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PART - 11

SUMMARY OF COMPLETED PROIJECT

The basic objective of this research was to develop unambiguous, unbiased, assumption - free,
and practically feasible as well as flexible stereological techniques for quantitative
characterization of the geometric attributes of fracture surfaces and microstructural features
in three dimensional space. The quantification of structural and fractographic properties is
expected to provide important input concerning the deformation and fracture processes that
are responsible for material fracture and failure; these studies are crucial for the
improvement of existing materials, and for the development of new materials. The basic
components of the research work were analytical theoretical work, digital image analysis,
computer simulation and calculations, and experimental measurements on the fracture
surfaces of a low alloy steel, aluminum - copper alloy, and a metal matrix composite. As the
characterization techniques are absolutely general, they are equally applicable to biological,
pathological, botanical, and geological structures. Some of our results are being used by
biologists for the characterization of blood vessels, microtubules, neurons, etc. (see enclosed
copies of SQM news letters). A very general method has been developed for the
measurement of roughness of a fracture surface of any arbitrary geometry. A stereological
method has been also developed for quantification of anisotropy of symmetric fracture
surfaces. We have utilized digital image analysis for characterization of fracture profiles.

These methods were utilized to study the role of processing defects in the fracture of a metal
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matrix composite, detection of temper embrittlement in steel via fractal dimension

measurement, and effect of microstructure on the fracture processes in an aluminum alloy,

etc.
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PART - III
TECHNICAL INFORMATION

The end point of deformation and fracture processes is the generation of fracture
surface. It may be said that the geometric attributes of fracture surface and the associated
microstructural features contain quantitative information concerning the processes that lead
to fracture. In order to develop such correlations among fractographic attributes, fracture
behavior and properties, and material microstructure, it is essential to utilize the structure
characterization techniques that are assumption free and unbiased, so that the observed
correlations are real, and the real correlations are observed. The main objective of this
research was to develop the general, assumption free, and unbiased stereological techniques
for quantitative characterization of fracture surfaces and microstructures in three dimensional
space from the observations and measurements that can be performed on the associated
lower dimensional manifolds. The basic components of this research were analytical
theoretical work involving the applications of stochaistic geometry, fractal geometry,
differential geometry, and integral geometry, digital image analysis for quantitative
measurements, computer simulations, and experimental measurements on the fracture
profiles and microstructures. A very significant progress has been made during the course
of this project work. This research has provided very important input in the development of
new science of quantitative fractography. Our results are reported in more than twenty
publications in prestigious journals and conference proceedings (the publication list is

enclosed). The following is a very brief summary of this progress.
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The experimental techniques for the vertical section profilometry and digital image
analysis of fracture profiles were established for the quantification of fracture surface
Profiles (publication no. 9,10,11,15)

A computer code was developed to calculate profile roughness, fractal dimension, and
profile line element angular orientation distribution function from the digitized profile
co-ordinate data obtained by digital image analysis. (Publication no.11, 12)

The above experimental methods were successfully applied to the fracture profiles of
low alloy steel, aluminum-copper alloy, and metal matrix composite material
(publication no. 5,19,11,13,15,16)

Resolution dependent fracture profile roughness parameter was studied in detail to
establish the reverse sigmoidal behavior which describes the ruler length or resolution
dependence of profile roughness. A computer program was developed to calculate
the fractal dimension of fracture profile and the saturation roughness from the
experimental data (publication no. 6,12,18,19,21)

The techniques established in (1) to (4) were utilized to study variation of the fractal
dimension of fracture profile of test fracture surfaces with the tempering temperature
in a low alloy steel. It was shown that the temper embrittlement leads to a significant
decrease in the profile fractal dimension (publication no. 11, 12)

The profile roughness data was successfully utilized to analyze fatigue crack growth
behavior in a low alloy steel.

The utility of quantitative fractographic techniques was demonstrated via experimental
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work on the fracture profiles from the fracture surfaces of Al-Cu alloy (publication
no. 10)

A computer program was developed to calculate anisotropy of symmetric fracture
surfaces from the profile line element angular orientation distribution function
(publication no. 10)

A computer program was developed to calculate spatial distribution of fibers in a
metal matrix composite from digitized certroid co-ordinate data, and it was utilized
to quantify the spatial distribution of continuous unidirectional Al,O, fibers in Al-Li
alloy matrix.

Quantitative SEM fractography was utilized to analyze the role of processing defects
in the fracture of metal matrix composite material (publication no. 5, 8).

A general, assumption - free, and unbiased stereological relationship has been derived
to estimate roughness (and hence the surface area) of any arbitrary fracture surface
from the measurements performed on the corresponding vertical section fracture
profiles; the result is a fundamental equation of quantitative fractography (publication
no. 3)

The efficiency and precision of the above general method for surface roughness
measurement was studied in detail via extensive computer simulations. It was shown
that just three vertical sections which are mutually at an angle of 120°, contain
sufficient structural information for estimation of surface roughness of anisotropic

fracture surface (publication no. 4)
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A design based efficient stereological method was developed to estimate the length
densities of the lineal microstructural feature from the measurements performed on
their projected images; this result is utilized by biologists for the estimation of the
length density of blood vessels, microtubles, neurons, etc. (see pub. no 2, and enclosed
copies of SOM news letters).

A set of design based test line shapes have been theoretically calculated for efficient
quantification of anisotropy of lines in two dimensional plane; the intersection counts
with these test lines directly yield the Fourier coefficients that quantify the anisotropy.
The stereological techniques were utilized to characterize the anisotropic fracture
surfaces of metal matrix composite materials (publication 4,5, 14).

The stereological methods were utilized to quantitatively analyze the creep fracture

processes (publication no. 1).
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