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PREFACE

As mechanicakngineers aspiranta/e have studied very hard for the last few years. We
have takerrequired and electives courses that our department has chosen to be as the right ones
to obtained the necessary undergraduate experience. We have come to the conclusion that all
those classes were nothing short of the doors tkrtberledge we will need en sailing in each
of our directions. This report is a resemblance of the hard weeded taet thisfar, not only

for the past semester but from the moment we decided to peruse a carrier in engineering.

The project we decided to undertake has not @men us the inspiration that will
catapult us into the future of engineering, but it has taught us a great deal of the things engineers
can accomplish when working in unison. We understand that technology, when used for the good
of humanity, can bring sgess to our lives and save others. Exploring this revolutionary world

of engineering we have seen the nedfd®scuing humanssing unmannederial vehicls.

Our team would like to dedicate our efforts to those who have risked their lives so we

can enjoyfreedom. To our arm forces, this project is dedicatgeto
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TEAM BREAKDOWN RESPONSI BILITIES

OQur team has divided the projectds core r e
area of expertise and interest of each member, and to efficiently accomplish the volume of work
required to present a high quality material. The differesponsibilities have been discussed

between team members and all have agreed to the initial assignments, they go as follow.

Jesus Morfa is the Integration Director and Environmental Control Specialist; this
position main responsibility includes the intagon of the various systems, i.e. life support and
patient, moving and fixed mechanisms, etc; as well asiéisggn of the required system(s) to
provide Environmental Controinside the platform. Other duties include the StructAwralysis
of the frame ad attachment system. Since thare only three members in the project, the
position titles also referto the responsibilities each team member will perform. In an actual
enterprise the different department directors and manager will mostly overseewheffl

operations instead of being directly involved in design tasks.

Marcel Milanes is Structural Analyst and Materials expert. This position main
responsibility includes a detailed analysis of all mechanical components by means of fine
element methods, BA). Additionally he is responsible for the design of the structure that will
make out the entire design. Furthermore as far as of the materials Marcel will be responsible of

analyzing and choosing the most optimum material for the Unmanned Rescue POD.
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Lina Orozco is the Computational Fluid Analysis Expert and Robotics specialist. These
position main responsibilities are to analyze the feasibility of design in terms of
Aerodynamics, and robotic desigAdditionally she will be fully responsible for th@botics
components that make up the URP; this includes but not limited to the programming of all servo
motors, the installation of all motion sensors and therefore the adequate integration of the

system.
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I. NOMENCLATURE
Table 1 Nomenclature
SYMBOL DESCRIPTION UNITS
ABEM After and Before Each Mission
URP Unmanned Rescue Platform
PMCL Preventive Maintenance Check List
POD
Os Sensible Heat BTU/hr
q Latent Heat BTU/hr
Or Total Heat BTU/hr
Sn Schedulen (Maintenance Frequency) hrs
VDC Voltage, Direct Current Volts
Eff Efficiency
F Force Ibs
P Pressure P
Y, Velocity ft/s
a Stress PSF
‘ Strain
Kl Displacement in
A, Area of the Different URP Walls ft*
Le=Ly Thickness of CarboRiber Layer ft
Le=Lg Air/Honeycomb Thickness ft
h, Heat Transfer Coefficient of Air BTU/hr-ft*-°F
Ke= Ky Thermal Conductivity of Carbon Fiber BTU-ft/hr-ft°-°F
Ke Thermal Conductivity of Air BTU-ft/hr-ft2-°F
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DESCRIPTION UNITS
Ke ThermalConductivity of Honeycomb BTU-ft/hr-ft*-°F
RaiTot Total Wall Resistance (Ai dependant) °F/BTU (IT)
Tso Outside Air Temperature °F
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1. INTRODUCTION

1.1Purpose

This project focuses mainly in the ability to apply the concepts and materials covered in
the mechanical engineering curriculurat FLORIDA INTERNATIONAL UNIVERSITY as
well as the capabilities of student members of working in teams and achieve a desigil that
incorporate a platform and the necessary moving and fixed mechanisms necessary to provide
critical care of any individual. In addition the Unmanned Rescue Platform (URP) design will be
capable of carrying medical personnel and supplies, i.e. foahoms, electronics, relief goods

and any other items that might be needed, always complying with original design constrains.

1.2 Motivation

Throughout hi story rescue of il sol ated per
United States military in ordeto maintain itself sensitive to international political and social
pressure to minimize friendly casualties. As result that the loss or capture of a single soldier can
have a tremendous impact on the entire military operdtidteerefore, from the begiing of
the Vietham War, military and political leaders has face many difficult situation involving the
rescuing of many fellow airman from becoming a potential U.S Prisoners of War (POWS). The
experience collected through the years has shown the poteskialhen conducting CSARO,
and examples of this are event that happened in Lebanon and recently in Somalia. In addition,

and as result of the reduction of force structures and decreasing defense budget, military leaders
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must Ado mor e wentdperdtioma snvironmaent. Comsequently, the US armed
forces have focused their efforts to UAVs development as means of dealing with the current
budgetary limitations. UAVs are becoming the weapons of choice among all military branches
for a variety ofmission that included intelligence gather and fire support to the troops in the
ground. But the one type of mission that is been overlook today is the one that involves the use
of UAVs for CSAR operations. Even though the recovery of isolated personsiglesnthat

highly trained individual are returned to their units of origin and prevent this person from
becoming a POW or a casualty of war. Therefore, the rescue of these strategic individuals such
as pilot, Special Forces, and reconnaissance units snthae sensitivity information is not
compromised. Furthermore, a successful rescue operation can have major impact on the military,
political and soci al mor al e support for t he
operations present a new setcbfllenges that must be recognized and address in order to find

effectives solutions to the problem that involved search and rescue operations.

The history behind CSAR operations has beeselyrelated to the development of new
technologies that can lokeploy on a combat environment. Therefore, the beginnings of this type
of operation started with the use seaplanes, parachutes,camittgrams, latergdvance tools) it
was seem the use of rotorcraft technology during World War Il and ViethamPdngmore,
toward the beginning of the twenty first century the same can be said about the UAV technology.
Currently the U.S military employ wide range of different UAVs in order to accomplish the

mission on the ground. Therefore, this senior design projacafia main objective to address
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the fact that how the technology of today can serve more effectively in the search and rescue

operation of troops that are currently fighting the different conflict around the globe.

0300 hours (Zulu) somewhere north of Bdgdi Major Chris Foster, call sign BAGH
21, was flying a CAP mission supporting two flights of Air Guarti@s attacking an Iraqi armor
division retreating south towards Baghdad, when suddenly he had a warning on his-t8urface
Air Missile (SAM) radar inlicating he was being looked at by an Iraqi radar system. BACH
whipped his plane over into a left SAM break. AddBces began to press against him, he felt his
aircraft shake violently and continued to roll inverted as ar6$fammed into his right wg.
Fighting the Gforces he fumbled for the firing mechanism of his ejection seat, found it, and
pulled the handles. The canopy immediately btgfvand suddenly he was alone in the air, three
miles above the barren deserts of Irl@gmpletely numbed byhe shock of ejection and the
deployment of his parachute, he made good use of the time remaining during his decent. He
pulled out his PRE€112B radio and tried to establish radio contact with his wingman. He called
twice and got no response from his wingneahbiting farther south to stay out of the range of the
SAM batteries below. His parachdtnding fall was much softer than he anticipated as he
landed on the hard Iraqi soil. Quickly securing his parachute, he made a dash for the nearest
wade and waitetbr the recovery he hoped would come soon. Because thelRPRG equipped
with an Emergency Locator Transmitter (ELT), both th8 & JSTARS (Joint Surveillance,
Target Attack Radar System) aircraft operating in theater and one of the sixteen SARSATs

(Seach and Rescue Satellites) designed to locate ELTs would track his position.

41



EML -4905 SENIOR DESIGN PROJECT

UNMANNED RESCUE POD INTRODUCTION

High above the downed pilot, a USAF RQPredator B), equipped with an AN/AFRBY
radar system was tracking Iragi ground vehicles when the UAV (Unmanned Aerial Vehicle)
operator m Turkey located BACF2 16 s hi de si ght . The Predator
pinpointed his position and relayed the information to #®TARS controllers working the
situation. The -BTARS operator knew that unless BA@H was pickedip quickly, the loal
Iragi paramilitary forces would sweep through and grab their first downed allied pilot of the war.
A message was immediately relayed to the JFACC (Joint Force Air Component Commander)
describingBACH2 1 6 s situation. A deci atlize anewaesoverymme d i

technique developed by the USAF Special Operations School and UAV Battle Lab. A USMC

Eagle Eye TRUS (Tilt Rotor UAV System) operat with a forward unit of the St1Marine

Division was immediately directed to BACEI1 6 s | o ayaniles t the moithn Gruising at

200 knots, Eagle Eye was a lawst, composite tHtotor air vehicle using extensive dfie-

shelf heliopter and common hardware padsing a technique originally developed for U.S.

Army AH-64 and OH58D aviators,the r ocedur e involved a downed p
a mooring clevis on the UAV by means of a #fADc¢
AJames Bondod recovery technique, while unusua

avoid becaning a POW (Prisoner of War) and a political pawn in the war with Iraq.

Soon the Eagle Eye was hovering a few feet above BRCHHe quickly secured
himself to one of the mooring points on the side of the UAV and held on as the Eagle Eye turned

and flew b an Army Special Forces-Aeam operating sixty miles to the east. At 200 knots and
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barely 100 feet above the ground, BARHL 6 s r i de was exciting to sa
telephone and electrical wires, dodging vehicles and villages, and geneaadliing high threat

areas, the Eagle Eye safely dropped the pilot off at aypckite near the Special Forces Team.

As the Eagle Eye returned to its original mission, the Team quickly secured BAGIHd that

night loaded the pilot on board an Army MHE A Chi nook o6 hel i copter f

Turkey.

A few hours later, CNN and other news organizations flashed the news of the-BACH
recovery around the world and it was considered a major strategic boost to the allied war effort

in Iraqi.

9 June 206G

U.S. News and World Report

In the article above it is clear that rescue operation of any down pilot or any other
military personnel can be very complex task to execute in a very short period of time, as result
that there are too many variable that can lead to an outcome that mithiet tne intended in the
first place, which is to save the life of the individual been transported. Therefore one of the
possible solutions to this problem is addition to current military inventories of rescue platforms
by implementing this design into cu e nt Unmanned Air Vehicle (U
today both UAV and Unmanned Air Combat Vehicl

for their combat flexibility and adaptability to perform different mission during peace and war
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time. In addition, inr e c e n't year the used of UAVOG6s has i
Operation Desert Storm, Allied Force, and Enduring Freedom. As result of this the United States

Air Force (USAF) has began to take steps to determine the best used for this typeabgch

by establishing the UAV Battle Lab. By the year of 2000, the USAF has invested almost $ 80
million in UAV research. Currently the biggest users of the UAVs across the services are the
Intelligence Surveillance, and the Reconnaissance (ISR) and Ri&Téonjunction with the

USAF on recent Irag operations. Therefore, all this organization throughout the year has learned

how to conduct battle field operation and the realization of the role in CSARO missions.

Therefore by adapting current operatiorerdJAV and UCAYV platforms could definitely
support and perform many of the different tasks that are needed for current CSARO operations
such as search, air fire support and recovery of isolated personnel or wounded soldier in order to
allow commanders to aintain battlefield synergy manned platforms while reassuring isolated

personnel that recovery is imminent.

Combat Search and Rescue Operations and Task
ACombat search and rescue operations (CSA
while denying theenemy a potential intelligence source. It is a key element in sustaining the
mor al e, cohesion, and ultimately, the operat.

Major General Lance L. Smith, USAF
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1.3Scope

1.3.1Abstract

The goal of this project is tdesiqn an unmanned rescue pod mechanigrat can be
feasibly integrated to aexisting Unmanned Aerial VehicleThe platform will suit different
applications ranging from militgrto civilian rescue operations, althougiwill be incorporated
primarily in those military operations where air evacuation will be considerdareat tothe

safety of crew members manned air vehicles.

The project will include design and build phases where a scaled model will be analyzed
and fast prototyped, followed by a testistage where the team will look at the fluid mechanic
characteristics of the model. We will evaluate the structural behavior of the platform and conduct
methodical stress, vibration and heat transfer analysis. A robotic design will also be carried out

in order to automate the different systems implicated in the concept.

1.3.2Applicability

The immediate purpose of this technology is to rescue soldiers from remote battlefields
without endangering the life of the flight crew (e.g. pilot and additional ammmbers).
Additionally, this unique design will allow cargo transportation such as medical supplies. A
future application of this technology includes evacuation of civilians during and after possible

disasters natural and man created as hurricanes, t®)mamliear plant accidents, etc.
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1.3.3Project Constrains

We engineers frequently encounter constrains and limitations when undertaking project
designs. It is the overcoming of these boundaries what makes our jobs stimulating and
challenging. This projeds not the exception, on the contrary it is loaded with constrains which
if are not rigorously analyzed, may result in complete failure. We will list them in this section
and go over them briefly. We will break them into different categories in latelosgchs

applicable and carefully evaluate them

4 The platform should be able to carry at least two persons, (an injured soldier & a
paramedic, or two injured soldiers)

4 The level of intensive care provided in the URP would be no different fronment
combatmilitary ER unit

4 The integration of the URP with the chosen UAV will not affect the structural and
aerodynamics capabilities tife vehicle

4 All systems and personnel included would not overcome the 1000 Ib weight limit
carrying capacity of the UAV

4 The inside of the URP must be conditioned in order meet air quaktydatrds, see
ASHARE standard 62, section 6.1.3.3

¢ The project will be successful i f soldiers:
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1.3.40ther Responsibilities

It is the responsibility of theenior group membet® adhere andollow the materials
and proceduresspecified trough the mechanical engineering curriculum as specified by
FLORIDA INTERNATIONAL UNIVERSITY. It is the responsibility of any interested parties to
revise, correct, approvand/or reject anydesign data prior to the commencement of the

mechanism building stagee. measurements, procedures and recommendations.
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2. LITERATURE RESE ARCH

A review of relevant terminology and previous work in the design of reBoDeED 6 s i s
presented in this section. Taking that into consideration this section will cite definitions some
relevant to our project outcomes, these definitions serve as guide and introduction to the readers
unfamiliar to the worl d orfendih@eYy dobgatiannalstaie the e v a
origin of this information which is cited at the end of the section and contained in the reference

section of this document.

2.1 Unmanned Air vehicles

2.1.1DefiningUAV 0 s

Unmanned air vehicles are becoming a modern wfagransportation. Their use will
definitely expand to commercial transport, however nowadays they are mainly used in the
military industry for espionage and ground attack purposes. Next we will define Unmanned Air

Vehicles and list some of their classé#imons as define by Wikipedia.

AAN unmanned aerial vehicle (UAV) is an unpilotadcraft UAVs can be remote
controlled or fly autonomously based on+pregrammed flight plans or more colep dynamic
automation systems. UAVs are currently used in a number of military roles, including
reconnaissancand attack. They are also used in a small but growing numbervibf ci

applications such as firefighting when a human observer would be at risk, police observation of
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civil disturbances and crime scenes, and reconnaissance support in natural disasters. UAVs are

often preferred for missions that are too "dull, dirty, arglrous” for manned aircraft.

There is a wide variety of UAV shapes, sizes, configurations, and characteristics. For the
purposes of this article and to distinguish UAVs from missiles, a UAV is defined as capable of
controlled, sustained, level flight apdwered by get or reciprocating engineCruise missiles
are not classed as UAVs, because, like many other guided missiles, the vehicle itself is a weapon

that is not reused, even though it is also unmanned and in some cases remotely guided.

The abbreviation UAV has beexpanded in some cases to UAVS (unmanaiedraft
vehicle system). Th&ederal Aviation Administratiommas adopted the generic clasgmanned
aircraft systenfUAS) originally introduced by the).S. Navyto reflect thefact that these are not

just aircraft, but systems, including ground stations and other eletents.

2.1.2 UAV Classifications

AUAVs t ypinteané df gix funetibnhl categories (although muttie airframe

platforms are becoming more prevalent):

4 Target and decoyproviding ground and aerial gunnery a target that simulates an
enemy aircraft or missile
4 Reconnaissanceproviding battlefield intelligence

4 Combat- providing attack capability for highisk missions
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4 Logistics- UAVs specifically degned for cargo and logistics operation

4 Research and developmenused to further develop UAV technologies to be
integrated into field deployed UAV aircraft

4 Civil and Commercial UAVs- UAVs specifically designed for civil and

commercial applications

They can also be categorized in terms of range/altitude and the following has been

advanced as relevant at such industry everBaesAberportiUnmanned Systems forum.

Handheld 2,00 ft (600 m) altitude, about 2 km range
Close 5,000t (1,500m) altitude, up to 10 km range
NATO type 10,000t (3,000m) altitude, up to 50 km range

Tactical 18,000t (5,500m) altitude, about 160 km range

¢ ¢ ¢ ¢ @

MALE (medium altitude, long endurance) up 80,000t (9,000m) and range

over 200 km

¢

HALE (high altitude, long endurance) over 30,000 ft and indefinite range

4 HYPERSONIC higkspeed, supersonic (Mach5) or hypersonic (Mach 5+)
50,000ft (15,200m) or suborbital altitude, range over 200km

4 ORBITAL low earth orbit (Mach 25+)

% CISLunarEarttMoon tr ansf er o
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2.2 Past and Present of AkEvacuation Vehicles

The history of air evacuation does not go too far back, however if we look at air
evacuation <carried out by UAVOG6s, we wi | | S ece€
advances in many fields of aviation but evacuation by UAV is a concept no one haitedxpl
We have performed an extensive research into this interesting subject and the resources found
have been | imited. We have decided to present

what it has been done for evacuating the injured using pitoteethicles.

"Equipped for medical evacuation with litters on its skids, the13kkee figurel) made
its mark in history during the Korean War. It served as a casualty evacuation helicopter for the
United Nations Forces in Koredhe OH13E is basicajl an OH13D model with modifications
to the cabin area to include a three seat configuration and dual controls. It was used for medical
evacuations with external stretchers as well as observation and reconnaissance missions"”

Courtesy of the Army Aviationddeum placard.

51



EML -4905 SENIOR DESIGN PROJECT
UNMANNED RESCUE POD LITERATURE RESEARCH

Figure 1: The OH-13E, a modified helicopter that served in the Korean War as an evacuation

vehicle.

In figure 1we can see the external stretchers where the injured were transported. The
evacuations performed in this particular aircraft posted a great menace, not only to the already
injured men who had to lay uncovered, but also to the crew which was totally éxpassemy
fire. The focal idea of this project is to precisely design an evacuation platform that overcomes
the flaws of this early concept. Since the aircraft transporting the injured will be unmanned there
is no danger to a crew. Furthermore the evayatill be enclosed in a POD which provides a

secured transportat to the nearest safe hospital.

Our project, once completed will be unique in the market of UAV/Rescue products and
equipments. The closest similar product available today is a helicdptegned by TGR

Helicorp Ltd. Nevertheless this soon to be available helicopter is not intended to be used in
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military scenarios where the performance of the rescue equipment and transportation focuses

more in to combat/critical injure rescues.

This helicopterthe Alpine Wasp, which wouldetestdonthe3754m Mt Cook and then
donate to the Everest rescue trust to establish a rescue service and base Madepaf.high
tech composite materials, with a diesel helicopter engine and rotos lnladigned especially for
maximum performance in thin air, was to be based at Namche Bazar, a village sitting at 3440m

in Nepal's Khumbu sub regioRigure2 shows a conceptual design of the Alpine Wasp.

Figure22TGR He |l iAlpireeWasp s

2.2.1Unmanned Air Vehicle Mobility and Service Support

The current need of unmanned transport aircraft could be years away from been

materiali ze. But it iIis important to start to
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the wayto fast development of the necessary tools that will enabletsabhology to become a

reality; according to Eric Schmitt, Chief Executive Officer of Google, Inc.,

AEven though the technology to take off, <c
licensed air carrier (commercial or private) by 2030 will be able to fly without at least one pilot
- in the pilot seat- supervising the whole process. On takeoff, the training and timing for
handling emergencies such as engine failure are not going toahsferable to autopilots and
machines. On landing, automated airplanes would have to sequence in with many older
airplanes piloted by humans. Towers andtaaffic controllers love to change everything at the
last minute, and adding the ability to neakhanges by computer while simultaneously using
voice is not realistic. Finally, the FAA changes so slowly that if pilotless travel like this were at

all possible, the adoption and certification would take at least 50 years."

Even though the United Stat@smy, in particular, is looking to the Unmanned Aerial
Delivery Gliders in order to provide support for Special Forces units and Army Paratfoopers
The next big step is to develop and implement powered flight with troops once certain
physiological passener 6 s | i mi t ati ons are address before
technology. This limitations are been consider seriously but this organization. An informal
survey of Army aviators and Air Force pilots indicate that many would prefer to attempt
escape and evade rather than strap themselves to a UAV in a hostile envitoAnieasible

solution to this iIssue is the integration of
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and Navy SERE doctrine. The merging of such as techniqguemet@urrent doctrine would not
required a new mindset with respect to an isolated personnel recovery and once this integration is
accomplish into the special operation, this elite communities would become more readily
acceptable to the rest of the sergi@s result that they will set the standard for other units to

follow.

2.2.2 Combat & Rescue Operations Integration for &JAV

Aln order to fully exploit the potenti al of
complete systems with new combimas of advantages and disadvantages, rather than as vehicles
with a single outstanding characteristic or as

-SAF/PA 961204 UAV Technologies and Combat Operatiorisxecutive Summary

The current state of the art UAVs technologies offer a key role in the CSAR operations,
not only as result of the benefits of the Vertical Take Off and Land (VTOL) capabilities, which
basically give the commanders in the war zone the flexibility to trabhgpavide range of

payload to the equivalent of two soldiers or any other type of cargo needed in the battle field.

Furthermore, and in order t oor Kleed@ aviint dor afh
design of an Unmanned Rescue POD (URP) should havitarsor the same capabilities to
accomplish successfully every CSAR operations. In addition, there are some key mission

requirement elements that must be included in this design such as:

4 Precise platform navigation via GP&ided inertiahavigation syeems (NS)
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4 Infrared and RF countermeasures (IRCM/RFCM) for survivability in clostargmat
exposures; these include flares and chaff, active IRCM, and towed decoys asngeter
by survivability analyses

Weapons interface, including utiks and guidance

Radarand Optical sensors for tacking

Mooring points for personnel extractions (minimum 250 Ibs per individual)

¢ ¢ @ @

Communications package that allows for both linear and nonlinear communications

In addition to the necessary equipment in order to recoves@ated soldier, it is
important to mention the fact that even though this technology enables the decision makers in the
ground to conduct this type of CSAR operations. There are others logistical aspects to this type
of rescue mission that must be noedwok for example this type of technology could be used to
carry supplies to isolated personnel. In addition, this type of application has the potential to

reduce the amount on aircraft in the theater required to support this type of operation.

2.3 Profesional Survey

During the early stage of this design project our team concentrated it attention on
reaching out to different experts on the field such as pilot, nurses, engineering, among other; that
could bring their experience to the subject matter. Toexe after many phone call and web
search key meeting were layout in order for us to find out many of the answer through the

experience of others. The first meeting occurred on early September 2008 at Fire Station # 56,
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the objective of this meeting was tesearch what type of rescue platform, medical equipment
and procedures that were in practice could be implemented in our design project. In addition, to
the different type of tools found at this location, there was the chance of interview many of the
firefighter and paramedic about their daily activities and experience at time of respond to an
emergency. The knowledge again at this meeting gave us new ideas on how to improve our
current design in term of the different requirement needed to treat patieddhe necessary
equipment require while doing such task. The following pictures show some of the data gather

during that trip to the fire station.

Figure 3: Stretcher at a current Fire Rescue Vehicle

After the completion of the meeting at the fire station many of the basic questions that we
had were answer at that time. But others ones begin to arise of a higher complexity as result that

our application is design to be implemented on an unmanned resticepter. Therefore, as
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result of the little experience on the field of rotorcraft, we decided to contact the Miami Air
Rescue Units, located at Tamiami Executive Airport. Early of a Saturday morning, our team
headed to the location where our meetingl ke place. Upon arrival we had the chance to
explain our project to the pilot and nurse on duty. Right after we were given a tour of the facility,
which included the different equipment such as respiratory units, stretchers, emergency trauma
kit, and he most important the Bell Helicopter 412s (BH 412 EPs) used for their daily operations

(Figure 9.

Figure 4: Miami Dade Air Rescue Unit Vehicleand Crew (Bell Helicopter 412s)from left to right:

Mechanic Mr. Suarez Captain E. Perea, and CommandeGohle
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