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EBonouis BUKOpUcTaHHA maTtepianiB
B NriaHepax nitakiB Boeing

MD-80 [1980] 787 [2000]
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KoHCTpYKUiUHI MaTepianu
B nnaHepax Airbus
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Titanium parts:
» High load frames

» Door surroundings

> Landing gear

> Pylon

> Seat tracks in wet areas
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A320 LR(330/40) A380 A400 M A350 XWB

Source: Airbus, June 2011
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MaTepianu
B Cy4YaCcHUX aBiauiuHNX ABUryHax

Jet Engine Materials

Low Pressure Compressor Combustor Low Pressure

A"OV Content Tianium -_ o Spera"oys Turbine

Superalloys

All Others
5% Nickel
0%

High Pressure Turbine
Superalloys/Powder Alloys

High Pressure Compressor
Titanium/Superalloys

Engine Shaft
High Strength Steels

Steel
25%

Fan ~
Titanium/Composites

Titanium
30%

ITA2011: Rolls-Royce Data




OnHamika BUKOpUCTaHHA MmaTepianiB
B AoBuryHax Rolls-Royse

Ceramics Metallic

COMposites composites
Carbon
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Ti alloys
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3MeHLEeHHA Macu 3a paxyHoOK
BUKOPUCTAHHA KOMMNO3UTIB

- Nozzle
Turbine
Compressor .
[ Ti MMC, IMC
Ti MMC, IMC MCLE. actuator struts
’ : turbine bling
: HP compressor blings
Ti MMC LP compressor v
blades and vanes R R

Ti MMC shafts

Ti MMC compressor
compressor blings  casings

Ti MMC LP

ITA2011: Rolls-Royce Data
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CniBBigHOLWEHHA Mi)K MTMTOMOIO MILLHICTIO
| MIMTOMOIO XKOPCTKICTHO
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[lepeBarn KOMnNo3wuTIiB

Very high specific strength and specific stiffness.

TIM \?

Extensive metallic substructure is required in conjunction
with composites
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XXapoMmiuHi cnnaBu
Ha HiKeneBin OCHOBI
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Pi3HI TUMU MaKPOCTPYKTYpU
HiIKeneBuUX cnnaeBiB
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TemnepaTypHi MOXINMUBOCTI
HiKeneBux cnnaesiB
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Pi3n4YHI OCHOBM NOKpaLLEeHHSA
Bf1laCTUBOCTEN anroMiHIiEBUX cnnasiB

Property Desired microstructural Function of feature(s)
feature(s)
Strength Fine grain size with a uniform Inhibit dislocation motion

dispersion of small, hard particles

Ductility & toughness

Fine structure with clean grain
boundaries and no large particle or
shearable precipitates

Encourage plasticity and work
hardening, inhibit void formation
and growth

Creep resistance

Thermally stable particles within the
matrix and on the grain boundaries

Inhibit grain boundary sliding and
coarse microstructure

Fatigue crack initiation
resistance

Fine grain size with no shearable
particles and no surface defects

Prevent strain localization, stress
concentrations, and surface slip
steps

Fatigue crack propagation
resistance

Large grain size with shearable
particles and no anodic phases or
hydrogen traps

Encourage crack closure,
branching, deflection and slip
reversibility

Pitting

No anodic phases

Prevent preferential dissolution of
second phase particles

Stress corrosion cracking &
hydrogen embrittlement

Hard particles and no anodic phases
or interconnected hydrogen traps

Homogenize slip and prevent
crack propagation due to anddic
dissolution or HE




CniBBigHOLWEHHA MILHOCTI | B'A3KOCTi
DVMHVYBaHHSA anoMiHieBUX cnnaeBiB
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Specific strength (MPa/(Mg/m?))

250

200

150

100

50

TemMnepaTypHa 3anexHICTb
NMUATOMOI MILHOCTI

.

TiAI\\ Single crystal

Alloys ' super alloys
Y "1 : Y Refractory

metals

Mg Al Super alloys (Ni) |

500 1000 1500 2000
Temperature (K)

19



Bucoki TemnepaTtypu: antoMiHIign TUTaHy

Ti Aluminides for lower density & greater temperature
capability

® Cast and wrought technology development underway

® Cast 45-2-2XD™ early medium strength alloy

® High strength & temperature capable wrought alloys e.g. TNB

- ; T g - . 3
;0 E R AL BN ﬁ.yﬂ".‘p!

100 o,
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Cast 45-2-2XD™ Wrought TNB

ITA2011: Rolls-Royce Data

Large civil LPT blade
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...BXe nitarTtb

re D

The PurePower® PW1000G

aircraft engine family will replace the V2500
series.

One of the innovations will be the use of TIAl
blades in the last stage of the LPT (MTU
Aero Engines)

Status on y-TiAl applications (2)

Bombardier CSeries Airbus A 320 NEO

ﬁ TITANIUM ™ ier Guether Manufacturing and Properties of TIAI TNM Sheet Materials
PHTITY) eommmmmsimmm ", 1051 2014 + Hilton Sorrento Palace, Sorrento, iy AN BT
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BTF npobnema

2008 Aerospace Raw Material Demand (M Lbs)*

949 M Lbs

1000
900
800
700
] Aggregate “buy-
600 to-fly” ratio is 5.5
500
400
300
200+— 170 M Lbs
0 -
Fly Weight

Buy Weight

* Based on 2009 production rates; assumes 12 month lag between aircraft production and material demand from mill

itanium 11%

Steel 23%

Other Metals 6%
Nickel 11%

Composites 4%

Aluminum 45%

MeTannbl B dBNaCTpoeHNn

NCMOSb3yeTCcs KpanHe
HeadoPEeKTNBHO

K.Michaels,
ITA 2009 Conference

23



CknapoBi BapToCcTi BUpoOiB

100%

Titanium Airframe Machined Component Cost Drivers

90%

80%

70%

O % Total Cost

60%
50%

m % Accumulated Cost

Cost

40%
30%

20%

10%
0%
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Operation

Copynght & 2013 Boeng. All nights resened

2.

F Tregubenko and A Morozov, Global Equity Research Report, VSMPO, by Brunswick UBS, Apnl 2004

I. Molyneux, Rolls Royce, ITA Conference, Phoenix, AZ, 2005
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Ctparerina aBiabyayBaHHA —
BOOCKOHAaNEeHHA TeXHOonNoril

Near Net Shape Processing

U

3HUXEHHA BapTOCTi
3a paxXyHOK 3MEeHLUeHHS
00'eMy 3aKynok
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Friction Stir Welding

Y noegHaHHI 3 HaaNNacTU4YHO
nedopmadieto

Direction

Copyright & 2013 Bosing. All ights reserved.

Daniel Sanders, ITA2012
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Linear Friction Welding

Daniel Sanders, ITA2012
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[lopowikoBa meTanypria TUTaHOBUX cnnaBiB
Ha OCHOBI NMOPOLKIB rigpuay TUTaHy

BukopuctaHHa nopowka TiH, 3amicTb Ti 3abe3neyye

Mopowku TiH,, AocsArHeHHss 99% LWinbHOCTI Ta MeXaHIYHUX
oLl e e DL G XapaKTEPMCTUK CcnaBiB Ha PiBHI BiAMNOBIOHNX

l 3MilLyBaHHs nnTtux/rapavegedopmoBaHmx MmaTepianis

TEXHOMNOr4YHO NMPOCTUM LLUINMAXOM

CneundiyHmMin MexaHi3M KOMMNaKTyBaHHSA —>\

KOMHaKTyBaHHﬂ ONTMMI30BaHa NopucTa CTPyKTypa AKTnBOBaHe
OPOLLUKOBA 3aroToE CUPUX NPECOBOK CMeKaHHSs, BUCOKa

®asoBe nepetrBopeHHst TiH,—>Ti (B unu o) KiHLEBa
3a 3CYBHMM MEXaHi3MOM — BblCOKa LLLiNbHICTb,
LLiNbHICTb AedeKTiB KpucTanivyHol HU3BKUI BMICT
CTPYKTYpWU :

~ CTPYKTYP | [LOMILLIOK

BigHOBNEHHS1 NOBEPXHEBUX OKCUAIB

aTOMapHUM BO4OPOAOM J
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3D TexHonoril
(Metal Additive Manufacturing)

Daniel Sanders, ITA2012 29
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(\Iovel Processing: LENS™ Deposited TiB Composites\

A + B = A(B) solid solution or
compound formation

Enthalpy change = AH__
=HA{B)'HA'HB ] o
oo AH <0 exothermic mixing
melting of powders [AH_. > 0 endothermic mixing

SRy
*®
B _

Mixing of the
liquid droplets

Ti+ B — TiB

fthed ited material . . .
I"'I O T Qepos, o el is highly exothermic
Deposited

Rapid solidification

Material Residual Stresses

Need: Sufficient heat and time for thorough mixing

Problem: Rapid heat extraction rate associated with laser deposition

Solution: Use enthalpy of mixing

—— — = CA






Anroputm martepiano3HaBCTBa

Processing

Structure

Tempering

T

Solution
treatment

Matrix
Lath martensite

Ni: Cleavage resistance

Co: SRO recovery resistance

Properties

Strength

T

Hot working

+

Solidification

?

Deoxidation

v [

Strengthening dispersion
(Mo, Cr, W, V, Fe),C,
(Nb, V)C,

Avoid Fe,C, M.C, M,.C,

Grain-refining dispersion
dif
Microvoid nucleation resistance

Toughness

:

Refining

Austenite dispersion
Stability (size and composition)
Amount

Dilatation

Grain-boundary chemistry
Cohesion enhancement

Hydrogen
resistance

Impurity gettering

\

Performance



ICME —
Integrated Computational
Materials Engineering

Lord Kelvin:
«To understand you must be able to measure it»

John von Neumann:
«To understand you must be able to compute it»

Richard Feinman:
«To understand you must be able to create it»

Is there Materials Genome?

34



Discipline

Chemistry Materials Engineering

Physics

Continuum
Microstructural
[ [ [ [ [ [ [ [ [ [ [ |
nm um mm m
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Ab-initio calculation technique

WIEN2k - Full Potential Linearized Augmented Plane
Wave method

» Density Functional Theory approach

 All-electron type (no pseudopotentials)

Bandstructure, electronic properties, .................

P.Blaha, K.Schwarz, G.K.H.Madsen, D.Kvasnicka and J.Luitz, WIEN2K, An Augmented Plane Wave + Local Orbital's
Program for Calculating Crystal Properties ed Karlheinz Schwarz, Technische Universitat Wien, Austria (2001).

www.wien2Kk.at

« High precision crystal total energy calculation (accuracy - 0.001 eV)

 Structural optimization — zero balance of the forces exerted by electronic
subsystem upon atoms — minimal crystal total energy

> T=0K
Supposition — |[

> Infinite crystal

ICOMAT-2014, Bilbao




Schematic representation of
the BCC crystal structure

Y. Zhang, Y.J. Zhou, J.P. Lin, G.L. Chen, P.K. Liaw Solid-
Solution Phase Formation Rules for Multi-component
Alloys // Advanced Engineering Materials, 2008, P.
534-538

(a) — perfect lattice (take Cr as
example);

(b) — distorted lattice caused by additional one
component with different atomic
radius (take Cr-V solid solution as example);

(c) — serious distorted lattice caused by

many kinds of different-sized atoms randomly
distributed in the crystal lattice with the
same probability to occupy the lattice sites in
multi-component solid solutions (take Al-
CoCrFeNiTi, 5 as example)

ICOMAT-2014, Bilbao



CnnaBu Ha OCHOBI TUTaHY i LUPKOHIIO

MiHimi3auisa Moaynsa NpPyXHOCTI

Structure A Structure B
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‘ ‘ B /A exp. [14]

o] T Loeels
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Y,
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Concentration Zr, y

TumoweBckun A.H., UBacuwmx O.M.,
Ao6noHoBckun C.0., NepBonpuHUMnHoe
uccrnenoBaHue 3NEeKTPOHHOM
CTPYKTYpbl 1 MOAynen ynpyroctu B
cucteme Ti-Nb, Functional Materials.
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MATERIALS GENOME INITIATIVE

Experimental Digital

tools data

Materials innovation
infrastructure
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