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Abstract

It is the purpose of this report to detail the enprocess for the design and manufacture
process that is required to create a mounting systeat will engage a Bombot to a Yamaha
RMAX helicopter for Tyndall Air Force Research Lahtories. The introduction of the project
is given including background information of the otwspecimens. The Project Scope,
Specifications, and Constraints are then displapeBroject Plan follows documenting how the
process was organized. The conceptual designsi@neeikplained. A Telescoping Pole Concept
and Swinging Platform Concept make up the choiocesrfounting the camera assembly. For
engagement, these designs consist of the Telegc®&wds Concept, Tractive Wheel Concept,
Box Concept, and Ball and Socket Concept. The SwinBlatform and Ball and Socket designs
are selected using a design matrix. Detailed desifjthe ball and socket as well as the swinging
platform are then shown. CAD Prototypes are crefdedhe Fabrication and Assembly of the
two concepts. For these systems a total of fouwroserotors were needed. Therefore a control
system was installed to operate the added servormofTesting of the prototypes occurs and
modifications follow so that the team may build thesign to operate as smooth as possible. A
flight test finishes up the testing with positivesults. The goals of the project are successfully

completed within the required specifications andsta@ints.
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1.0 Introduction

1.1 Overview

Tyndall Air Force Research Laboratories is the sponfor the Marsupial Robot
Deployment and Recovery project. Tyndall is a gowent funded company that specializes in
research and development for the United Statesdice. The main interest of this project is to
combine two items that Tyndall uses on a frequesid These items are the Yamaha RMAX
and the Bombot. In the following report the Bombwal also be called ‘robot’ or ‘marsupial
robot’. The Yamaha RMAX will be referred to as ‘ieelpter’ or ‘RMAX’. Our main contact

with the sponsor is Lt. Andrew Kopeikin.

1.2 Background

121 Yamaha RMAX

The Yamaha RMAX is a remote controlled helicopteattis used in many different
applications. Its most impressive feature is t ihaan be used without a person controlling it.
This attribute allows the RMAX to be called a UAUnmanned Aerial Vehicle. Although
militaries utilize the versatility of the RMAX, itprimary purpose is for civilian applications
such as farming. Yamaha first designed an unmammeéidopter 1987 called the R-50. The
purpose of the helicopter was intended for crogidgsn Japan. The RMAX is based on the R-
50 however it is much improved due to the advanceré technology throughout the years.
With these changes in technology the RMAX is nagkemused simply for agriculture, but the
military as well. The Yamaha RMAX is equipped wahHGPS navigation system that allows the

user to enter a coordinate and the RMAX will flyttat location autonomously. This is very
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important for military applications because a pddife is no longer at risk. There is an area in
the belly of the RMAX where a payload can be attacfor whatever purpose the RMAX is
intended. Some of the functions that Tyndall AFRiesi the Yamaha RMAX for consists of

agriculture, surveillance, and tracking. Figurehbwss an image of a RMAX from Yamaha’s

website.

Figure 1: Stock Yamaha RMAX

The RMAX will be graphically depicted in the remder of the report as just the legs and
the skids and necessary components that the dedigoe referenced from. A solid model of
the entire RMAX was not created because it waseoessary and would have been a waste of

resources. The solid model of the Yamaha RMAXesnsin Figure 2.
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Figure 2: Rendered Solid Model of RMAX Skids represnting Yamaha RMAX

1.2.2 Bombot

The Bombot, when delivered to the senior desigmieaas outfitted with the standard
equipment from IRT-robotics. The Bombot is a UGYh(nanned Ground Vehicle), essentially
a modified remote control multi terrain truck. $teontrolled in the same fashion as common RC
vehicles but had been given modifications that Enalio perform other non commercial tasks.
The Bombot chassis is the Traxxas E-maxx, a 1/asbvd monster truck that is very popular
among hobbyists. The E-Maxx is displayed in FigBireThe truck frame is removed and in its
place is an aluminum platform that hosts a paylkeeiage, a high range antenna, much larger
tires, and a video camera for user guidance aamtiss beyond the human eye. The payload
container can hold many different items and depl®se items by means of actuating a servo
motor. A major purpose of the payload containetoidold a bomb charge, hence the name
‘Bombot’. These features are standard equipmenbaard the Bombot and can be seen in

Figure 4.
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Figure 3: Traxxas E-Maxx as seen on Traxxas's weltsi

Figure 4: Bombot with standard equipment from IRT Robotics
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2.0 Project Scope

The goal of this project is to design, build, amrdtta system in which the Yamaha
RMAX and Bombot can coexist. The Bombot must beatety attached and detached from the
RMAX in a matter that does not require any physloainan interaction. In accomplishing this
task, the Bombot can then be deployed in remotatilmes that the user would not be able to
otherwise. The user can then remotely control tleniBot and deploy the payload at the
predetermined location. Once the payload has beeressfully deployed the Bombot can then
return to the RMAX where reengagement will occureTYamaha RMAX then has the ability to
remove itself along with the Bombot from the engagat zone to a safe drop zone. This entire
process is done via remote controls and therefm®ves the human element from any dangers
that may exist in the engagement area. The accehmpéint of this task allows the user to be at a
safe location and resultantly will reduce the mgknjury or death of the operator. The sponsor

and the team members believe this goal is achiewaid a functioning prototype is expected.
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3.0 Specifications

All of the transformation and engagement/disengagermprocesses must happen with no
human physical interaction. The reasoning behimsl is to take the human out of the danger
zone. The assumption of an autonomous artificialiglligent system is not a specification but a

possible consideration for this project. Specifmad for this project include:

1. The Robot and the additional components can beare than 66 Ibs combined.

2. Robot must be able to transform between activepasdive structure.

a. The transition between active and passive strustwidl be accomplished by
raising and lowering the camera and spotlight which will be referred to as the
camera assembly.

b. The active structure will be used for the robotdmnplete a mission.

c. The passive structure will be used for transpategiurposes via RMAX only.

3. The Robot must be able to fit under the RMAX. BEntre will occur from the front of the
RMAX and must clear the underbelly of the RMAX. Eamce from the rear leaves
potential for the Bombot to collide with rear stang propeller.

4. Passive structure while engaged to the RMAX musaltde to withstand an air velocity
of up to 20 knots with a factor of safety of abaii.

5. Consider the robot engaged and in flight with théAX.

a. Once the RMAX safely lands and skids are firmlynpéal on the ground, the
robot must be able to disengage and drive out froder the RMAX.

b. Once the robot is out from underneath the RMAX usibe able to transform

into its active structure and complete its missaod return to the RMAX. When
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the robot arrives at the RMAX it must transform kbagato its passive structure
and engage to the RMAX.
c. The center of mass of the robot and engagementealenust be inline (directly
underneath) the center of mass of the RMAX, origéxy close.
6. The robot must be secured in all six degrees efiiven.
a. Locking mechanism must be activated before liftoff.
b. The Bombot cannot have contact with the ground evitilis attached to the
RMAX.
7. The engagement system must be ¥ inch from the dranen installed to the RMAX.

8. The budget for this project is $1500.
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4.0 Constraints

There will be several constraints that the groulb @vicounter throughout the design and
manufacture process. Time is one of the most impbrtonstraints. Since the group has to
submit a finalized design for the fall and a wotdkiprototype in the spring, the team must stay
on course when certain tasks are due. Each senvalitprovide 13-15 weeks of working time.
During these semesters each student is enrollsevieral other classes, further emphasizing the
importance in managing time wisely. Another corstras the most obvious, funding. The
budget assigned to the group in the product ddasmmips $1500. However, the customer has
expressed to the team that they expect the totds ¢o exceed the given budget. The sponsor
explained that money will not be much of a factathe budget is exceeded as long as it is not
spent in a wasteful manner. The customer will dls@ble to fabricate certain parts for the team
therefore saving money that would be spent thraugiird party. Clearance of the two devices
will be a main concern as well. Because the hetaropas limited amount of clearance while
grounded, modifications to the robot and/or helieopvill need to occur for the product to be
fully functional. The sponsor stated to the grobattwhen choosing electronics for the project
that 900 MHz and 72 MHz frequencies must be avoideatder to avoid any interference with
the pre-existing controls of the Yamaha RMAX. Awaility may also become a factor. The
customer and helicopter is located over 100 miesya which will leave the group with limited
time to spend working with and or modifying theibepter. Time with the sponsor must then be
spent wisely. Therefore the group must have reegcalirate dimensions so that there is not an

issue when the group is able to work with the logiter.

4.0 Constraints | Final Report - Group 10



5.0 Project Plan

Possibly the most important constraint of this gcbjas mentioned earlier is time. The
project is set for two semesters and each studexi$o attending several other classes during this
time making it more difficult. The plan for thisgect is divided into two major subsets, design
and construction.

The design aspect will take place during the fofsthe semesters. During this time is
when project scope, specifications, concept geloerand selection, analysis, final design, and
testing are executed. Physical prototyping andnigstas not achieved during the first semester
due to time constraints. A final design followirgetconstraints that were given at the time was
completed by the end of the fall semester.

The construction portion will consist of modifyindpe design, ordering materials,
fabricating parts, assembly, testing, and a finatking product. These tasks will be completed
during the second semester. Other major eventsdadhe Final Report, Final Presentation, and
Open House. To begin the spring semester the teasgiven several new constraints. With
these new constraints the team had to modify thesign. A drastic delay was avoided despite
not having begun fabrication. However the team addd come up with a new design quickly
so that fabrication, assembly, and testing canrdoefore the given deadlines.

Lt. Kopeikin required that a Technical Review Boaadd Safety Review Board
presentation be performed at least 5 weeks befosetal flight test. The presentations were to
be given by Lt. Kopeikin to his fellow employeesTaindall. Approval from Kopeikin's peers
was needed in order for a flight test to occur.sTimformation was vital as it shortened the
deadline for a working prototype significantly. Wionly fourteen weeks in the Senior Design

course the team had to meet this deadline withie mieeks. The team restructured the course
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schedule in order to give the greatest chance topt=ie the project. The course instructors
understood the severity of the situation and apguidhis restructure. The Course Schedules and

Microsoft Project Gantt Charts for each semestedaplayed in Appendices E.1 and E.2.
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6.0 Concept Generation and Selection

6.1 Initial Concepts

Knowing full well that there were many solutionsstve the problem, the team set aside
an afternoon to brainstorm every possible way page Bombot with the Helicopter. The team
members documented all the ideas that were distubbkeideas were rejected no matter how

simple or complex. The team would use these ideashasis to generate concepts.

Each member of the team created a detailed coruaptd on the ideas from the
‘Brainstorming’ sessions and presented them toamher. The team presented the designs then
collectively decided on which concepts to move famvwith for the Concept Generation and
Selection. The initial concepts that were developady on for engagement between the RMAX
and the Bombot were the Telescoping Rods CondegtTtactive Wheels Concept, the Ball &
Socket Concept, and the Box Concept. Note: Somgrikesvere based on initial constraints and

specifications and may not comply with the finahstraints and specifications.

6.1.1 Telescoping Rods Concept
The Telescoping Rods Concept has the Bombot dndemneath the helicopter. Driving
underneath the helicopter became essential foofalbur concepts because this aligns the
Bombot’s center of gravity with the RMAX'’s centergravity. When the Bombot is underneath
the belly of the helicopter, rods will telescopd the side of the robot and engage to the RMAX

during takeoff. A CAD image of the Telescoping Roancept is below in Figure 5.
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Figure 5: Telescoping Rods Concept

Pros
* Minimal modifications to Yamaha RMAX needed
» Potential to optimize through modifications
cons

« Bombot free to slide

* Wheels will hang free

Does not safely secure the Bombot in all six degycfdreedom

6.1.2 Tractive Wheel Concept
The Tractive Wheel Concept was loosely based o&noautomated carwash where the

car is pulled by the front tire through the automdaassembly. The benefit to this design over
the Telescoping rods is the Bombot is centered sathaligning into a loading zone specifically

designed to house and safely carry the Bombot. Bdmbot will be guided into this safety zone
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by tracks that the wheels will follow. Once thenBaot is in the safety zone the metal plates in
between the wheels will displace away from eaclemthus applying force on each wheel and

securing the Bombot. Figure 6 gives a visualizatbhow this system operates.

Figure 6: Tractive Wheel Concept

o
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» Secures Bombot in all degrees of freedom
» Potential for optimization

+ No modification to Bombot needed

0O
o
S
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» Attaches to gold skids (Not allowed)
» Clearance issues while entering

» Large materials needed, causes clearance issueRMiaX
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* Heavy design

6.1.3 Box Concept

The Box Concept means simply a box, or a bay, ttatBombot will drive into. This
bay will mount directly underneath the helicoptadawill captivate the Bombot during flight.
Although being the least innovative the Box conceptld prove to be a benchmark that the
team could use to compare designs. The Box wagriasiwith holes to allow airflow and
therefore not create lateral air resistance. Taggh was also used as a failsafe. If sometime late
in the final semester the team ran into issueswea¢ beyond repair with a different design, the
Box design could be implemented to ensure that &ing prototype was produced. The
benefits of this box were not completely clear luiater in the design process. The box concept

can be seen in Figure 7 below.

Figure 7: Box Concept

Pros

» Simple design

» Completes the goal
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e Non innovative
* Bombot will not be completely secured, only con¢ain

* Movement while inside Box is expected

6.1.4 Ball and Socket Concept
The Ball and Socket Concept relied on tracks thatBombot would slide into. This
design would require modifications to the Bombotvwadl as the RMAX. Unlike the Tractive
Wheel Concept these tracks did not come in contébt the wheel but arms that extended out
from the Bombot. These arms will help align anddguthe Bombot safely underneath the
helicopter. Alignment happens when the Balls aall Banges come in contact with the Funnel
and the Funnel Clips. This system will give therua larger margin of error when driving on

board the RMAX from a distance. Figure 8 explaimsBall and Socket Concept more clearly.
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Figure 8: Ball and Socket Concept as first imagined

The name Ball and Socket comes from the ball tinanéls its way into the socket which
allows the Bombot to align itself through the fuhokp path and into secure valleys. These
secure valleys are load bearing surfaces for thalio to rest. The benefit to this design is its
simplicity of manufacturing and engineering. Mawiythe initial concepts required electronic
hardware mount onto the RMAX itself. AFRL shiedagwfrom mounting excess electronics
onto the Yamaha RMAX. All of the electronics andvimg parts are mounted onto the Bombot.
The Bombot platform with the aligning balls canvewed in Figure 9 Below. The Ball Flange

is the piece of hardware that suspends the balbatwdin aligning.
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Ball

Ball
Flange

Figure 9:The initial development of the Ball Systenfor the Ball and Socket System

Pros

* Funnels allow margin of error
» Lightweight design
* Prevents lateral movement

* Mounts to mounting bracket of RMAX

Cons

* Wheels will hang free
* Complex design

* Requires advanced machining

6.2 Concept Selection

The team analyzed all aspects of the designsdier@o decide which one to move
forward with. A design matrix, Table 1, was alseated to determine which design best fits the

criteria. The telescoping rods concept was thé diesign that the team decided to not move
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forward with. The design was simple and may achtbeaequire goal of attaching the Bombot
to the RMAX but it did not do this in a secure fash The design would have to be drastically
revamped in order for the team to feel comfortasle final design. The Tractive Wheel
Concept was a good design and showed a lot of georkiowever due to the clearance
constraints it would prove to be very difficultéreating a design that would resolve these
constraint issues, especially since the team ditharnee a RMAX to physically use during the
designing. The system would also have to be rgdediin order to mount to the mounting
bracket rather than the gold skids. Therefore¢hentmoved on with the Ball and Socket
Concept. This design was able to achieve the sgahat the Tractive Wheel Concept has but
without the added weight and clearance issues. En@point on the team would modify and

optimize this design unless something occurs wtierelesign cannot be used.
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Design Matrix

e c
E S 3 £ % § % '% b - E —
S | %8| 2| 52 |2c|88| & |58
£ | &3 | € g |5e|E0| O |38
o w < 3 & °ona | 3 =
o = n S
Weight(Scale 10) 2 6 8 8 7 5 4 40
Weight (Sum 1 005| 015 02| 02 0175 0195 0O
. 3 3 8 6 6 2 3
Tractive Wheel 015 | 045| 16| 12| 109 025 03 °
8 7 7 10 7 6 7
Box 04 | 1.05| 1.4 2 | 1225 075 07 '°%
8 8 8 9 9 9 9
Ball & Socket 04 | 1.2 | 16 | 18 | 1575] 1.125] 09 | o6
. 10 2 5 5 1 4 5
Telescoping Rods 05 | 03 1 1 | 0179 05| o5 >9°

Table 1: Engagement Design Matrix
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7.0 Camera Mount Design

Included in the standard equipment from IRT-Rolmtias mentioned above, is the
camera mounted on the fixed mast. The camera istad high to see over tall grass as well as
giving a better view of the Bombot’'s surroundingar This high mounting camera posed a
problem when positioning underneath the RMAX beeah&re was not any clearance between

the camera and the underbelly of the RMAX.

The payload and the antenna were removed from timbBt by the team. The payload
container caused clearance issues during entrante RMAX and was immediately removed.
The antenna had been replaced because of new lsatfiab were later installed. Information on

these controls can be seen in the Controls portion.

7.1  Camera Mount Concepts and Selection

Several concepts were brainstormed to solve thee@mmssembly issue. The simplest
solution would be to mount the camera and antemregtty to the top cover of the Bombot.
However the customer wanted the camera to be hitjaer the Bombot’'s body in order to see
over tall grass or any other elements that maybintihe view of the camera. Furthermore the
team did not want to go this direction for seveealsons. The first was even though the payload
container had been removed for this project, tlantevanted the container to be able to be
applied in the future and placing the camera diyeat the Bombot would cause interference.
Another solution was to install a remotely contdlkelescoping pole that would have a platform
on top. The camera and antenna could then be nwontehis platform and could be raised or

lowered as needed. However the team was not cabfertvith the strength and stability of a
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telescoping pole. The team felt that it can belgasimaged and did not move forward with this
design. Instead a design was chosen that achiéeeclearance issues as well as giving the

user more control over the camera. The design xnfadrithe Camera Mount can be viewed in

Table 2.
Design Matrix

Z 28| £ | S |52 /88| 8 |£=
‘% 0 S _c% = =9 | 8 ® o o5
= © 3 = = 2L |50 O o+
o w < 8 & °ona | 3 =
o = n S

Weight(Scale 10) 2 6 8 8 7 5 4 40

Weight (Sum 1) 0.05| 015/ 02| 02 0175 0185 o0l1 1

- 7 4 6 6 10 7 8
Swinging Platform  —5ae=—ae——51 12 | 1.75 [0875] 08 | &'’
. 8 2 3 2 10 1 2
Telescoping Pole 04 | 03] 06| 04| 179 0125 02>

Table 2: Camera Mount Design Matrix

7.2  Swinging Platform
The solution to this problem was a four-bar linkagsetem. This design was named the
Swinging Platform and offered the ability to raised lower the camera. The camera’s
orientation to the ground will not change fromldsvered position to its raised position, which
means the camera will not tilt off axis when benagsed or lowered. This is because of the

parallel four-bar linkage. Figure 10 shows the ginig platform concept.
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Figure 10: Initial Swinging Platform Concept

8.0 Prototyping

8.1 Ball & Socket

To save money and time digital prototypes wereterkan place of actual prototypes.
The Swinging Platform and the Ball and Socket Cpigavere chosen to continue ahead on a
full production digital design. The use of a congrwas used everywhere potential was seen to
help throughout the project, the design prograrahaice was SolidWorks 2008. The sponsor is

familiar with this program thus making it more cemient when ordering parts.

The Ball and Socket Concept was chosen because aluto aligning features and ability
to make use of the mounting rack unlike most ofdtteer initial concepts. The mounting rack
was designed by AFRL to mount onto the belly of RMdAX and carry any equipment. The

mounting rack is represented in Figure 11.
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Figure 11: AFRL's Mounting Rack

The Ball and Socket (B&S) System is the term usedife entire design that engages the
Bombot to the RMAX. The B&S is broken down intoawub systems: Funnel System and Ball
System. The Ball System is the design of the lalls$ the ball flanges. The Funnel System is

the design of the sheet metal funnel and the fucleit is attached too.

8.2 Bombot Modifications

The team performed several minor modificationthoactual Bombot. The first of which
was the removal of the payload container and cpomding servo motor. The height of the
payload caused clearance issues with the RMAX aasl moval was approved by the client.
The final modification was the installation of stealwheels. The stock wheels where very large
thus raising the overall height of the robot. TheaBer wheels also gave the user more precise

control during operation. The comparison in whesght is seen in Figure 12.
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Figure 12: Aftermarket Wheel on left, Stock Wheel a right

8.3  Funnel System

In the early stages the Funnel Clip received tlustnattention. The evolution of the
funnel clip is shown below in Figure 13. The firsvision of the Funnel Clip did not have any
way of securing longitudinal movement of the Bombabngitudinal movement will allow the

bombot to slide out and can cause sudden failutleetonission.
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Figure 13: Evolution of the Funnel Clip. Top Leftwas the first revision of the Funnel Clip

The second revision of Funnel System allowed @&tgatone within the funnel clip
profile. The second revision can be seen beloWwigure 14 with the original funnel design.
The safety zone is seen in the enclosed area bémenkdump. Once the bombot enters into the
safety zone it should be considered completelyreecRevision 2 was soon tossed out because a
large enough acceleration in the longitudinal dicgc could cause the bombot to escape the
safety zone during flight resulting in sudden feelduo the mission. Getting into and out of the

safety zone would require excellent traction with ground throughout suspension travel.

Figure 14: Revision 2 Funnel Clip with the Funnel gachment

The third revision of the Funnel system created lvad bearing low valleys in which the

ball entered into upon lift of helicopter. Once RMAX is lifted off the ground during take-off
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the Bombot will lower into the load bearing surfaceecurity is achieved. This is a major
improvement over the second revision because thebBo will stay secure throughout flight.
This method solved an issue by merely using graweitgllow the Bombot to lower itself during
liftoff this securely itself in one degree of freed. The third version of the Funnel Clip is

depicted in Figure 15.

Figure 15: Third Revision with valleys

The fourth revision of the Funnel system was purlgr structural integrity, the
functionality of the design did not change. Duéiigh stress concentrations and a large moment
created in the connection between the upper andritvalves the funnel clip was made thicker

and additional material was added to decreaseatiefteof the part.

8.3.1 Stress Analysis of Funnel System
The excess material added was kept to a minimuncomplete stress analysis was
completed in CosmosWorks. The goal of a Finite EletmAnalysis is to create an accurate
simulation to represent the system and in our tsadating the component of interest. The fixed
positions of the object were chosen to be the mogrbcations. The load was applied to the

load bearing surfaces of the low valleys.
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The load was chosen to be twice the maximum pdyloa120 Ibs. This load is highly
unlikely, but if the helicopter was to land suddewke could expect the system to experience two
g’s or twice gravity. Each load bearing surface Vasled with 30 Ibs. The stress analysis on the

Socket System can be seen on revision 4 in Fighire 1
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Figure 16: Stress Analysis of Revision 4. Factoif &afety Plot

The goal is to have a factor of safety higher th&n Most aeronautical applications have
a factor of safety between 1.3 and 1.7 becauskeoimount of service and maintenance. The
Ball and Socket system is designed for low serlidiga Figure 17 highlights the areas of

revision 4 Funnel System where the factor of safebelow 2.5.
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Figure 17 : FOS below 2.5 has been highlighted nevision 4 of the Funnel System

The last revision of the Ball and Socket systens Wwased on design for manufacturing.
The Funnel is made out of sheet metal and thep#ittern has been created in the first revision
and unchanged until the fifth revision. Achievithg bends necessary for the previous revisions
was to prove difficult until the mounting tabs wdtexed outwards instead of inwards. The
evolution of the funnel clips can be seen in FigL@with the new and old funnel design in

Figure 19.
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8.3.2 Evolution of Funnel Clip

Figure 18: Evolution of Socket

Figure 19: Funnel Design Changed for Manufacturing
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8.3.3 Final Funnel Design

The designs of the Sockets seen above were crbaterke the end of the fall semester.
During the break between the Spring and Fall Seares when the team received several new
constraints. One of them would cause the team ve @ modify the Ball and Socket design.
The constraint was that AFRL now wanted the lockiogpoccur before liftoff. The reasoning
behind AFRL’s request is the unpredictable behasfdhe RMAX during flight. The Bombot is
not secure until the RMAX is lifted an inch off tigeound or more with a purely vertical take-
off. Realistically the RMAX will take off in a gihtly chaotic manner. This chaotic manner is
not harmful to the RMAX but the tolerances needadBombot security in Revision 5 of the
Funnel System do not exist. The sponsor also dedhey did not want the wheels of the
Bombot to hang freely once engaged. This could eamne issues when trying to land the
RMAX. If the Bombot made contact with the groundfdse the skids it may cause some

disruption and can risk damages to the RMAX as a®khe robot.
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9.0 Fabrication and Assembly

9.1 Materials Selection

Although the sponsor did not specify or limit theoes in materials, it was deemed
necessary that a mid-grade aluminum be used fomtgerity of the manufacturing process to
stay within the given budget and also weight litnitas given by the RMAX. It was also the
most readily available due to its abundance locatethe FAMU/FSU COE Machine shop’s
scrap box. The type of aluminum that was used was60b1l aircraft grade aluminum.
Aluminum is known for its great strength to weightio (ultimate tensile strength of 207 MPa,
yield strength of 107 MPa) and also being very nradble, thus being a great choice for the
application at hand. For the most part, steel logts and bolts of varying sizes were chosen to

secure the machined parts together.

50 350 WA.191 6061-T4 aluminum alloy rod, tensile stress-
strain curves
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Figure 20: Stress/Strain curve of Aluminum 6061-T4
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9.2 Bill of Materials

With the final design created using Solidworksjess to Tyndall were sent to begin
fabrication of the required parts. Turnaround ttmeeceive the parts was about a week. Tyndall
created the larger more difficult parts but did matve enough time for the smaller parts.
Therefore the team had to find a way to fabricate remaining parts. The team went to Keith
Larson who is in charge of running the FAMU/FSU |IEgé of Engineering machine shop and
asked if they may use the machines as well as s@ak help. Larson agreed and also provided
the team with the materials needed from scrap pieta@aluminum. After all the scrap aluminum
from the FAMU/FSU College of Engineering machineoghwas examined and deciphered
through, the specimens that were deemed good antheneequired thicknesses were kept while
the rest were discarded. Once all the necessargrialatvas gathered, the fabrication process
began. The AFRL Team made use of the FAMU/FSU @ellef Engineering machine shop and
Professor Jonathan Clark’s Mobile Robotics Labrfmrst milling. This proved to be a bit of a
challenge as well as a learning experience asttitkeists had very limited machine experience.
For the next couple weeks the team would spendiraeytime in the machine shop fabricating

the necessary items. Tables 3-5 cover all of thies pathe Bill of Materials.
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Part Number Part Name Material Qty.

1 Platform Overhang AL 6061-T4 1

2 Parallel Linkage #1 AL 6061-T4 2
3 Parallel Linkage #2 AL 6061-T4 2

4 Linkage Rod Carbon Fiber 4
5 Counter Sink Flat head Screw Stainless Steel 12
6 Female Tie Rod End Stainless Steel

7 Round Spacer Nylon 8

Table 3: Bill of Materials. Swinging Platform

Part Number Part Name Material Qty.
1 RMAX Landing Gear AL 6061-T4 1
2 RMAX Mounting Rack AL 6061-T4 1
3 Socket System AL 6061-T4 1
4 Funnel Clip Bracket AL 6061-T4 4
5 Funnel Clip AL 6061-T4 2
6 Funnel AL 6061-T4 2
7 Bombot Container AL 3003 1

Table 4: Bill of Materials. Swinging Platform

Part Number Part Name Material Qty.
1 Base Platform AL 6061-T4 1
2 Ball Flange 1 AL 6061-T4 2
3 Ball Flange 2 AL 6061-T4 4
4 Ball Flange 3 AL 6061-T4 2
5 Camera Assembly 1
6 Servo Mount 1 AL 6061-T4 4
7 Servo Mount 2 AL 6061-T4 2
8 Servo Mount 3 AL 6061-T4 2
9 Servo Mount 4 AL 6061-T4 2

10 Pittman Arm 2
11 Aligning Knob AL 6061-T4 4
12 HS-5645MG Digital Servo 4
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13 #8-32x.5625 Stainless Stee 16

14 #10-32x3.00 Stainless Steel 4
15 #10-32 Stainless Stee 2
16 #10-32x.50 Stainless Steel 4
17 #6-40x.5 Stainless Stee 16

Table 5: Bill of Materials. Platform Assembly

9.3  Swinging Platform Fabrication and Assembly

9.3.1 Parallel Linkage Blocks 1 & 2
The parallel linkage blocks 1 and 2 were both nfagi® half inch, thick pieces of 6061-
T4 Aluminum. While both sets of blocks are similarshape, they each are responsible for
executing different tasks. While the two sets aickk look simple in design, they were very
difficult to machine due to their extremely smaltes Each cut and pass on the mill had to be
very precise (much within a + 0.001 in tolerana&fter drilling three #21 bit holes, each hole
had to then be tapped. Parallel linkage block dsid to fully secure the lower set of female tie

rod ends to the Bombot's frame as well as insugnalent among the two sets of carbon fiber

rods. There Wa% inch clearance inserted between the inside obkbhek and the tie rod ends to

allow for uninhibited movement among the tie rodsl awinging platform as a whole. Parallel
linkage block 2 is used to secure the upper séieafod ends to the overhang platform. While
securing the overhang platform, they also provideval surface in which the platform rests on

and maintains the horizontal in such that the camgstem utilizes the plane sight of view.

9.0 Fabrication and Assembly | Final Report ouprl0



Figure 21: Scale view of Parallel Linkage Blocks

9.3.2 Female Tie Rod End
Although the female tie rod ends were purchasespoments, they were however
modified. About 0.05 inches were shaved off of eithide of each rod end so that it would fit
inside the parallel linkage blocks and have enawgim to move about freely within the blocks.
There was also a #2-56 tapped hole placed abohtiicBes from the end of the lower tie rods
such that the servos that would control the asoenand descension of the overhang platform

and camera system, could be attached using a #2¢6%.

Figure 22: Female Tie Rod End
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9.3.3 Overhang Platform

Due to the complex geometry and relatively thisne$ the overhang platform, this
component could not be milled upon. Therefore xi6-AAAS CNC machine was used to pre-
drill holes and cut the flat outline of the overbaplatform out of 1/8 inch thick 6061-T4
aluminum. The overall design of this componentatit had two brackets for the camera system
mounting. However after optimizing the system, twe brackets were minimized to one and
then centered due to the second bracket being ass&y since the camera’s transmitter and
battery packs was going to be attached to the Bombame. Once the CNC machine cut out
the overhang platform, 90° bends were inserted a@h Bnds so that the platform could be
attached to the upper parallel linkage blocks. Ghanges to the overhang platform are shown

below in Figure 23.

Figure 23: Overhang Platform; Old & New Comparison

9.4  Marsupial Payload

The RMAX'’s landing gear and mounting rack were botanufactured by an OMAX
water jet cutting machine at Tyndall AFRL’s fabtiom shop. The other components which

make up this assembly were also fabricated by AR&Akever, finished by the team.
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9.5 Funnel & Funnel Clip

As mentioned above, the funnel, which is paramaunrihe self aligning feature of the
Bombot, was cut out of 0.032 inch thick sheetslofmenum. Once the flat shape was cut out, it
was then formed with a solid steel cone and rubfeitet. An English wheel was the preferred
machine to use for forming, however due to lackneiown experience and virtually no wheels
available, a rubber mallet was used to make thecabfiorm of the funnel. As one could
imagine, this was neither a quick nor easy taskh Bannels had to be identical as well as keep a
57° angle gradient which is vital to the lowerirfgtlte Bombot upon entering the container and

avoiding the exhaust fixture of the RMAX.

The funnel clip was also manufactured by AFRL’s %1 Due to its unique profile, a
regular mill fitted with a routing bit would be tammbersome to handle the amount of precision
needed to make the necessary cuts in the 0.20thnah sheet of aluminum. The OMAX left a

clean and finished cut. The funnel systems compisreze displayed in Figure 24.
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Figure 24: Funnel & Funnel Clip

9.6 Bombot Container

The Bombot container took several different shapefere finally being settled upon.
The first among these shapes was a fully encompgssiell which had portholes along the side
of the container to counter aerodynamics that tr@acner would add as well as a door which

would completely enclose the Bombot once insiddeasonstrated in Figure 25.
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Figure 25: Old Box Design

Due to structural integrity and change of the gebjscope, it was later decided that the
portholes on the side of the container were nodomgeded. The lid was also discarded from the
design due to the overall complexity of the syst@ime team wanted the system to be overall
simplistic in nature such that manufacturing ease @me would be considerably cut down.
After these changes were made to the containetgedm had the new challenge of incorporating
the self aligning feature of the Bombot. This wasamplished by making an indention profile
along the sides of the container in which the flirmmel funnel clips would rest; thus solving the
challenge of adding the self aligning feature. Téam also removed the top of the container due
to it being unnecessary and overall weight reduactithe final design of the container was cut
out of a 0.06 inch thick sheet of aluminum. Thetaorer was then folded to shape and welded
together to increase the overall rigidity of thetzoner and system. Figure 26 shows the changes

that were done to the Box.
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Figure 26: Non-Optimized(Left) & Optimized Container(Right)

9.7 Servo and Ball Mounting

9.7.1 Flanges
The manufacturing of ball flanges 1 and 3 were gimaplest out of all the fabricated
components. Both flanges were made from 0.25 imetk tpieces of aluminum. The main
differences between the two are the heights anchate placements about each flange. While
ball flange 1 is 1.85 inches high, ball flange 21i8 inches high. There were a total of four

through holes, measuring 0.161 inches in diamééseg in each of the two flanges.
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Figure 27: Ball Flange 1 and 3

Because of the abnormal design of ball flang&ig,domponent had to be fabricated with
AFRL’'s OMAX. They were cut out of 0.25 inch thickocks of aluminum 6061-T4. Ball flange

2 is paramount in supporting the Bombot’s aligriingbs and is shown in Figure 28.

Figure 28: Ball Flange 2
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9.7.2 Servo Mounts 1-4
Servo mount 1 was one of the more challenging corapts to fabricate. Measuring 1.90
x 0.25 x 1.42 inches, several precise passes amithead to be made before the four pre-drilled
holes on the piece could be tapped. This compaserital in holding the locking servo which
secures the Bombot in the container prior to liftad the RMAX. A CAD image of this servo

mount is in Figure 29.

Figure 29: Servo Mount 1

Servo mounts 2 & 3 were also fabricated at théegel of engineering’s machine shop.
Servo mount 2 was the simplest of the four moumfalricate due to it being a 0.375 inch thick
piece of aluminum in which two through holes werdletl. Servo mount 3 was 0.2 inches thick
and was made in the shape of a “T”. Again four #80ugh-holes were placed in the piece as

shown by Figure 30.
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Figure 30: Servo Mount 2 (Left) & 3 (Right)

Servo Mount 4 was another difficult component t@nefacture due its complex
geometry and curves. The team believed that it vda@ best to manufacture the component
using the HAAS CNC. Once the drawings for the congmt were transferred from the
SolidWorks file format to the AutoDesk format whichmore readily accepted by the HAAS, it
was a quick process to transform the blocks of alum into the finished product located below
in Figure 30. The component had a shape definidgsdocated at the top of the piece which
measured 0.25 inches and several smaller splineshwiad radii measuring 0.12 and 0.15
inches. A built in design feature which was incogted into the component was the off-
centering of two through holes which aid in anglofghe locking servos. Another two through
holes were drilled into the bottom of the compongunth that it could be secured to the frame

and ball flange 2 component. This mount is showRigure 31.
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Figure 31: Servo Mount 4
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10.0 Exploded View of Assemblies

The following are exploded views of how the systeare assembled. Actual Solidworks
drawings are located in Appendix F. Figure 32, aBexploded views of the Swinging Platform,

and Funnel System with the Payload container.

Figure 32: Swinging Platform Exploded View
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Figure 33: Exploded View of Funnel and Box System
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11.0 Controls

Now that the team had a finalized design and edi¢ne raw materials for fabrication,
the next issue to address was system control. Slevembers of the team took a trip to a local
Hobbytown USA store to ask for some advice fromehmployees. The members spoke with the
store manager, Sherman, and told him that theyateedntrols to activate the four servos. The
two servos that would control the swinging platfoneeded to be activated simultaneously.
These servos are depicted below in Figure 34. Hewtine controls for the locking mechanisms
can be controlled individually. It was also estsibéid that if the payload container was
reinstalled to the Bombot the left and right loakiservos could be coupled together into one
channel in order to have the additional channell@bla to deploy the payload container. These
goals needed to be achieved without creating ateyference with the existing controls of the

Bombot which operates at 2.4 GHz.

Swinging ' %
Platform

Figure 34: Location of swinging platform servos
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Sherman expressed that the easiest and mosteaftfisiay to control all of the servos

without any interference was to purchase an egtingw controller with seven channels to

control all of the team’s desires. This controleyuld take place of the existing controller while

being able to control the camera assembly as wsetha servos. The team accepted his advice

and decided to go this route. An order through Htilbin USA was placed for the necessary

parts. The parts ordered for the controls aredigteTable 6.

Part Description Quantity| Unit Price | Total Price| Account Supplier
18" Ext Cord for Servo 2 $4.75 $9.50 FSU  Hobby TdwsA
Y Connector 1 $5.99 $5.99 FSU  Hobby Town UBA
Spectrum Radio Hobby Town USA
Controller 1 $269.99 $269.99 FSU
Servo Programmer 1 $115.00 $115.00 FSU Hobby To®A U
Heavy Duty Cut Off Hobby Town USA
Wheels 1 $11.00 $11.00 FSU
Servo 4 $54.99 $219.96 FSU  Hobby Town UBA

Table 6: Part List for Controls

The team needed individual channels to controffélewing: Throttle, Steering, Tilt of

the Camera, Pan of the Camera, Height of the smgngiatform, Left locking servo, and Right

locking servo. Because of these requirements thm teeeded to purchase a controller with

seven channels. Sherman suggested the Spectrum tb>&@hieve these goals. This decision

was based upon multiple reasons. First of all it thee ability to control the range of motion and

reversing of each channel. Secondly the receiarithutilized was very compact and would not
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interfere with the weight or size requirements twate necessary for the Bombot. Thirdly, it
was within the budget set out for the total instiadin of the controls, and lastly it was already in
stock and could be picked up and utilized in a lymmeanner. As a bonus this new control
system eliminated the large antenna used by tlok stntrols.

For the actual installation of the controls, thistforder of business was to change out the
speed controller. The speed controller that carstalied on the Bombot was prone to flipping
the unit if the user made quick throttle changesl id also did not come with any literature for
the use or alteration of it. A new speed controllas installed and it was programmed to allow
for only fifty percent of the available braking thy forward motion. This alleviated much of the

flipping that had been occurring with the Bombot.

After the new speed controller was programmediasi@lled the additional servos could
be installed. Inherent to the DX-7 controller, #sr@amentioned, was the ability to reverse the
servomotor, as well as change the range of moBath of these options were utilized. The
steering of the Bombot was reversed in order towallor the user to steer the wheels left and
right with a left and right motion of the steeristick respectively. The pan of the camera was

also reversed for the same reasons.

The throttle control of the Bombot was set below throttle to allow for more control of
the speed of the robot, as well as the range ofomaif the locking servos to allow for the
proper positioning of the locking servos when tingre activated. An instructional breakdown

of the DX-7 controller is shown in Figure 35.
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Figure 35: Spektrum DX-7 User Guide

11.1 Autonomous Controls

During the fall semester the team spent time rekésy ways to make the engaging
system autonomous. Beacon sensors became the @gtiachieving this goal. The team’s plan
was to implement an autonomous system in the Sgenggster if a final product was completed
earlier than expected. The team was not requiredetéorm this for the project and simply
researched it as a means of optimization. Wherbdgenning of the spring began and the team
received news of the mandatory five week testiradtiee the team decided to not continue with
the controls needed for autonomy. Given the amofirogramming and components needed

the funds needed to purchase the required partklwot be possible under the $1500 budget.
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12.0 Final Prototype Design

With the new information received during the meldif the December the team needed
to create aew project scope. The new scope covered all thecoastraints that the team was to
follow. A new design was created also created Valg these new constraints. The new and
improved Ball and Socket System became a convoluwfacall the previous designs. The new
design exposes all the previous designs benefiile whleting their flaws. The new design can
be seen in Figure 36. This design is near identwahe previous, except for the updated
container that the Bombot can drive into, the addibf a preload bracket added to the funnel
clip for near zero deflection under load, and sfotsa latching mechanism to completely secure
the Bombot prior to take-off. The profile of therffiel Clip was also changed as there was no
longer a need for the lowered valleys. The latghmechanism and the preload bracket is

shown in Figures 37 and 38 respectively.

Figure 36 : Ball and Socket Prototype Design
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The container was added to raise the Bombot effytiound. The bottom of the container
is held % in off the ground. The only contact BMAX will have with the ground is the skids.
This will minimize any unwanted forces onto the Bmohfrom its tires making contact with the

ground.

The latching mechanism will keep the Bombot lockedolace. If power is lost the
servos will remain locked and the Bombot will remaecure. If signal is lost the servos will
remain in their locked positions. Thus, the onlgywhe Bombot will be rendered insecure is at

the users will. Images of the locking notch andgheload bracket are seen in Figures 37 and 38.

Figure 37: Bombot Locking in Funnel

Figure 38: Preload Bracket
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The Bombot's equipment had to be updated witméwessary hardware. Servos needed
to be added to raise and lower the swinging platfoarrying the camera as well as servos for
locking the Bombot into the Funnel System. Once $lervos were positioned a system of
brackets needed to be designed as well. Desighmdrackets that would mount the servos
proved difficult because of all the different cadesiations such as different configurations,

designing for manufacturing, and designing for agdg. The updated platform assembly is

shown in Figure 39.

Figure 39: Bombot with updated Hardware
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13.0 Testing

13.1 Testing Stage |: AFRL Static Tests

On the morning of February $@009 the team met at the College of Engineeringeto
ready to embark on another visit to Tyndall Air é®@Base. This visit was intended to perform
testing of the prototype while attached to the RMAKwas at this time that some final
assembling and modifications took place. During sqmevious tests the team experienced some
issues as engagement was attempted. The ballsawet¢oo large for the end of the funnel and
the Bombot would get stuck occasionally. The teaoud the surface of the Balls in order to
create a temporary fix for the static tests thauloake place later in the day. The next
modification performed was the removal of the froomper of the Bombot. This was done to
avoid any part of the Bombot hanging out of thd bakthe Box. This issue would be resolved

later by ordering a new box with the corrected disiens.

The Yamaha RMAX was taken outside to the testimguigds and the prototype was
attached via the mounting bracket. Immediatelytélaen noticed an issue. The bottom of the box
made contact with the ground while attached toRMAX instead of the expected Y4 inch. This
would not alter the results of the testing but witlve to be solved in the future. Lt. Kopeikin
instructed the team to perform test runs by hatiregguser operate the Bombot fifty feet away
from the RMAX. The goal was to complete 10 flawlesss in a row before Lt. Kopeikin would
approve the design for a test flight. A flawless onsisted of entering the RMAX, locking
securely, and exiting the RMAX all without issu&be team recorded over fifty trials and came

very close to achieving ten perfect runs in a rdtwe Bombot had a problem when reversing
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away from the RMAX and got stuck in the processisTissue mainly occurred due to the
Bombot's steering system. While going in reverse Bombot turns the wheels slightly to the
left thus creating a chance that the Bombot maystgyetk. Some other problems with the design
were that the notches that were cut for the lockmeghanism were not in the correct location.
The locking servos were still strong enough to htddlf securely in the Box but they were not
aligned properly. The operator of the Bombot woattelerate in the reverse direction to test
security while engaged. Even with the notches #iigbut in the wrong location the Bombot
would still be secure due to the strength of thekilog servos. The team will address this issue
when a new Box is ordered to fix the clearanceeisssiwell. The mounts that held the locking
servos in place had been missing a screw causengetvo to rotate slightly. The team planned
to strengthen the stability of this mount once tmeturned back to Tallahassee. Overall the
testing had gone successful. The tests that tadephere the first actual tests that the team had
done so they were pleasantly surprised with theltsesThe team felt that had they been able to
perform full tests prior to the trip to Tyndall thithese issues would be nonexistent. The proof of
concept had clearly been shown and the team faftthie issues that arose were very simple to
solve with some minor modifications. Lt. Koepeilapproved the design for a flight test if the
team modified the Bombot to prevent the issues fooourring again. Note: The camera system
had not been installed during these tests as #m was in the process of completing it. Images

during the testing are displayed in Figures 404ihd
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Figure 40: Bombot aligning with Engagement System

Figure 41: Inspecting the Locking Servos
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13.1.1 Modifications from Testing Stage |
The team ordered a new box from AFRL with corréctimensions as soon as they
returned home from Tyndall. Extra screws were adddtle servo mounting brackets in order to
improve rigidity, movement was no longer an isa&h the installation of the new controls the
steering issue was solved and the pervious memtiprablem did not repeat. A new profile and
material for the Balls of the system were ordefidte previous balls had too great of a diameter
and was a cause for some of the issues duringngestielocation of the notches for the locking

servos was performed at this time as well.

13.2 Testing Stage Il: Team Static Tests

Shortly after the aforementioned modifications lhe&n completed the team performed
some more trial runs. The goal was twenty perfansrin a row. These tests were done at the
College of Engineering using the replica skids wihle Engagement system attached via the
mounting bracket. The system was placed about boffahe ground to simulate what it will be
when attached to the RMAX. The first twenty triaihs were completed flawlessly with the
locking servos engaging perfectly in the newly slots, see Figure 42. Following this, another
twenty runs were performed again with similar resulfter these tests the team received the
completed camera system and began installation. t€hen installed the system to near
completion however there was an issue with thesnafethe camera. These wires were not very
long and therefore the movement of the swingin¢fqlian was limited. Despite this the swinging
platform was able to be lowered to its lowest paevhich is what was needed for the tests. The

team performed more trial runs in order to be shat there were no clearance issues with the
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camera. Figure 43 shows the amount of clearancéableawhile engaged to the system. The
outcome was twenty more perfect runs. Overall thezee several runs that ran into issues but
each time the Bombot was safely removed withoutube of human interaction. Most of the
issues that occur can be attributed to human dltres.very difficult to maneuver the Bombot

and a large portion of success is due to the exipeeiof the user.

Figure 42: Locking servo engages successfully

Figure 43: Camera clearance
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13.2.2 Modifications from Testing |l
The next modifications performed were mainly fami®n optimization. The team felt
comfortable with how successful the system had la@ehjust wanted to strengthen several parts
of the prototype that may fail due to fatigue. Bugnging platform and locking servos were two
parts of the system that were optimized. With tddeal weight of the camera system to the
swinging platform the team did not want any flexaocur and therefore replaced the carbon
fiber arms with aluminum. Longer wires for the cameystem were also installed allowing the
swinging platform to move freely in the total rangfenotion. Several tests were performed after
these modifications with the results being justsascessful as prior tests. An image of the

aluminum arms for the swinging platform is seefrigure 44.

Figure 44: Aluminum arms for swinging platform
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13.3 Testing Stage lll: AFRL Flight Tests

The team traveled to Tyndall on Aprif"72009 for the scheduled flight test. The
scheduled flight window was between 3:30pm and fm3&T. Upon arrival the team received
news that a flight test may not be possible duthéowind conditions. The winds were gusting
between 15-22 mph throughout the day. These conditiare dangerous for operating the
RMAX which as a wind limit of 13 mph. The pre-opoa checklist was performed and the
system was ready for testing. The checklist locatedppendix D. The team performed static
tests before any flight testing occurred. Lt. Kdqoeiinstructed the team to perform ten flawless
runs of engaging and disengaging to the RMAX. Ting fen runs resulted perfectly and the
team was cleared to fly. However due to the vejoaitthe wind the flight testing was placed on
standby as the team waited for the wind to decrdiseng this time the team took photographs
of the system for the Final Report and Presentatdrd:17pm ET the wind had died down
enough for Phase | of the flight tests. The wing wtll gusting so the RMAX was only to be
flown about 5-10 ft above the ground. Phase | ctediof takeoff and landing of the RMAX
with just the engagement container installed, thmmBot would not be engaged. While
attempting to liftoff the payload container expaded heavy vibrations and the RMAX was
shutdown. The RMAX briefly experienced a sectionogtillations while accelerating. These
oscillations are completely normal during liftolfinfortunately due to the lightness of the
container these oscillations traveled directlylie system. The team and the sponsor believed
that these vibrations can be prevented by addinge meight to the system, as the RMAX
usually has counterweights installed when otherliegns are attached. At 4:24pm ET the
next part of the testing was Phase Il. This phassisted of liftoff with the Bombot attached to

the RMAX. The flight was a clear success as theatibns that occurred before were nearly
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non-existent. The RMAX hovered between 5 and 1@din the ground for over a minute.
Finally at 4:34pm ET Phase Il of the testing wasauted. Phase Ill was to have the Bombot
attached to the RMAX while it was idling, deplogetf, return back to the RMAX and then
experience liftoff. This phase of the testing wésoaa success as the team achieved similar
results to Phase Il, hovering for nearly two misutEhe team congratulated one another as well
as Lt. Kopeikin. Lt. Kopeikin declared the projegot be a complete success. Despite Phase |
experiencing vibration issues, Phase Il and llivpbthat adding counterweights to the system
will eliminate the aforementioned problem. Thissismething that the team recommends for
future work. Videos and photographs were recordedughout all of the tests. Two of the

images from the flight tests are shown in Figuresdd 46.

Figure 45: Flight Test Image |
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Figure 46: Flight Test Image 2
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14.0 Final Project Design

This portion of the report will showcase some iegmgf the completed design. The only
changes that occurred were the ones that were oneqtin the Modifications from Testing

section. Figures 47 — 50 are images of the systdta final state.

Figure 47: Bombot next to RMAX

Figure 48: Bombot Engaged to RMAX
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Figure 50: Side view of flight test
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15.0 Budget

Current Budget

4 N\ Raw
Material
Travel %6

Figure 51: Pie Chart Breakdown of the Budget

The team was given a budget of $1500.00 to comhés project. Figure 51 shows a
brief breakdown of how the budget was spent. Thprnity of the budget was allocated towards
the electronic components for the build for a tatfad1%. 33% of the budget was then allocated
to hardware needed to complete the build. Iltem& ssscnuts and bolts, screws, batteries, and
hook & loop are just a few that make up the har@vsaction. The other 26% of the budget went
to travel and raw material. Since the team madeofishe College of Engineering’s machine
shop, the cost of raw material was essentially \semgll; a mere 6% of the total budget. The
team managed to stay within the budget only spendhl92.97 of the given $1500.00.
Although the team did not fully utilize the $1500,@he left over $325.68 could have been put
towards higher quality servos or controls. A fullgtailed version of the budget is located in

Appendix A.
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16.0 Conclusion

Throughout the year the team has worked diligetatlgesign a Marsupial Deployment
and Recovery system for Tyndall Air Force Labona®rBased on the constraints and project
goals given by the sponsor, the team identifiedsgrexifications and generated a project scope to
guide them during the entire process. Initial cptsaevere developed and analyzed to determine
which design would give the team the greatest ahafhceaching the project objective. The team
moved forward with the Ball and Socket design goehs several months modifying it so that it
satisfied all of the constraints. Next the teamhgegd all the parts necessary to create a
prototype that would be optimized as needed. Masist were performed and notes were
recorded on issues that had occurred. The teamthssd tests to modify the system so that the
issues no longer occurred. A flight test was pentt near the end of semester at AFRL with
successful results. Overall the team achievedfath® required goals and the sponsor deemed
the project, “Mission Accomplished”. The team iswseatisfied with the outcome of the design
and believes that given the time and budget canstrahere was not much that could have been

improved.

16.1 Reccomendations

Regarding any further research for this projdot, team has several recommendations
that they wish to pass along. With the final prgpet built the team experienced only one issue.
As mentioned earlier the issue occurred during fired phase of the flight test with the
Engagement system installed without the Bombot eotad. The system experienced heavy

vibrations while the Yamaha RMAX accelerated topare for liftoff. After performing
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additional tests the team determined that addingtesweights to the carriage will eliminate this
issue. The vibrations did not occur while the Boimas attached to the RMAX which is how

the team determined the cause of this issue.

The battery system for the camera is also a poudiathe system that can be improved.
Currently it requires eight AA batteries to opertite functions of the camera. The batteries lose
their life very quickly. Lithium-lon or some oth&rpe of quality rechargeable batteries is highly

recommended.

During the fall semester the team researched me&nmaking the entire system
autonomous. Due to lack of time and funds the tea® not able to implement this into their
project. The AFRL team believes that adding automagncontrols to the existing engagement

system would be a create Senior Design projedh®future.
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Appendix A — Budget / List of Materials

Part Part No. Description Quantity | Unit Price Total | Account | Supplier
Price
Paint Brush FOAM-30 Foam paint 5 $0.70 $3.50 AFRL _us
Brushes Composite
S
Chopped Strand Ma FG-10538 Fiberglass 6 $2.75 $16.50 AFRL _Us
chopped mat Composite
S
404 Tooling SM-404100| Fiberglass Resin 1 $36.50 $36(50 AFRL _  US
Polyester Composite
S
MEKP Hardner SM- Fiberglass hardnefr 1 $12.95 $12.95 AFRL  US
MEKP320 Composite
S
Fiberglass Roller FR-1315A Roller 1 $5.80 $5.80 AFR us
Composite
S
Mix & Measure CON- Measuring & 5 $1.65 $8.25 AFRL _US
Buckets MM160 Mixing cups Composite
S
Stir Sticks GLV-PS05Q Stir sticks 1 $3.95 $3.95 AFR us
Composite
S
Dust Respirator 3M-8210 Respirators 4 $1.50 $6/00 FRIA us
Composite
S
Latex Exam Gloves| GLV-LL10( Gloves 1 $10.00 $10.00 AFRL __Us
Composite
S
Plastic Squeegy SQ-04 Squeegy 5 $0.50 $2,50 AFRL _ U
Composite
S
Mold Release MEG-108| Fiberglass Release 2 $9.95 9619 AFRL us
Composite
S
Electric Conduit - Tubing_Skids 1 $10.00 $10.00 FSU Home
First Mock up Depot
Aluminum 9536K41 Color-Coded 2 $14.70 $29.4(Q AFRL McMaste
Aluminum Shim -Carr
Stock .030" Thick,
12" X 24", Coral
Low Carbon Steel 9517K159 Low-Carbon Steel 2 $32.81 $65.62 AFRL | _ McMaste
Tight-Tolerance -Carr
Flat Stock 1/8"
Thick, 3-1/2"
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Width, 2' Length

Screws

90471A163

100 Degree Flz
Head Phillips
Machine Screw
Zinc-Plated Steel,
4-40 Thread, 1/2"
Length, Packs of
100

$9.81

$9.81

AFRL

McMaste
-Carr

Screws

90273A114

Zinc-Plated St
Flat Head Phil
Machine Screw 4+
40 Thread, 7/8"
Length, Packs of
100

$4.16

$4.16

AFRL

McMaste
-Carr

Spacers

94639A714

Nylon Unthread

Round Spacer

3/16" OD, 1/2"
Length, #4 Screw
Size, Packs of 10(

)

$8.12

$8.12

AFRL

McMaste
-Carr

Rods

1581K11

Female Threade
Rod End 1/4"-20
Thread Sz, 3/4" L
Thread, 1/2" Head

Dia, 2" L

d

$10.34

$82.72

AFRL

McMaste
-Carr

Steel Balls

9528K39

E52100 Alloy
Steel Ball 15/16"
Diameter, Grade
25, Packs of 15

$14.99

$14.99

FSU

McMaste
-Carr

Alluminum

7830K121

Multipurpose
Aluminum (Alloy
6061) Chrome-
Coated, 3/16"
Diameter, 1'
Length (Same as
7830K21)

$5.66

$5.66

FSU

McMaste
-Carr

=

Threaded Round
Standoff

96110A035

Nylon Female
Threaded Round
Standoff 1/4" OD,
3/16" Length, 10-

32 Screw Size
(Same as
96110A530)

$0.94

$7.52

FSU

McMaste
-Carr

=

Steel Rod

93250A054

Type 316
Stainless Steel
Threaded Rod 10
32 Thread, 1'

Length

$3.14

$6.28

FSU

McMaste
-Carr

=
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Cap Screw

92200A34%

Military
Specification
Socket Head Cap
Screw 300 Series
SS, 10-32 Thrd,
3/4" Length, MS
16996-12, Packs
of 10

$4.33

$4.33

FSU

McMaste

-Carr

=

Cap Screw

92196A281

18-8 Stainless

Steel Socket Head

Cap Screw 10-32
Thread, 2-1/2"
Length, Packs of

25

$9.75

$9.75

FSU

McMaste

-Carr

=

Cap Screw

92200A194

Military
Specification
Socket Head Cap
Screw 300 Series
SS, 8-32 Thrd,
1/2" Length, MS
16995-26, Packs
of 10

$3.95

$7.90

FSU

McMaste

-Carr

=

Cap Screw

92196A082

18-8 Stainless

Steel Socket Head

Cap Screw 2-56
Thread, 7/16"
Length, Packs of
100

$6.62

$6.62

FSU

McMaste
-Carr

=

Machine Screw

96877A216

82 Deg Flat Hepd

Phillips Machine
Screw 300 Series
SS, 4-40 Thrd,
1/2" L, MS51959-
17, Packs of 50

$7.51

$7.51

FSU

McMaste
-Carr

=

Machine Screw

91771A114

18-8 SS Flat He
Phillips Machine
Screw 4-40
Thread, 7/8"
Length, Packs of
100

ad

$4.95

$4.95

FSU

McMaste
-Carr

=

Machine Screw

91771A124

18-8 SS Flat He
Phillips Machine
Screw 5-40
Thread, 1/4"
Length, Packs of
100

ad

$5.28

$5.28

FSU

McMaste
-Carr

=

B.O. Cap Screw

91251A459

Black-Oxide
Alloy Steel Socket
Head Cap Screw

12-24 Thread, 5/8f

$11.19

$11.19

FSU

McMaste
-Carr

8

Appendix A — Budget / List of Materials | Final ptet - Group 10



Length, Packs of
25

|. Locknut

90715A115

Type 316 SS
Nylon-Insert Hex
Locknut 10-32
Thread Size, 3/8"
Width, 15/64"
Height, Packs of
50

$8.51

$8.51

FSU

McMaste
-Carr

Thin Locknut

90101A004

18-8 SS Nylon-
Insert Thin Hex
Locknut 4-40
Thread Size, 1/4"
Width, 7/64"
Height, Packs of
50

$7.25

$7.25

FSU

McMaste
-Carr

Thin Locknut

90633A006

Grade 2 Steel
Nylon-Insert Thin
Hex Locknut
Zinc-Plated, 5-40
Thread Size, 1/4"
W, 7/64" H, Zinc-
Plated, Packs of
100

$4.38

$4.38

FSU

McMaste
-Carr

AL. Plug

27175A115

Vanadium Stee

Hand Tap for
Aluminum Plug,
8-32, H3 Pitch

Dia, 3 Flute

$8.43

$8.43

FSU

McMaste
-Carr

Machine Screw

96537A16

D

Black-Oxide 18+-8
SS Machine
Screw Hex Nut
10-32 Thread
Size, 3/8" Width,
1/8" Height, Packs
of 100

$8.52

$8.52

FSU

McMaste
-Carr

S.S. Cap Screw

92196A75

1

18-8 Stainles
Steel Socket Hea
Cap Screw 5-40
Thread, 5/16"
Length, Packs of
50

=0

$6.81

$6.81

FSU

McMaste
-Carr

S.S. Cap Screw

92196A12

6

18-8 Stainles
Steel Socket Heax
Screw 5-40
Thread, 3/8"
Length, Packs of
50

=0

$7.05

$7.05

FSU

McMaste
-Carr
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Hex Nut 90257A038 Type 316 SS 1 $11.65 $11.65 FSU McMaster
Machine Screw -Carr
Hex Nut 12-24
Thread Size, 7/16]
Width, 5/32"
Height, Packs of
50
Ball Bearings 9613K37 Nylon 6/6 Ball 1] 1 $9.28 $9.28 FSU McMaster
Diameter, Packs -Carr
of 10
Vel. Tape 94985K812  Super Adhesive 1 $17.67 $17.67 FSU McMaster
All- Purpose -Carr
Nylon Hook &
Loop 1" W X 10'
L, Black, Packs of]
10 Ft.
Extension Cord Vp2104 18" Ext Cord for 2 $4.75 $9.50 FSU Hobby
Servo Town
Connector Vp2110 Y Connector 1 $5.99 $5.99 FS hobb
Town
Controller Spm2712 Spectrum Radip 1 $269.99 $269.9 FSU Hobby
Controller 9 Town
Servo Programmer Servo Programmer 1 $115.00 $115.0 FSU Hobby
0 Town
Cut Off Disks Heavy Duty Cut 1 $11.00 $11.00 FSU Hobby
Off Wheels Town
Servo hrc35645s Servo 4 $54.99 $219.9 FSU Hobby
6 Town
Trip # Travel Date Destination #In # of Miles $/Mile | Account Total
Atten.
1 9/12/2008 Tyndall AFB 3 200 0.38 FSU $76.00
2 9/26/2008 Tyndall AFB 2 200 0.38 FSU $76.00
3 10/17/2008 Tyndall AFB 4 200 0.38 FSU $76.00
4 2/26/2009 Tyndall AFB 4 200 0.38 FSU $76.00
5 4/7/2009 Tyndall AFB 4 200 0.38 FSU $76.00
Total Funds $1,500.00
- $1,192.97
Amount Left $307.03
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Appendix B — Addition Information of Design

B.1 Aerial Marsupial for UGV TP V2

B.1.1 UGV Marsupial Payload
The UGV marsupial payload is designed specificdlgontain and secure the bombot in
all six degrees of freedom. The payload is attddbethe RMAX mounting rack. The RMAX
mounting rack is commonly used to attach exteriyatesns to the RMAX and is therefore

considered a secure attachment point.

The bombot will be stored in a partial containethwan open top and front to allow
access and camera clearance. This container aélp khe bombot suspended above ground
during pre take-off and post landing. Ideally tmy forces acting on the UAV are the normal
forces of the ground acting on the skids and thesthdue to the blades. Although other loads
will inherently be present on the UAV throughout tlight procedure, they are considered
minimal and have been designed for. The partiataoer prevents the tires of the bombot from
contacting the ground and non-ideal forces duddocbntact. The partial container is shown in

Figure 52.

Mechanical slots will guide the bombot into a secposition. The overall shape and
geometry of the slots will correct misalignmentsl dmuman error of the steering of the bombot
relative to the RMAX. When the bombot reachedutshest position into the partial container
two servos will activate and engage a failsafe ilogksystem. This locking mechanism
combined with the entire UGV marsupial payload vedcure the bombot in six degrees of

freedom relative to the RMAX. The locking mechamis programmed to default to the locked
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position, so when communication is lost the bombat remain secured. The locking
mechanism uses an interlocking method keepingdhebbt fully engaged to the RMAX with no
motor torque necessary. The force keeping the bomsdcure is distributed through the pin of
the servo, and not the servo itself. This coneeptmilar to the deadbolt on a door, whereas on
a door little force is necessary to lock and aofoforce is needed to open the door once the lock

is engaged. These mechanical slots can be séagure 52.

Figure 52: UGV Marsupial Payload for Bombot

B.1.2 Bombot UGV
The bombot UGV is a four wheel drive all terrainhigée. The bombot has been
equipped with the necessary hardware to engagBM®&X UAV. The system is designed for
the bombot to gain entrance from the front of tr®MU The necessary hardware consists of

multiple brackets, the swinging platform systend afignment balls.
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The swinging platform allows the bombot’s video esanclearance to fit underneath of
the belly of the RMAX as well as provide appropeidteight of the camera to view the
surroundings. Hence, the swinging platform wilseaand lower the video camera assembly to
the desired height. The height of the Bombot igradied by two servos working in sync to raise
and lower the camera assembly’s platform. Thegiat also redistributes weight to the center
of the platform creating better performance for Beembot. The swinging platform can be seen

in Figure 53 in its upright position.

Four steel balls are used to correct the Bombaadimg angle, constrain in the partial
container, and compress the rear suspension talggveamera extra clearance from the UAV’s
exhaust system. The UAV’s exhaust system jetselxbfaust onto the Bombot so sensitive

materials such as the camera and electronics ang gobe shielded with heat wrap.

Figure 53: Bombot UGV
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B.2 Power Supply System
The RMAX UAV uses a 12V 7A lead acid battery foloboip sequence and starting from a

pinion-plunge type electric starter. Power is Sigopto the aircraft avionics and components
from a 12V 140W on-board generator.

B.3  Airborne Equipment Weight and Balance and Confyuration Control
Management

The weight and balance of this configuration wél\erified upon installation of all
utilized components. The manufacturer has ifiedtthe correct weight and balance
requirements for the RMAX. Below is a list of knowimborne test equipment and respective
weights. Configuration 1 lists the weight of thBIRX with the UGV Marsupial Payload, but
without a mounted Bombot. Configuration 2 liste #ame weights and includes a latched robot.

Configuration 1 — RMAX with Marsupial payload (with out Bombot):

Baseline weight

RMAX Aircraft: 136.0 Ibs
WePilot Autopilot: 0.5 Ibs

Full tank of Fuel 11.1 Ibs
UGV Marsupial Payload\(without Bombot) 6.8 Ibs
Total Anticipated Weight: 154.4 Ibs

Configuration 2 — RMAX with Marsupial payload (with Bombot):

Baseline weight

RMAX Aircraft: 136.0 Ibs
WePilot Autopilot: 0.5 Ibs
Full tank of Fuel 11.1Ibs
UGV Marsupial Payload\(without Bombot) 6.8 Ibs
Bombot 19.5 Ibs
Total Anticipated Weight: 173.9 Ibs

A systematic approach is followed for configuratemmtrol management. Any desired
configuration change is compared to the original&Mtonfiguration to ensure the desired
change will meet the space, weight, and balancégliimns of the aircraft. A surrogate payload

Appendix B — Addition Information of Design | Flrigeport - Group 10



is then mounted on the aircraft for the evaluatiteps and suspended from the center of gravity
to determine initial moment changes. The airdgfbhen hovered and flown manually with the
surrogate payload by the chief UAV operator to deitee acceptable flight characteristics in the
lateral and longitudinal planes (not to exceedtfuth scale deflection to remain level). A pre-
established series of maneuvers are performedsirethe aircraft performs as expected.
Autonomous flight is then activated and the airtciafows a similar series of procedures. Upon
success, the flight configuration is stored onltival Ground Control Station computer (via the
operator interface) and backed up on an exterma.diAny unacceptable deviations are noted
and discussed to determine the best method forowmepnent. Flights with the surrogate payload
are repeated until the aircraft control is acceptaldll physical configuration changes to the

aircraft are documented in detail in the daily maftlog.

B.4 AFRL’s Machining of Container’s Issues:

Figure 54: Box Container Issue 1
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Force on bracket is puttin
bracket at an angle, and
therefore the box at an

angle

Pinching force due to
smaller box is making
the bombot want to gef
stuck in the box.

Figure 56: Box container issue 3
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Appendix C — Stress Analysis

Stress analysis of Marsupial Payload Analysis

Author: Robert Skapof

Company: AFRL

Note:

Optimization decisions will not be based solely on the analysis report. This information used in conjunction with

experimental data and practical experience is necessary for optimization. Field testing is mandatory to validate final
design.
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C.1 Description

The entire payload is to be supported by the four Funnel Clip Brackets. The Funnel Clip
Brackets connects the funnel system to the mounting rack. The funnel system fixes the Bombot
container to the RMAX. Due to characteristics of the payload it was only necessary to test the
funnel system and the four Funnel Clip Brackets.

C.2 Assumptions

The assumptions are used to define normal operating conditions. Abnormal operating
conditions are unpredictable and are dependent on the environment, the RMAX pilot, and the
Bombot pilot. The air born RMAX carrying the engaged Bombot is declared normal operating

conditions.

C.3 Model Information

DOCUMENT NAME

DATE MODIFIED

Marsupial Payload Analysis

Sun Feb 22 17:03:06 2009

Funnel Clip Bracket-1

Sun Feb 22 17:02:57 2009

Funnel Clip Bracket-2

Sun Feb 22 17:02:57 2009

Funnel Clip Bracket-3

Sun Feb 22 17:02:57 2009

Funnel Clip Bracket-4

Sun Feb 22 17:02:57 2009

Funnel System 2-1/Funnel Preload Bracket-1

Sun Feb 22 17:02:59 2009

Funnel System 2-1/Funnel Preload Bracket-2

Sun Feb 22 17:02:59 2009

Funnel System 2-1/funnel 3-3

Sun Feb 22 17:03:01 2009

Funnel System 2-1/funnel 3.1-1

Sun Feb 22 17:03:03 2009

Funnel System 2-1/funnel clip 5-1

Sun Feb 22 17:03:02 2009

Funnel System 2-1/funnel clip 5-2

Sun Feb 22 17:03:02 2009
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C.4  Study Properties

Study name Study 1

Analysis type Static

Mesh Type: Mixed Mesh
Solver type Direct sparse solver
Inplane Effect: Off

Soft Spring: Off

Inertial Relief: Off

Thermal Effect: Input Temperature
Zero strain temperature 298.000000

Units Kelvin

Include fluid pressure effects from Off
COSMOSFloWorks

Friction: Off

Ignore clearance for surface contact Off

Use Adaptive Method: Off

C.5 Units

Unit system:

English (IPS)

Length/Displacement in
Temperature Fahrenheit
Angular velocity Hz
Stress/Pressure psi

Appendix C — Stress Analysis | Final Report -our 10




C.6

Material Properties

C.6.1 Solid Bodies

NO. BODY NAME MATERIAL MASS VOLUME

1 Funnel Clip [SW]6061 Alloy 0.0857622 kg 3.17638e-005 m”™3
Bracket-1

2 Funnel Clip [SW]6061 Alloy 0.0857622 kg 3.17638e-005 m™3
Bracket-2

3 Funnel Clip [SW]6061 Alloy 0.0857622 kg 3.17638¢-005 m™3
Bracket-3

4 Funnel Clip [SW]6061 Alloy 0.0857622 kg 3.17638¢-005 m™3
Bracket-4

5 Funnel System 2- [SW]Plain Carbon | 0.0756157 kg 9.69432¢-006 m”™3
1/Funnel Preload | Steel
Bracket-1

6 Funnel System 2- [SW]Plain Carbon | 0.0756157 kg 9.69432¢-006 m”™3
1/Funnel Preload | Steel
Bracket-2

7 Funnel System 2- [SW]3003 Alloy 0.0270619 kg 1.00229¢-005 m”™3
1/funnel 3-3

8 Funnel System 2- [SW]3003 Alloy 0.0270635 kg 1.00235e-005 m”™3
1/funnel 3.1-1

9 Funnel System 2- [SW]6061 Alloy 0.285369 kg 0.000105692 m™3
1/funnel clip 5-1

10 Funnel System 2- [SW]6061 Alloy 0.285369 kg 0.000105692 m™3
1/funnel clip 5-2

MATERIAL NAME: [SW]6061 ALLOY

Description: Aluminum cut by water jet and machined on mill.

Material Source:

Used SolidWorks material

Material Library Name:

SolidWorks Materials
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Material Model Type: Linear Elastic Isotropic

PROPERTY NAME VALUE UNITS VALUE TYPE
Elastic modulus 6.9e+010 N/m"2 Constant
Poisson's ratio 0.33 NA Constant

Shear modulus 2.6e+010 N/m"2 Constant

Mass density 2700 kg/m"™3 Constant
Tensile strength 1.2408e+008 N/m"2 Constant

Yield strength 5.5149e+007 N/m"2 Constant
Thermal expansion 2.4e-005 /Kelvin Constant
coefficient

Thermal conductivity 170 W/ (m.K) Constant
Specific heat 1300 J/ (kg.K) Constant
MATERIAL NAME: [SW]PLAIN CARBON STEEL
Description: Steel cut on water jet and machined on mill.
Material Source: Used SolidWorks material

Material Library Name: solidworks materials

Material Model Type: Linear Elastic Isotropic

PROPERTY NAME VALUE UNITS VALUE TYPE
Elastic modulus 2.1e+011 N/m"2 Constant
Poisson's ratio 0.28 NA Constant

Shear modulus 7.9e+010 N/m"2 Constant

Mass density 7800 kg/m”"3 Constant
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Tensile strength 3.9983e+008 N/m"2 Constant
Yield strength 2.2059e+008 N/m"2 Constant
Thermal expansion 1.3e-005 /Kelvin Constant
coefficient

Thermal conductivity 43 W/(m.K) Constant
Specific heat 440 J/ (kg.K) Constant
MATERIAL NAME: [SW]3003 ALLOY

Description: Sheet metal 3003 Alloy.

Material Source: Used SolidWorks material

Material Library Name: SolidWorks materials

Material Model Type: Linear Elastic Isotropic
PROPERTY NAME VALUE UNITS VALUE TYPE
Elastic modulus 6.9e+010 N/m"2 Constant
Poisson's ratio 0.33 NA Constant
Shear modulus 2.7e+010 N/m"2 Constant
Mass density 2700 kg/m"™3 Constant
Tensile strength 1.103e+008 N/m"2 Constant
Yield strength 4.1361e+007 N/m"2 Constant
Thermal expansion 2.3e-005 /Kelvin Constant
coefficient

Thermal conductivity 170 W/ (m.K) Constant
Specific heat 1000 J/ (kg.K) Constant
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C.7 Loads and Restraints

C.7.1 Restraint

RESTRAINT NAME

SELECTION SET

DESCRIPTION

Mounting Rack Top Surface

on 4 Faces Roller/Sliding

The roller restraint constrains the
lips of the Funnel Clip Brackets to
the top surface of the mounting
rack.

Mounting Rack Machine Screws

on 16 Faces Fixed.

The machine screws clearance
holes for mounting the Funnel
Clip Brackets to the mounting
rack are fixed to simulate the

mounting rack constraining the

Funnel Clip Brackets.
C.7.2 Load
LOAD NAME SELECTION SET LOADING TYPE DESCRIPTION
Bombot Mass on 2 Faces apply normal | Sequential Loading The bombot weighs 19

force 12 1b using uniform
distribution

pounds and the container
with accessories weighs 5
pounds. This force is
distributed across the
tracks of the Funnel Clip.

C.8 Mesh Information

Mesh Type: Mixed Mesh
Mesher Used: Standard
Automatic Transition: Off
Smooth Surface: On
Jacobian Check: 4 Points
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Element Size: 0.16015 in
Tolerance: 0.0080073 in
Quality: Draft
Number of elements: 248130
Number of nodes: 61701

Time to complete mesh(hh;mm;ss): 00:00:42
Computer name: ROB-PC

C.8.1

Mesh Control Information:

Mesh Refinement of the funnel clip 5-1 and funnel
clip 5-2

Mesh control on Funnel Clips with seed 0.08 in, 4
layers and ration 1.2.

C.9 Study Results
NAME TYPE MIN MAX
Stress Plot VON: von 0.0121159 psi 3445 psi

Mises Stress

Node: 3207 Node: 28315

Displacement URES: 01in 0.0274173 in
Plot Resultant

Displacement Node: 326 Node: 44539
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Motiel wina Analysis
Study

Flot type: Static nodal stress
Deformation scale: 54.166

won Mises (psi)
1000.000

B BE7

L 833333
750000

66 567
583333

. 500000

L 415887

| 33333

250,000

166 667
83333
0.000

or Instructional Use Only

Figure 57: Marsupial Payload Analysis - Stress Disibution (psi)
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Educational Version. For Instructional Use Only

Figure 59:Marsupial Payload Analysis — Design Checknd Factor of Safety Distribution
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C.10 Conclusion

The lowest factor of safety achieved is 2.32. The funnel system can support twice the weight
of the payload before plastic deformation is achieved. This factor of safety holds under the

assumption of zero lateral force due to external forces.
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Appendix D — Bombot and Marsupial Payload Checklist

0o Pretest 1. Bombot control verification.

o

(0]

o

Verify no interference from bombot controller deeRMAX control.

Check bombot servo actuation and fail safe. Opegatvos.

Verify manual control, both magnitude and directifor all surfaces.

Verify reported controls match the actual contra$igions.

Verify all bombot flanges, mounts, and bracketssaeure. Tighten all fasteners.
Verify proper operation of swinging platform. Lowmand raise platform several

times.

o Pretest 2. Marsupial Payload verification.

o

(0]

Verify all brackets, flanges, and mounts are sectiighten all fasteners.

Check slotted tracks for debris.

o Engagement Test.

Pre-Engagement.

Locate UAV relative to Bombot to gain visual.

Raise swinging platform if not already raised.

Locate UAV on video screen from Bombot feed.

Align heading direction of Bombot with the groundeshding direction of UAV.
Minimize distance between Bombot and UAV to appmedely 5 feet.
Engagement

Lower swinging platform. Verify on video screeorit Bombot feed that camera

has been lowered. Operator will see support lagallel to Bombot top surface.
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o Drive forward at a slow steady pace penetratingrdneks of the marsupial
payload and the partial container itself until thehest position possible has been
reached.

o Verify the furthest position possible has been heddy observing on the video
screen the Bombot's front alignment balls have meddhe end of track.

Activate failsafe locking mechanism. Observe on &eo screen servo in slot engagement.
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Appendix E — Course Schedules

E.1 Fall Course Schedule

n

Semester 1 Tue Thu
Week 01 08/26 Introduction/Roll Call 08/28 Roll €Zdleam
Assignments.
Week 02 | 09/02 Project Assignments 09/04 Introduction to Senior Desig
Lecture: The design Process
Lecture: Team building
Week 03 09/09 Project kickoff/Planning NO CLASS*
meeting (Teams meet with clients to
establish Needs Assessment/Project
Due: Team building Activity (N-B), | scope)
Report, and Code of Conduct
Week 04 09/16 Staff Meetings 09/18 Staff Meetings
Due: Needs assessment
Due: Needs assessment report/Project scope
report/Project scope
Week 05 09/23 Tutorial on Scheduling 09/25EGLIN Visit (Dr. House)?
software
Guest Lecture — CAT?
Guest Lecture — CAT?
Week 06 09/30 Staff Meetings 10/02 Staff Meetings
Due: Product Specification Due: Product Specification
Due: Project Procedures/Project Due: Project Procedures/Project
Plan (schedule) Plan (schedule)
Week 07 10/07 No class 10/09 No class
Week 08 10/1#resentation Conceptual 10/16Presentation Conceptual
Design Review Design Review
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Due: Concept Generation and Due: Concept Generation and
Selection Selection
Due: Team evals. #1 Due: Team evals. #1
Week 09 10/21 Staff meetings (team eval.) 1@Be8f meetings (team eval.)
Week 10 | 10/28 No class 10/30 No class
Week 11 11/0#Lresentation Interim Design | 11/06Presentation Interim
Review Design Review
Week 12 11/11Veterans Day 11/13Staff Meeting (team eval.)
Week 13 11/18 Staff Meetings (team eval.) 11/20 MBAesentation
Week 14 11/25 No class 11/27 No class (Thanksgjving
Week 15 12/0Presentation Final Design 12/04Presentation Final Design
Review Review
Due: Final Design Package Due: Final Design Package
Due: Spring Proposals Due: Spring Proposals
Due: Team evals. # 2 Due: Team evals. # 2
Week 16 12/09 No class/No exams 12/11 No classKdme

* No class — may be substituted for Guest spedkawel/Industrial visit, or Lecture if deemed

necessary
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Fall 2008 Gantt Chart
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E.2 Original Spring Course Schedule

Semester 2 Tue Thu
e e 01/0a Lecture: Introduction to | 01/8 Lecture: Technical
Week 01 and o = . .
2" Semester Communications
01/13 Sraff meetings 01/15 Staff meetings
Week (2 Due: Restated Project Scope & | Due: Restated Project Scope &
Project Plan Project Plan
Week 03 0120 No class * 01/22 No class *
01/27 Presentations: Progress | 01/29 Presentations: Progress
Weel 04 report report
Due: Team evals. #3 Due: Team evals. #3
Tl fs VT N T 02/05 Guest Lecture: Technical
Week 05 02/03 Mo class Writing (Dr. Moulton)
Week 06 02/10 Staff meetings 02/12 Staff meetings
Week 07 02/17 No class 02/19 No class
Week 08 .1-'.:_‘4 l.:'l'f‘il‘ﬂ'[ﬂ'[]'ﬂﬂﬁ: Mid-point .f';-'{_‘ﬁ FI'E‘GEHT:‘[T]'DI[S: Mid-point
reviem reviem
Week 09 03/03 No class 03/04 No class
Week 10 03/10 Spring Break 03/12 Spring Break
Week 11 03/17 Staff meetings 03/19 Staff meetings
Week 12 03124 No class 03/26 No class
s e 03/31 No class 04/02 Picture Day and
Week 13 e .
Exit interviews 7
04/07 Presentation: Final 04/9 Presentation: Final project
project review (walkthrough review (walkthrough for Open
for Open House) House)
Week 14 Due: Operations Manuals Due: Operations Manuals
Due: Web pages Due: Web pages
Due: Final Reports Due: Final Reports
Due: Team evals. #4 (final) Due: Team evals. #4 (final)
Week 15 04714 No class 04/16 OPEN HOUSE (all day)
Week 16 04/11 Ko classNo exams 04/23 Awards Ceremony

* o class — may be substituted for Guest speaker, Travel/Industrial visit, or Lecture 1f

deemed necessary
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E.21 Revised Schedule for Team 10

Semester 2 Tue Thu
Week 01 01/06Lecture: 01/8Lecture: Technical
Introduction to 2nd Communications
Semester
Week 02 01/13 Staff meetings 01/15 Staff meetings
Due: Restated Project _
Scope & Project Plan Due: Restated Project
Scope & Project Plan
Week 03 01/2M0o class* 01/22No class*
Week 04 01/27No Class 01/29No Class
Week 05 02/03o class 02/05Guest Lecture:
Technical Writing (Dr.
Moulton)
Week 06 02/10No Class 2/12No Class
Week 07 02/17No class 02/19No class
Week 08 2/24 Presentations 2/26 Presentations
Progress report Progress report
Due: Team evals. #3
Due: Team evals. #3
Week 09 03/03 No class 03/04 No class
Week 10 03/1(pring Break 03/12Spring Break
Week 11 3/17 No Class 3/19 No Class
Week 12 2/24 Presentations 3/26 Presentations
Mid-point review Mid-point review
Week 13 03/31No class 04/02No class
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Week 14

04/07PresentationFinal
project review
(walkthrough for Open
House) - Not graded
Due: Team evals. #4
(final)

04/09PresentationFinal
project review
(walkthrough for Open
House) — Not graded
Due: Team evals. #4

(final)

Picture Day?

Week 15 04/14 Picture Day? 04/160PEN HOUSE
Due: Operations (all day)
Manuals
Due: Web pages
Due: Final Reports
Week 16 04/21 Exit interviews | 04/23 Exit interviews

Awards Ceremony
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Appendix F — Solidworks Drawings
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