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SYNOPSIS

The student self-conceived product Medical Transportation PoMedi-Pod™ - is an
aerodynamic sel€ooling pod for transporting rdeal supplies via aerial dron@he rapid safe
delivery of criticalmedical supplies between medical facilities and to remote, inaccessible and war
torn areas is addressed by the developing deVice.cesign, build, testing and optimisation of the
Medi-Pod™ prototype has been comprehensively undertakepelding the finshed functional
conforming prototypeAll testing has been successful in proving the validity of the Mredi"
concept and optimised design. Validation has been achibyedoth computer simulatioand
physical model testing.
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1. Introduction and Inspiration

The self-conceived producMedical Transportation PodMedi-Pod™ - is an aerodynamic
self-cooling pod for transporting medical supplies via aerial drone or personal transportation methods.
The rapid safe delivery of critical medical supplies between medical facilities and to remote,

inaccessible and war torn areas is addeb &y the developing device.

Inspiration for this product arose from a number of sources. The algheloped strong interesh

model makng / product desigf r om a very e ar |Fgtherampoe worksTilmthe aut ho
ambulanceservicein central Londonspokeof the great difficulties, delays and equipment / personnel

costs in the current practise of transporting blood and organs between medical centres / hospitals by
ambulance often during peak traffic timBgsearch into transpasf medical supplies brought to light

some shocking figures and statistics and strongly indicated an urgent need for an alternative effective
medical supplies transportation mode in both civilian and military applicafidres.concept of the

medcal transpaation pod waslevelopedby the authomafter discoveringwo alarming facts how

blood and organs areattsported between facilitieshe number of potential lives a device like this

could save when used in militalije-saving applications.

Between2001-2011,4,596US combat related fatalitiescaurredin Iraq and Afghanistan. A
military medical study(Eastridge, 2012)stated that 26.3% of these combat deatbse potentially
survivable- it was suggested that if the ideadnditions i.e. if the equipment and expertise were
available, these troops would have hastranger chance of survival and the percentage of combat
deaths could have been significantly lower&He study also states that a staggering 88.9% of the
deathshad occured before the injuredeacheda medical facility. 4,090 troopsuffered mortal
wounds on the battlefield, 1,391 troops died instantly and 2,699 troops succumbed before arriving at a
treatment centre. Just 506 service members made it to a @ighitah before succumbingp their
injuries. These numbers provide a startling indication that there is a serious need to improve the on
field treatment capability for the troops. This point has also been stated by trauma surgeon Col. Brian
Eastridge witithe U.S Army Institute of Surgical Resea(&astridge, 2012)

In general medical transportationd doc deliveries(used to transport emergency blood
supplies between hospitals astdrage facilitiesare not planned in the wkly scheduleCircal20 ad
hoc blood deliveriescosting on average £140 per journégke place everyweek in England
(Caswell, 2012) This cost can bextrapolatd to manythousands of eurspent weekly for ad hoc
transportpurposes globally between facilities. A solution is needed to provide rapid response medical
supplies toremote, inaccessible andar torn areas and a cheapmore efficient method of
transporting medical supplies baten medical facilities quickly this can be achievedia aerial

drone transportation. ThaevelopingMedi-Pod™ device isdesigned tde attactable to aerial drones
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- allowing fast and safe transportation of supplies over large distances, difficult terrain or dangerous

environments without dager topersonnel

Inspiration from nature gave rise to the tear drop shape of-Med
Pod™ - this aerodynamic shape optimised and validated throug
undertaken computational fluid dynamics analyses, wind tunn
and fullflight field testing.

2. Systematidesign

A systematic design approach and methodologies, informed Iysihéledicines Board

(IMB) guidelines and support, is adopted in the iterative development of the transportation
device.

Blood Bag - and - 292

transfusion

transportation

Input Function Output

High Level Objectives Lower Level Objectives

Safety of transported product and end user Shockabsorbent
Temperature Control Lightweight
Ease of Use Cost effective
Cost Material properties
MeetsIMB standards Practical for all users
Aerodynamic Simple mechanisms

Figure 1 Determination of High and Low Level Objectives - J.King 2014

Medi-Pod™ Page 3




Drone Compatible Medical Transportation Pod Design, Development and Testing

The cetermination of user requirements was driven by exter@iwnsultations with the Irish
Medicines boar@MB), the medical staff ofhe South Infirmary Hospital Cork anckgtech™ Drone
Technologies.

Device to keep blood
cooled durign transport

Irish Medicines Board
Standards

Safety of end User Customer Friendly

Self No Complex

Cooling/refriderated Aerodynamic Tracability Complexity of device b, Commercial Product Short Learning Curve

Maximum Battery life

Figure 2 Medi-Pod Systematic Design Criteria Chart- J.King 2014

Dronecompatibilityrequirementsletermined are:

Operation

Efficiency

Safety

RobustExternal Shell

Aerodynamic 8ape

Temperature Stabilisation at Extreme Temperatanege
Ease of Atachment

Low Materials Coefficient of fiction

Versatility

Drone Attachmentniversality

O O 0O O 0O 0O 0O OoOOoOOo
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Table 1 (Ratings: 1-4) Morphological Chart - J.King 2014

Functions Solutions

Cooling . Refrigeration Thermo electric Combina
Insulation Ice : .
blood cycle cooling tion
Monitoring | LED screen + CPU Thermal
: Thermometer : - -
temp monitor strips
Shock : Shock absorber ,
. Material o springs - -
reducing built in
To hold
Inner plastidining  Zip lock bag - - -
blood bag
Power the | Rechargeable Li-ion (phone) Solar Miniature .
Device battery battery turbine

Table 2 (Corresponding Values) Morphological Ratings - J.King 2014

Corresponding Solution Ratings

Cooling blood 3 1 1 3 4
Monitoring temp 4 1 2 - -
Shock reducing 3 1 4 - -
To hold blood bag 3 1 - 2 -
Power the Device 3 4 3 1 -

Morphological Charts were developed by the author to assess concept design solutions and
enable selection of the optimal combinatiormprdcticalsolution to the identified design
requirements and customer needs.
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3. Commercial Research

Market research highlighted a number of blood bag transportation dédmeever, none of the
competitors are suitable for use with aerial drofiéeCryostenz MedPod™ developing device also
has significant further advantages being much righéweight and easy to tngport than
competitors

Central to the device marketabilityttse largenumber of military casalties across the globe and
growingcosts to transport blood between hospitals and storage facltiiebelieved a significant
number of fatalities could berevented througthe implementation of the Me#fiod deviceCurrent
deliverymethoddor bloodinclude delivery vanmotorcycle o helicopter. Thesmethodsare all high
cost and can be affected by numerous external factors such as traffic, flight restrictipassandel
issues. he MediPod has been designed to be tpamied via aerial droneallowing rapid, low cost
and safe transportation across vast distances.

A number ofcompetingoroducts exist on the commercial mark&ison,Minnesota Tiermal
ScienceCredo Qibeand Avatherm MilitaryTo analyseproduct success and market viability, these
companies were investigated.

Table 3 Tabular Assessment of Cmmercially Available Competitors

Dison Durable Case Not Drone Compatible
Large storage capability Total weight
Cost $270
Minnesota Thermal Science Low Market Price Not Drone Compatible
Credo Cube Lightweight Styrofoam case is easily
dameged
Avatherm Military Hard, durable case Not Drone Compatible
Large storage capability Total weight is 6.6kg
No power required No cooling devicdinsulation
only)

Market research highlighted a number of blood bag transportation devices. However, none of the
competitors are suitable for use with aerial drones. The-Redi" developing device also has
significant further advantages being much more lightweigittl.454kg fully loadedi one fifth of
weight of nearest competitor Jand easieto transport than competitors.

It was concluded that a major and growing market oppiyt exists for a lightweight, drone
compatible, self cooling transportation device, which is ieaspre and can be usegpeatedly
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4. The CryostenZ™ Solution

Blood bag

Cork Insulation Layer /
Carbon Fibre/Kevlar Shell /

Figure3 Developed MediPod™ Cross Section Solid Model J.King 2014

Figure4 Medi-Pod " 3D Solid Modeland Heat Release Mechanisay.King 2014
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5. Aerodynamic Design Rinciples

The optimisation of the aerodynamic properties of @rgostenz MedPod™ developing device is
crucial and central to drone ufe rapid transportation ovéong distances. The two main attributes
which affect the aerodynamics of the devicesirape and surface finish.

Extensive Computational Fluid Dynamics ( CFD ) Analysis of the device shape was undertaken by
the author to achieve an optimal solution for aerodynamic stability and efficiency in drone flight
operation conditiong. See Figure$ and 6)

- JANSH S

Noncommercial use only

0oy

Figure 5 Developed Computational Fluid DynamicsModel Mesh ofMedi-Pod™ - J.King 2014

1: Contours of TurbulentKine v .

6742400 s
3.90+00 s

Figure 6 Turbulent Flow over Medi-Pod™ at 22m/s (Max Commercial Drone eed) - J.King 2014
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6. Medi-Pod™ Prototype Manufacture
Production of the device was split into two sections; moulded shell and interior insulation.

Shell Manufacture
The shell is a series of woven Carbon Fibre and Kevlar Fibres. Using an epoxy resin

the layers of material were fastened together. This Kexd¢ave can be seen in Figure 7

before the application of epoxy resin.

Figure 7 Kevlar Weave - J.King 2014

The process requires five layers, three Carbon Fibre and two Kevlar to finish the shell.
Each layer was applied and a coating of epoxy resirce@®d gently onto the surfate
ensure bondage, see FigurimBthe five layers over the shell mould which was printed on
thecollege3D rapid prototype printer from advanced solid model dedrgmwingsdeveloped
by the author.

Figure 8 Carbon Fibre and Kevlar Application on Developed Mould - J.King 2014
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The mould was removed from the semi hardened fibre/resin mix. The weave was placed into

a vauum autoclave bagsee Figure 9 and placed in theollege autoclave.

Figure 9 Piecesready for Autoclave in Vacuum Bag - J.King 2014

Once hardenedhe shell was cut intthe correct shape see Figure 10

Figure 10 Trimming Excess of Hardened Fece - J.King 2014
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Insulation Manufacture

The insulation has been formed from a oflhigh deasity sheet cork see Figure 11

Figure 11 Cork Roll Top View - J.King 2014

Thecork roll had to be made into a solid blockaitow machining. This was achieved

using a high temperature set glue and a ver@m®pressing unitsee Figure 12

Figure 12 Viner Pressing the Layers of @rk - J.King 2014
Once a solid blck was made, a comprehensive machining program was developed by
the authoon Alphacam to allow the CNC machine to cut tiguiation to the correct shape

see Figure 3. A four fluted solid carbide ball nose cutter was used to create the angles
surface of the part.
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Figure 13 Alphacam Model - J.King 2014

Final Product

Carbon Fibre/ Kevlar Shell

Cork Insulation

Figure 14 Insulated Shell - J.King 2014
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The manufacture and assembly of the Medif™ Mark 1 prototype was undertaken and carried out
by the enthusiastic technicians at my college and myself. The assatabieel was used for all
subsequent testing

———_'

Figure 15 Manufactured Medi-Pod™ Prototype Mark 1

Medi-Pod™ Page 13




Drone Compatible Medical Transportation Pod Design, Development and Testing
7. Wind Tunnel Testing of Developing Device

Experimental Wind Tunnel Testing was undertaken by the author to validate and optimise the drone
compatible device.

A test rig waslesignedconstructecand commissioned in the collegénd tunnel.

The speed of the wind tunnel was varieditaulate the flight of a dron® a maximum velocity of
22m/s.

Significant challenges were encounteagd overcome by the author iohgeving this experimental
validation of the aerodynamics of the developing device.

For example, no test equipment was availtéblmeasuréhe low drag forcesduced in the
developed prototype, thereby requiring the author to develop a test utilisiadifiedforce gauge to
measure the drag force on the dev{cgee Figure 1%

Device with
guide wire

pins

Reduced friction guide
wire

Figure 16 Medi-Pod™ Prototype Wind Tunnel Aerodynamic Optimisation Experimental Test Set Up - J.King 2014

Thesurface finish of the device is a polished finish, reducing material coefficient of friction of near
zero.

The shape of th€ryostenz MedPod™ developing devicéas been significantly modifigdom the
original concept to allownore optimahir flow over the device and drone stability under flight
operational conditions

8 S
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8. Temperature Control

Blood has to be stored betweeb @egrees Celsiusat thistemperatue the blood can be stored for
24 hours The IMB also requires a factor of safety of 1.6 for all medical devices used for transporting
blood in respect to maximum operating time.

Maximum average drone flight 3 hourthe device has to be testied 5 hours.

Mathematical modéing of Medi-Pod™ was first undertakenthis matrematical model is a
simplified image of a real system. &developednathematicainodel maps th heat flow through the
device and determinge temrature of the interiof theMedi-Pod™ developing devicat any
given time t in secondssamplegoverning equation for temperature calculation listed hereafter:

Q0. : . : - :

A 8 Y o p Y o p V] o p ~
Y O — Y Op
0w

Core Temperature of device Vs Time
25
20 l
[
o 15
2
o
g =¢—No Cooler
£
2 10 =fi—17.5W Cooler
5
0
OO0 ~NOINOANAdTONTON~NLOVWLNITNn AN O
NN WO NDEA OO NOOA NS OO NS O O
0O ITANOONI N A0 0O ILTANAIANLI NN
AN N < TN ONO0OOODOODO A N MM N O N
L I o TR B O B B B |

Figure 17 Time ( seconds Vs Temperature ( degree Celsius ) Output Plot for
Developed Thermal Mathematical Model of the Device Heat Flow  JiKg 2014
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Physical tests weithien caried out on the devicie accordanc&vith IMB standards for devices
utilizing the same parameters as tlevelopednathematical modebnd performance assessed during
the application and neapplication of a sourced therratectric cooler

h

Interior Thermometer

fut

External Thermometer

Figurel8 Thermal Conductivity Test Set UpJ.King 2014

Results:

Theexternal temperaturef the developed deviatoes nofluctuatefrom its set point providing the
determined 17.5W capacity thermoelectric cooler configuration systapplied.

This extremely promising operational finditglds true for externaémperaturesp to 40 égres
Celsiusi the upper limit of required medical comter operation
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9. Shell Structure Design and Testing

Advancedinite element computer aided analysed methodologies were applied by
the authoto show how tk device acts during flight. Pressure causedililppw overthe

device has been appliedkey locatims on the device ( see Figure)19

Maximum Airflow
Pressure Application
Areas under Drone
Flight Operational
Conditions

Figure 19 Max Pressure applied toCritical Locations on Developing Device Bvice - J.King 2014

Figure 20 Shdl Deformation (mm) under Maximum Applied Pressure- J.King 2014

The undertaken analyses confirmed that the shell performed well and critical stresses and
deformations well below acceptable limits.

ExperimentalCharpytoughness anBrinnell hardness tests were also undertaken on the shell
structurematerialand confirmed robustness of the device under drone flight operational conditions.

Carbon Fibre combined with Kevlar makes an excellent shell material, providingtistreng
while not adding weight, providing a smooth surface finish and high energy absorption.
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10. Drone Field Testing of MediPod™

Successful Field Testing of MediP3bhas been undertaken with both fixed wing and quad
copter dronesthis testing undertaken under controlled conditions at the internationally
renowned Cork Model Aero Club dedicated facility in Brinny, Inishannon, Co.Cork

Cork Model Aero Club is widelyegarded as one of the most innovative and grduaeking
developmentaiodel aeronauticlubs, centrally involved in the successful landing in
Galway (mirroring the historical flight dritish aviatorsAlcock and Brownn 1919)of the
first transatlantic drone flight in 2003 and hq®001) and winner of many honours at the
F3A World Model Aircraft Aerobatics Championships.

- 4
../ =

Drone Field Testing of MediPod

Quad Copter Testing
Fixed Wing Testing

“Excellent Manoeuvrability and Aeronautical Response / Performance”
Cork Model Aero Club

Figure 21  Fixed Wing and Quad CopteiDrone Field Testing of MedPod™ - J.King 2014

Feedback fron€ork Model Aero Cluthas been very positive in relationrt@noeuvrability
and aeronautical response / performance oftediPod" fitted drones in take off / lifoff,
landing / set down, full flight and advanced aeronautical manoeuvers. Members were
particularly impressed by and very laudatory of the high stalf@dgindeedpredicted by
CFD andwind tunnel teshg) and control achieved by the tear drop shapebfiied drones
both in normal flight and complex aerobatic manoeuvers.
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dTl\/I

11.Unique Market Features of MediPo

e Temperature control

%ﬁéﬁiﬁﬁiﬂered thermoelectric cooler

Figure 22 Medi-Pod " Unique Features- J.King 2014

=

Figure 23 Medi-Pod™ Benefits to Customers J.King 2014
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12. Conclusion

The design, testing and build of teelf-conceived product Medical Transportation Pddiedi-
Pod™ - prototype haveen comprehensively undertakgelding the finished functional conforming
prototype.

All laboratory and fixed wing / quad ceptdrone fieldesting has been successful inying the
validity of theMedi-Pod™ concept and optimisetksign. Validation has been achiewscboth
computer simulations and physical model testing.

The next aim for the device s devisea cost andime effective method for mass production of the
device. Currentlythe build method for each device takes roughly 8 hours of manual labour and a
furthertwo hours of machine time. Thigoduction timecan be greatly reduced by a numbemafss
manufacturgechniques used in industry.

Finding the most efficiermethod of produatin is key to making thledi-Pod™ into a viable
product and competing with industry leaders such as Avatherm and Dison.

The core drone comphtlity and capabilityof the Medi-Pod™ productis also a critical distinguishing
factorin the medical transportationarket.None of thadentified competitors are suitable for use
with aerial drones andt 1.454kg fully loadecMedi-Pod™ is one fifth of weight of nearest
competitor

The device is currely fully functional. However,lie addition of sensors to allow the device to self
regulate rather than to operate at a predefined constant temperatldegreatly berfé the device in
future use

As part ofcollegeinnovation week 2014 activities, the author presenteddnecloping poject to a
distinguished panel of entrepreneurs and commercialization experts throughoarséiDragons
Dend competition ad was awarded firgilace.The author is also enrolléd the Hatchery student
startup product ) program in the college and in the initial stagesaokeing theMedi-Pod™ and
establising a business base.
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