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Theories and/or empirical methods concerning a
single design aspect

Use of commercial software and/or self-developed
software to solve specific problems

Preliminary aircraft design by integration of the
previously developed tools
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By adopting empirical methods, commonly found in literature
(Torenbeek, Jenkinson, Stanford Univ., Howe, Raymer, etc...)
and statistical data, students develop a software to evaluate
total aircraft mass and masses of each of the sub-systems
(structure, propulsion group, crew, equipments...)
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PERCENTUALI DI PESO DEI DIVERSI IMPIANTI
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O Wing

B Horizontal tail
O Vertical Tail
OFuselage

B Landing gear

O Nacelles
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XFOIL results and Prandtl
lifting line theory are
implemented in a software
developed by students in
order to study wing
aerodynamic behaviour

—rett

—ellittica

—rett-trapezia (ir=0.4)
trap (tr=0.3)

5 10 15 20

¥Y(m)

~ Wing Polar

001 001s o002 0025 002 0035

cl:lwlng

04 05 005 0055 008




G. ROMEO - Aircraft Design, Politecnico Torino, DIASP, giulio.romeo@polito.it

Aerodynamic Analysis

Airfoil > Wing -

Parasite drags due to aircraft components are
evaluated through empirical methods, allowing
aircraft polar to be plotted

Wing and Aircraft Polar

Parasite Drag Breakdown
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The structural analysis of wing-box is
carried out by a preliminary structura
design program developed by students
First attempt wing-box geometry and
materials are defined and
stress/strain state computed
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A CATIA V5 model is
built to outline a 3D
external & internal
configuration and to

define geomeftries for
MSC PATRAN...




G. ROMEO - Aircraft Design, Politecnico Torino, DIASP, giulio.romeo@polito.it

Structural Analysis

a more accurate analysis is achieved through FEM
(MSC NASTRAN )

MESC Patran 12.0.04413-Jan-05 11:22:27
Fringe:Default, Static Subcase. Stress Tensar, -von Mises, At 21

Deform:Default, Static Subcase, Displacements, Translational, (NOMN-LAYERED)

MEC.Patran 12.0.044 13-Jan-05 10:32:32
Deform:Default, Static Subcase, Displacements. Translational, (NOMN-LAYERED)

6.29+DDZ
5.8?+DDZ

2.51+002

2.1D+DDZ

default_Fringe :
b B5.29+002 @Nd 9722
kin 0. @Nd 4900
default_Deformation :
b 1.97+003 @Nd 3




Main flight qualities as
well as static and
dynamic stability are
evaluated.

static longitudinal
stability evaluation

dCm ;/da<0

Cm..=0fora=0
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Short Period

Analysis
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Static aeroelastic
problems :

- Divergence Speed

- Aileron Reversal

Both FEM approach &
Influence Coefficients

approach are used
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Dynamic Aeroelastic problem:
‘Flutter

» Typical Section Approach

* Theodorsen Aerodynamic
Theory
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Cost Analysis
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Total Life Cycle Cost

Project Name: HALE Solar -2

PRy LHELIPEAT

Total Life Cycle Cost

Index Pro ame: HALE Solar - 2 (1.1,40prod,2920fh) [27/01/05

Project Mame:|HALE Solar

Configuration:| 2 ¢1.1,40prad, 292 0fh)

Analysis Date:| 27001505

Currency; |£

Exchange Rater 1 §= D.?EE‘%

Operating cost per year £ 28°743°960 o LCC
Vears of operation 20
Development £ 354012 0%
Acquisition € 10173297438 13%
Initial Support £ 18505883 3%
Operating £ 57478797201 7%
Infrastructure (7.50% of sub total) £ 52°407 640 7%
TOTALLCC € 75171767180
TOTAL LCC [ FLIGHT HOUR. [€/FH] € 713

Manufacturer Total Operating Cost per Year Froject Mame:  HALE Solar -
Development :
i P Price >> Z Flight I GCS TOTAL LOCAL “sup TOTAL
8 Production Cost >> W NOTES DESCRIPTION ight line Supervisor SUB - ppeERaTING
= workers workers WORK EXPENSE CONTR-
LCTOR CosT
1 ilabor Flight line (pre flight - 1 shifts'day) 4 2324 :4 140°6544 :4 28%2380 i) 193248 1 133248
£ 7027720 ¢ dddeddd 4 87800 f] 5797440 1
3 iLabor Flight line (post flight - 1 shiftsiday) | £ 239 i 4 1705 1 203 1] 1932 1
operator 4 iFood .. Food &=leeping expense £ 027147 1
5 iCar Carrent £..18M19 1
InPUts OUtPUts G iGenerators Rent of Generators £ B4%TA 1)
£ .40maT i)
Acquisition »> Direct Cost >> £.284700 1)
£ 1207000 )
£.78M20 1 TE080: ¢ 2317000 1
11:iPrepulsion Propul ment L k=T 1 4757 1 dddeddi 1
Fixed Cost >> 12 iSpares for UAV iOther spares- £ ReRRAR 1
P 13 iSpares for GCS iOtherspares 5% of GCS value i 70000 1
Initial support>> A4 :Spares for GOT iOtherzpares 5% of GDT walue i G000 1
: A6 inspection laboriIncluded in items 1-3
Flight Hour Cost »» 18 Insurance ¢ R0 -
A7 fnzurance Inzurance of LAV (14.1%) i danaA 1 13875830
A 18 tFuel Fuel & Additives 1] ]
Operating >> TOTAL OPERATING COST PER YEAR _ ¢ 107215 ¢ #4###### { 00772 || 6085458 | A######d ¢ B03771 | 26743960
Annual Budget >>
Maintenanc
# NOTES DESCRIFTION e hours {
e hours .
B 1 iLabar Flight line (pre flight - 1 zhiftefday) 586 hr 0.0
InfraStrUCture i Llfe cv':le COSt o 2 ilabor Flight line iflight - 5 shiftsiday) A7 5568 hr 0.33 ! Fs
ftsfd ay) G hr 0,00 e
R B E 17852 hr 2.04) Maintenance Hour(s)
11 iPropulsion _ Propulsion system replacement 369 hr 0.01 per Flight Hour DB
TOTAL Maintenance Hours per Year 207480 hr 0.39] <gciazas
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—— Analysis

o Test
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Design of Advanced Composite Structure
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