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K Main gate -
Aeronautics and Space
CIRA SITE o ,
3  Canteen
4 Headquarters,
‘Supercomputing Centre
5 Modeling and Design
s oratories
6 LISA - Crash Test Facility
' 7  Experimental Aerodynamics
| and Transonic Wind Tunnel
8 HVAC, cooling towers, main
Bl compressed air station
.9 IWT - Icing Wind Tunnel
. PWT — Plasma Wind Tunnel
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OPERATIONAL SINCE 2003, IS WORLD UNIQUE FOR SIZE,
TEST ENVELOPE. CAPABLE TO SIMULATE CLOUDS WITHIN
CURRENT AND FORESEEN CERTIFICATION ENVELOPES TO
IMPROVE FLIGHT SAFETY IN ICING CONDITION.

OPERATIONAL SINCE 2002, IS WORLD UNIQUE FOR
POWER AND SIZE. CAPABLE TO SIMULATE HIGH SPEED
ORBITAL AND SUPER-ORBITAL RE-ENTRY TO TEST SAFETY
CRITICAL THERMAL PROTECTION SYSTEMS OF SPACE
VEHICLES.

OPERATIONAL SINCE 2003, IS WORLD UNIQUE FOR
TESTING ENVELOPE. CAPABLE TO SIMULATE LANDING
SCENARIO IN CASE OF ACCIDENTAL GROUND IMPACT TO
IMPROVE PASSENGER AND PAYLOAD PROTECTION.

OPERATIONAL SINCE 1999, FOR TRANSONIC AND
SUPERSONIC AERODYNAMIC SIMULATION (M<0.4 CONT.
M<1.4 INT.)
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SPACE QUALIFICATION LABORATORY
STANDARD ESA, ECSS-E-10-03C, MIL-STD-810C

QUALIFICATION CAPABILITIES FOR:
— PHYSICAL PROPERTIES MEASUREMENTS
— ACCELERATION TEST
— PYRO-SHOCK TEST

— COMBINED VIBRATION, HUMIDITY, TEMPERATURE
AND ALTITUDE TEST

— ENVIRONMENTAL STRESS SCREENING
— THERMAL SHOCK TEST
— THERMAL VACUUM TEST

STRUCTURES AND MATERIALS
TECHNOLOGICAL LABORATORIES

CoMPOSITE MATERIALS

FILAMENT WINDING, ROBOTIC WINDING, THERMOPLASTIC FIBER PLACEMENT
AUTOCLAVE, RTM EQUIPMENT,

THERMO-PHYSICS & MECHANICAL CHARACTERISATION

METAL ALLOYS ADDITIVE MANUFACTURING
EBM ADDITIVE LAYER MANUFACTURING
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/CIRAR & D

I TRL 8
operative range ., .

- —

Flight proven
Flight qualified

Model demonstration for operational
environment

TRL 6

Space Technology R&D

TRL 5 Models {full scale} demonstration in relevant enpvironment - /‘“\

System Test, Launch

TS & Operations TRLS
Breadboards {reduced scale) verification in relevant s dI -
environment
. sps _as System/Subsystem TRL 8
Functional verification Development —

TRL7
Technology

Demonstration

Technology
Development

Basic principle
Research to Prove
Feasibility

Technology Readiness Level Basic Technology
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Investment

Gap in Manufacturing Innovation

Governmment

FPrnvate Sector
& Universities

Ga
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Valley of death

Technology Readiness Level
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Tensile Siress

Fibre

FRP Composite

Resin

Strain

0°
+45°
-450
90°
-45°
+45°
0°

Starting at the top surface (0/+45/-45/90/-45/+45/0)

nisotropl
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== Autoclave

polimerizzazione
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Finishied part

pohmenzzazmne

Centro ltaliano Ricerche Aerospaziali




Aileron & Fin Panel

Piaggio
Aeroindustries
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Infusion and RTM technology
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Trailing Edge Mould Trailing Edge Leading Edge Mould Leading Edge

Trailing and Leading Edge Bonded AILERON
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CONFRONTO ALETTONE IN CARBONIO CON ALETTONE CONVENZIONALE

Alettone in carbonio Alettone in metallo con
tecnologla convenzionale
Alsttone Y it y
fstiche A e F
Puso (g) 5800 r I. . =
Costo d|
produzione (%) 100 .

Carleo ultimin
(L]

N* componenti
W* fastomer

Piaggio Aeroindustries requirements

b " ARV SO | e TER . PP e Inwﬂ "
g i =i e - — m
Esploso Catle 9 System Test, Launch
& Operations TRLS
System/Subsystem TRL8
Development -1 —_
e
TRL7

Technology
Demonstration

Riduzione del 20% del peso —=r|-
Riduzione numero di parti. L S
Riduzione del costo di s

produzione del 20% !
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RTM- Strake
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Aermacchi
(Leonardo)

requirements

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

O
TRLS

TRL 8

TRL7




Machine Drive
Resin Bath
Filarnent Feed

Hoop Windings
Mandral

hand layup

automated
deposition
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Filament Winding

6 dof, 1 infinite rotation

Cantir Halinn icerche Aercsraziali
SENTC INANAN0 NCICNE AL ,Fa,..-... 1



ARIANNA Winding software

AVIO winding simulation for
VEGA P80 booster
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AVIO - VEGA P80 booster

{
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System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research




Robotic Winding

Filament Winding Robotic winding
6 dof, 1 infinite rotation 8 dof , 2 infinite rotations
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Robotic Winding
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8 axes, 10 dof
2 infinite
rotations

2.4 m lenght
0.8 m diameter

1 tow
tension control
(10-50 N)

wet/dry winding




System Test, Launch /_\'

& Operations TRL9
System/Subsystem TRL8
Development 1 —
TRL7
Technology =

Demonstration

Technology s
Development

Research to Prove

Anisogrid Fesamiey
Technology guscachocooy |
Composite

Nacelle

Components

MIUR funded

project N ~—

partnership with Double curvature Panel: winding and infusion

AERMACCHI
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Strutture An-Isogrid

Elementi unidirezional
caricati in compressione
tensione
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parallel dry robotic winding
+ Infusion
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o An infinite rotation of
Tdeposmon eye

A-parallel feeding for
continuous hoops without
dummy helix
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Flight qualified

environment

Breadboards (reduced scale) verification in relevant
environment

Functional verification

Proof-of-concept

TRL 2

Application formulated

TRL 1

Basic principle

Technology Readiness Level
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Flight proven

Model demonstration for operational

Models (full scale) demonstration in relevant environment

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

—
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interstage model design, manufacturing and testing

VEGA Intestage 2/3 :
a feasibility study to compare the Aluminum and
the Anisogrid Composite Structure
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Radius 0.65m Mass < 25 kg Load
146 tons

40% less than aluminum
benchmark
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TRL 6

TRL 5

TRL 4
TRL 3

Proof-of-concept

TRL 2

Application formulated

TRL 1

Basic principle

Technology Readiness Level

Breadboards (reduced scale) verification in relevant
environment

Functional verification

TRL 8

Flight proven
Flight qualified

Model demonstration for operational
environment

TRL 7

Models (full scale} demonstration in relevant environment

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research
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Prima applicazione industriale
su un Lanciatore Europeo

di una Grid structure in Composito
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1950

Struttura generale dell’Interstadio
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Inc: 18

Time: 1,9%6e+000

9.039%+000

8.135e+000

7.231e+000

6,327e+000

5.423e-+000

4.519e+000

3.615e+000

2.712e+000

1.808e-+000

9.039e-001

1.480e-019

MSC 2 sattwara

Compression_Load
Displacement
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750 tons
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Separation testing
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Flight qualified

TRL 6

environment
Space Technolo R&D
gy TRL 5

Breadboards {reduced scale) verification in relevant
environment

TRL 4

Functional verification

Proof-of-concept

TRL 2

Application formulated

TRL 1

Basic principle

Technology Readiness Level
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Flight proven

Model demonstration for operational

Models (full scale} demonstration in relevant environment

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
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Research

—

3 |3
|2 |2
=] w

TRL7




Boom

System Test, Launch

& Operations

System/Subsystem TRL 8

Development -1 _—

TRL7

T —

Technology

Demonstration |

Technology . T

Development

Research to Prove
Feasibility

Basic Technology
Research
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Central Tube

ESA project

Centro ltaliano Ricerche Aerospaziali

System Test, Launch
& Operations

System/Subsystem
Development m
ey

Technology
Demonstration

Technology -
Development

Research to Prove
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Basic Technology
Research

TRLS

TRL 8

TRL7




Centro ltaliano Ricerche Aerospaziali




Centro ltaliano Ricerche Aerospaziali
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benchmark
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Strutture di Fusoliera USV di tipo Grid e ()

studio, realizzazione e sperimentazione su test- e
article intermedi al fine di validare i metodi nuovidi 1+ |™

Demaonstration

design-processo B — = | -

Technology - -
Development

Research to Prove
Feasibility

Basic Technology
Research 1
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robotic
winding
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Thermoplastic Fiber Placement

Hot Gas Torch
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and pressure
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The message is that engineers should
use more creative thinking when de-
signing composite structures. It is im-
portant that you don’t get tied down by
all the traditional methods, which slow
you down, and the standards and proce-
dures, which usually only tell you *what
not to do!” Creative engineering design,
enriched by comprehension, imagina-
tion, and proper judgment, will provide
the gateway for tapping the full poten-
tial of composite materials.

Burt Rutan, Dr. Clem Hiel, and Brandt Goldsworthy
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