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ABSTRACT

The Al~alloys containing dispersion of second phase
ceramic particles, have wide potentiality as viable
engineering materials for a number of applicatios, The
Al -base particulate composites thus obtained have been
prescribed for applications such as bearings, pistons,
cylinder liners ete. The present iuvestigation 1s concerned
with the studies on 41-Graphite and Al-Zircon particulate
composités. The e¢ffect of weight per cent of particulate
phases (Graphite, Zircon) as well as the particulate sizes
has been investigated on the strength, ductility, fracture
toughness and fatigue crack growth rate of the cast and
the forged Al-Graphite and Al-Zircon composites.

Chapter 1 gives an introduction to metal -matrix
particulate composites with particular reference to Al-tasc
particulate composites. The superior tribological propor-
ties of Al-base composites have been outlined and their
engineering applicetions have been discussed.

Chapter 2 provides the revicw of available literaturc
on particulate composites and mcthods for manufacturing
the Al-base composites. The effect of particulate on
properties like strengtl, ductility, fracture cncrgy cte.
arc given and the mievomechanism of void formation, growth
and coalcescsencc in two phase materials is discusscd, A
revicw of thc fraéfuro toughness paremcters (K, CTOD, J

integral) has been presented. From the litcrature revicw



itumerges that a nced for studying the effect of wt.% of
particulate phases and particulate sizes in Al -Graphitce
and Al-Zircon composites on the propcrties like strength,
ductility, fracture toughnhe¢ss and fatigue resistance to
prdvide an optimum composition of composites for obtaining
the best possible combination of thesc properties.

Chepter 3 doals with the method of fabrication
of Al-Graphitc and Al-Zircon compcsites with differcnt
wt.% of particulate phases (1.5, 3.0 =nd 4.5 in casec of
graphite and 10, 15, 20 and 30 in casc of zireon) and
with different particulete size ranges (75- 125, 125- 180
and 180~ 250 qaam), The microstructural cxaminations,
particle sizc analysis, interparticle spacing anclysis cte,
for the composites havc becn described. The cvaluation
of mcchanical propertics has been given and the fracto-~
graphic studies from the tensile fracturc surfacces nave
also becn prescntced.

Chaptor ¥+ movides cxperimental dctails concerning
the fracturc mechanics tests. The test mcthods for
cvaluating toughncess paramcters, CTOD,;szd_KQ arc reportec
The cxperimental valucs of fracture toughness for the
compositecs arc prescnted, end the fractographic studics
of frachture surfaccs from the fracturc toughness specimens
arc detailed.

Chaptcr 5 gives an experimental account sf the
mcasurement of fatiguc craclk propagation rate in tho

composites using fracture mechanics approach. Also The



¥

mieromechanism of fatigue crack propagation in these
composites has becn investigated using SEM.

Chapter 6 presents the discussion o~ the results
obtzined in chapter 3 for Al-Graphite and Al -Zircon compo-
sites. The effect of & fforent parameters (such as parti-
culate wt. per cent, particulate size, interparticulate
spacing on the tensile properties of cast and tho forged
composi tes are discussed. The cffeet of filler phaszs end
the particulate size M strength and ductility of composi tes
nas been dcsceribed. Alsc, the influence of deformatixm in
the forged composites has been campared with the cast
composite's with particular refercnce to the properties of
strength and Jductility. A comparison and contrast of
strength-ductility relatinship between the graphite and
sircon composites has been mede and the volume fraction
rrnges for the particulate phase t° provide the o>ptimum
properties in thesc composites have been discussed. The
micromechanism of tenslle fracture hns alsa been compared
between the graphite and the zireon compesites.,

Chapter 7 is concerned with thc discussixn . f results
Lf fracture toughness mcasurements reparted in chapter 5.
The CTOD and J toughness values neasured on the cunposites
nave been relatcd with composi te parameters 1ike wt. % of
particulate phase, particulute size etc. The size of
fracture process zonc has been computed using void coeles-

cence model for both the compasites and related with the



micromechanism »f fractuTe. A comparative evaluation
>f graphite and zircon composites has been made on the
basis of toughness of the composites for a glven volume
fractimn cf particulate phase, tne toughness per unit
strength and the crack size factor. The fracture toughness
velues in the graphite and sircen corpesites with different
wt.% of particles and particulate sizes have been rati~3tlai—
iged in the light of observed micromechanism of fracture
in these coumposites.

Chapter 8 fresents the fatiguc crack growth rote
os a function of stress intensity range, NHK and CTOD range,
ACTOD in the graphite as well as zircon composites. The
cvaluation and comparison of fatigue growth rate constants
c ond n (by stress intensity approach) and ¢' and n' (by
CTOD approach) using Paris' cquation have &ls?d been prcsen-
tcd. The fatigue crack growth rates have teen compared at
different AK and ACIM levels for the composites of
different composition and particulate siz.s. The fatigue
crack growth rate is frund t. inereasc with increasing
wb.% of particulate: phase as well as increasing particu-
1ate size in the coposites. The forged compositcs shaw
higher crack growth rate than the cast camposites. The
micr mechanism of crack propagation has been described
and compared between the two composites, The two compo-
sites have also becn compared under different heads 1likec

da/dl as a function of applied stress intensity range,



da/dN as a function ~f tensile strength and da/AN as a

function of fracture t ;ughness.

The conclusims based on the present investigations

are reported in Chapter 9.
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