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Aircraft Overview

Highlights
* Project Beganin 2022-2023

* Design has evolved into a hydrogen powered, multi-mission eVTOL aircraft.

* Fire Suppression Mission
* Cargo Mission

* Focus on fully autonomous operations and
Beyond Visual Line of Sight Ops (BVLOS)
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Looking Ahead

Focus for 2025-2026

* Design and Fly the Forward Flight Sub-Scale Demonstrator ﬁ‘ % % P

* Wind Tunnel Testing for CFD Validation

|
e Continued Detailed Design %
I
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Accurate
Suppressant
Deployment

400 kg of Fire
Suppressant

Fire
Suppression

Modular
Missions

Real—Timg Dgta Cargo & 500 kég Palleted
Communication s Fire Spotting Supply argo

Delivery

Night & Low
Visibility
Operations

VTOL on Various
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Autopilot &
Control
Systems

Sub-Scale
Demonstrator

Testing, & _
Certification & Propulsion System

Electric
Ducted Fans
(EDFs)

Bumble .
Multi-Fuel
B Power System
Avionics, Flight Aerodynamics Yaw Control

Structures &
Mechanical
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Planning &
Assessment
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Avionics, Certification, Flight Testing
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Weights & Balance

F

Current Weight Breakdown

= Structures (Tail, Wings, Fuselage, Landing Gear,
Control Surfaces, Nose)

m Mission Specific (Fire Suppressant + Pilot)

= Auxiliary Battery + Backup Fuel (Kerosene)

EDFs & Accessories

= MFCS

= Hydrogen Fuel + Storage

m HYCS

m Aircraft Support Systems Misc (Ballistic Recovery
System, Anti-lcing, Lubricating/Starting System,
Instrumen tation)
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COG and Component Layout
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Plane Maker Model

@
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X-Plane 12
Simulator
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oftware-in-the-Loop (SITL) Simulations

(§  Ubuntu VM 20.04.6 LTS - VMware Workstation

_ N
File Edit View VM Tabs Help [l ~ & O 208 OB -
‘L'PEW x || {) Home [} ubuntu VM 20.04.6 LTS
| © Type here to search v rTotice S Feb 27 18:02 a0
= LI My Computer QGroundControl o & Console =

[] Ubuntu VM 24.10

[ Ubuntuv 20.04.6 | | 10 PARNTEO ) VEES 2 Ly Fe s Ll

Flying W Guided x 2 azﬂ% GUIDED ARM  GPS: OK6 (10) Vcc5.00 Radio:— INS MAG AS RNG AHRS EKF LOG FEN

Link 1 OK 100.0% (41529 pkts, 0 lost, 0.00s delay)  Batt1: 41%/12.19V 29.7A
Hdg354/88 Alt15m AGL17m/17m  AirSpeed Om/s GPSSpeed Om/s Thr38 Roll0 Pitch0 Wind —/—

PO DistanceOm Bearing 139 AltError Om(H) AspdError Om/s(H) FlightTime 4:00 ETR0:00 Param
EKF2 IMUO

EKF2 IMU1

Lheight 15
RFlight battery 90 percent
#liFlight battery 70 percent
Got COMMAND_ACK: DO_REPOSITION: UNSUPPORTED
Got MISSION_ACK: TYPE_MISSION: ACCEPTED

Flight battery 60 percent
EFlight battery 40 percent

QGroundCont

SIM_VEHICL
i : duCopter" "/home/project-2501/ardupilot/build/sitl/bin/arducopter” "-S" "-I0" "--model
+150m 4-0.0m/s &00:03:59 [ ¢ "gazebo-iris" "--speedup” "1" defaults" "/home/project-2501/ardupilot/Tools/autotest/
Y default_params/copter.parm,/home/project-2501/ardupilot/Tools/autotest/default_params/ga
{+110.0m >0.0m/s #108.8m & zebo-iris.parm”
Run MavProxy

'mavproxy.py" "--master" " : 1:5760" "--sitl" "127.0.0.1:5501"
_ "127. .1: -—out® "127.0.0.1:1 --console
1es en Jan 2 migrating to the new Gazebo iTW: /home/project-2501/ardupilot/build/sitl/bin/arducopter -S -I
peedup 1 --defaults /home/project-2501/ardupilot/Tools/autotest
default_params/copter.parm, /home/project-2501/ardupilot/Tools/autotest/default_params/g
azebo-iris.parm

t
\

Gazebo

--model gazebo-iris

Connect tcp: .0.0.1:5760 source_system: 5
Loaded module console
Log Directory:

. Telemetry log: mav.tlog
Gaze bo ClaSSIC Waiting for heartbeat from tcp:127.0.0.1:5760

MAV> Detected vehicle 1 on link @

TABILIZ Receilved 12 parameters

Saved 1208 parameters to mav.parm

ftp open failed

guided

STABILIZE> Usage: guided ALTITUDE | guided LON ALTITUDE | guided forward METR
ode guided

TABILIZE> arm throttle

UIDED> GUIDED> takeoff 15

UIDED> Take Off started
<

To direct input to this VM, move the mouse pointer inside or press Ctrl+G.
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oftware-in-the-Loop (SITL) Simulations

VMware Workstation = X
[re ]
s Help II = [% @ Q H] g O L\r:j E

() Home [» Ubuntu VM 20.04.6 LTS

Activities < Gazebo ¥

QGroundControl Console

[GUIDED ARM  GPS: OK6 (10) Vcc5.00 Radio:- INS MAG AS RNG AHRS EKF LOG FEN

Link 1 OK 100.0% (41529 pkts, 0 lost, 0.00s delay)  Batt1: 41%/12.19V 29.7A

Hdg354/88 Alt15m AGL17m/17m  AirSpeed Om/s GPSSpeed Om/s Thr38 Roll0 Pitch0 Wind —/—
PO DistanceOm Bearing 139 AltError Om(H) AspdError Om/s(H) FlightTime 4:00 ETRO0:00 Param

Flight battery 90 percent
iFlight battery 70 percent
g JGot COMMAND_ACK: DO_REPOSITION: UNSUPPORTED
Got MISSION_ACK: TYPE_MISSION: ACCEPTED
Flight battery 60 percent
EFlight battery 40 percent

SIM_VEHICLE: Run ArduCopter
'/home /project-2501/ardupilot/Tools/autotest/run_in_terminal_window.sh"
= : ~ 3 /ardupilot/build/sitl/bin/arducopter s" "-10" "--model
+150m 7-0.0m/s &00:03 | e ' iri s o '——pefa»ults '/'home/p‘ ect-2501/ardupilot/Tools/autotest/
default_params/copter.parm, /home/project-2501/ardupilot/Tools/autotest/default_params/ga
15 110.0m ->0.0m/s #108.8 m bo-iris.parm"
VEHICLE
Gazebo N '--master” "tcp:
t . :14550 out" "127.0.0.1:14551
TW: Starting duCopter : /home/project-2501/ardupilot/build/sitl/bin/arducopter
-model gazebo-iris --speedup 1 --defaults /home/project-2501/ardupilot/Tools/autotes
efault_params/copter.parm, /home/project-2501/ardupilot/Tools/autotest/default_params/g
azebo-iris.parm
Connect tcp:127.0.0.1:5760 source_system=255

Loaded module console 1 H
ArduPilot Terminal
Telemetry log: mav.tlog
Waiting for heartbeat from tcp:
Detected vehicle 1:1 on link ©
BILIZE> Received 1208 parameters
saved 1208 parameters to mav.parm
ftp open failed
guided
STABILIZE> Usage: guided ALTITUDE | guided LAT LON ALTITUDE | guided forward METRES
mode guided
\BILIZE> arm throttle
GUIDED> takeoff 15
e Off started

re the mouse pointer inside or press Ctrl+G.
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Certification- Aircraft Safety Assessment

[ Subscae
| Demonstrator

X i
Propuision
Systam (01)

Propeller
Subsystem (02)

Navigation
System (02)
| ] ‘
Y
Yaw Thruster IMU Subsystem GPS Subsystem Flight Control Rado Subsystem
Subsystem (03) 1) {02) Subsystem (03) on Subsystem (01)

l

GPS Receiver I | Microcantroller

(02)

l £ = Y l

(©3) Signal

(02)

Structural
System (04)

[

v

|

Airframe
Subsystem (01) l

A 4

Landing Gear
Subsystem (02)

Frame
Assembly (01)

o1) (02} (03)

EDF ESC
w | [ o I% o |

[ il
System Subsystem Componsmt Failure Mode Failure Cause Failure Event Hitigation
Identification Strategies
Structural Airframe Carbon Tubes Cracking Excessive load or | Reduced - Use reinforced
(04-01-01-01) impact structural carbon fibre
integrity - Conduct load
testing
Screws (04-01- Loose fastenings | Vibration during Frame instability | - Use thread-
01-02) operation locking
compounds
- Perform
periodic
tightening
Joints (04-01-01- | Joint failure Material fatigue Loss of - Use durable
03) structural materials
support - Inspect
regularly

Failure Modes and Effects Analysis (FMEA)

Radio Receiver | | Anteanas
T Decoders (01) J‘ 2a

@

System Breakdown Chart

.
Carbon | |Screws | | Joints
Tubes (01) 02) 03)

l

(01)

Skids 30 Printed I Fasteners
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Certification- Aircraft Safety Assessment

Specific Operations Risk Assessment (SORA)
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https://www.easa.europa.eu/en/domains/drones-air-mobility/operating-drone/specific-category-civil-drones/specific-operations-risk-assessment-sora

Emergency Power Backup System

Lithium-ion Battery Pack Carleton
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Lithium-ion Battery
Pack Parts

Battery Cells
(Prismatic Cells)

Cooling Plate
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Aerodynamics and Propulsion
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Modelling Ground Vortex Ingestion

GVI as seen on
A USAF C17
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Proton Exchange Membrane Fuel Cell (PEMFC




Proton Exchange Membrane Fuel Cell (PEMFC)

How it works:
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Multi-Fuel Combustion Engine
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Hover Yaw Control System (HYCS)

Puffer Jet System as seen on

The Harrier Jump Jet Carleton
‘ University




Hover Yaw Control System (HYCS)
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Hover Yaw Control System (HYCS)

Nozzle Actuation System

On/Off Control System

Carleton

University




Firefighting Apparatus
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Retardant Mission Profile
T ¥

1800 T T T T T T T
L] L] L] L]
Misson Profiling and Trajectory Calculator |
J Y -
1200 g
§1000 E
Read Input 3
Data: Tiax g 860 4
600 T
AT = 0.02T 0 Collective Matrix
400 =
200 T
¢ B(;O 10‘00 12‘00 14‘00 16‘00 1BIDD ZC:DD
While Sy, < 1500 — fime (s)
= — 1800 Scooper Mission Profile
1600 [ 4

While T < Tijax

1400

For0 <9 <90

Thrust Vector
Matrix

Altitude (m)

1400 1600 1800 2000 2200

HoverFill Mission Profile
1600 T T T T T

Altitude (m)
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Structures

Carleton

University




Internal Fuel System Configuration

Hydrogen Fuel System Component Mass (kg) Stop Check
Tanks (Wet Mass) 141kg (| §. |)
Distribution 11kg pSV
PN
Filters, Safety 5kg
Thermal Management 7kg H H
= 2
Fuel Cell & Turbine Interface Skg
Optional Components 5kg __;iﬁ 7N
O k- Slup-vl:a b N~
Total Mass 174kg Regulstor
I TTT1
HEX Fuel
Cell
o mmmm i
7 » Hamididier
Fuel Lie | fuel Lie 2
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Life Cycle Analysis

Quantitative analysis of the LCA

Disposal / Raw material « Demonstration of the environmental
Recycling extraction ) )
/\A impact breakdown for each major
] . .
U consideration

\/O

recyclin,
204 cycling
energy
“\ and fuel
e

systems
289
I\Ilanufacturmg i

\ 7

Us

structural

Dlstrlbutlon 70% el
component
material

e LCAisusedtoevaluate the environmental
impact of a product, process or activity from
the raw material extraction to the end-of-life

Carleton

University



Wings

Wing Component Weight (kg)
Wing Skin 2783
Full Rib (8 Total) 3.3 (Per Rib)

—

Cut Rib (2 Total) 2.69 (Per Rib)
Forward C-Spar 67.9
Center |-Spar 255.6
Center C-Spar 84
Trailing C-Spar 80.6

Winglet height 1.22m

Base cord 320mm
Tip cord 160mm
Spanwise extension 652mm
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Empennage
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