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Close-up of an 18th-century Iranian
crucible-forged Damascus steel sword.
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« Composite material systems result in a performance unattainable
by the individual constituents

* Composites allow performance which is not possible in monolithic
materials

* One can tailor-make the material as per specifications of an
optimum design

* Designer creates a different material for each application as he
pursues savings in weight and cost

* Composites have introduced fluidity to design engineering

"Composite Materials, " by K.K. Chawla, Springer-Verlag, Frd Ldition,
2012
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(Metal Matrix Composite, MMC) (s 35 4is0) S g jguols” ©
(Polymer Matrix Composite, PMC) (s yoals 4o S0 JgmlS™ *
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oA g o 00l £g5 bl pV
- Graphite, Silicon Carbide, Alumina, Boron nitride,
Alumino-silicate , Glass, ...

oW g g odlo Kb wlu! 5 V'
- Particulate, Fibrous, Wisker, Laminate
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Advantages of composites over conventional materials

Composites
Composites

Steel
Al

Composites

Steel

H " Steel Steel
£ ¢ = Al
& H n
S
Weight Thermal Stiffness Strength Fatigue
Expansion Resistance

Composite Materials, 2016, BN, IUT, Iran

7.1 COMPOSITES 377
Table 7.1 Typical properties of some commercially available metal matrix composites and
other structural alloys
Alloy Tensile Elastic Specific Specific
Strength Modulus Gravity Modulus
MPa GPa
6061 310 69 2.68 25.7
7075-T6(Al-Zn-Mg-Cu) 570 72 28 257
T6(Al-Cu-Li-Mg) 485 80 2.55 314
Common structural steel 500 210 78 26.9
Ti-6%A14% V 950 106 44 241
A356-T6(Al-Si~Mg) 280 76 2.67 28.5
6061 + 20% SiC 500 105 278 375 |
+ iC 600 95 290 317
8090 + 17% SiC 540 105 2.65 39.5
A356 + 20% SiC 357 98 277 354

Composite Materials, 2016, BN, IUT. Iran
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* Practically everything in this world is a composite material.

0 ool 93 S5 selS

» Itis manufactured

* Consists of two or more physically and/or chemically
distinct, suitably arranged or distributed phases with an
interface separating them

» It has characteristics that are not depicted by any of the
components in isolation

”

‘Composite Materials, " by K. K. Chawla, Springer-Verlag, 3rd Edition, 2072
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* Cheetah Flex-Foot Carbon Fiber Reinforced

Composite Materials, 2016, BN, IUT. Iran
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- GFRP-campatible automabile parts {photos show components in commercial use)

Rear spailer

Carbon-fiber composite analysis
fautarmaile component)

Drive shafl

" Mitcublshi Pajero {marketod June 1999)
Nissan Skyline GTR {marketed Sept. 2000) e Nissan Fairlady 2 (marketad August 2002)
Mazda RS (marksted April 2003)

Front side mambar
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Fiber glass composite cabin
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* All-composite bridge in Butler County, Ohio. Factory-constructed
primarily using glass fiber, the bridge was trucked to the site and
installed in less than one day.

Composite Materials, 2016, BN, IUT. Iran
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Combinations of Composites

Composite Materials, 2016, BN, IUT, Iran

« Carbon/epoxy composite crutch. This crutch is stronger than its
aluminum counterpart yet weighs 50 % less, is quieter, and is more
aesthetically pleasing.

Composite Materials, 2016, BN, IUT. Iran




Materials used in 787 body X
Fiberglass M Carbon laminate composite Total materials used
H Aluminum Carbon sandwich composite By weight
Aluminum/steeltitanium il
steel 5% composites
10% 50%

Alyminum
20%

By comparison, the 777 uses 12 percent
composites and 50 percent aluminum.
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Fig. 7.3 Locations of GLARE laminate sheet in the fuselage of the Airbus A380 passenger

aircraft (courtesy Airbus Industrie).

GLARE is comprised of alternating layers of aluminium foils and continuous,
unidirectional or biaxially oriented meshes of high-strength glass fibres impreg-

nated with an epoxy resin adhesive.

Composite Materials, 2016, BN, IUT, Iran

Figure 2. Metal/fiber applications in A380 airplane from Airbus'®,

Composite Materials, 2016, BN, IUT. Iran
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[ Fiberglass/Epoxy
Aftcenter 1 Fiberglass/Polyimide/TPS
Fixed ~ Wingassembly BN Graphie/Epoxy

raiing edge £ Aluminum
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ﬁ ‘/ i/ Sl rudder
Main landing k
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e p— Y
Crewstaion ormediae =
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ear

Wing tips.
The U. S. Air Force B-2 advanced “stealth” bomber, which is constructed to a large extent
of advanced composite materials
Composite Materials, 2016, BN, IUT, Iran

» Exhaust nozzle of an F414 engine on an F-18 E/F aircraft, showing the
twelve sets of CMC flaps and seals. The white areas on the seals are a
zirconia overcoat for mechanical fasteners. Over an order-of-
magnitude increase in life has been obtained with the CMC flaps and

seals.

Composite Materials, 2016, BN, IUT. Iran
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MMC cylinder liners

« Cutaway section of the Honda Prelude 2000 cc cast aluminum engine block
with integral MMC piston liners. A cross section of the MMC liners is shown in
the inset. These piston liners have been in production since 1990.

*Al/AL,O;-Carbon (short fibers): 12% Al,0 for wear
9% carbon for lubricity

eIntegrally cast with Al-Si engine block

*Improved wear

*50% the weight of cast iron

*Improved cooling efficiency

Composite Materials, 2016, BN, IUT. Iran
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Hybrid MMC
Al,O; particle (12%) + carbon fiber (9%)+ Al-Si matrix

Microstructure of cylinder liner used in Honda’s Prelude.

Cnmgnsi(e Materials, 2016, BN, IUT, Iran

Isotropic MMCs

50um i

meran sl

(b)
Fig. 7.7 Microstructures of metal matrix composites reinforced with (a) particulates and
(b) fibres.

Composite Materials, 2016, BN, IUT. Iran
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Microwave packaging

* AnAISiC radio frequency microwave packaging used in commercial
low-earth orbit communications satellites (Courtesy of General
Electric Company).

Composite Materials, 2016, BN, IUT. Iran
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3M -Aluminum Conductor Composite Reinforced (ACCR)

Cnmgnsi(e Materials, 2016, BN, IUT, Iran

3M -Aluminum Conductor Composite Reinforced (ACCR)

*Alumina fiber (Nextel
610)/Al core strands.

*Al-Zr alloy outer strands

Anet

Cross section of an electrical for power tr ission. The core

consists of 19 individual wires made from a continuously reinforced

lumi MMC produced by 3M. The MMC core supports the load

for the 54 aluminum wires and also carries a significant current, unlike
competing steel cores.

Composite Materials, 2016, BN, IUT. Iran
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Fig. 7.11 Extrusions, forgings, sheet and a pressure die casting fabricated from DRA (from
Willis, T. C., Metal. & Mater., 4, 485, 1988).

Composite Materials, 2016, BN, IUT. Iran
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Connecting rod in the automobile engine

SiC,/Al composites provide high stiffness and weight savings over monolithic
materials.

Property requirement: fatigue strength of 210 MPa at 150 °C, 40-60 Hz.
13 % weight savings: >10% fuel economy

1cm

Cnmgnsi(e Materials, 2016, BN, IUT, Iran

Diesel engine piston
(Saffil alumina fiber/Al compsite)

Made by squeeze casting

Composite Materials, 2016, BN, IUT. Iran
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Roller-cone bit for oil drilling

* These inserts of WC/Co
perform rock cutting — need
good fracture toughness,
wear resistance, and
thermal fatigue resistance.

Composite Materials, 2016, BN, IUT. Iran
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Use of MMC:s in track shoes

Comgnsile Materials, 2016, BN, IUT, Iran

Spikes made of particle reinforced Al MMCs

Composite Materials, 2016, BN, IUT. Iran
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MMC Applications in Automotive Industry: mainly Particle Reinforcement

Light metal ; particle rei of cylis and

Nikasil®:

Heterogeneous solutions
castiron & AISi bushings (Silitec®)

Lokasi IF: squeeze casting
‘aGG: P Sling, CeramiTeG AG: Keram Im Aufomoo - Viskn of Si cylinder liner preform
‘Semmarreie 2005. Seb - Ver. o keram Inqusire, 2005.

Lokasil® bedpiate (particle
e or fiber/particle preform)

cenme ey 46,

Reinforced piston rods and piston; short fiber or particle reinforcements
Piston rod

ZCT1/SIC/12p; 1
microstructure after t. g
: ] acc ani A, Sutgar -
g Piston, 20 %vol. Saffil
Process: stir casting of billets, (B-A1;0,) short fiber
5 -0,
hot extrusion and die-forging. g - reinforced aluminium

e o, ren. 2004 (Al SI12CUMgNI (KS1275) / Saffil / 20sf/ squeeze casting)

oo Kobonschmit 40, 1992

wkapT2r

SZP Innovations in Metal Matrix Composite Processing

C_university of Stutigart i sides
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Application Example — Automotive and other Brake Systems

4 AccuBond™ Duralcan™ MMC Duralcan™ driveline housing, brake rotor and brake drum
driveshaft (A359/SiC/20p/pme/T6, and A360/SiC/20p/hpdc/T5)

(6061/A1,0 /20p/extruded/Te)

Loices (G0} o3n 000

Disc brake caliper with fiber

High speed train brake rotors
from Duralcan™ Al Si7TMg/SiC,,

Weinin. Wiey-VCH. 2000

3M® Nextel 610 long
fiber reinforced AMC

Wenzelburger, Gadow
52 P Particle Reinforced Light Metal Composites e

C_ University of St slide 4
Review of MMC Applications ‘
Heat sink ing thermal and ‘low’ ( CTE
(e.g., electric housings/packaging and support plates)
80, AlSIC heat sink /

550 Zrang tal, Compos P Aapp S anit

spreader plate

34 ou), 0 11, . 1023 1027

2

Specific moduli of

packaging materials

%o

4 40)

§ 20

o e ol e s
K U e a0 Tom 4032/ SIC/T0p/SC
Brincl ardness Berding seength (IPa) Modulus (Ga)

0 SCpAL 18560, 2020 1as(01)
0 Sl 28755) W0 1657

0% SiCAl 2002) 070104 20465)
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Innovations in Metal Matrix Composite Processing
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Application of Continuous Fibre Reinforced MMC in Aerospace Industry

F16 main landing gear
(with a MMC drag brace)

counesy: 5P seopace

‘The MMC drag brace in front of the reference
part made of high strength steel

couresy spaeromace

Hubble space telescope antenna mast
Pitch based carbon fiber reinforced 6061 Aluminum mast made of
diffusion bonded sheet material; 3.6 meters in length.
- Light weight component

- High elastic modulus and low coefficient [I5
of thermal expansion to maintain the
position of the antenna during space
operations

- Wave guide due to excellent
electrical conductivity

g

7 acc g0, 15, né (2000, po 1417

MMC mast deployed in the Hubble space telescope: Carbon fiber reinforced MMC mast

2/15/2016

IFKB

Innovations in Metal Matrix Composite Processing rarre

C university of sice 12
Comgnsile Materials, 2016, BN, IUT, Iran
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«"Composite Materials,” by K.K. Chawla, Springer-Verlag, 3rd Edition, 2012
*“Metal Matrix Composites” by N. Chawla and K.K. Chawla, Springer, 2006.
R0 &l

*“Metal Matrix Composites” by K.U. Kainer, Wiley-VCH, 1st Edition, 2006.

*“Fundamentals of Metal-Matrix Composites” by A. Mortensen, A. Needleman, S. Suresh,

Butterworth-Heinemann, 1993.

«"An Introduction to Metal Matrix Composites," Edited by Clyne & Withers, Cambridge

University Press, 1993.

*“ASM Handbooks, Vol. 21: Composites” by ASM international, 2001.

«“Comprehensive Composite Materials” Edited by A. Kelly and C. Zweben, Elsevier,

2000.

*“Metal and polymer matrix composites” by J.A. Lee, Noyes Data Corp., 1987.

*“Solidification processing of metal matrix composites - Rohatgi honorary symposium’

TMS, 2006.

«“Testing technology of metal matrix composites” , Edited by N.R. Adsit and P.R.

DiGiovanni, ASTM, 1988.

*“Metal matrix composites and metallic foams”, Edite by T. W. Clyne, F. Simancik, Wiley-

VCH, 2000.

*“Interfaces in metal matrix composites” by A.G. Metcalfe, Academic Press, 1974.
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