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DESIGN OF THE PROJECT

The development process of lightweight subsonic aircraft can be
broke down on the following procedures:

Specification and requirements
* |nitial Study

. nitial Project

* Project

* Manufacturing

Ground Tests

Flight Tests

These procedures were proposed by BARROS, and compose a synthesis of the four main
methodologies on the aeronautic field: The works of TORENBECK, RAYMER, ROSKAN and VANDAELE



DESIGN OF THE PROJECT

The development process of lightweight subsonic aircraft can be
broke down on the following procedures:

Specification and
requirements
Initial Study
Initial Project
Project
Manufacturing
Ground Tests

Flight Tests
Development timeline

e ———————————————————————

These procedures were proposed by BARROS, and compose a synthesis of the four main
methodologies on the aeronautic field: The works of TORENBECK, RAYMER, ROSKAN and VANDAELE



DESIGN OF THE PROJECT

The development process of lightweight subsonic aircraft can be
broke down on the following procedures:

Specification and
requirements
Initial Study
Initial Project
Project
Manufacturing
Ground Tests

Flight Tests
Development timeline

e ———————————————————————

These procedures were proposed by BARROS, and compose a synthesis of the four main
methodologies on the aeronautic field: The works of TORENBECK, RAYMER, ROSKAN and VANDAELE



DESIGN OF THE PROJECT

Each of these procedures can be broke down in so called "Sulb-

procedures”

Finality of the airplane

Ambitioned performance

Specification and -
requirements -

Missions/tasks
Objectives

1 Constraints and requirements
Initial St a

Initial Proiect

Comparative Methodes

Priorities List

Project Delimitation

Initial Scketch

Wing properties

Aerodynamic profiles

Weight Estimation
1

External Propotions

Technical Tables

Comparative Table

External Configuration

Internal Configuration

Internal Ergonomics

Preliminary Sizing
1

Propulsion Determination

Materials and Procedures

Equipment and Infrastructure

Stability and control

CG tolerance
1

Engines alignment

Fuselage modeling
1

Refinement of external
Geometry

Sub-Procedures

These procedures were proposed by BARROS, and compose a synthesis of the four main
methodologies on the aeronautic field: The works of TORENBECK, RAYMER, ROSKAN and VANDAELE



DESIGN OF THE PROJECT

Each of these procedures can be broke down in so called "Sulb-

procedures

Finality of the airplane

Ambitioned performance

Specification and -
requirements -

Constraints and requirements

Missions/tasks

Objectives

Comparative Methodes

Priorities List

Initial Study

Project Delimitation

Initial Scketch

Wing properties

Initial Project

Aerodynamic profiles

Weight Estimation
1

External Propotions

Technical Tables

 — Comparative Table

External Configuration

Internal Configuration

Internal Ergonomics

Preliminary Sizing

1
Propulsion Determination

Materials and Procedures

Equipment and Infrastructure

Stability and control

CG tolerance
1

— Engines alignment

Fuselage modeling
1

Refinement of external
Geometry

Sub-Procedures

These procedures were proposed by BARROS, and compose a synthesis of the four main
methodologies on the aeronautic field: The works of TORENBECK, RAYMER, ROSKAN and VANDAELE



PROJECT MANAGEMENT
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2. List the inputs and outputs of each of those areas to define the
tasks that must be done

3. Relate 1 and 2 in a time board and divide the tasks between
universities
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PROJECT MANAGEMENT

1. Identify the main project areas, relate then, and set a hierarchy

order between ther

Aerodynamics Calculations

oo e Performance Calculations
2
y A A A
3
v B Forces and Momentum Calculations
. 6
Hierarchy Level l
Control and Stability Calculations
No s it ok? No
< berperrornenee
Detailed design of selected | ... . .: Yes
systems and sub-systems: i
‘ Structure Calculations
-Fuel tanks <
-Landing gear Is it ok?
. No No
-E-motors housing and
support struc.ture J IYes
-Thermal engine support N
structure Detailed Project of systems,
-Cockpit Subsystems subsystems, control surfaces, landing
gear, avionics, manufacturing...
2. List the inputs and outputs of each of those areas to define the 3. Relate 1 and 2 in a time board and divide the tasks between

tasks that must be done universities



PROJECT MANAGEMENT

1. Identify the main project areas, relate then, and set a hierarchy
order between then

2. List the inputs and outputs of each of those areas to define the

tasks that must be done

3D concept of the fuselage
Cruise speed

MTOW

Operational altitude

Stall speed

Suggested wing profile
Wingcord

Wingspam

Aerodynamic forces
CG CA and landing gear positions

Flight envelope

Fuselage configuration

Materials choice for main structure

weight of the plane

Wing configuration

Aerodynamic Calculations

Structure Calculations

aerodynamic coefficients for
wing and fuselage

Definitive wing profile
Drag polar of the aircraft
Need for flap, slat...?

Need for wingtip, winglet,
endplate?

Stall angle

Updates into the fuselage -
try to reduce drag

Wing configuration (with all
the parameters - area, alpha,
chords...)

structure of the fuselage
tructure project of the tail

Structure project of the wing

3. Relate 1 and 2 in a time board and divide the tasks between

universities
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PROJECT MANAGEMENT

1. Identify the main project areas, relate then, and set a hierarchy
order between then

2. List the inputs and outputs of each of those areas to define the
tasks that must be done

Tasks\Deadline Completed? ( 1) 11/Dec2018
30 concopt of the fuselage
Autanomy
Bamenes estmanon
CG spproxmats postion and atowed moverrar: [N Seoméca
c6 posvon [ Seméca
Choice of engines
Cliont roquirements
Cruise spood
Early caloulations and essmations
Empty weight
Existing products
Gereral dmensions
Ideas of the team
Law regulations
Literaturo guidelines and referonces
Motor caractoristics
geometry and size
MTOW

Number of passengers

Operatonal Aitude

TpTe—,

possible comercial aplicatoins
Propelior size and characteristics
Proposed engines
Sketch acchiecture
Sketch geometry
Stall speed
esreaprepaters [N Scoméca
wing protle
Supphed power
Wing cced
Wingspam
aerodynamic coafficients for wing and fuselage _ Supméca
ASowed geomatry and contours for e fual tank
6 and cA postons [N Seméica
Crtesilanang torces ([N Seomécs
curves e power v speed, required powe vs. svailatée power... [N
Defitive batserios [ £+
Detintive ongine tocation NN €=
Detrstws propoters [N >
Dotnitve wing protle
DOrag polar of the akcraft _ Supmeéca
Fust consumpnon [N ©o~

3. Relate 1 and 2 in a time board and divide the tasks between

universities

18/Dec 2015

SFeb2016

Fuselage configuration Supméca
Geomery of the plane
Landing gear position

Polito

Major systoms and subsystems position

Matorial cheice for 910 usolago -

Estaca
&-Mator location Estaca
Need for flap, slat. .7
Need for wingtip, winglet, endplate? _ Supméca
Paitonl h tharni engine [N cooce
—
Required power Cenral
Stal angle
static subaty paramesers [N £+
take o speeo [N
Updates inlo the fuselage - Iry 10 reduce drag
Velccity of the plane
Weight of the plane Supméca

Wing configuration Supmaca
Wing configuration (with all the parameters - area, alpha, chords...) Supmaca
Wing dmensions Supméca

Asrodyname forces [T
Cockpptnternal peomery [
Detailed project of & metor housing [ Scpméca
aetailed projectof i tane [
Detaiied projoct of landing gear [
Fight ervelope
Forces and momentums needed for control and stablity
Forcas and momentums neadad for he structures calculations.
Fusttar geomenry and ocaton [T
Fusttank wegne [T
(.-
Lsnggevgeomery ||
Matorals cheice for main structro ||

Supméca
Contral
Central
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AIRCRAFT CONFIGURATION




AIRCRAFT CONFIGURATION

The first dilemma of MiniBee:

SUM 20| 14| 21
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ELECTRIC MOTORS & BATTERY

Power and diameter estimation

d[m]

Power: 200 kW
Diameter: 0.9 m

Comparison

Dimensions | Length
Width
Height

Weight

Power

Power to weight
ratio

Emrax 268

Yuneec Power Drive [Siemens

163 mm
240 mm
240 mm
19 kg

40 kW at 2400 rpm

2,1 kW/kg

Concept

Emrax 268

5,2 kW/kg 4 kW/kg

Siemens Concept
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THERMIC ENGINE Thermic engine position

e Tractor installation
 Pusher installation

Diesel Engine vs Rotary Engine

Characteristic SMA SR305-230E MISTRAL G300

Data Data

Reliability

Robustness

Smooth rotation of the shaft

No thermic shock cooling

Low purchase cost 75,000 S
High power to weight ratio | 1.1(=230hp/206Kg) hp/kg 1.7(=300hp/177kg) hp/kg
Compact size 834*931*784 [mm)]

Simple construction

Temperature gradient

Low cost fuel Diesel 8.06 $/gallone 10LL avgas 12.68 $/gallone

TOT

SMA SR305-230E
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3

Design

 Blades number

PROPELLER DESIGN

- 84 m/s
2.2m

| velocity (v)

|a

low ax

220 kW
1.22 kg/mA3

* Propeller diameter

izing and DAT

First s

e Profiles used for blades

 Available Power
* Air Density
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Analysis

Propeller diameter
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Pitch

* Fixed pitch
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* Variable pitch on the ground

* Variable pitch




DESIGN OF FUSELAGE

Fuselage is a very important part during the design of an aircraft because it
should housing both payload and systems and it is also the structural element
who takes together all the aircrafts parts.

Characteristics
Pressurization

Pilot position and visibility
Payload

Aerodynamic

Access door

Engine position

Boarding system

Wings and electric propeller position
Structure

Vertical and horizontal tail

1
2
3
3
2
1
2
1
2
2
1

Low cost
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DESIGN OF FUSELAGE

Pressurization:
- Low differential pressure
- Normal (high) differential pressure
No pressurisation

Payload

Boarding system

Pilot position and visibility

=1 I
4 (wheel ,90%each
way)

Access door:
» wings and rotors presence
- possibility of transport of patiences

Back door

18



DESIGN OF FUSELAGE

Aerodynamic study

It has been decided to carry out a 2D cross-
section fuselage CFD analysis. It is possible to
note how the profile of the fuselage can be
update to reduce Drag.

Velocity magnitude

velocity_magnitude

0.000e+00 31.8 63.6 95.4 1.272e+02

\“lllvll.l,l, LULL L] IHH

Pressure
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DESIGN OF FUSELAGE

Engine position
Tractor configuration
Front position

Vertical and horizontal tail
Single central vertical tail
High horizontal talil

Structure:
Simplicity in construction
Low level of stress

Low cost

Wings and electric propeller position:
Possible wings position:

-Midi wings

-Low wings

-High wings

Mid wing Low wing
aerodynamics
stability
structure

visibility

landing inclination

Electric propeller position:
Medium Height

20



Maximum
Take Off
Weight

WING DESIGN

Stall Maximum
Speed Cl
coefficient

1 1 L 1 1 L 1
15 20 25 30 35 40 45
Vstall [m/s]

STALL SPEED = 130 KM/H
WING SURFACE =18 M2
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WING DESIGN

Highest
maximum
lift coefficient

Lowest stall
speed

Lower flightcost
and the higher
maximum
cruise speed

Highest
endurance

Minimum
drag
coefficient

Highest lift-
to-drag ratio

Requirement NACANACANACANACA
23018 65,-415 64,-415 65,-412

lift coefficient
coefficient

drag coefficient
ratio

Proportional sum| (335 _[44 415 _




WEIGHT ESTIMATION

5 CRUI\SE

v
cwewé STRRY LaNDWG - TRx)
WRRM P SHLUTDowN

TIME

MTOW = Woe + Wf + Wpl

Fuel
Weight

Operating Payload
empty weight  Weight
1665 kg

GROSS TAKE -OFF WEIGHT ~ Wiy~ LBS
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WEIGHT ESTIMATION Components Weight

sizing and model
locating fraction
CFD CG.
structural .
. locating
analysis
Static
margin

AVERAGE Weigh Adjustment due to Adjustment due to

MTOW [KG] round-off errors hybrid nature Stablllty and
EMPTY WEIGHT/ control
WTO 0,609 1566,26 1523,12 equation

FUSELAGE/WTO 0,101 251,76 244,83
WING/WTO 0,099 247,24 240,43

TAIL/WTO 0,023 58,40 56,79
POWER PLANT/

WTO 0,213 533,61 518,91
LAND GEAR/

WTO 0,054 134,36 130,66
FIX EQUIP/WTO 0,136 340,89 331,50



https://en.wikipedia.org/wiki/File:Cessna.210.centurion.d-ebws.arp.jpg
https://en.wikipedia.org/wiki/File:Cessna182t_skylane_n2231f_cotswoldairshow_2010_arp.jpg

WEIGHT ESTIMATION Components

Sizing and
locating

-

CFD
structural
analysis

Horizontal tail ~ Vertical Tall
Sweep angle 7° 30°
Dihedral Angle 0° 90°
Airlfoil NACA 0009 NACA 0018

Incidence Angle variable 0°
Aspect ratio 5,2 1,7
Volume coefficient 0,8 0,07
S 5 m2 2 m2

Weight
model
fraction

C.G.
locating

Static
margin

Stability and
control
equation
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juswdinb3y paxi4

Jeap Suipue

GRAVITY CENTER

MINIBEE

jue|d Jamod

a8euuadw3

o3e|osn4

o
Maw -

ANDING LR

sode33eq
+ si1a3uassed

cq

ElLCGRC
ENGWE

dnou8 Suipn

Components
sizing and
locating

CFD
structural
analysis

Weight
model
fraction

Static
margin

Stability and
control
equation
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GRAVITY CENTER

Empty
weight

Empty weight +
crew

Empty weight +

crew + fuel
k Ca EXOIRSION ‘
Empty weight +
crew + fuel +
MAXIMUM CENTRE OF payload = MTOW

GRAVITY EXCURSION = 0,15m
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STABILITY

Conventional static stability

Cyr cp 1S NEgative




STABILITY Components Weight

sizing and model
locating fraction
b EIE!
structural .
: locating
analysis
Static
margin
W =Lw+ Lt ’
M= Lw*xg — (It —xg) * Lt
Stability and

control
equation
oM
h<o xg < 0.66 m




PARAMETRIC CAD

2 A mornoc e - To— o o [ @) @ K Introduction of 3Dexperience
Advantages vs Disadvantages

PRy ‘é | DEXPERIENCE | 3DDashboard Minibee EIY Claudia cone [@] e A

There are no communities to be shown yet

3DMessaging =%

Open #community:69/post:173 on this page in a new tab

What is a parametric CAD:
e parameters

e formules

e external link
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PARAMETRIC CAD

2 ocominct — NN
PXY .“['\ SDEXPERIENCE | CATIA Generative Wireframe & Surface S

Phiysical FOGUADNONOT | Minee v2A1 X

7S
4 895 wamm 14°WNG_ip_CHON » wifrg_twept +wing X BOSRN

dmnewing, interkse_i5a0ng e wingigen

2o 1332 65mmeyt16wing_bp_Cvied +wing X posmon
>l roirn?

4L xe.1389 503meve 15%4ng_tin_chord +wing_»
4 vestormmeing interase
4l 2- 1366 3meney1smuang
1 e
4] xe-14019.33mmes126%wing.tp_chord s wing_swapt +wing_x postion

e

6.0 2me0m 174G 1ip_ChON »whrod_Swept + i
SE0Inm=wing_interaste_1oaonge wingisan

*wing_x_posman

X P —

4] v-st0ammnewing internse_sacngewings

il
3

463,08 enenm 19N 15 hOrd +wing_twept + wing x b
Inmewing_interssde_ipadngswingipan

meytiS wing_t +wingx

1650.66 Inwe120%4ng_tip_chord «win

SE0Imn=wing interaste

K J0DPERIENCE - -
PXY -“[; SDEXPERIENCE | CATIA Generative Wireframe & Surface S

Minee v2A1 X

B pine
¥ zpine
P zpine

Parameters

# @& Rentions

b asosy

=B free Fom Aniy

Wrebame

e |

claudia conte (R (] (@] W& (2]

MiniBee specific use:
Link to external excel table
* Design points through formulas
e Additional parameters
Surface constrains
Vertical and Horizontal tail definition
Electric rotors definition

T b so0ceince o -
davdiaconte (8 [+] (@] A (2] ‘gs _‘é | SDEXPERIENCE | CATIA Generative Wireframe & Surface Y davdia conte (R [+] (@] & [?)

Phiysical OGUADN0ONOT | Miniee v2 AL X

R neiions

bR ratoey

+ B wing

=B Free Fom Anaipis.x

Wretame
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Configuraio

The power of parametric CAD

T
claudia conte m E] m m

Configuratio

)
claudia conte m E] H m

Configuration 4
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