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LAUNCH, MISSION AND RE-ENTRY
MECHANICAL, THERMAL, AND RADIATION LOADS.

DURING THE INITIAL PHASES OF A LAUNCH, HIGH
VELOCITY GASES ARE EJECTED FROM ENGINE
NOZZLES AND REFLECTED FROM THE GROUND,
CREATING TURBULENCE IN THE SURROUNDING AIR
AND INDUCING A VIBRATORY RESPONSE OF THE
ROCKET STRUCTURE.
ACOUSTIC ENERGY IS THE PRIMARY SOURCE OF
VIBRATION INPUT TO A SPACE LAUNCH VEHICLE.
ACOUSTIC VIBRATION OCCURS OVER A BROAD
FREQUENCY RANGE (30 HZ TO 10000 HZ). OVERALL
ACOUSTIC SOUND PRESSURE LEVEL ≥ 140 DB.
.

DURING FLIGHT, THE SPACECRAFT IS SUBJECTED TO
STATIC AND DYNAMIC LOADS.
SUCH EXCITATIONS MAY BE OF AERODYNAMIC ORIGIN
(E.G., WIND, GUSTS, OR BUFFETING AT TRANSONIC
VELOCITY) OR DUE TO THE PROPULSION SYSTEMS.

MOREOVER PYROTECHNIC SHOCK IS ASSOCIATED WITH
THE FIRING OF AN EXPLOSIVE DEVICE, USUALLY FOR
THE PURPOSE OF INITIATING OR PERFORMING A
MECHANICAL ACTION

(E.G., STAGE SEPARATION, FAIRING OPENING 2.000 G
@1000 HZ)

SPACECRAFT RECEIVE THERMAL ENERGY FROM
INTERNAL AND EXTERNAL SOURCES WHEN THEY
FLIGHT AROUND THE EARTH

 SOLAR RADIATION (DIRECT AND REFLECTED)
 INFRARED RADIATION EMITTED BY THE

EARTH

THIS RESULTS FOR EXAMPLE IN EXTREME
TEMPERATURES FROM -120 °C TO + 150 °C.

SPACECRAFTS HAVE TO WITHSTAND EXTREME
AEROTHERMODYNAMICS HEATING WHEN THEY
RE- ENTER THE ATMOSPHERE.

DEPENDING ON THE AERODYNAMIC SHAPES
AND RE-ENTRY CONDITIONS TEMPERATURE
HIGHER THAN 1300°C – 1700°C ARE
EXPERIENCED BY EXTERNAL SURFACES

LAST UPDATE 11 AUGUST 2023
36.500 SPACE DEBRIS OBJECTS GREATER THAN 10 CM

1.000.000 SPACE DEBRIS OBJECTS FROM GREATER THAN 1 CM TO 10 CM
130 MILLION SPACE DEBRIS OBJECTS FROM GREATER THAN 1 MM TO 1 CM
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IXV MISSION
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THE IXV MISSION WAS SUCCESSFULLY PERFORMED ON
THE 11TH OF FEBRUARY 2015, WITH ALL FLIGHT HARDWARE
AND ALL FLIGHT DATA SUCCESSFULLY RECOVERED,
THROUGH FLIGHT SEGMENT TELEMETRY TRANSMISSION
AND GROUND SEGMENT ACQUISITION, AND ON- BOARD
RECORDING, WITH THE CONFIRMATION THAT THE FLIGHT DATA
IS COMPLETE AND CONSISTENT AMONG THE VARIOUS
SOURCES.

 OVERALL FLIGHT OF APPROXIMATELY 25.000 KM

 8.000 KM IN HOT ATMOSPHERIC RE-ENTRY ENVIRONMENT
WITH AUTOMATIC GUIDANCE

 STARTING FROM AN ORBITAL VELOCITY OF ~7.5 KM/SEC
(MACH=27),

 CONCLUDING WITH PRECISION LANDING.
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IXV (EXHIBITION IN CASERTA ROYAL PALACE, JUNE-JULY 2015)
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CERAMIC MATRIX COMPOSITES (CMCS)

•A VERY LOW EXPANSION AT HIGH TEMPERATURES OF
ABOVE 1000 °C,
•A HIGH RESISTANCE TO

• ABRASION
• CORROSION AND
• THERMO-SHOCKS

•LIGHT-WEIGHT WITH ONLY 2,3 – 2,5 G/CM³ VS. AL
WITH 2,7 G/CM³ OR STEEL WITH ~8 G/CM³
•EXCELLENT TENSILE, SHEAR AND BENDING STRENGTH
•HIGH DUCTILITY
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ISICOMP ®

CARBON FIBER REINFORCED SILICON CARBIDE - CERAMIC MATRIX COMPOSITE

CFRP

Pyrolysis

LSI

Coating

ISiComp®
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OXIDATION PROTECTIVE COATING
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v-Si reactive 
coating applied 
on ISiComp®

SiC-CVI coating 
applied on

Cf-SiC obtained 
by SiC CVI 

• THE SIC COATING CAN BE APPLIED BY THE CHEMICAL REACTION BETWEEN SILICON VAPORS AND THE
FREE CARBON AVAILABLE ON THE CMC SURFACE

Surface Cross section Cross section

Dendritic 
interface

Sharp 
interface

Coating

REUSABILITY
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SPACE RIDER TPS: FROM DESIGN TO FLIGHT

DESIGN DRIVER
• REUSABILITY: Survive 6 times to harsh re-entry envirornment

without degradation (Tmax≈1650°C)
• REUSABILITY: Survive to 2 months (x6) orbital environement

(ATOx, Tcycling)
• Need for minimum and fast refurbishement operations
• Be cost effective for commercial exploitation

1
6

15
2 2

ESA credits
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TPS ENGINEERING MODELS

Body Flap

Shingle

Hinge TPS

Nose
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 CMCS (C/C, C/SIC, SIC/SIC, OX/OX) AND LOW
COST PROCESS

+ GRADIENT INSULATORS

 PICA LIKE (GREEN) ABLATORS FOR INTERPLANETARY
MISSIONS AND REUSABLE SYSTEMS

 METAL OR C/SIC WITH ENHANCED OXIDATION RESISTANCE
CAPABILITIES TROUGH AD HOC DEVELOPED UHTC 
COATINGS TO IMPROVE REUSABILITY CHARACTERISTICS

UHTC

BULK

COATINGS

ABLATIVES

CMC

F-TPS

WHICH KIND OF MATERIAL?
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ULTRA HIGH TEMPERATURE CERAMIC MATERIAL: 
PAST, PRESENT, FUTURE

EXPERT: MASSIVE 
UHTC ; UHTC-METAL I/F

SCRAMSPACE
metal UHTC coated, 
massive UHTC

ASA
WLE Demonstrator made of 
CMC coated with UHTC

SHARK
Structural aerodynamic 
profile made of massive UHTC 

MASSIVE UHTC

UHTC COATING ON METALLIC AND CMC SUBSTRATE

...UHTCCMC coming soon
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UHTCCMC IS AN INNOVATIVE CLASS OF MATERIALS WHICH COMBINE THE SUPERIOR EROSION/ABLATION RESISTANCE
OF ULTRA-HIGH TEMPERATURE CERAMICS (UHTCS) AT EXTREME HOT AND HARSH ENVIRONMENTS AND ADVANTAGES
OF CURRENT CERAMIC MATRIX COMPOSITES (CMCS) SUCH AS TOUGHNESS, THERMAL SHOCK RESISTANCE AND
DAMAGE TOLERANCE.

COMPARED TO C/C AND C/SIC
o HIGH ABLATION RESISTANCE
o HIGH EROSION RESISTANCE
o HIGH ELECTRICAL CONDUCTIVITY
o LOW POROSITY

COMPARED TO REFRACTORY METALS
o LIGHTWEIGHT (1/5 OF TUNGSTEN)
o HIGH HEAT RESISTANCE
o LOW THERMAL EXPANSION
o EXCELLENT RESISTANCE TO CHEMICALS

COMPARED TO GRAPHITE
o HIGH STRENGTH AND RIGIDITY
o HIGH ABLATION RESISTANCE
o HIGH EROSION RESISTANCECourtesy by K3RX

ULTRA HIGH TEMPERATURE CERAMIC MATERIAL: 
PAST, PRESENT, FUTURE
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ESA/ASC/CIRA 
Meeting

07/10/21
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Design …new paradigm
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REMOVING THE IDEA
OF COMPOSITE AS
BLACK ALUMINUM
WITH DEDICATED

DESIGN APPROACHES
AND COMPLETELY

AUTOMATED
PROCESS

A BASIC LOAD-CARRYING
SHELL REINFORCED BY

FRAMES AND LONGERONS IN
THE BODIES, AND A SKIN-

STRINGER CONSTRUCTION
SUPPORTED BY SPARS AND

RIBS IN THE SURFACES

AN ISOGRID IS A TYPE OF
PARTIALLY HOLLOWED-OUT
STRUCTURE FORMED USUALLY
FROM A SINGLE METAL PLATE (OR
FACE SHEET) WITH TRIANGULAR
INTEGRAL STIFFENING RIBS
(OFTEN CALLED STRINGERS)

……..from early aluminum alloys 1940s (7075)  to Boeing 787 composite fuselage 

……..from UK Wellington bombers in World War II to 2/3 VEGA C composite anisogrid interstage
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COMPOSITE ANISOGRID CONCEPT
MADE OF UNIDIRECTIONAL RIBS

IS A PERFECT COMBINATION OF SUCH THEORETICAL PROS

- THE THEORETICAL STRUCTURAL EFFICIENCY OF LATTICE
SHELLS UNDER HEAVY AXIALLY COMPRESSIVE/BENDING
LOADS IS HIGHER THAN EQUIVALENT LAYERED SHELLS

- ORTHOTROPIC ELASTIC PROPERTIES ARE DEMONSTRATED
TO INCREASE THE WEIGHT EFFICIENCY WITH RESPECT TO
THE ISOTROPIC ONES UNDER SPECIFIC STIFFNESS,
STRENGTH, AND BUCKLING CONSTRAINTS

- THE HELICAL RIBS SUSTAIN COMPRESSION, INDUCING A
CIRCUMFERENTIAL TENSION IN THE HOOP RIBS (SKIN),
PRODUCING AN EFFECT SIMILAR TO THE ACTION OF
INTERNAL PRESSURE

- THIS “PRESSURE” STABILIZES THE CIRCULAR FORM,
REDUCES THE SHELL SENSITIVITY TO SHAPE
IMPERFECTIONS AND INCREASES THE CRITICAL LOAD
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IN HIGHLY LOADED CASES THE GRID STRUCTURE EXHIBITS A WEIGHT REDUCTION UP TO 20% LESS THAN SANDWICH, 
40-60 % WRT TO METAL - RESULTS : LIMIT LOAD 750 KN WITH A MASS OF ~ 250 KG OF COMPOSITE STRUCTURES

VEGA LAUNCHER INTERSTAGE IN GRID STRUCTURE
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BOOM SEGMENT OF A DEPLOYABLE ANTENNA

MASS = 0.5 KG/M
RADIUS AND LENGTH= 60 MM AND 1500 MM

FIRST NATURAL FREQUENCY REQUIREMENTS
1,7HZ ACHIEVED

THERMAL STABILITY, MAX TIP DEFLECTION 0.15
MM ACHIEVED

CTE (CFRP ONLY): NEAR ZERO µε/ °C,
ACHIEVED

BOOM FOR A LARGE DEPLOYABLE SATELLITE ANTENNA
DESIGN DRIVERS: THE FIRST FUNDAMENTAL FREQUENCY AND THE THERMAL STABILITY (-180°C÷180°C)
MASS < 0.5 KG/M
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CENTRAL TUBE OF A SATELLITE STRUCTURE

WEIGHT: 14 KG/M, ACHIEVED

RADIUS 1194 MM AND LENGTH= 1500 MM

LOAD AND STIFFNESS REQUIREMENTS
ACHIEVED

CENTRAL TUBE FOR A MEDIUM CLASS SATELLITE
DESIGN DOMINATED BY THE GLOBAL STIFFNESS PROPERTIES OF THE SHELL OTHER THAN BY THE STRENGTH
MASS < 17 KG/M
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LAUNCH, MISSION AND RE-ENTRY
MECHANICAL, THERMAL, AND RADIATION LOADS.

DURING THE INITIAL PHASES OF A LAUNCH, HIGH
VELOCITY GASES ARE EJECTED FROM ENGINE
NOZZLES AND REFLECTED FROM THE GROUND,
CREATING TURBULENCE IN THE SURROUNDING AIR
AND INDUCING A VIBRATORY RESPONSE OF THE
ROCKET STRUCTURE.
ACOUSTIC ENERGY IS THE PRIMARY SOURCE OF
VIBRATION INPUT TO A SPACE LAUNCH VEHICLE.
ACOUSTIC VIBRATION OCCURS OVER A BROAD
FREQUENCY RANGE (30 HZ TO 10000 HZ). OVERALL
ACOUSTIC SOUND PRESSURE LEVEL ≥ 140 DB.
.

DURING FLIGHT, THE SPACECRAFT IS SUBJECTED TO
STATIC AND DYNAMIC LOADS.
SUCH EXCITATIONS MAY BE OF AERODYNAMIC ORIGIN
(E.G., WIND, GUSTS, OR BUFFETING AT TRANSONIC
VELOCITY) OR DUE TO THE PROPULSION SYSTEMS.

MOREOVER PYROTECHNIC SHOCK IS ASSOCIATED WITH
THE FIRING OF AN EXPLOSIVE DEVICE, USUALLY FOR
THE PURPOSE OF INITIATING OR PERFORMING A
MECHANICAL ACTION

(E. (E.G., STAGE SEPARATION, FAIRING OPENING 2.000
G @1000 HZ)

SPACECRAFT RECEIVE THERMAL ENERGY FROM
INTERNAL AND EXTERNAL SOURCES WHEN THEY
FLIGHT AROUND THE EARTH

 SOLAR RADIATION (DIRECT AND REFLECTED)
 INFRARED RADIATION EMITTED BY THE

EARTH

THIS RESULTS FOR EXAMPLE IN EXTREME
TEMPERATURES FROM -120 °C TO + 150 °C.

SPACECRAFTS HAVE TO WITHSTAND EXTREME
AEROTHERMODYNAMICS HEATING WHEN THEY
RE- ENTER THE ATMOSPHERE.

DEPENDING ON THE AERODYNAMIC SHAPES
AND RE-ENTRY CONDITIONS TEMPERATURE
HIGHER THAN 1300°C – 1700°C ARE
EXPERIENCED BY EXTERNAL SURFACES

LAST UPDATE 11 AUGUST 2023
36500 SPACE DEBRIS OBJECTS GREATER THAN 10 CM

1000000 SPACE DEBRIS OBJECTS FROM GREATER THAN 1 CM TO 10 CM
130 MILLION SPACE DEBRIS OBJECTS FROM GREATER THAN 1 MM TO 1 CM
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A PLACE WHERE SPACE IS ON 
GROUND
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MAIN RESEARCH AND QUALIFICATION INFRASTRUCTURES
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IS COMING…
NEXT
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PWT GOAL: IMPROVE SAFETY OF RE-ENTRY SPACE VEHICLES

USE: DESIGN AND TEST THERMAL PROTECTION SYSTEMS FOR
SPACE VEHICLES

OPERATIVE SINCE: 2002
TESTING FLUID: AIR
MAX SPEED: UP TO MACH 12
STAGNATION TEMPERATURE: ~ 10.000 °C
MAX TEST DURATIONS: < 25 MINUTES

NOZZLE EXIT DIAMETER: 2.0 M

NOMINAL DIMENSION OF TEST SPECIMEN: 0.6 M

MAX POWER OF ARC HEATER: 70 MW

PWT – PLASMA WIND TUNNEL

22
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GOAL: IMPROVE SAFETY OF RE-ENTRY SPACE VEHICLES

USE: DESIGN AND TEST SMALL SPECIMENS OF MATERIALS TO BE
USED FOR THERMAL PROTECTION SYSTEMS OF SPACE
VEHICLES

TESTING FLUID: AIR (CO2 IS UNDER DEVELOPMENT)

MAX SPEED: UP TO MACH 10
STAGNATION TEMPERATURE: ~ 10.000 °C
MAX TEST DURATIONS: < 25 MINUTES

NOZZLE EXIT DIAMETER: 150 MM

NOMINAL DIMENSION OF TEST SPECIMEN: 80 MM

MAX POWER OF ARC HEATER: 2 MW

GHIBLI – SMALL PLASMA WIND TUNNEL

23
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GOAL: IMPROVE PASSENGER/FREIGHT SAFETY IN CASE OF CRASH ON
GROUND/SEA

USE: DESIGN AND TEST AEROSPACE STRUCTURES AND SAFETY
DEVICES WRT CRASHWORTHINESS

OPERATIONAL SINCE 2003 (CURRENTLY UNDER MAINTENANCE AND
UPGRADING)

TEST ARTICLE WEIGHT UP TO 10 TON
PORTAL ANGLE: 5 TO 90 DEG.
IMPACT SPEED: UP TO 20 M/S
CALIBRATION AND PROCEDURES: ACCORDING TO NATIONAL
STANDARD DEFINED BY ENAC

LISA – CRASH TEST FACILITY

24
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STANDARD ESA, ECSS-E-10-03C, MIL-STD-810G
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

PLATFORM FOR MEASUREMENT

VIBRATION TABLE

MECHANICAL SHOCK TEST FACILITY

SPACE QUALIFICATION ASSET

25
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SPACE QUALIFICATION ASSET
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THE INNOVATIVE DFAN SYSTEM ALLOWS SPACE
STRUCTURES TO BE QUALIFIED FOR ACOUSTIC LOADS
AT LAUNCH BY SUBJECTING THEM TO ACOUSTIC
WAVES GENERATED IN A DIRECT FIELD BY
LOUDSPEAKER ARRAYS POSITIONED AROUND THE
TEST ARTICLE, IN ORDER TO EXACTLY REPLICATE THE
OPERATIONAL ACOUSTIC SPECTRUM

DIRECT FIELD ACOUSTIC NOISE

Courtesy of MSI-DFAT

Courtesy of MSI-DFAT



Use or disclosure of the information contained herein is subject to specific written approval from CIRA

THANK YOU

……think different, use the material in the right way!
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