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INTRODUCTION TO H2020 EU PROJECT
C3HARME

Diletta Sciti, L. Silvestroni,

F. Monteverde, A. Vinci, L. Zoli — o
National Research Council of Italy (CNR)

Institute of Science and Technology for Ceramics

Via Granarolo 64, 48018 Faenza (RA)
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NEXT GENERATION CERAMIC
COMPOSITES FOR COMBUSTION HARSH
ENVIRONMENTS AND SPACE

Launched in June 2016

H2020-NMP-2015-two-stage

NMP-19-2015 Materials for severe operating conditions, including added-value
functionalities

BIIIE1ile)s 48 months
{lo[e[1M € 8,033,034.97

STATISTICS

First stage: 94 proposals — 14 passed
Second stage: 2 funded project/14
2/94= 2% chance

www.c3harme.eu
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Create a new class of out-performing materials:
_ | Ultra High Temperature Ceramic Matrix Composites (UHTCMCs) based &
e el on C or SiC fibres/preforms enriched with ultra-high temperature wg

- 4 % ceramics (UHTCs) capable of overcoming limits of current materials
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Aersopace > 2000°C, near-zero erosion nozzles inserts and near-zero
ablation tiles for launch and re-entry
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* Objective

Applications

Expected Significant improvement in the performance of the existing materials in
Impact terms of increased capability to withstand severe environments,

achieving also efficiency, reliability, cost-effectiveness and scalability
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Countries Germany, Italy, Spain, UK, Ireland and Portugal
A L e

Type 6 research institutions, 3 large end-users, 3 SMEs
T '

. Expertise

—— 5 - - 1 3 —

World class manufacturers: AVIO (propulsion systems) and AIRBUS-SL (space and defence solutions)
P, Design and modelling of aeronautic/space systems: DLR, TCD, AVIO, HPS, AIRBUS-SL and AGI
" a, Advanced ceramic components providers: DLR, NANOKER and AGI
i : W= Material and manufacturing process designers: CNR-ISTEC, UoB, TECNALIA, and DLR
I-ml Advanced Characterization: UNINA, DLR, AVIO, UoB

E



Large COMPANIES

Leading company in space propulsion End user

Solid- and liquid-propellant propulsion Prototype demonstration
in ground simulated
systems

environment

arlianeGcroup

AIRBUS

Around 180 sites E
v A global leader in aeronautics, space and Across 35 countries.. nd u Se r

related services
P

v Around 136,600" employees y
Robust and diverse order - A

v Suppliers from more than 100 countries 23% Europe

77% Non-Europe Material development

¥ 2015 revenues of € 64.5 bn

¥ Hoasqupied L Eqviciee CMCs for Harsh environments in Aerospace Sector

69% Non-Europe

SMEs

) ¢ Manufactruting and commercialization of
nanoker researcl Advanced technical ceramics

TAKING PROFIT FROM THE SMALL

Advanced Technologies & Products for
space Applications — Lightweigth
Composite Structures

FINANCING
&PROJECT
MANAGEMENT
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RESEARCH CENTRES

DLR

8000 employees, 33
institutes and facilities
at 16 sites.

GERMAN AEROSPACE CENTER
Institute of Structures and Design, Stuttgart

Damage tolerant high performance material for complex structures in high temperatt

and severe environments

Institute of Aerodynamics and Flow Technology, Cologne
With its five wind tunnels is one of the key European institutions in the field of

hypersonic and supersonic technologies

TECNALIA is the first applied

research centre in Spainandone  Research and Development Technological Center

tecnal ia of the most important in Europe o ) ) )
with around 1.500 people on Positioning between Fundamental Research (University) and Industrial

staff, 122€ millions turnover and
more than 4.000 clients.

Application (Company)

UNIVERSITIES

UNIVERSITYOF Advanced ceramics and composites
BIRMINGHAM UHTC and UHTCMCs

. @\ UNIVERSITA DEGLISTUDI DINAPOLI

JFEDERICO I

Advanced characterization of TPS in
plasma wind tunnel - Theoretical and

numerical research in hypersonic
aerodynamics -

‘P \'j TRINITY
3 COLLEGE
DUBLIN

Modelling: DFT and
molecular dynamic




The combination of extreme temperature, chemically aggressive environments and rapid
heating / cooling is beyond the capabilities of current engineering materials (C/C, C/SIC,
UHTCs)

to overcome present technological limits,
novel materials must be conceived, combining the best features of CMCs with
those of UHTCs.

Extreme efractoriness UHT CM High
JCs
v | Excellent rosion/ablation/oxidation re5|starTCe Poorj w
o T - RN U
I Fracture toughness/Thermal shock g
-

Specific weight




MRL3 MRL4 MRL5

TRL3 TRL4 TRL5-6
Requirements - i Characterization
Design rocessing &
Modelling / modelling / /

Material Requirements & Design
END-USERS give a list of technical, economic and exploitation indicators and requirements to be met. On this basis, a
collection of materials’ specifications

Multiscale modelling

Aim: to orient the material development from the early stages, including characterisation and upscaling, with the aim of improving the cost/performance ratio.
Parameter-free density functional theory for understanding interfaces between materials, their performances under extreme conditions and their aging.
Micro-models for chopped and continuous-fibre material with idealized microstructures where relevant properties are estimated from analytical or numerical (finite
element) methods.

Numerical and analytical macro-models to predict the structural integrity of components during expositions and fluid-dynamic calculations to understand the
aerothermal behaviour and predict the gas/surface reactivity.

Processing

Several technologies are available in C3HARME (sintering and non sintering) , combination of conventional and novel
processing methods.Selection of the resulting best processing routes dictated by the need for fast processing/cost
effectiveness and performance.

Characterization assessment of the fundamental relationships properties / microstructure / process and validation in
lab- level

Scale up and testing of Components aerothermal and mechanical conditions similar to those
found in industry, coupled to a relevant size of the component to be tested.

C’HARMENE
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Istec

wpr1  Technical requirement definition & design of prototypes

wp2  Processing of UHTCMCs

Thermo-chemical/mechanical characterization of UHTCMCs in TRL
3,4 and modelling

wpP4  Prototype manufacturing & Up-scaling of UHTCMCs

WP3

wP5  Prototype testing & validation (Propulsion and TPS)

WP6  Dissemination & Exploitation
WP7  Project Management
WPS Ethical issues

CCHARME S




today
YEAR1 YEAR 2 YEAR 3 YEAR4

16/18]20|21|24]25|28|30|33|36| 40| 42| 44| 46|48
IIHIHIIIHHHIIII

3/4[5]|6]8[12]14

Deliverables
& Milestones

CCHARME S




 Several technologies are
available (sintering and
non sintering) ,
combination of
conventional and novel
processing methods

* Selection of the
resulting best processing
routes

OmMmeOZmrrX>x2ITO0

CCHARME S

OWN & CROSS PROCESSING

with ISTEC with TEC fith Vel with DLR with AGI

Torch scraening ol
STEC materlalwith
5H phases

3l TS
[in progress|

Filarment winding or F
textile combined
with ISTEC sharies
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Definition
Self-healing materials are able to partially or completely repair a damage inflicted
on them, restoring/regenerating the original functionality

Application Identify the |dentify Envision a repairing Determine
functionality a damage mechanism the restored
functionality

Load-bearing Crack propagation Close cracks Above 90% retained
max. load
Nozzle Lero-erosion Ablation/Oxidation  Form non-ablative stable, Ripsand R, below a
preferably solid, certain limit

external oxide scales

Ry mass ablatfion rate, R;: linear ablation rate

Preliminary screening of different SH phases
Find a way to measure the SH functionality




Characterization of thermo-mechanical

find

OmeOZmrrX2IO0

« NEW Standards needed for these new materials

« Characterization at T >1500°C or higher difficult to

T T S T B T 78 o

Agreed standards and procedures

CCHARME S

Continuous Fibers

E RT
o-bending RT
o-bending HT @1500° C
O-COMpr RT
O-COMmipr HT 21600 C
C-TEMSI0N HT @160 C
o-interlaminar shear AT

Ka RT

Kie HT @ 1500 C©

ATe (Thermal Shock) HT

Kra up to 1300 C
CTE up to 1550° ¢

ISTEC
DLR

DLR

DLR/IETEC

DLR

DLR

DLR

DLR

CLR

DLR

DLR

CLR

ISTEC [ext.}

DLR
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SPECIMENS
s
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Size 1 15mm

CHAMBER INSERT

INNER DIAMETER : 16mm

QuTER DIAMETER : 68mm
THICKNESS : 5mm

NOZZLE INSERT
HyeriD Rocket
time < 10s

N

INNER DIAMETER : 10mm
OUuTER DIAMETER : 20mm

SoLip Rocker
MTM

ime < 20
pressure variable
0-80] [60-10] bar

INNER DIAMETER : 12/20mm

SUB-SCALE COMPLETE NOZZLE

HygeRID RoCKET
time < 10s
pressure < 15bar
THROAT DIAMETER : 10mm

Maximum DIAMETER: 50mm

SUB-SCALE NOZZLE

WITH EXTERNAL FLOW INTERACTION

VMK
Mex 22 OUTER DIAMETER : 50mm
pressure = 50bar

LARGE NOZZLE INSERT
Soup Rocker BARIA

ime <5 THROAT DIAMETER © 20-30mm
pressure ~50bar

Free Jet in exhaust
Hybrid Rocket plume

In Hybrid Rocket
combustion chamber

OmMmedZmrr>ITO0

In nozzle throat
of Hybrid Rocket,
Solid Rocket MTM

1 —
TRL

In Hybrid Rocket,
VMK Facility,
Solid Rocket BARIA

 Incremental approach for the
final testing, starting form

simple shaped prototypes

« Two applications and 4
different techonologies

(potentially)
C>HARME I

SMALL
SPECIMENS

8 [ T

MEDIUM/LARGE
SAMPLES

@

Arc jet test at UNINA

Plasma Wind Tunnel
Test at DLR

FLAT PLATE MODEL / WEDGE MODEL

Plasma Wind Tunnel
Test at DLR

TRL




Ambition
LEIT H2020: Leadership in Enabling and Industrial Technologies

ENHANCED EFFICIENT
PERFORMANC PROCESSING

Better than existing
materials

Research and
innovation to Erosion/
strengthen ablation resistance Extremely
Europe's Reusability
industrial
capacities and
business
perspectives,
including SMEs

challenging

Sy
0
<
A
N
s
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This work has received funding from the European Union’s Horizon 2020 “Research and innovation

programme” under grant agreement N°685594 (C3HARME)
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25 e HIPS i 4 AIRBUS
TAKING PROFIT FROM THE SMALL GROUP

AVIO
arlaneGroupr

ISTEC coworkers:
C. Melandri, D. Dalle Fabbriche, E. Landi, P. Galizia, S. Failla
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