Student Project

ATMOS: TRANSITIONING THE FUTURE ¢

In the fall of 2011 ten students started with the design of a UAV for their Design
Synthesis Exercise. Just a few months later, they saw their self-built and designed UAV
compete in the prestigious UAVForge challenge. This article tells the story of team
ATMOS and what made their UAV stand out.

T‘u.' D5E assignment descriplion was
wery strakghtforwand: deskgn a LAY
tapable of eompeting in the UAYFamge
challenge, an international comp=tition
prganised by the American defence re-
sgarch agency DARES, In short, the Uay
LSt take off vertically Trom & starting lo-
catian, Yy out to anobservation area, per-
form observations, retum 1o the launch
site, and land verticatly, Addisonally, the
compiete sysiem {including the ground
stalion) has tofitin a backpack and stil be
pperational while facing windsofup to 15
kmvars

Taking all the requirements in accou nt, the
students began wortk on thic extensive as-
signment snd sfter ten weaks presanted
thesir Tiral design, The residts wene grom-
ising and hoth the project supervisors
from the faculty’s Micre Aerial Vehicle lab
IMaAVEab: and the students wara very en:
thusisstic about the possibifites of Thel
design. As a resdlt, the stiudents decided
Io continun with the projecton thairown
with the goal ||I.':.|:r|,|.-,|il:,- compating In fha
LUaVForge challenge. This wes the start ol
team ATMOS (Autonomeoos Transilioning
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DESIGHN

One ol the Innovalive aspects of The Af-
MO5 LAY Is s hybrid flight mode de-
sign, 1 combines the vernical take-of
gl hover sbility of & hallcoptes with the
eitended lange and cruise speed of &
fiying wing. The yehicle jor ATMOY, a5 it
Is galled by the eami akes off with the
four ergines painted upvards and is sl
able to hower this way. ORce In the afr the
complete whicle rolates ninety degress
lerwand, & nanpeuvre whers the ATMOV

gradually Uansitions from hover Hiaht 1o
4 mach mare efficient horizontal eruise
Wighr Althaugh this clever tambinafion
frag numenous sdventages, i1 did lead o
wome feriols challenges |n the desigh ol
the propul=ion and autopiio! sysiems

PROPULSION SYSTEM

The main problem is thal propellers opri-
mised lor kowver flight differ significantly
Irom propellears that are eficiEnt in cryjse
light- This is 1o be expected since hower
propellers operate in air with a ree stream
velncity ¢lose-to fero while cruise propel-

] spack Enginearing, Co foundensy of ATMOS

lers EncouiniEr an aitlow squivalend o
the cruse speed. Selecling a8 simgle type
of propeller would result in poor hover
performance, peor crulte performance o
bbb, Thee selutien was to have & saparate
s al propallers and enginss for the dif-
[erent Nlight modes, In hover, the maority
of the lift i« generated by the big engimes
and propelkers located on the veriical sts-
biliges, The small 2ngines an the Wing Lips
are used mainly for stabilising and contral
Iri this case: When the UAY transitions (o
crplse ight, the wing takes care of the |k
and the wingTip engines alone provide &
the thrust needed. The bigger hover en-
gines ame now tumed off and the propel
ler blades fold backwards to decrease the
alr drag.

Another notewarthy aspact i= the place
ment of the small crulse engines at the
very i ol the wings as.a means of reduc-
ing induced drag. Instead of Using wing-
lets that complicate the structure, the
wingtip propellers rotate in the opposie
direction of the wingtip vortces. The pro-
peller induced vortices Lherefore sclively
cancelowut most of the nduced drag




AUTOPILGT

Like most diones the ATMODY uses an
autepilot to control and stabilize the air
ccrafl that is unstable by natuye. The [eam
declded to use Paparazzl, a poweriul

open source adtopibor system that uses
an lreitiel Mlesdvicermeant Linle .;Iuil'l- thatl

madsures accelerations and votatlens,
compares these with che desired alvcraft
slate and carrects all devistions dging the
contml surlares and propellers. In case of
a transitiming LAY however, a challenge
aifsss with piocessing the angles fhat
determine the attifisde The conventional
mi=thod used in autopiots for these calou-
lathans i Euler based, which weoubd b per-
Ir'rﬂy st dibe !'nrq.rl:,r othier fixed o retary
wing. Yet when the ertire aivcraft sotates
ninaty degress ahout ane axis, the Euler
based attitnde definiton will encounter
the so-called singularly polnt. The math-
ematical teprasentation of the lecathon of
& singularity point s ambiguous. which
basically means Theie 5 na diffelense Be-
taroen fovwand and badkward Aight,

The answer for this problem e a quatermis
an based angle definiton. in this marhod
all iotmion: of the vehicle ramain perfect-
I delined. The team Lherelore decided
o e e eveiry modile of The autogis,
rechangimg Euler angles for qua:nmlnn:.
This lime-consuming ask certainty lifred
the papaiazel praject tooa higher level,
bt abowe all provided the possibility to
custernlze and reeak e sofrware for the
ATM S projece

PRODUCTION

Hust as any aircraft, the stmecture has to be
as lightweight as posiibie while stili be-
g strong engugh ooew iehstand che Hight
loads, Furthermere, the UAY had o be
crash resiElant 1o & certain degies, glven
the axpavimental natire of the project
I the ATMOVS this is realsed by using a
seivd wich type stiuetue with a foam core
and amamid composite skin, Aramid (or
KEowbar a3 il is known ::lmh':l:r:'ru“‘,':l is o
wary wough, lght-welght materisl, and in
contrast fo Bhir miore ;:mmqnlr w&ad Cars
bon it B transparent b radio signals. An
addltional challenge was the mguirement
that the whols system had to fitin a back-
pack This meant that the wings had 1o be
detachable from the aieraft Although
situcturally mose comples, this modulai-
Ity actoally creared 3 whale range of extra
opportunities for the sestem, Faraxample,
a different sel ol wing: could easily be in-
stalled for different mission requiraments.
Another oxciting option 15 the possibiity
of combining seveial alrcralt of paims in
t pna fying contrapron, lmited onby by
your imagination.

The entire production protess of the pro-

ATMOS specificatians

Wingspan 1.34m
Wieight 1.4ky
Max speed 20.2m/s
Crudse spaed 15m/fs
Masx hower endurance 17min
Mawx cruslse endurance 15min
Max tange 3km

Figjiarg 1 -The STRATY & transitloiee
totypes B done by the sudents them-
sebves gnd they guickly fovnd out thar &
nice theamtical design does nob neces-
saridy Lransbate inlo an =asiy constiucted
proforype. As sch, theve had o -beseme
significant tweaks and changes in the de-
sign belore the building colld even stoil.
g, after & crash couse on CHE machines,
hot-wire foam cutters ard
techniques, Lhe stud=nls managed to pro-
duce feeur covi plete protatypes in thne for
thr challenge,

lamimation

UAVFORGE CHALLENGE

Leading up to the UAVTrge challenge, a
series of knockoul nounds veie ooganized
v ardeor o reduce the inidal ammount of
144 compatitors to fon Analists, Team
ATMOE was selected o be amongst the
top ten and was Invited 1o the Uavierge
final fiy-off event. held in Gromgla, USA.

In this fiy-alf event, the leams were given
the pirssibiliny te show Theb IAY in actian
and take a shot at the missen ohpectes.
I turned out that the mision its=il was
Fat muie difficult than expected as not a
smgle beam was abrle to complete the en-
tire course successiully. SUiL ATMOS men-
goed to leave gquite an Impression with
theil unigque transitiening vehicle which
also turmed out to be the only wehicle
that was able te My in full sutonemy, The
flights performed by the team wene achz-

alby the Tirst hully autlonomous Bights with

a transitioning vehicle everl All together
ATMOS was rewanded with & respectable
thimd place.

FUTURE

Although the tearn hac alieady shown thn
potential of the UAY, the'syslem is [ar lrom
3 ﬁn!she-:l product, And besikdzs, thewe
are stifl =0 many-applications thet ATKOS
could be used for that have not been Tully
Imvestigated Possibla future spplicathen
could Be smergancy service assistance,
offshore inspections or fire delection,
just to name & few, This & the Teasan that
ATMOS will continue as & student pra)-
ect similar 1o Nuna, Formula Student and
CelFly. Heow Hacholorand Mastorstudents
will have the passibility of participating in
the lutuie developinentand oplimisation
af ATMOS, lifting the design toan even
higher kel And in the long run this will
hopefully lead 1o & versatile, rellable and
widely used LAY systam.

if you ote inTerested in joining the fesmeor i
e wont more infarmation ghooat ATAIOS,
cantocl ws of nfa@ reamATWOS.n ¥
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