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Le Prove di Volo per la verifica di rispondenza ai requisiti

SVILUPPO
DELLA CAMPAGNA
DI
FLIGHT TESTING

GENESI
DELLE

PROVE

DI'VOLO

GESTIONE
DELLATTIVITA
DI TEST

METODI DI
ACQUISIZIONE
E DI ANALISI
DEI DATI (FTI)

LORGANIZZAZIONE CASI DI STUDIO

DELLE PROVE
DI'VOLO




SCUOLA POLITECNICA E DELLE SCIENZE DI BASE »
DELL’UNIVERSITA’ «FEDERICO II» ”

AAAAAAAAAAAAAAAAAAAA

Aviation in itself is not
inherently dangerous.
But to an even greater
degree than the sea, it is
terribly unforgiving of
any carelessness,
incapacity or neglect. 7~
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L’aviazione, di per sé, non é pericolosa, lo & perfino meno del
Ma & terribilmente implacabile per ogni m;aﬁ'cémz’a di
cura, incapacita o negligenza.
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Genesi Delle Prove Di Volo

GENESI

DELLE
PROVE
DI'VOLO




B =S ;
e == )
EAIAN Aeropolis.«

I, Tl P/ o e
DELL’UNIVERSITA’ «FEDERICO Il» (1 e fhsot 10 o

SCUOLA POLITECNICA E DELLE SCIENZE DI BASE > Eimaaves warows _AIMAA

REQUISIT| |mmmm)p| PROGETTO |Emmm)p| FABBRICAZIONE | s | FLIGHT TESTING
A A

Messa a punto
velivolo

Verifiche progettuali

Ottimizzazione modelli <
Validita delle ipotesi

Verifica rispondenza ai
requisiti <

Rispondenza ai requisiti :

¥  Normativi

" diprogerto. ) Flight Testing

B diSicurezza
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Obiettivi di una campagna di Flight Testing

» Demonstration of compliance
with regulations or certification

Dimostrazione della validita delle ipotesi di

progetto
> Convalida dei modelli analitici di progetto
> Determinazione piu accurata dei margini di
sicurezza
: . specifications
> Messa a punto del velivolo (Flying
Qualities,Sistemi,.....) hat kf"_d_°f fhghts.could fall under | Development:
the definition of a flight test, . , 2 .
. % Testing of new aircraft or
according to Part 21? i
modifications
v _ % Testing of new concepts of airframe,
% The GM to 21.A.701 provides engine, propeller and equipment
useful information for identifying : ! i
+ Testing of new operating techniques

should be qualified as a flight © | Demonstration of compliance with
test. We are interested in 2 of regulations or certification specifications:
% Certification flight testing for type
certification, supplemental type
certificates, changes to type
certificates or ETSO authorisation

these cases:

> Ottimizzazione delle prestazioni
what is a flight test.

> Investigazioni relative a deficienze post
Not all the cases listed in this GM

certificazione
> Sviluppo di nuove apparecchiature e sistemi di

bordo
> Voli sperimentali oggetto di ricerche specifiche

/
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Requisiti Normativi

What existing requirements are actually
related to the flight test activity?

/ CS-23 Amnd.5 (ed.29/03/2017)
@RT 21.A.35 \ Categorie di velivoli: Normal,

a)  Flight testing for the purpose of Utility, Acrobatic, Commuter
obtaining a type-certificate shall be SUBPART B: Flight
conducted in accordance with
conditions for such flight testing SUBPART C: Structure
specified by the Agency. SUBPART D: Design & Construction
b) The Applicant must make all flight SUBPART E: Powerplant Installation
tests that the Authority finds
K necessary. / SUBPART F: Systems and
//Part 5T \ Equipment
| 21A4(a), 21A.20, 21A.33, SUBPART G: Flight Crew Interface
21A.35(a), 21A.35(b), 21A.55, and Other Information
21A.239, 21A.243, 21A.245,

~

/

21A.251, 21A.257(a), 21A.257(b),
21A.263(c), 21A.265, 21A.701,

21A.707, 21A.708, 21A.709,

21A.710, 21A.711, 21A.713, ICAO — Annex 16
21A.723, 21A.725, 21A.727, 21A.729
and related GMs and AMCs Aircraft Noise

\ Part FCL /
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Investigazione di un nuovo prodotto

DATABASE Q)

o

c

>
@ Q

Qo

MATERIALI E —

Q
AERODINAMICA STRUTTURE IMPIANTIE SISTEMI | | )
@ 7
(%]

—+

PROVE IN
GALLERIA DEL

PROVE A TERRA
PROVE A
Necessita dell’attivita di Flight Testing

> Impossibilita di replica a terra delle condizioni di volo (es. accelerazioni per gli impiantie le  strutture)

VENTO

> Impossibilita di simulare a terra particolari condizioni di volo ( es. difficolta di modellazione del flusso
intorno all’'aeroplano)

> Verifiche del comportamento in volo dell’'aeromobile e su cio che era stato predetto da calcoli e/o ground
test

> Certificazione Velivolo — Part 21 A.35; Cerification Specification (CS, Aer P, Mil,...); ICAO Annex 16,.....

&\
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L'Organizzazione delle Prove Di Volo

LORGANIZZAZIONE
DELLE PROVE
DI'VOLO
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L'Organizzazione delle Prove Di Volo

Who are the people required in a

flight test organisation? % ‘letpics

Flight Test Engineers

Designers

Mechanics

Certifying staff

Safety officer
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. . Test Build Up
= Fl |ght Ope rations Efficiency and Safety

Flight Test Pilot

Flight Test

Management

Flight Test

Planning
Scheduling

Data processing
Data evaluation

Engineering

\ Test requirements
S Monitoring

Data Analysis
e

FTI Design
Ground Station Flight Line

Data Acquisition

Aircraft Management
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Flight Test Management

MODALITA’ DI
ESECUZIONE
DEI TESTS

Flight
Test
Engineer

Configurazione
hardware

MODALITA’ DI
ACQUISIZIONE ED
ELABORAZIONE
DEI DATI

Instrument.
Engineer

ANALISI DEI
DATI ACQUISITI

Flight
Test
Engineer

Acquisizione in
PCM

Telemetria

Software per
analisi on line

Conversione in EU

Analisi post-flight
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Flight Test Engineering

“Parte dell’ingegneria associata alle prove in volo di un aeromobile o dell’equipaggiamento
dello stesso.”

The Flight Test Engineering unit performs the following activities:

®Taking into account the information provide%

the design expertise unit in terms of
instrumentation and test points needed for test,
to define the test plan;

®To process the documents prior to accomplish
the flight tests, indicating the technical
execution of each test in accordance with
applicable requirements;

®To process and analyze data gathered during the
flight tests through the FTI

®To prepare the Technical Notes and Flight Test

Report
®To process the Flight Cards /
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Flight Line

As part of the Flight Test Team, the
Flight Line managing the following
activities:

Ly LJ
(/ Transferring the A/C to the airfield (and vice-

versa) . - W' | "u' T
v" Handling the aircraft rn \‘E glm m 1Mm mj J,JU” H-M'
v Preparation of the aircraft for the on-going Py o

test flight in terms of weight, balance, FTI
installation ...

\_

Closing discrepancies
v" Performing general maintenance
activities, such as refueling, rigging and
any specified maintenance tasks on the
prototype
v’ Securing the aircraft after the signature
k of the test readiness sheet )
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Sviluppo della campagna di Flight Testing

SVILUPPO
DELLA CAM PAGNA
FLIGHT TESTING
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Manuale della Organizzazione delle Prove di Volo

]l‘l

L : : : N
Organisations performing flight tests in order —= —7/

to demonstrate regulatory compliance are \ }/E
‘\k’

required to document all activity in a Flight \\N,/
B o\ ,

Test Organisation Manual (FTOM) /,
>‘fr""
/

L L1

The FTOM should provide general \

information about principles adopted by the Organizational structure and position within the DO

organisation and the management of the Competences requirement and nomination process

flight test activity. versus Categories of flights
Facilities requirements

Management and calibration of test equipment
Configuration management of the test aircraft
Maintenance of test aircraft (arrangements with
CAMO and Part 145)

Arrangements with suppliers (e.g. pilots, flight test
engineers, and suppliers of flight test
instrumentation) Flight Test Procedure
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Certification Scheme of work before 1st Flight
Substantiation that aircraft can safely perform a flight
ATRWORTHINESS -
o S T Safety a_ nalysis
Main Landing Gear v e Functional hazard assessment
Hpnzuntal Tail Unit Fuselage .
Alleron | DESIGN | Nose Landing Gear e Fault tree analysis
Flestrical System: v Vertical Tail Unit )
o Generation, Stress/F.EM./ ANALYSIS & Stress/F.EM./ i‘wﬁq&% * Zonal Safety anaIYSIS
5 Worting and Sigralling AT TEST T Analvsis o, | Fintter e Failure mode and effect analysis
o Instrumentation = ) . S f
P— ystem safety assessment
- SHOW JUSTIFICATIONS
Horizontal Tail Unit ra COMPLIANCE . i .
Main Landing G = v & Operational Limitations
P -
e A/C Flight Manual Sects. 1,2,3,4,5,6,7 * Operating procedures
Sysg;nesls;wu?l:tiunal Test: General, Op. Limitations, Emerg. Proc, Normal Proc, Performances,... 3 W . ht d b I
o §lightSCDntrols L elg an alance
E Efeeitrf:‘ﬁﬂc system | Hazard Assesment | L4 Fllght enve|0p
| D.D.Conf. + A.LH > Decl. Of Compliance | e Weather conditions
| e Facilities, runway
| FIRST FLIGHT CLEARANCE |
e Passengers
e Other operational aspects...
Ground tests Examples: P P

) e Static test - . .
Calculations Maintenance instructions

. e Flutter analysis = !
e Structural analysis y e Reference to existing applicable

. e System functional test .
* Weight and balance ST maintenance programme
e ... » Supplemental maintenance data (IPC,

e FTl test AMM, MPD...)
e Emergency system ! i j
BENSY =Y e Test installation maintenance data
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Development of Flight Test Campaign & Envelope Expansion

Flight conditions issue 1 | Flight conditions issue 2 | Flight conditions issue 3 | Flight conditions issue 4
Phase 1: Phase 2: Phase 3: Phase 4:
Initial flights Flight envelop openin, Flight qualities Performances
g g PRERE . e AIRWORTHINESS ggggg%ﬂ%;
II\ REQUIREMENTS ﬂ?
Permit to fly making reference to Approved Flight Conditions at latest issue . D T DESIGN ‘ """ :
kv
FAMILIARISATION
&
FLIGHTEXPERIMENTALTESTS
EVALUATION
&
A COMPLIANCE VERIFICATION|
Full Envelope in T £.CG, Weight, Speed, [l :
B A, L Ve S, - e CERTIFICATION | -=-----
FLIGHT
c
° v
g SHOW
e A/C COMPLIANCE
i Full Compliance J‘L
ﬂd?_ with Requirements
2 () ACCEPTANCE BY AGENCY
z
w First Fly
Expansion Y
Campaign R
r TYPE CERTIFICATE
N/ Numbers of Fly

W

Domain [ Domain I1 Domain "n
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Flight Condition Management

[ T R O O O VI R R R O R R U B ) BN BB BB R R R R R |
: Theoretical _ Rf.fsk analysis . Safefy of flight

) ' or a limited issue
| Analy5|s flight envelope |
[ Airplane | Flight Condition issue |
: Database
| . - Ground
I Performance l ‘ Permit to Fly issue ‘ Station
1 | *Handling Qualities -, > Telemetry
| | Natura AIC_FLIGHT Real Time
| | Frequencies Analysis
|
|
|

Post Flight Analysis

+Loads -
-Stress post flight ON BOARD STATION
A/C

updating

EEE R L AL EEEE il o INSPECTION Theoretical Data
2 I Vs
@) I Experimental Data
; | (flight and ground)
~ I
E [ | *Speed
ﬂ I Risk Analysis °L0qd Factor
& wo| o for a flight envelope :> “Weight
PSR European Aviation Safety Agency g | e:pa‘m «Center of GraVity
ACCEPTANCE “ L Safety of flight S
I
L
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Metodi di Acquisizione e di Analisi dei Dati (FTI)

METODI DI
ACQUISIZIONE
E DI ANALISI
DEI DATI (FTI)
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Fase di sviluppo di un sistema di acquisizione dati

DEFINIZIONE PROGETTO INSTALLAZIONE E

Scelta delle @

apparecchiature

Obiettivi generali

e Tipo e numero di

. > Costruzione rack
parametri da acquisire

installativo

Schemi elettrici

Caratteristiche dei
parametri

Schemi meccanici

Configurazione software

Specifiche tecniche Test di funzionamento

Presentazione dei dati

Valutazione impatto sul
Limiti di spazio e di peso velivolo

Requisiti particolari D

ELABORATI GRAFICI E
LISTA PARAMETRI DESCRITTIVI

Calibrazione trasduttori
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Trasduttori
Conversione delle grandezze fisiche in

segnali elettrici
Tipologie
CAPSULE DI PIATTAFORMA
PRESSIONE TERMOCOPPIE POTENZIOMETRI INERZIALE
Misura di pressioni e di Misura di deformazioni e Misurg di temperature e ~Misura di spostamenti Misura di heading, degli

(tato pilota)

grandezze barometriche di carichi di forza
(quota e velocita)

£

\lineatleangolari angoli di pitch, roll e relative

velocita angolari
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Unita di
Segnale s R
Trasduttore - : acquisizione e E===)> | Trasmettitore
elettrico .
codifica
Sideslip (deg)
[from Air Data Boom] I m o ki i e | [ l

Antenna TX

Parametro
fisico l

f !

Collegamento
in RF
Antenna RX

Sincronizzatoree .
Terminali video | <z | o <@ PCM digits <= Ricevitore

TRASMISSIONE
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AlC

I ical
Transducers [=53 Eectic [ Acquisition [#Y Transmitter
Signals
Physical
Parameters
=

A/C— GROUND STATION LINK Transmission >
483 MHz
e ||

-ADAA

GROUNDSTATION m
O
SEeS IS (:: c:l

;m..,.,., vericatand | [ sane *| oot msiatr Outside air
lﬂll‘ ftemparature.

\6’“

\r €A, NmuoecM.«.Mvaw
&r, 3t

Roc, turn rate, nz, 3e, 3a,
Fs, Frod, Fr

Telemetry

i
ee _|

< -y

OAT, QNH/QFE
wind/ dlrl:c!len l]-

Jolly Fr.

Real Time Ground Recorder _Real Time
Time History Meter Panel
@ [

Flight Test O Flight Test
Engineer a Conductor

HFTIT

e

I

|

|

|
| on-board recorder
4

Post-Flight Data

La
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In the absence of :.......Arrange yourself by giving you freedom to
J fantasy for the achievement of the objective

Bangalore-India a/c AP68TP Viator
/ - Wing Box collapsed : Descent @1600 FPM — Fuel
v Vent obstructed
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Of AERGNAUTICA E ASTRONALTIC

Indicated Airspeed Attitude Altitude

Display Indication

8
File Edit Openate Tools Window Help

(o= @

LN

. : \

[ Position transducer = |
e

Airspeed Limitation
(According to FC)
Red Warning Indicatio

i

Attitude

s QOutside
Strain Gages Indication Air Temperature Strain Gages and
Indication Indication Position Transducer

Indication
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1 Test

Gestione dell’Attivita d

GESTIONE
DELLUATTIVITA
DI TEST
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Flight test Programme
=

Specific to the project, shows sequence of flights

Specific to the project, covering
development and certification flights,
the flight test Programme should
document:

Flight test order
One per flight, show sequence of test points

Flight test Card
One per test point

What is a flight test card?

Why can a flight test card not
replace a flight test order?

The flight test order is an order
given by someone having the
appropriate authority to the
test pilot and flight test
engineer to perform a

predefined sequence of tasks
called “test points”.

< Flight Test cards can be used as input data, to
prepare the Flight Test Order, and/or to record
data, collected from the Flight Test
Instrumentation or the notes recorded by the
test pilot or the flight test engineer.

< Flight Test Cards, when used, are specific to a
test point. They are standalone documents and
cannot replace the Flight Test Order, which is
defining the sequence of test points.

Who is able to issue the order
should be defined in the

Handbook
<« A compilation of filled Flight Test Cards can be
used to build a flight test report.

rove in volo

Sequence and planning of flights
(with phases if needed)

Reference to the applicable
requirements (certification flights)

Method of test flight

Safety provisions (analysis,
emergency devices, airspace...)

Design Limitations
Ground and flight crew
Facilities information

Test aircraft configuration versus
target configuration

Flight test instrumentation
Maintenance of the test aircraft
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Svolgimento dell’attivita di test

FLIGHT TEST RECQUEST
ey

—

= Definizione del programma di prove in volo e e
= Esecuzione del programma di prove in volo

FUGHT TEST EvaLuaTION

= Elaborazione dei risultati A | commosmaTon s

WORK ORDER (il any)

= Attivita di ispezione dell'laeromobile [ e e - erolapeii

FLIGHT READMESS SMEET 1
FLIGHT TEST CARDS FLSHTTEST AN NG (REGUEST}
FORM no. 318-03 {HOD Decisian] FORM no, 014-04

| FLIGHT REMMNESS SHEET 1

- f — o (REQUEST)
} S l : FORM no. 11404 COCUMERTS FREFARATION OO ¢ DA Coordnator
e e | work oRDER i any AFTE + EVE + O} (Configaration + Datd Transfur)
| | worE FORM ns, 01405
i CHANGES MPACTS EVAL. ©
] FLIGHT READINESS RE e ——— i AIRCRAFT FRERARATION
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Technical Logbook

I
L i

The technical logbook is an essential
deliverable for flight test operations. What
should a Techlog be used for?

Who should sign the Techlog?

Any change in aircraft
configuration, like
implementation of changes,
installation or removal of flight
test instrumentation, installation
or change in ballast
configuration...

Maintenance tasks performed on
the test aircraft

Snags reported by the crew

The maintenance or production
certifying staff appointed by the
DOA to attest the work performed
on the aircraft.

The FTE or/and test pilot for
acceptance.
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Safety And Risk Management

In the context of a test flight, operational risk e
management is a process leading to the —
establishment of operational limitations, | ﬁg ofrisk demands decision;

mitigating the risk associated to each specific : W: T oo

test point. T e

These operational limitations should be part of T SR b vl "Ef e
the flight conditions. e oo e - — >
The flight test order should record the final risk e e [ [ = (B

level of each test point and the associated e

mitigation measures.

High igh Medium Low
aaaaaaaaaaa High Medium edium Low
Major Mg | Hedum =
Minor | Mediu m | Mediu m | Medium Low Low

(Example: Installation of an external pod on a CS23 N e
aircraft with potential impact on stall characteristics; e e | pobthe | o | meman | ottt
Test point: assess low speed behavior;

Risk: Stall, Spin -> consequences: potentially
catastrophic;

\_Mitigation: Step by step approach, altitude )

gine Out Landing, Emergency Descent
t andfor Flight Conditions:
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Briefing & Debriefing

Review of the techlog
(aircraft condition)

| Briefing

< Review of the flight test
order (showing
limitations)

Weather condition

Crew condition

< Snags recorded during
the flights
< Configuration to be

prepared before next
flight

Debriefing

Briefing and debriefing are key Specific minutes

activities during flight test operations. 5 Flight test order (if all participants
It is important to record evidence of s identified)

these activities. Whe?t documents | & Techlog
could be used for this purpose?
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Azioni durante il volo

" Risultati di prova
(annotazioni del conduttore della prova e
commenti del pilota collaudatore)

" Acquisizione real time dei parametri
tramite la Ground Station

" Registrazione dei parametri
tramite il dedicato sistema F.T.1.

Azioni dopo il volo (debriefing)

"  Rapporto di volo

®  Technical Log

" Discrepanze di volo
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® |dentificazione delle prove di volo e |

eseguite, mediante 'ausilio della flight

card, delle time histories e dei top pilota; i
0.: V\/\J \/
Visualizzazione in forma grafica dei

parametri ritenuti significativi per ciascun e =
tipologia di prova; P Ee——

[

Pitch [deg]
‘ Elewator Angle [deg] 0 1405 1410 1415
Tiim Tab Angle [deg]
1390  1fbs| ool 1405 Ho 1415
O T T T T T
| I/Hl | | RH Aileron [deg]
LH Aileron [deg] []
Rudder Deflection [deg] Roll Angle [deg]

1360 1365 1370 1375 138

Analisi della time history per la valutazione W]

della bonta del dato acquisito e della : L —
e pean . . 3 i N T

validita dell'esecuzione della prova, in p v o s

1360 1365 1370 1375  138) | 13§5 1390 15| ‘T‘m Thos 1410 1415

i
2
—

1

—— Magnetic Heading [deg]

Rudder Defl

conformita a quanto riportato sulla Flight :
Card; T

Elaborazione dei parametri per la sintesi
dei risultati della prova.

1360 1365 1370 1375  138p | 135 1300 13p5 1400 1405 1410 1415
Tt Time [s]
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Configuration management process of the test article
must be defined in the flight test programme or in

. dedicated procedures.

FLIGHT TEST

POST-FLIGHT [ MAINTENANCE
INSPECTION
PROGRAMME
INSPECTIONS OF !

THE FLIGHT 1, RECORD
TESTED ITEMS KEEPING

A x

INSPECTIONS LIST

FTI DATA PROCESSING

EVALUATION

PRE-FLIGHT
INSPECTIONS

— STATIC TESTS

FEM ANALYSIS
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Casi di Studio

\ i CASI DI STUDIO 5
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Caso Studio: Prove di Ghiaccio

CS 23.1419 Ice protection (see AMC 23.1419)

IC| N g H azZza rd S b) An analysis must be performed to establish, on the
_ Drag Increases basis of the aeroplane’s operational needs, the adequacy
_ Stall Speed of the ice protection system for the various components

of the aeroplane. In addition, tests of the ice protection
system must be conducted to demonstrate that the
aeroplane is capable of operating safely in continuous
maximum and intermittent maximum icing conditions a
described in AMC-1.

Increases
- Weight Increases
- Thrust Decreases
- Controllability
Degraded

LWC - Liquid Water Content, gm/m?®
B = %ﬁ - Catch Efficiency Parameter
A.L. Wintar 1946-47
+ Cumulus clouds observations

B is a function of:

e Droplet Size Layer clouds observations
e Air Den‘sjlty

e Ai

e S;::gzeof Component I.H.L. Wirltar 19‘4&“4?

® Size of Component

Layer clouds observations Rate of aceretion

ational Advisory Committee  ©N @ 3-in.-diam.

Type of Ice is a Function of:
e Temperature, Droplet Size,

Airspeed, LWC
e Clear (glaze)

{gmicm? hr)
Heavy icing\?
1

Moderate icing P
B

Light icing
¥ .n""f

+ EJ
A 1 | Trace ohicing |
25 30 35 40 45

Mean effective drop diamater, microns

for Asronautics cylinder at 200 mph
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Ita Incidenza - La Vite — Test Plan

Caso Studio

CS-VLA 221 Spinning
CS 23.221 Spinning

NORMAL SPIN [x2 DIRECTION - REFLA] MIL-F-83691 Definitions
Condition FLAPS ujc 6 PIWR Stalls | Maneuver Description and Departure Susceptibility Rating
LefiTurn | RightTurn | UP[TO[ LND [UP[ DWN | FWD | AFT [ ON |OFF - fied i
| x| ] x | x [x )

a) Definite g-break, or b) a rapld, un-commanded angular motion, or <) the

ABNORMAL SPIN (x2 DIRECTION - RH/LH] aft stick stop has been reached and no other indication of stall has occurred, or
Fiight Condition [ mas [ e | @ ] d) sustained intolerable buffet. If a departure occurs during a Phase A stall,
TYPE the aircraft is rated “extremely susceptible” to departure.
Winglevel | LeftTum | RigntTum | UP|TO| LND |UP| DWN | FWD | AFT | | Lo a
X | | IR [N e | | Phase A stall with one/three second(s) aggravating rudder, respectively. If a
first occurs during a Phase B stall, the aircraft is rated
| x ABNORMAL SPIN (x2 DIRECTION - RH/LH) ble"” to departure. If a departure first occurs during a Phase C stall,
x - . tis rated “resistant” to departure. If the aircraft does not depart
. " Spin M Flight Condition | FLAPS | ujc ce | TYPE | ' Phase A-C stall, itis rated "extremely resistant” to departure.
— . Wing Level LeftTurn | RightTurn | up [10 [ tvp [ue | own | Fwo T aFr |
10 x 5 x 37 X < [me | ruenr | TEST PAG. < [ne | euear | TEST PAG.
BLACKEHAPE BLACKEHAPE
11 s % x e ] — sucksare® [
x NOTE / DESCRIPTION NOTE /
8 ITEM DESCRIPTION
3 5 33 x umITs TEm LIMITS
14 5 40 x SPINNING — WING LEVEL — PWR OFF SPINNING — WING LEVEL - PWR OFF
5 o a1 X (cs-via 221) (cs-via 221)
16 5 2 P He (7000 f) H (7000 f1)
17 ) a3 FLAP. UP U/C: UP FLAP: UP UIC: UP
18 13 [T
19 5 Vem = B0 kts (1.5 Vs) Vi = 80 ks (1.5 Vs)
45
20
16 % PWR: IDLE PWR. IDLE
21 17
22 15 47 1) ENTRY SPIN (RIGHT)- Var 1) ENTRY SPIN (LEFT)- V$1
23 19 X 48 %) AILERON MAINTAIN NEUTRAL a) AILERON MAINTAIN NEUTRAL
2 20 x 49 b ELEVATOR FULL NOSE UP b) ELEVATOR FULL NOSE UP
35 ) RUDDER FULL RIGHT ¢) RUDDER FULL LEFT
21 x 50
26 2 X =]
27 23 X -
28 2 X Vs=55
- Vs=55
29 > 53 * kis . Kts
30 26 54
31 27 o5, x After 1 turn ar 3 seconds Afiter 1 turn or 3 seconds
32 28 5
33 BT x 1) RECOVERY SPIN 1) RECOVERY SPIN
34 0 57 X ) RUDDER FULL LEFT ) RUDDER FULL RIGHT
2 b) CENTRALIZE STICK AND HOLD b) CENTRALIZE STICK AND HOLD
35 31 X IT UNTIL SPIN STOPS IT UNTIL SPIN STOPS
36 32 59 x
33 50 X
Ea t t + E E
35 | | x [
36 | | x | ¢ b —t —+
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Caso Studio: AIta Inadenza La Vite — Test Results
CS-VLA 221 Spinning

CS 23.221 Spinnin

WING
4 we | ue | 1o [ s
20° RH
5 upP up IDLE RH BANK
20° LH
6 up upr IDLE H BANK.
WING
7 up up S0%MCP RH
7 7174 | 19.5% .
8 upP up S0%MCP H LEVEL
WING
an up up IDLE RH LEVEL
WING
9.8 ur ur IDLE H LEVEL
WING
10 TO up IDLE RH LEVEL
WING
11 1 kND DWN IDLE RH LEVEL
Entry phase
4
1==52 ENTRY PHASE
2==>3 INCIPIENT SPIN 100
3==> 4 RECOVERY Piteh
T T T [\
® —— Pitch [deg] a0 —
—— Elewator Angle [deg]
5 e — — — Trim Tab Angle [deg] _"“""fx“‘\
ey l\ I
1780 1790 1800 1 1830 1830 1840 1350 1880 1870 1280
45 Test Time [s]
1780 1720 1800 10 1830 1830 1340 1850 1260 170 1880 nz
Test Time [5] 3
—re|
. ,. . 2 )
20 Y | ‘Rudder Deflecton [deg] [
i { — Magnetic Heading [deg] |2 u
/ . 2 1 | —— s e e -
o | — 1 i
) e
20 2 0 r
<0 0 i7e0 1790 1800 1 18J0 1830 1840 1350 1880 1870 1880
1780 17e0  1e00 10 1ed0 1830 1840 1850 1880  1a70 1880 Test Time [s]
Test Tme [s] ny
02
= ny
g i 01
g-... M 2 umi\-‘“—f'\)’\_.—u-/\/ , Rl Ve |
S ol ‘ Il
§ = 17 T
) 1780 1780 1200 10 fedo 1830 10 1850 1260 1870 1880 f7e0 1780 1800 1 1ed0 1830 1840 1850 1880 1870 1880
Test Tame [s] Test Time [s]
Rol
E1 I—FiHAilemnl[deg]
g o | —1 | l' LH Aileron [deg]
z — Ruoll Angle [deg]
H & = =
£ ’
1
1780 17e0 1200 10 1edo 1830 1840 1830 =60 170 fas0
Test Time [<] f7e0 1780 1800 1 1830 1830 1840 1850 1880 1870 1880
Test Time [s]
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Caso Studio: Propeller Vibration Test
CS-VLA 907 Propeller vibration

Blackshape SpA BS115 Percent of Allowable vs RPM
Lycoming 10-320-D1B 100 KIAS Climb
CS 2 3 907 P ro p e I I er vi b rat io mHartzcll 3CI-L675A1X2/76C03-7X3  Maximum Power, Below 5000' MSL
I ] T
« 8 BladeTip
(See AMC 23.907 (a)) — e
o0 4 2 90° Blade Shank
o = 350° Blade Shank P
g
= /
2w
S /
% 50 !
=1 4 o)
‘g S —
s “ N Blackshape SpA BS115 Percent of Allowable vs RPM
H = Lycoming [0-320-D1B Maximum Power
g 30 L b "
- ] o 1 o Hartzell 3C1-L675A1X2/76C03-7X3 Level Flight, 2000" MSL.
20 s = = 100 ‘ T T
LS »  §"Blade Tip
1 %0 " 22" Mid-Blade
0 . »  90° Blade Shank
T o 4
1900 2000 2100 2200 2300 2400 2500 2600 2700 280 ¥ 350° Blade Shank FlRS
i E- 2.
! N
Blackshape SpA BS115 Hub Percent of Allowable vs RPM [/
Lycoming 10-320-D1B Maximum Power P
Hartzell 3C1-L67SALX276003-7X3 Level Flighi, 2000° MSL T T
10 . e TR A N
0 ! — Vd /
P | £
m e
i S e e g ===
F — -
E " — / - M/"“‘——o_',—af
Iw
“w S S N |

iU T 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

N - RPM -
B0 0D 200 200 M0 00 20 600 20 200 2% Fionee 4

(Y Figure §




f AT - SCUOLA POLITECNICA E DELLE SCIENZE DI BASE >" miu\l _ A”D >
AIAN roropolis DELL’UNIVERSITA’ «FEDERICO Il» ’[ Umberto Nobile" oL 10 LE s
[ ] [ ] [ ]
Caso Studio: Noise Flight Test Plan
CS-36 \—'—Iﬂz . Height (m)
\ | / 7
- 20% HT
ICAO ANNEX 16 \\ f! /f’
|_
L T
(O]
| 107 10 =
\ | / E
Signs for \ 1’ HT (4]
Deviarion \ 1 &
i TEST FLIGHT PATE né
\ ! / 10 m 15 = &
\If 0 FIRSTPHASE ! SECOND PHASE 2500
7 Ngg 7 Distance from brake release (m)
Mo
3OO ® @
SENSORS E} A) Pisto in conglomerato bituminosc con testote in calcestruzzo %
POSITION 5 Runway in bituminous conglomerate with heads concrete
REF LINE 5
LDG THR 220 LDG THR 250
Zona Miltare CWY 60x200m Ostace
Mobile
I R, - - o - 5 |
2 R § + 10° LH/RH cone T_____________:__ 5
I 1000 m 2nd ref point:
1st ref point: VYF ft+ ;
RWY 17 (Cemento) H: 1210 ft+ 240 ft
H: 650 ft V: Vy (90 kCAS + 5 kts)

V: 90 kCAS + 5 kts
PWR: PLF=»MCP
MAX RoC

SCALA ORIZZONTALE

500

1: 20000 HORIZONTAL SCALE

1000 1500 2000 2500 3000

— I— [— ]
4000 5000 6000 7000 8000 9000

10000

po 2000 3000
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Caso Studio: Noise Flight Test Results
CS-36
ICAO ANNEX 16 % . Overlight#1

85+ Max value =69.8 [dB(A)] E

=~ @
o o
T T
! L

-
=]

SPL [dB(A)]
[41] wm @ 2]
o (52 o o

&~
o

40 L L L L L L
10:27:38 10:27:45 10:27:53 10:28:01 10:28:09 10:28:17 10:28:24
Time of the Test

Overflight #2
90 . . : -

o 850 Max value =72.3 [dB(A)] 1

R GEENREEENA »- \ ’
- ey - 3 80 L q

SPL [dB(A)]
& 3 4

@
o

55

50

a5} 1

40 1 1 1 L L 1
10:30:14 10:30:21 10:30:28 10:30:35 10:30:42 10:30:50 10:30:57
Time of the Test
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CS-VLA 629 Caso Studio: Flutter
CS 23.629

— AIRCRAFT DYNAMIC MODEL | [ AIRCRAFT AERODYNAMIC MODEL |

THEORETICAL MODES EVALUATION I

LI B e e e e -
".’5.!1..1.11.1“;“]‘ 1'1 mg !HHHI MU qnu“ MATCHING OF THEORETICAL MODES AND
g Il Ll T T AERODYNAMIC LATTICE

PRELIMINARY FLUTTER ANALYSIS BASED ON THEORETICAL MODES |

zzzzz

| GROUND VIBRATION TESTS — EXPERIMENTAL MODES EVALUATION |

;

DYNAMIC MODEL/THEORETICAL
> MODES CORRELATION WITH
EXPERIMENTAL MODES
% o Y

o ol i FLUTTER ANALYSIS BY MEANS OF

D e Bis ; EXPERIMENTAL AND/OR

; i : a ff;"; Sttt CORRELATED THEORETICAL MODES

F b

. g:ﬂgunnunam! mmm | FLIGHT FLUTTER TESTS |
I A : =
: "if*um |

7 3 : ".t’: Yo, : 1‘

Q Experimental value

I\
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€5-VLA 629 Flutter Flight Test Plan
CS 23.629
H: 10000 ft H: 10000 ft
V: 150 kCAS ) V: 180 kCAS
160 kCAS . 191 kCAS (Vo) 'y
170 kCAS i Real Time Data Monitoring R
Real Time Data Monitoring i i
In-flight excitation of flutter mode by In-flight fe)‘t(jtal:o.n of ;I:lter glo:ie by
means of impulsive rudder and aileron means.o e swe. "" e .an Rharon
deflection due to pilot's actions on A/C deflection d.ue to pilot’s actions on A/C
pedals or stick l pedals or stick
l Acquisition (@ 128 samples per second) . Acquisition (@ 128 samples per second) | : v
: — of the time histories related to | | ‘
oF I rela.ted ; to Go to next speed accelerations measured on the tail unit. O RCATREE spend J
accelerations measured on the tail unit, S8 { =
Real Time monitoring of A/C response i Real Time monitoring of A/Cresponse
END OF FIRST FLUTTER FLIGHT END OF SECOND FLUTTER FLIGHT

CASE CIXANT
Vs Fue ) Yo weg, KLooe! conro et

3 03 . . ThecretadTede s macchiten W el (V0 08 0 mw)
Elaboration of accelerometric signals and S NreTARRe G, ne
identificati ' o o BER IR R R VAR 10
identification of flutter mode’s frequency * F RRUBBBEBRELREARY b
and damping value PRl AR R R e S
2 On Ground :...............m.
l Data Analysis g {
e Ry Rorhanre wd tesms e »

n

nEﬁﬁﬁﬁiun i

.p'nggeul!lllmlﬂﬂﬁﬁﬁ

it
EOBUBUE B . RSt
f n |lull|l|‘ll||‘lu f = "' '.'l :
i Fort— e

e
—| Flutter curve

T g W ol
O Exgerimental value

A

O Exporimental valse

[==\ ON GROUND ACTIVITIES
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CS-VLA 629
CS 23.629

Flutter Flight Test Results

(SENSORS)

(DATA RECORDING)

COMPUTER
(REALTIME DATA
MONITORING)

Linear [a]

Vertical Tsil

X128
4333

T T T T T T
XETE
WA

oo
LH Tad
T T T T T T T
X ar.sa
- ¥ 1.380 -
xus XM TS
il Yofts.r\) = M i
we Y057
/\/\/\'- 1 1 1 1 1 1
o w x 0 40 L) (1] 0 (1]
X 788 RH Tail
T - 1656 T T T T T
| ]
r fi ®
L 2188 60 T T F1 = 8.142
FATX:-] W 15640 191810 1610 1812 {0 1010 10 1o 1a1e3a b e te e dadagead O _ oo TE
L Vi Com o e iHEREEEE SR SSRE R R 2 T S0
N o A O N i et ie S384408 18 10 1016 1o 10 10 26 1 s11z.541
VTN ] g HiHHHHEHEHHRaaRR g 2 - 0o
0 o P 9 ERERRRR R RIS e - 177
g
Ry
il e e e e e
E Lttt b bt
44+ -3
(1] o L
q 0:s

B § 2 EF0 T oo e
= 1P 131893 45 =
 ~0-032 - x.,;’..@” 12 “5 Fevn '_”,v‘:,!’.ux 13:43.13 13-28-28 231
2 =
z NG O, i, i
S _0.048 |- T I 28nge, e 2 L
F 1, ¥y e T 5
a € 2 m o~
-0.064 B e e
E .
DR N R M1,
-0.08 H " 1 |
VVd

. Experimental value
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“Flight Test Engineer” (per riderci su)

A Flight Test Engineer Is a person who passes as an expert

oyt, with prolific for:{itude; indefinite stritfgs of incomprelfensl?)?et?nzz)aesr:;zz:le z;%::;’e o tu
calculated with mirromatic precision from vague assumptions which are based on det;atable
figures taken from inconclusive data, carried out through forms of problematical accuracy b
persons of doubtful reliability and questionable mentality, for the avowed purpose of amfoy%g

and confounding a hopelessly befuddled ar.
reports anyway. y group ‘Of key personnel who never read the damned

IL FLIGHT TEST ENGINEER E’ UNA PERSONA CHE PASSA PER UN ESPERTO
GRAZIE ALLA SUA ABILITA’ A MANIPOLARE, CON PROLIFICO CORAGGIO,
SEQUENLCZE INFINITE DI INCOMPRENSIBILI FIGURE MATEMATICHE,
CALCOLATE CON PRECISIONE CERTOSINA A PARTIRE DA VAGHE ASSUNZIONI

BASATE SU FIGURE OBIETTABILI RICAVATE DA DATI INUTILI,
CALCOLATI CON ACCURATEZZA APPROSSIMATIVA
DA PERSONE DI DUBBIA AFFIDABILITA’ E CAPACITA’ MENTALE,
CON L’'UNICO SCOPO DI ANNOIARE E CONFONDERE
NE CHE ASCOLTANO SENZA ALCUNA SPERANZA E CHE NON LEGGERANNO MAI
QUEL
DANNATO DOCUMENTO.
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1986 )
1984 ) 1986
AP68TP-300 \ ; - 5 ‘ P86 Mos‘;quito
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BS100-ISP

68 &Spartacus
SPRAYER

SKYCAR

2001

2003 ZOCHE Diesel engine 1993/95
VF600W Mission i S — ANEJA A

1988
C27 ICING Test
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