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Mini-Bee — Hybrid VTOL
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Mini-Bee : Our Partners
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Actual TRL3 configuration
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Technical state of the art

Projet VTOL MES_EE maxi | Masce 3 vide Charge utile ch kg/m* kgfch Surfacezﬂotor V.air m/s
Projet (kg) (kg) (m*)

Robinson R44 1087 653 0% 245 14 4,44 79,20 [
Robinson R66 1225 581 53% 240 15 5,10 7949 [
H125 Ecureuil 2250 1220 26% 740 25 3,04 89,75 14
Guimbal Cabri G2 700 420 20% 150 17 4,67 20,72 [
H135 2980 1485 50% 816 36 3,65 81,71 17
A*Vahana 815 475 42% 480 77 1,70 10,62 25
Bartini Flying Car 1100 700 36% 435 130 2,53 8,45 32
Moller Skycar M400 1090 765 30% 720 708 1,51 1,50 [
Sabrewing Draco-2 UAS 1157 278 76% 261 479 4,43 2,42 62
Vimana AAV 1050 650 38% 652 88 1,61 11,97 27
Lilium Jet 600 400 33% 435 531 1,38 1,13 65
Mini-Bee 1200 750 38% 280 15 4,29 0,42 [ -
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e Electric VTOL

Main market drivers - eloten

*  Hybrid VTOL
VTOL, MTOW 1200kg, 200km/h, 850km

Electric Multi-rotors

Rayon d'action / vitesse de croisiére Rayon d'action/masse maximale

RAYON D'ACTION

VITESSE KM/H

ALTEN ALTEN

selidaire selidaire

Mini-Bee R2ZH10P4 is between Helicopter R44 and Aircraft C172

AIR AMBULANCE R
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72 cockpit Scale:1 Mock-Up —
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Emergency Computers ON
beaconON & oo

Flight controls

™ Vertical speed +

Vertical speed -

Horizontal
Speed +/-

Radio ON

AIR AMBULANCE

Computerized flight controls

Sport mode ON

t >

Joystick
activated
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Market : HEMS

Helicopter Emergency Medical Services

AIR AMBULANCE

‘ Key strenghts of HEMS
+ Gives a medical response to crisis and medical emergencies
»  Provides territorial grid for medical interventions

. Primary Missions
«  Bring a medical support as close and quick as possible to the patient
« Transport a stabilized patient to the nearest specialized hospital

. Secondary Missions
* Urgent transfert of a patient from a hospital o another

Limits and pain points of existing helicopters

ALY TR
ﬁ—l -l

Operations Pilot & Doctor’s Operational Operational and
Management Training Disponibility purchasing Costs
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Other Markets accessible

Today  Ambulance
& Ufilities

3 PAX O
Volum 1 PAX
VTOL mission

Power/weight ratio

2 PAX (pilot included)
Weight and Confort

4 PAX
Number of seats

Can be loaded into VIP or Corporate All electric propulsion

large civilian aircrafts cargo soute
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Mini-Bee : Hybrid Powered solution

Basic flight path

« Cruise speed : 200km/h

« Range : 850 km

« MTOW : 1200kg

« Climbing angle: 10°

« Cruse altitude: 1500m

« Max power 280 kW

« Cruise flight : 90% of energy

HAMZA FOUATIH ©

6 Internal Vertical three-phase . 09
. . 6\0
Fuel tank Asynchronous electric engines K\
g ! Three-phase e(s
Generators \)(\6
2 Engines Emrax
Roiax 9135is 2 horizontal
Three-phase engines |
e Generators
No Battery ; <
4 external engines
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Product : Mini-Bee Hybrid VTOL

Hybrid power
security

Modular & ULD conception Specifications
Low cost

structure
Capacity: 2 crew
Flight Path I patfient

e Management MTOW 1200Kg
‘); o N Payload: 350kg
i Range: 850km
Cruise speed: 200km/h

Max. speed: 240km/h

/ \. Driving experience

VTOL Aircraft Short Wings
(6 rotors + 4 tilt rotors)  forlonger range

WWW.mini-bee.com Jan. 3, 2020
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Mini-Bee : Modular deployment

Air transportation by
civilian aircraft

Mini-Bee can be loaded
onto civilian aircrafts ®
cargo soute

v
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Prgi
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LD3: Cockpit/Generator

L

LD9: Wings/RoTors
fransportation

Mini-Bee can be easily
mounted on tarmac ‘

NI ATR AMBULANCE

First air vehicule to be loaded into

a civilian aircraft cargo soute
without rotor assembly
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Product : Mini-Bee Hybrid VTOL

Limits and pain points

Operations
Management

Decision making and
navigation support through
flight path management

solutions

Reduced preparation time.

Find the flight path to waypoints
and consider actual air traffic

Increase flexibility on the mission
through new touchdown areas
or rendezvous points

Pilot & Doctor’s
Training

Intuitive use through
redesigned IHM and driving
experience

Intuitive control

User friendly interfaces
to shorten initial
formation and increase
medical fime

Operational
Disponibility

MRO does not restrain the
Mini-Bee to the ground
thanks to evolutive and

modular design

> o
<&
ST 2

B
P

Modules can easily be
supplied by ULD or container
to maintain disponibility

Each module can be

monitored seperatly from the
aircraft

www.mini-bee.com

Lesser Open Bee License 1.3

Operational and
purchasing Costs

Low-Cost and light structure
reduce the acquisition and
operational costs

Low-Cost modules
High autonomy to decrease

the training costs and
operational costs

Jan. 3, 2020
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Benchmark

Exisiting solutions and competitors Mini-Bee solutions

Range > 500km
Total Variable cost/h: 175
Purchase cost: 525k$

distances: 530m/425m

VTOL
& Wings

X TakeOff/Landing

>

Cessna 172

Single-Engine
Cruise speed: 240km/h Avutorotation in case of N
Purchase cost: 3,1m$S T

emergency landing
Total Variable cost/h: $646 Secur“y

Cruise speed: 261km/h
Purchase cost: 3,6m$

Total Variable cost/h: $847

>
Cost

Double source power
with 2 piston engines

Purchase Cost: ~350k$
Cruise speed: 200km/h -
Range: 850km

Total Variable cost/h: ~$300

WWW.mini-bee.com Jan. 3, 2020
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Mini-Bee — Project development steps

2015 2016
Basic mock-up Detailed Concept
- — - - [
@ B @ B Structure Usages and HMI Electronics and sensors integration
- &8 - - e
LR %&
Toda
Hybrid ' oo " Defini’riozr? :)? scale 1 2017
generator Y Rotax purchase demonsirator Scale Model
Dynamics of flight
Grpund

Demanstrator

® Y2 Cockpit scale 1
Dem¢onstrator Shape 2PAX Bourget 2019 B 2017
opfimization Rotax 915is choice ourge
®
Prototype
O oeoo ® ® ® > 030
Manned flight Test Flights Final Developments Qualification Commissioning and sales
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Actual 2PAX configuration for prototype

Side View Side View

A V- 3’;, =
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Synchrone standard configuration

Efficiency map
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Architecture du prototype

ROTAX 915 IS (1) EMRAX 228H (2)
100 Kg* 24,8 Kg
4980 €

ESIGELEC T

BACK TO BACK Rotex =t

CONVERTER (6) RET 30 (6) " Cables
30Kg 24,6 Kg 1,5 mm?
12 000 € 10800 € 11,88 Kg
4500 €

Poids partie électrique: 191,3 kg
Prix: 32 280 € (sans le ROTAX)

www.mini-bee.com
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Hybrid asynchronous power configuration

Key innovative solution :

* No battery

e Asynchronous multirotors configuration

* Multi-stage electric engine in each rotors
*  On/Off control on each electrical engine

Based on: u“de\' — | -
* 2 Rotax 915is 1eS ‘ =

* 4 Emrax 188 twin S\ud‘ Ilil — -

e 10 vertical Rotors - Iil = r—
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Mini-Bee — Demonstrators

6 three-phase

Three-phase

Engine Generator electric Vertical engines
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Industrial Property

www.bee-license.com

Lesser Open Bee License 1.3

Mini-Bee project is achieved under dedicated lesser open source
license

« It allows mulliple actors (academic, industrial, individuals) to
collaborate in an open-innovation workflow. Project works are mainly www.collaborativebee.com

shared on a public wiki. F

« Tasks are achieved with coordinator management

« Private Tasks (without public disclosure) or product covered by other
licenses or other intellectual property rights can be included within
the project. Only interface works will be covered by the open source
paragraph of the Lesser Open Source License

Y B = ==

« Any Parficipant may use works done on the Project for technical or R

commercial use. By default, standard royalties percent are defined Mini-Bee

Arntorney Docket No. 69732.128.1
Design Palem Application
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