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DRIVEN BY INNOVATION

Business Division: Titan Matrix Composi
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Titan Matrix Composites (TMC)

Perfectlyimplemented
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P rO b I e m 1 " Space Shuttle € Ariane 5
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. . 10,313%/kg 7,104%/k
Theaerospacendustryis ALLWAYS LOOKING .

Cost per flight: 135M$
Payload (LEO): 16 000kg Payload (LEO): 19 000k
Ref

for solutionsto reducethe costsper kgthey e p—— e

. . ] = Long March 3B - Polar Satellite = Falcon 9 Falcon 9 (reuse)
sendinto spaceor airl Metal Matrix s

Compositesubjectto a highlevelof
researchefforts.
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5,833%/kg . 3,947%/kg 2,719%/kg

Cost per flight: 70MS Cost per flight: 62MS
Payload (LEO): 22 800kg

Ref: spacex.com

Payload (LEC):. 12 00Ckg

Ref: wikipedia (Long Morch 38) e Launch Vehicle)
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Problem2:

Hip Implantsare limited indwell time andweight of the patient

Titanium is the ideal material for hip implants, since the metal
IS considered to be noallergenic. Due to its strength and
stiffness titanium has disadvantages in residence time and
reasonable load. Patients ovétOkg in weight can not be
supplied with a titanium hip implant usually. The joint also
becomes fatigued aftet5years and the implarttas to be
replaced bysurgery.
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Solution:

Titan Matrix Compositet:essveightand more stiffnessand strenght

TMCis a problemsolver, especiallffor aerospaceand medicaltech andreplacesa
highnumberof standardcomponents

Materials used in 787 body . )
Fiberglass M Carbon laminate composite : Total materials used
M Aluminium W Carbon sandwich composite : By weight Htivce
Aluminium/steel/titanium :

Steel 5% Composites
10% 50 %

‘ J

Titanium —
15 %
Aluminiuom
20 %

By comparison, the 777 uses 12 %
composites and 50 % aluminium.
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Story of TMC

Aerospaceengineand airframe designersare constantlyseeking
lighter weight high strength materials to reduce weight and
iImprove performance of powerplants and aircraft Titanium
metal matrix composites(TiMMCs)haveofferedthe promiseof
significantweight savingssincetheir initial developmentin the
early 196Cs, but in the past their inadequate quality and
reproducibility combined with high processingand materials
costs have prevented their introduction into production
applications Thisproject book describesthe state-of-the-art for
TMCaerospacdabricationandthe recentadvancesn processing
which are now leading to high quality, affordable TMC
components
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Titan Matrix Composites

Whatis TMC?

It isa compositemadeof TrAIlloy (Titan)and StCFibre

Advantages:
A Lessweight

A Higherstiffness
A Higherstrenght

asconventionalmethodd
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Titan Matrix Composites

More than 50 milliore in research funds were invested in the development of TMC

TMC was developed in the German Aerospace Center (DLR) by our foundatv&leusThigechnology is based on our
patents DE 43 35 557#® and DE 198 03 743 with EP 1 087 856 (FR,)GB, IT
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Titan Matrix Composites

TMC in general

TMC is very suitable in environments where high
forces occur and lightweight components with high
strength and stiffness are required.

Our process for the production of reinforced
components withSiCfibers offers the best possible
properties and a wide variety in production

The high strength of the fiber leads to the fact that the
mechanical properties of TMC, such as the bending
stiffness, are by far surpassing the properties of
components made of conventional materials




TMC Incomparison

« KTW sysTEMS

high strength

Characteristics TMC Steel Ti- alloy
Density in g/cm?® 4 7,8 46
Strength in Mpa 2200 1700 1100
Strenght at

600°C in Mpa 1400 800 650
Stifness in Gpa 210 190 115
Elongation in % 1,3 6 15
Thermal

expansation in

K°-1 5x10-6 12x10-6 8,5x10-6

Performanceadatain apullingtest of

TMCcomparedto

a) highstrengthsteel

A up to 50%lessweight
A up to 75%more strenght
A upto 10%more stiffness

A lessthan 7 timesin thermal
expansation

b) Titanium

A up to 15%lessweight

A upto 115%more strenght
A up to 80%more stiffness

A lessthan 3,5timesin thermal
expansation
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THIVEN B RNEVALIGN

ManufacturingProcess

MagnetonSputterProcess usedby KTWSYSTEMS

Si-C Fibre
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Differentalloysfor different temperatureranges
] Upto 200degrees SP700
Ti-Alloy Upto 400degrees Ti64
Above400degrees T+6242
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ManufacturingProcess

1. Step

EndlessStC Fibespooledon
fixture

Endlessiber
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ManufacturingProcess

2. Step

SputterProcess N

e

Rotat
ing
fixtur

€ CoatingChamber



