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KOKKUVOTE

Antud magistritéd raames projekteeriti ettevdttele Threod Systems OU treileril katapult,
mis on moeldud kuni 150 kg mehitamata lennuvahendite startimiseks ning maksimaalne

stardikiirus on kuni 52 m/s.

Sellise vBimsusega katapuldi projekteerimine on nii ettevotte OU Threod Systems kui ka
[Oputdd autori jaoks esmakordne, siis alustati t06d konkurentide toodete uurimisega,
otsides voimalikult palju informatsiooni slisteemide tehniliste lahenduste kohta. Sellele
jargnes Ulesandepistitus, kus sdnastati tdpsed nduded, millele 16pptoode vastama peab.
Jatkati kontseptsiooni loomisega, kus otsustati koheselt pneumaatilise katapuldi kasuks
ning pohjalikumalt kaaluti kahte lahendusvarianti - madala réhuga pika silindriga katapult
ja plokisisteemiga ning lihikese korgrohuga katapult. Selgus, et slisteemi nduete
taitmiseks on kindlam kasutada plokisisteemi, mis on tunduvalt keerulisem, kui
teoreetiliselt on voimalik tdita koik nduded. Peale kontseptsiooni loomist jatkati
flUlsikaliste arvutustega, mille abil saadi teada katapuldi pohiparameetrid. Neid
pOhiparameetreid kasutati algandmeteks Matlab Simulink keskkonnas loodud katapuldi
simulatsioonis, mis vdimaldas (heaegselt simuleerida kogu katapuldi kiirendus- ja
pidurdusprotsessi. Matlab Simulink keskkonnas loodi kdigepalt pneumaatiline mudel, mis
vastas parameetrite poolest reaalse pneumoststeemi parameetritega ning see Uhendati
Simulink Multibody mudeliga, ehk CAD mudeliga, mis koosneb lihtsustatud katapuldi
mudelist koos plokirataste, pneumosilindri ja nédriga. Simulatsioon vdimaldas kiiresti ja
tapselt 1abi simuleerida katapult erinevatel té6rohkudel ja erineva lennuvahendi massiga
ning optimeerida katapuldi kiirendusgraafikut muutes naiteks pneumosilindri
sisselaskeava diameetrit. Loodud simulatsioon vdimaldab tulevikus lihtsasti skaleerida
erineva suurusega katapulte.

Peale simulatsiooni alustati katapuldi kontstruktsioonide projekteerimist. Loput6d sisaldab
kirjeldusi, mille alusel projekteeriti erinevate osade konstruktsioon, toimus
moodtmestamine ning projekteeriti erinevad tehnilised lahendused. Pdhiosa 10putdd
projekteerimisosast moodustab katapuldi kdige tdhtsam slisteem, milleks on kiirendus- ja
pidurdussiisteem. Antud slisteem projekteeriti ning optimeeriti vastavalt etteantud
nouetele ning kiirendus- ja pidurdussiisteemi (Uhtseks integreerimine andis
markimisvdadrse massivdoidu ning lahendas keerulise mehaanikalise (lesande
stardiadapteri pidurdusjou vastuvotmisel. Kogu plokististeemi mootmestamisel lahtuti
simulatsioonist saadud tulemustest ning sellest tulenevalt oli teada kiirendus
pneumosilindri mddtmed ja pidurdusamortisaatori tookaik. Plokislisteem vdimaldas
pidurdusamortisaatori 166kkiiruse vahendada kuni 6.5 m/s ning seeldbi oli voimalik

kasutada to0stuslikku amortisaatorit. ToOstusliku amortisaatori kasutamisega touseb
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markimisvaarselt slsteemi todkindlus ja kasutusmugavus ning amortisaator on
projekteeritud to6tama kogu katapuldi toovdoimsuse ulatuses, ilma et see vajaks
reguleerimist.

LOputdds antakse ka Uldine llevaade teistest projekteeritud slisteemi osadest. PShiosa
katapuldi konstruktsioonist moodustab reeling. Katapuldi reeling koosneb kolmest
sektsioonist ning on modeldud transpordiks kokku voltima. Reelingu projekteerimisel oli
pohiliseks probleemiks kogu konstruktsiooni mass ning seelabi valistati terase kasutamine
ning valituks osutuse kerge aga tugeva alumiiniumsulami kasutamine. Kogu reelingu
projekteerimisel lahtuti toodetavusest ja koostamisest, mistdttu koosnevad reelingu
kiljed vesildigatud alumiiniumlehest, mis on keskelt poltidega ihendatud laserldigatud
alumiiniumprofiiliga, mis vOimaldab saavutada vaga hea koostamistdpsuse ja vdltida
taielikult keevitamist. Lisaks reelingule antakse (ilevaade ka stardiadapteri
konstruktsioonist, hidroslisteemi t66pohimottest, katapuldi juhtpaneelist, Glelldisest
juhtsisteemist koos elektrislisteemiga ja juhtmestiku projekteerimisest CAD-is. Peatiiki
I0pus antakse llevaade kogu projekteerimise tulemusest ning vorreldakse projekteeritud
katapuldi vastavust U(lesandepistituses koostatud nduetega. Koik esialgsed nduded
suudeti tadita, ainult siisteemi kogumass laks esialgsest 200 kg suuremaks.

LOput6d lOopeb katapuldi omahinna kujunemise Ulevaatega ja [0putdd lisa sisaldab
graafilist osa, mis kujutab katapuldi ja reelingu konstruktsioonide koostu- ja

dimensioonijoonist.

Mina, 10putdéd autor arvan et antud I10putéé on Onnestunud, sest projekti raames
projekteeriti ettevdttele Threod Systems OU tdiesti uut laadi toode, mis v&imaldab
ettevottes siseneda taiesti uuele turule. Usun, et projekteeritud katapult on vaga tugev
konkurent turule, lisaks asjaolu et projekteeritud katapult on tle 1000 kg kergem kui
[dhim konkurent. Olen rahul I6putdd teemavalikuga, sest magistritéos kaigus sain luua
slisteemidisaini ning projekteerida nullist tdiesti uue toote, mis pakkus piisavalt pinget
ning ndudis vaga podhjalikku slisteemi osade t6dpohimdtete uurimist ning tehnilised
probleemid vajasid tdiesti uut lahenemist. Magistritd0 kaigus Oppisin kasutama Matlab

Simulink tarkvara, mida olen tihti kasutanud ka uutes tédalastes llesannetes.



SUMMARY

Within the framework of this Master’s thesis, a trailer mounted launcher was designed for
Threod Systems OU, which is intended for launching up to 150 kg unmanned aerial vehicles

and the maximum take-off speed is up to 52 m/s.

As design of this size launcher is the first for both the company Threod Systems OU aswell
as the author of thi Master’s thesis, the work began on competitors’s products research,
investigating for as much information as possible about the technical solutions of the
systems. This was followed by setting the initial requirements for the system and compiling
product design specification. The work proceeded with creating a concept of the whole
system, and therefore it was immediately decided to continue with a pneumatic launcher
and two different solutions were considered in more detail - a launcher with long
pneumatic cylinder with low pressure and a launcher with block system, using short
cylinder in high pressure. After examining the specificities of both systems it came clear
that using a block system is much safer and it is easier to meet the system requriements.
Block system makes launcher more complicated, but theoretically it is possible to meet all
the requirements. After creating the concept, the work continued with physical
calculations, which were used to fint out the basic parameters of the launcher. Results
from calculations were used as a raw data in the launcher simuation model createt in the
Matlab Simulink environment, which allowed to simulate the launcher acceleration and
deceleration process simultaneously. In the Matlab Simulink environment, a physical
pneumatic model was created which corresponds to the real pneumatic system parameters
and the physical simulation model was connected with Simulink Multibody 3D model which
consists of a simplified launcher model with block wheels, pneumatic cylinder and
acceleration / deceleration rope. The simulation made it possible to quicly and accurately
simulate the launcher at different operating pressures and with different aircraft weights.
Simulation model allowed to optimize the acceleration system by changing system
parameters. The created simulation allows to easily scale different size launchers in the

future.

After the simulation, the structural design process was started on the launher. The thesis
contains description of the design principles of the construction of different subsystems
and overview of all the technical solutions developed during design. The major part of the
design is the acceleration and braking system of the launcher, which is the most
complicated part of the launcher. The system was designed and optimized to meet the
requirements and integrating the system as single unit, provided significant weight gain

and solved a complex mechanical task in absorbing the braking force of the rail carriage.



The dimensioning of the whole block system was based on the results obtained from the
simulation. Using the pulley system allowed to reduce the impact velocity on the shock
absorber to maximum of 6.5 m/s, and making it possible to use industrial shock absorber.
The use of industrial shock absorber significantly increases the reliability and ease of use
of the system, as the shock absorber is designed to operate throughout the full velocity
range of the launcer, without the need for adjustment.

The thesis also gives a general overview of the other subsystems of the designed launcher.
The main structural element of the launcher construction is the railing. The launcher rail
consists of three sections and two sections are designed to be folded for transport. The
main problem that came up during the design was the weight of the whole rail, therefore
eliminating the use of steel and the only option was to use light and strong aluminium
alloy. The main design principles of the rail are productivity and easy assembly, meaning
that the whole rail is assembled with bolts and welding is completely avoided. Rail consists
of water-cut aluminium sheets on the sides and connected with middle aluminium profile
by bolts, which allows to achieve very good assembly accuracy and avoiding tensions. In
addition to the railing, the thesis also contains design overview of the launch adapter,
launch adapter locking mechanism design, the working principle of the hydraulic system,
the launcher control panel, the general control system with the electrical system and the
CAD wiring design overview. At the end of the chapter, the result of the whole design is
given and the initial requirement compliance is given. All the initial requirements were
fulfilled, only weight was exceeded by 200 kg.

The thesis ends with a calculation of the launcher net costs and the appendix with the
overall drawings of the system, which shows the full assembly and dimensional drawings
of the launcher and rail structures.

I, the author of the thesis, believe that this graduation thesis can be considered
succesful, as a completely new type of product has been develiped for Threod Systems
0U, which allows to enter a completely new market. I believe that the designed system
is a very strong competitor in the market, in addition to the fact that the designed
launcher is more than 1000 kg that the competitiors. I am satisfied with the choise of
the topic of the graduation thesis as I was able to create a system design and design a
completely new product from scratch, which provided enough excitement and required a
very thorough study of different system’s operating principles and solving complex
technical challenges. During my master’s thesis, I learned to use Matlab Simulink

software, which I often use now in new tasks.



