3) Qimoa = 224 2453 = 523599
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(4.4) a= 223"0%
. a1l 1.
(4.5) Qeognn = O+ 70+ 70
(4.6) 6=2"1 =2 2459l = 28.27 QX1

4.7) Qo = 16.37 QD

A 5 ft by 40 yd piece of nylon paaitoth was available for use. Therefore, the most logical design was to make

the enclosure with a 30 ft circumference and 20 ft lengthfull set of dmensions for the balloon enclosure

may be seen in Figure B.11 of Appendix Bhis design would contain the largest balloon, allow for extra
material for asynch cord at each end of the enclosure, and utilize the entire roll of nylon pack cloth. The synch
cordsd purpose was to keep the balloon from cominog¢
Additionally, weights were integrated into tlidesign. The bottom of the cloth tube contained pockets in which
weights were to be inserted. The purpose of the weights was to keep the balloon anchored to the ground during
filling and before launching. It was decided that four 4 |b and four 8 Ib dialgad shot weights were to be

used. The lead shot weights were able to mold to different shapes and did not have any sharp edges that could
puncture the balloon.

Figure 4.6 1/12 scale model

A 1/12 scale model prototype was then made, as seféigune 4.6 Smaller balloons were put inside the scale
model to make sure the balloon enclosseemed feasible. It can be seen in the scale model that the balloon will
leave the tube via the Velcro rip cord along the edge of the tube. Due to a lack of sewing equipment and
expertise, fabrication was | ef moteisdahat8lasedmovork was doaei | or
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such that all knots were on the outside of the enclosure. This was done in order to avoid any puncturing or harm
to the balloon by the knots. The enclosure was fabricated before the first launch and test duringdhis la

The enclosure worked perfectly protecting the balloon from ground winds and allowing a free release when
filled. The final product is shown iand asequentiaimage of the balloon being released may be seEigimre

4.8.

Figure 4.8 Balloon release

4.5 Connection Upgrades
Payload System Failure Analysis

Following the January 4, 2009 launch it became apparent that many of the connections used in the payload
system needed to be replaced and a more thorough testing process should be implemented for every componen
used. Two unexpected connection failuresuoed on the launch and components were analyzed following the
launch and preventative measures were taken to avoid failures in the future. Efforts made to this end will
improve launch readiness and reliability in future launches.

Connection Failure #1

There were two primary failures during the launch which should be avoided in the future. The first failure was
in the connection between the balloon neck and ring as shoWwigune 4.9. This connection consists of a
15



swivel and several rings. The leftmost ring in the below figll@vs the line attached to the parachute and
payload to slip freely when the servo is released. The swivel allows the system to rotate freely during ascent to
prevent tangling in the connection line.

Figure 4.9 Balloon neck connection

This system consisted of two split rings attached on either end of a swivel between two larger stainless steel
rings. This system failed due to the balloon snapping on the connection during initial release from the bag.
From observation, only the bottofteftmost) ring inFigure4.9 was left behind after losing the balloon leading

to an initial theory that the split ring failed allowing the balloon to escape.

A more detailed analysis on the components was performedtty baderstand the failures which occurred.
Tension tests were performed on both the stainless steel rings and split rings. The tension tests were performed
by joining the split ring and hardened ring together and then pulling on both rings usinipa disdde on one

end and a rope on the other. The setup was the same as the portion of the connection which failed. The force
was slowly increased until failure occurred.

During the first test the split ringtainless steel ring system failed at 145 However, the split ring was not
deformed and was not the cause of failure disproving the initial theory. It appears that the stainless steel ring
has a split end that forms a gap deformation in the ring as shdvgure4.10. This gap allowed theplit ring

to slip through and break the connection. It is very probable this was the cause of failure during the launch.

Figure 4.10 Split in stainless steel ring

A similar test was performed on the split ring itself until failure. The maximum force observed before the split
ring unraveled was 48 Ib as shownFigure4.11. This supports the previous conclusion and efforts have been
made to eliminate the gapgblem with the hardened rings by brazing at the joint. Rings similar in size and
weight but weldedtahe joint have also been obtained as replacements.
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Figure 4.11 Split ring failure

Once again, a tensile test was performed in a similar manner to test the new ring strength. A 100 Ib was
achieved without any signs of failure in the ring. It appears the improvement will be sufficient to prevent the
same failure in the future. Despitee high failure force of the split rings these components will be replaced
with stronger split rings with a 150 Ib load rating. Such a change reduces the chances of failure in these
connections. In addition, the split rings attached to the ball beswiivgls were replaced with the heavier split

rings in order improve the strength of this connection.

Connection Failure #2

The second failure involved the loss of the second payload during balloon takeoff. Judging from launch day
videos this failure@ c cur r ed dur i ngypedoad daeta the ratigh Inaturefsthe aunéh. All future
connections should be able to withstand this kind of loading without risk of breaking and every effort will be
made to prevent such problems in future launches

The original connection consisted of four 10 Ib test fishing lines attaching at both ends by swivels to each
payload. From observation, two of the connections failed due to the fishing line breaking. The other two
connections appear to have failed doi¢he knot becoming undone. It is apparent that the fishing line was too
brittle for this connection and the human error involved in tying strong knots needs to be removed.

10 Ib test line was used due to a misinterpretation of the FAR 101 regulktiititey connections between
payloads to 50 Ib. The rule actually states that each connection must be able to break with a 50 Ib force at some
point in the connection. From this interpretation of the rule each of the four 10 Ib test lines can be weffiaced

50 Ib lines.

The issue of tangling also needs to be discussed and resolved from this design in the same redesign step. The
payload configuration from the launch placed the antenna between the two packages causing significant
difficulty during thelaunch procedure. This problem must be resolved to allow the team to launch under high
wind conditions.

In order to remove the error in knot tying and increase the strength of individual lines, heavy duty fishing
leaders were obtained with a edstrength of 45lb and a 2 ft length. Placing two leaders in line for each
connection will allow for a four foot length. In order to prevent future tangling issues in this connection a
spreader ring similar to the one used below the parachute will be plesbdwan inFigure4.12.
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Package 1

]

Package 2

Figure 4.12 Payload connection

Shock Absorption Methods

Several methods afofteningdynamic loads have been investigated to help prevent stress on connections and
lines in future launches. The first is a spring system attached in parallel with string lines asrsRkaure

4.13. The goal is to allow the spring to slow down the rate the fisreg@plied to the payload system during
takeoff. The configuration allows for the spring to be placed in line with the iropeder to slow the rate of
loading onthe cord. However, most springs with a low enough stiffness to prevaldficient spring rate

cannot withstand sufficient static loads to be trusted with the connections. Therefore, the rope shown is tied to
both ends of the spring as a continuous line. This prevents the spring from taking on the full static load while
providing sufficient deceleration during perturbations in flight as showfigare4.14. Should the spring fail

for any reason, the connection istrcompromised due to the unbroken rope connected in parallel with the
spring. The best location for this system was between the parachute and balloon.

Figure 4.13 Parallel springrope system unloaded
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Figure 4.14 Spring system under loading

A method of easing dynamic loading on connections between payloads was also to be implemented. An elastic
band was wrapped around the set of connections between payloads putting tension on the elastic and distributing
tension more evenly across the sme. The elastic bands should slow down the rate of loading on these

connections helping to prevent failure in the 451 0b
have been purchased and sown i n tclosetdftstea leademrseas shownih o o p -
Figure4.15.

Elastic bands

Figure 4.15 Elastic band shock absorbers

Strength Testing and Proving Reliability

In order to improve the reliability and prevent future failures, strength ratings will no longer be trusted and
components will be individually pretested to a minimum of 50 Ib static loads. In addition, system should be
pretested with dynamic loads for ality assurance. System tests will be performed by lining up each
component, with the exception of the balloon, as it would be during the actual launch to a pulley system as
shown inFigure4.16. The payload system is initially placed on the ground. While the weight is dropped, the
dynamic loading caused by the weight snaps the payload upward simulating launch conditions. Failures and
tangling issuesre observed and resolved as needed during this testing process.
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The pulley system consists of pulleys mounted on 2
bridge and spread apart enough to prevent the weight from contacting the paylogdedtirig. The cord can

be looped through the pulley system and the weight tied on one end while the other is attached to the payload
system.

Figure 4.16 System strength test

Component Testing

A number of components have been purchased to replace previous connections and strengthen existing
connections. A number of components, both old and new have been strength tested for failure prevention in
future launches. Each component was tested witinGeasing load until either failure or 100 Ib was reached.
Observations of the failure or component behavior during loading were noted. A list of components will be
continuously updated for reference by future and current teams. The results sdbfaisean iffable4.1.

Most of the components tested satisfy the associated ratings while a few components do not appear to comply.
The two conneatins likely to be weak points in future launches are the swivels and fishohgydeaThe ball
bearing swivels consistently fail in the split ring portion of the connection. The swivel strength was improved

20



