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ABSTRACT

Scientists have used balloons to study earth for a long time now; howm/&allops
Arc-Second Pointer (WASRS asignificant advanceent to preserpointingapparatusefor
planetary scientists in particular because they require a highly stable pointing system to
accurately track planetary targets as they move in the solar systeitional examples of
objectives includexoplanets anX-ray sources outside the solar syst®#ASP is an innovative
and standardized system that can accurately point a balloon payload within asetoagt70°
in the pitch direction and 2%n theyaw direction. WASPhas successfully completed three test
flights, in 2011, 2012 and 201®/ASP is already a completely functional and operating system,
however the Balloon Program Offi€ode 820and the Mechanical Systems Branch (Code
548)at the National Aeronautics Space Administration (NASA) Wallops Ehkglaility (WFF)
would like to improve upon the original structuidne arrent version of WASP weighs
approximately600 Ibm. NASA WFF intends teeduce thaveight the pointing system lat least
a 100 Ibm, while maintaining the original strength andretgt Reductions in weight will allow
project scientists to incorporate additional instruments to a payload, or by flight operations for a
longer duration flightThe end goal of kesigning WASP is to create a system that will be
included in a standardideballoon platform foearth scienceglanetary scienceandfor
proposals such dee Gondola for High Altitude Planetary Science (GHAPS) project

The thesis dails the research conducteddesign decisions for WASP, a suggested
assembly procedure fdne inner frame of the WASHnite element analysi@EA) conducted
on the inner frameand recommendations for moving forwafdhe relesigned versionfWWASP

is 161 Ibm, or 31% lighter than the original desigihhe redesigneASP inner frame utilized



standard offthe-shelf extrusions to maintain cestfectivenessFEA was conducted using
AutodeskinventorProand Abaqus. Té stress analysis tested thdesigned versionnder an
applied load of 1,500 Ibf loading with a factor of safety of 10 (15,00@#uf),to ensure tat the
structurewould not experience ultimate failurd he analysis using Inventdemongratedthat
there was d3.5%difference between simplified hand calculations and the HBA.percent
difference between the Abaqus FEA and thedhealculatiorwasapproximately2.4%.The
redesigned WASP met dlie project requirementand was approved for manufacture by the

NASA WFF Mechanical Systems Branch engineers and technician.
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Chapter 1

Introduction

Objective

TheNASA Wallops Flight Facility (WFFMe c hani cal Symihgoafer Br anc h

redesigninghe Wallops AreSecond PointefWASP) structure was toeduce the weigHty at

least 100 Ibmabout 18%lighter than the originalvhile maintaining the stiffness and strength of
the original designrReducing the weight of the pointing system waailibrd two significant

options for a balloon mission. Project scientists could choose to either include more instruments
on the payload or ofor a longer duration flightbothwould increase the amount of data

collected during a mission initial brainstorming session identified ideas to decrease the
weight the ideas included change in shape/geometry, change in material, and centerimgount
thehubmotors to eliminate the need for counterweights on the inner freimeeredesigmad to
continuebeingcosteffecive, by including hardware that could be purchasedhafshelf. The

original structure acted as a benchmark for every redesigrion

Background Information

WASP is an innovative and standardized system that can accurately point various
different balloon instruments. It is a highly stable and flexible system with stdeeond

accuracy (less than 1/3600 of a degréé\SP integrates witha balloon platform thatitsin the



2
stratospher@ at altitudes betweeh10,000 to 130,000,ftvhich is above approximately 99.5%
of Eart hoés TBhe maoscpstomersanteregted Jn incorporating WASP into mission
include earth sciencelanetary science, and the Gondola for High Altitude Planetary Science
(GHAPS) projectThe WASP assembly has been revised three timis history after test
flights of the system (in 2011 and 2012) ansuccessful flight with a science instrumerti(2).
The currenversion,and what willhenceforthbe referred to as the original structusas used
for balloon payloads from 2014 to present day (see Figurg]L).

Two types of the original structure we

offered to the customer: amstretchederson, et

Pointer

at 53. 250, and its s

Theunstretchedersion is lighter; however, a

Suspension
Cables

stretched version could be utilized to

accommodate larger payloa@nce theVNASP

WASP Components
on Pointed Mass;

2ok \ / Yaw Motor

inner framewasredesiged, the structure was e (' Hub

-3-Axis Trim Balance
-Caging Mechanism

reduced inveight by161 Ibm. An additional
model wagedesigned to provide a strbted

version of the inner frame, awdmpared to the

Star Camera

WASP
Inner
Frame

original structure the redesigmeduced weight
by 156 Ibm The stretched version of the inne

framewould provide greater flexibilityin size

for potential science payloadto reduce the

) Figure 1: Original WASP Integrated on a Balloon
scope of tfs thesis, FEA was performed only Platform



on the upstretched version of the redesigned framensure thait did notexperiencailtimate

failure (reaching maximum ultimate tensile strength).

Customer Needs ad Specifications

WASP was intended to be a standardized pointing systeanfoballoorborne platform
for easy manufacture and utdizonby a variety of customer3he mainredesign considerations
for WASP includedveight maintainedstiffness maintanedstrength costeffectiveness
machinability, and @se of assemblyrhere were no values provided to correspond with each
specification however the structure could not experience ultimate tensile or yielding failure.
The original WASP served as a bbnwark for weight reduction and sustained stiffness and
strength. The internal frame beam geometry sedsctedbecause it was a standaff-the-shelf
part, which is more cosffectivethan a customized part. Thelesigned versions of WASP
presented inhe thesis were submitted to tNASA Mechanical Systems Branahachinist, who

approved each partés machinability and t

h e



Chapter 2

Concept Development

Geometry Selection

The originaWASP frame(see Figure 20itilized a hollow rectangular framtherefore,
thehollow rectangular tube was compared to othelolobeometrieso determine which cross
sectionmet the weight and stiffness requirememisllow structures are generally stronger than

their solid counterpart®n an equivalenveight basisThe two factors considered in Figle

Outer Frame

(W/rm-k-' e 1l
| H ,

Duter> T— SVl 1%, opad
Tooer) = (8)(sF ~ /4()(11 oYt - = I cr/ = o

Hollow feom T= U.F(ao)" /J,)J
uftr) T=9§q[(e)“ —(5.5)47 = 1€.170
Tuner) T =27 [(6)7-(4.6"] = 10.55

Hollow Triamgle : L = LH s i
Buder) T 7 S0l) /W - /Cg)/s. V3- ID0.5%
TomedS T = 4 (5)/9)5 — %m‘f 5)/45)3 = 597

Rect ys. Rownd ’Xi‘lL'TS“" "-‘DQ = A7 mor delled >
AR : l"?’.',{/ - o .i(v
=5 =35 [anfilever beam) i
Z F%;‘—-}; B
hear Lrome Lived bace  Hie 77 I£=Tx"2)
b= Ta) =3 2\
.85y
lo gl
F 97 [/»n/c)s— (3.75Y55\3Y= 200l
T& S ek =TS = 90
5 " In =

X = ief
cea. Reed 515 .

Figure 3: Hand Calculations Preformed to Compare
Geometric Structures

Figure 2: Origin al WASP Structure



are area moment of irt&x (I) and cross sectional area. The area moment of inertia is an
important factor when determining the stiffness of a beam or frame; the greater the I, the stiffer
the structure. To evaluate the weight lost or increased, the cross sectional areaswaredco
(smallest area will be lighter). The hollow rectangle had largest area moment of inertia (I), and
therefore the stiffest structurfo maintain the same amount of stiffness, the structure should be
made from aectangular tube.

The originalstructt e s i nner fr ame diThedance wilbbes wer e 5
applied normal to the top surface of inner frame beams at a maximum loading colfdiien.
heigh® or the dimension that spans across the central horizontal s increasetsee
Figure 4) the beam would have greater strength to oppose a downwardNotces much
material would be necsary if the stiffnessvasincreasedthus the structure could be thinner,

which decreassthe overallweight.

Force

Force

Horizontal Axis
(HA)

Figure 4: Depiction of Increasing Height across the Horizontal Axis

Three iteration$o reduce the weight of 6h\WASP inner framevere created to test which

had the most weight savings, with minimal impact to stiffnebs.fFst iteratiorreduced the



weight ofthe overall structure by 25% and the second iteration by about\2®8e both of

theseterations had p&itive stiffness percent difference calculations, tiveye created using

tubing that was not standard -tffe-shelf Consequently, they were not cestective The third

iteration only considered standard-tdiE-shelf tubing, aslisplayedn Table 1.

Table 1 presents a comparison of the varsbaisdardoff-the-shelf extrusiondimension

choicesT h e

all of the calculationsThe table is color coded to demonstratsimddble values in increasilyg

t op

row,

n | ight

bl ue, i s the

darker shades @freen and less desirable values in increasingly darker shabes Tie

equations used to create Table 1 are nuatj@) 1 (4) in Appendix C.

Table 1: Percent Difference Calculatims for Weight and Stiffnessof Standard Extrusion Dimensions

H B h b A I % Weight % Stiffness
500 500 450 450 475 17.91

600 4.00 550 350 475 2347  0.00 31.06
600 4.00 575 375 244 1259 -4868 = -29.71
600 3.00 563 263 323 1507 -31.9 -15.88
600 200 550 150 375 1520 -21.05 = -15.12
6.00 200 575 175 194 828 | -50.21 | -53.80
8.00 4.00 750 350 575 47.62 = 21.05 165.86
800 3.00 750 250 525 40.11 _ 10.53 123.93
8.00 200 7.75 175 244 1745  -48.68 -2.58
500 3.00 450 250 375 1227 -21.05 8152

None of the optiondisplayed in Table 1 provided aseialoutcome of both weight

reduction and maintained stiffnesowkver the 8x20.125%

g e o (boddedrrow)had the

most predicted weight reduction with the least amoudefiectionthus was selectddr the

third iteration of the WASP inner frame

ori gina



Material Selection

Research was conducted on carbon fiber, honeycomb corealgigeland aluminum
alloysto explore which material would be best for the fraiaterial reqirements included
costefficiency, standard ofthe-shelf parts, lightweight, durability, and functionality at low
temperatures.

Carbon fiber imnextremely lightweight and stiff materialhe larger the modulus of
elasticity the greater the stiffnesseY o u nmgodutus ofcarbon nanotube, singlealledcan
vary, but is generally around 145 Ks8] However, it is an extremely expensive material to buy
off-the-shelf or manufacture&Carbon fibewould betoo costprohibitive to use for the
framework of WASP. Additionally, any weight loss wouldbe negligible because each tube
would require significant aluminurar titaniummountgconnectorgo join togetherandto secure
thehubmotorsto the resulting framéhe mixture otwo or more materialg/ould introducethe
risk of individual partexpandingand contractingt different rates due to any thermal
fluctuations the telescope may experience during flight.

Honeycomlxore is lightweight andgforms exceptionallyvell under compressive
stress. Unfortunalyg it performs poorlywhen asheer stresacts upon it[4] Specificallyd using
material propertieddimensionsand equations outlined lexWeb" Honeycomb Sandwich
Design Technology the maximum shear stress of one beam would equal approximately 466 psi.
[5] Furthermore, thealculations proved that the total maximum deflection experienced would
cause a honeycontieamto fail. Figure5 displays the equations for a center loaded honeycomb
beam provided from the HexWeb document. Table 3 in Appendix A si¢hailresults from

these calculations



Bending Stiffness Deflection
D = E th°b Bending plus  Shear
2
(] = k, PE t k. P!
Where h =1 +1; D S

Where k_ and k, are deflection coefficients from page 11.
Shear Stiffness

If doing preliminary calculations, just work out the bending
g = bhG. deflection.

As the core shear here will be taken by the weaker fransverse

= M If optimising design, calculate for both bending and shear
direction - take G. = G, shear modulus ' : '

components (as shown opposite).
Facing Stress Core Stress
o = M T = F

htb e )

Where M is Maximum Bending Moment expression from page 11 Where F is Maximum Shear Force expression from page 11

and h=1r Fi,

Figure 5: Equations Used fromHexWeb™ Honeycomb Sandwich Design Technology

Stainless steel alloys have much greater modulus of elasticitylandhte Tensile
Strength (UTS) therefore thestructuremaynot need as much material to maintain stiffness and
strength. Howeverhte mainconcern withsteed especiallyferritic and martensitic stainless
steel® is thatit becomewery brittle at low temperaturegl] Decreasing temperatucan
advesely affect the tensile toughness of manynmonly usedteel alloys. Most high tensile
steelalloys such as Q700 Steelarenotrecommended for structural use belel®’C; which
does not meahegeneral balloon program standard@#°C. [7] Consequetty, steel could fail
depending on the flight environment selected.

The arrent frame desiguatilizes ahollow rectangular tube made from 606&
aluminum.6062-T6 aduminum is one of the most commonly used aluminum alttwesto its

strength, heat treatdity, comparatively easy machining, weldabilignd capability for



annealingln addition, aluminum alloys do not become brittle at low temperatusdlea
temperature decreasesisile andjield strength increasgg] If all of the brackets and framewor
weremanufactured from 60616 aluminum it would redwcethe risk of individual parts
expandingand contractingt different rates due to any therreatiationsin thestratosphere

Hence, the redesigned structure will continue to use-g@&umMinum.

Theoretical Analysis

Verification was required to ensure that the redesigned WASP innerdreuitie new
dimension® f 8 x 2 x 0. 1Chd&pter 1{ Geanfetey ISeletctidnwould not experience
ultimate failurethroughout flight WASP could experiencea maximumload of 1,500 Im during
a mission however, the Balloon Program Office manditieat WASP mustneet a factor of
safetyequal t010. The 10G load requirementvasbased on parachute openisigockat mission
termindion. Hence, the WASRameshouldnotexperience ultimate failure@a 10 G load

The original structu@ unstretched &3.2% and its stretched versiant @ 2evedy 0
came close texperiencing ultimate failure.nerefore, they were both used aslihseline for 1
G and 10G cases (see Talslé and5, Appendix A). The frame ialinear model, thug follows
the principle of superpositiorHence the frame could be separated,@rig one individual
beam needed to be examin&d.obtaina rough eimate of whether the structuwuld fail at
UTS, the maximum stress hand calculatioresesimplified to modelingopnesimply supported
beam.To ensure that the structure would not fail, peecent difference between thmaximum
stressandthe materiaUTS couldnot lie within tte normal engineeringandard significance of

two sigma, or 5%. Thenew version of the frame, both-gtretched andtretchedwere well
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above two sigmand therefore wuld not experience ultimate tensile or yielding fail(see
Tables6 and7, Appendix A) Equationg5)1 (9) in Appendix Cwereused to find the

maximum bending stress, percent difference, and margin Vatezsin Tablegti 7.

Summary of DesignDecisions

Thehubmotorswere mounted on top of the inner frafoethe original structurésee
Figure6). Counterweightsvererequiredto compensate fadhe motorsot being in line with the
frameds cenlheer ol
redesigred inner frame structure
center mourdd thehub motors, which
pl aced them in 1|
center of gravity{see Figurd). By

centermounting the motorghe

counterweights beme unnecessary. Motors
The method to attach the motéra
saddlemountassemb}d to the frame

remained relatively similar because i

o Saddle Mount
allowedgreater flexibility in

alignment for the techniciamho
X
would asseml® the structureL - ‘7‘

shapednounting bracketand a
Figure 6: Original WASP Structure with Motors
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faceplate secudgthe saddles to the innfFeme.Tolerance was built into each mounting
assemblywhich allowedthe technicians to easily adjust the alignment of the telescope.

Reinforcenent plates were diegned for eacfoint and cutout in a beam

Figure 7: Positions of Yaw (Top Right)and Pitch (Bottom Right) SaddleMounts for Hub Motors

Theredesigned WASP innérame alsdliffered from the original structuidue to ew
dimersions chosen specifically to reduce weigge Figure§ and9). The redesign process
underwent three iterationshe first twoiteraions focused on weight savings and did not comply

with standardizedff-the-shelf extrusions. To reduce caste final dmensions were based on
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standarff-the-shelf rectangula8061T6 aluminumtubes The structure will continue to be
built from 6061T6 auminum because it is cosfficient, lightweight, durable, and functional at
low temperaturesA stretched version dhe inner frame was designed to provide greater

flexibility for prospective payloads; such as having a larger primary mirror.

8x2X.12% ' 8Xx2x.12%

Figure 8: Un-stretched Redesign of WASP Figure 9: Stretched Redesgn of WASP

The design changes accomplistieelmain objective of reducing the weight ayleast
100 Ibm. Theun-stretched version wagpproximatelyl61 Ibm, 31% lighter than the original,
and the stretched version was about 156 Ibm, or 30% lightetttbamiginal Reducing weight
of WASP is important because it providesjpct scientists or flight operatiomsth the option

to either include more instruments on the payload or hold a longer duration mission
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Chapter 3

Detailed DesignAssembly

Detailed Drawings

The entire assemblynstretchedis depicted irFigure10. Detailed drawings were made

for manufacturing (sekigures43i 56, AppendixB).

8x2x.12%

Figure 10: Complete Un-Stretched WASP Assembly



14

Assembly Procedure

The assemblyprocedure describesteps for assembly tfhe WASPinner frame.
1. Slide the inner mountinglates insideeachof the beamsThere should be one
plate around each center cut.
2. Donot rivet the five vertical rivet holes on either side ofitireer mountingplates
until the motors saddlesand outer mounting plates/brackate in place.

3. Rivet plates in place using the top and bottom horizontal rows of holes (see Figure

11)

Y Do not rivet until motors, saddle
I mounts, and L-brackets/outer
mounting plate are in place.

Figure 11: Yaw Beam (Top) and Pitch Beam (Bottom)

4. Position two fADoubler Side Standardo re
beam. Om is for the top surface, the other is for the bottom surface (see Figure

12). Rivet in place.
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5. Position a ADoubler Corner Outero plate
outside of the beam (see Figu®. Rivet in place.

6. Position a ADoabpkat €oanethéeneaad of eve
inside of the beam (see Figur®). Rivet in place.

7. Place two beams togetheso that each joint has one set of reinforcement plates
and rivetthe assembly together (see Figligg.

Doubler Side
Standard

Doubler
Corner
Outer

Doubler
Corner
Inner

Figure 12: Joint Reinforcement Plates Figure 13 Beams Riveted Together

Beams on Yaw Axis
8. Place thezawtop and bottonthubsaddle brackdiarger than the pitch saddle
bracket)around the top shaft of theib motors.Use 1032 srews to fasterthe

top saddle to thbottom, make sure that the screws lie flush
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9. Slide the saddle through the rectangular slot in the beam, from the inside of the
frame (so that the rotary motor is inside the frame).
10.Use 1032 srews to fastertheyaw hub L-brackets to the saddle mounts on both

sides of thdrame(see Figurel4).

Figure 14: Yaw SaddleMount for Hub Motors

Figure 15: Pitch SaddleMount for Hub Motors

11.Use rivets to secure thebracketsto the frame anthner mountingplate(see
Figurell).
Beams on Pitch Axis
12.Place the pitch top and bottdmb saddle bracket around the bottom shaft of the
hub motors. Use 1482 screws to fasten the top saddle into the bottoake sure

that the sews lie flush
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13.Slide the saddle through the rectangular slot in the beam, from the outside of the
frame (so that the rotary motor is outside the frame).
14.Use 1032 srews to fasterthe pitch hub L-brackets to the saddle mounts on
inside of theframe And wse 1032 <rews to fasterthe pitch outer mounting plate
to the saddle mounts on outside of fiteene(see Figurels).
15.Use rivets to secure thebrackets and plat® the frame anthner mounting
plate(see Figurell).
16.Use shims wherever necesstarybtan proper alignmenof the hub motors
Figures # and b demonstrate what each saddle mount would look like completely
assembled and with the frame suppressed from view. Figutisdlays where eadiub will be
placed on the inner frame, while Figuréshows an welose view of an attachduib motor to

the frame.

Yawi Axis

- Pitch Axis

Figure 16: Hub Motors Center Mounted to Inner Frame Figure 17: Expanded View of MountedHub Motor for
Yaw Rotation
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Chapter 4

Development ofFinite Element Mesh of Inner Frame

FEA Objective

TheWASP inner frame model was analyzed ushugtodeskinventor Pro and Abaque
compare the results from both softwapplicationsand obtain an understanding of how the
redesigned inner frameould perform in flight-like conditions.To limit the scope of the thesis,
FEA wasperformedon the unstretched version of the inner frarfioe deformation simulations
due tol0 G loads. A stress analysissvaquired, under an applied loadl¢B00 Ibf loading with
a factor of safetgqual tol0 (15,000 Ibfload). The structure must not experience ultimate
failure; meaning the structure must not experiencdtanatetensilestrength of45 ksi(refer to

Chapter 2: Material Selectian)

Details of Assembly

General Approach

The purpose of the WASP fran®td rotate a body generally an optical telescapen
two axes; 70in the pitch direction and 25n theyaw direction. The inner frame wasade
completely of 606416 aluminum, and hdan overall mass @pproximately81 lbm The

assemblywvascomprised of 4 different parts (seEigures43i 56, AppendixB). Reinforcement
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plateswere positionedwherever there is a cutout or a joint in the frametrengthen the

structure

Two FEA software packagegere utilizedbecase while Autodeskinventor Pras much
simpler to use, it is not as accurate as Abaqus. InvEBArhas severely limitechanual input
however theentiremodel was able to undergtress analysisimulations. Abaquis an
extremely powerful FEA softwaralthough itwas unable tprocesgshe complex geometry of
theredesigned WASP inner framEehereforea simplified model of the inner frameéesignedn
Inventor, was transferradto Abaqus via a STEP fil€nce analysisvas completed, two probes
wereplaced on the stress plat two pointsvhere the maximurfirst principal stress occurred
along a beamTheaverage of the two probes provided the resulting first prinsipassvalue

usedto determine if the framerould fail under the applied load.

Material Properties

6061T6 aluminum partswere used exclusively for the redesigs relevant material
properties are displayed in Tal@g9] Inventor inherently knew these properties because each
part was specified as 6045 aluminum. However, the propés had to be manually inputted to
Abaqus because the material specification was not conveyed to the FEA software when uploaded

as a STEP file.

Table 2: Material Properties of 6061-T6 Aluminum

Material Property Value
Modulus of Ehsticity 10,000 Ksi
Ultimate Tensile Strength 45 ksi
Tensile Yield Strength 40 ksi
Shear Modulus 3770 ksi
Poi ssonbés Rati 0.330

Density 0.0975 Ib/in3
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The constittive law that the analysi®cusedon is thestressstrain constitutive relation

for linear materialsthe expanded relations are equations (1(@p) in Appendix C.

External Loading Conditions

Using the Balloon Program specified factor of saégyal tol0, the structure cannot
experience ultimate failunender anaximum15,000 Ibfload The stress analysis was conducted
at maximum loadinghereforethe WASP inner framewasperpendicular to the outer frameo
shorten runtime, #outer frame was omitted from the FElAe 15,000 Ibfwasequally
distributed 7,500 Ibfon either side of #astructurd between two separate center point loads

normal to the inner framisee figures 8 and D).

Side View
7500 Ibf 7500 Ibf
| Inner Frame I
7500 Ibf 7500 Ibf
l 1 Top View
| Inner Frame |
Quter
Frame
Figure 18: Simplified WASP with Loading ®

Figure 19: Simplified Inner Frame with Loading
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Boundary Conditions and Model Interactions

Inventor Assembly

The main appedbr usinginventor FEA software is that it automatically recognizes and
meshes complex geometries for multiple separate parts in one assembly. Unfortunately, the
software @ not allowthe user to manuallyefineevery condition involved in an FEA
simulation Consequently, itvas a simplified FEA progranBelow are the steps for how a mesh
was created, and a static stress analysis was run.

1. Ensure thathe material properties were assigneath part is made fro6061-
T6 auminum.

2. Defineconstraints: Tie outer framahould beixed in place with pinssimulating
its attachment to a balloon platfo(see Figur®0). The inner framshould be
pinned so that it could rotgtbut not slip, irthe pitch directiodl to replicate the

motion that will occur with working motorsee Figurel).

Pin Constraint [ x | Pin Constraint

Location @ Location

2 OK Cancel Apply >>

@ oK Cancel | | Apply >

Figure 21: Pin Constraint on Inner Frame Hub Motor
Figure 20: Pin Constraint on Outer Frame Brackets Saddle Bracket
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3. Use theautomatic contact wizardt intuitively recognized \wereindividual parts

conneckd togethein the assembly.

4. Specifythe contactn between the two frames as separated with no sliding.

Force Mesh Settings

Common Settings

K Faces I | | 5§ Direction

Magnitude 7500.000 Ibforce

Average Element Size 0.600
(as a fraction of bounding box length)

Minimum Element Size 0.700
Cancel
(as a fraction of average size)

Grading Factor 1.500
Maximum Turn Angle 60.00 deg
[]create Curved Mesh Elements

Assembly Option

Use part based measure for Assembly mesh

@

Figure 22: Appli cation of Forces

Figure 23: Application of Mesh Settings

Nodes: 2022655
5. Apply two concentrated loabf 7,500 Elements:1167083

Ibf on the center of the top surface of
the frame, orboth yawbeams (see
Figure22).

6. Under Mesh settings stte average
elementequal t00.600 ir® amedium
sized element sifeleave all the other
settings as defaulsee Figure 2).

The mesh took about3 minutes to form. The

X

mesh created was not a constant shape or size arc ‘JO
&

any change in geometry (i.e. a hole) or around a Figure 24: Completed Mesh for WASP Assembly
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contac¢ of another part which is indicative of a poor quality mesh (sees Figdiie26).

Unfortunately, Inventor did not allow the user to select the shape of thé netshbricks,
prisms, or pyramid$ nor did it provide the option to apply mesh controls adocimanges in

geometry/part interactions.

Figure 26: Close.up View of Inner Frame Corner
Figure 25: Close-up View of Hub Motor Saddle Mount Joint

Abaqus Assembly

Error messagesccurredcontinually whie importingthe entire WASP assembly as
singleandmultiple partanto Abaqus. The program could not handle complex geometries, such
as fillets. Therefore, a simplified representation of the inner frame was made and the model was
imported fromAutodesk Iventorinto Abaqus as a STEP filBelow are the steps for how a
mesh was created, and a static stress analysis was run.

1. Designateadensity inder the Property Tab
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2. AssignYo u n gadglusandPo i s s 0 n 6tkeMechanhicabElastio Properties

section
3. Create ahomogenous solid section assigned to the frame.
4. Under the Step Taloyeateai St at i ¢ step@®ihananitialihceemental size
of 1; with aminimumincrement sizef 1x10° andmaximumincrement sizef 1.
5. Select the element shape as tetri@gle type elemehindassignthe mesh over
the whole frame.
The mesh was of high quality
because all the elements were roughly
the same size and shape (see Figure
27). However, the mesivas applied to
an extremely simplifiedesign of the
WASP frameand hence would not
Figure 27: Closeup View of Initial Mesh on Simplified Inner Frame in

produce an accurate representation a Abaqus

deformation at a 10 G load.

A new solid body model which
more closely resembled the inner
framed yet still omitted complex
geometry features, such as fillétsas

designedn AutodeskinventorProand

imported into Abaqus. Thg,500 Ibfper

Figure 28: Applied Load and Boundary Conditions to Simplified ) L. o
Inner Frame side was distributed over amdividual





























































































