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ABSTRACT

Automated Transit Netark Vehicle Emergency Egress

System Design and Analysis

By Reza B. Khosroshahi

The Spartan Superway is a research project at San José State University that is
developing a new form of sustainable urban transportation that uses automated vehicles
suspende from a network of elevated guideways. The National Fire Protection Association
(NFPA) and the American Society of Civil Engineers (ASCE) require all automated network
vehicles to have an emergency egress system capable of evacuating passengeranrligss th
minutes. The objective of this project was to design a means to evacuate passengers from
Superway vehicles in case of an emergency. After a-atates-art review of the subject and
research, escape chutes were found to be the most practicalrsfutive rapid evacuation of
the vehicles. During this project, a model was designed consisting of the chute storage unit and
its release mechanism. Off the shelf items were used when possible, and most of the other parts
were designed using sandwistiuctured composites or 1023 carbon steel. Closed cell PVC
foam was used as the core of the sandwtahictured composite parts and fiberglass/epoxy for
their skins. Steel parts would have to be either machined from blocks of steel or could be made
from sheémetal plates. This unit is designed to be installed on the floor of the vehicles and can
be deployed using egress release levers which need to be mounted on the wall of the vehicle.
Pulling on the egress lever unlatches the top hatch and the bottomsdapBowden cables.

Gravity forces the bottom door to be opened, and the chute gets deployed. At the same time, two
gas springs force open the hatch allowing passengers to enter the chute to be lowered to the
ground safely. During the design process,diingte frame, the chute support, the door, the hatch,
and the housing were analyzed based on the requirements using finite element analysis (FEA).
Based on the FEA results, the models were modified until they satisfied the requirements and
passed thanalygswith a factor of safety of greater than 1.5. Hand calculations were used to
estimate the minimum required gas spring compressed force and the maximum allowable latch
spring constant based on the requirements. After completion of the design, an ammaged

was made to demonstrate the assembly process and the functionality of the system.
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1.0 INTRODUCTION

The growth of population has had many impactshe world such as trafficongestion,
global warming, andarbon footprint. Many companies and organizatiangleen working
toward reducing these effects. One way of having a positive impact on these outcomes is by
creating environmentally friendly public transportation networks. Metro sysiezasuallyvery
costly and require tunneling and relocation or esion of existing infrastructure or culturally
valuable structurefliman, 2015) Thus metro systems are not an option &tirplaces. Elevated
transit systems bypass these obstagilesethey are mostly built on existingadways and are
elevated abovthe ground.Personal rapid transit (PRT) networks and urban gondolasvare t
types of driverless transit vehicles that dteaating a lot of attentiariThese systems do not
interact with ground traffic and have their rigiitway, which gives them high reliability in
travel time(Tahmasseby & Kattan, 2015hey arealso environrantally friendly and result in
low emission, noise pollution, and energy (iBehmasseby & Kttan, 2015)

Currently, multiple companiemeworking onautomatedransitnetwork (ATN) vehicles
with a goal of eliminating the neddr usingcarsto get tothedestination in urban environments.
A variety of ATN vehicles can be seenRigurel. Spartan Superwayg an interdisciplinary
project fromSan Joé State University with thgoal of designing aolarpoweredpersonakapid
transportatiorsystem.The Spartan Superwagystemconsists ofmini-van sizedrehicles that
move along guideways that aelevatedaboutnine meters above grourithe vehicle cabins,
which can hold four to sipeopleare suspended from the guidewaging bogiega sub
assembly of wheels and means of propulsion to move the velald).vehicle has itsotor,
route selection element, power suppd brakesSuspending theehiclesbelow the guideway
frees the area above the guideway for mourdolgr photovoltaic (PV) panels, whicbsults in
a slimmer guideway structure compatedhe approach where a vehicle moves above the
guideway (like an automobile on an overpass). Suspending vehicles reduce the possibility of
accidents causdul people jumpingrom the guideway or putting themses in front ofa
moving vehicle Most of the noise from ATN vehicles is caubley the movementsf the bogies
over the guidewaycovering theguidewayswith solar panels reduces sound pollution drastically
Suspending the vehicles below the guideway also allows the bogies to be protected from snow
ice, and debrigesulting in less maintenancehe goal is to cover most areas in cities and have
multiple stations inmostneighborhoodsA mobile app is being developeghich wouldgive
users the abilityo requespodcas at their desiredstation24/7. The podcar will then take
passengerBom origin to destination with no stops in beemeThe goal is to revolutionize the
transportation industry in urban environmentsle reducing carbon footprint and having a
positive impact on global warminglowever, there are many challenges fhiag¢ Spartan
Superwayis facing, including the nedd havean emergency egress system
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Figurel. Different ATN vehicle designdouw, 2016) Suspendetransit netvork vehicles
d o nindetact with ground traffic and can mostly be constructed witkiguificant
changes tohe current infrastructure of cities.

1.1 LITERATURE REVIEW

Based orthe American Society of Civil Engineers (ASCE) (2013), all automated people
movers are required to have el evated emergenc
meanso to using an elevated wal kway. Such a s
hazardous gas, toxins, vehicle collisionact of terrowhich could haveatastrophic and life
threatening outcomes.

Based on a study done on aircraft evacuation, it was found that the most critical factor
that leads to successful and efficient evacuation are crew assistance and passenger safety
educationChang & Yang, 2011)Since ATN vehicles have no crew to educate or assist the
passengawith evacuation, the emergency egress system has to be extremely easy to operate.
The mostommon method to evacuate passenfyers passenger rail systenssto send an
evacuation team to theshiclesand evacuate passengers using walkwAygserican Society of
Civil Engineers, 2013)This may be a relatively easy task for trains where all thecpgers are
in connected wagonbutit is going to be mucmore laboriousnd timeconsuming to evacuate
PRT vehicles this way since cabins are sepdraeldistantfrom one another

To design an evacuation system for ATN vehicles, many similar systems were studied
such as fire escapasd public transportation egress systems. The initial plan to evacuate
vehicleswas to sepata cabirs frombogies and lower cabisto the ground using pullsygears,
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and cables. However, designing such a system would be very expensweuwdot be

prectical for this projectAn evacuation system that is used in gondoladiftdski lifts is to send

an evacuation team to climb up the supp@pproach gondas or lifts using climbing/rescue
geas, and lower peopleo the grounabne by one using harrses and rope3he ASCE requires
passengers to be evacuated from automated people movers within no more than 15 minutes
(American Society of Civil Engineers, 2018)Jany times it takes hours to evacuate passengers
in ski resortavhen ski lifts @ gondola lifts become disabledius this method cannot be used

for this project Another evacuation method that was considered for this project is using
emergency escape ladders. These ladgrrallyrequire a vertical surfacdongthe length of

the laddemagainst whicttheycanrest Otherwise, thewould swing andwvould be hard to climb
down fr om. More rigid escape | adders that don
available in the marketub they are heavy and regellargestorage spaceAlso, escape ladder
are notvery safeespecially for the elderly, children, and people with disabilities. Due to these
reasons, it was decided not to use escape ladders for this gvtgetsubways use walkways to
evacuate pasegers. SincgheSpar t an Padpaes aresugpénged from thedeways
walkways need tbe leveled with the cabins, secondary pathwayneedo be dsigned to

provide access tihewalkways In case of an emergency, after reachingithkkways

passengers need to walk to the neaséation to get to thpoint of safety Walkways require
stronger and larger supporting structures, take a lot of space, use a lot of material, and are not
aesthetically pleasing. Due to these reasons, it was decideduss walkways fovehicle
evacuationAnother evacuation method that was studéedsingSkySavers, which angsed to
evacuate buildings in case of an emergency. To use a SkyBeueser must first attach the
carabiner provided in the kit eopreasembledsteelhanger ovethewindow. The carabiner is
connectedo a cable, which istoredinsidethebackpack. The user should then put on the
backpack, secure its straps, and jump out the window. The mechanism inside the backpack
provides the user with controlled descend and lowehe useto the ground safelylhis

method was also crossedtsince it can cause deathsariousinjuries if not used properly and

iS not a suitable solution for people who hafear of height.

An emergency evacuati@ystemthat has been attracting a lot of attention lai®ly
escape chute. Escagpleutes are fabric tubes used for vertical escape in a variety of places such
as buildingsand elevated public transportation systeAssshown inFigure2, Hitachi, a
Japanese company currently using spiral escape chute as a means of emergency egress in their
Daegu monorail system in South Kof&amijima, Kim, Furuta, & Sakatsume, 201 Bortable
spird escape chutes are usedfiogfighters to lower people to the ground from a variety of
places at different heightShe chutes argypically stored in custom designednitsand can be
deployed if needed. Afteteployment, users can enter the chute, hacthutegraduallylowers
themto the groundAxel Thoms is a German manufactutieat custom designs spiral chutes
based on cudheonesoapedhaitesrcensist of an outglass textildire-proof
layer, which preects users from fire and smakTheinnerlayer of their chutesompriseof a
spiralfabric, which allows users to sliddownthe chue with a speed of less than 2igters per
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secondn a counterclockwisenanner(Thoms, 2018)These chutegrevent usersdém avertical
collision andprovide multiple exit points at twaneterintervalsusingmulti-zipper exitgHay,
2018) Thismakesthemsuitable forATN vehicles since the descent elevation varies depending
on the location of th vehicle. Axel Thoms chutesiryin lengthfrom two meters to 150 meters,
have a mass of 1.25kg per metard have been load tested with a mass of up to 10,000
kilograms(Hay, 2018) A typical evacuation rate of Axel Thomsuthkis eight to terpeopleper
minuteand can be used by children, pregnant wordesabledpeople, and most obese
individuals(Thoms, 2018)Depending on casmer requirements, these chute utyfscally cost
anywhere betwee®,000to 11,080 dollars. bwever if ordered in large quantitiea discount of
40 to 50 percent can be applied to the of@laoms, 2018)The chute can be packged insmall
spacse and packaging is flexiblerhoms, 2018)Refer toFigure3 to get a better understanding
of Axel Thoms chute desigit.was decided to use spiral escape chutes for emergency
evacuation of ATN vehicles due to their advantames the othercandidates.

Al TA Ll
A — T

Figure2. Hitachi Monorailemergency egresystem(Kimijima, Kim, Furuta, & Sakatsume,
2017) Hitachi, a Japanese compaiyusing escape chgéor the emergency egress
system of its monorails in South Korea.



A entrance frame
B entrance

C base frame

D screen

E supporting straps
F sliding cloth

G outer cloth
- H holding straps

I foam rubber cushion
J Ausstiegskapsel
K exit

K

Figure3. Axel Thoms escape chufaxel Thoms). Axel Thoms isa German manufacturer of
ISO 9001 certifiecspiral chutes. These chutes peekable and can be depéd in case
of an emergency. Thegllow people to descend to the ground smoothly through their
inner partf needed They potect users from Smoke and faied have a thick padded
bottom to reduce the final impact.

1.2 OBJECTIVES

The objective of thiprojectwasto desigran energency egress systemsiafelyevacuate
passengers from akil'N vehicle to the ground in case of an emergeAcynit consisting of the
housing of the chute and its release mechamiasdesigned based on the requirememd
standards set by thessociatedrganizations and the author. The major components were
analyzedo assess whether they could tolerate the operating conditions without any failure.
Lastly, ananimated movie was made to demonstrate the functionality of the un



2.0 METHODOLOGY

During the first phase of the projeet stateof-the-art review of the literatures regarding
egress systems was conducfBaen standards and requiremestated tosuspended automated
transit network vehicles were investigateddtaure the designed system would satisfyttadi
corresponding regulations and criteria. Also, a set of requirements were created based on the
aut hor 6s pr o fTeracughouthis aomprehensive revigihe most practical solution
for emergency evaation oftheSpar t an Super way 0DBuring thelresaarck wa s
phase, a variety of emergency egress sysseitis as building evacuatiopublic transit
evacuation, and airplane evacuation systems were stiieadls were sent to multiple escape
chute manufacturers to obtain information about their produrelso establish whether or not
escape chuteould bea practicalevacuatiorsystemfor automated transit network vehicles
After deciding on the evacuation method, release mechanisms, haiohiess,locks, basic
mechanisms, and materials were studied to develop a design. Based on the requiranmeIgs,
hand sketches arsimplified CAD modelswere generated and discussed with the committee
members. Aftepbtainingc o mmi t t e eappne/at Imere detailed designseregenerated
using SolidWork=2017 Throughout the design proceS&£A anaysis was performedsingthis
softwareto check for failures and to make satkthe requirements were satisfi@hsed on the
FEA results, the design wasproved and tested until all tliesign criteria were mdtand
calculations wer@sed to calculate the maximum stiffness of the latch springs based on the
maximum allowabléever pull force The moments about the pivot point of the hatch were also
handcalculated to assess whether the gas springs were capable of lifting the hatch after
deployment.After obtaining a final desig@n animatednoviewas produced to present the
functionality of the unit.

3.0 DESIGN REQUIREMENTS AND SPECIFICATIONS

As raquired bythe ASCE,emergency egresystens for automated people movensist
provide an evacuation method to evacwateicleswithin 15 minutegfAmerican Society of Civil
Engineers, 2013Passengers should be able to operthergency exit without powered
assistance from the inside of the cabin with a force of no morel8tah(29Ib) (American
Society of Civil Engineers, 2013)he egress hatch should be operable with no more than one
operation, ad ahold-open device must be integrated into the hatch to automatically latch the
door in the open position to prevent accidental clofational Fire Protection Association,
2007) Passengers should be able to opdaheemergency egress hatch manually without
special tools from the interior and exterior of the veh(klational Fire Protection Association,
2007)



The following requirements were chosen based on the professional opinion ahitrehe
system should beapable of beingsed by adults, children, pregnant women, disabled
passengers, and obese people. Fast descent carlisingss pressure change, and ear
discomfort, thus the verticalgresgravel speed should not exceed 1@ (Rbrtune) The
emergency exit hatch should be able to with$2800 N of forceapplied to the center of the
hatch on an area covered by a circle with a 30 cm diameter. The maximum deflection from this
load should be less thame millimeter.The hatch should also be able to withstand 5000 N of
force distributed over its top surfadehe chute support should withstand the weight of the chute
and five100 kgpassengemsside the chuteAll modelsshould pass theriteriawith a safety
factor of 1.5 Refer to

Table1l for the overall list of the requirements.

Tablel. List of requirementsThe specified requirements in this table were either chosen
based on the condted research or by the autéeoprofessional opinion. The design of
the emergency egress unit was based on tirésea

Requirements Based On

Vehicles must bable to beevacuated within 15 minutes ASCE

The egress system should be operable withr@efof less than 130N ASCE
(291b).
Accidental closure of the hatch must be prevented using eopeial NFPA 130
mechanism.
Emergency egress hatch must be operable without the use of specig NFPA 130

The egress hatch should be operable with ocerthan one operation. | NFPA 130

The system should be able to be used by adults, children, pregnant | Author
women, disabled passengers, and obese people.

The egressravelspeed should not exceed 10 m/s. Author

The hatch should be able to withstand 2(5B0of force applied to its Author
center on a 30 cm diameter circle with a deflection of no more than @
millimeter.
The hatch should be able to withstand 5,000 N of force distributed o\ Author
top surface.

The chute support should be able tthaiand having five 100 kg peoplg Author
inside the chute.

All models should pass the criteria with a safety factor of more than ] Author




Thedesignecemergency egress uhias a flange on each side of its housing, wharh
be securetb the floor d the vehicles uag adhesiveddowever, using adhesives will
permanently bond the housitgthe base of the cabilt.is also possible to machine the housing
and add screw clearance holes on the flanges to mount the housing on the cabin using bolts
order to install this egress system on a podcar, a stepped hole mestidén the floor of the
cabin n the exact size of the housing. The unit consists ahefEhelf items, machined parts,
sheet metal parts, and sandwsgthucture compositeRefer toTable7 to see thaill Of
Material (BOM) of the top assembly. The estimated mass of the components can also be seen in
Table4.

4.0 DESIGN DESCRIPTION

A series of models were designed before reaching the final design. Refer to appendix
see some of the initially designed modédlke following design procedures and descriptions
apply to the final model only.

The first step in the desigri the unit was thehuteframedesign, whicrencompasss
the chute supparthe chuteandsomeparts of the release mechanigks.shown inFigure4, the
main body of this subassembly consists of two sheet metalgavhich can be laser cut and
bent to produce their final shapgéie panels have a jog at one of their ends; these jogs would
come in contact with the face of the other part after installation. To secure the panels in place,
four spot welds need to beglied to each side of the frame. The maximum recommended
thickness of each membier be spot weldets three millimetergMake It Metal) Based on this
recommendatigrgauge 12 carbon steel was used for the panels, Whgdthickness of 2.656
mm (Metal Supermarkets, 2018)he maximum common diameter of spot wakl$2.5 mm,
andthe spacing between them, from center to center should be a minimum of 10 material
thickness (ideally 20 times the meatl thickness to reduce shunting effects with a minimum
spacing of half an inchMake It Metal) The center of the weld should also be located one to
two diameters away from the edge of the part or other features in tl{®pket It Metal) Based
on these recommendations, 12.5 mm diameter spot welds, & spacdbetween the centers
of the spot welds, and 26.5mm of space between the spot welds and the edge of the part were
used in this desighe flanges on top of the frame aneantto be used to mourhe frame to
the housing.



Figure4. Chute frameThis frame encompasses the chute support, the chute, and parts of the
release mechanism. It is mainly made out af 8leet metal panels which are bonded to
each other using spot welds. Four metal brackets are connected to this frame using bolts
to hold the chute support.

The chute support shown igure5 is designed based ame of the standardadel
drawingsobtained from Axel Thoms. Refer kigure63in the appendixo see the drawing of
this standard unitdiowever, thevidth of the support was increased by around 100 mm to take
into consideration the size of obese pedpteir 1023 carbon steel brackets are mounted on this
frame to hold the chute support in place. These bracketsecarachined using a CNC milling
machineand can each hastalledon the frame using four M8 bolénd nuts.

Figure5. Chute SupporfThe chute support used in this model is the seafetiodel of Axel
Thoms chute framand can be installed on the frame using four madhnackets and
16 M8 nuts and bolts.



After installingthe chute brackets, the bottom doeeds to be installed on the chute
frame. The bottom door is secured to one side of the chute frame using two hinges and nuts and
bolts asshown inFigure6. The purpose of thidoor is to hold the escape chute enclosed inside
the frame after installation and release it &srieeded.

Figure6. Bottom doorTwo hinges secure the bottom door to the frahie door is used to hold
the chuteenclosed insle the unitand deploy it as required.

Figure7. Bottom door latcheg'wo springloadedlatches are secured on the chute frame using
brackets. These latches and two hinges on the other side of the frame hold the door in
the clesed positionA crosssectional view of the assembly is showrtharight figure.

The chute frames hidden in thdeft figureto present a better visual understanding of
theposition of these subassemblies.



The nextinstallation procedure ifi€ instalation of two ball stud mounting bracket on
each side of the chute frame using nuts and bolts. Then ball socket end fittings need to be
installedat each end dhe gas springs. These end fittings can then be pressed into the ball stud
mounting brackets anthn be secured in place using ball socket safety clips. The purpose of
these gas springs is to push open the hatch as it is unlatched.

Figure8. Gas spring setuwo gas springs are mounted on the chute frame using ball socket
end fittings and ball stud mounting brackdises gas springs are used to foogen
the hatch as it is unlatched.

Oneof the most important and tir@nsuming parts of this unit wése design of the
housing. The housing needs to be strong enoughpimost the chutand people inside of it. It
should also be able to withstand the weight of the passengers standinQraciucialfactor
that was taken into consideration durthg step was to design a liglgight and athe same
time a robusthousng. In order to achieve these goals, sandvatlicture composites were used
for the housing. Sandwich composites are a special type of laminated composites where a
relatively thick, soft, lightweight, and weaker core is sandwiched between two thin dihd st
fiber reinforced skingKumar, Milwich, Deopura, & Plank, 2011)his structurereatesabody
with high bending stiffness and high strength to weight ratio compared to monolithic structures
(Kumar,Milwich, Deopura, & Plank, 2011)he core of these structuresreasthe througkthe-
thickness shear load, while the laminated skins resygime and bending loa@®aniel,

Gdoutos, Wang, & Abot, 2002The common typesf failure for these types of structures
subject to bending and shear loads include shear failure of the core, tension or compression
failure of the facegjebonding of the core and face, local indentation, and global buckling
(Daniel, Gdoutos, Wang, & Abot, 200Z}losedcell Foams areommon materialfor the core
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of these structures. Fiberglass is sgfer than many metals by weighthas a low cost, high
production rate, high strength, high stiffness, relatively low dgrisis nonflammable, and has
a high heat resistan¢e-Glass Fibre)Due to these advantagésyas decided to use@ass
fiber as the skin layer dhe housing and the hatch.

During a series of experiments performed ankhna State University, test coupons were
made from ELT 5500 unidirectional E5lass fiber and Epikote MGS RIMR 135/Epicure MGS
RIMH 1366 epoxy resin. Static tensile, compressive, and shearstrasstests were then
performed in the three primary mege directions, which resulted the determination of their
strengths, elastic constants, and best fits to sstess curvegSamborsky, Mandell, & Agastra,
2017) Refer toFigure9 for the material directions and coupon orientations for the test coupons.
The material and mechanical properties of these specimens were used to run simulations on the
models. These properties can be se€rainie2.

Test coupon orientation nomenclature Longitudinal Fiber
(Indicies: length, width, thickness) / (fabric warp) Direction (L) 7/
thicknejs\\x > Transverse
(fabric weft)
Direction
m ZTL
A
length
Thickness
Direction (Z) 2L
Y v
-)| width |<- Normal Stress Directions: L, T, Z
Shear Stress Directions: LT, TL, LZ, ZL, TZ, ZT
Coupon Coupon Orientation in Laminate

Figure 9. Coupon orientation indices and location in thigkglass fiber/epoxy laminate
(Samborsky, Mandell, & Agastra, 2017)Thematerial and mechanical properties of
the EGlass fiber/epoxyspecimens were found bynechanically testing the
specimensvith the orientation shown in this figure.



Table2. Material properties dE-glass fibefepoxyunidirectional laminatéSamborsky,
Mandell, & Agastra, 2017)The followingmaterial propertiesere usedor the
fiberglass/epoxy laminate layer during the FEA analysis.

Property Value Units
Elastic Modulus E 44600 MPa
Elastic Modulus in E 17000 MPa
Elastic Modulus in E 16700 MPa
Poi ssamas gRa |0.262 N/A
Poi ssonitzs Rat|0.35 N/A
Poi ssondtzs Rat|0.264 N/A
Shear Modulus G 3.49 e6 MPa
Shear Modulus & 3.46 e6 MPa
Shear Modulus & 3.77 e6 MPa
Mass Density 1854.42 Kg/m”"3
Tensile Strength L 1240 MPa
Tensile Strength T 439 MPa
Compressive Strength L 774 MPa
Compressive Strength T 179 MPa
Shear Strength LT 55.8 MPa
Yield Strength 44 MPa

After doing some research, it was decitiedse AIREX C70.200 PVC closexl,
crosslinked polymer fam for the core of the sandwicomposite structuszThis foam has
excellent strength and stiffness to weight ratibas agood impact strength, high fatigue
resistance, and saditinguishing capability3accorematerials, 2011ylachining operations
sweh as sanding, milling, drilling, and sawing damperformean this foam(3accorematerials,
2011) Closed cell foams have ndinear behavior, however, to simplify the analysis, AIREX
C70.200 was assumed to be linear. Raférable 3 for the material properties ttis foam

Table3. Material properties of AIREX C70.200 closed cell fog8accorematerials, 2011)The
following materal propertiesvere usedluring the FEA analysis of the housing and the
hatch.Closed cell foams have ndimear behavior; however, to simplify the anasythe
foam was assumed to be linear.

Property Value Units
Elastic Modulus 175 MPa
Poi ssonbds Rat]|0.32 N/A
Shear Modulus 75 MPa
Mass Density 200 Kg/m”3
Tensile Strength 6 MPa
Compressive Strength 5.2 MPa
Yield Strength 5.7 MPa
Thermal Conductivity 0.048 W/(m.K)




FEA analysisvas performean a variety of housings and hatches, and the models were
refinedand optimized to reach thi@al design. The final design of ti@usingand thehatchcan
be seern Figurel0. Thehousingand thehatchare both sandwiektructural composites with
AIREX C70.200 closedadl PVC foam coe and fibeglass epoxy skinlhe hatchis composed of
a 40 mm thick layer of foam, whidh coveredwvith a 5 mm layer of fiberglass/epoxy laminate.
The thickness of the foam layerthe housing varies due to its geomghgwever, a unifan
threemillimeter thick fiberglass/epoxy layer coversdampletely To fabricate the cordPVC
foam blocks can be machined and bonded to each other using adhesives to generate the final
shapeSincePVC foam is relatively soft, it is recommended to ihaedbond wooderblocks to
the foamin places were threaded insert are to be installftdr fabricating the housing and the
hatch and installing the threaded inserts htaehcan be installed on tHeousingusingtwo
threeway adjustable concealed gBs. After that, the chute frame subassemblylmmounted
onto the housing using 16 M8 bolts. The gas spring can then be connected to the hatch using ball
socket end fittings and ball stud mounting bracket.

Figure10. Housing ad hatch desigrthe housingand thehatchare both sandwicktructural
composites consisting of &IREX C70.200 closed cell PVC foam core and a
fiberglass epoxy skin.

The housing contains a pocket on its top surface wagpengloadedatchhasto be
installedas show in Figure11. As the hatch is presd down against this latch, it gets secured in
the closed position. Similar to the bottom door latches, a Bowden cable is connected to the end
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of thelatchusng a clevis connector. Increasing tension indfleleunlatches the hatciA barrel
adjustelis also mountedn a sheet metal bracket inside this pocket which allows assemblers to
adjust thdensionin the cable.

Figurell Hathlatch The hatch latcinasto be fastenetih the pocket on the top surface of the
housing. Thispringloadedlatchsecures the hatch indltlosedosition and releases
it as tension in the Bowden cable attached to its end is increased.

After assembhg all the components on the housing, the housing can be mounted on the
floor of the vehicle using adhesives, which would permanently bortabilgngin place. Itis
also possible to drill screw clearance holes on the flanges of the housing and usecsaneunt
thehousingon the vehicle. Ashown inFigure12, a stepped hole hasle createdn the floor
of thevehiclesin order toinstall the housingon thevehicle After theassemblys completedthe
top wrface of théhousingand the hatch woulde flushedwith the floor of the cabin.

Figurel2 Housing installation on the vehiclBhe housing can be installed on fire-created
stepped hole on theshiclefloor using adhesive8oth images show crosctioral
views of thevehicle
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Overall, threespringloadedlatchesand three sets of Bowden cables and barrel adjusters
exist in the system. Twiatchessecure the bottom door place andthe other one secures the
hatch.Oneside of the Bowden cableged to be connectetb thelatches and the otheendto
the emergency egress lewasshown inFigure13. Pulling on thdeverresults in an increase of
tension in the cableshusthelatchesgetretracted It is recommended to install a tube or routing
rings behind the wall of the cabin to guide dablesto the connecting point#. would be easier
to first connecbne endf thecableso the egress lever, guide thewmad throughthie routing
rings ortubes tovardthe latches and thaaomectthem tothelatches The emergency egress
releasaunit needs to be placed on a panel on the wall of the vehicle as shé&iguial2.

Figurel3. Emergency egress release leVéree sets of Bowden cablae connectetb the
emergency egress release lever. The othesarttie cablesare connectetb the
springloaded latches. Pulling on theverpulls on thecablesandunlatcheshe
latches.

The Final step in the installationtise installationof the escape chute into the unit. The
chutecan bepacked inside a bag or a cover and connected to the chute support before
installation. This subassembly can thba installednside the chute frame. The chute bag or
cover needs to have a removable base that could be detached after installation to allow the chute
to be deployed
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Figurel4. Packed escape chuiéhe escape chute can be packed ingidlag and connected to
the chute support before installation. This subassembly camé¢hiestallecontothe
frame.

After the unitis completely installedhe chute cabe deployeds showrnn Figurel15.
Pulling down the emergency egrdsserunlatches all three latches. The weight of the door and
the chutewould forceopenthe bottom door, and the gas springs would push the hatch open

allowing passengers to uee chuteto escape to safety.
»N\

Figurel5. Deployed escape chuiehe chutecanbe deployedby pulling down the emergency
egress lever. The image on the left shows the «®estonal view of the vehicle, and
theimageon the right shows the exterior of thehiclewhen the chieis released
The bogies and the gleways are esluded from thidigure.
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5.0 DESIGN ANALYSIS

After doingsomeresearch and getting a better understanding of the system, a set of
requirementsvere chosenSome of these requirements were set based @taheards and
regulations that argoverned byhe associatedgencies andrganizationsandsome others were
choserby the autharTo make sure the designedit meetsall the design criterigFEA analysis
and hand calculations were performed throughioeidesign processll FEA analyses were
performed using SolidWorks 2016.

As a requirement, the chute support must be able to withgtarvaeight of the chute and
five100 kg people inside the chute.order toverify this, using SolidWorks simulatiomller
fixtureswereplacedat each end of the suppart) the same surfasevhere contacts would be
made with the chute support brackéitke chute weigharound 1.25 kg/m; thus, a tareter
chuteweighs about12.5 kg.To take into consideration the whatgf the chute bag and the chute
connectorsthe massvas rounded up to 15 kg. Theassof thechute,chute bagand five 100 kg
people inside the chuteould result in a force of equal to 5,052.15 N. This force was then
distributedvertically over the tp surface of the support in tsameocations whee the chute
supports would be secured23 carbon ste&las defined as the material of the support; the
material property was chosen from the SolidWorks datadmseown imrable 8. A fine
standard mesWwasappliedto thepartand a simulation was performeékhe initial model failed
the analysislue to high stress concentrationsts body The modelvas then refingdandthe
diameter of the rodwasincreased until the suppgrassed theimulationwith a safety factor of
1.55. Refer td-igure28in the appendixo seethefactorof safety plot and the meshed p#s
shown inFigurel6, the maxmum displacement in the chute support was found to be equal to
0.87 mm andthe maximum Von Mises was found to égualto 182.2 MPa.
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Figurel6. Chute suppor052.15 N verification tedfon Mises stress and displacememde
plots. FEA analysiswas performedby adding rollers to the ends of the rati®wn
with green arrows and applying a force of 5052.1te the top surface of the support
shownwith purple arrowsAs shown in theopimage, the maximum Von Mises
stresds equal to 182 MPa, and ssenin the bottonpicture the maximum
displacement was found to bgualto 0.87 mm

As a requirement, the hatch must be able to withstand a force of equal to 2,500 N at the
center of its top surface in a circle waldiameer of 30 mm without failing or having a
displacement of more than 1 mim.order tosimplify the analysis, the threaded insert, pockets,
holes and all the external pavisre removedrom the model. The PVC foam core and the
fiberglasgepoxylayer were mdeled separately and mated to each offtee. material properties
of thecoreweredefined as shown imable3, and the material properties of the fiberglass/epoxy
skinweresetas shown imable2. Thedirection of the fibers wadefinedto be parallel to the top
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surface and the lorgsideof the hatch. A bonded contagasspecifiedbetween the two bodigs

anda standard fine mesh was applied to the subassemlsiyownn Figure30in the appendix

The same surface of the hatch that would come in contact with the housing at its closed position
was fixed and2,500 N of foce was distributed on its top surface as previously destrine

initial models failed to meet the requiremeii@asedon the simulation results, the overall

thickness of the pawas increase@ndthe thickness of the fibergldspoxylayer was changed

to reachanoptimum design with a high strength to weiggtio. As shown inFigurel7, the

maximum displacement wésund to beequal tol mm at the center of the hatch, and the

maximum Von Mises stress wasnulatedo be equal to 6.62 MPa in the fiberglagoxylayer.

As shown inFigure29in the appendix, hatch passed the simulation with a safety factor of 3.34.
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Figurel7. 2,500 N hatch verification testsgpplacement and Von iges stress fringe pi® The
green arrows in the images represent the areas which were fixed during this analysis,
and the purple arrows represent the direction of the force and the location at which
they were applied. As shown in the top image the maximum displacementunmds fo
to be equal to 1 mm at the center of the hacldl as presented the bottom image,
the maximum Von Mises stress was found to be equab® MPdocated inthe
fiberglasgepoxylayer.
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As a requirement, the hatch must be abMithstand5,000 N offorce distributed over
its top surface without any failyrasing a safety factor of 1.5. The same model and fixture as the
previous analysisiereused to run this simulation. However, instead of 2,500 N of force, 5,000
N of force was distributed over thep surface of the hatcAs shown inFigurel8, the
maximum displacement was found to be equal to 2.45 mm at the center of the hatch, and the
maximum Von Mises stress was found to be equal to 15.8 MPa in thgldgsepoxylayer.As
presentedn Figure30, the hatch passed the simulation with a safety factor of 1.52.
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Figurel8. 5,000 N hatch verification tedisplacement and Von Mises strésage plots.The
green arrows in the images represent the areas which were fixed during this analysis,
and the purple arrows represent the direction of the force and the location at which
they were applied. As shown in the top image maximum displaament was found
to be equal to 2.45 mm at the center of the haot as presented in thettom
image, the maximum Von Mises stress was found to be equal to 15.8 MPa in the
fiberglasgepoxylayer.
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As a requirement, the housing must be able to withsted/eight of the hatch and five
100 kg people standing on it. To test the housing, the PVC foam core and the fiberglass/epoxy
layer were modeled separately and mated to each other. The material properties ofwieeecore
defined as shown ifable3, and the material properties of the fiberglass/epoxywskie
specifiedas shown immable2. The direction of the fibers was defined to be parallel to the top
surface and the fmer side of the hatch. A bonded contact deftnedbetween the two bodies
and a standard fine mesh was applied to the subassembly as stogureé31in the appendix.
The same surface of theusing that woultbe bonded to the vehicle floor was fixed; this fixed
area consists of a 140 mm wideaa#l around the bottom surface of the hatch toward its side
faces. After that, 5400 N of force which is approximately equal to the weight of the hatch and
five 100 kgpeople was applied normal to the surface where the hatch would be mounted on.
The initial models passdbe testHowever, it was decided to reduce the thickness of the
fiberglass/epoxy layer to reduce the weight of the hatch. After a series of deslgns an
simulations, it was decided to use a 3mm thick fiberglass/epoxy lAgeshownin Figure19,
the maximum displacement was found taeeal to 0.19nm, and the maximum Von Mises
stress wasgstablishedo be eqal to4.2 MPa in the fiberglagepoxylayer. Aspresentedn
Figure31in the appendixthe housingpassed the simulation with a safety factot @f
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Figure19. 5,400 N housing verifation test displacement and Von Mises stress fringe fibts.
green arrows in the images represent the areas which were fixed during this analysis,
and the purple arrows represent the direction of the force and the location at which
they were applied. Ashown in the top imagéhe maximum displacement was found
to be equal to 0.16m, and as seen the bottom image, the maximum Von Mises
stress wasgstablishedo be equal to 4.2 MPa in the fiberglegsxylayer.

As a requirement, the housing must bke ébwithstandthe weight of the chute frame, all
its enclosed parts, and the five 100 kg people inside the chute with a safety factor of 1.5. The
resulting force was approximated to be equal to 5,500 N. The same model and fixture as the
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previous analysis/as used to run this simulation. Howeuvde magnitude of the force and the
location where it was applieglas changedrlo run the simulation5,500 N offorcewas
distributednormallyon the surface where the chute frame wdagdnountean. As shown in
Figure20, the maximum displacement was found to be equal36 mm and the maximum Von
Mises stress wasstablishedo beequalto 10 MPa in the fiberglagepoxylayer. Aspresentedn
Figure32, thehousingpassed the simulation with a safety facto4 &5
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Figure20. 5,500 N housing verification test displacement and Von Mises stress fringeTlpiots.
green arrows in the images represéptdreas whictvere fixedduring this analysis,
and the purple arrows represent the direction of the force and the location at which
theywere appliedAs shown in the top image the maximum displacement was found
to be equal to 0.56 mmand as presentedtine bottom picturethemaximum Von
Mises stress wasstablishedo beequalto 10 MPa in the fiberglass/epoxy layer.

As a requirement, the bottom dauoust be able to withstand the weight of the chute and
the chutebag; this results in approximately 1§ &f massThe dooiis held in the closed position
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using two hinges and two latches. Overall 14 clearance holes are used to fasten the door to the
hinges andhelatches. In order to run the simulati@ti,these holes were fed, and a force of

147.15 N vas applied to the same surface where the chute and its bag would be placed.

shown inFigure33the door was meshed using a fine standard mesh. Gauge 12 1023 carbon steel
was used to design the door, and Solidkganaterial property database was used to run the
simulation. Refer t@able8 in the appendix to see the material properties used throughout the
analysis As presentedn Figure21, the maximum Von Mises stress was found to be equal to

105.2 MPa, and the maximum deformation watablishedo be equal to 1.062 mm at the center

of the doorAs seenin Figure33, the part passed thealysis with a safety factor @f
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Figure2l. 147.15 Noottom door verification test displacemamntd Von Mises stress fringe
plots.To run the simulationthe doowas fixedat the clearance holes shown with
green arrows. 1475 N of forcewas then appliedormalto its top surfacebased on
the weight of the chute and its cover. The force direction and the location over which
it was distributeds shownwith purple arrowsAs presentedhn the top image, a
maximum deformationfdl.062 mmwasestablisheét the center of the doand
based on thbottomimage,a maximum Von Mises Stress of 105.2 MPa weamdin
the part
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As a requirementhechute frame must be able to withstand the weight of the dimate,
chute bagthe chutesupport and five 100kg people inside the chdibis results in
approximately623 kgof massThe chute suppottansferghe load of all the mentioned masses
to the chute frame. In order to simplify the analysis, all the parts etkmepheet metal frae
and the chute support brackets were excluded from the an&ysisdconnectionsvithout
rotationand translation weréefinedbetweenrall the clearance holes of the chute support
brackets and the sheet metal frad@23 carbon steel was used forth# parts based dhe
SolidWorks material property database. RefeFdble8 to see the material properties thagre
usedduring the simulationAs described in section 4.0, four 12.5 mm in diameter spot weld
connectionsvere definedat the contact points of the sheet metal parts, lrmtdattom surface of
the chute frame flangegasfixed. Thena downward force d$130.63 Nwas distributed between
the four chute frame brackets the same surfacedere the cha support wouldbe mounted
on. As shown inFigure34, a finestandard mestvas appliedo the subassembly, and the
simulation was performed to check for failures. Dumtdtiple failed analyses, the thickness of
the sheet metal parts and the clearance holewmesmodifieduntil a safety factor of greater
than 1.5was achievedAs shown inFigure22, 0.22 mm of maximum deformatiamasfoundin
the frame, and the maximusiress wasgstablishedo be equal to 127.3 MPa located around the
clearance hole of the sheet metal frame. Based on the safety factor fringegéoitedn Figure
34, the subassembly passed the simulation avghfety factor of 2.22.
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Figure22. 5,130.63 Nchute frame verification tesieformation and Von Mises stress fringe
plots. To run the simulationhe bottom surfasof flangeswasfixed, and eight spot
weld connections we defined between the two sheet metal parts. Pinned connections
werespecifiedthrough the clearance holekthe brackets and the frame, and a
downward force of 5,130.63 N, shown with purple arrows was distributed on the
bracketsAs shown in the top ingge, 0.22 mm of maximum deformatiovas found
in the chute frame, andraximum Von Mises stress of 127.3 MPa watablished
around the clearance hole of the sheet metal frame.

In order to choose gas springs, hand calculations were perforrastin@atethe
minimum forcerequiredto lift the hatch. The setughownin Figure23 was used to estimate this
unknown
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1140 mm
570mm ————>

<— 287.9mm —>

0o

A 78.6mm $

v
W =392.4N

34°

Figure23. Gas spring force calculation setdjme setupshown in this figue was used to
calculate the minimum foraequiredto lift open the hatch. The horizontal line
represents thieatch W is the force due to the mass of Hatchat its center of
gravity. The triangle in this image represents the hinges and is a pinnexttomnn
andF represents the minimum required force to open the hatch.

G. YMy;=0 —> Y M,=287.9x Fsin(34°) — 78.6 x F cos(34°) — 570(392.4) = 0 (1)
F =2,330.12 N < 2(F) (2)
Fys > 1,165.06 N (3)
Fys=1,468N (4)

Based on the above calculations, each gas spring needs to exert a nioiog.oh
1,165.06 N when fully compressdgiach of thegas springs that were chosen for the medett
a farce of 1,468 N when fully compressed.

It is required by the ASCEbr the emergency egress system to be operable with a force of
no more than 130Nl'o ensure thigriterionis met the reaction forces at the latches in the
undeployed position of the uniaiti tobe calculatedTo calculatethe hatch latch reaction force,
the setushown inFigure24 was createdndthe following calculations were executed
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Foy <— 287.9mm ——> 48.8 mm
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FO"_z 78.6mm /‘v\

2Fgs=2,936 N

v
W=3924N FL

Figure24. Hatch latchand hatcthingesreaction force. The setup shown in this figure was used
to calculate theeaction forces at theatchlatchandhatchhinges.The horizontal line
represents the hatch. W is the force due to the mass lodttigat its center of
gravity. The triamgle inthis image represents the hinge (pinned connegctiomthe
roller on the right side represents the latasis the gas spring compressed forae, F
is the latch reaction force, andxrand Foy are the hinge reaction forces.

G. FTMy=0 —> YMy=287.9Xx 2936 sin(34°) — 78.6 X 2,936 cos(34°) — 570(392.4) + (1,140 — 48.8)F; = 0 (5)
F, =—52.87N (6)
YF=0 —> YF.=F,—2936c0s(34°)=0 —=> F,_=2434N 7)
YF,=0 —> YF,=F,+2936sin(34°)—=3924+F, =0 — > F,,=—F —12494 (8)
Foy = —1,196.53 N (9)

Based on the abowalculations, théatch latch reaction force was found toeogial to
57.87 N.After thatthe bottom door latch reaction forces had to be calculdtedrder to

calculatethesereaction forcs, the setup shown iRigure25was createdandthefollowing
calculations were executed.
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Figure25. Door latches reaction forc€he setupshown in this figure was used to calculate the
reaction forces at the door latch&he horizontal lineepresents théoor. WD is the
force due to the mass of theorat its center of gravityWc is the force due to the
mas of the chutehute bag aits center of gravity, and.Fis the total latch reaction
force.The triangle in this image represents tiveghs and is a pinned connection

D YMp=0 —> YM,=1475 (347.48)+ 110.46(362.5) — (725 —45.2)F;p = 0 (10)
Fip = 134.3N (11)
Fj, =Fj3 = F;—D = 67.15N (12)

Based on the above calculations 67.15 N of force is exerted on each of the door latches in
the undeployed position of the urfiince the latch spring constants were not provided by the
manufacturers, it was decideddalculate the maximum allowable latch spring stiffiessed on
the maximum allowable egress lever pull for€e calculate this unknown, firghe tension in
the Bowden cables at the pulled position had to be calculated. Ttatalde maximum
allowabk egress lever pull forcéhe setup shown iRigure26 was created. The following
calculations were executed to calculate the maximum tension in the Bowden cables.
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Fet=130N

64.7 mm

Figure26. Maximum @mbined Bwden cableleploymentension.The setup shown in this
figure represents the emergency egress lever at its inactivated position. This setup
was used to calculate the maximum combined tension in the Bowden cables. F
represents the maximum allabde pull force, T is the maximum combined tension of
the cables and O is the pivot point.

a ¥M,=0 —> YM,=647(130) 33T =0 (13)

T=254.88N (14)

Based on these calculations, the maximum overall tension in the cables was found to be
equal to 254.88 Nn order to calculate the maximum allowable latchrgpstiffness, the setup
shownin Figure27 was createdThe latch friction coefficient was assumed to be 0.2, and using
the 3D model, the latch displacement due to deployment was measureshteabt7.62 mm.

The previously calculated latch reaction foreesl the maximum allowable combined cable
tensionwere addedo this model, and the maximuatiowablelatch spring stiffneswas
calculatedas shown below.
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Figure27. Maximum allowabldatch spring stiffness calculation setdjne setup shown on the
left side ofthis figure was used to calculate the maximallowablelatch spring
stiffnessrepresentevith K. On the right side of this figure, the free body diagrams
of the latches arehewn. L1 represents the hatch laiend L2 and L3 represent the
door latchesThe latch friction coefficient was assumed to be 0.2, and the latch
displacement due to deployment was measured to be equal to 7.62mm.2Fand
FL3 represent the latch retgon forces, which were previously calculateq.f8, and
f3 are the forces due to friction. T is the maximum combBedden cable tension,
and T1, T2, and T3 are the cable tensions for each of the latches.

f=uN (15)

fi = uN; = 0.2(52.87) = 10.57 N (16)

fo =f3=uN; =uNz; =0.2(67.15) = 13.43 N (17)

Fg = KAx= 7.62K (18)

T> f +2f #3F, ——> 254.88 N> 10.57+2(13.43)+3(7.62)K (19)
K<95N/mm (20)

Based on the above calculations, the maxinallowable latch spring stiffness is equal to
9.5 N/mm, which igelativelyvery high spring stiffness. Thus, the egress system caasiby
deployed witha force ofmuch smallethan 130 N.
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6.0 RESULTS AND DISCUSSION

As a requirement, the overall madghe unit has to be less than 2000 Wgingthe
SolidWorksmassproperty table, the mass of the major components in the model was recorded
Based on these values, tiogal mass of the unit was estimated to be equal to 183.56 kg. Refer to
Table4 to see the estimated mass of the major components composing tieenithough the
total mass of the unit is less than the maximum allowable,masst 6 s st i | | relativ
hatch and the housing have the largeasses between all the compaisanside the assembly.

By reducing the weight of these parts, the overall mass of the unit can be reduced. One way of
doing this is by reducing the size of the chute opening. This results in the désizasH

almost allthe other components. By using smallertbf-shelf or custom designed latches, the

latch brackets can be made much smaller, which provides the capability of using a smaller chute
frame and housing. Since fiberglass/epoxy has a much @egsity compad to closeetell

PVC foam, by reducing the thickness of the skin, the overall mass can be reduced.

However, this may cause failure in the hatch or the housing. Housings and hatches with a
variety of overall thicknesses and skin thickness can be madmalyded to assess how far the
thickness of the skin cadre reduced. The overall weight and size of the camtalso be reduced
drasticallyif instead of designing a housine floor of the cabins provides mounting points for
the hatch and the chute rfina. This would reduce the fabrication cost, simplify the assembly
process and would reduce the overall weight of the Atgt, the housing in the model is
mounted on the center point of the floor of the cabin. By moving the housing closed to the wall
of the cabin, more room would become availabl&aont of theentry point of thaunit, allowing
passengers to enter the chute with more ease.

Table4. The estimated overall mass of the unit and the major compomartmass of the
component shown in this figureasretrieved fronthe SolidWorks mass property table.

Part Estimated Mass (KQ)
Escape chute 12.5
Escape chute bag 2.5
Bottom Door 11.26
Chute support 8.1
Chute frame and brackets 32.5
Hatch 36.5
Latch bracket (each) 1.2
Housing 57.8
Estimated mass of the remaining componen| 20
Total 183.56

29



Based on the requirements, some ofdigaificantparts of the assembly were analyzed
and their performance drstrength were verifiedTable5 represents all the importargsults
that wereobtainedfrom the FEA analysis verification test. Initially, most of the ptailed the
simulations; due to these results, the parts were then mqdifiddimulations were performed
until all the parts passl the requirements with a safety factogaterthan 1.5Most of the
simulation results have safety factor of close to 1.5ofever, thdactor of safety othe
housingis much greatethan 1.5 which means that it cadse modified even more to rededts
weight and possibly its codt.is recommended to build samples of the models and mechanically
test them based on the same boundary conditions and forces to see how accurate the simulated
resultsare

Table5. FEA tabulatedesults.The maximum Von Mises stress, the maximum
deformation, andhefactor of safetyof the finite element analysis of the paate
represented in this table.

Maximum ,
o _ Von Mises MaX|mur_n Factor
Analyzed Part Description of the Applied Force Stress Deformation of
(MPa) (mm) Safety
Chute support | 5052.15 N of force applied to top surfac| 182.2 0.87 1.55
of the support where the chute would bg
mounted on.
Hatch 2500 Nof force distributed normallpver | 6.62 1 3.34
a circle with 30 cm diameter at the centt
of the hach.
Hatch 5000 N of force distributed normally ove 15.8 2.45 1.52
the top surface of the hatch.
Housing 5400 N of force distributed normally ove 4.2 0.19 10

the top surface of the housing where th
hatch would be place on.

Housing 5500 Nof force distributed normally ovel 10 0.56 4.35
the top surface of the housing where th
chute frame would be placed on.

Door 147.15 N of force distributed over the tg 105.2 1.062 2
surface of the door where the chute
would be place on.

Chute 5130.63 N of force distributed normally | 127.3 0.22 2.22
Frame/Chug on the top surfaces of the chute suppori
Support Bracket brackets were the chute support would
be mounted on.
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Table6, represats theessentialzaluesthat were usetbr or obtained from the hand calculations.
Based on theeresults,each ofthe gas springsasto exert a force of at lea$t165.06N attheir

fully compressed positioBased on this calculated result, it was decided to use gas sprihgs w
acompressed force of 1,468 N.&3egas springs have a stroke length of 400 mm and have a
damper that prevents them from opening the hatch at a high rate, which could lead to injuries. As
required by the ASCE, the egress release mechanism shouldrablepvith a force of no more

than 130 N. Based on a series of calculationusnayg a friction coefficient 0.2 within the

latch components, the maximum allowable latch spring stiffness was calculated to be 8dual to
N/mm, which is relatively highping stiffness. Thus, the chute release mechanism can be easily
deployed with most small size sprif@pded latches.

Table6. Handcalculaedresults. All the essentialalues of the unknowns that were calculated
arepresented ithis table.

Minimum requiredotal gas spring force to open the hatch (F| 2,330.12N
Total actualgas spring compressed force ¢3F 2,936 N
Top latch reaction force (I -57.87 N
Total hatch hinges horizontal reaction forcex]F 2,434 N
Total hatchhinges vertical reaction force dy) -1,196.53 N
Door latch hatch reaction forceLéEFL3) 67.15N
Maximum allowable egress lever pull forces(J 130 N
Combined Bowden cable tension (T) 254.88 N
Maximum allowable latch spring stiffness 9.5 N/mm

Since the fiberglass/epoxy skin is brittle, it needs to be protected with floor covers such
as carpets andsiient matting; many times cabin floors a@vered with a layer of rubber.

Theemergency egress unit candeployed by pulling down the emerggregress lever.
This will force open the hatch, will unlatch the bottom door andreilasehe escape chute.
Passengers can thenter into the top opening of the chute, which would lower them to the
ground with a speed ¢dssthan 2.5 m/s. Aftedeployment to remove the chute from the
vehicle,the chute suppowhich contains the escape chui@n either be lifted upntirelyor
dropped to the ground. In order to instatiew chute into the framejé bottom door needs to be
pushed to get latched ihgge. Then, a prpacked chuteonnected to the chute support can be
installed inside the frame from the top. After detaching the bottom face of the chute bag, the
hatch needs to be pressed down to be latched in place. After this final step, the elawtge s r
be deployed.

31



7.0 CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK

Theprimarypurpose of this project was to design an emergency egress systam for
SpartarS u p e r elevat@ASTN vehiclesto evacuate passengers in case of an emergency.
Spird escape chutes were found to be the most practical solutidhefoapid evacuation othe
vehicles In order toutilize escape chutestmthe cabinsthehousing, the hatctand the release
mechanism of the chutes were design&éte designed unit cdre preassembled and instaltau
the floor of chute compatible cabins. An emergesgsess release leveeeds to be mounted on
the interior wall of the cabin. Pulling down on the egtessrunlatches the sprinipaded
latches, whictkeepthe hatch andhe bottom door fastened. As the bottom door is unlatched, the
weight of the door and the chute force open the door, and theggtateployed. At the same
time, as the top hatch is unlatched, gas springs force open thalmeing passengers to enter
the chute to be lowered to the grouAdter the chute is deployed,needs to be removed to
allow installation of the new chute. In order to reach the final design, some of the critical parts of
the unit such as the housing, the hatch, the chute framehute support, and the door were
analyzed using finite element analysis. The models were optimized based on the simulations
until all the criteria were met.|Athe analyzed parts passed the simulations asafety factor
of greater than 1.5The minmum overall compressed gas spring force required to open the
hatch was calculated to be equal to 2,330.12 N. Based on this requirement, two gas spring with a
combined compressddrce of 2,936 Nwvereused in the model. As required by the ASCE, the
egress gstem should be operable with a force of no more than 130 N. Based on this requirement,
the maximum allowable latespring stiffness was calculated to be equal to 9.5 N/mm, which is a
very high stiffnes. Thus, most small sized latches can be used inthisThe overall mass of
the unit was estimated to be 183.56 Kg, which is relatively high. Since the housing passed the
simulationwith a large safety factor, it is possible to reduce its weight by modifyinyésall
sizeand the thickness diiefiberglass/epoxy layerBy custom designing the latches or using
smaller ones, the overall size of the chute frame can bee@duigich results in a smaller hatch,
housing, and a smaller overall mass. Since fiberglass/epoxy is brittle, it is recommended to co
its top surface with carpets and resilient matting. It is also recommended to mount the unit closer
to the wall of the cabin; thisdearsmoreroom at the entry point of the chute, allowing
passengers to enter the chwith more easdt is highly recommanded to integrate the stepped
hole feature of the housing into the floor of tlehicle This eliminated the need afhousings
andthe chute frame and the hatch can be mountedttiron the floor of the cabin, resulting in a
lower overall cost, andsipler assembly procedsis also ecommended to fabricate the
simulatedparts, test them mechanically based on the simulatiopss@ind compare thactual
results with theeomputer generated results
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APPENDICES

APPENDIX A: FINAL MODEL RELEVANT DOCUMENTS

Table7. Top assembly BOMI'his BOM represents all the parts and subassemblies that were

used in the final model.

ITEM VENDOR
NO. PART NAME VENDOR NO. QTY.
1 SHEET METAL FRAME 1 N/A N/A 1
2 SHEET METAL FRAME 2 N/A N/A 1
3 CHUTE SUPPORT N/A N/A 1
4 CHUTESUPPORBRACKET N/A N/A 4
5 HOUSING N/A N/A 1
6 HATCH N/A N/A 1
7 BOTTOM DOOR N/A N/A 1
8 DOOR LATCH BRACKET, RIGHT N/A N/A 1
9 DOOR LATCH BRACKET, LEFT N/A N/A 1
10 ESCAPE CHUTE BAG N/A N/A 1
11 ESCAPE CHUTE N/A N/A 1
12 EMERGENCY EGRESS LEVEROUSING N/A N/A 1
13 EGRESS LEVER N/A N/A 1
14 BARREL ADJUSTER BRACKET N/A N/A 1
15 BARREL ADJUSTER N/A N/A 6
16 BOWDEN CABLE N/A N/A A/R
17 POD V3 concept N/A N/A 1
18 GAS SPRING 400 MCMASTER| 9416K23 2
19 GAS SPRING END FITTING MCMASTER| 9416K75 2
20 BOTTOM DOOR HINGE MCMASTER| 1798A21 2
21 BALL STUD GAS SPRING MOUNTING BRACKE MCMASTER| 5992K31 5
(FRAME)
22 CONCEALED HATCH HINGE SUGATSUNE HEEngSOD 2
23 M5-0.8X18 HEX DRIVE FLAT HEAD SCREW | MCMASTER | 91294A213 4
24 M8-1.25X35 HEX HEAD SCREW MCMASTER | 98093A553 | 16
25 M8-1.25X8 SERRATED FLANGE LOCKNUT | MCMASTER | 96595A102 | 16
26 BALL STUD GAS SPRING MOUNTING BRACKE MCMASTER|  5992K32 5
(HATCH)
27 SPRINGLOADED LATCH (BOTTOM DOOR) MCMASTER| 1437A4 2
28 SPRINGLOADED LATCH STRIKE PLATE MCMASTER| 1437A4 3
29 13 MM OD, 12, MM LONG, M6 SPACER MCMASTER | 92871A347 | 8
30 SPRINGLOADED LATCH (HATCH) MCMASTER| 1437A400 1
31 13MM OD, 9MM LONG, M6 SPACER MCMASTER | 92871A345 4
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ITEM

VENDOR

NO. PART NAME VENDOR NO. QTY.
32 PRESS-IT M50.8 NUT MCMASTER | 94100A140 | 3
33 M6-1X90 SHOULDER SCREW MCMASTER | 92981A794 | 1
34 M6-1X6 FLANGE NUT MCMASTER | 94777A101 1
SLEEVE WITH RUNNING BEARING (10 MM
35 LONG, 8MM SHAFT) MCMASTER| 6679K120 2
36 CLEVIS ROD END MCMASTER| 2448K41 6
37 PRESSIT M50.8 NUT MCMASTER | 94100A140 | 3
38 0.25-20 BUTTON HEAD HEX DRIVE SCREW | MCMASTER | 92949A542 | 6
39 12-28 BUTTON HEAD HEX DRIVE SCREW | MCMASTER | 92949A436 | 8
40 12-28 LOCKNUT MCMASTER | 91831A124 | 8
41 8-32 FLAT HEAD SCREW MCMASTER | 91253A192 | 12
42 8-32 HEX NUT MCMASTER | 90387A326 | 12
43 M5X0.8 TAPPING INSERT MCMASTER | 95631A100 | 8
44 0.25 INCH DIAMETE;{/%-?- INCH LONG BLIND MCMASTER | 975264370 | 8
45 6-32 PRESSIT NUT MCMASTER | 94674A510 | 8
46 6-32 SOCKET HEAD SCREW MCMASTER | 91251A269 | 8
47 M6X1 TAPPING INSERT MCMASTER | 95631A125 | 4
48 M5 X 0.8 TAPPING INSERT MCMASTER | 95631A100 | 2
49 M5-0.8X14 HEX DRIVE SCREW MCMASTER | 91239A230 | 2
50 6-32 TAPPING INSERT MCMASTER | 90016A007 | 4
51 6-32 HEX DRIVE SCREW MCMASTER | 91255A133 | 4
52 M6-1X25 HEX DRIVE SCREW MCMASTER | 91239A327 | 4
53 M8-18X1.25 HEX DRIVE SCREW MCMASTER | 91239A420 | 16
54 M8X1.25 TAPPING INSERT MCMASTER | 95631A150 | 16
55 M6-1X14 HEX DRIVE SCREW MCMASTER | 91239A319 | 6
56 M6X1 HEX NUT MCMASTER | 94223A101 | 6
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Figure28. Chute supporb052.15 N verification teshesh and factor of safeti.fine standard
mesh was used duag this analysis as shown in thettom image. ThEEA analysis
was performed by adding rollers to the ends of the rods shown with green arrows and
applying a force of 5052.15 N to the top surface of the supleonbnstrateavith
purple arrowsThe model pssed the test with a safety factor of laSpresentedn
the top image.
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Figure29. 2,500 N hatch verification test factor of safestygge plot. The green arrows ithis
imagerepresent the areas which were fixed duringdhalysis, and the purple
arrows represent the direction of the force and the location at which they were
applied. As shown ithisimage the factor of safety was found to be equal to 3.34.
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Figure30. 5000 N hatch verificatiotestmesh andactorof safey fringe plot. The green arrows
in the images represent the areas whkehe fixedduring this analysis, and the purple
arrows represent the direction of the force and the location at whiclvérey
applied The mesh can bean in the top image. As shown in the bottom image, the
factor of safety was found to be equal to 1.52.
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Figure31. 5,400 N housing verification test mesh and factor of safety fringeTietgreerand
brownarrows intheseimages repregent the areas which were fixed durthg
analysis, and the purple arrows represent the direction of the force and the location at
which they were applied. The mesh can be seen in the top image. As shown in the
bottomimage the factor of safety was founa be equal td0.
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Figure32. 5,500 N housing verification test mesh and factor of safety fringeTletgreen
arrows in theeimages represent the areas which were fixed during this analysis, and
the purple arrows represeahe direction of the force and the location at which they
were applied. The mesh can be seen in the top image. As shown in the bottom image,
the factor of safety was found to be equat 86.
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Figure33. 147.15 N bottom doorerification test mesh and safety factor fringe plat.run the
simulation, the door was fixed at the clearance holes shown with green arrows.
147.15 N of force was then applied normal to its top surface based on the weight of
the chute and its cover. &tiorce direction and the location over which it was
distributed argresentedvith purple arrows. The mbesan be seen in the top figure.
As shown in the bottonmage, the analysis resulted in a safety factor of 2.69.
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Figure34. 5,130.63 Nchute frame verification test mesh and safety factor fringe Atoshown
in the top imagea fine standard mesh was used to mesh the subassembly. The bottom
surface otheflangeswasfixed, and eight spot weld connections wassignd
between the two sheet metal parts. Pinned connections were defined through the
clearance holes of the brackets and the fraand adownward force of 5,130.63 N,
shown with purple arrows was distributed on the brackets. The subassembly passed
the analys with a safety factor of 2.22.
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Table8. 1023 carbon steel material propertiglse following material properties were retrieved
from the SolidWorks material property database. These propevees used to run
simulations on pds made from 1023 carbon steel.
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Figure35. Sheet metal fram#l drawing.The chute frame consists of two 12 gauge carbon steel
sheet metal panels, which are connected to each other using eight spoTtislds.
figure showgpanel number one
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Figure36. Sheet metal fram# drawing.The chute frame consists of t&@ gauge carbon steel
sheet metal panels, which are connected to each other using eight spot welds. This
figure showgpanel number two
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fiberglass/epoxy skinfThedrawing of the housing is shown in this figure.
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Figure37. Housing drawingThe housingf theunitis made out of a PVC foam core and a
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fiberglass/epoxy skin. Tédrawing of thenatchis shown in this figure.
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Figure39.Chute supportdrawing.he chut e support design i s basc¢
model shown irFigure63. The escape chute gets connected to this siglort,
which wouldbe mounted on the chute frame. The drawing of the chute support is
shown in this figure.
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Figure40. Bottom dar drawing.The bottom door is made out of 12 gauge 1023 carbon steel
and carries the weight of the chute, and releases the chtiera¢ease mechanism is
disengagedThis figure represents the drawing of the bottom door.
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Figure43. Left sidedoorlatch bracket drawinglhis figure represents the drawing of the left
side door latch bracket, which is symmetric to the righ# dlioor latch bracket. These
brackes get secured to the chute frame using rivets andesgnedo support the
door latches and the barrel adjusters.
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Figure44. Emeagency egress lever drawirigulling down on the emergency egrésser
deploys the chute by increasing the tension in the Bowden cables attached to its end.
The drawing of the emergency egress lever is shown above.
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Figure45. Emergency egress lever housifpis housing is used to secure #mergency egress
lever in place. The emergency egress lever housing then needs to be mounted on the
wall of the cabin using either screws or rivets. The above figure represents the
drawing of this part.
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APPENDIX B: PREVIOUS MODELS RELEVANT DOCUMENTS
FIRST GENERATION UNIT

Figure46. Firstgeneratiorrelease mechanisni.hese images represent the open and closed
positiors of one of theold release mechanisms. Twisting the handle unlatches the
bottom door, ad gravity force the door open.
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SECOND GENERATION UNIT

The £cond generatioof theunit wascapable of beingnstalledunderneath the sesds
shown inFigure48 andFigure47. To deploy the chutghe seats would have to be foldgzko
gain access to the entry point. Then, the release handle would have to be twisted to unlock the
top hatch and the bottom doors. As soon as the bottom doors are unlocked, thefitlegght o
doors ad the chute force opsithe doorsand the chute gets deployed. Thesssengers can
enterthe chute from the top opening. This design was based on Axel detandard unit
drawing(Figure63), which was obtained &m the company employedsis required by NFPA
130 for all hatches tbe operable with nmore than one operatiotius this model was
eliminated due to the excessive number of operafidasonal Fire Protection Association,
2007)

Figure47. Secondgeneration release mechaniskwisting the handle of this unit releases the
chute and unlocks the hatch. Passengers then have to open the hatch to gain access to
the entry point.

Figure48. Secondgeneration unitlosed and open positiariBhis unit can be installed on the
floor of the cabin underneath the seats. To gain access to the unit, the seats would
have to be fold&up, which increases the number of operations redud deploy
and use the chute.
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THIRD GENERATION UNIT

Thethird generatioremergency egress unit can be preassembled and installed on the
floor of the cabin using eight bolts. The closed and open positigdhgafnit are shown in
Figure49. To deploy the chuteassengers first have to pull on the hatch handle, which
unlatches the bottom door. As soon as the bottom door is unlatched, the weight of the door and
the chute force open the door, and one end of the dhlls to the ground. Passengers then have
to rotate the handle to unlock the hasectdmanually open the hatdb gain access to the entry
point. Lastly, passengers canterthe chute to be lowered to the groumtlis model was
eliminated due tdts large mass. The housing and the hatch were made entirely oglas<
fiber, which resulted inraoverallmass of around40kg.

Figure49. Third generatiomodel.This unit is capable of being installed on the floortbé
podcas using bolts. The housing atite hatcharemade entirely out of fglass fibey
whichresulted in a major increasethe mass of the uniDue toalarge number of
deployment operations amadarge mass of the unit, this model was eliminated.

In order to ingall the chute omhis unit, the bottom opening must be closed. The chute
has tobe mounted on the ring shownkigure50. After securing the chute on the ring, the chute
can bepackednside the housing, and thieg can be placedn the stepped holaside the
housingas shown in thigigure50; the ledge at the inner surface of the hole supports the ring
and prevents it from moving passed the hole.
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Figure50. Third generation fwute ring The chute ring is used to support the escape chute. After
attaching one end of the chute to the ring, the ring can be placed on the stepped hole
inside the housing.

The bottomopeninglocking mechanism is Isad on Scott Russel straighite generator
mechanim. Pulling on the hatch handieoves the top link of the mechanism upward, which
retracts the latch and unlocks the door. As soon as the hatch handle is rotated, a spsng pushe
the latch to its lockegosition.The curved surface of the latch and the spring inside of it allow
installers to secure the bottom door in place by just pushing it upward against the latch. The latch
will automaticallysecurethe door inthe closegosition, which enables installers to irkthe
chute inside the unit from the top.

Figure51. Third generation dttom door latchThis release mechanism is based on Scott Russel
straight line generator. Pulling on the top link unlatches the door and releases the
chue.

Since, the hatch is required to withstand high forces, have a small deflection, and need to
be lifted with no more than 130 N of force, it has to be very stiff and light. After studying hatch
and door designs, it was decided to design a model sitmitailitary bunkers blast doors. Blast
doors are designed with two main steel outer surfaces and an inner steelgtidefor added
strength. The exploded view of the hatch can be seBigune52. All of the parts seen in this
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figure needbe made out of sheet metaldwelded on one another to form a rigid piece. Due to
the high strength of the-glass fiber, and its fast production rate, it was decided to design
another hatch using fiberglass, dadt ts performance.

///

Figure52. Third generation steelitich exploded viewr his hatch consists of an inner grid
structure, an outer ring, and two plates of sheet metal which have to be welded to one
another to form a rigid hatch.

Using SolidWorks, two emergency escape hatadelswere designed and analyziexd
the third generation uniBased on the requirements, the hatch must have less than one
millimeter of deflection with 2500 N of forcappliedon a 30 cm diameter circle at tbenter of
the hatch. Before running the analysis, the same surface that rests on the housing was fixed, and
a bonded contact wakefined between all surfaceBased on these requirements, the steel hatch
was modified by reducing the number of core fillgygds and lowering the thickness of the
hatch until a deflectionlose toone millimeter was obtaine®teel hatcldeformationand stress
due to the 2500 N forazan be seen iRigure53Error! Reference source not found.
Maximum Von Mises stress was found to be 108aMnd déormation was found to be 0.721
mm, which satisfy the requiremeni$ie maximum stress in the steel hatch is almost half the
yield strength of the matial, which means that the hatch passes the requirement of having a
safety factor of 1.5.
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Figure53. Third generation sel hatch deformation and strekse t02500 Nof force In these
images, the green arrows represent theaces that were fixe@nd the purple arrasv
represent the direction of the force and the location at whashwere applied. Based
on thesimulationresults the maximum deformation was found to be equal to 0.721
mm, and the maximum Von Mises stragas estimatetb beequal to 105 MPa.

The same boundary conditions and forces were applied to the fiberglass hatch, and static
analysis was performed to compare the resdta/eerthe two hatches. The maximum
deformation was found to tegjual t00.661L mm, which is smallethan the deformation of the
steel hatch and satisfies the requirement of having a deflection of less than 1 mm. The maximum
Von Mises stress in the hatch was found to be 13.97 Mpa. Hayietd strength of 2.875 Gpa,
the fiberglass hatch passes the tesi wisafety factor of 205.8. ReferRagure54 for the fringe
plot of this analysis.
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Figure54. Third generabn E-glass fiber hatch deforation and stress due 260N of force In
theseimages, the green arrows represent the surfaces that were &émddhe purple
arrows represent the direction of the force and the location at vih@hwere
applied. Based on &simulationresults the maximum deformation was found to be
equal t00.661mm, and the maximum Von Mises stragas estimatetb be equal to
13.97MPa.

To test the strength of the hatches and makes sure they can wit@tandnoperating
conditions, 5000 N of force as applied to the top circular faces of the hatches, which is
equivalent to having more than five 100kg people standing &me boundary conditions as
the previous analysis were applied to the models. The steel hatch was foundaonaaireum
deformaton of 0.382mm and maximum stress of 85.16Mpa, which means the model pésse
analysis with a safety factor of 1.94.

62



URES (mm])
3.822¢-001
3.504e-001
.~ 3.185e-001
. 2.867e-001
- 2.548e-001
_ 2.230e-001

1.911e-001
 1.5932-001
_ 1.274e-001

_ 9.556e-002

6.371e-002
3.185e-002
1.000e-030

won Mises (Nfm#~2)
8.516e+007
7.807e+007

_ 7.097e+007

- 6.387e+007

- 5.678e+007

. 4.963e+007
“ 4.258e+007
_ 3.548e+007

_ 2.83%+007

_ 2.129+007

1.419e+007
7.097e+006
8.415e+001

— Yield strength: 2.039e+008

Figure55. Third generationteel hatch deformation and stress dua%0@00N forceIn this
image,the bravn arrows represent the surfatleat were fixegand the purple arrasv
represent the direction of the force and the location at whashwere applied. Based
on thesimulationresults the maximum deformation was found to be equél 382
mm and the mdamum Von Mises stress to be equaBm16MPa.

The fiberglass hatch was analyzed using the same boundary conditions as the previous
analysis using 5000N of forcBlaximum deformation of 0.37@m anda maximum stress of
8.915 MPa were found from the atic analysis. Théberglasshatch passed the analysis with a
safety factor of 319.
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Figure56. Third generatiorie-glass fiber hatch deformation and stress dwes@00 N force To
run this simulation, the same surfaceled hatch that would contact the housing was
fixed, and 5000 N of force was distributed normally on its top surface. The maximum
deformation was determined to be equal to 0.376 amtithe maximum streswas
found to be equal to 8.915M4.

Both hatches weredeed to see how much force is required to lift thogran them Static
analysis was performed by adding a pin connection to the hinge and fixing the hinge connecting
piece. A downward gravitational force was added to the model, and the handle was fixed. After
running the analysis, the force required to open the hatch was measured at the handle. National
Fire Protection Association requires all hatches to be operable with a force of no more than 130
N. As shown irFigure57, the steel hatcban be opened with a force of more than 68.ar
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the fiberglass hatch can be opened with a force of more9haiN. Thus, both hatches pass the
test.

Figure57. Forcerequired toopenthe third generatiohatchesTheimage on the leftepresents
thesteelhatch andtheimage on theight representshefiberglasshatch Basel on
the simulation, the steel hatch can be opened with a force of more than, @8 N
the fiberglass hatch can be opdwith a force of more than 98.2 N.

After analyzing the hatch, static analysis was performed ohahgingto assess whether
it could tolerate theperating conditionand satisfy the criterial he bottonfaces of the flanges
which would be mounted on the floor of the calverefixed, and 5000 Nof forcewasexerted
on the surface were the hatch restsTdre maximum deformation was found to bqual to
0.01181mmand themaximum Von Misestress wasleierminedto beequal t0912.4KPa.

Based on the yield strength of 2.87Ba;the main body can withs@much higher forces.

Figure58. Third generation dusingstressand deformation due 8000 N of forceTo run the
simulation, the bottom surface of the flanges were fixed, and 5000 N of force was
exerted on the same surfagberethe hatch would be mounted on. The maximum
deformation was found to be equal to 0.01181, and the maximum Von Mises stress
was determined to be equal to 912 KPa.

Thehousingwas also tested to see if it could withstand having five 100 kg people inside
the chute. The chute has a mass of 1.25 kg per ma&rnaeter chutdhasa mass of 12.5 kg. To
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run this analysis, the bottom surface of the flanges were fixed, and a force of 5027.625 N was
exerted on the surfaseherethe chute frame rests on; this feris equal to the weight of the

chute and ten people inside of it. Maximum deformation was foundequad t00.01306 mm,
andthemaximum stress wadeterminedo beequal t0989.8 KPa; thus, the model paskthe
analysis by a factor of 2904.62.

Figure 59. Third generation housingtress and deformation results due to hawieg people
inside the chuteTo run this simulation, the bottom surface of the flanges were,fixed
and 5027.625 N of force was exerted on the surface were the chute frame would be
placed on Based on the simulation results, the maximum deformation was found to
be equal to 0.01306 mrand the maximum stress wasterminedo be equal to
989.9 KPa.

Even though théousingand the hatch did not fail the FEA analysis, the third generation
unit wes disregarded due to its large madse complete assembly including the chute has a
mass of 440.5kg, which is extremely high. The large mass is mainly due to the mass of the
housing which is 389 kg. The large mass of the unit reduces the efficiencg sjshem and
creats difficulty in the assembly process. Theusingis madeentirely out of Efiberglass,
which has a very high density.
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Figure60. Third generation unit overall dimensionhe overall dimensions of the complete
assemblt of the third generation model can be seen in the above image.
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Figure61. Third generationdtchdrawing.This drawing represents the dimensions oftkiiel
generation hatch, which was entirely made out-gfdss fiber.
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Figure62. Third generationdusing dimensions he overall dimensions of the third generation
housing can be seen in the above image. This hatch was made entirely -glass E
fiber.
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Table9. E-glass fbermaterialpropertieg E-Glass Fibre) E-glass fiber was used for the design

of th

e third generation hatch and housing.

Property Value
Elastic Modulus (N/m”2) 8.5e+10
Poi ssonds Ratio 0.23
Shear Modulus (N/m”2) 3.6e+10
Mass Density (kg/m”"3) 2770
Tensile Strength (N/m”2) 2.05e+9
Compressive Strength (N/m”"2) 5e+9
Yield Strength (N/m”2) 2.875e+9
Thermal Expansion Coefficient (1/K) | 5.1e6
Thermal Conductivity (W/(m-K)) 1.35
Specific Heat (J/(kg-K)) 805

Table10. Galvanized steehaterialpropertieqSolidWorks material propertiespalvanized
steel was used to design the dand the release mechanism of the third generation

unit.

Property Value
Elastic Modulus (N/m”2) 2e+11
Poi ssonds Rat i0.29
Mass Density (kg/m”3) 7870
Tensile Strength (N/m”2) 356900674.5
Yield Strength (N/m”2) 203943242.6
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Figure63. Axel Thom$standardescape chutdrawing.This figure represents theaiving of
one of the standard df@ieter chute units that Axel Thoms manufactures.

71



CERTIFICATE

Management system as per
DIN EN ISO 9001 : 2015

In accordance with TUW NORD CERT procedures, it is hereby certfied that

Axel Thoms

Lebensrettungseinrichtungen GmbH
Bimé&hler Str, 32-36

24576 Bad Bramstedt

Germany

applies a management system in line with the above standard for the following scope

Development, production, marketing, installation and
service of life saving equipment

"Escape Chutes” (Mobile & stationary)

Certificate Registration No_ 07 100 220750 Valid from 2018-01-25

Audit Report No. 3515 1307 Valid unl  2021-01-24
‘ Initial certification 1882

Certification body Essen, 201801-23

at TOV NORD CERT GmbH

This certification was conducted in accordance with the TOW NORD CERT auditing and certification procedures and is subject
to regular surveillance audits.

TOV NORD CERT GmbH Langemarckatralle 20 45141 Essen weaw tuev-nord-certde

({ pAKKS

Deutsche
Mskreditienngstell
O-2K-12007-01-01

Figure64. Ax el T h o nTéesabowe enobite/stdtioanaryadcape chute certificate was
retrieved from one of Axel Thoms’' employees.
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THOMS Escape chure — AT-1

DRN4102BI
flame retardant standard — B I 15 ighest standard for flanmmable fabries, A 1T 1= the next lngher, whach 15
inflammable (e g Kevlar, fibre glass with the according disadvantages: UV resistance, breaking / foldmg)

DIN 5510-2 54
flame expansion speed
Standard used for textile fabnics m use for example m public ransportation et

DI EN ISC 9001 : 2000
M Managementsystem

DIN 1055 Part 4
loading assumphon for bnldings, conformity to standard for frame and stafic analysis (and coresponding
combinztion)

DIN 31000 Richtlime 95/16EG
Techmical safety standard . refernng to safe user design (operation and use), “Techmeal safety elaboraton’ — e g
prevention to bruise one’s finger etc.

EN 294

safety measwres and dimensions

Techmical safety standards, refermng to safe user desizn (operation and use), “Technical safety elaboration” — ez
prevenfion to bruise one’s finger etc.

DIN 53857
strenght test for textile fabne — testing standard. results stated m fabne cerhficates

DIN 3416/3418/3419
Techmical standard for mppers, strength ete. (Mdobile chute)

DIN 18800-7
producer quabfication for steel welding

DI 4131 Class E

process class for steel welding — related producer qualification required

DI 1876-1

Dhpability and strength tests at -40°C

Certified by ‘Germanischer Lloyd" — globally respensible for shippmg and offshore safety, performed for
offthore use on Fussian offshore platform

GL3I1C
Approval for "Germamscher Llowd’, refemring to DI 1876-1

GPSG 5 T(1)
Equipment and Product Safiety Act

M 4818

TUV testing program — certification for sacuring continnous conformity of products, production processes and
production site to the ISO standards

Figure65. Axel Thoms DIN planationThi s f i gure was retrieved
employees and describes some of the standards that were used during their chute
manufacturing.
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