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The Genesis

Opportunity of
knowledge transfer to
foster the developmenty o O and Sweden in the

of Colombian aerospacemd&’ust[ry Research field of climate change
industry o’ research

@ Build an alliance
between Colombia

No import from
Swedenunless
stricly necessary

An environment for
= Impact on 12/ students in which
society ég 29 develop technical and

Sucation SOft engineering skills
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Scientifiavlission

AOverall goal of the scientific mission:

A Collect data for:

A Prevention and monitoring of the climate system

A Additional insights to improve predictions and identify locali
patterns of interest in climate change
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Scientifiavlission

AOverall goal of the scientific mission:
A Collect data for:
A Prevention and monitoring of the climate system

A Additional insights to improve predictions and identify locali
patterns of interest in climate change

AWhat is measured:
A Gas concentration measurements
A O3, NQ, NH, CH, H, GH;, GH,OH, CO, SO :
A Correlate with ground images taken by the aircraft

Power Supply

N
+ 10000 mA commercial
| Powerbank

* Raspberry Pi4b
* MicroSD Card Module

VIS Camera

NIR Camera

+ Scientific Optics from Edmund
Optics and Allied Vision.
* Spectral range: 400 — 700 nm.

* Scientific Optics from Edmund
Optics and Allied Vision.
* Spectral range: 825 - 875 nm.
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Scientifiavlission

AOverall goal of the scientific mission:

A Collect data for:

A Prevention and monitoring of the climate system

A Additional insights to improve predictions and identify localiz
patterns of interest in climate change

AWhat is measured:
AGas concentration measurements

A O3, NQ, NH, CH, H, GH;, GH,OH, CO, SO :
A Correlate with ground images taken by the aircraft

Processing unit: Power Supply

N
* Raspberry Pidb + 10000 mA commercial

* MicroSD Card Module Powerbank

ACKS ¢.A33SNIt AOQUdINBEY i

A Measured concentrations will compleme
existing ground, i+ilight, and satellite datz
* Scientific Optics from Edmund

A Application in largescale mathematical
and Albased predictions models
Optics and Allied Vision.
* Spectral range: 825 - 875 nm.

+ Scientific Optics from Edmund
Optics and Allied Vision.
* Spectral range: 400 — 700 nm.
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Multidisciplinary
Approach
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Engineers\work out
design-kinks

_ May-2023

05-3h ~20km

%
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Jan2023
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Mission and DesigrReguirements

AMissionrequirements
AUp to 20km range from mission base

A éStationarg measurement’Q
CTTTA

A 1500m to 2600m AGL

AUp to 20km to return to base or
continue to new base
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Mission and DesigrReguirements

AMissionrequirements ssoom MeL RE o Climb Cruise Unpowered  Cruise and Landing
AUp to 20km range from mission bageoom MsL

A éStationarg measurement’Q
CTTTA
A 1500m to 2600m AGL
300m AGL

AUp to 20km to return to base or 1500m MSL
continue to new base

. ~20km ~0.5 hr to 3hr ~20km
ASolution:
A Cruiseclimb to optimize power usage
A Spiral downward (unpowered glide)
Al SGQa 32 K2YSH Pushing the boundaries of
electricallypowered WAVsS!*
*Beyond capabilities of-commercially-available

electrical WAVs
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Mission and DesigrReguirements

AMissionrequirements ssoom MeL RE o Climb Cruise Unpowered  Cruise and Landing
AUp to 20km range from mission bageoom MsL

A éStationarg measurement’Q
CTTTA
A 1500m to 2600m AGL
300m AGL

AUp to 20km to return to base or 1500m MSL
continue to new base

. ~20km ~0.5 hr to 3hr ~20km
ASolution:

A Cruiseclimb to optimize power usage BES@Y@@CE avonith chidn Gﬂ?ﬁ}dﬁad

A Spiral downward (unpowered glide)

Al SGQa 32 K2YSH Pushing the boundaries of
ADesign specifications: electrically powered WAVS!*

A MaXImum tak_eOﬁ Welght: 12kg *Beyond capabilities of-commercially-available

A Payload alone is ~2kg electrical UAV'S
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Conceptual Design

AFast iteration design process using ibeelity opensource program

AConventional design
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Conceptual Design

AFast iteration design process using 4fmtellty opensource program
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AConventional design .~
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Conceptual Design

AFast iteration design process using 4fmtellty opensource program
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Conceptual Design

AFast iteration design process using 4fmtellty opensource program

AConventional design .~
AAerodynamic analysis -,
ATwinboom \,Tail
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AStability analysis

Airfoil
SA7038

V-Tail
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Conceptual Design

AFast iteration design process using ibeelity opensource program

100 0
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AAdditional design features SA7038
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Aerodynamic Analysis

APreliminary and advanced numerical
simulation

Alnitial estimates of
performance confirmed

AAnalysis at yhrealtitudes
A Constraint at 5000m MSL

Awd epofi
Al eptT Q00

APower requirements
confirmed

15

Lift coefficient

-5 0 5 10 15
Angle of attack
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HighLevel Optimized Design vs. Design
For Manufacturing
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HighlLevel Optimized Design

AA blend of tradition and innovation
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HighlLevel Optimized Design

AA blend of tradition and innovation ek
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HighlLevel Optimized Design

AA blend of tradition and innovation ek
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ABespoke wing join designs for maximum load
transfer
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HighlLevel Optimized Design

AA blend of tradition and innovation
A Classical design and highd and innovative

e 2
|

materials o g
A . . . i Z28) N
ACarbon fiber design for lightweight i ' il e
optimization = =
ASingIepiecq tapered and twisted-€haped spar

|
ABespoke wing join designs for maximum load
transfer

AModular fuselage with carbifiber structure
and skin

£=DOF

Pukkala, T.O Structural Design of a Lighixed Wing UM\ F 4 (i SNR& 58 3INBS t NE 2 S OAugusty2028 SNR a LI 08
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HighlLevel Optimized Design

Load Factor 9.8 [-] Inboard Skin 0.945 [kg]
Factor of Safety 1.5 [] Inboard Spars 0.114 [kg]
Tip Deflection 281 [mm] Outboard Skins 0.588 [kg]
Twist Angle -3.6E09 [deg] Outboard Spars 0.027 [kqg]
Max Failure Index 0.96 [-] Total 1.674 [kg]

Max Strain Location Wing Skin Top [+]
Max Strain Span Statior Root [-]

Pukkala, T.O.Structural Design of a Lighixed WingUAMa | 8 1 SNXQ& 5S3INBES t N2 2SQAugusty2028 SN2 & LI O0S 9y IAYSSNAy IS

14-15 October 2025, Stockholm, Sweden FT2025 Aerospace Congress 41




42,  UNIVERSIDAD 2

%, $AN
oy EARIT @)
e

el

HighlLevel Optimized Design

Wing Stucture 1.97 [kg] Payload 2.00 [kg]
Outboard Section 0.74 [kg] LandingGear 0.30 [kg]
Inboard Section 1.23 [kg] Motor 0.45 [kg]
Fuselage Structure 1.55 [kqg] Flight Systems 0.50 [kqg]
Tail Structure 0.34 [kqg] Battery 3.00 [kqg]
Total 3.86 [kg] Total 6.25 [kg]

Total empty weightx
Maximum TakeOff WeightX

Pukkala, T.O Structural Design of a Lighixed WingUAMa | 8 1 SNXQ& 5S3INBS t N2 2SOAugusty2028 SN2 & LI OS 9y IAYSSNAyYy IS *nitial Estimation
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Design for Manufacturing

THE DEVIL IS IN THE DETAILS
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Design for Manufacturing

THE DEVIL IS IN THE DETAILS

AMaterial availability
AManufacturing processes
AClimate Conditions

ACommunication

AWorking remotely N
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Design for Manufacturing

THE DEVIL IS IN THE DETAILS THE GOLDEN RULE

AMaterial availability V Keep it simple

AManufacturing processes V Keept it clear

AClimate Conditions : ‘Q V Keep it agile

ACommunication

Atrue engineeringexperiencein
€e0Sau émpromBe/ €

AWorking remotely -
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Design for Manufacturing

AGshaped design retained

AEVERYTHING ELSE rethought to meet compromise

A Updated all structural calculations for a different type
of carbon fiber weave for skins
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Design for Manufacturing

AGshaped design retained

AEVERYTHING ELSE rethought to meet comprorr

A Updated all structural calculations for a different type
of carbon fiber weave for skins

ALarge use of 3printed parts
A A different mindset of design for manufacturing
A Different constraints
A Bonding
A Humidity and temperature
A Possibility to trial the pieces
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Design for Manufacturing

AGshaped design retained

AEVERYTHING ELSE rethought to meet comprorr

A Updated all structural calculations for a different type
of carbon fiber weave for skins

ALarge use of 3printed parts
A A different mindset of design for manufacturing

A Different constraints
A Bonding
A Humidity and temperature
A Possibility to trial the pieces

AThermoplastic skin for fuselage
A Even lighter than original design
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JANUARY 2024 TO JUNE 2024
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ATesting that all systems worked
A Simulation of the full aircaft systen
A Key aspect of integration

AFlight System
APixhawk Orange Cube+
AHolybro GPS system
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SubscalélightModel

A 1:2 scaled down version of the aircraft

A A step to derisk the first flight
Ad[ SFNYyé¢ GKS FFANDNY Fi
A Firsttrials completedend of May 2024

i
A
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RollOut
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