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V. P. Rombach
Introduction to the physics of destruction

The basis of the physics of destruction is the hypothesis that the destruction is the result of breaking
the bonds between atoms of the local group, due to the absorption of the energy of such a capacity in
which the energy density of the external force exceeds the density of the binding energy. The source
of this energy is a local group of atoms of the material, called the domain of destruction, in which the
rate of accumulation exceeds the rate of energy dissipation. Accumulation of energy due to the
transition of electrons to higher metastable atomic energy levels. Cracking or destruction becomes
possible only when stimulated emission of excited atoms domain of destruction happened. The book
contains the scientific and technical rationale for a more accurate experimental and theoretical
evaluation of wear and residual life of structures and devices in order to prevent catastrophic
destruction that based on the analysis of more than four thousand publications, of which 270 is cited.
More than two hundred photographs of the results of experimental studies of materials at the nano-,
meso- and macroregions, about a hundred graphs and charts used to substantiate the hypothesis.
Method of assessing results of experimental research has been proposed. It is demonstrated for the
destruction (including catastrophic) of aircraft fuselage, rail, bridge, pipeline, compressor disk, cable-
fixing the roof. 180 graphs characterizing the process of accumulation of energy and its radiation in
the riveted joints is given. A method for estimating the degree of wear, time of safe operation, and
critical state of the elements of structures and devices has been suggested. It uses equation whose terms
are the physical parameters of the material from which the element is made. These parameters are
taken into account at designing, and changing them is controlled during operation. The method is
multipurpose, as it considers all types of external influence, regardless of their destination and
socheteny of the element. The book is intended for researchers concerned with strength, fracture,
material scientists and technologists designed and operating structures and devises, teachers of
universities and technical schools.

Vladimir Rombach
Introduction to the physics of destruction

© Vladimir Rombakh, 2008
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Foreword

The basis of the physics of destruction, that I have proposed, consists of the following ideas and
theories.

1. The idea of J. C. Maxwell that the potential energy due to the deformation, the emission of which
leads to destruction, can not be expressed only by the mechanical parameters of the material.

2. The Pauling idea about chemical bond oscillations and experimental confirmation in the coherent
chemistry.

3. The theory of spontaneous and stimulated (induced) emission of light.

4. Quantum Electrodynamics.

5. The theory of dissipative structures.

6. Feynman's idea of the special behavior of the atoms in the nanoscale region

This book is a sequel to my book, "Atom Parameters and Metal Properties," which offered a new
model of metal, based on two postulates.

1. A metal may consist of atoms of one element having different electron shell configurations, i.e.,
atoms with varying energy states may be present in the metal simultaneously. Such atoms exchange
electrons and energy in the form of photons and phonons.

2. External excitation energy is distributed unevenly in the metal as a result of deformation wave
interference caused by reflection from the boundaries of their heterogeneity.

3. Running and reflected strain waves form in the local area the standing waves, the impact of
which on the atoms at the antinodes and nodes of the wave is different. Thus, the local region plays a
role of a resonator. External influence on the atoms is particularly strong in the cavity, the dimensions
of which do not exceed 137 nanometers.

This is due to the fact that at the nanoscale manifest the quantum properties of particles to describe
the behavior of which can only be based on quantum theory.

These postulates are formulated on the basis of long-term studies of numerous articles, monographs,
and scientific reviews.

Experimental studies refuting these postulates are found.

This allows us to give a definition of deformation waves:

Waves of deformation are an interconnected set of electromagnetic, acoustic, electronic, spin, and
other kinds of waves.

In modern physics, it is established that all interactions are reduced to four types: nuclear (strong),

electromagnetic, weak, and gravitational.
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All processes that occur in a solid can be described on the basis of the electromagnetic interaction,
using modern physical theories, of which the most accurate is quantum electrodynamics.

Hardening of a metal, and its destruction, arises at the nanoscale. In this regard, the problem of
preventing man-made disasters can be solved only when accounting for changes in the interatomic
interaction.

The conclusion that was made in the book runs:

1. The destruction is the result of stimulated photon radiation energy stored in local regions of the
material as a result of transfer of electrons to higher metastable energy levels whose lifetime exceeds
the period of external influences.

2. The formation of cracks or failure occurs when the density of the energy accumulated in the local
area, exceeds the energy density in undeformed material.

3. High power radiation due to the fact that the stimulating signal is a photon, which propagates at
the speed of light.

4. Strengthening of the material, its destruction emerges at the nanoscale. In connection with this the
problem to prevent man-made disasters can be solved only in accounting the changes of the
interatomic interaction.

Chapter 1. The analysis of existing theories of strength and fracture of materials made fom the
positions of modern physics; Maxwell’s ideas about the problem of strength and fracture were
presented; Feynman’s analysis about Shuttle "Challenger" catastrophe considered; the shortcomings
and mistakes of fracture mechanics were indicated.

Chapter II. Problems of strength and fracture of nanomaterials are considered; physical fundamentals
of nanotechnology are formulated; electron-wave mechanism of hardening and destruction offered.
The physical definition of a nanomaterial is given.

Nanomaterial is a special dissipative quantum mechanical structure formed in the local area of the
substance from three or more atoms or molecules, the ratio of surface to volume,of which is greater

than 1/137 nm™'~7.297-10* cm™'=9.04 eV.

Changing of the energy spectrum of the atoms, wherein the normal energy level is reduced to b times
and/or zero energy level rises g times depending on the nature of the external impact takes place under
the influence of the reflection electronic, electromagnetic, acoustic or other waves from the
nanoregions boundary heterogeneity.

Chapter III is devoted to the nature and mechanisms of crack formation and destruction.

Considered:
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1. The electron-photon interaction in a multicomponent system.

2. Features of impact fracture when: a) mechanical shock at subsonic speed; b) mechanical shock at
supersonic velocity; ¢) mechanical shock with space velocity; d) electromagnetic shock; f) ions of
hydrogen and helium implantation.

Chapter IV. The features of the aircraft fuselage damage have been studied;

Program evaluation of fatigue crack growth "NASGRO" Version 3.0 and an alternative solution to
this problem was compared. Maxwell's idea about the distortion energy is realized in terms of modern
physics. This energy is calculated using physical parameters of the material.

Calculations of energy cracking of fuselage riveted joints are used as an example of the application
of one of the equations. Numerous graphs of the distortion energy change were built using data from
experimental studies of the fuselage destruction.

CHAPTER V. A method of quantitative assessment the wear and residual life of structures and
facilities is provided. It allows calculating the time for safe operation, the degree of wear, the critical
state and residual life of structures and devices. It’s univesalen as it is based on accounting the changes
of the interatomic interaction.

Chapter VI. The book shows that the main source of energy, the radiation of which leads to
destruction, is a local field, called domains destruction. A theoretical and experimental justification of
the model has been done. In this chapter invited 20 of the experimental methods for the detection and

evaluation the domains of destruction and their energy.
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Dear Reader!

This book is intended for professionals who design, build, spacecraft, vehicles, bridges and other
structures. Each of these devices must be constructed in such a way that during its operation was not
destruction happened, in which harm may be caused to human health or nature.

Service life of structures and devices should be determined with the maximum precision. To do this,
it’s necessary to determine the critical state, both theoretically and experimentally as precisely because
any even unintended effects, lead to disaster.

Finding a reliable method of theoretical and experimental evaluation of the critical state became the
goal of my research. It turned out that this is only possible at the level of modern physics, on the basis
of which, lasers, computers and other electronic devices were developed and crated.

Each of you uses them without knowing how they work. However, the creators of these devices well
known laws of physics, and even opened the unknown phenomena.

My presentations at scientific conferences, discussions with experts in the field of strength and
fracture have shown that many of them are difficult to understand the evidence of a new method to
assess the wear and residual life of equipment. These proofs are based on modern physical theories,
for for understanding which requires special training. Check their validity or disprove can only such
specialists.

Anyone who is interested in establishing and operating more reliable and durable equipment can read
only the description of the method and help in its implementation.

I apologize for any difficulties or mistakes in the presentation and will be grateful for any comments.

Vladimir Rombakh
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Introduction

The late twentieth and early twenty-first century have been marked not only by great scientific
discoveries and advancements in technology, but also grand man-made disasters that carry away
hundreds, sometimes thousands of lives. Mankind can not control the laws of nature to prevent natural
disasters, but it can take them into account. In this paper, we will focus on the prevention of disasters
involving those structures and devices that are man-made, and about the safety of their operation. The
work is intended primarily for those who create and use these devices. This determined the choice of
material as well as the character of its presentation.

Today each of them knows that these devices consist of atoms, and that all the properties of the
material from which they are made are due to the interaction of these atoms; each also has an idea of
developed scientific theories, used to make computers, and complex electronic controls. These devices
are designed so that people working with them, do not necessarily know all the laws of physics on
which they are based. Modern natural science is multifaceted; in each section it is so complex that
years of study are required in order to learn the basics of one of its sections. It is paradoxical, but a
fact, that science was simplified by the discovery of its fundamental laws.

The book by A. Einstein and L. Infeld, "The Evolution of Physics," has a second name: "The drama
ofideas." It is a drama, not a triumph, because great ideas which explained physical phenomena proved
wrong when new experimental facts are detected that refute them.

They were replaced by new ideas, some of which suffered the same fate. Only some of them were
preserved, as new experimental findings confirm them. Some mathematical apparatus has been created
and used to make forecasts which have found experimental confirmation.

Thus were discovered planets Neptune and Pluto. The reality of electromagnetic waves predicted by
J.K Maxwell has been experimentally proved; the association between mass and energy confirmed,
predicted by Einstein, through which nuclear energy was developed; a particle like an electron was
discovered, but having a positive charge, as predicted by Dirac; and the existence of the mysterious
particle called the Higgs boson, predicted by P. Higgs, has been experimentally confirmed.

Only experimental confirmation is necessary in order to make an idea (hypothesis) be recognized as
a theory.

These facts indicate the enormous successes of modern physics, every theory of which sooner or later
finds practical application, providing technical progress.

This book is a continuation of the author's book “Atom Parameters and Metal Properties”, which

offered a new model of metal and justifies more accurate prediction of the technical condition and
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residual life of structures and devices.

Analysis of modern theories of strength and fracture showed that, being limited by classical
mechanics, they lagged behind modern physics by 50-60 years. The words "atom", "electron", and
"photon" are practically absent in numerous publications on strength and fracture mechanics.

The development of Feynman’s idea about special behavior of atoms in the volume of

10 + 10”7 m, called a nanoregion, led to the creation of new methods of materials research in this
area. Modern experimental techniques allow to study the physical processes that occurred as billions
of years ago, as well 107!° seconds ago, as in the space object whose mass prevshaet thousands of solar
masses, as well in the nano-objects, containing a few atoms.

The Maxwell Scientific archive was published in 1937.

S. P. Timoshenko found that Maxwell, in an 1856 letter to W. Thomson, formulated the same idea of
the distortion energy, which in the 20™ century was called the fourth (energy) theory of strength.
Timoshenko wrote about it in 1953. Maxwell's priority was recognized and the theory is sometimes
called the Maxwell-Huber-Hencky-von Mises theory of failure.

However, the failure criterion proposed by Maxwell is fundamentally different from all of the criteria
proposed before and after him.

This difference is the basis of a new method of estimating wear and residual life of structures and

devices proposed in this book.
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CHAPTER I. MECHANICAL STRENGTH AND DESTRUCTION FROM THE POINT OF
MODERN PHYSICS
The word light concentrated the whole physics, and with it all the
sciences

William Bragg

1.1. Fragments of the history of physics

On the first page of Einstein's and Infeld's book "The Evolution of Physics", L. Infeld wrote:
"According to Einstein, there are only a few basic ideas in physics, and they can be expressed in
words.”

“No scientist thinks by formulas”, Einstein often said, “it is a drama of ideas."

Why is it drama, not triumph?

Because the ideas on the development of which a scientist expends his life, perhaps even several
generations of scientists, are suddenly refuted by new discoveries, new ideas, which often await the
same fate. It may be that the ideas and conclusions presented in this study will be disproved. This
would mean that perhaps the only experiment that is needed has been found, and that this experiment
would help to prevent man-made disasters. Therefore, the goal will be achieved.

There is a legend, that Newton, watching apples fall, discovered the law of gravity. Apples, and not
only apples, fell long before Newton, but the discovery was made only by him. Although Newton
stated: "I do not invent hypotheses", at the beginning it was a hypothesis, well-established, but still a
hypothesis, formulated on the basis of experimental data.

Newton, having calculated the ratio of the acceleration of falling bodies on Earth to the centripetal
acceleration of the Moon, established that it is equal to the square of the radius of the orbit of the Moon
to the Earth's radius. He drew attention to the fact that bodies fall perpendicular to the ground. Aware
of the fact that the Earth is spherical, he suggests that the force of gravity depends on the mass of
bodies. The formula given by Newton was recognized as a law in 1846, that is, after 164 years, when
the planet Pluto predicted by Lavery was found by Halle.

Seventy years later, Einstein published the general theory of relativity (GTR), which indicated that
the photon has mass, and a ray of light emitted by a star should deviate in passing by the Sun.
According to this calculation a certain angle of deflection of the ray has been found. This phenomenon

has been observed repeatedly during total solar eclipses. Based on experimental studies carried out in
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1984, it was found that the angle of deflection of the ray was 1.75", with an accuracy of about 0.3%,
which is fully consistent with general relativity. It is known that the force of gravity becomes lower as
the distance from the Earth increases. As is stated in the general theory of relativity, the frequency of
a photon moving away from the Earth will change.

An experimental study of the gravitational frequency shift was conducted in 1960 by R. Pound and
G. Rebka. It was shown that with a change in height of 22.6 m the gravitational frequency shift of the

photon is o =(2.57+0.26) -10 ™. This means that the deviation from the theoretical composition is
Y7

about 10%. Currently the gravitational frequency shift has been investigated up to an accuracy of
0.04%. The interaction of electromagnetic and gravitational fields leads to a slowing of time, which is
taken into account in satellite navigation systems.

Newton studied optical phenomena in addition to mechanics. His experiments on the interference and
dispersion of light played a huge role in the understanding of these processes, in spite of the fact that
Newton believed that light travels in the form of corpuscles. Newton, observing the interference of
light in the thin air gap between the plate and the lens, did not withdraw from the corpuscular model
and advanced the idea of “easy and difficult” reflection of light. In discussions with Hooke, a supporter
of the wave hypothesis of light, Newton speaks of "the depth and thickness" of the vibration, which
can be taken as the wavelength.

Newton’s authority and his book on optics led to the fact that for 150 years the wave theory of light
was not practically developed, but nothing new was discovered in favor of the emission theory either.
Only in the early 19" century did the wave theory of light triumph.

Maxwell, exploring the phenomenon of electromagnetic induction, came to the conclusion that with
a change in an electric field there must also be a change in the magnetic field. The two fields, electric
and magnetic, changing one another, create an electromagnetic wave. This conclusion was based not
only on logic, but also as a result of mathematical equations. The velocity of electromagnetic waves
was close to the speed of light. From this it was concluded that the nature of light is electromagnetic.

Not only Maxwell but also his contemporaries doubted the practical application of electromagnetic
waves, because it was necessary to prove or disprove their existence experimentally. Only 21 years
later H. Hertz proved that electromagnetic waves are real. But new problems have arisen for physicists
related to the behavior of light waves: the mysterious laws of the hydrogen spectrum, the emission of
bodies and primarily black-body radiation, the photoelectric effect and the elasticity of the ether.

M. Planck, analyzing the problem of a black body, comes to the conclusion that light is emitted in
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certain portions, called quanta. After five years, i.e. in 1905, Einstein explains the photoeftect on the
basis of the quantum properties of light. In the same year, Einstein published his work, called the
Special theory of relativity, which is based on two postulates. One of the postulates states that in
Maxwell's electrodynamics the speed of electromagnetic waves propagation in a vacuum is
independent of the speed of movement of the source and of the waves observer, and is equal to the
speed of light. This speed is the maximum possible speed of the bodies. Attempts to refute this
postulate lasted more than a hundred years, until the commissioning of the Large Hadron Collider. The
sensational discovery that the speed of neutrinos is faster than the speed of light in vacuum was

mistaken.

Particularly important for modern science is Einstein's formula E = mc?, linking mass with energy
and the speed of light. This formula has been confirmed experimentally, inclusive of nuclear power
development. The absence of the rest mass of the photon is experimentally confirmed up to 22 decimal
places, the absene of electrical charge confirmed up to 33. On these basis quantum electrodynamics
was created, which describes the interaction of photons with matter.

Of the four types of interaction (nuclear, electromagnetic, weak, and gravitational) we consider the
electromagnetic and gravitational, although for analysis of the interatomic interaction leading to
hardening or destruction, we need use only the electromagnetic interaction -- in all cases not connected
with nuclear power.

On this basis, in the modern physical picture of the world it is considered that matter exists in the
form of substance with finite rest mass, and a field, the quantum rest mass of which is zero. The mutual
transformation of matter in an electromagnetic field is confirmed experimentally, since the collision
of an electron and a positron produces photons. On the other hand, a gamma-ray photon with energy
of at least 1.05 MeV creates an electron-positron pair in the nucleus field. A similar phenomenon
occurs when joining other particles with antiparticles

One of the manifestations of the electromagnetic interaction is a chemical bond. L. Pauling was able
to explain the nature of the chemical bond and its mechanism only after the birth of wave quantum
mechanics. Pauling’s first work on the atomic orbitals hybridization was published in 1928 following
the work of W. Heitler and F. London, devoted to the covalent bond of the atoms in the hydrogen
molecule.

In 1939 Pauling published a paper [1.1] about the nature of chemical bonds in molecules and crystals,
in which he suggested oscillations (changes) of the chemical bond. In the preface to the third edition

of Pauling’s book, published in 1960, he writes: "The theory of the chemical bond proposed in this
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book is still far from perfect. Most of the principles that have been developed are crude, and only
rarely can be used in making an accurate quantitative prediction. However, they are the best as yet,
and I agree with Poincaré that "it is far better to predict even without certainty than not to predict at
all”

Confirmation of the oscillation of the chemical bond was obtained in 1999, by A. Zewail, using a
femtosecond laser [1.2]. These experiments laid the foundation of a coherent chemistry. It became
clear that the oscillations occur at both the nano- and macroscopic levels. Richard Feynman, in his
report which began the era of nanotechnology, in fact expressed the same idea, noting that the behavior
of atoms in nanoareas differ from their behavior in a macroscopic area. These changes are possible
only as a result of changes in both the nature of the interaction, which is carried by photons, and
changes in the energy state of the atoms.

Cracking and failure occurs abruptly. It means that the deformation process is an accumulation of
energy and its long-term storage. Thus, as a result of nonlinear deformation, a new equilibrium
structure occurs, the potential energy of which exceeds the minimum potential energy of the
unperturbed system. The formation of these structures, called dissipative, was described in Prigogine's
theory, [1.3] developed to explain the processes that result in the formation of Bénard cells, the
oscillatory Belousov-Zhabotinsky reaction, and turbulence [1.4].

The destruction of metals, as well as other ordered systems, is accompanied by an increase in entropy.
Schrédinger, one of the founders of quantum mechanics, gave a series of lectures in 1943 devoted to
the problem of the physical processes in the cell of a living organism. These lectures formed the basis
of his book "What is life? The Physical Aspect of the Living Cell" [1.5] and marked the beginning of
the study of biological objects from the perspective of quantum mechanics. Schrodinger showed that
the second law of thermodynamics is not violated in biological systems, in spite of the fact that a
strictly regulated system occurs with a small number of molecules, which Schrédinger called an
aperiodic crystal that contained genetic information in its configuration of covalent chemical bonds.

The formation of such crystal is due to the fact that the entropy of the cells does not increase, but
decreases with light energy. The idea of an aperiodic crystal formed the basis of the explanation of
quasicrystals and is used by the author [1.6] to explain the formation of dissipative structures in a
deformation process.

The intermittent nature of crack formation and sudden destruction, like a bomb explosion, shows
stimulated emission of stored energy. The theory of spontaneous and stimulated emission of energy

was developed by Einstein and found practical application in lasers
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1.2. Modern physical picture of the world

The modern physical picture of the world is formed on the basis of experimental studies of the
physical processes that occur both in an individual molecule, and in distant galaxies. This means that
the physical theory of spatial interval is from 107! m to 10'* light years and the time interval is from
10715 seconds up to 10'° years. The saying of the English physicist William Bragg, who was one of the
founders of X-ray research methods of crystals and inorganic molecules structure, taken as the
epigraph, was made before the formulation of the principles of quantum mechanics by Schrédinger
and Heisenberg. It is given here in order to show the important role that photons played in physical
processes, including our lives. Without an understanding of the role of photons, which are due to the
interatomic interaction, it is impossible to show the shortcomings and mistakes that have been

committed in strength and fracture mechanics.

Connections between the research in heavenly bodies and nanostructures can be shown by example.

The photograph in figure 1 was made with the Hubble Space
Telescope, showing outflow of gas from a black hole in the galaxy M8&6,
located at the bottom of the photo. Close to the black hole, the gas
temperature is increasing, as evidenced by the blue color. The black hole
mass exceeds the mass of our Sun by a factor of billions. The photon

cannot overcome the force of gravity, because of the great mass of the

black hole. Neutron stars and black holes are formed by the close

Figure 1.1 approach of atoms, in which the electron cloud of an atom, pushed away

from the electron cloud of other atoms, approaches the nucleus and is

captured by it. A nuclear reaction takes place, p+e~ —n+v, +y, as a result of which the proton

interacts with the electron, and the proton is converted into a neutron. According to the laws of energy
and momentum conservation, gamma photons and neutrinos are emitted. In the analysis of the physical
processes occurring in stars, quasars, and black holes, all types of interaction must be considered: the
nuclear is taken to be 1, the electromagnetic, the value of which is 1/137 and the gravitational ~ 10-

40.

There are four examples of nuclear reaction below called K-capture or electron capture by a nucleus.

7 - Ty 3 . 26 - 26
1. Be+e > Li+v, +y;2. JAl+e —;,

Mg+v, +7;3. 0K+ > Ar+v, +y;
59N - 59 -
4. yNi+e -, Co+e +v, +y .

Such reactions occur spontaneously on Earth and other planets of the solar system. The phenomenon
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is not rare, as about two hundred of these reactions with various nuclei are known starting from

beryllium. During electron capture from a near electron orbit other electrons are transferred from more

distant orbits to the lower. As a result of this transition a gamma photon is emitted whose energy
depends on the atomic number of the nucleus, and can reach hundreds of thousands of electron volts.

Let us look at atomic reaction #3, which is due to the formation of an argon isotope. This isotope is
99.6% of argon in the earth. Thus, the industry has argon at its disposal, whose stocks are replenished
by the nuclear reaction of electron capture by the nucleus.

Puc.2

Naturally, the question arises: why does fracture analysis begin with space objects whose dimensions
vary by billions of light years, not the earth, in which, excluding nuclear reactions, the gravitational
interaction can be disregarded?

In December 2012 it was reported that a group of astrophysicists [1.7] has determined the value of
the ratio of the electron and the proton, having studied the spectrum of emissions from the quasar PKS
1830-211, flying through an ancient galaxy in the constellation Sagittarius, located 7 billion years
away. Photons passing through the galaxy "remember traces" of the molecules with which they
interact.

These molecules were methanol, CH;OH. Based on the study of the spectrum the ratio of the proton
mass and an electron was measured, which is one of the constants of general relativity. Up to seven
places the ratio coincided with those measured on Earth. Consequently, the nature of physical laws
has not changed across 7 billion years.

Thus, the mechanism of external influence on the atom is the same both in space and on Earth, but
differs only quantitatively.

J = ¢ The photograph in Figure 1.2 shows a blue glow from
scotch tape, observed as it was exfoliated [1.8]. This shows
that the energy of the emitted photons exceeded 3.7 eV.
Such radiation is emitted when an electron in an atom
moves from a higher energy level to a lower, but before
another electron to be removed from this lower level. Such
electron transfer occurs upon absorption of energy from the

external source.

Particularly important to note that, besides the visible light

Figure 1 [1] and X-ray radiation was observed also!
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Note that the X-ray emission was observed in the Derjagin laboratory under destruction of the
adhesive layer 55 years before that. [1.9].

Hence the tape or glue consists mostly of carbon atoms; we assume that the X-ray emission is due to
the carbon atoms or an organic adhesive. The electronic configuration of the carbon atom is 1s22s22p?.
This means that for the first shell, called the K-shell, there are two electrons, on the second (L -electron
shell)-four. These four are the valence electron and the transition is due to only the visible or ultraviolet
radiation, and they realize the chemical bond. Therefore, X-rays are only possible by separation of
electrons from the K-electron shell. The energy required for this ionization is 392 eV. If it is assumed
that the X-ray emission is caused by atoms having a higher atomic number, then the energy of the X-

rays will be much greater.

1.3. J. C. Maxwell and Feynman's ideas about strength and fracture

The strength of a solid body is understood as its ability to resist destruction (cutting in pieces) and
irreversible change in shape due to external loads. This means that the problem of preventing man-
made disasters is closely linked to the strength of the material from which an element of the structure
or device is made. The strength, from the position of physics, is due to the forces of atoms or ions.

Crack formation or destruction is the result of breaking the bond between a certain numbers of atoms,
due to the fact that the energy absorbed by the atoms was greater than the binding energy. As the
formation of cracks or destruction is stepwise, so between external excitation and bond breakage there
is specific time interval A¢, during which there is an accumulated energy that is enough to break the
bond. This interval depends both on the binding energy, and the power absorbed by the atoms.

The specific quantum mechanical properties of atoms in solids play an extremely important role in
the accumulation of energy and its prolonged storage, leading to the mutual influence of atoms. Under
non-linear deformations arise metastable levels whose lifetime increases rapidly.

However, during the time A¢, not only accumulation of energy occurs but its dissipation takes place.
Thus, with equal power accumulation and dissipation of energy the crack is not formed and destruction
does not occur, i.e. there is elastic (linear) strain. The excess accumulation of power over energy
dissipation that occurs under a non-linear deformation indicates the formation of a local area in which
the energy savings are due to the changing interaction between atoms. This means that the nature of
the chemical bond has changed and there is a new dissipative structure with a higher energy density is
formed.

In strength and fracture mechanics such an area is called the residual mechanical stress. However, the
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form of potential energy, the radiation of which can cause crack formulation or destruction, is different
from the elastic energy.

In this regard, we consider one of the theories of strength, known in the scientific and educational
literature theory as the highest specific potential energy of deformation. According to this theory, a
critical state is reached when the specific potential energy reaches a value corresponding to the yield
stress in simple tension.

A large number of reviews on the strength of the various theories have been published. In this regard,
we will limit ourselves to some of them that are published up to the 21st century.

The J. C. Maxwell archive was published in 1937. S.P. Timoshenko [1.10 p368] found a letter from
Maxwell to W. Thomson [1.11], dated 1856. He quotes a fragment of this letter, commenting on it:
«Maxwell suggested that the use of the expression for strain energy in determining the critical values
can be resolved into two parts: (1) the strain energy of uniform tension or compression and (2) the
strain energy of distortion. Considering now the strain energy of distortion, Maxwell makes the
statement: “I have strong reason for believing that when [the strain energy of destruction] reaches
certain limits than the element will begin give way.” Further on Timoshenko states: “This is the first
time that I have written on this subject. I have never seen any investigation of the question, ‘Given the
mechanical strain in three directions on the element, when will it give way?’ ”We see that Maxwell
already had the theory of yielding which we now call maximum distortion energy theory. But he never
came back again to this question. »

The quote from Timoshenko’s book played a major role in the recognition of Maxwell's priority.
However, during the 60 years since its publication, numerous articles devoted to the strength problem
cite not the primary source but Timoshenko. For example, Mao-hong Yu [1.12] quotes as written by
Timoshenko. But Christensen [1.13] reduces the quote: "In a letter to Lord Kelvin in 1856, Maxwell
foresaw what we now know as Mises criterion, saying," “I have strong reasons for believing that when
the strain energy of distortion reaches a certain limit then the element will begin to give way”
(Timoshenko (1953)). Much later Guang-Lian Liu [1.14] writes about Maxwell, but doesn't even refer
to Timoshenko, but Christensen reduces it to the limit: "Maxwell first, in 1856, suggested energy as a
parameter predicting the destruction of the material."

Osakada [1.15], citing Timoshenko, "complements" his formula, which is neither Timoshenko's nor

Maxwell's.
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It is given in such a context that the reader may think that the formula belongs to Maxwell. As can be
seen, the formula contains an egregious blunder.

Such disregard to the scientific legacy of a brilliant scientist is unacceptable.

The work of Newton, Maxwell and Einstein form the basis of the modern science.

The reader may get the mistaken notion that the criterion proposed by von Mises is identical to the
criterion of Maxwell. However, the difference is a distinction of kind as shown below. Moreover, it is
unacceptable to reduce the great merits of Maxwell's theory of strength only to the fact that he
"suggested that energy as a parameter predicting the destruction of the material". This idea was
formulated earlier in the works to which Maxwell refers, including by Cauchy and Stokes.

In fact, Maxwell did a serious experimental study on strength, using the interference of polarized
rays, and wrote a theoretical work that is still relevant. Moreover, these studies are particularly
important for training purposes.

The current situation, in our opinion, is due to the fact that, first, this area of interest is not adequately
reflected in Maxwell's biographical sketches, and secondly, Tymoshenko cites only a small fragment
of one of the four sections of the letters on this problem. In the three previous sections is a study of
deformation by interference of polarized beams, which formed the basis of a method based on a
phenomenon called photoelasticity. As is known, this method is one of the most common for the
calculation of stress intensity factors.

There is a long-felt need to talk about the results of Maxwell’s study of the problem of solids elasticity
to restore historical justice. We restrict ourselves to a brief statement of the result of more accurate
reading of the letter and the analysis of Maxwell dedicated to the equilibrium of elastic solids [1.16].
“THERE are few parts of mechanics in which theory has differed more from exsperiment than in
theory of elastic solids,”

Elasticity theory, proposed by him, more accurately describes the relationship between the strain and
the interference of polarized rays than the theory, published in the 20th century. Maxwell has not yet
formulated the idea of electromagnetism, did not have that amount of experimental evidence which
are disposed theorists 20-21 centuries. This mainly relates to the physics of the atom. Theoretical
conclusions made by Maxwell on the basis of experimental studies; proposed equations are confirmed
experimentally.

Maxwell offers the equations relating the displacement a, f, y with strains P1, P2, P3, expressing this

9 or.
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Here 4 is cubic coefficient and m is linear coefficient of plasticity.
The relationship between these coefficients Maxwell expressed by equation:

e Em
9m—6E ’

noting that the "Numerical value E can be obtained by an experiment using a wire or rod of the
material." (Emphasis mine).

This phrase shows the main difference between a study conducted by Maxwell from similar studies
carried out after him.

Maxwell uses mathematical apparatus in order to show how to calculate the coefticients p and m on
the basis of the experiment. He shows how to associate the pressure inside the sample on example of
deformation of the rod, a hollow cylinder, parallel plate, hollow sphere. He analyzes relationship
between the interference of polarized beams and deformation caused by compression, rotation, and
change in temperature.

“The fundamental equations of this paper differ from those of Navier Poisson, &c, only in not
assuming an invariable ratio between the linear and cubical elasticity; but since I have not attempted
to deduce them from the laws of molecular action, some other reasons must be given for adopting
them.” (Emphasis mine).

This study is completed by the hypothesis “that the quantity @ (which shows a relationship between
the pressure in a solid and index of birefringence) is probably a function of m, the determination of
these quantities for different substanties might lead to more complete theory of double refraction, and
extend our knowledge of the laws of optics.”

Maxwell's brilliant prediction, expressed in 1850, justified. Today it is not hypothesis, but a theory
based on the fact that as a result of deformation of the solid body there arises anisotropy in which the
phase difference of the ordinary and extraordinary rays of light depends on the direction.

Birefringence does not occur only under the deformation, but also under the influence of electric and



24

magnetic fields. The mechanism of all these phenomena is explained in quantum mechanics.

The fragment of the letter given by Timoshenko does not reflect the importance of the findings of
Maxwell. A full copy of this letter is given in Appendix 1. We mention that part of it which represents
fundamental importance for understanding the nature of Maxwell's ideas of strength and fracture of

solids.

Letter to William Thomson
18 December1856

Here is my present notion about plasticity of homogenous amorphous solids. Let a B v be the 3
principal strains at any point P Q R, the principal stresses connected with o  y by symmetrical linear
equations the same for all axes. Then the whole work done by P Q R in developing a  y may be
written as

U=A’+p°+7*)+B(fy+ya+ap)(1.1)
where A & B are coeffits, the nature of which is foreign to our inquiry. Now we may write

U =U +U, where U, is due to symmetrical compression, o, = 5, = 7,, and U,, to distortion
withoutcompression, (o, + B, +7, =0), a=a, +a,, f =, +S,,and y =y, +y,. It follows that
U, = %(A+ B)(a+B+7)*(1.2),

U, = 22281 + 474 y) - (B e+ @] (13)

«Now my opinion is, that these two parts may be considered as independent, U; being the work done
in condensation and U> that done in distortion. Now I would use the old word ‘Resilience’ to denote
the work necessary to be done on a body to overcome its elastic forces.

The cubical resilience R; is a measure of the work necessary to be expended in compression in order
to increase the density permanently. This must increase rapidly as the body is condensed, whether it
be wood or lead or iron.

The resilience of rigidity R> (which is the converse of plasticity) is the work required to be expended
in pure distortion in order to produce a permanent change of form in the element. If the body is tough
the disfigurement will go on till this function U> (which truly represents the work which the element
would do in recovering its form) has diminished to R by an alteration of the permanent
dimension...(Italics Maxwell's)

I have strong reasons for believing that when
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a’+ PPy’ - Br—ya—ap (1.4)
reaches a certain limit=R> then the element will begin to give way. I think this notion will bear
working out into a mathemat theory of plasticity when I have time to compare with experiment, when
I know the right experiments to make.

Condition of not yielding
a’+ B2 +y? - By—ya—af <R, (1.5)." (End of citation)

We have presented part of the text of Maxwell's letters to Thomson to show the main idea that is still
relevant today.

1) The relationship between the radiated potential energy which leads to destruction and mechanical
stress cannot be expressed in terms of mechanical properties.

2) The two types of potential energy are independent, but the rate of change U and U are different.
Only under certain conditions does the difference reach a certain value at which failure occurs.

3) The final sentence in the letter written by Maxwell to Thomson demonstrates that Maxwell
suggested mathematical solution to the problem only after confirmation by experiment.

Today we have to express our regret that all those who deal with the problems of strength of solids
after 1953, did not return to Maxwell. The elasticity theory proposed by Maxwell [1.16] is based on
experimental studies of double light refraction. It is not from continuum mechanics, but from
intermolecular interaction. The mathematical apparatus used by Maxwell exceeds that used by many

authors of theories proposed in the 20™ and early 21st century.

Let us demonstrate this by an example.

Photoelasticity is one of the most effective methods for studying the
distribution of stresses in engineering structures on transparent isotropic
materials. Under tension an isotropic material becomes anisotropic, resulting in
birefringence. Due to the interference of polarized light on a screen or a

photographic plate a picture is created, based on which a conclusion is made on

Figure 1.3 [1.17] the distribution of stresses.
T " ° Figure 1.3 shows one of these pictures. White and dark areas characterize
changes in mechanical stress. If we take the tip of a crack at the beginning of the polar coordinates, in
the plane of the picture the stress will be a function of distance and angle. The following is a fragment

of the intermediate calculation of stress intensity factors (SIF) used in work [1.18].
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The analysis of these publications shows that none of the cited works no attempts were made to
explain what are the two areas which Maxwell wrote about, what is the mechanism of accumulation
of energy. Theory of strength, ductility and strength is considered new if it proposes a new combination
of principal or shear stresses, the elastic modulus, Poisson's ratio and bias, but there are no new
physical ideas.

Since the position of the maxima and minima of the interference depends on the wavelength, the
picture is in color. In this regard, the most accurate measurements can be obtained with a high degree
of polarization and monochromaticity light. It is best used for this purpose in the laser radiation.
Photoelasticity method is widely used for study of the formation of cracks and the calculation of stress
intensity factors. In this pattern is symmetric about the direction of the crack.

We note that on the right side of the equation there are no parameters to be measured on the material
whose technical state is being graded except cox, which is included only in the second term. The
authors do not indicate how such a complex mathematical equation was obtained, but it does not
matter, as this term has one dimensional and three dimensionless quantities. Therefore, the entire
expression is incorrect. Stress o on the left side of the equation is similar for all points located in front
of the crack, but its distribution is determined.

Thus, we see that with the complexity of the calculations the forecast of the specific device technical

condition cannot be done.
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Figure 1.4 [1.19] shows another method for calculating the stress

intensity factor and the formula is below.

Figure 1.4 [1.19]

oo Tear (o, Jeos 0,70 Jes oo ]
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Numerous such examples could be given. It is impossible to

assess which one is more accurate. The complexity of this or another formula is not the major danger
in judging the residual life of technical facilities at the modern level of computing technology.

Formulas for the flight of vehicles to the Moon are not less complicated. However, corrections of
their parameters may be introduced during the flight. In fracture mechanics, such a procedure is not
possible, because in the final formula there are no measured physical parameters.

An analysis of computer programs designed to calculate the SIF is carried out in [1.19].

Maxwell was unable to photograph the chromatogram and quantify the distribution of intensity in it.
However, plotting the location of the maxima and minima of the interference of polarized rays on the
basis of experiment, he solved a problem which has not lost its scientific and practical value. Moreover,
it can serve as an excellent illustration of ingenious solutions using simple but rigorous scientific
methods.

P. L. Kapitsa, in an article on the memoirs of Rutherford [1.20], quoted original 18™ century Ukrainian
Philosopher H. Skovoroda, to emphasize the brilliant simplicity of his solutions: "We should be
thankful to God that he has created the world so that all that is simple is true, and the entire complex
is not true."

The review article by Mao-homg Yu [1.12], is devoted to the 20" century's success in the development
of the theory of strength of materials under complex loading. He notes that in the 20th century about
a hundred of theories of strength were proposed, which he divided into three categories according to
the number of parameters. He shows tens of strength criteria, including for different materials, and
cited Timoshenko's statement about Maxwell.

A review [1.21] on the problem of steel fluidity was published in 2010. It presented 29 criteria of
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fluidity. Some authors or groups of authors suggested up to five different criteria; they publish them
every 2-3 years. A review of K. Osakada [1.15] was published in the same (2010) year.

The analysis of these publications shows that none of the cited works attempted to explain what are
the two areas which Maxwell wrote about, which is the mechanism of accumulation of energy. The
theory of strength, ductility and fluidity is considered new if it proposes a new combination of principal
or shear stresses, the elastic modulus, Poisson's ratio and bias, but there are no new physical ideas.

So Maxwell, exploring of the character of formation of the interference pattern of polarized rays,
concludes that the nature of the the potential energy formation uder mechanical and thermal of solid
bodies deformation is not due to mechanical, and not even thermal, reacting of molecules.

Such a brilliant prediction was made before the electron has been discovered, developed the electronic
theory of solids, quantum-mechanical nature of the bond of atoms and molecules established.
Moreover, Maxwell had not yet formulated the equations of electrodynamics.

It makes no sense to blame Maxwell that his prediction did not become the subject of careful study.

1.4. Richard Feynman and the shuttle "Challenger" disaster

Nanotechnology is one of the most important areas of technological progress of the 21st century. It
originated through the work of theoretical physicist Richard Feynman. Realization of his ideas about
how to manage the behavior of individual atoms in a small volume has been made possible thanks to
the fact that, firstly, the hypothesis was based on a thorough understanding of the laws of nature;
secondly, it has been confirmed experimentally.

Feynman, of course, knew about Maxwell's research, in particular in establishing the foundations of
electrodynamics. This is evidenced not only by the fact that he was one of the authors of quantum
electrodynamics, but also the simplicity of exposition of this section in "The Feynman Lectures on
Physics." The simplicity of exposition, however, did not reduce the scientific level. Moreover, the
Feynman lectures initiated a change in the traditional exposition of high school physics courses.

The first lecture [1.22], does not begin with mechanics as it was made before Feynman, but with the
physical picture of the world. Feynman points out that the basis of the modern physical picture of the
world makes the atomic hypothesis "... (You can call it not a hypothesis, but a fact, but it does not
change anything): all bodies are composed of atoms of small particles, which are in constant motion,
drawn at a short distance, but are repelled, if one is held tightly to the other. This sentence, as you
have seen, contains an incredible amount of information about the world, if only to make it a little bit

of imagination and ideas." (Emphasis added by Feynman).
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This lecture was delivered by Feynman little more than year after the lecture "Downstairs there is still
a lot of room," in which he laid the foundation of nanotechnology. Feynman, as well as Maxwell,
being a theoretical physicist, preferred experience. "The principle of science is almost its definition, it
is in the following: the touchstone of all our knowledge is experience. Experience, Experiment is the
only judge of scientific "truth." (Emphasis added by Feynman).

Although the works of Feynman do not cover such a wide range of problems in physics as the works
of Maxwell, he was one of those who had to solve technical problems related to the creation of the
atomic bomb, and took part in the commission investigating the causes of the space shuttle
"Challenger" disaster, which happened on January 28, 1986 after 73 seconds into the flight, which led
to the death of all seven crew members.

Invitation to participate in the commision to investigate the causes of shuttle “Challenger” disaster
was unexpected for him, because he never has been engaged in similar problems, including problems
of strength and fracture mechanics. But precisely Feynman found the cause of the disaster, although
he never built a rocket and was not engaged in their operation.

In this regard, a careful study of his research is particularly important. Just as in the behavior of a few
atoms Feynman saw all this in common, that led to the creation of a new branch of engineering he
demonstrated in this example that the total that must be taken into account when investigating the
causes of any disaster. He never wrote about atoms, the laws of physics, but based on the knowledge
of these laws.

He shows that search for solutions to security problems should be based on an analysis of the physical
processes that lead to disaster.

The next section is devoted to the problem of the human factor, which occur as a result of man-made
disasters. Analysis of the causes of the disaster must be only objective, but this often prevents the
human factor. Feynman understood this like no other.

It is important to note a very important detail: Feynman to participate in the Commission invited the
head of NASA Mr.V. R. Graham, previously listened to his lectures. The invitation was made by
Feynman, despite the fact that the Commission has already had three physics, space-related activities.
This indicates that the head of NASA was interested in an objective assessment of the causes of the
disaster.

Feynman was already world-renowned scientist, Nobel laureate when he took part in a commission
to investigate the causes of the of the shuttle "Challenger" disaster. Commission headed by a prominent

politician William P. Rogers, who was formerly the Attorney-General, then U.S. Secretary of State.
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Between Feynman and Rogers disagreement arose as the commission's report. Feynman's report was
included in the commission's report only as an application. Feynman wrote that the majority of the
committee members do not read it. These differences determined for the different approaches to the
problem.

Search for truth was for Feynman goal of his life, while Rogers remained a politician. For him it was
important, even in this case, to save the honour of the regiment. I quote of Feynman to my charge will
be not unfounded.

«While I'm in the middle on my list, a secretary comes in with a letter for Rogers to sign. In the
interim, when I’ve just been shut up and I’'m waiting to come back, various other commission members
offer to work with me. Then Mr. Rogers looks up again to continue the meeting, but he calls on
somebody else- as if he’s absentminded and forgot I’d be interrupted. So I have get the floor again,
but when I start my stuff again another “accident happens.

In fact, Mr. Rogers brought the meeting to a close whele I was in midstream! He reppited his worry
that we’ll never realy figure out whot happened to the shuttle.

This was extremely discouraging. It’s hard to understand now, because NASA has been taking at least
two years to put the shittle back on track. But at the time, I throught it would be a matter of days.

I went over to Mr. Rogers and said, “We’re going to Florida next Thursday. That means we’ve got
nothing to do for Jive days: what’ll do for five days?”

“Well, what would you have done if you hadn’t been on the commission?”

“I was gouing to Boston to consult, but I canceled it in order to work 100 percent.”

“Well, why don’t you go to Boston for five days?”

I couldn’t take that. I thought, I’'m dead already! The goddamn thing isn’t working right.” I went to
my hotel, devastated.

Then I thought of Bill Graham, and called him up.

“Listen, Bill,” I said.” You got me into this; now you’ve gotta save me: I’'m completely depressed; I
can’t stand it.”

He says, “What is the matter?”

“I want to do something! I want to go around and talk to some engineers!”

He says, “Sure! Why not? I’ll arrange a tripp for you, you can go wherever you want: you could go
to Johnson, you could go to Marshall, or you could go to Kennedy...”

Every self-respecting professor of physics at the University necessarily recommend to his students to

read the work of Feynman "Surely You're Joking, Mr. Feynman!" The final part of this book is a study
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of the Challenger disaster, which he called "What Do You Care What Other People Think?”

But physicists are rarely interested in the problems of disasters, while specialists occupying the
problems of strength and fracture have not been paying attention to this Feynman’s investigation.

Feynman's report on his work to determine the causes of the space shuttle disaster is an excellent tool
for all those involved in the problem of disasters. By his example, he showed the importance of
understanding the physical processes in order to prevent a catastrophe. The main cause of the accident
was a gas leak, due to the change of elasticity of a rubber seal at lower temperatures. To confirm this
conclusion, at a meeting of the Commission Feynman demonstrated a simple experiment, dropping a
piece of rubber seal in a glass with ice.

Modern theorists do not conduct physical experiments, as did Newton and Maxwell. Quantum
electrodynamics, one of the founders of which was Feynman, nanotechnology, him predicted, and this
simple experiment suggest uncommon potential of Feynman, as a scientist, plans to "correct one
experiment", mentioned by Maxwell.

Spacecraft is unthinkable without computers. Of course, that modern computers are greatly exceed
those that control the flight of the shuttle "Challenger". But today there are spacecraft accidents.
Consequently, the analysis of the flight control computers shuttle Challenger conducted Feynman,
remains relevant.

NASA chief was not mistaken, drawing Feynman to investigate the causes of the space shuttle
"Challenger" disaster. Feynman was not only found the cause of the disaster, but also pointed out the
mistakes that allowed both the design and analyzing the causes of the disaster.

Feynman wrote: "Mr. Weeks showed me pictures on previous flights-what the engineeres called

“blowby,” a blackening behind an O-ring where hot gas leaked theough, and what they colled
“erosion,” where O-ring had burned a little bit. There was a chart showing all the flighrs, and how
serious the blowby and erosion were on each one. We went through the whole history up to #%e flight,
51-L.

I said, “Where does it say they were ever discussing the problem-how it’s going along, or whether
there’s some progress?”

The only place was in the “flight readiness reviews”-between flights there was no discussion of the
seals problem!

We looked at the summary report. Everything was behind little bullers, as usual. The top line says:

e The lack of a good secondary seal in the field joint is most critical and ways to reduce joint rotation

sould be incorporated as soon as possible to redice criticality.
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And then, near the bottom, it says:

e Analysis of exsiting data indicates that it is safe to continue flying existing design as long as all
joints leak checked with 200 psig stabilization...

I was strack by the contradiction: “If it’s ‘most critical,”how could it be ‘safe to continue flight’?
What’s the logic of this?” ...

We went back trough the report and fouhd the analysis. It was some kind of competer model with
various assumptions that were not right. You know the danger of computer, it is called GIGO:
garbidge in, garbidge out! The analysis concluded that a little unpredicatible leakage here and here
could be toleranted, even though it wosn’t part of the original design.” (Italics supplied).

Information about the behavior of atoms, including at the nanoscale, which we have 26 years after
the Feynman’s publication, allows us to make an extremely important conclusion.

Computer software designed to monitor physical processes and managing will be correct only if as
input and output data used those physical parameters, the relationship between them is expressed by
the equations arising from the laws of conservation of energy, momentum, angular momentum, and
electric charge.

The next section, which is given by Feynman, reads as follows: “If a// the seals had leaked, it
would have been obvious even to NASA that the problem was serious. But only a few of the seals
leaked of only some of the flights. So NASA had developed a peculiar kind of attitude: if one of
the seals leaks a little and the flight is successful, the problem isn’t so serious. Tray playing Russian
roulette hat way: you pull the trigger and the gun doesn’t go off, it must be safe to pull the trigger
again...”

Feynman could clearly see the difference between random and patterns of physical phenomena. In
this phrase, he warned about the dangers of mathematical extrapolation.

He writes: “It appears that there are enormous differences of opinion as to the probability of a failure
with loss of vehicle and of human life. The estimates range from roughly 1 in 100 to 1 in 100,000. The
higher figures come from working engineers, and the very low figures come from management. What
are the causes and consequences of this lack of agreement? Since 1 part in 100,000 would imply that
one could launch a shuttle each day for 300 years expecting to lose only one, we could properly ask,
“What is the cause of management's fantastic faith in the machinery?”

Perfectly be able to use mathematical apparatus Feynman warned that "A mathematical model for
calculating the erosion was not based on the physical sense, but on empirical curve approximation.

He wrote: “I am constantly asked not to show me the mathematical equation, but to explain the
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physical meaning.”

Let me draw attention to one feature of the analysis of experimental data about which Feynman wrote:
“A mathematical model was made to calculate erosion. This was a model based not on physical
understanding but on empirical curve fitting. To be more detailed, it was supposed a stream of hot gas
impinged on the O-ring material, and the heat was determined at the point of stagnation (so far, with
reasonable physical, thermodynamic laws). But to determine how much rubber eroded it was assumed
this depended only on this heat by a formula suggested by data on a similar material. A logarithmic
plot suggested a straight line, so it was supposed that the erosion varied as the .58 power of the heat,
the .58 being determined by a nearest fit. At any rate, adjusting some other numbers, it was determined
that the model agreed with the erosion (to depth of one-third the radius of the ring). There is nothing
much so wrong with this as believing the answer! Uncertainties appear everywhere. How strong the
gas stream might be unpredictable, it depended on holes formed in the putty. Blowby showed that the
ring might fail even though it was only partially eroded. The empirical formula was known to be
uncertain, for it did not go directly through the very data points by which it was determined. There
was a cloud of points some twice above, and some twice below the fitted curve, so erosions twice
predicted were reasonable from that cause alone. Similar uncertainties surrounded the other constants
in the formula, etc., etc. When using a mathematical model careful attention must be given to
uncertainties in the model.” (Italics supplied).

“I went to Professor Bacher and told him about our success, and he said, "Yes, you come out and say
that the neutron-proton coupling is V instead of T. Everybody used to think it was T. Where is the
fundamental experiment that says it's T? Why don't you look at the early experiments and find out
what was wrong with them?"

I went out and found the original article on the experiment that said the neutron-proton coupling is T,
and I was shocked by something. I remembered reading that article once before (back in the days when
I read every article in the Physical Review-it was small enough). And I remembered, when I saw this
article again, looking at that curve and thinking, "That doesn't prove anything!"

You see, it depended on one or two points at the very edge of the range of the data, and there's a
principle that a point on the edge of the range of the data-the last point- isn't very good, because if it
was, they'd have another point further along. And I had realized that the whole idea that neutron-proton
coupling is T was based on the last point, which wasn't very good, and therefore it's not proved. I
remember noticing that!”

Crack formation and destruction occur as a result of stimulated emission. Emission time is much
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less time to accumulate energy. This is the ‘last point’, which can be fixed only in the femtosecond
range. But precisely this point which characterizes the crack tip is a key element of fracture mechanics.
Let us agree with Feynman that "That doesn t prove anything."”

The problem of reliability of any element of the structure or device is important in both the design
and operation. Particular attention should be given to those elements whose destruction leads to
disaster. Feynman has repeatedly analyzed it as in the main part of his research, as well as in Appendix
F: Personal Observations on the Reliability of the Shuttle.

“This is a strange use of the engineer’s term ‘safety factor.” If a bridge is built to withstand a certain
load without the beams permanently deforming, cracking, breaking, it may be designed for the
materials used to actually stand up under three times the load. This ‘safety factor’ is to allow uncertain
excesses of load, or unknown exstra loads, or weakensses in the material that might have unexpected
flaws, et cetera. But if the expected load comes on the new and crack appears in beam, this is a failure
of the design. There was no safety factor at all, even through the bridge did not actually collapce
because the crack only went one-third of the way through the beam. The O-rings of the solid rocket

boosters were not designed to erode. Erosion was a clue that something is wrong. Erosion was not

something from which safety could be inferred.

There was no way, without full understanding, that one could have confidence those conditions the

next time might not produce erosion three times more severe that the time before. Nevertheless, officials

fooled themselves into thinking thay had such understanding and confidence, in spite of the peculiar

variations from case to cace.”

The conclusion drawn by Feynman, highlighted by me. It is particularly important to determine the
causes and precursors of disaster, which will be discussed below.

Conclusions have been made about the disaster, ends with the words: “Let us make recommendations
to ensure NASA officials deal in world of reality, understanding technological weaknesses and
imperfections well enough to be actively thying to eliminate them. They must live in a world of reality
in clmparing the costs and utility of the shuttle to other metods of entering space. And they must be
realistic in makimg contracts and in estimating the costs and difficulties of each project. Only realistic
flight schedules should be proposed-schediles that have a reconable chance of beeng met. If in this
way the government would not support NASA, then to be it. NASA ownes it to the sitizens from whom
it asks support to be frank, honest, and informative, so that these sitizen can make the wisest decisions
for the use of their limited resources.

For a successful technology, realiy must take precedence over public relations, for Nature cannt be
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fooled.” (Italics supplied).

Ivestigation of the causes of the shuttle disaster, made by Feynman, is particularly important. It is
due, firstly, that Feynman, like Newton, Maxwell and Einstein, perfectly be able to use mathematical
apparatus favored physics of the process, without understanding that formula or computer program is
meaningless. Secondly, the mathematical model can only help to control the process and properly
manage them when the formula used in it, experimentally proved, used in them only the physical
parameters and the results do not contradict the laws of conservation. Third, the mathematical
extrapolation or interpolation must take into account the qualitative change in the properties of objects
with composition and structure change.

Ideas of Maxwell and of Feynman created by them theories form the basis of modern physics, and
hence of modern science and technology.

Currently was published a great number of textbooks devoted to the problem of strength. However,
one gets the impression that the works of Maxwell and Feynman on this problem remained unknown
to authors of these benefits. Currently was published a great number of textbooks devoted to the
problem of safety. However, the impression arose that the works of Maxwell and Feynman on this
problem remained unknown to authors of these learning aids.

We consider the well-known book by Landau and Lifshitz [1.24] and the work of Han [1.25], designed
for engineers, experts in the theory of elasticity and students of universities and colleges for a brief
analysis.

The analysis of Maxwell’s studies devoted to the problem of elasticity, is limited in [1.24] to
mentioning the idea of the Maxwell relaxation time. A great place it is paid to the basic equation of
elasticity, however the equation proposed by Maxwell, it is not considered.

The difference between the basic equation of elasticity proposed by Maxwell, from equations
suggested earlier, fully described Maxwell himself.

“The investigations of Leibnitz, Bernoulli, Euler, Varignon, Young, La Hire, and Lagrange, are
confined to the equilibrium of bent rods; but those of Navier, Poisson, Lam and Clapeyron, Cauchy,
Stokes, and Wertheim, are principally directed to the formation and application of the general
equations....

I have found no account of any experiments on the relation between the doubly refracting power
communicated to glass and other elastic solids by compression, and the pressure which produces it;
but the phenomena of bent glass seem to prove, that, in homogeneous singly-refracting substances

exposed to pressures, the principal axes of pressure coincide with the principal axes of double
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refraction; and that the difference of pressures in any two axes is proportional to the difference of the
velocities of the oppositely polarized rays whose directions are parallel to the third axis. On this
principle I have calculated the phenomena seen by polarised light in the cases where the solid is
bounded by parallel planes.

In the following pages I have endeavored to apply a theory identical with that of Stokes to the solution
of problems which have been selected on account of the possibility of fulfilling the conditions. I have
not attempted to extend the theory to the case of imperfectly elastic bodies, or to the laws of permanent
bending and breaking. The solids here considered are supposed not to be compressed beyond the limits
of perfect elasticity.”

Analysis of Maxwell's works indicates that in the study of strength he went much further than his
predecessors. Moreover, he used the equation to solve problems such as the effect of temperature,
deflection and rotation. Unfortunately, do not know that not only students but scientists also.

Make a few remarks about the work [1.25].

In it also does not mention works of Maxwell, cited above.

Han writes that: “The physical content of the theory will always be placed on the front and not
darkened by mathematical formalism.” However, he immediately rejects this approach to address the
problems of strengthby claiming: “Description of deformed solids and liquids is a purely geometrical
problem and does not depend from the behavior of the material. He further clarifies that ... the character
of the forces generated in the deformed body does not depend on the material properties.”

As is known, the number of laws of classical mechanics, where ares built the basis of solid state
theory is small. At the same time, we read: “Since there are so many different materials, it is thinkable
many physical laws that can describe a particular behavior of materials under a variety of conditions.
Although it would be desirable, however, to establish a universal physical law, which could be
uniformly describe the mechanical behavior of materials, it is impossible.”

This study is intended in order to refute such conclusion.

1.6 The human factor and the laws of nature

The well-known researcher of natural and man-made disasters Lee Davis, believes that the main cause
of man-made disasters is the human factor, caused by stupidity, carelessness, greed. Manifestation of
the human factor can be summarized as a disregard for the objective laws of nature. But there is a
fourth factor, lack of knowledge of the laws of nature, which leads to errors in the design of engineering

structures and devices, their operation, technical condition assessment the wear and prediction the
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remaining life. Only in strict accounting laws of nature, leading to the destruction of man-made
disasters, the catastrophe can be prevented.

It was found that even when such laws are disclosed, the human factor is not reduced. It manifests
itself in an effort to maintain personal or corporate interests, or to evade responsibility for the rules of
design or operation of engineering structure or devices violation.

In any state a man has no right to violate the laws of that state, citing their lack of knowledge. These
laws are not objective, because they take people. They can be canceled or changed. Objective laws of
nature can neither be changed nor canceled. However, not all the laws of nature are known to mankind.
A person may not take into account the factors that are unknown to science. A striking example is the
lightning. Millennium lightning killed people and animals, destroy buildings, set fire to forests and
fields, causing fear. The man was helpless before it, considering it a divine punishment. But an
American politician and public figure, Benjamin Franklin, not knowing that he was risking with his
life launched a kite in a thunderstorm cloud and pulled an electric spark from the filament. Russian
scientist Richman, repeating his experience, was killed.

Franklin invented the lightning rod, which save humanity from lightning strikes. But the main
opponent of the lightning rod was the Catholic Church, although most lightning struck the cathedrals
and churches. Over 33 years in the 18" century in Germany were burned or destroyed 400 bell towers,
killing 120 bell ringers. Bell tower restored, but lightning destroyed them twice and even three times.
Only after that the decision was made to equip churches, cathedrals, bell towers with lightning rods.

It is well known that on October 31, 1992, Pope Johannes Paul II after 359 years has publicly
acknowledged that the court of inquisition in the case of Galileo Galilei was a mistake and restored its
status as a true son of the Catholic Church. This act is of historic importance for both religion and
science. This i1s meant the recognition of the church that the human factor should not prevail over the
objective laws that are open, but had not previously been known to mankind. Newton, Maxwell, like
Galilei, sought to move away from religious dogma, but did not break with the idea of God. Einstein
sought to create a unified field theory, but did not reject the idea of the Creator.

The decision of the Pope Johann Paul II has recognized that the objective laws of nature are ordained
by the Creator before they became known to man.

This allows the Catholic Church to use all the discoveries of science; in addition, it shows the danger
of manifestations of the human factor called esprit de corps (defense of the honor of his uniform).

This factor is shown on the stage of investigating the causes of the disaster in order to conceal the

true cause and the real perpetrators.
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We have already told about the Feynman investigation of the causes of the space shuttle “Challenger”
disaster.

Here is another example.

April 26, 1986 Chernobyl disaster occurred, the cause of which has been the human factor. Gross
violations of operating rules were committed. There was a destruction of the reactor, in which one
person died. But the Ukrainian government has hidden the scale of the disaster and the danger of its
consequences. More than a day the town Pripyat population is at increased radiation exposure. First
of May, a demonstration was held in Kiev, which by tens of thousands of people was demonstrated
who do not know about the dangers of, and subject their children to radiation. In the first two months
after the accident died from radiation sickness 28 people. Total radiation sickness killed more than
5000 people.

Another manifestation of the human factor is conservatism, fear of the new.

According to the figurative expression of the great French mathematician, theoretical physicist,
engineer, and a philosopher of science Henri Poincare, "every idea is destined to only a moment of
triumph from infinity when it is considered impossible to infinity, when it is considered trivial."

Idea becomes trivial when the hypothesis, even fantastic, finds convincing experimental
confirmation. Often, new ideas, even experimentally validated, highly promising, met stiff resistance
to their introduction. T.A. Edison patented more than a thousand inventions, considers AC dangerous
invention, strongly hindering its implementation in industry. N. Tesla invented the high-frequency
generator, showed himself to safety by electrical discharges that exceed meter. Only after that AC
began its triumphal march.

There are many examples of great ideas, the most striking of which is the atomic hypothesis, which
was experimentally confirmed after two millenniums. Feynman considered this hypothesis as the most
important discovery of mankind. His idea of the possibility of controlling individual atoms was
experimentally confirmed in thirty years. From this experiment begins nanotechnology.

The problem of more accurate assessment of the technical condition and remaining life of structures
and devices, with all urgency to prevent man-made disasters can be solved not only in the scientific
recognition of good ideas or methods, but with the financial support of major financial corporations,
state, multiple states simultaneously. But to do this, first of all it is necessary that it has the desire and
political will, in fact, the adoption of appropriate laws.

In almost all states, on the death of one person criminal proceedings are instituted. This means that

the death of one person is recognized as man-made disaster.
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1.6. Sources of energy and failure criterias

1.6.1. Photoelasticity and energy absorption

The problem of the energy source, the mechanism of its accumulation and radiation is the key to any
physical theory, including the theory of strength and fracture.
As shown above, Maxwell considers two types of potential energy (1.2), (1.3) and the failure criterion
(1.4). In this case, we recall that the nature of accumulation of energy is due to the transformation of
energy from external stresses into some other non-mechanical form of energy, which was unknown to
him. Of course, Maxwell did not know about the energy due to the transition of electrons in the atom.
He did not know about the Bauschinger effect, which was discovered later.

Birefringence, i.e. refractive index due to anisotropy, he associated with deformation, including the
residual stress. It can be assumed that he knew of the Bouguer-Beer-Lambetra law, but the relationship
between the absorption of light and its refraction was established in the electronic dispersion theory,
which Maxwell could not know. However, we're not speaking of the year 1880, when articles by G.
A. Lorentz [1.27] and L. Lorenz [1.28] were published, but about the 21st century. Note that these
works have become a link between Maxwell’s theory and the quantum theory of light dispersion.

In this connection it is necessary to say that birefringence is determined by anisotropy, while at the
same time serving as the basis for the conclusion about the distribution of stresses, including residual
stress, whereas the accumulation of energy is determined by its absorbence.

To show the difference between these two phenomena, we restrict ourselves to the electron theory of
dielectric dispersion. Note that the absorption of electromagnetic waves by metals is different.

According to the electron theory of dispersion the refractive index n=n"-in", where i-is an imaginary
unit, n'=Ren is the real part, which is called the real refractive index, n"=Imn is an imaginary part,
describing the attenuation of electromagnetic waves, including their absorption. Parameter oy,
determined by the properties of the material, has the dimensions of frequency and is called formally
plasma frequency. wo is the natural frequency of an electron in an atom, o is the frequency of the
incident electromagnetic wave, and the parameter y describes the damping, since the electron emits
the energy and vibrations are damped.

Content authors often use the same letter designation of different parameters. We follow the authors'
versions of the formulas, explaining them every time.

The behavior of electrons in an atom or a solid can only be described by quantum mechanics. In fact,
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an electron after absorbing energy jumps on a different orbit. Only in a certain case, the energy radiated
is equal to the energy that is absorbed. Such radiation is called the resonance fluorescence. Most often,
an electron is transferred to an intermediate orbit, where it can stay from a fraction of a second to
several years. This state of an atom is called metastable. These atoms determine the accumulation of
energy, the radiation of which leads to the heating and rupture of bonds.

Thus, the study of photoelasticity gives only a qualitative understanding of where and how

much energy is accumulated.

1.6.2. Surface energy and the Griffith criterion

The birth of fracture mechanics, admittedly, is Griffith’s work, published in 1921 [1.29]. Hundreds
of books, dozens, perhaps hundreds of thousands of articles, reports, and manuals have been devoted
to this issue. There is no point in writing about the progress that has been achieved. However, his
proposed energy criterion of destruction of a cracked body needs to be revised.

An extremely brief overview of progress of development of ideas of quantum mechanics is needed
in order to demonstrate the main drawback of fracture mechanics (FM): attempts to describe the
behavior of atoms causing cracking and collapse only with the help of classical mechanics.

The condition of the crack is represented by Griffith with the equation
0
a(\'\/ -U) =0 (L.6),

where W is the strain energy, U is the potential energy of the surface with a crack, per unit of thickness,
and / is the crack half-length. In accordance with this
U=4ly (1.7),
where y is the specific surface energy of fracture (in Griffith this is the surface tension).
The external stress 6, causing the formation of a crack, is connected with its length /, Young's modulus

E, Poisson's ratio 4 and y by the following formula:

Equation (6) can be written as:

oW aU
=9
a~a

where it follows that the crack will grow only in the case when
oW _ ouU

—>— (10),
al al (10)
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1. e. the rate of absorption of elastic energy at the crack tip must exceed the growth rate of the surface
energy.

According to Griffiths, this situation occurs only at a certain (critical) crack length. Cracks whose
length is less than the critical value does not lead to destruction.

Let’s point out some peculiarities of this work

1. Griffiths considers crack formation as a break between the molecules, assuming that the potential
energy accumulated in the deformation process exceeds the energy which is necessary to form the two
surfaces.

Considering that the interaction of molecules on opposite sides of the crack is small, except for its
end, Griffiths believes that the mathematical theory of elasticity allows the accurate determination of
stress in all areas of the body beyond the surface of the crack, which are considered to be free.

2. Surface energy due to the surface tension per unit area of the material is taken to be constant.
As abasis of research, Griffiths accepted a molecular theory of strength and the C. Inglis work, devoted
to the problem of stress concentration near the crack.

3. There is a sub-critical crack size at the end of which there is no energy input. For some external
stress o, elastic energy reaches a level at which it arrives at the end of the crack.

4. There is no doubt that this work, which examined the fracture energy, significantly changed
the understanding of the physical processes of destruction.

o. Work was done before the works of Heisenberg and Schrodinger, before the principles of
quantum mechanics were formulated. Griffiths does not use the already-known hypotheses related to
the problem of resistance, relying on intuition. However, the energy parameters introduced by him are
largely rejected in modern physical theories. Of course, the energy of the surface is not related to
surface tension, but it is constant for the material, as conditioned by the atomic binding energy.

6. As an energy source of destruction, Griffiths considers the elastic energy of the deformed body.

This idea is generally accepted in FM so far, and we shall return to it below.

1.6.3. Disadvantages and mistakes of fracture mechanics

Fracture mechanics is based on the concept of a continuous medium, limited to 10-6 m. This has led
to the fact that the successes of modern physics and experimental techniques are used insufficiently or
not at all. Note that in recent years there has been great interest in the formation of cracks in

nanoobjects. We’ll consider these works separately.
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From the point of view of the modern picture of the physical world, matter is the only continuous
medium that exists in the form of a substance or field. The difference between them is due to the fact
that the rest mass of the particles that form substance is non-zero, while the rest mass of the particles
that form a field is theoretically zero. The quantum particle of the electromagnetic field is the photon.

It is experimentally established up to 22 decimal places that the rest mass of photon is zero. The
absence of a charge in a photon is confirmed experimentally up to 33 places. A fundamental law of
physics is the relationship between mass and energy. The interaction of photons and atoms is described
by quantum electrodynamics, which is recognized as the most accurate theory.

Physics has always been the basis of technology. An analysis of the current situation showed that
fracture mechanics, on which we base our methods of predicting technical condition and assessment
of remaining life span, is 50 years behind in its development. It does not use the scientific potential
associated with new physical theories: quantum electrodynamics, coherent chemistry, and quantum
electronics. The bases of modern physics are four laws of conservation and four fundamental
interactions. We confine ourselves to the law of conservation of energy and the electromagnetic
interaction. To describe the mechanism of metal hardening and its destruction, four particles are
enough: the ion, electron, photon and phonon, which have quantum properties.

Unfortunately, neither in science nor in the technical literature on the problems of security, are there
words like atom, ion, electron, and the electromagnetic interaction.

As mentioned above, the main problem of any physical theory is the problem of the source of energy.
FM comes from the fact that the main source of energy, which may be sufficient for crack formation
or damage, is elastic energy due to the stress state.

Let us analyze the possibility of energy concentration of a stressed state.

The problem of destruction is closely linked to the problem of strength. We confine ourselves to the
fourth energy theory of strength, the theory of the maximal specific potential of energy forming.

Distortion energy is expressed through the main ox, gy, 0, and shear stresses x, Ty, 7z by the formula:

U, :1;;—'5#[((7X —o-y)2 +(o,-0,)’ +(o, —02)2]+%(r5y +72 +r§z) (1.11),

where E isYoung's modulus, G is theshear modulus and p is Poisson's ratio.
An increase in potential energy and its long-term storage is possible, if the nonlinear deformation of

the position of the atoms is changed so that the repulsive forces are increased.
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The interaction between two atoms is described by the potential
curve shown in Figure 1, at which point 1.0 on the axis of the
relative distance between the atoms corresponds to equilibrium
between the forces of repulsion and attraction. The repulsive
forces are increasing much faster than the attractive forces if,

under the influence of external forces, the distance between atoms

T decreases. At present there are several formulas for the
' 5 o . : :
Figure 1.5 determination of the interaction potential. One of the most

common formulas proposed by Lennard-Jones is

oo 2]

Where the force of interaction is from

F—_dY_ 245[2(5j —(EJ } (13).
dr r r r

where 7 is the the distance between the centers of the particles, ¢ is the potential well depth, and o is

12
: . : . . o . :
the distance at which the interaction energy is zero. The first term (—j describes the repulsive force;
r

6

o ) )

the second term (—J describes the attractive force.
r

According to this formula, the repulsive force increases in the thirteenth degree, while the attractive
force only in the seventh and the balance must be broken. But this does not happen. Consequently, for
some reason the attractive force has risen. In fracture mechanics there is no explanation of this fact
because there is no conception of the interatomic bonding nature.

In contrast, such a representation exists in quantum mechanics. Heitler and London developed a
theory of the covalent bond in 1927. F. London publishes in 1930 the theory of dispersion forces. The
interaction energy of atoms or molecules he expressed by the formula

B 1930 ®. JloHmoH myOnuMKyeT TEOpHI0 UCIIEPCHOHHBIX CHJI, COTJIACHO KOTOPOW DHEpPTrus
B3aMMOJICHCTBHUS aTOMOB UJIH MOJIeKy U BbIpa)kaeTcsl 4epe3 pacCTOsSTHIE MEKIAY HUMHU 7, TOTEHIIUAIIBI
WOHM3AIMH /1, 2, TOIAPU3YEMOCTH o1, 02 HOPMYIOIA:

_ 3lLLaa,

_m.(l.M)

where 7 is the distance between atoms or molecules, /1 and /> is the ionization potential and a1, a2 1s
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polarizability.

This means that the new equilibrium state, corresponding to a higher potential energy, is due to some
changes in the interaction of atoms (ions).

The energy state of an atom is due to the number of electrons in its shell and their location. A change
in the energy state of the atom occurs upon absorption or emission of a photon, in which an electron
moves from one energy level to another. The maximum change in the energy state is due to the
additional ionization of an atom or ion-electron recombination.

Thus, with decreasing distance between the atoms there is an increase of the potential energy of two
types: 1) the elastic energy, which can be considered analogous to the change in volume, 2) a change
in the energy state of the atoms. To determine if this energy can be attributed to the energy

It is known that atoms (ions, molecules) vibrate and their energy is determined by temperature. It
does not depend on whether a given area is in a state of stress or not.

During operation, chemical reactions (corrosion) may occur between the chemical elements of a
material or with environmental elements, in which energy is emitted.

Therefore, the energy of all types of external influence will be distributed between the four types of
energy in the solid.

Let us estimate the energy ratio between them.

1) It was established experimentally [1.30] that under thorough compression at a stress of 700
MPa the elastic energy stored in 1 m? of spring steel (7800 kg), containing 8.50- 10%® atoms, is 1 *10°
J=1.60 '10% eV. Consequently, there is 1.18 -102* J/atom or 1.88°10"*eV/atom.

2) It was established experimentally [1.31-1.34] that two peaks of light radiation with energy 1.7
and 2.14 eV were observed during spalling destruction of the crack surface of copper. But in silver
spalling photons with energy of 4.08 eV was observed.

This means that crack formation happened with the participation of the energy of the excited atoms.
Indeed, during the second breakaway the brightness of luminescence increased by 2-3 orders of
magnitude. A similar phenomenon occurs in previously deformed metal.

3) The energy of thermal atomic vibrations kgt at 7=300 K is 1.3 102 eV/atom.
4) The energy of Fe>O3 formation (corrosion) is 8.83 eV/atom, Al,O3is 17.36 eV/atom.

Let’s us summarize. 1) Elastic energy is minimal. It is an order of magnitude lower than the energy
of vibrational motion at room temperature. When the temperature is lowered the ratio changes, and
this leads to embrittlement. But the elastic energy of a single atom is much less than the binding energy

between the atoms.
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For example, the iron binding energy of atoms is 4.29 eV. So the binding energy is four orders higher
than the elastic energy: (4.29:1.88 10#=22,819). This means that to break one of the interatomic bonds
the energy of tens of thousands of atoms should be focused at the same time between the two elemental
cells. The mechanism of this phenomenon is absent in nature, whereas the radiation of energy by
excited atoms can be spontaneous or stimulated. This is the basis on which a laser works.

The thermal vibrations of atoms, including fluctuations, cannot lead to cracking or fracture, as they
are spontaneous, incoherent, randomly assigned. The mechanism of energy concentration of the
chaotic undirected thermal radiation in Nature is absent.

The maximum energy of the photons is emitted during metal corrosion, however it does not
accumulate but damages the metal, weakening it. The corrosion process is slow. Destruction may occur
as a result of depressurization, leakage of gas or explosive substance.

Thus, the main source of energy of crack formation or fracture are groups of atoms, where in the case
of nonlinear deformation there is a transition of electrons to higher metastable energy levels.

These groups of atoms are called the domain of destruction. The state of stress is a consequence of
of the domains of destruction formation. After the radiation energy of the domain’s atoms, due to the

transition of electrons to lower levels, the stress state disappears.

1.6.4. Analysis of the number of man-made disasters from a position of fracture mechanics
Let us consider the specific examples of evaluation and testing of a catastrophic failure of structures
or devices. Figure 1.6 shows the pipeline API 5L X46 (Argentina), where in 1998 after 20 years of

operation there appeared a crack whose length was 4.8 m [1.35]. Two windows were cut for the
study. Theoretical study of the experimental results are analyzed with

G o
the Paris-Erdogan formula dN (1.15)%,

where a is the crack length (m), N is the number of cycles of
exposure, C is the factor of proportionality (m/cycle), m is the index,
AK = Kmax-Kmin 18 the change of stress intensity factor (SIF). As a
result of these calculations the following values were obtained:

1. Material: Base, m=6, C=3.818-10""> m/cycle,

2. Material: Weld Salitral, m=5.29, C=3.327-10"'* m/cycle,

icure 1.6 [1.35]

! In the scientific and technical literature, there is no uniformity in the designation of the physical parameters: the same
parameters in different studies are indicated by different letters or different parameters denoted of the same letter.
Designation of each parameter in the equation or formula is explained in order to avoid misunderstandings.



46

3. Material: Weld Alen, m=5.27, C=4.7-10""* m/cycle.

In this article, we are facing the same mindless extrapolation which Feynman wrote about. Remember
that the size of an atomic nucleus is ~ 10> m, the shortest distance between the iron atoms is 2.48
A=2.4810""m.

Modern experimental methods allow manipulating by individual atoms, to determine the distance
between them to a fraction of an angstrom. In connection with this, it is pointless to write about a crack
that is smaller than the size of the atom and is commensurate with the size of the atomic nucleus. The
number 3.818-10"'> m does not mean that the measurements were carried out with such precision. The
resolution of modern tunneling electron and atomic force microscopes does not exceed a few
hundredths of an angstrom, i.e. ~10'? m. To obtain the value of 3.818 - 107! m, under measurements
it is necessary that the resolution of the atomic force microscope has been 4-5 orders of magnitude
higher.

The fallacy of such calculations is that the behavior of atoms in nanoregions can only be described
on the basis of quantum mechanics.

Let me to pay attention to Paris-Erdogan equation (1.15).

The dimension of the left side is meter, but the coefficient C has the same dimension. Consequently,
AK = Kmax-Kmin 1S dimensionless. The materials used in structures and devices are different;
significantly different are their service conditions. However, in the stress intensity factors, these
features are not taken into account. Thus, the use of SIF has no meaning. At the same time, Irvine,
offering a new parameter, proposed by the formula AK = MPa m 2, where m has the dimension of
meters. Hence, the dimension of SIF is Pa m%. Thus, these two formulas contradict each other, but
the formula of Irwin has no physical meaning, since it also has no parameters characterizing the
properties of the material and the conditions of its operation.

As we know, materials science proceeds from the triad: composition-structure-properties. Use of
mathematical equations that do not have a physical meaning to evaluate the technical condition and
remaining life of structures and devices in order to ensure their safe use is, at least, devoid of common
sense.

The rail at the 35 meter section was destroyed by fragments of more than 300 as shown in Figure 1.7

a.
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Figure 1.7 a [1.37]

Here are the main features of this disaster, in which four people died, 70 have been injured.

1. The rail was manufactured in 1995. Mass of the rail was 56 kg/m.

2. Maintenance of the rail was investigated in February 1998 and January 2000, including using
ultrasound. Additional studies were carried out, if necessary, replacement or reconstruction.

3. Intensive spalling took place prior to the disaster. This is evidenced by the fact that cleavage in this
case was as fresh and covered in rust. Fragments of the surface due to spalling, with sizes ranging
between 20 to 35 inches (500 + 900 mm). One of the fragments had the dimensions: length 100 mm,
width 30 mm, depth 3 mm. (See Figure 1.7 b).

4. The cleaved surface has been bright or dark. It is assumed that bright surface is produced by brittle
fracture caused by the martensitic transformation. Nature of the black surface was not analyzed

5. The surface which previously was black sustained intensive corrosion six years later, whereas the
bright surface did not change, as shown in Figure 1.7c.

. This disaster has been the subject of a number of studies, including by the leading research
laboratories in England. However, analysis of the causes of this destruction was done only within the

framework of mechanics.
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Figure 65  Orw of the frachures M 12%m with the

Figure 55 Genwral radl head condition Figure 56 A typical regon of spaling potshed area showing

Figure 1.7 b [1.37]

In the work [1.6] attention has already been paid to the fact that this phenomenon is due to the
difference in the energy structure of atoms forming the fault surface. Atoms on a bright surface are
more highly ionized, or their ionization potential is higher, while the opposite surface have the less

ionized atoms, with higher electron affinity, and easily react with oxygen or other non-metals.

Figare §)  Showing fatipue crack Brough
Figure 62 Showing fatigue crack theough spprovimately 80°% of the rad head
Figure 58 The most southedly fachure spproudenately J0% of the rail head

Figure 1.7 ¢

The catastrophic failure of the I-35 W Bridge, which happened on August 1, 2007 on the Mississippi
River (USA), shows that this phenomenon is not accidental. The 1-35 W Bridge accident and the

location of the rupture are shown on a Figurel.8.
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Figure 1.8 National Transportation Safetv Board Highwav Accident Eeport
NTSB/HAF.-03/03. Washington, DC. Published November 2008.

The analysis of the causes of destruction, as it follows from the report of the state commission made
by the finite element method. Correctly identifying the cause of the accident, using only the methods
of mechanics, is impossible.

The finite element method is a mathematical program that is done by computer. Here it is appropriate
to recall Feynman's warning that a computer program is not always correct. In this case, first, it is
based on the fact that the main source of energy is a state of stress. Second, it is designed to calculate
the stress distribution in a design element. It is assumed that failure occurs at the point where the stress
is highest. However, this assumption is refuted by experiment. For example, in a fish-eye type of
destruction the stress distribution depends on the ratio of the strength of the alloy and the defect that
has resulted from the deformation.

Features of the interaction of the defect with the matrix of the alloy are investigated in the work
[1.39]. “In early studies the main reason why the TiN inclusions were detrimental was believed to be
due to high stress concentration because of their cubic shape. Recent research, however, has shown
that the elastic modulus of the TiN inclusion also plays an important role. When the surfaces of the
TiN matrix are weakly connected, in the majority of cases the crack is created in TiN before the
initiation of a rest crack. When the inclusions are tightly bonded to the matrix, the stress state around
the inclusions depends on the difference in the elastic modulus between the inclusion and the matrix.”

The mechanism of influence in non-metallic inclusions in alloys depends not only on the ratio of the
elastic modules, but also on the energy that is emitted during the defect formation. Let us compare the
effects of AloO3 and TiN inclusions on the properties of the corresponding alloy. The ratio of the elastic
modules of the compound to the modulus of elasticity of the metal, (GPa) are: TiN/Ti=520/120=4.33,
Al203/A1=353/70.6=5.0, i.e. the difference is about 15%. However, the ratio of the energy of the
photons emitted during compound formation to the binding energy are TiN/Ti=3.46/4.855=0.71;
ADO3/Al=17.36/3.34=5.2 or the energy required to melt one cell is TiN/Ti=3.46/6.23=0.56;
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ALO3/Al=17.36/0.7=24.8. This leads to the fact that around the A1203 inclusion is formed not a stress
state, but a heavily damaged area, since the density of Al,O3 is 1.46 times higher than the density of
aluminum.

Such features of the properties of alloys play an important role in cracks and destruction formation,
but are absolutely ignored in the finite element method.

There is an opinion that the rest cracks in titanium alloys are due to the expansion of titanium nitride,

but as we can see, this is false.

Gusset plate Ul0 thickness 1s 12.5 mm Distribution of stresses calculated by finite
Fracture length 91 mm element method
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Initial Tension Fracture U10 West

Figure 1.9
Bridge disaster occurred due to rupture of riveted joint (16 Rivets), shown in Figure.1.9a. Fracture
behavior in greater detail shown in the pictures 1.9c and 1.9d. Figure.1.9b shows a fragment of the
analysis result causes destruction made using the finite element method.
The report, which is dedicated to the causes of the [-35 W bridge accident, indicates that cracks and
corrosion were not observed in the area where the destruction started. A number of possible scenarios
were considered based on the redistribution of stresses. Of course, in such an important matter all

options should be reviewed, but for some reason in the report the fragment, “Initial Tension Fracture
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U10” was not included. Why?

Let's turn our attention to it. Only 8 rivet holes have been broken, but the bridge collapsed and killed
13 people. It is necessary to answer these questions: why is the character of the break and corrosion in
even and odd holes different? Is it randomness or natural laws? Regular alternation of the properties
observed under the deformation of metal and its destruction is very often observed. However, no
significance is given to this fact in fracture mechanics, and the mechanism is not explained. We will
return to this problem in the next chapter.

It should be noted that one of the causes of the bridge crash was the poor quality control of its
condition. We studied “Fracture critical Bridge Inspection In-Depth report” from 1994 to 2006. In the
process of inspection, damage was revealed and recommendations were made for their elimination.
The major damages were fractures, corrosion, and screws self-unfastening and falling out. The
emergences of dangerous cracks were not observed. Gusset Plates were not considered dangerous. The
fact that bolts were falling out was also of no concern. For example, it was noted that in 1997, 11 bolts
fell out of a single element of the bridge.

Let us note that the same deficiencies were noted for several years in a row. It especially characterized
the five years (2002-2006) before the catastrophe. One example is taken from the section “Immediate
Maintenance Recommendations”.

The first of four recommendations: “Four-stringer connection bolts, all in the NBL, need replacement.
At panel point #8, stringer #2 has 2 loose bolts, and the bearing block has rotated. This will likely
require jacking the superstructure. Stringer bolts also need replacement at panel point #8, stringer #4,
south side, and at panel #11, stringer #3.” It is repeated unchanged in the “Inspection of bridges” in all
reports from 2002 to 2006. Moreover, photos of stringers number 2 and number 4 are published
invariably all these years. From this can be seen the characteristic signs of corrosion, the form of which
has not changed.

A similar situation occurs with the second recommendation, which appears in the reports of 2004,
2005 and 2006, which is not given for the sake of brevity, such as repetition in other sections.

It 1s impossible to suppose that the state commission did not become familiar with these reports.
Consequently, the final report of the commission cannot be regarded as objective.

The reliability and durability of riveted joints is especially important for aircraft. In this regard,
chapter IV is dedicated to this problem. Here we concern ourselves with the general problems of

fracture mechanics, using some examples.
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Crack Ties " Figure 1.10 [1.40] shows a
| photograph of an experimental setup
designed for studying crack
formation and riveted joint fracture.
" The experimental results obtained in
| this study are of great interest and
will be discussed below. However,

the mathematical tools with which

FromeFolwe Dy e = conclusions are drawn, does not hold

-
Figure 1.10 [1.40] e
up to criticism.

Let us consider five formulas.

exp(Aln(a) — Bj_" (1%,

AK flat = ( C

da *
N exp(Aln(a) - B) (2%),

98 _ cak" (3%),
dN

AKcurved = ﬂAK flet (4*)
< :\/E((K_,Z]+(K,2,j+(1+vj(ﬂk|2J+(l+vj(ﬂkﬁ D(S*)'
E E 3+v ) 3E 3+v )\ 3E

In (1*) and (2*) the dimension of the left and right is not the same; formula (3*), was examined

earlier. The introduction of Young's modulus of the radical expression does not make sense since it is
included in the numerator and denominator simultaneously; the link between Keft and Ki, Kn, k1, ku
has not been experimentally confirmed.

Thus, the above formulas cannot be used to assess the results of the experiment.

It is known that the P.I. Baranov Central Institute of Aviation Motors development (Russia) has
acquired a high-speed (up to 100 Hz) universal servo-hydraulic loading system NANO-PLUG and
PLAY, intended for research methods appropriate to standards of Russia: GOST 25.506-85, OST
192127-90, OST 190268-78, OST 190215-78 with USA Standards ASTM: E647, E399, E813, E1152,
E1290, E1820.

Creation and use of modern methods of monitoring the technical condition of elements structures and
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devices, including in aircraft engine, driven by the need to prevent accidents that occur due to a failure
or as fracture energy devices and their fastenings.

As these standards are based on the methods of fracture mechanics, we evaluate their effectiveness
in terms of modern physics. As an example, we use the USA Standards ASTM NASGRO, which has
been widely used not only in aeronautical engineering, but also in other sectors to estimate the rate of

crack propagation.

ASTM-E647-USA-NASGRO-STANDARD:= ASTM-E647 FCG-TESTING-STANDARD- =
(. AE.Y Environmental-Conditionsy
da 1- £ - I—E'“ | *AL-2-22:-19-21-JTune-06/3 -days- durationf
—=C|| —— AK| ——— = ¢ USAFA-TR-2006-107
dN [1 -R) } (kY a_Temperature-26°CY
-z | b. Humidity-24%

Ny o "*AL-2-20:-22-23-Tune-06/2-days-duration”
where-g-crack-length, - N-number-of cycles-of | | Temperature-26*CY i
exposure,- R-ratio- of- mechanical- stresses,- b- -Humidit‘.-'-?":};i:'
MKm- SIF- threshold, - 1.e.- Minimum- AK- at- "*ﬁL-E-S[];:-Eﬁ-E?-June-Dﬁ'E-daﬁ;s-duratiun'
which- value- a- crack- begins- to- spread, - Kmaex- a. Temperature-260-CY )
the-maximum-value-of-SIF.-C, -m, p-and-g-are-| 4 Humiditv-24%7
experimental-coefficients. - "+ AL-7-32:-17-18 May-05/2-days-duration
The: most- important parameter 15 f-| 3 Temperature-28*CY )
characterizing- the- crack- opening.- AKm-15 3| 4 Humidity-15%7
complex- function- of-4,-£- .- and- other-new-| »+A7 _7.33:-18-19-May-05/2-days-duration
parameters.| aTemperature-29°CY
= b. Humidity-16%1
"*AL-T-34:-23-24-May-05/2-days-duration=

Understanding that the rate of crack formation depends on the temperature and humidity of the
environment, the standard ASTM E647 was supplemented with ASTM E647 FCG TESTING.
However, during its life a material is subjected to a complex environmental exposure and varying
loads that cannot be taken into account.

The problem of describing the mechanism of opening and closing of cracks is important in fracture
mechanics. To solve it, a range of mathematical models is offered, which includes a large number of
additional parameters. The formula used in ASTM E647 includes four types of SIF (
AK, AK,,, AK

AK;;) and five dimensionless coefficients (f, R, m, p, q), for which diverse

max !
mathematical procedures are offered to calculate. For this, the authors introduce new parameters.

Let me demonstrate one of these methods, for example [1.41, 1.42].
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a 12 [1_ R](1+RCm)
AK,, =| AK, R
a+a, 1-A) o

Where ao-structural crack length, depending on the grain size of the material, Ci-correction factor,

which depends on R, A Kj-the threshold value as R — 1, f- Newman’s function, describing the closing

of cracks, equal f = A, + AR+ A,R*+ A,R®,whenR = 0;

0

1lla
f = A, + AR when R <0, where A, = (0.825—0.34¢ + O.OSaZ){cos(ﬂF (a)sﬂ} ,
O

A, = (0.45-0.071) ~ @3mec
Oo
A, =1-A A -A,,

A, =2A, +A 1.

Here a is a limiting factor; the function F (a) is a correction factor that characterizes the crack and its

. is Newman’s empirical coefficient.
o
0

border;

Today there are large numbers of published papers in which similar mathematical method have been
used. All of them have the same disadvantages. First, the chain of mathematical formulas with any
experiments 1s not connected. For example, in [1.42] 36 parameters used, but only three of them (the
length of the crack, the external stresses and the thickness of the specimen) can be measured, and the
number of cycles can be counted, but the physical law that binds them, is not specified. Secondly, it is
impossible on the basis of such methods to reveal the mechanism of formation of cracks, especially
predict the technical condition of the sample. Third, they have no new physical ideas that complement
the ideas expressed by Maxwall and Feynman. Moreover, they ignored Feynman’swarnings of

discussed earlier.
Equation (6 *) is reduced to equation dd_l\ll =C[aAK]" - f=C,[AK]™ (7 *), as the exponential quantity

m, p, q and mathematical expressions in parentheses are dimensionless. Therefore, we came to to the

Paris-Erdogan equation.

1.6.5. The main disadvantages of fracture mechanics:
1. Fracture mechanics of solids is the classical theory, which builds on the idea of a continuous

medium, the theory of elasticity, and the theory of plasticity. Items that are less than 10" meters are
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not used, including nanoscale inclusions. This lead to the fact that none of the scientific and technical
achievements associated with nanotechnology are used.

2. The main source of energy in fracture mechanics is the elastic energy of the stress state,
which is due to changes in the geometric arrangement of the atoms or molecules caused by
deformation.

3. Energy radiation which leads to cracking and failure is considered in fracture mechanics
as spontaneous.

4. Residual life assessment in fracture mechanics is based on: a) the stress intensity factor
(SIF) K, b) the change AK, c) crack growth rate Aa/AN, d) formulas, for example, the Paris-Erdogan
law, Forman Equation - Wheeler Model Crack Retardation, ASTM E647 USA NASGRO standard, ¢)
methods of mathematical processing of data, such as finite element, f) computer programs, for
example, AFGROW.

5. The formulas of Fracture mechanics do not contain the physical parameters of the material,
which eliminates the possibility of monitoring the technical condition of the structure or device during
its operation.

6. Mathematical procedures for calculation, including computer programs, do not contain energy
parameters, without which the prediction of residual life is impossible.

7. One of the most common methods for determining the SIF is to study the
chromatographic patterns obtained by photoelasticity on transparent samples. Photoelasticity is due to
the interference of polarized light, in which the transmission of light depends on the difference between
the ordinary and extraordinary rays, arising from birefringence. The response of the metal atoms to
external mechanical impact is significantly different from the response to light. In this regard, the
distribution of stress in the metal is different from that observed in photoelasticity. This leads to the
fact that, first, the formulas used to estimate the remaining life contain multiple SIF, which are not
related to the parameters of the material, and secondly, three to nine correction coefficients for each
input case are used in the formulas simultaneously.

8. The formulas do not take into account the simultaneous impact on the object of several
factors, such as mechanical, chemical (corrosion), the effect of stray currents on pipelines and railway
track, radiation for aircraft, etc.

9. Physical methods of nondestructive testing (ultrasound, X-ray, eddy current,
thermograph) are limited to the study of defects that are larger than 10 m.

10. For final conclusions on the technical state of the object it is necessary to build the
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nomogram and complex computer models. All this leads to higher costs, does not guarantee reliable
assessment, and makes continuous monitoring of extremely dangerous structures and device elements

impossible.
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CHAPTER II. STRENGTH AND DESTRUCTION OF NANOMATERIALS

Atoms on a small scale behave like nothing on a large scale, for they satisfy
the laws of quantum mechanics. So, as we go down and fiddle around with
the atoms down there, we are working with different laws, and we can
expect to do different things. We can manufacture in different ways. We can
use, not just circuits, but some systems involving the quantized energy
levels, or the interactions of quantized spins, etc.

Richard Feynman

2.1. Physical fundamentals of nanotechnology

On December 29, 1959, Mr. Richard Feynman gave a talk, a fragment of which is shown above as an
epigraph. We have identified in this passage 11 words that underpin the essence of Feynman's idea,
the implementation of which gave rise to of an area of engineering which is called nanotechnology.
Feynman, in a brief paragraph, twice repeated that we're speaking not about random events, but about
regular phenomena; he repeated three times that these phenomena are due to the quantum properties
of atoms. He noted that new materials will be obtained by different means using quantum energy levels
or the interaction of the spins, and pointed the way for the implementation of the proposed ideas.

A founder of quantum electrodynamics, well-versed in advanced mathematics, he used only simple
arithmetic calculations to justify his proposed ideas. Supposing that one letter could be written with 5
atoms, he found that all the world's literature could be written in a cube whose edges measured 0.1
mm, with a volume less than a speck lodged in the eye. It was found that an ordered arrangement of
atoms in that amount does not contradict physical laws and is therefore feasible.

Today, humanity has seen the breakthrough called nanotechnology. Feynman's prediction came true
about the "new use cases" that exceed any fiction. His "new patterns and effects, which have no
analogues in the macroscopic scale" are now real.

Although formally development of Feynman’s idea continued on in the scientific and technological
fields, in fact technology outstrips its scientific rationale. The number of publications devoted to
fundamental problems is many times less than the technology ones, despite the fact that after the first
successful experiments, it was necessary to explain the nature and mechanism of the observed
phenomena on the basis of the ideas that were formulated by Feynman. One can put forward various
hypotheses on why Feynman did not propose a mathematical theory. The distinctive feature of

Feynman, like Maxwell, is the fact that theory is based on experiment. As is well known, Feynman
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formulated the quantum principle of least action. In this regard, it seems most likely that until 1988,
Feynman did not yet have enough experimental data to highlight the phenomena caused by the
interaction of atoms in nanoobjects.

Feynman, of course, was well aware of the nature of waves and atomic interaction, but suggested the
idea of manipulating atoms, as if it were not associated with the electron-wave processes. Is this
accidental?

To answer this question, we call attention to the fact that he knew perfectly the works of the founders
of quantum mechanics. Einstein’s role in physics can not be overstated. Each of the scientific areas he
developed is considered to be fundamental and served as a basis of modern physics. They can stay
guides for many years or even centuries

M. Planck, the founder of quantum theory, analyzing the dynamic and statistical laws, writes: “... a
statistical type of law that controls large-scale events is made up of dynamic laws that seem to govern
the events of the small scale, the interaction of individual atoms and molecules.

Einstein, like Planck, Schrodinger, and Louis de Broglie, stands opposed to the statistical
interpretation of quantum mechanics by Bohr and Heisenberg. His protest: “I will never believe that
God plays dice with the universe,” and “They've abandoned reason!” particularly accurately describes
the need to establish cause-and-effect relationships.

E. Schrodinger, analyzing the problem of heredity, comes to a conclusion about the inapplicability of
the second law of thermodynamics to organic objects, in which “order is based on order” and the
development processes do not occur with an increase in entropy, and its decrease is compensated by
the absorption of light energy. He agrees with Planck's statement regarding statistical and dynamical
laws.

Unfortunately, most theoretical studies of nanoobjects use only those methods that are designed for

macroscopic objects. We restrict ourselves to self-organization and the dislocation model.

2.1.1. Self-organization and nanotechnology

The idea of self-organization was proposed by René Descartes (Renatus Cartesius). Each time it
revives when the cause of a phenomenon remains unclear. However, in the case of nanotechnology
self-organization contradicts Feynman's ideas.

Feynman, as noted above, has paid special attention to the fact that the laws of physics in the field of
nanoscale appear differently than abroad. This means that there is a cause-and-effect relationship. In

the interaction of two atoms only a linear structure is possible, in the interaction of three atoms only a
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planar structure, while the interaction of four or more atoms can form even a spatial nanoobject. Such
nano-objects were shown in [ 1.6]. The ordered structure of these objects suggests that there are distinct
patterns of interaction between the atoms.

A series of lectures under the title “Fundamentals of Nanotechnology” is given in the Moscow State
Unuversity by famous scientists since 2009. They are regularly published on the Internet. The lectures
are a review and are certainly interesting for those who are interested nanotechnologies. But in the
four years (2009-2013) nanotechnology bases were not determined, except for the definition given
Goodilin about what is self-organization. “Self-organization can be used as a mechanism for creating
complex templates, processes and structures at a higher hierarchical level of organization, than that
observed in the original system at the expense of the many and multi-choice component interactions
at low levels, which has its own, local, interaction laws other than the collective laws of behavior of
self-ordering systems. The processes of self-organization are characterized by differences in scale of
the interaction energies, as well as the existence of a limited degree of freedom of the system at several
different levels of organization™.

Thus, Gudilin examines self-organization as a technological method; its mechanism is not described,
and local and collective laws at various hierarchical levels are not formulated. Hence self-organization
can not be considered as the fundamental basis of nanotechnology.

However, in several papers it is approved or tacitly accepted that the basis of nanotechnology is the
self-organization or self-assembly of disordered systems. This conclusion is based on the synergetic
paradigm Haken [2.1].

To solve the problem, we restrict ourselves to some of the conclusions of Prigogine’s theory of
dissipative systems, and Haken’s Synergetics to match them with the ideas of the founders of quantum
mechanics, and on this basis to clarify the nature and mechanism of the origin and development of the
“new patterns and effects”, prompted by Nature.

In this regard, we consider:

1. Formation of long-range order in crystals;

2. The formation of clouds and dunes

3. The Belousov-Zhabotinsky reaction;

4. Formation of the laser pulse;

5. Formation of nano-objects.

2.1.2. Formation of long-range order in crystals
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It is known that in a homogeneous medium the crystallization from liquid or gaseous phase is
extremely difficult. This is caused under subcooling and lowering of the freezing point by tens or even
hundreds of degrees (Fe-500°, Ni-480°, Co-470° [2.4]). However, only one foreign particle,
electromagnetic or acoustic pulse is enough to start intensive crystallization, long-range order
formation.

It has been shown, [2.2], that the formation of ordered structures in a disordered system is possible
only on the condition that the influence has a fixed spatial and temporal periodicity. This condition is
satisfied only by standing waves in which the effects on the atoms in the nodes and antinodes differ.
Therefore, it is formulated and shown that the formation of standing waves in a limited region is a

necessary and sufficient condition for formation of a crystalline structure.

2.1.3. The formation of clouds and dunes

As an example of self-organization Haken shows two photographs of clouds from the book [2.5]. One
of them is shown in Figure 2.1. Haken does not comment on the photos and does not explain the nature
of the phenomenon. A.R. Scorer [2.5] also did not express any hypotheses about the nature and
mechanism of such a clear order. At the same time, we note that in studingy lightning, Tesla found the
formation of standing electromagnetic waves in the atmosphere. It is known that the condensation of
water vapor occurs by impurities. However, the fluctuations of the neutral impurities caused by the
flow of air, impede the creation such a strict ordering of the clouds. One of the most effective
condensation centers are ions. Ionization of gas molecules occurs mainly under the effect of solar

radiation.

Figure 2.2
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In the nodes and antinodes of the standing waves the degree of ionization is different. The impact of
electromagnetic fields on the ions in the antinodes is much stronger than at the nodes. This leads to
the fact that the intensity of condensation is higher there.

Figure 2.2, taken from the same work, show the formation of clouds over Lake Okeechobee, USA,

Florida. Rows of clouds are located towards the wind,
which blows from the west towards the Atlantic Ocean. It
would seem that the clouds over the lake should be denser
because of the lower dew point and intense evaporation,

but they are virtually absent. Consequently, the pairs above

the lake are located in a supercooled state because of the

lack of condensation centers, in which ions play a decisive
Figure 2.3. role.

It is known that the most efficient impurities in the atmosphere, through which ions formed are ethers,
with maximum quantity produced above forests.

Figure. 2.3 shows the sand dunes formed on Saturn's satellite Titan. The height of the dunes is 100m,
length 150 km, the total width 1,500 km. Discovered with the Cassini probe by the team of R. Lorenz,
University of Tucson, Arizona, USA (2008).

For their formation, condensation nuclei are required. As is visible, the lines of dunes do not have
discontinuities such as clouds.

It can be assumed that the magnetic field of the Earth, directed perpendicular to the rows, plays a role

in the formation of the series. It is possible that the formation of the ordered structure of clouds is

influenced by the Coriolis force associated with the rotation of the Earth.

2.1.4. Belousov-Zhabotinsky reaction BZ

This reaction was discovered in 1951 by B.P. Belousov [2.6]. A more detailed study was made by
A.M. Zhabotinsky [27]. However, particular interest to the reaction appeared only after the publication
of the works of I. Prigogine [2.8], in which he cited it as one example of order in a chaotic system due
to nonlinear effects and dissipation.

Based on the reaction Prigogine reached the following conclusions:

1. The second law of thermodynamics is not contrary to the dynamics, but it can not be deduced from
it.

2. At the the Belousov- Zhabotinsky reaction nonequilibrium processes occur.
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3. The Belousov-Zhabotinsky reaction occurs at an

exchange of energy with the environment, i.e. such a
system must be open.
1%0 1= 5% 1= 108 =15 t = 208

4. In the non-equilibrium system, during exchange of

energy with the environment, order may arise from
— e —o —— e 5. The reaction is autocatalytic oscillatory. The color

Figure 2.4 of the solution changes periodically therein, as is
shown in Figure 2.4. In this regard, this phenomenon is called chemical clock.

A huge number of publications devoted to the BZ reaction. Haken uses this response as an example
of self-organization. In his paper Haken allocated 6 steps in this reaction, whereas in various papers
their number ranges as high as 80.

One of the varieties of the Belousov-Zhabotinsky reaction in a solution of sulfuric acid H2SOq,
malonate CH(COOH),, cerium sulfate Cex(SO4); and potassium bromate KBrOs. Thus, the
redistribution of the electrons involved bromine ions, oxygen, hydrogen, and more complex structures.

For example, we show only two reactions.

(== -= e== ___ ! W - - - .= |
L = = = = =__ < _ : == = =

In order to monitor the progress of the redox reaction by change of color, an indicator is added to the
solution, for example feronin.
When describing the reaction, the basic accent is on the quantum transition Ce®" <> Ce*" . But this

description is incomplete, since the reactions involve electrons and photons. In this regard, we present
them in the form of: Ce® +hy — Ce*" +e™ (1), Ce* +e~ = Ce* +hy, (2).

It should be noted that the photon absorbed by ionization (1) and that emitted during recombination
(2) are the same only at the resonance fluorescence. In other cases, they are different, as shown by S.
L. Vavilov [2.9]. This is due to various factors, including the emission of a photon from a metastable
state, whose lifetime is much longer than the excited state. These processes are non-linear, which in
nanoobjects is stronger than in macroscopic ones.

This implies that the nature of the reaction depends on the energy of the absorbed photon hv. It was
shown [2.10] that an electromagnetic field accelerates the Belousov-Zhabotinsky reaction. Based on
this redox reaction during transitions Fe?'«<>Fe** energy is supplied to living organisms. Changing the

nature of the reaction can lead to severe pathological consequences Fig.2.5.
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As has been shown, [2.2], atoms of one element may be present in a metal
3 simultaneously with a different configuration of the electron shell. In iron
atoms Fe0 even Fe- were observed experimentally. Such pathological atoms
are called morbid, not able to implement redox reactions, and may even
leave the erythrocytes that lead to leukemia.

The formation of waves, including standing waves, in the Belousov -
Zhabotinsky reaction was described in numerous publications, and even
textbooks. In this regard, we confine ourselves to a demonstration of
photographs (Figure 2.5), taken from the work of Nicolis [2.11] dealing
with chemical chaos and self-organization.

As we see, bright spots (places of photon emission) are arranged orderly
in two directions. Moreover, they have different brightness. All this

suggests that the recombination of electrons and ions in the solution took

place at a specific location in accordance with the arrangement of nodes and

Figure 2.5 [2.11] antinodes of the standing waves. Let us quote a fragment from the book of
Haken [2.1]. "In a number of chemical reactions occur spatial, temporal or spatio-temporal pattern. As
an example, the Belousov-Zhabotinsky ... The resulting mixture was placed in a test tube in which
there is a temporary oscillation immediately. The color of the solution changes periodically from red
to indicate Ce®", to blue, indicating Ce*". Since the reaction takes place in a closed vessel the system
eventually approaches stable equilibrium."(Emphasis added.)

So we see that Haken speaks about a resonator, in which there are standing waves.

Another example, on the basis of which Haken introduces Synergetics, is the formation of a laser
pulse. Recall that the theory of spontaneous and stimulated emission was developed by Einstein. The
main elements of a laser are: a lamp pumping the active medium, and mirrors (set off the Fabry-Perot
interferometer). Haken compares the radiation of the lamp (spontaneous), the coherence length of
which is 3 meters, with laser light (coherent), the coherence length of which is 300,000 km! He asks
the question: “What demon provides this behavior of atoms?”” On page 233 we read: “This analysis
can be applied quite strictly to numerous modes, and shows that in a laser only one mode predominates,
which is close to resonant.”

Haken did not pay attention to the fact that, by recognizing the presence of the resonator, he rejects
the idea of self-organization. This example Haken refutes the idea of self-organization, recognizing

the existence of resonator. For example, in a ruby laser the lifetime of a chromium atom at the
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metastable level is 107 s, while at the excited level it is 10® s. The radiation power increases in the
hundreds of thousands of times due to the fact that the light has time to go through the core thousands
of times, stimulating the emission of atoms at the metastable level. At the start of the laser activation,
at the same time and independently there are a lot of waves. Reflected from the resonator mirror, the
waves that follow a condition of standing wave creation, i.e. an even number of half wavelengths fit
the length of the resonator, are predominantly enhanced. All other frequencies will be suppressed and
the radiation becomes coherent.

J. L. Alferov [2.12] concluded that at the p-n-transition in a semiconductor having a homogenous
structure a continuous generation can not arise, but it is possible when the p-n-transition is created at
the boundary of different chemical composition of the semiconductors (heterostructures).

H. Kreomer, who shared the Nobel Prize with Alferov, said [2.13], “Heterostructure can be defined
as a non-homogeneous semiconducting structure created from two or more different materials, so that
the transitional layer or the border between the two materials plays an important role in any process
being conducted. Thus, the semiconductor laser can only be made on a heterostructure.”

In this way in the presence of the resonator, in which the formation of standing waves occurs, the
randomly distributed streams of light become a strictly ordered polarized monochromatic beam.

The quantum mirage, as one of the nano-objects, was discussed in Chapter I. It is considered in more
detail in [2.2].

The fundamental difference between quantum mechanics and classical is that in the force field the
particle energy has a discrete (quantized) value. The quantization of energy and momentum is a
physical phenomenon due to the quantum wave nature of particles. A particle in a potential well is
repeatedly reflected by the potential barriers, becoming enclosed in it. From the point of view of the
wave between the walls two de Broglie waves move in opposite directions. Such waves are coherent
and form a standing wave. However, there is some probability that a particle can leave the potential
well due to the tunneling effect. This probability is higher, the lower the potential barrier, and is less
than its width. There is no analogue of such a phenomenon in classical mechanics.

In this connection, a description the behavior of nanoparticles or nano-objects is only possible using
quantum mechanics. Therefore, speaking about nanoobjects, by definition, we know that their
formation is due to standing waves.

These examples allow us to formulate the physical basis of nanotechnology.

The bases of nanotechnology are the fundamental laws of physics, laws of conservation. energy,

momentum, angular momentum, electric charge. The behavior of individual atoms obeys the laws of
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quantum mechanics, according to which in a confined space (a resonator) containing more than two
atoms, created standing waves are caused by the boundary conditions that lead to ordered (coherent)
behavior of atoms of a nanoobject.

Conclusion:

Understanding that the order is due not to statistically processes, but to standing waves, allows

advance planning of nanotechnological processes and their purposeful management.

2.2 Dislocations: reality or phantom?

The concept of dislocation was introduced in 1934 by Orovan, Polanyi and Taylor. Since then such a
large number of theoretical and experimental studies have been published, that such a question will
undoubtedly astonish. And yet, we will try to match the idea of dislocation with the experimental facts,
for only they can answer that question.

The dislocation idea was proposed to explain the abnormally low values of the shear stress as
compared with the theoretical. Only after the creation of the electron microscope was dislocation

p_® » shown to be a reality, especially for explaining the processes of
hardening and destruction of metal, although other phenomena
could serve as indirect evidence, such as the change in
' " conductivity, internal friction, the speed of sound and so on. But

these changes are possible for other reasons not related to

dislocation.
| <]

Figure:2.6.9

At each experimental discovery of previously unknown
properties of metal, dislocation had to be supplemented with new
properties or parameters. Naturally, this raised serious doubts as to its reality, even for Kontorova
[2.13], whose works played an important role in understanding the atomic interactions on which the
movement of dislocations is based.

Problems of metal aging and fatigue, leading to destruction, sometimes unexpected, and hence
catastrophic, forces one to ponder: does the dislocation representation correctly forecast the state of
the metal and its remaining life? There are cases when a technical structure is destroyed, resulting in
loss of life, despite previously being carefully checked with all the modern methods of monitoring.

Therefore, the main problem is not the degree of physical reality of the phenomenon of dislocation,
but rather whether

this model explains the actual processes and is able to predict an impending disaster?
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Linear (edge) dislocation and its properties

By dislocation is meant a linear defect in the crystal lattice, causing the alternation of atomic planes.
Fig. 2.6 gives a visual representation of the dislocation, similar to those outlined in both the scientific
and educational literature. In this regard, a number of questions arise.

Are all the atoms in the selected area of pure metal identical, i.e. do they all have the same spatial and
energy characteristics?

-~ By default, it is assumed that all the pure metal atoms are identical,

except for those which are on the surface and on the boundary
extracted plane. These atoms have broken bonds. It is assumed that the
atoms at the boundary of the extra-plane capture the conduction
electrons or lose them, forming broken bonds. Thus, this ion defect
differs from neighboring ions. This immediately implies that these
atoms have a lower or higher valence.

Bonding between atoms on either side of the missing half plane is
lessened, and, of course, the property of the entire area is something
different from the regular filled areas and this should affect the metal's
properties.

Fig. 2.7.

Figure 2.7 [2.16]

Figure 2.7 shows three
photographs from R.B. Morgunov’s work [2.16], devoted to
the new direction in the theory of plasticity, called Spin
micromechanics. The name itself indicates that it is the
influence of the magnetic field on the ductility and
consequently the strength of metals. We will not go into detail
on the magnetoplastic effect, and moreover these photos are
applicable for an insulator, but not metal. Dislocations were

obtained by etching: the upper dislocation after the first

etching, the middle after the second, and the lower after the
third, respectively. Figure 2.8 [2.17]

The sensitivity of the dislocations to the magnetic field is clearly visible from a comparison of the
images. As one can see, a photograph taken after the second etching is a little different from a

photograph taken after the first etching, but under the influence of a magnetic field there were
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significant changes, which can be seen in the third picture.

It is found that the behavior of dislocations is very sensitive not only to permanent, but also to an
alternating magnetic field, and is investigated by electron paramagnetic resonance, which means that
they interact with electromagnetic waves.

It is known that the velocity and absorption of sound waves depends on the deformation of the metal.
Thus, we can conclude that dislocations interact with electronic, electromagnetic, acoustic, and spin
waves.

Let us pay attention to the size of the area revealed by etching. The wavelength of diffracted electron
waves is less than the size of the atom and the dislocation created by one extra-plane can not be
determined. Here we are talking about the whole complex of atoms, which is sometimes treated as a
cluster of dislocations which are parallel. The question then becomes: what are these atoms?

Formation of etch pits indicates that the atoms of the sample react with the atoms of the etchant and
are removed. For metal atoms such a reaction is possible only in the case where the metal atoms pass
their electrons to a nonmetal atom. The less ionized the metal atom, the more easily it will react. This
means that atoms located at the boundary of the extracted plane will enter into reaction before the
others.

It was established experimentally that the effect of the etchant is not limited by dislocation.

Let us illustrate this. Consider the photograph (Fig.
2.8) of the study of cage ball bearings taken from AP
Voskamp and EJ Mittemey’s work [2.17]. On the
etched surface, we see low-angle black stripes (LABs)
and high angle bands (HABs) forming defects, which

are called dark etching region (DER). We draw

attention to some features of this phenomenon. First,

Figure 2.9 [2.18]
the resolution in this case is higher than in Fig. 2.7, although the observation is carried out at optical

wavelengths, and secondly, the direction of the bands is approximately 30° relative to the direction of
movement (DER).

In Figure 2.9 shows a photograph of electron microscopic studies bearing steel [2.18]. It highlighted
three areas. The grain structure is observed in the areas B and C, while the region

A is amorphous. It has been found that plastic deformation occurs in the region spheroidized carbide
formation, whereas shear deformation accompanied by the formation of grains. Such processes are

caused by radiation energy during the formation a chemical compound and residual austenite-
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martensite phase transition.

It is known that segregation of bismuth in the bismuth-copper alloy leads to embrittlement, and to a
sharp decrease in the shear modulus. As has been established [2.19], the cause is the formation of an
amorphous phase, such liquid resulting from the diffusion of bismuth. We draw attention to this
paradox. The atomic mass of bismuth is 3.3 times higher than that of copper, but the diffusion
coefficient is 100 times higher. It would seem that it should be lower, since the maximum valence of
the free atoms of Cu is 1, but of Bi is 5.

This fact can be explained by only because the bismuth atom is weakly ionized, perhaps even has
zero valences. That zero-valent metal atoms exist is not only experimentally confirmed, but a technical
application is found for zero-valence iron. At the same time in some publications it is concluded that
in alloys 3d-4s hybridization occurs in which the d-electrons transfer to the conduction band.

The aim of this work was to provide a state- of-the-

art distribution of the damage processes preceding crack
initiation under rolling contact fatigue condition,
including criteria for crack initiation, microstructure
changes in the steel matrix as well as the mechanism
of crack growth.

"Butterfly Wings", called White Etching Area, and a

Figure 2.10 [2.20] crack in one of them are clearly visible thanks to the
high resolution of the scanning electron microscope. One such defect is illustrated in Figure 2.10. This
defect (actually corrosion) is especially dangerous for aluminum alloys, including the fuselage and
wings of aircraft. A characteristic feature of these defects is that fact that cracks "follow" from them,
indicating the direction of energy flows. This issue is considered in the next chapter. Here we confine
ourselves to the fact that Grabulov [2.20], describes in detail the processes that lead to the formation
of cracks, only from the standpoint of mechanics, saying nothing about the energy that is emitted in
the process.

Of course, an attempt to describe the mechanism of crack formation without accounting for energy is
impossible. However, it is important to note that the formation of defects leads to a weakened solid,
the destruction of which requires less energy.

1t is particularly important to note that during the operation of the structure or device in a solid two
processes occur simultaneously: accumulation of damage and energy. Exactly these two factors

predetermine the state of a solid, which is called fatigue.
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Neglect of either one or the other factor leads to a catastrophe.

Often the role of dislocation in plasticity formation is compared with the role of electrons in the
current formation. In this respect, the simultaneous study of deformation and conductivity that were
started in the twenties of the last century on bulk samples is extremely interesting. A.F. loffe found
that deformation and conductivity jumps may coincide in time but may occur separately. The abrupt
change in the conductivity and deformation was observed on nanowires and nano-chains. It is
senseless to speak about dislocations in the wire, the thickness of which is equal to the total diameter
of the two atoms and, moreover, one-atom discussed in our paper [2.2].

However, the theoretical papers on nanomaterial often try to explain their strength from the position
of the dislocation model.

Review [2.21] is devoted to ultra-strength materials. The goal that the authors set themselves is
formulated as follows: “For widespread adaptation of elastic strain engineering, four major scientific
challenges need to be overcome: (a) how to synthesize material systems that can potentially sustain
ultra-high elastic strain, (b) how to experimentally control the loads and measure the strain/stress
using advanced, miniaturized instrumentation, (c) how to measure, understand and predict the
dependencies of physi-chemical properties (electronic, magnetic, optical, phononic, thermoelectric,
catalytic, etc.) on elastic strain, and (d) how to understand the different mechanisms by which stored
elastic strain energy can relax from the material component, so ultra-strength can be reliably achieved
and designed for different temperatures, sizes and expected service lifetimes.”

To investigate nanostructured materials, nanoparticles, nanowhiskers, and nanotubes were used.
However, analysis of the possible solutions of the problems is based on traditional methods of
mechanics. The authors of the review searched for solutions to problems based on the study of
nanomaterials by conventional methods of mechanics, including using the dislocation model.
However, to solve these problems without taking into account the interatomic interaction is not
possible, but the atomic interaction is not considered.

For solving the problem (d) a formula

v=Nv, exp(— %j

was proposed, where v is transformation—rate, t is shear stress, T is given temperature, vo is the
physical trial frequency, N is the number of equivalent sites of transformation, kg7 is the thermal
energy, and Q is the activation free energy whose magnitude is controlled by the local shear stress t

along with the temperature.
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We note that the above formula is similar to the Zhurkov formula, which was published almost 50
years earlier, but the authors do not refer to it. Since the analysis of Zhurkov's formula will be
conducted, here we confine ourselves to the remark that the Zhurkov formula has been confirmed by
numerous experiments, whereas the function Q(t, T) is not disclosed.

The conclusions drawn at the end of the review indicate that this objective has not been achieved
since the mechanism of energy conversion, storage, and radiation is not disclosed.

Only at the conclusion the authors referred to the work of Frost and Ashby [1.22], who set a goal to
reveal the mechanism of deformation on the basis of atomic processes

Frost and Ashby shared mechanisms of deformations into five groups, which are briefly mentioned:
1) Collapse at the ideal strength (flow when the ideal shear strength is exceeded). 2) Low-temperature
plasticity by dislocation glide. 3) Low-temperature by twinning. 4) Power-law creep by dislocation
glide, or glide-plus-climb. 5) Diffusion flow.

Each group includes several subgroups. It is noted that the simultaneous presence of several
mechanisms is possible.

The authors believe that the plastic flow of fully-dense solids is caused by the shearing or deviating
part of the stress field, o, which is expressed through the principal stresses ©,,0,,0; by the

equation:

It is assumed that defects are carriers of strain similarly as electrons and ions are carriers of charge.

Taking as a major strain rate £, £€,, €3 , Frost and Ashby proposed a formula for determining the rate

of shear deformationy:

The authors write: “To simplify the following discussion, we shall choose the strain-rate / as an

independent variable. Then each mechanism of deformation can be described by a rate equation
which relates j to the stress o, temperature T, and the structure of the material at the instant:
=TS K
As already stated, the set of i quantities Si are the state variables which describe the current
microstructural state of the materials. The set of j quantities Pj are the material properties: lattice
parameter, atomic volume, bond energies, moduli, diffusion coefficients, etc., these can be regarded

as constant except when the plastic properties of different materials are to be compared. The state

variables Si generally change as deformation progresses. A second set of equations describes their rate
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of change, one for each state variable: % =0;(o,,T,S;,P;) It should be noted that the research

program proposed by the authors corresponds to the criteria that have been predetermined by Maxwell.
Unfortunately, this work is of critical importance, but has not attracted enough attention and
development, and is rarely cited. In this study, we can not analyze it in detail, noting only its features.
1) The theory suggests the equations that relate the mechanical properties of a solid with the physical
parameters for virtually all five groups. 2) The relationship between energy and the atomic parameters
is exponential.

However, the authors also did not refer to Zhurkov’s work. 3) The stress intensity factor is not
mentioned in it. 4) The authors have not abandoned the dislocation model. 5) Use of these equations
to predict the technical condition is not possible, because it does not define the criteria of destruction
and does not disclose the mechanisms of accumulation and radiation of energy

In the last decade, the results of studies have been published in which the problem of strength and
fracture is also seen at the nanoscale, but they are much inferior to Frost and Ashby's research, though
25 years have passed.

A theoretical study (S. Huang et al [1.23]) is made of the nanocrack formation problem. Crystalline
silicon was chosen as an object for research. Three aspects of the problem were investigated: fracture,
dislocation emission, and amorphization. As usual, the authors note in the abstract the most important
results of the study. We quote it in full, in view of its brevity.

“Understanding the nanoscale fracture mechanisms is critical for tailoring the mechanical properties
of materials at small length scales. We perform an atomistic study to characterize the formation and
extension of nano-sized cracks. By using atomistic reaction pathway calculations, we determine the
energy governing the brittle and ductile responses of an atomically sharp crack in silicon, involving
the competing processes of cleavage bond breaking, dislocation emission, and amorphization by the
formation of five-and seven-membered rings. We show that the nanoscale fracture process depends
sensitively on the system size and loading method. Our results offer new perspectives on the brittle-
to-ductile transition of fracture at the nanoscale.”

It is known that the authors of publications tend to talk in the abstract about the most important results
obtained by them in the study. In the preceding annotation it is made only in the third sentence, while
in the other sentences there is no useful information. However, the phrase contained in the third
sentence, "atomistic reaction pathway calculations" is meaningless.

There is sense only in the nature of atomic reactions that occur as a result of the exchange of atoms

by electrons and photons, but in the article, such reactions are not provided. The phrase "energy
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governing the brittle and ductile responses." is devoid of sense. The term "cleavage bond breaking” is
used in cases when it comes to the silicon compounds in which a binary Si = Si bond is cleaved into
two single-Si-. But in the article crystalline silicon is studied, in which the double bond between the
silicon atoms is missing.

The authors use Griffith's formula for calculating energy. This formula was proposed before the
advent of quantum mechanics of the atom, especially to quantum chemistry and the quantum theory
of solids. It makes no sense to speak about the surface energy quantization. The authors provide no
formulas, or even calculations on the basis of which the conclusion of amorphization, dislocation
emission and fracture were made.

Feynman’s talk quoted above mentions circuits consisting of seven atoms, but Feynman draws
attention to the fact that the interaction between them is due to quantum laws. The authors disregard
this when they write about the rings, consisting of five to seven members (in this case atoms).

The authors of the above-cited reviews on the problems of strength and destruction analyzed in total
more than four thousand publications. Analysis of these publications again confirms the conclusion
drawn by Maxwell that solving these problems while limited to classical mechanics is impossible.

Thirty-nine authors of scientific papers [2.24] have expressed their opinion on the possibility of
describing the behavior of atoms in a mesoscopic field in terms of dislocations:

“The modern theory of dislocation in crystals allows us to qualitatively explain many laws of the
behavior of solids under different loading conditions. At first that seemed enough to overcome the
purely mathematical difficulties of complex behavior of dislocation ensembles at the micro level to
theoretically calculate the macroscopic characteristics of the deformed body.

However, to calculate the stress-strain curve based only on the microscopic representation of
dislocation theory has failed so far. All attempts to direct transition from the micro-approach to the
mechanics of the macro approach have proved unsuccessful.

In the past two decades it has become clear that such attempts in principle are doomed to failure.

A non-traditional approach is needed.”

Maxwell's conclusion about the strength of the solution to the problem of solids and their destruction
being beyond mechanics and optics has been forgotten. Feynman's Note that the behavior of atoms in
a nanomaterial is different from their behavior in the macro-material is often ignored.

Attempts to explain the processes of cracking from the position of changes of the interatomic
interaction with the quantum-mechanical models were made repeatedly. The listed works [2-18 2.22-

2.39] are only a small part of the publications devoted to these issues. In all these studies, either the
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dislocation model or SIF is used, often both. It must be acknowledged that the main disadvantage of
these and similar publications is their failure to develop practical methods for assessing the technical
condition and remaining life of structures and devices.

The creation of nanomaterials has stimulated studies which analyze their role in the origin of cracks.
It is noted [6, 14, 17, 2.31, 2.39, 2.42] that crack nucleation occurs in the nanomaterial. Today, this
conclusion is widely recognized. However, the nanomaterial is a quantum mechanical object and
neither by the dislocation hypothesis nor by using the stress intensity factors in the behavior of atoms,
is it possible to explain.

As noted by Einstein, in order to refute a theory, one experimental fact suffices. Following Einstein,
we give at least one experimental fact that is contrary to the models offered in fracture mechanics.

Describing the necessary and sufficient condition for strength V. V. Novozhylov [20, 21, 2.43, 2.44]
writes: "... the principal interpretation of crack formation in the atomic lattice has been given long ago:
a crack arises as a result of the loss of stability of the trivial equilibrium shape deformation
(corresponding to the"continuous"body) and the transition to a non-trivial equilibrium shape
(corresponding to the body with a crack-cavity) separated from the initial state of the energy barrier.
"(Emphasis added).

"Trivial" or "non-trivial" equilibrium is a relative concept. What is important is which of them
corresponds to a lower minimum of the potential energy. Such transitions due to nonlinear strain occur
not only in the formation of cracks, leading to weakening, but the formation of other imperfections
that lead to weakening or hardening. According to Prigogine, such states are dissipative; their
formation is possible not only in an ordered system, but chaotic also.

"In general terms, the formation of the initial crack is governed by two factors (with other conditions
fixed): averaged stresses that determine the minimum energy barrier, after the overcoming of which a
crack may arise, and the stored energy of a microstrain, an area of concentration which should be
sufficient to overcome this barrier."

Firstly, the energy barrier necessary to overcome for crack formation, is not determined by micro-
stresses, but the force between the atoms. Second, micro-stress is a consequence of changes in the
force due to local regions of the material. Third, as noted above, the density of the energy radiated, for
example in the creation of metal-nonmetal compounds (corrosion), is 2-3 orders of magnitude greater
than the density of the elastic energy

[2.31, 2.33, 2.43] Further growth of the crack is made easier because it creates a stress concentration

at its edges, not only under tension, but in compression of the body. (Emphasis added).
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As is known, cracks are formed by both plastic and brittle deformation. The elastic-plastic nature of
the cracking is now contradicted by no one. However, the mechanism of this phenomenon is associated
with only dislocation. [2.31, 2.33, 2.43]

The aim set by the authors of [2.29] was to reveal the mechanism of the formation of cracks in
nanoobjects. This evaluated a minimum value of the stress intensity factor. In this case the interval for
the promotion of dislocation was assumed to be the lattice constant. The authors believe that the
generation of a pair of dislocations at the tip of a crack occurs at the quantized values of the external
stresses.

Indeed, there is no quantization of stress, but quantization of energy. It is well known that the
formation of cracks is intermittent in nature. The length of the jump (the number of broken bonds) is
due to the energy that has accumulated as a result of deformation and was absorbed by the crystal. The
rate of accumulation of energy depends not only on the applied stress but also on the properties of the
material, which are not considered.

In [2.23], the calculation of energy is made at an interval of 0.33 nm. Note that the silicon lattice
constant is @=0.54307 nm. This means that the interval chosen for the calculations is less than the
lattice constant, the experimental value of which is determined up to five decimal places. Modern
experimental methods allow us to investigate the distribution of electron density. The band structure
of silicon is calculated and these calculations are used in semiconductor technology. However, in the
work on strength and fracture mechanics all these achievements are not taken into account. [4, 9, 12-
19, 2.26, 2.34-2.41] discuss the breaks between the atoms of neighboring cells. Although this term
appears in many publications, the mechanism can be described only in terms of quantum mechanics.
All mechanical processes, including destruction, are caused by the electromagnetic interaction, the
quantum of which is the photon. Of course, without taking into account the influence of the photon on
the process of energy accumulation, and its emission and absorption of the crystal atoms, predicting
the technical condition of a structure or device is very approximate, and often leads to mistakes and
disasters.

The experimental techniques associated with the use of the properties of the photon, for example, the
Mossbauer effect, the pump-probe, allow us to study changes in the properties of the material up to
sixteen digits, in the time interval to within femtoseconds (10-15 seconds). Modern nanotechnology
is unthinkable without the tunneling and atomic force microscopes, not to mention the high-resolution
electron microscope.

It should be noted that quantization is not a mathematical method, but a physical phenomenon. The
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energy state of an atom is described by the main quantum number, orbital, magnetic, and spin quantum
numbers. The energy associated with its momentum, angular momentum, magnetic moment and spin,
by their nature have discrete values. The quantum unit of electrical resistance is known and
corresponds to electrical conductivity. The introduction of some other quantum numbers (quantum
stress) must be justified; moreover, to explain the mechanical process is not necessary.

To explain the mechanism of all mechanical processes due to the interatomic interaction, it is
necessary and sufficient to have photons, phonons, electrons, ions and a model that is not refuted by

experiment.

2.4. The size effect

It is well known that the size effect is most clearly evident in nanoregions. It was established
experimentally that when reducing the size of the sample below a certain value, its properties change,
despite the fact that the structure and composition remain unaltered.

The properties of nanoparticles, nanowhiskers, and nanowires have been previously considered by
the author in [2.2]. Additional study of this problem is due to the need for a more accurate
understanding of the processes that lead to cracking and failure.

From the huge number of papers devoted to the size effect, we favor Batsanov’s review [2.45] based
on numerous experimental studies published from 1989 to 2010.

Of particular interest in the report due to the fact that it addresses the physical and chemical aspects,
which are extremely important for understanding the mechanism of failure, are the following: the
change of the coordinate numbers of atoms in the crystal splitting, bond lengths and volumes of unit
cells in the macro-and nano-sized material; the change in the rigidity of the crystals in the transition
to the nano-sized material; the change in atomic structure of nanophase, dependence of the phase
transition pressure from crystal size, change in the melting point under the transition to nanophase,
change in the band structure under dispersion of crystals, and the size effect in dielectric permeability.
The review compares the properties of macro-and nanophase of metals, semiconductors, and
insulators.

It is recognized that the size effect is due to ratio of the object surface to its volume.
Table 1 shows the approximate influence on the properties of the surface atoms of nano-objects
depending on the size, expressed as a percentage.

Table 1. Influence of surface atoms on the properties of nano-objects (percentage)
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Size
Shape Parameter Formula nm | 100 68.5| 10 5 2
Ball Radius, r 3 3 4.4 30 | 60 ~100
Cylinder Radius, r 2/t % | 2 29 20 | 40 ~100
Film Thickness, h 2/h 2 29 20 | 40 ~100

Fig. 2.11 As we can see from the table, reducing the size of the nanoobject entails almost parabolic
growth in the influence of surface atoms. The influence of the atoms at the surface of the object, one
of the dimensions of which is less than two nanometers, is so large that describing its properties by the
theory developed for larger objects is impossible. New theory of interatomic interaction should be
developed only on the basis of special experimental studies. As written by Kreomer, it actually is the
case that the surface itself becomes the instrument. A new theory of atomic interaction should be
developed only on the basis of specific experimental studies.

In this regard, we consider the results of some studies that suggest that the relationship between the
geometric dimensions and physical properties of nano-objects has a nonlinear, complicated character.

In [2.46] the formation of gold film on glass has been investigated. Nanolayer formation may be
delayed and all steps can be studied more carefully than under destruction, which even at low stress
occurs abruptly. Because the aim of research, though, is the destruction, we will compare both the

experimental results obtained in this study and those of other processes.

The authors note that the formation of nano-films,
deposited for 20 seconds, occurs in the form of
clusters as shown in Figure 2.11. During this time
there was a change from an amorphous substance,
which is a wide-band semiconductor, to metal. Some
islands have a spherical shape.

Figure 2.12 [2.46] shows the transmittance spectra of

gold films deposited on glass, according to their

thickness. The first experimental value is given for a

Figure 2.11 [2.46]
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layer thickness of 2.4 nm. Transmission minimum (maximum absorption) is weak. With increasing
thickness of the nano-films, the absorption maximum is shifted to longer wavelengths and at a
thickness of 19.5 nm, transmittance decreased from 90 to 10%, with a corresponding increase in light
absorption.

The band gap may be determined by the boundary of fundamental light absorption. In metals it is
zero. Changing the band gap of the nanolayer, with a change inthickness, is shown in Figure 2.13.

Thus, the conclusion made in the work is experimentally justified: "It has been shown that in a wide

e —— : A | I e s temperature range, nanolayers of
AN e || 2 L5 | gold (<10 nm) - exhibit both
5% . %J II : ' ' metallic and semiconducting
gj \_ E;”': '1..\. ‘ ‘E properties." Thus, when the size
T . Boal Ty 5, s ” of the nanoparticles is up to 2.4

? b o nm the gold is in the amorphous
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z 1% = | / 1 fases ~
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increasing temperature, like Fig.

2.13 semiconductors, whereas for the sample thickness of 88.7 nm it increased, though complete
coincidence with the metal is not yet achieved. Figure 2.15. shows the change in electrical resistance
as a function of deposition time. As we see in the beginning of the deposition, the film resistance was
typical for a dielectric. At a certain film thickness, its resistance decreased by 11-12 orders of
magnitude.

Of particular interest is the study of the optical properties of the nanofilm. Figure 2.16 show the
frequency (energy) plasmons with increasing film thickness.

Figure 2.17 shows the change in density (from 9 to 19.62 cm-3, i.e. 2.18 times), with the lattice
constant (from 4.072 to 4.084 A, 1.e. 0.29%).

The authors wrote, “...that the lattice parameter of metals prepared in the form of a thin layer by a
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physical deposition is not a material constant but depends strongly on the layer thickness”

Note that the feature of the nanoclusters consists of that their properties depend on the number of
atoms. At the same number of atoms, may be neutral, anionic and cationic cluster whose structure is
different, different electron affinity and ionization potential. While as macroscopic samples of gold
are chemically inactive, nano samples consisting of one or two atomic layers possess catalytic
properties. Melting of gold nanoparticles depends on the size of the cluster and decreases to room
temperature at a reduction the number of atoms in them.

Mechanism of the processes, which are due to the properties of nano-objects, in the cited works not
considered. Meanwhile, the results are important for understanding the changes in the interatomic
interaction, which are due to specific properties of nano-objects.

The high catalytic activity of gold nanoparticles has attracted special attention today. As established
experimentally [2.47], it depends on the size of nanolayer, reaching a maximum value in the range
2 <d<7 nm. Conventionally we called it gamma-layer, y-L. Depending on the catalytic activity of
the substrate material can vary considerably. Conventional [2.45, 2.48-2.50] it is due to the
coordination number of atoms, rising at its decrease. However, the mechanism of the phenomenon
is not disclosed.

It is observed [2.50, 2.51] that the catalytic activity of gold is shown from a single atomic layer, the
appearance of the second layer leads to a change in catalytic activity. Moreover, it is shown that the
v-L is an anionic cluster Au-6. So, we pick out those most characteristic features that are inherent y-
L.

Feynman’s prevision that the behavior of atoms "below" obeys quantum laws, different from those
that are "up", is experimentally confirmed. Formation of y-L begins with two atoms forming on the
surface of the nanostructure, for example, Au, dimer [2.50]. Nanoclusters may have both positive and
negative excess charge.

The catalytic activity of Au nanoparticles has been investigated in [2.52]. For studies were used
nanoparticles d= 3.6, 5.7, 16.2 nm. Found that the rate of oxidation depends on the size of the particles
and proportional to the d>.

One of the oxidation reactions designated R1: CO+ N,O — CO, +N,

(AH® ~-200.9kJ - mol™), such that is shown as an example. There is important for us the fact that
a similar reaction takes place with the participation of electrons, ions, photons and phonons. Au atoms
accelerate the exchange of electrons and photons.

In connection with this we will consider the results of other experimental studies.
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Figure 2.18 shows: 1) X-ray diffraction of silver wires and nanoparticles formed as a result of

electrical explosion, 2) X-ray diffraction of iron wires and nanoparticles formed as a result of

electrical explosion, 3) the spectrum of light absorption and luminescence of iron nanoparticles

formed as a result of iron wires electric explosion in water and water containing polymer. [2.53].
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Figure 2.18 [2.53]

The coincidence of the diffraction spectra of the starting material and nanoparticles demonstrates

that the crystalline structure is not changed. This is confirmed by the fact that the ascending part of

the magnetization curve is also not changed. Full hysteresis loop in the works is not given. Selective

light absorption in the ultraviolet and visible region, and a clearly defined maximum of luminescence

indicate that the nanoparticle properties differ significantly from the starting material. This fact has

extremely important scientific value, based on which it can be
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Figure 2.19 [2.53]

concluded that the energy-band

structure of nanoparticles changed, but
the crystal structure remains the same.

Note that the authors write about
fluorescence, albeit without presenting
any data on the duration of the afterglow.

Comparative analysis of the formation of
nano-objects with a slow deposition and

explosion acquires importance due to the

fact that the explosion occurs nanowires at high current density and short duration. During this time,

the energy dissipation don’t occurs and almost all of it goes to destruction. In this regard, the nature

of the destruction caused mainly by the geometry of the sample. This number indicates the
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distribution of iron and silver nanoparticles by size as shown in Fig. 2.19.

“Particle size distributions have been made using dynamic light scattering where He — Ne laser light
(633 nm) is passed through diluted nanoparticle solutions. The size distributions of silver and iron
nanoparticles are shown in figure 2.19 (a and b) respectively. The X-axis shows the particle size in um
with logarithmic scale. Silver nanoparticle sizes ranging from 10 nm to 120 nm with distribution
around 70 to 100 nm were obtained, while iron nanoparticles ranged from 3 to 90 nm with mean size

of 40 nm.”

As we have seen, the distribution of silver nanoparticles and iron is approximately the same, despite

the fact that the properties of the metals

'.J' Ty Y —
T A A s mw = B | | are substantially different.
e ‘ i “‘""'*ﬂw 0 h “i y( \A ! .
‘ { | |l | ; ’ ' “ LR | The Mossbauer spectra of the sample
L ! | { | :
g l 3 . S A 1 macroscopic and nanoscale iron
s TR e - L | produced by electrical explosion of
L T ™= wires are shown in Fig. 2.20 [2.54]. It is

Figure 2.20 [2.54] known that gamma-resonance is very

sensitive to changes in the energy states
of the atoms. These changes are clearly visible in the figure above. In addition, the energy transitions
which caused the Mdssbauer effect are extremely sensitive to various changes in the condition of a
solid under the influence of temperature, pressure, phase transitions and other processes that lead to
changes in the phonon spectrum of the crystal. Several theoretical studies suggest that the sensitivity
of the Mossbauer effect on nanoobjects is greatly reduced. However, experimental studies refute such

assumptions.
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In addition, energy transitions, which is due to the Mossbauer oo} g=22i50m g

effect, extremely susceptible to various changes in the condition of ***| f_; h.ﬂtg )

a rigid body under the influence of temperature, pressure, phase :Z: __f f}/"f R I"?; ™
transitions and other processes leading to changes in the phonon 2% T2 "'"I,J“xwﬂl
spectrum of the crystal. E: /
Research of density phonon states of the alloy nanoparticles using o -::: ;;/-nm=. b ~1 K:‘“"m-
Moéssbauer spectroscopy were performed in [2.55]. The authors °*[ NN

note: “Since the elastic properties are tightly related to the lattice T i,/ | k .
dynamics, clear understanding of the atomic vibrations in " _F-Hj; ' éier;y.?:;w w %

nanocrystalline materials is important. A key characteristic of
Figure 2.21 [2.55]
atomic dynamics is the density of phonon states (DOS), which gives - :
a frequency spectrum of atomic vibrations and provides a complete description of the elastic and
thermodynamic properties. The experimentally-determined DOS of nanocrystalline systems reveals
striking anomalies such as broadening of the phonon peaks and enhancement of the phonon states at
low and high energies. These anomalies are generally believed to result from atoms at the nanograin
surface, which can amount to ~65% of the volume for a grain of 2 nm in size.

Contrary to the general believes, we found [1] that the atomic vibrations in nanograins are actually
identical to those in the bulk even for extremely small grain sizes d (Fig.1). The anomalous dynamics

of nanocrystalline materials arises in fact from the atomic vibrations in the disordered interfaces”.

(Italics supplied).

2.3. Nanomaterial

All the foregoing permits a more precise physical, but not geometric, definition of nanomaterials.
Note that it was first suggested by the author at the 4th International Conference on "Deformation and
Fracture of Materials and Nanomaterials" held in Moscow October 25, 2011.

One of the most important constants of quantum electrodynamics is the fine structure constant

2

a= ¢ - 1 , calculated to the nearest tenth decimal place on the basis of the e electron charge,
2¢,hc 137

h Planck's constant, € the dielectric constant and the speed of light c.
Feynman hypothesis that the behavior of atoms, "down there" obeys the laws of quantum mechanics,

but they are different from the behavior of atoms outside the area which is named nanoregions indicate
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that there are some changes in the boundary conditions of interaction of the electron-photon-proton?.
There is no doubt that Feynman did not connect them with the uncertainty relation. Based on this it is
logical to assume that it does not exceed 137 nm. In this case, the ratio of the surface of the film S to
the volume ¥ of the magnitude is

S |

< % 72993cm™ ~ 9.049F
F o 137nm

It is difficult to predict to what extent the quantum unit characterizes the energy variation of
nanomaterials without serious theoretical studies and experiments. Introducing it, we proceed from

the fact that the conductivity of metallic nanowires under tension changes abruptly by an amount equal

2

e . . -
to the quantum of conductance: G, = o Here, e is the electron charge, m it’s mass. Similar are the
m

. 1 ..
presently used used quantum resistance R, =— L] and quantum thermal conductivity

2a \ &,

k2

G, = 3hB . Here po is the magnetic constant, & the electrostatic constant, and kg is Boltzmann's

constant.

In connection with the above, I propose the following definition of nanomaterial.

* A nanomaterial is a special quantum mechanical dissipation structure formed in a local region of a
material of three or more atoms or molecules, the ratio of surface to volume of which is greater than
1/137 nm = 7.3"10* cm.

Reflection of electronic, electromagnetic, acoustic and other types of waves at a nonuniform grain
boundary accompanied by the formation of standing waves, under influence of which a change in the
energy spectrum of atoms occur, which brings to the transition of electrons at higher or lower
metastable levels.

* Below are phenomena that may be explained only by the change of the energy states of atoms or
molecules forming a nanomaterial.

1. High strength;

2. Low melting point;

3. Significant change in the electrical, thermal and magnetic properties, both of the nanomaterials

themselves and inclusions therein;

2 Feynman exclaimed: “It's one of the greatest damn mysteries of physics: a magic number that comes to us with no
understanding by man. You might say the "hand of God" wrote that”.
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4. Reduction of the ionization potential of nanoclusters and increase in the electron affinity with
increasing number of atoms in them;

5. Existence of neutral, anionic and cationic clusters containing the same number of atoms;

6. Deformation emission of electrons and ions;

7. Reduction in work function under the influence of deformation;

8. Deformation luminescence in a wide spectral range from infrared to X-ray radiation;

9. The continued existence of a metastable state when changing the geometrical arrangement of the
atoms, resulting from non-linear deformation;

10. Stimulated emission of photons, which leads to cracking and fracture

2.4. Electron-wave mechanism of strengthening and fracture

2.4.1. Terms and definitions

The strength of nanowhiskers, nanowires, nanoclusters has been considered in [2.2].

Here we limit ourselves to a small supplement.

Deformation waves are an interrelated set of electromagnetic, acoustic, electronic and other types of
waves.

Interference is a fundamental property of waves.

The quantum of energy of electromagnetic waves is the photon, the quantum of acoustic energy is the
phonon.

An element of a structure or device is the region limited by the boundary of the inhomogeneity on
which a reflection and transmission of deformation waves and/or electrons occurs.

Disruption or cracking (violation of the integrity of the element) is the result of the collective response
of atoms of an element to an external action, in which a group of atoms is removed from each other at
such a distance that the force of attraction is not enough to restore the previous state of equilibrium.

Axiom 1. The equilibrium condition is caused by the dynamic equality of the binding energy between
the atoms &, and the energy of thermal fluctuations kT (& = ksT).

Axiom 2. Bond breaking becomes possible when the energy of external influence ¢ is more than the
binding energy (&>&).

Axiom 3. Hardening or weakening of the element due to a change of the energy states of the atoms
that make it.

Postulate 1. Accumulation of energy radiation which leads to the formation of cracks or destruction

is due to a change in the energy state of the local groups of atoms, called the domain of destruction.
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These changes occur as a result of the transfer of electrons to higher energy levels in the metastable
atoms or energy zones. The maximum accumulation of energy occurs under additional ionization of
atoms.

Postulate 2. The formation of cracks or fracture occurs only under stimulated (induced) emission
energy. The maximum energy is emitted during the recombination of ions and electrons.

Element fatigue is caused by two factors: a) the weakening of atomic binding in the defects and b)
the accumulation of energy in the domains of destruction.

Critical condition (critical fatigue) is a state of the element in which any spontaneous effect is capable

to cause stimulated emission of energy and destruction.

2.4.3. Ideal material
An ideal material is one that has maximum strength combined with maximum ductility. Closed carbon
nanotubes satisfy this criterion better than other nanomaterials.

To what do we attribute their unique properties?

| T T, T Ty TRl iy ar - ~2-~ . Such nanotubes consist of carbon
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Each atom is bonded to three neighboring atoms in a binary relationship. All atoms are identical. The

the binding energy is 7 eV/atom. The

maximum valence of carbon is four.

fourth electron is in communication with the other elements, both outside and inside the nanotube.
Thus, the nanotube is a homogeneous environment in which the energy of the external impact is
distributed among all the atoms more evenly than in the substance of an inhomogeneous structure. On
the borders of any inhomogeneity a partial reflection of the deformation wave occurs. In such a
localized area a domain of destruction forms more quickly.

Fullerene molecules, for example, Ceo, also are closed structures, but in contrast to the closed
nanotubes are composed of hexagons and pentagons. Each hexagon is bordered by three pentagons
and three hexagons, while each pentagon is bordered only hexagon. The hexagon-pentagon bond
length is 1.44 A (single, binding energy is lower than that of the nanotube) and the pentagon-pentagon
bond length is1.39 A (double, the binding energy is somewhat higher than in the nanotube). However,
the strength of the fullerene nanotubes closed lower strength due to the uneven distribution of the

strain energy
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Thus, the more homogeneous the element, and the more transparent its boundary for the deformation

waves and electrons (potential barriers below), the stronger the material.

2.4.4. The influence of grains on the mechanical properties of metals.

The influence of grain size on the mechanical properties of metals and alloys has great practical and

d fom) scientific interest. The strength of metals and their

10 N6 7 4 26 18 destruction are inseparably linked. A consideration of

: i .H.m | destruction without strength is meaningless, as is the

= %l ii}r"* T “__§ opposite. However, strength is not the only criterion

E 3 “ ’/: : “ for safe operation of structures and facilities. As

= | ;1 * "“::""' { already mentioned, the safety criterion is the

: ;; ! | correlation of forces of the bonds between atoms by

0 0 u_:,_.r ujs 075  Which the strength is determined, and the energy that
& [om™*) is absorbed by atoms.

Figure 2.22 [2.56] It is well known that by decreasing the grain size the

metal hardens and becomes more pliable. Figure 2.22 shows the variation of grain nickel
microhardness (open figures), and Ni-P alloy when changing grain size [2.56]. Such a dependence is
called the Hall-Petch effect. It holds for the yield point. As follows from the graph, the normal Hall-
Petch effect with decreasing grain diameter less than 7 nm is reversed, i.e. microhardness decreases to
such an extent that when d ~ 2 nm, an amorphous phase forms, which was mentioned above as the y-
layer, wherein the shear modulus is significantly reduced.

The Hall-Petch effect is widely discussed in the mechanics of strength from the standpoint of the
dislocation model. However, the generation of a positive ion, as a dislocation forms, is accompanied
by the emission of an electron. Indeed, if the emitted electrons remain inside the grain, the electron
density increases, increase the binding force between the ions and electrons. This leads to an increase
in strength with decreasing grain size.

However, an unlimited decrease in grain size is not possible, because we must come to the conclusion
that the highest strength will come when the grains are composed of a single atom. Experiment refutes
such a mechanism. What, then, can explain the result of the experiment without controversy?

With decreasing grain size, the role of the surface due to increased surface contact between the grains
rises. This leads to an increase in transparency to the exchange of electrons and photons of grains in

which there is a more uniform energy distribution.
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Consequently, at any volume the grain will reach a breaking point. This limit is due to the fact that at
a certain number of atoms the long-range order vanishes and the grain de facto becomes amorphous,
like liquid. This is due to slackening of tension. Thus, the nature of atomic binding of the layer cannot
be considered metallic. Naturally, the question arises: why did the break come at 80-70 A, but the
amorphous state appears at 20 A?

We call attention to the fact that the volume of a nickel nanograin at maximum strength is 180-270
nm?. Nickel has a face-centered cubic lattice with a period of =0.35238 nm. Hence the grain contains

16000-25000 atoms. Such a grain is a cluster whose properties vary

~ " | . .f.'-" not only with the number of atoms changing, but also on the density
g 303 of the electron cloud. It makes no sense to talk about the density of
E 100 dislocations, as the transition of a single electron from one grain to
g another substantially changes their properties, turning neutral
% . clusters anionic and cationic. It was established experimentally that
g 2%0 ;'. 1 such clusters have different melting heat and melting temperature.
:_HSJ:} SUR S Y For us it is important that the mechanical properties of the cationic
Cluster Size (atoms) and anionic clusters with the same number of atoms are different,

Fi 22325 s i ini
igure [2.57] as shown in Figure 2.23 [2.57] for the aluminum clusters containing

from 30 to 70 atoms. Black dots are the experimental results and theoretical are red. The authors note
that for some clusters the changing latent heat of melting is accompanied by a change in the electronic
structure.

In turn, we note that all the processes that lead to the formation of cracks and destruction are caused
by change of the electronic structure.

The nanoscale grain boundary, as we have already noted, plays a special role in the redistribution of
energy absorbed during deformation. The acoustic wave velocity in aluminum is 6000 m/s. Standing
waves that appear in the 2 nm grain have a frequency of about 10'?> Hz, which corresponds to hyper-
sound.

The role of solar radiation in plant photosynthesis (e.g., conversion of carbon contained in carbon
dioxide into cellulose) is well known. However, the role of solar radiation in the destruction of solid
bodies, especially metals, is almost ignored, limited by heating.

Meanwhile, electromagnetic radiation having a frequency above a certain value (higher than the
frequency of the plasmons) passes into the metal. The energy of the plasmons in the metal exceeds the

binding energy between the atoms and can not be ignored. The problem is to what extent it should be
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taken into account in mechanical processes. But for this it is necessary to understand the mechanism
of bond breaking, present it like a Born-Haber cycle and find the quantum mechanical equations that
describe it.

Discovery of the laws, which caused the connection between the processes of energy accumulation
and surface plasmons, as well as other collective phenomena, will fundamentally change the problem

of assessing of wear and aging solid body during its operation.

2.5. Cracks in a nanomaterial
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Thickness: 10 nm 10 nm 15 nm
Elongation % 50 100 100
Zoom: 350% 1100% 1750%

Figure 2.24 [2.58]
We have considered above the formation of nano-films of metal and changes in its properties under
changing thickness. Let us now consider the process of breaking the metal nano-films as described by
A. L. Volynskii and S.L. Bazhenov [2.58] and the works of Volynskii [2.59, 2.60].
Figure 2.24 shows three micrographs a polymer film in relief, coated with metal after stretching.

Volinskii writes: “The light stripes are pieces of decay ed coverage and the dark-are the formed
cracks, i.e. bared polymer surface. It can be seen that the coating is divided into many highly elongated
islands, bands of the same size, oriented perpendicular to the direction of extension, and at the same
time on these fragments a regularly undulating relief is visible... During the stretching, tension in all
fragments grows and at some point in the exact center reaches the limit of strength. There is a further
breakdown of the coating, with surprising regularity: each island is divided into two equal parts.”
[2.60]. (Emphasis added).

In the first of the aforementioned work [2.58], the authors found that the film breaks are similar to
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the crust of the ocean floor off the west coast of Africa, (Figure 2.25, First Photo left). This allows

simulating the processes of destruction of the earth's crust.
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Figure 2.25 [2.58,

2.59]

Figure 2.25. Photos of the polymer film with a platinum coating (4 nm), (a) stretched 100% at 100 °

C, (b) after the additional tension at the higher mechanical stress. Zoom 2500% [2.59].

Figure 2.27 [2.58]

Figure 2.26 shows a photograph of the platinum
film with a thickness of 20 nm on the surface of
polyvinyl chloride after 100% stretching at 90° C.
On the left side of the "islands" of platinum and
perpendicular to the tension line occurs halo,
similar to magnetic field lines, which
demonstrated using iron powder. So regular
destruction cannot be as accidental. It cannot be
explained in terms of the mechanic models that
have been proposed, including the works of [2.58-

2.60].

Figure 2.27 a, b, c, d shows the circuit with which the authors
of [2.58] attempt to explain the mechanism of the observed
phenomenon. They believe that the damage is the loss of
stability that occurs for solid rods, the basic theories of which

were laid by Euler.
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In this paper, as well as other publications of Volynnsky and colleagues, there is no explanation of
how the solid metallic coating suddenly was divided into almost equal, logically arranged fragments.

In this regard, we make a number of observations, without going into a detailed analysis of the
problems of loss of stability in classical mechanics.

First, failure occurred in a nanoobject, to which classical mechanics is not applicable, and secondly,
the loss of stability discontinuities is perpendicular to the applied force, whereas in this case there is a
periodicity in two directions, and thirdly, the pattern observed in the Fig. 2.24-2.27, is characteristic

of wave interference in a resonator. In this regard, consider the experimental results of two studies.
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Figure 2.28 [2.61]

2.6. Resonance in nanoobjects
One of the first resonance phenomena observed in nano-objects, was the quantum mirage whicn

considered in [2.2]. Physical fundamentals of nanotechnology discussed in section 2.1. Since
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amplification at resonance oscillation occurs at a certain frequency and/or in the local area, the
difference in energy absorbed by individual atoms can cause tearing in the connection area of the
nanoobject.

Figure. 2.28 A [2.61] shows the experimental setup with the carbon nanotube in which the mechanical
resonance has been observed. Phenomenon of resonances is characteristic of waves of any nature.
Feature of this experiment is that the absorbed energy must exceed the energy of thermal fluctuations,

. > . ) . . .
ie. v >keT phonon energy. In connection with this experiment was carried out at temperatures

close to absolute zero.

As noted above, the quantization of physical quantities is an objective law of nature. It is due to
features of the quantum wave properties of particles that form a particular material object: the nucleons
in the nucleus of the atom, the electrons and nuclei in atoms, the atoms in the molecule, etc. The
potential well becomes a resonator due to the reflection of electron waves from its walls. Only for the
quantum mechanical object tunneling effect is possible.

In a macroscopic sample the effects of some ions on others is most pronounced in the range of local
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Figure 2.29 [2.62]

areas. In polymers such areas are much larger area than in pure metals and alloys. This leads to the
fact that a polymer film under tension, without macroscopic gaps, can elongate more than one hundred
percent. For metals, even plastic, this is impossible; the metal breaks if the adhesion between the metal
atoms and the film is higher than that between the metal atoms.

Consequently, the properties of the film have a significant impact on the process of the destruction of
the metal. This effect is due to two factors. First, in the deformation of the film photons are emitted
with energies higher than the binding energy between the atoms of the metal. Waves with a frequency

higher than the frequency of plasmons penetrate into the metal. Resonance occurs when the frequency
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of the photons emitted by the film are equal to the frequency of plasmons.

This is due to the fact that the injuries are formed primarily on the metal surface. In nanofilms two
metal surfaces are so close that the photons emitted by the substrate reach the outer surface. Secondly,
the velocity of sound in a film is approximately two times lower than in metal. This leads to the intense
reflection of acoustic waves from the metal-substrate border and metal-vacuum border, resulting in

the formation of standing waves.

Monolayer

Figure 2.30 [63]

One of the characteristics of a polymer film is that nonuniformity appears in it as shown in Figure
2.31a [2.65]. This photo of the film surface is obtained with an optical microscope. Figure. 2.33b
shows the dependence of wavelength on the film thickness. The observed phenomenon is called
buckling, the period of irregularities in which the wavelength is determined. This name can not be
considered valid, since the wave is periodic both in time and in space.

A.L. Volinskii et al. [2.66], investigating platinum and gold film on the surface of isoprene rubber or
polyethylene, called these irregularities "similar waves". Similar studies were conducted by S. P.

Lacour et al. [2.67]. Photographs obtained using scanning electron microscopes are shown in Fig. 2.34
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The authors of work [2.68] connect the buckling of nanofilms with surface acoustic waves, whose

electrical resistance () ©
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Puc. 2 32 a [2.66] Puc. 2.32 b [2.67]

wavelength is~ 8.4 um and amplitude is~1.2 um. However, it was found that one of the factors that
has a significant influence on the buckling is the time of stress exposure. This fact clearly shows the

comparison of the distribution of cracks in nano-films shown in Fig. 2.33 a and b. The parameter

h;o

S

<d >=

has been proposed to estimate the distribution of cracks in the deformed nano-films.

Here hr is film thickness, Es is Young's modulus of the substrate, 6* is calculated value of critical

stress, o, is critical stress of unprocessed film, and £ is an expansion that matches the beginning of a
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It is well known that the thin film oxide Al2O3 (Young's modulus of 370 GPa) on the surface of Al
(Young's modulus of 69 GPa) protects the aluminum from further oxidation. In [2.69], the influence
of the film on the mechanical properties of aluminum was experimentally investigated. It was found
that the change in Young's modulus is related not only to the thickness of the oxide, but to its wavy
shape also. In the case when the roughness is of the same order as the film thickness, the effect of the
oxide on the mechanical properties of aluminum is negligible. The authors believe that on the surface
of aluminum composite Al + Al,03 is formed and propose a model in which the properties of the film
are described from the standpoint of surface waviness.

Theoretical studies of the nature of buckling and failure mechanism based on the account of changes
of interatomic interactions have not been identified. In this regard, we shall restrict ourselves to just

two works [2.70, 2.71], one of which was published in 2013.

2.7. Zhurkov’s formula and its interpretation

On the basis of experimental studies, S.N. Zhurkov proposed the formula

Uy—yo
T=1,€ kT (2.1),

which bears his name, [2.72, 2.73]. Here 7 is lifetime, c is the stress, the constant 7o is essentially the
reciprocal of the natural oscillation frequency of atoms in a solid, Uy is the binding energy on the
atomic scale, and vy is proportional to the disorientation of the molecular structure, kg is Boltzmann's

constant, 7 is temperature.
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Figure 2.40 [2.74, 2.75]

Figure 2.40 (a, 6, 8) scows the logarithm of the durability vs. the temperature for nickel, germanium,
nylon with increasing mechanical stress [2.72], The dependence of durability (I), aluminum (IT) and
nylon (IIT) vs. mechanical stress with temperature increase. (The graphs corresponding to the lowest
temperature is indicated 1-5. In fact, the only variable parameter is yo. A large number of studies have
been devoted to the physical meaning of this magnitude. Particular interest the Zhukov formula caused
in connection with the idea that the destruction caused by thermal fluctuations. We confine ourselves
to some of the articles published during the period of 50 years that analyze the Zhurkov formula and
provide these graphs [2.74-2.79].

Attempts to improve it, to suggest an alternative option or otherwise interpret it have been made
repeatedly. Such examples were given earlier. A distinctive feature of the Zhurkov’s formula was and
still is the fact that it is offered on the basis of experiments and repeatedly confirmed by them.

In this connection there was a need for more carefully reading the original in order to understand why
this formula is not used to estimate the remaining life of structures and devices. The kinetic concept
of the strength of solids was described by Zhurkov in [2.72]. The work consists of two parts: the
thermo fluctuation mechanism of solid-state destruction, and kinetics of the destruction of polymers
from the position of the electron paramagnetic resonance.

Let me quote some of the fragments, and comment on them.

“In this report we shall consider the problem of the strength of solids on the basis of the kinetic
concept of the mechanism of fracture. Within this concept, the fracture of solids is considered as a time
process whose rate is determined by mechanical stress and temperature. From this stand-point the

investigation of the time and temperature factors becomes very important for the understanding of the
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mechanism of the phenomenon. In this connection, systematical studies of the relationship between
the life-time of solids under load and magnitude of the tensile stress and temperature have been carried
out”. (Italics supplied).

So Zhurkov regards the destruction process using the term /ifetime, not longevity, which began to be
used later. This brought a certain amount of confusion in determining the cause and effect. The lifetime
in atomic physics is understood as that period of time during which the energy state of an atom is not
changed, whereas durability characterizes the time during which there was no formation of a crack or
fracture, despite the changes that occur in the solid. Zhurkov uses the term rate of the process, but
does not use it in the formula.

Note that Zhurkov, describing the formula 7 = 7, exp[(U, — 7o) /k;T] (2.1) writes, “The constant 7o

is essentially the reciprocal of the natural oscillation frequency of atoms in the solid, Uy is the binding
energy on the atomic scale, and vy is proportional to the disorientation of the molecular structure.”

This coincidence of the atomic binding energy with the constant Up is not accidental. We are of the
opinion that it indicates the existence of a direct connection between the kinetics of fracture of solids
under the action of mechanical stress and the rupture of interatomic bonds, and permits us to consider
the mechanism of fracture of solids as a kinetic process described by Eq. (2.1)

Zhurkov transformed the equation (2.1) in equation KT In(z/z,) =U, —yo (2.2). In this regard, he

writes. “In this sense the fracture of solids is determined by thermal motion which plays the major
role. In a stressed body, chemical bonds are broken by thermal fluctuations, the possibility of this
process depending strongly on the magnitude of tensile stress.” (Italics supplied).

Indeed, the left-hand side of equation (2.2), which characterizes the energy of thermal motion, is
equal to the energy difference between Up and yo, where Up is approximately equal to the binding
energy of the group of atoms between which the bond breaking occurs. Thermal fluctuation depends
mainly on the temperature of the body and reaches a maximum at the boiling point. But at the melting
temperature, rather than bond breaking, a violation of long-range order occurs. A phase transition may
take place at a lower temperature than the melting point, leading to a change in structure. Thermal
fluctuations play a certain role in the rupture of the bond, but not the main role.

Any model on which long-term forecasts are based related to security, must give the most
comprehensive understanding of processes that lead to destruction. However, studies devoted to
thermal fluctuations (TF) have no response to numerous questions. Here are just a few of them.

Why palladium saturated with hydrogen, crumbles to dust? Why does white tin, by cooling to below

-13.2°C, turn to gray and disintegrate? Why does a piece of ice on the surface of tin accelerate its
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breakup in the same way that surface damage leads to a reduction of the shear stress? The
discontinuous crack formation is accompanied by a jump in resistance. These jumps can occur either
simultaneously or sequentially. How can this be explained by thermal fluctuations, if the effect of the
electrons on the processes of destruction is not taking into account?

The literature on TF strongly supports the idea that “The main active factor is not the mechanical
force, but the thermal motion that generates energy fluctuations.” “Fracture energy is drawn largely
from the supply of heat, and not only from the work of external forces.” “The external force acts as a
valve by facilitating and directing the destructive effect of thermal fluctuations.”

Such conclusions are refuted by experiment. We restrict ourselves to the results of experimental
investigations: the deformation luminescence (DL), the deformation electron emission (DEE), the
photoelectric effect in alkali-halide crystals [2.78], and ion emission in polymer films [2.79]. To
characterize the processes, we cite the authors of the work “The spectrum of the DL was obtained for
LiF crystal at room temperature. The spectrum is similar to X-ray luminescence, and contains two
bands Amin1=280 and Aminz~400 nm

The short-wavelength band is due to recombination of the F-center with movable V, _ (orV__) center.

A strained NaF selective photoelectric effect was observed due to the appearance of the samples F-
centers (color centers). In addition, the thermally stimulated electron emission was observed due to
thermal damage arising in the case of plastic deformation of the color centers. The experimental data
show that under plastic deformation color centers are formed, similar to those formed by the action of
ionizing radiation. On the other hand, the data obtained imply that DEE and DL cannot occur due to
cracks.” (Italics supplied).

Thus, electron and ion emission, the emission of photons from the infrared to X-ray range, and the
formation of vacancies (color centers) are possible in solids under strain not leading to destruction.
The emission of a photon of ultraviolet light (Amin1=280 nm) by an LiF crystal is only possible when
the absorbed energy exceeds 6.24 eV. This energy corresponds to the thermal energy at a temperature
of 7000 K, at which the crystal will evaporate.

Emission of sound, ultrasound, hypersound and even long-wavelength infrared radiation is due to
thermal vibrations, but the optical radiation, especially X-rays, the photoelectric effect and the
thermally stimulated emission phenomena that is caused by the quantum properties of matter.

These events are a wonderful confirmation of Maxwell's prediction that the nature of energy
accumulation due to mechanical action can not be explained within the boundaries of mechanics and

those optical effects, in which the interference of polarized beams in strained material occurs.
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This means that the interpretation of the structure-sensitive component in Zhurkov'’s formula should

be sought only at the quantum mechanical level.
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CHAPTER III. NATURE AND MECHANISMS OF CRACKING

We must strive to explain the phenomena of nature. And what does
explain mean? It means reduce to something simpler. And there's nothing
wrong with that, it all comes down to the physical laws. This is the ideal
for which to strive.

A.A. Markov (Jr.) mathematics

3.1. Rupture of the interatomic bond
Any crack begins with breakage of the bond between the atoms. In connection with this
understanding of the mechanism of this process is the key to solving the problem of preventing
catastrophic destruction. The carbon cycle in nature was explained in a small piece [of Feynman's
lectures] dedicated to fire. Carbon and oxygen atoms, repulsing each other, cannot form a molecule,
just as a stone cannot be rolled into a hole at the summit of a mountain. However, with enough of a
push, it will be there for a long time. So impulse is the energy released during the formation of a carbon
monoxide molecule to start the chain reaction that ends with the formation of carbon dioxide. Plants
separate oxygen by photosynthesis from CO,. We will not examine in detail the process of
photosynthesis, mentioning only one important step, the formation of molecular oxygen
6CO, + 6H,0 - C,H,,0, + 60,.
A water molecule dissociates under the influence of solar radiation and the hydrogen reacts with
carbon to form glucose.
Thus, in this chemical reaction, absorption of electromagnetic energy and destruction of H2O and

CO2 molecules occur, but other two molecules C,H,,Og4and O; are formed. In a living organism

there is a reverse reaction as a result of which the body does work, heat, but a CO> forms. Such
oxidation-reduction  reaction  proceeds with iron ions, electrons and  photons
Fe* +hv—e & Fe* +e” —hv, just as happens in the Belousov Zhabotinskii reaction with cerium ions.
The change in iconicity of iron leads to pathology, energy balance disturbance and even death of the
organismRemoving Ag from AgCl molecules occurs as a result of photon absorption. This is the basis
of film photography. The chloride ion Cl-, absorbing a photon, loses an electron which is trapped by
Ag+. As aresult, two neutral atoms are formed, and the relationship between them is weakened so that
a gaseous chlorine atom is removed from an atom of silver or leaves the emulsion.

In engineering structures subject to external influences, work is performed, at which there are
changes not only in the position of the atoms, but also their energy state. Disturbance of the energy

balance leads to damage and destruction.
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The interaction of individual atoms with each other in both technical constructions and living
organisms is subject to the same laws of physics. In this connection, destruction and hardening should
be regarded as a chemical reaction which is caused by the exchange of electrons and photons between
atoms

3.2. Electron-photon interaction in a multicomponent system

Protein molecules, amino acids and other organic compounds are the most complex compounds
in nature. Despite the large number of atoms forming a molecule, it remains a definite structure that
provides its strength and functionality. Moreover, a change in the energy state of a small group of
atoms leads to pathology or even death of the organism. But it turns out that all the communication
channels are due to the same electron-photon exchange.

Humanity in its development has come a long way from the use of natural materials to create
multi-component systems. Probably the most complex inorganic systems developed in the 20th
century, were high-temperature superconductors. The phenomenon of superconductivity is beyond the
scope of this study. However, the material shows such amazing properties that to explanain them we
had to repeatedly abandon the existing theoretical understanding of the behavior of atoms. In this
regard, we look briefly at the problem, to better understand the processes that lead to the destruction
of the material.

The mechanical properties of superconductors are of practical interest only to the technical field
in which they are applied. But the destruction of superconductivity causes a magnetic field that
changes the trajectory of electrons, the interaction of the spins. However, the behavior of electrons and
ions is of great interest to solve the problem of destruction of Tl, ,Bi,Ba, ,Pb Ca,Cu 0, size
3-3:1 mm?
obtained in 1989, by me, V. A. Gritskikh, and V.A Korotun in the Industry Research Laboratory (ONIL)
which I chaired, at the Ministry of Electronics Industry of the USSR. The interest in this class of high-

of high temperature superconductor (HTS) with a transition temperature 123 K, were

temperature superconductors in the whole scientific world was huge in relation to the expected
prospects for their practical application.

The distinctive feature of these compounds is variable valence.

We demonstrate it through the example of compounds of thallium, which in some compounds is
a monovalent, in others trivalent. It was found that the crystal structure of the compound TISe is such
that it contains 77'* ions and T/** ions, occupying different positions. This meant that the compound is
not binary and ternary. It was found that the variable valency of atoms in the compound is the rule

rather than the exception. Such a conclusion was made in the twentieth century by founders of quantum
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chemistry L. Pauling [3.1, 3.2], F. London [3.3], and V. M. Goldschmidt [3.4].
The bipolar transistor was invented in 1947 by Shockley, Bardeen and Brattain. Progress in
semiconductor technology required the creation of new materials with a wide range of physical and

physico-chemical properties due to the heterovalent atoms. These were compounds A*B> and A*B*C

Goryunova’s work [3.5, 3.6] played an important role in the understanding of physical and chemical
processes in complex compounds. This has created favorable conditions for the creation (synthesis
and crystal growth) of many complex diamond-like compounds with a wide range of properties.

Ternary thallium compounds such as, TIVS,, Tl,VSe,, Tl,TaS,, Tl,TaSe,, TI,NbS,,
TI,NbSe, were first synthesized by C. Crevecoeur [3.7] using solid-phase. With the compound
TILVS, we discovered a switching effect, known as the "Ovshinsky effect" [3.8], but on a crystalline

sample, the size of which was 1-1-1mm?>. The results of our research have been published in [3.9],
which was used as the prototype of a patent [3.10], since in these materials a pronounced piezoelectric
effect was found, the high rate of electromechanical coefficient and high acousto-optical Q-factor.

As illustrated by the example of carbon, synthesis of the compound may help to understand the

way in which failure occurs. A disadvantage of solid phase synthesis of compound TI,VS, is that the

initial temperature of the components varies greatly: S-113°C, T1-304° C, V-1910° C. In this regard,
the reaction should be carried out for a long time due to the increased vapor pressure of sulfur and the
risk of explosion, which results in pollution of the environment by highly toxic compounds.

To reduce the time of synthesis and improve safety, the synthesis was carried out in two stages. The

first stage synthesized phaseTl, — S, , at the second stage vanadium was added. At this stage T1 acts as

a thallium-promoted catalyst, which reduces the synthesis of large masses and makes the reaction
intrinsically safe.

This example is to show that the destruction is determined by stimulated emission of energy and
certain chemical elements accelerate it, cutting the safe operation time. The impact of some atoms on
the behavior of others in alloys and composite materials is well known and widely used in materials
science. But in nature there is only one mechanism that canexplain this phenomenon: the exchange of
atoms with electrons and energy. It is a mistake to believe that the formation of cracks or destruction
is caused only by a change in the geometric arrangement of the atoms.

The influence of atoms of one material on the properties other materials will be shown by some
examples. Interatomic interaction can be traced best at the nanoscale.

1). A method of controlled growth of carbon nanotubes in another nanotube was proposed in [3.12].
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Growth was carried out using an electric current I ~ 20 mA, the electric field strength of which was

‘E‘ ~1.3-10*V/nm. Cobalt ions emitted during its melting, used as a catalyst.

Puc. 33. [3.13]
Fig. 3.1. Characterization of CNTs and encapsulated catalyst particles. (top-left inset) SEM
image of an as-grown 1.5 mm array of CNTs by sequentially feeding nickelocene and ferrocene each
for 30 minutes. Five small TEM insets show catalyst particles following the length of a CNT (all at
the same magnification) [3.13].
Changes in the structure of CNTs as well as in a catalyst are shown in Fig. 3.2.
Tracing the distribution of catalysts in the process of nanotube growth. (a)-top and (b): using
nickelocene {Ni (CH,), } ; (a)-the lower part and (c): using ferrocene {Fe(C5 H.), } [3.13].

We consider only the results of radiographic studies, without going into details of the technology.

The catalyst Ni(C,H.), contained Fe and Cu impurities. Let us pay attention to the two peaks in

Ni and Cu. XRD pattern of the catalyst suggests that in this case, a maximum of two of iron and copper
was observed. The presence of two peaks means that in the catalytic process, heterovalent ions of
nickel, iron and copper were involved.

The structure of ferrocene is shown in Figure 3.3. Each carbon atom is bonded to two atoms of

carbon, hydrogen and iron atoms. Thus, all valence electrons of the hydrogen and carbon atoms are
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involved in the covalent bond. This is due to the name of the organometallic compounds (zehn is ten
in German).

The iron atom is associated with ten carbon atoms. This is also a covalent bond. The electronic

structure of the atom Fe is1s*2s°2p°®3s?3p°3d°®4s®. The minimum energy required to ionize an
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atom of iron, involves the removal of electrons from the 4s shell. In this regard, a metal atom in the
metallocene is ionized most easily to M2+. However, the length of each C-C bond length is 1,40 - 1,41
A, the Fe-C bond length is 2,04 A. This testifies to strict conservation of the electron cloud distribution
in the molecule. Equality of the C-C bond lengths, as well as Fe-C bond length, means the absence of
double bonds Electronic structure of atoms: H-1s1, C-1s22s22p2. Consequently, the interatomic
interaction in the molecule is due to the ten-covalent bonds (C-H), ten covalent bonds (C-C) and ten
bonds (Fe-C). These 30 bonds between 21 atoms is due to the exchange of 52 electrons (H-1s')=10,
(C-2522p?)=40, (Fe-4s%)=2.
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The presence of heterovalent iron, noted

/ above, testifies to the Fe-C bond oscillations from
= "W . “ covalent to metallic. The probability of s-p or s-d

s ’ hybridization increases with increasing
temperature. Thus, the number of electrons is
greater than the number of bonds and metallocene

- . ~40 servesasa catalyst of synthesis and an inhibitor for

detonation.
& a 3) The influence of Cu, Ni, Pt atoms on the
mechanical properties of CNT-type armchair (10,
Puc. 3.3 10) was investigated in [3.14]. Figure 3.4A shows
the dependence of the elastic energy under deformation of empty nanotubes and nanotubes filled with
metal atoms.

Comparative analysis shows that the difference between the elastic energy of empty nanotubes
and tubes filled with metal atoms occurs after a certain tension. The contribution of the metal atoms
to the total energy increases with the number of them, and at 354 nickel atoms composes ~ 100%.

The presence of metal atoms in the carbon nanotubes results in a change of the energy
distribution along the tube, as shown in Fig. 3.4 B. The character of deformation CNT d, e, f differs
from the deformation of nanotubes a, b, c. The authors note that when the number of atoms exceeds
50, a cluster is formed and the critical buckling stress depends on the number of metal atoms therein.

Unfortunately, no hypothesis about the nature of the phenomenon and mechanism are offered in the
cited paper. However, the results show that at a certain ratio of the number of metal atoms to carbon,
energy density accumulated in the nanotube practically doubled, but failure did not occur.

This fact is of great importance for materials science. It is well known that the impurity of an
element plays an important role in the wear, aging, and hardening of alloy or composite, even when a
material contains it in a small amount. However, consideration of the effect of the impurity is based
on empirical recipes, methods and formulas. The carbon-metal interaction predetermines the

properties of a vast number of materials used in industry.
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This fact can be explained using only the change in the energy states of the atoms that form a
cluster of a certain size. The mechanism of the phenomenon can only be described by quantum
mechanics and quantum (coherent) chemistry.

4) We show by the following example [3.15] the influence of atoms of one metal on the nature
of the interaction between other metal atoms in a macroscopic sample.

Monocrystalline Zn rods 0.5 mm in diameter, coated with a Sn layer 2-5 p thick, at 400 © C burst
under mechanical stress 8-10 times smaller than uncoated rods.

The nature of the rupture changed from plastic to brittle under a layer of Sn. The mechanical
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Puc. 3.4 [3.14] 5 of liquid tin, stood for a

sufficiently long time without tension at 400° C and then a single crystal of zinc was put in liquid lead
at the same temperature. Then, after a sufficient time in liquid lead the effect disappears completely
and restores the normal strength of single crystals.”

Thus, reduction in strength of single crystals of zinc and the transition from ductile to brittle
fracture is due to tin atoms which are in a different energy state, but not the surface quality. Mercury

atoms produce the same response as tin atoms
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Let us to pay special attention to the fact that there is a collective response of all zinc atoms on
the energy state of the tin atoms, not only on the nearest neighboring atoms. Such a response is only

possible thanks to the proliferation of strain waves representing an interconnected set of

electromagnetic, acoustic, electronic and other types of waves.
----§ A similar response occurs in a material susceptible to surface
Ellne mith miiheogtih BN G hardening. New properties of the hardened material are

preserved for as long as the unchanged metastable state of the

atoms remains, which arose during quenching.

Q 3.3. Atoms on the surface of the crack
The analysis of experimental results presented above
(b) 2 allows us to more deeply understand the mechanism of the
/\AL./* processes that lead to the formation of cracks and destruction,

and to give a more accurate description. The vast experimental

. material used in the dislocation model can be interpreted

differently in the model proposed by this paper.
() The work of G. E. Beltz and J.R. Rice [3.16] on the problem of
the relationship between the formation of cracks and

dislocations, as well as earlier works [3.17, 3.18], has caused

Pmc. 3.5 [3.19] great interest. Currently many papers are published on
generalized stacking fault energy. Since these works are mainly theoretical, in this study we confine
ourselves to only those results which help to understand the mechanism of cracking and fracture on
the basis of changes of the interatomic interaction. The idea of the generalized stacking fault energy is
introduced by means of a thought experiment. For this an incision in the crystal is made along a chosen
crystallographic direction and one part moves relative to the other by a vector f parallel to the plane of
the cutting plane. The cutting plane is called the y-surface. The energy difference between the
crystallite, both defective and not, is the energy matching the f-vector of the generalized stacking fault
energy. This procedure is shown in Pic 3.5 [3.19] for two kinds of the section, designated G and S (a).

The result is shown at Pictures (b) and (c). The properties of the y-surfaces are the main subject of
numerous studies. To describe them, a wonderful mathematical apparatus is designed which is based
on the Frenkel-Kontorova models, barriers of Payrls, and the Payrls-Nabarro equation. But we shall
not analyze these works, in which there are no major figures of the destruction process: photons,

electrons, ions and phonons. We are not interested in the mathematical and physical properties of the
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surface.

Experimental evidence suggests that the atoms forming the two surfaces are separated from each
other as shown at Fig. 22 b, or shifted (c), and they differ from the previous ones.

It is important to note that this difference occurred before the formation of the gap, as a result of
which there was a division. As long as it is a thought experiment, we imagine that Pic. 22 shows the
crystal lattice of a monovalent metal, such as gold, and the atoms above the line G, (which we denote
by y1) with photons rejected by the electron, which were captured by atoms located below the line of
G (denoted as y2). In this case, the atoms y; form a defect, which is called a linear dislocation.
Repulsive forces between the atoms 1 and free electrons are increasing, whereas those between atoms
v2, which became neutral and free electrons, will weaken. Now atoms y; and y2 can be removed from
each other, as it shown at Fig. 3.5b.

Are there any experimental facts proving the possibility of such a process? Yes, there are. They
are described in [1.6, 3.20]. We limit ourselves to one of them.

The surface of spalling luminesces. The afterglow duration is 103-10* s. Note that the lifetime
of the metastable state of an atom in a ruby laser has the same magnitude, although this may be a
random coincidence.

In copper at spall two peaks are observed, whose energy coincides with the energy of self-
diffusion of two isotopes (maybe that's a coincidence). The character of emission (intensity, duration,
location, etc.) depends on the speed of impact of deformation of the metal, etc.

Atomic properties are such that they absorb
and emit photons of certain energy only. The band
of absorption and emission of an atom in a solid is
wider than that of the free atom. But in this case
the radiation is similar to that observed in the
nanoparticles formed by the explosion of thin
wires. The local nature of the sites of radiation
means that there is a localized nanomaterial in the

bulk metal.

Fig. 3.6 shows a crack in a monocrystal
Pac. 3.6 [3.21] Ti3Al [3.21].
The number of atoms forming a crack portion, and the degree of ionization, depends on the

power absorbed by them, their energy state, and the presence of other defects. This leads to the fact
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that the y-surface under shear takes the form of a zigzag from one crystallographic direction, as shown
at Pic 3.6. [3.21] So we have come to the conclusion that the formation of cracks in removing or
shifting surface atoms y; to surface v, is preceded by a change in the energy states of the atoms that
form these surfaces.

Let us now consider the mechanism of formation of the state of stress in compression. It is well
known that under hydrostatic compression, fractures are formed and destruction does not occur.
However, the phase transition occurs, both the melting temperature and electrical resistance change,
and superconductivity appears. The brightness of luminescence of the previously compressed metal
increases during spall fracture. Therefore, the electronic structure of atoms changes along with the
interaction between them. These facts are confirmed so that no one is in doubt. It is also known that
metal, pre-compressed, is torn at a stress lower than that which is not subject to compression
(Bauschinger effect). In fracture mechanics this is explained by the appearance of dislocations caused
by residual stress. It is meaningless to deny the existence of residual stress, because it is an
experimental fact. At the same time, we know that with the converging of the atoms from their
equilibrium position, the repulsive forces are increasing much faster than gravity. The question is: why
does the removal of the external voltage at the repulsive forces not always return the atoms to the
equilibrium position, and they remain in this new state with energy above the minimum potential
energy, like a stone stranded on the side of the mountain? For electrons in an atom this energy level is
called a metastable level. Consequently, on a graph of potential energy versus the distance between
atoms, there are both the primary minimum and additional ones. The emergence of such minima is
due to a change in the chemical bond, which was predicted by L. Pauling in the first edition of his
book published in 1939. In the preface to the third edition Pauling wrote, “I agree with Poincare, it is
better to predict, not being completely sure, then not to predict at all” [3.22]. Experimentally, this
prediction was confirmed by Zewail more than 30 years later [3.23, 3.24].

Figure 3.7 shows graphs that characterize the transition from ionic to covalent compound Nal,
and the abrupt change in the ionic bond to covalent bond after convergence of the atoms at a distance
of less than 6.9 A. The Nal bond length is 2.739 A, According to Pauling, none of the links in its pure
form are shown. In this regard, he introduced the idea of the ionic character of communication. For
Nal it is 41% [3.25]. This assessment is confirmed by the depth of the potential well, corresponding

to the minimum of potential energy.
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Thus, we see that the oscillation of the chemical bond occurs in the nanomaterial, which is due
to the complexity of the processes taking place in the planes y1 and y2. An ion located in the plane 2,
having absorbed an electron, emits a photon which in turn can be absorbed by other atoms. The smaller
the size of nano areas, the more clearly its quantum properties are manifested, the narrower are the
spectral lines of absorption and emission of energy. As a result, the atom absorbs only a photon whose
energy corresponds to the transition of an electron from one level to another. If the energy of the
photons emitted from the surface of y> does not correspond to the transition of an electron in a certain
atom, it is spent to increase the amplitude of vibration of the atoms, i.e., the photon-phonon interaction
occurs.

Indeed, writing down all the formulas of physics from Newton's second law F=ma to the de
Broglie formula A=h/mv, including Einstein's formula E=mc?, we will be convinced of their simplicity.
The simplicity of Zhurkov’s formula, a straight crack line occurring at impact, Einstein’s confidence
in the fact that the evolution of physics is the evolution of the ideas required to find the physical
phenomenon which, figuratively speaking, is a control agent of all the processes of formation of the
conditions for the emergence of the crack and its growth.

All the properties of a solid are due to the interaction of electrons and ions; as a link of this
interaction are photons, the unique features of which are related to their frequency, amplitude,
polarization, individual and collective action with the maximum possible speed in nature.

Let us illustrate this with examples of cracking under impact.

Figure 3.8 [3.26] shows six stages of crack formation. Let us pay attention to how little has

changed in the form of figures characterizing the distribution of stresses in 100 microseconds. Note
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that the chemical reaction time is 10'° times less.

The speed of the crack was 275 m/s. Over 100 microseconds, its length increased by 27.5 mm,
i.e., on the macroscopic scale. This means that the sequence of atomic reactions leading to the cleavage
of the bonds remained deterministic for a macroscopic interval. This phenomenon cannot be explained
in fracture mechanics, since it is due to the lifetime of the metastable states of the atoms, but it is well
known in optics. The nature and mechanism of phosphorescence is fully explained in quantum
mechanics.

Consequently, the transition from
nano-to macrosizes did not affect the the
decisive factor that controls all the
processes.

The transfer of electrons to the
metastable level is due to the absorption of
energy. Today we know two types of
luminescence, which is caused by
mechanical influence: tribo luminescence

and metal luminescence.

Puc. 3.8 [3.26]

3.4. Impact fracture features

Shock destruction was and remains a relevant technical and scientific problem. It is considered
in this study, as physical processes take place faster. As noted above, we assume that all the processes
leading to the destruction of a solid body can be described on the basis of the electromagnetic
interaction. Mechanical or thermal shock can be reduced, eventually, to electromagnetic shock. This
will be shown below.

The physical processes leading to metal luminescence allow us to understand and more
accurately describe the mechanism of crack formation and destruction.

This phenomenon has been investigated in detail by the author [1.6] on the example of scabbing.
Fourteen points are highlighted, in which the features of luminescence were examined. Here we look
at the most important ones.

1. The spalling surface emits light over a wide spectral range from infrared to ultraviolet. X-ray

studies were not carried out.
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2. Duration of the afterglow was 10#-10 seconds, which is 4-5 orders of magnitude longer than
the lifetime of the excited state. The duration of luminescence is two orders of magnitude longer than
the duration of the fracture process.

3. The radiation has a local character. The brightness of flashes increased by several orders of
magnitude under increasing impact velocity of 1.5 times.

4. The brightness of flashes and their duration increased by 2-3 orders of magnitude during the
second scabbing or preliminary deformation the samples. This means that some of the atoms remain
in a metastable state which has accumulated energy. The lifetime of this state has not been investigated.

5. If a portion of the sample was removed to a depth of 0.5 mm after the first spalling, the
brightness, and its character during the second spalling was the same as in the first.

These experimental facts suggest that the metals and alloys form local regions in which the atoms
are in a metastable state with an energy greater than the minimum potential energy.

Luminescence of metals excited by laser pulses is of particular interest to understand the
processes of cracking and fracture.

We confined ourselves to two studies [3.33, 3.34] in which an experimental study of the
luminescence of metals by laser radiation was conducted. The objects of study were metal plates and
film, as the radiation source used pulsed Nd: YAG laser with a pulse duration of 1.4 ms. Light
luminescence was observed from the back side of the samples. Figure 3.9 [3.33] shows the
oscillograms of the excitation signal (1) and luminescence signals (2). The film thickness was 2
micrometers for Cu, Ti, and Al, and 1 micrometer for Mo.

As we can see, the delay of the luminescence signal reached 15-16 ms=1.5+1.6)'102 s. This
means that the number of metastable levels is greater than one in the atoms of each of the investigated
elements, whereas the lifetime of the excited state of the luminescence is about 10® s.

It is dangerous to draw serious conclusions on the basis of four exsamples, but it can be assumed
that the number of metastable levels is associated with a maximum valence of the atom. Particularly
indicative in this regard is aluminum.

Figure 3.10 shows the structure formed on the silicon surface under pulsed light exposure. A.F.
Banishev interprets the mechanism of formation of these structures from the perspective of the
dislocation model. The main conclusion drawn in [3.33] is shown below. It coincides with the
conclusion made by the applicant [3.34].

“Non-thermal luminescence (mechanoluminescence) of brittle refractory metals tungsten and

molybdenum is excited by pulsed laser thermal deformation. Features of the structure of these
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Pac. 3.9 [3.35]

materials: the small size of dislocation cells (sub-grains), the absence of dislocations within the cells

and developed structure of the boundaries of sub-grains, suggest that the deformation of these
materials to a large extent due to the intergranular slip. The glow is caused by activation reactions
grain boundary dislocations with each other and with impurity atoms. It is shown that there is a
tendency to increase the thresholds by reducing thermal stresses sample thickness.”

Quantum theory fully explains all the phenomena of spontaneous and stimulated emission of
light. It is senseless to speak about the “activation reactions of grain boundary dislocations with each
other and with impurity atoms” using the laser for excitation of stimulated emission of atoms.

Quantum theory fully explains all the phenomena of spontaneous and stimulated emission of
light. It is senseless to speak about the “activation reactions of grain boundary dislocations with each

other and with impurity atoms” using the laser for excitation of stimulated emission of atoms.
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The Nd** ion is an impurity atom in a matrix of yttrium aluminum garnet. The laser radiation is
due to the transition of an electron in an ion from the metastable level to normal. Oscillograms shown
in Figure 3.9 indicate that the luminescence of metals is also due to the transition of electrons from

the metastable levels.

The photo shown in Figure 3.10 is obtained using an
optical microscope with a magnification M=250.
Banishev writes that it is a “grating whose period
(d=3+3.51) does not depend on the wavelength of the
laser radiation. It was formed by the merging of local
melting wells.”

In his opinion the mechanism of formation of
such a structure is due to the formation of dislocations:

“It 1s shown that at the intersection of dislocation lines

Puc. 3.10 [3.34] under 8.5<E;<35 J/cm? begins the local melting of the
surface and the formation of an ordered cellular structure. The increase in the density of the cells and
their merging leads to the formation of periodic structures (arrays) of nonuniform melting of the
surface with a constant period di=3+3.5u and orientation determined by the relative orientation of the
vector E of the laser radiation and the crystallographic axes of silicon.

A further increase in E;> 35 J/cm? leads to the formation of the lattice period and whose
orientation is determined by the parameters of the laser radiation (M-lattice). As a result, on the surface
there is a superposition of gratings both dependent and independent of the laser wavelength period.
For large E, the U-grids dominate.” (Emphasis added).

The above quotes show the difficulties that have arisen for the author of [3.34], who tried to
interpret the experimental results, but still from the position of the dislocation model. We will try to
get out of this maze.

First, the phrase “crossing the dislocation lines” is devoid of physical meaning, as in this case
there is the response of a group of atoms that has undergone polarized monochromatic electromagnetic
interference. The energy absorbed by an atom is due to the electric field ELX.

Secondly, the phrase “the superposition of gratings” also lacks physical meaning. There is a
physical meaning for the superposition of waves, which leads to interference. The interference of
waves caused the periodic structure which is observed in Figure 3.10, which is characteristic of the

multiple reflection of light from the boundaries of thin films with highly monochromatic beams.
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In this regard, we slightly modify the description of the observed phenomena.

It is shown that in areas of maximum interference at 8.5 < E, <35 J/cm?, local melting of the
surface and the formation of ordered cellular structure begin. The cell density increases and duration
of exposure is due to the merger or increasing of the laser pulse power E;> 35 J/cm?. This leads to the
formation of the periodic structure of the surface at a constant period and the orientation due to the
wavelength, the relative orientation of the vector E of the laser radiation, and the crystallographic axes

of the silicon, as well as the geometrical and physical parameters of the material.

3.4.2 Electromagnetic punching of a solid
Figure 3.11 shows a pulsing mode, by which a stainless steel plate was punched: a) with power
density I=2.5-10° W/cm?, b) with power density I=4:10° W/cm?. Curve 1 shows the laser pulse, curve
the intensity of the laser radiation at the time of plate punching [3.34].

Puc. 3.11 [3.34]

Unfortunately, the observed phenomenon is not discussed either in this work or in other work
known to me. The difference in the nature of punching at differing power levels is so significant that
explanation is needed.

Of course, the laser beam passes completely through the hole after it is punctured. Pulsations of
intensity are observed when the thickness of the material changes so that its value becomes comparable
with the wavelength of the laser. In this case the observed oscillations under light transmittance and
reflection are typical of interference. The evaporation of metal at I=2.5-10° W/cm? is slower than when
[=4-10° W/cm?. This led to the fact that the oscillations in the case of b were transient in low light
absorption.

The superposition of waves is always present, but the spatial and temporal distribution of
maxima and minima is conditioned by an interval in which the phase difference of the waves remains
unchanged. The laser beam is coherent, monochromatic and polarized, which creates favorable
conditions for observing this phenomenon. It is known that the distance between the peaks at MPI
depends on the plate thickness and wavelength.

A_.F. Banishev writes of just this, commenting on figure 3.12 b: “It is established that, along with
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large-scale structures, small-scale periodic structures form on the channel walls. They have a period
of d ~ 1-3 microns (the period varying with depth) and an orientation tangential to the channel walls.
Such structures are likely to make a significant contribution to the absorption of laser radiation.
Small-scale structures and the nature of the interference for “flat” geometry are well studied. “
(Emphasis mine).

Note that the observed phenomenon is responsible for all the signs of wave interference, in which
energy absorbed by the metal in the intensity maximums is significantly greater than the energy
absorbed in the minimums. Exactly this leads to the formation of ordered structures.

All conditions, including the seemingly anomalous, can be explained by quantum optics. Such a
task is the subject of a separate study. We limit ourselves to three remarks.

The anomalous scattering of light due to the influence of laser radiation is of interest, but the
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proposed mechanism based on the dislocation model invites serious objection also.
First, silicon is a semiconductor, the band gap of which E; =1.12 V. Photons emitted from a He-
Ne laser (A=632.8 nm) have energy (1.96 eV) greater than the band gap. These photons are intensively
absorbed by the crystal, especially when the crystal contains impurities.
Secondly, the impact of photons emitted by a neodymium laser not only leads to a change in
geometry of the surface, but to the redistribution of defects also, including impurity concentrations,

which is caused by heating.
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Thirdly, the use of an etchant leading to surface texturing, wherein reflectance is reduced and the
absorption increases. As is known, this method is used to enhance the efficiency of silicon solar
receivers.

The spectra of the diffuse reflection of light by crystalline semiconductor materials have been
investigated by the author [3.37, 3.38] for the determination of the band gap. It was shown that the
diffuse reflection of light is reduced sharply in intense absorption by a single crystal.

JEOL 206KV X37 JEOL 20KV X180 2S5Smm

Figure 3.14 [3.39]

Here is another quote from [3.35, p.86]: “We have already noted that the increase in the scattering
of the silicon surface in vacuum begins to occur only with multiple laser pulses, when the size of the
dislocations is comparable to the wavelength of the probe laser.” (Italics mine)

Since the silicon lattice constant, a=0.54307 nm, the nanoobject covers 632.8:0.54307 =1,165
cells in the crystal, in which the absorption of photons, accumulation of energy, and radiation occur.
With all the variety of properties that are attributed to dislocation, to explain the processes in such
nano-objects is only possible on the basis of quantum optics.

Figure 3.14 shows scanning electron microscope photographs of holes punched by laser pulse in
aluminum plate having a thickness of 200 microns [3.39].

The power density of the pulse (3 ns) laser is 1=2.6 TW/cm?. The deformation rate reaches
107+10% s, The authors have placed thick gel over the back of the sample at a distance of 2 ¢cm to trap
breakaway fragments. It is possible to determine the velocity of the fragments and their size.

The size of some of the fragments reached 1 millimeter, their speed was 3500 m/s. The
distribution of the fragments in the gel is shown in Figure 3.15. Some of the fragments had a spherical
shape, the shape of the others was irregular. It is noted that the fracture behavior of tin and aluminum

differ significantly.
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Note that an attempt to describe the mechanism of failure of tin with a mechanical model was
made in [3.40], published two years before this article. However, in this paper, this model is not used
and the authors of the article end with the phrase, “Further work is needed to better understand the
evolution of the process from the macro to the micro-cracking of the various structural metals”

Published by a large group of authors, [3.41] notes the importance of the study of space-time changes
in materials subject to impact. Indeed, modern experimental techniques allow exploration of physical
processes in a wide time range, down to femtoseconds and the spatial scale of an angstrom.

The article's abstract ends with the phrase: “In this article, we describe some of our studies which
exploit existing and new generation ultrabright, ultrafast X-ray sources and large scale molecular
dynamics simulations to investigate the real-time physical phenomena that control the dynamic
response of shocked materials.”

The authors analyze the response of the unit cell to an external influence, modeled on the
example of its individual atoms, but do not mention anywhere that the interaction between them can
be explained only on the basis of quantum mechanics.

“Further work is needed to better understand the evolution of this process from spalling to

microspalling in a variety of structural metals.”

Figure 3.15 [3.39]

The experimental results obtained in [3.40] help to better understand the mechanism of
destruction through nuclear reactions induced by photons. As we have seen (Figure 3.14), the shape
of the edge of the hole is different in different places: the melt and destruction alternate. This indicates
that the pulse energy is unevenly distributed. As a result, the structure was modified such that in some
places the binding forces between the atoms was reduced and the metal melted, whereas in other places
the binding force increased. Small fragments were separated completely, just as happens in the
explosion of thin wires or mechanical shock.

We call attention to the chute in the form of a perfect circle, in which there is no melting or
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cracking. The surface of the chute and its depth of are evidence of evaporation of material towards the
incident photons. Fragments found in the gel were coming off from both the liquid phase and the solid.
All this testifies to the complex, but law-governed process of energy distribution in the contact beam

and metal.

SOWIPM papy et (Soped)

Figure 3.16 [3.42]

Unfortunately, there is no data in the work on the structure of the fragments and the solidified
metal. Features of dynamic fracture of metals under the action of thermal shock caused by pulses of
penetrating radiation and powerful laser pulses are discussed in [3.42, 3.43].

Two fragments, cited below, sufficiently characterize the basic ideas that guide the authors of these
works. 1. “... metals in the state of dynamic fracture show universal properties which are caused by
self-organization and instabilities in dissipative structures (cascades of the centers of destruction) that
underlie the body's resistance to external influence. “ 2. “The reaction of metal to external physical-
mechanical treatment is defined as its thermodynamic state and characteristics of the loading process.
Waves of compression and expansion occur in the exposed environment: for example, a flat layer
expands in both directions, which is equivalent to the wave propagation inside depression heated
material.” (Emphasis added).

Thus, the authors attempted to reduce the problem, an electromagnetic, electronic and ion impact
to mechanical response, while it is well known that electromagnetic interference can not be explained
in mechanics.

Of particular interest are cascading centers of destruction.

Samples of copper and their cross-sections after laser irradiation are shown in Figure 3.16 a, b.
A thin section of the sample of copper after exposure to intense beams of relativistic electrons is shown
in Figure 3.16 c. The centers of destruction are marked by an arrow.

The authors of [3.44] suggest that the pores are the sphere of influence of the centers of

destruction and on this basis propose a model of cluster volumetric destruction which is shown in
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Figure 3.17. The authors write, “We consider the problem of random nodes, which corresponds to the
process of multiple fractures. Random nodes are points (in this case fracture points) randomly
distributed in space.”
The proposed
mechanism is untenable,
since it is  disproved
experimentally, including

objective laws, shown in

Figure = 3.14. Random
Figure 3.17 [3.44] processes lead to the
spontaneous emission of energy, in which the power is not enough to break.

The problem of spall fracture caused by X-rays of a nuclear explosion is addressed in [3.45].
A.M. Molitvin considers such effects as thermal shock due to the rapid supply of energy, in which the
material does not have time to expand. He writes, “The critical specific fracture energy increases with
the increase in time of the tensile stresses. The necessity of taking into account the geometrical factor
that can reduce the damage threshold and increase the degree of destruction of the object subjected to
thermal shock has been shown....

The material expands both in the direction of impact and against it for stress relief. At the closing of
expansion waves tensile stresses occur which can cause spall fracture ... The results of the experimental
data on the spall fracture of copper with heat shock, initiated by the X-ray radiation of a nuclear
explosion, are shown in Figure 3.18. "(Emphasis added Fig. 3.18 shows the time dependence of the
spall strength of copper on heat shock (I) and impact loading (II): 1, no visible damage, 2-birth spalling
(the beginning of the visible damage), 3-spalling or complete destruction.

1. Pictures like that shown in Figure 3.13a are repeatedly observed during mechanical deformation.
As with mechanical and electromagnetic effects, they are similar to the conoscopic figures that appear
in a deformed body as a result of the interference of polarized rays.

Of course, there are certain features of the energy distribution associated with the behavior of free
electrons in metals. In this regard, the light interference pattern in the deformed metal may differ from
the interference of light in a dielectric.

2. The results of experimental studies of silicon surface destruction under the influence of
electromagnetic radiation, published in [3.33-3.36], are of great interest, but the interpretation in terms

of a dislocation model invites serious objection.
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Dislocation, as previously noted, is a defect in the crystal structure formed of atoms, the energy state
of which is different from the energy states of the neighboring atoms. Photons emitted by neodymium
atoms interact with atoms of the sample irrespective of whether they are included in the defect or not.
This interaction may be a photon-electron or photon-phonon.

All the processes in which a photon can be absorbed by the atom, or scattered, occur in strict
accordance with the laws of conservation. Destruction, as is well known, is jumplike in nature. For
this a certain energy must accumulate. This means that in some of the sample atoms, photons are
absorbed, and there is a change in the energy state, just as happened previously with neodymium
atoms, absorbing photons emitted by the pumped lamp.

If the excited atom emits a photon (luminescence) or phonon (thermal radiation), this atom,
figuratively speaking, is not involved in the destruction, no matter in which of the defects that happens.
Just as the destruction requires a certain energy, the conclusion: "The competition of growth and
relaxation of dislocation ultimately determines the destruction of the surface", made in the work, is at
least not correct. In fact, the destruction is predetermined by a competition of accumulation and
dissipation of energy. Let us make a few comments related to the peculiarities of heat stroke caused
by nuclear radiation. First, the energy of the photons emitted by nuclear fission is many times greater
than the energy of X-rays when the electron goes to the lower energy levels of the atom. In this regard,
an X-ray photon interacts not only with atoms on the surface, but in the interior of the sample, causing
ionization of the atoms and the displacement from the crystal lattice node or an increase in the

amplitude of vibration of the atom.

g (ne) _ Secondly, the impact caused by X-rays differs substantially
- ‘: from the thermal shock caused by a temperature gradient.

71 ﬁ:ﬁi‘;ﬁ Temperature gradients arise when X-ray irradiation is
::“!"E-":-_'- iy practically throughout the region in which photons penetrate.
E.a'f,é‘;.- : As is known, the energy of thermal fluctuations at 300 K is

o . 'h‘ .. : 0.013 eV, the fifth ionization potential of Cu is equal to 82.7
o o s R eV. Such a photon absorbed by an atom, figuratively speaking,

\ir

increases the temperature of the atom by 1.9 million kelvins.

@
L= .

N This happens in 10°+10'? seconds. Expansion of the metal
y
0 2 4 E 8 a.rma  during this time will not happen, but the transfer of electrons

Ficure 3.18 [3.45] to that level from higher levels is possible.

This leads to emission of photons throughout the material. Thus, the failure mechanism proposed by
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Molitvin is untenable. It is refuted by the experimental results presented in [3.29-3.26]. Furthermore,

hundreds experimental data shown in Figure 3.18 also refute it, since the same lgz value corresponds

to different values of G.

Statistical characteristics of multiple fractures of metallic targets under dynamic loading at a speed
of 100-650 m/s, and their relationship with the mechanical parameters of the materials, were
investigated in [3.46]. The main conclusion is formulated as follows: "The process of damage
accumulation in a dynamic spall is generally not a self-modelling3 process that may be associated with
simultaneous initiation of a large number of centers of defect origination." (Emphasis added).

Common to these two works, like many others, is that the processes caused by a mechanical shock
and electromagnetic pulse are considered without any regard to the interaction of waves and atoms. If
the study of processes in solids caused by mechanical shock, for this approach to the problem can only
regret that the electromagnetic radiation, especially caused by a nuclear explosion is impossible to
make serious conclusions.

3.4.3. The electromagnetic interaction of photons and atoms

We consider the interaction of photons and atoms in an alloy.

It is well known that all calculations in mechanics are performed using the laws of conservation of
energy, momentum, angular momentum, and charge. The photon, like any other particle, has not only
the energy ep, but the momentum g,/c, where c is the speed of light. An atom can absorb or scatter a
photon in collisions with it.

Above the surface of a metal there is an electron cloud caused by the emission of electrons from the
metal. Metal, emitting electrons, is positively charged. Thus, the metal and the cloud of electrons form
a charged capacitor; the distance between the electrodes is 10+20 A. The electric field strength in this
region reaches 10% + 108 V/m = 103 V/A. This phenomenon is used in vacuum photocells.

The interaction of photons with metal leads to a number of effects, which is not limited by heating
and thermal shock. High light intensity leads to a nonlinear response of the material in which the
properties are changing and multiple atoms absorb photons, which is equivalent to an increase in
frequency. First of all photons start to interact with the electron cloud changing electric field over

metal. These changes occur in ~ 107% s,

3 By self-modelled means a process in which the distribution of defects in size at different
times is obtained one from the other by a similar transformation.
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Figure 3.19 [3.47]
The bias current density depends on the electric field rate j, = ?j—lf . As is known, the thermal effect

of the bias currents is equal to zero, but they create a magnetic field, which compresses the stream of
ions, or electrons. The photons, colliding with electrons of the cloud, pass them energy and
momentum, bringing the electrons closer to the surface. Photons that reach the surface, are not only
heated, but also pull out electrons from the metal, especially effectively when the photon energy is
higher than the electron work function.

The positive potential of the surface increases due to the photoelectric effect. This leads to the fact
that between the exposed and unexposed areas of the target, a potential difference occurs and an
electric current is caused by the movement of electrons, as the depth of the sample to the exposed
surface and along it.

Let us pay special attention to the fact that all these processes are set at the rate of electromagnetic
waves. Heat shock occurs as a result of two processes: the current pulse and the recombination of
electrons and ions. An area in which the recombination occurs is the most powerful source of energy,
which is sufficient for destruction. However, under high-intensity irradiation, which is achieved in a
femtosecond laser, the nonlinear effects are so significant that the number of photons absorbed by the
atom simultaneously varies.

The total energy absorbed by the atom can reach such a magnitude that the excitation of atoms is
associated with the transition of electrons from deep levels located below the valence levels.

Recombination of these ions is accompanied X-rays. Electromagnetic waves reflected from the lower

and upper boundaries of the sample interfere to form standing waves in the antinodes with intense
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radiation of energy.

An important role is played by the resonant interaction of photons
and plasmons. All this leads to the fact that intensive ablation occurs
in which the metal does not crack. The distance between the maxima
of the standing waves decreases with metal evaporation The
characteristic feature of the interaction of photons with atoms of the
material is easy to trace in a comparative analysis of photos shown

in Figures 3.12, 3.14, 3.16, 3.18.

25 um
. Figure 3.19 shows holes punched in stainless steel plate with

Figure 3.20 [3.47] thickness of 50 microns, in vacuum, using pulse radiation from a

femtosecond laser. The number of pulses is 2000, the beam diameter
is 12 microns. Increased output leads not only to increased diameter of the holes, but also to a change
in the structure of the metal around it.

Unfortunately, such studies were probably not carried through, since the aim of the work was to
demonstrate the possibilities of the method. We can judge them by the color and shape of the material
around the openings, the form of which is shown in Figure 3.20 for the energy density of 15 J/cm?2.

Two areas, including intact metal having a different structure, are visible at the energy density 0.89
J/em2. Increasing energy density to 3 J/cm? leads to another almost symmetrical zone. The symmetry
of these zones is broken at a 5 J/cm? "breakthrough" in one direction, but at 15 J/cm? disorders are
particularly significant. The actual structure of the material around the holes can only be determined
experimentally. We can only guess at how they are formed.

The pulse duration was less than 120 fs=1.2x10"%s, the diameter of the crater was 4+15 um, the speed
of the acoustic waves 6 10° m/s. During the pulse time, acoustic waves propagate a distance of 6
10°-1.2:10"% =7.2:10'° (m). This means that acoustic waves have time to communicate only with the
atoms situated in the two unit cells, whereas photons pass a distance equal to 3-10% x1.2:10"3 =3.6 10
3 (m).

Laser wavelength is 760 + 820 nm. The energy of the photons (1.5 + 1.6 €V) is not sufficient to break
the bond or excite luminescence in the alloy, but doubling of the frequency leads to sufficient energy
density.

The authors note that in all cases, except for F <0.4J/cm?, the holes have a symmetrical shape and the
walls of the holes are free from debris. Around each hole there is a layer of melt. Ablation, like a

fountain, is observed at an energy density greater than 20 J/cm?.
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As we can see, the nature of the interaction of photons with atoms of a semiconductor is different
from the interaction with metal. There is no doubt that one of the reasons for this difference is the
presence the free electrons in metals.

The experimental results lead to the conclusion that photons played a particularly important role in

the processes that lead to destruction.

3.4.3. Electromagnetic interaction of atoms at mechanical shock

The mechanism of destruction due to mechanical shock is of great scientific and practical interest for
material scientists and astrophysicists. A large number of papers have been devoted to this problem,
but we restrict ourselves to only two, using them as an introduction to this section.

In [3.48], devoted to the problem the collision of celestial bodies, an experimental study about a
projectile hitting a target has been carried out. The projectiles used were lead bullets weighing 4.1
grams and aluminum balls weighing 0.65 g, accelerated to a speed of 1000 m/s, and iron and aluminum
balls weighing 1.06 and 0.04 g, respectively, accelerated to a speed of 1700-6500 m/s. As a target,
blocks weighing 23-30 kg of Pb, Al, Fe, steel and basalt were used. The studies were conducted at a

pressure of 5 mm of mercury column.
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Figure 3.22 [3.48]

It was found that debris flew mainly in the opposite direction at a speed of impact of 0.5 to 27.4 m /
s. Size and mass of the fragments were measured, and the volume of the crater. The total mass of the
fragments ranged from 39 to 67 percent of the total mass lost by the target In all 22 experiments at the
crater two zones have been observed. The central area was strongly damaged and contained only the
crushed fragments, while surrounding this broad but shallow zone is a relatively fresh surface, which
the authors consider as cleavage. The number of cracks extending deep into the material increases with

increasing velocity of the projectile as shown in Figure 3.22. The authors note that the mechanism of
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this phenomenon is not clear, but the mechanism proposed by other researchers is confirmed only at
low impact velocities. Naturally, the question arises: where has almost 50% of the mass of the crater
disappeared to?

Minimum mass of the crater was 1.4 g, the maximum -103 g, the minimum kinetic energy of impact
was 138 joules, the maximum-22500 joules. A second question arises: why does this impact energy
cause such severe damage?

Metal destruction as a result of a body colliding at a high speed is considered in [3.49]. The authors
proposed an original mechanism of metal and meteorite destruction. Since the authors are members of
well-known universities in the world (Moscow State Technical University named N. Bauman, and the
University of California at Berkeley), it was necessary to comment on this mechanism. We restrict
ourselves to a single quote to understand the original idea: "The action of mechanical force on the free
electrons has been noticed for a long time. Most known is the experience of Tolman and Stewart (R.C
Tolman and, T.D. Stewart., 1916) wherein a coil of copper wire has been untwisted like a spinning
top, to a linear speed of 19+56.4 m/s, then braked with a negative acceleration 39.6+282 m/s2. It has
appeared enough that the free electrons flying by inertia overshoot the braced ions ejected from the
copper to an external circuit and are recorded as a galvanometer pulse of electric current. The current,
however, was so weak that it did not cause any changes in the metal. Speed and acceleration of
meteorites and shells are much higher, so when braking, there is a new phenomenon”.(Italics supplied)

In this small fragment are at least three egregious errors. 1) Tolman and Stewart's experiment was
performed in a closed loop conductor. This means that the number of electrons leaving the coil equals
the number of electrons which have entered into it. 2) The drift velocity of electrons in the metal is
millimeters per second, which is extremely small compared to the speed of random motion, but when
braking in the coil occurred a potential difference was created, which resulted in the external circuit
current recorded by the galvanometer. 3) The key to this phenomenon, known from any high school
physics course, is the fact that when the electric field in the coil changes, the magnetic field changes
also, and this electromagnetic pulse raced at light speed along the wire and "made” all the conduction
electrons move in one direction.

Thus, further analysis of this paper does not make sense Two studies [3.45] and [3.46] having different
scientific value, are shown at the same time in order to show that the first one looks only at the
consequences of impact on the target, while in the second, only in the projectile. However, we have
seen that an aluminum ball with a mass 750,000 times smaller than the mass of the target can produce

serious damage. This means that for a mechanical shock it is necessary to consider the processes
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occurring in the target and the projectile. Similarly, in a meteorite collision with the Earth, we are
interested not only in those processes taking place with the meteorite, but also with the earth, in spite
of the mass ratio.

The mechanism of fracture of solids in a collision, including that of a meteorite with the Earth, can
be examined only taking into account all of those features of the interatomic interactions which have
been discussed above.

Features of the destruction caused by mechanical and electromagnetic shock discussed above allow
us to offer an alternative mechanism of destruction of in collision of solids due to the electromagnetic
interaction of atoms.

Offering such a mechanism, we will start from the fact that it does not conflict with the fundamental
laws of physics, despite the fact that it may seem fantastic.

The proposed mechanism must explain how the accumulation of energy occurs, the radiation of which
leads to an explosion of the meteorite, its destruction before the collision with the Earth; how and why
the object is destroyed.

. Let us consider the physical processes occurring in the meteorite, moving in near-Earth space. For
simplicity, we assume that the meteorite represents an iron cube with sides | and it is constantly facing
one facet toward the Sun. The face irradiated by the Sun is positively charged due to the photoelectric
effect and thermal emission.

The maximum potential difference between the irradiated and non-irradiated surfaces is due to the
electron work function. Therefore, our task is reduced to the motion of the dipole. However, the

position of the meteorite relative to the Sun changes, changing the dipole moment and the conduction

current generation, the density of which is j, = ﬂl .

The varying electric field results in a change in the magnetic field distribution in the surrounding

electromagnetic waves. Conduction current density in the meteorite is j, :ﬂl. The bias current
Yo,

density and frequency at slow elecric field changes will be small. Conduction current density depends
on the energy absorbed by the meteorite, and the parameters of the metal, and it can be estimated. For
iron,  =4.31 eV, p=9.8 10-8 Ohm-m, therefore, jc ~4.4:103 A/cm2. This current density is reasonable
for iron and will not lead to destruction.

But for us what is important on its own account is the fact of the phenomenon by which processes
occur in inorganic material as in photosynthesis of plants. The existence of heterovalent ions of the

same element in the metal are confirmed by numerous experiments. Cosmic bodies, devoid of
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atmosphere, undergo intense radiation exposure to X-ray and gamma-rays, bombarded by hydrogen

and helium ions, which increases the probability of formation of metastable highly ionized atoms, for
example: [H ™, H , H , ;He“, 23He1+, o He*" JHe” , Fe3+ or higher.

Note that hydrogen and helium ions penetrating the meteorite have high ionization potentials: 13.6
eV hydrogen, 24.5 and 54.4 eV helium.

. Meteorites reaching the Earth's atmosphere have a speed from 1.1 106 to 7.2:106 m/s. Braking of
the meteorite leads to a significant change of the electromagnetic interaction in it. It is believed that
the resulting friction heats the metal and it burns. Heating due to friction really does take place, but
this energy is not enough to melt and vaporize the metal, especially in the top layers of the atmosphere.

. Meteorites of small size are burned before they reach the Earth's surface. Large meteorites do not
have time to break down in the upper atmosphere and are braked in its denser layers especially
strongly. This leads to the fact that the density of the electron cloud in the head part rapidly increases,
as do the temperature gradients. The potential difference between the head and tail is increased, the
current density between them rises, which leads not only to heat but also to further ionization within
the meteorite.

The changing electric field is accompanied by a changing magnetic field and an increase in the density
of the bias currents. Thus, the meteorite is transformed into an electromagnetic wave generator. The
thermal effect of bias currents is zero, but the mangnetic field generated by them compresses the
current channel, just as happens in magnetized plasma.

The meteorite deceleration at the final stage is due not only to the resistance of air, but to the
interaction of the electric field, and possibly the magnetic field of the meteorite and the Earth also. In
some cases, it is noted that the horizontal component of the meteorite velocity is reduced to zero.

A sharp decrease in the speed leads to the fact that the bias current density increases sharply at first,
but then rapidly falls. The decrease in the magnetic field leads to the expansion of the channel
conduction current, intense stimulated recombination of ions and electrons, electromagnetic radiation
of such power that failure occurs.

. All this leads to high power energy radiation throughout the entire volume meteorite, then fracture
into small fragments, until evaporation.

We applied a physical hypothesis for the ideal case. Clarification of the mechanism of the destruction
of the meteorite, as well as any other hypothesis requires experimental verification. Important roles in
such a study are played by the spectrum of the explosion, the content of hydrogen, deuterium, tritium,

helium isotopes and other elements. A real meteorite or meteor is not a conductor, but it contains both
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metals and carbon, which are good conductors of heat and current. Only experiment can determine the
extent to which these inclusions will play the role of destruction channels.

The density of bias currents in mechanical shock in two bodies, whose speeds are considerably lower
than those of astronomical bodies, sharply increases only at the interaction of the electron cloud of the
projectile with a target electron cloud extending 1020 A at their surface. Although the
electromagnetic processes take place with the speed of light and the resulting photons repeatedly pass
through the target and the projectile, heat shock does not take place and the bodies have time to get
closer to a distance equal to the lattice constant.

Changes of electromagnetic fields in the projectile and target are different, since they are caused by
braking (negative acceleration), which is absolute and independent of the mass.

A projectile, flying in the atmosphere at supersonic speed, begins to decelerate and radiate
electromagnetic waves immediately after the start. The velocity of the projectile is not sufficient for
the rapid oxidation and the maximum variation of the electromagnetic field starting from the moment
of interaction between the electron cloud of the projectile with the electron cloud of the target.

As we have noted, the electric field in this region is 10-3 V/A. Collision of the surfaces of the

projectile and the target will occur in At= LV where L is the thickness of the electron layer between
the two metals and v is is the speed of approach the projectile and the target.

The created system is similar to an electric circuit consisting of two conductors (projectile and target),
a condenser (the gap between the projectile and target), the plates of which are charges of different

quantity and dielectric connecting the backs of the projectile and target. The total current density in
this circuit is J = J. + J, , wherein jc is the conduction current density, J, = AN is the bias

current density, and E is the electric field strength.

Let us estimate the bias current density for the projectile velocity 1.6 km/s=1.6"103 m/s and electron
cloud thickness L=20 A=2:10-9 m.

At the moment when the distance between the target and the projectile ions becomes equal to the
lattice constant the electrons from the electron cloud and moving projectile pass into the target. It is
experimentally determined [3.50], that under shock not only electrons but also ions, such as carbon
and iron, are transferred from the projectile to the target.

Electron density at the surface of the target increases dramatically, which leads not only to the
formation of a conduction current in the target, but also to the intense recombination in narrow

channels, as shown in Figure 3.22. These channels are formed in areas in which the recombination
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preceded additional ionization due to interference of electromagnetic waves.

Similar processes occur in the projectile and the only difference is that the conduction current is
reversed. The photons emitted by the recombination not only heat the metal, but ionize new atoms. All
of these processes occur during sudden changes in the magnetic field within nano-or pico-seconds due
to the high speed of photons.

The magnetic field is so large that the flow of conduction electrons is compressed to such an extent
that a plasma filament with high conductivity forms in a narrow channel4. The calculated value of the
conduction current density is comparable to the current density at which there is electric explosion of
thin wires and plates. In this connection, destruction in the target is such that the projectile "burns" the
target.

The main difficulty of the other models is the fact that the energy required to break may be greater
than the kinetic energy of the projectile. The authors of this model realize that such a mechanism is
not possible and offer options that are refuted by experiment.

The mechanism proposed above does not have this disadvantage. Of course, that energy is not "drawn
out of the blue." It is stored in the atoms that emit it. The existence of metal atoms or clusters that have
different ionization degree, have been confirmed by numerous experiments. Consequently, during the
recombination stimulated by photons, especially when the metal is evaporated, the degree of ionization
can be below that in the solid body.

The energy radiated by recombination may be commensurate with the kinetic energy of the projectile,
but the pulse is so small that the power of the recombination radiation can exceed the absorption
capacity of the kinetic energy. The shortening of the pulse leads to the fact that the number of atoms
absorbing it decreases, and the structure of particulate material sprayed during the explosion, differs
from the structure of metal, as the energy of the atoms in the nanoparticle was below what they had in
the bulk sample (see Fig. 2.19).

As shown above, the laser radiation generated forms areas in the target, the destruction of which is

4 Such a conclusion may seem fantastic, but there is a possibility of the formation of Cooper pairs
in such a plasma, as in this case violated the laws of conservation and the condition that the magnetic
field produced by the current in the superconducting channel, just enough to maintain the current that
creates it (see [3.51]).



Figure 3.23 [3.52]

suggest that a crack does not form.
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greater than the other. The energy distribution in the target
during mechanical shock is expressed more clearly.
Therefore, in one and the other case local regions are
formed with higher power radiation energy. Such regions
are called the domain of destruction As we have seen,
photons are involved in all the processes that accompany a
slow exfoliation of tape, and the most rapid effect of the
femtosecond laser.

Figure 3.23 shows photographs of chromatograms,
performed every 10 microseconds [3.52]. In the first photo,
chosen as the reference point, we can see two groups of
waves moving in the direction of impact, and in the
opposite direction. While the traveling waves are almost
flat, the reflected ones are spherical. They are not coherent

and do not interfere. The tenth, eleventh and twelfth picture

The question arises: how was the backward wave formed when the traveling one has not yet reached

the border on which it may be reflected? Using the fact that the reflected wave is spherical, you can

find the location of the wave source, which is outside the frame. It follows that the velocity of the

reflected wave is higher than that of the traveling one. Thus, the nature of these waves is different. At

the moment of impact there are not only the acoustic waves, but also the electromagnetic, the speed

of which is many times higher than the velocity of acoustic waves. Reflected from the boundary, they

form the acoustic wave. In turn, sound waves cause the appearance of electromagnetic ones. But in

this case the specimen did not become a resonator, and no crack formed because the accumulated

energy was not enough to break bonds Picture 3.24 [3.53].

The 14 pictures presented at Pic. 3.24 show the formation of the reflected acoustic waves from the
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opposite verge to the arrival of a traveling wave.

However, in this case, the

traveling waves are spherical,
while the reflected are flat, as can
be seen in the second frame. The

third frame clearly shows the
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emergence of the figure, which is
presented in Fig. 25-27. We draw
attention to the fact that it is
formed at the tip of the crack,

which is not from the point of N
)

impact, but from the place of

wave reflection. In 100 - Figure 3.24 [3.53]

microseconds, at the tip of the crack stress distribution, like a torch, reaches a limiting value and at
445 microseconds the "torch" is moving to the opposite side of the point of impact. Without going into
details, it can be concluded that in the formation of cracks all the atoms in the area are involved, on
the borders of which the reflected wave deformation occurs. All photographs presented in Pic. 1.3,

1.4, 3.8, 3.23, were obtained in an isotropic material. In a metal with a complex structure, the presence
of many borders of inhomogeneities, at which the reflection of strain waves occurs, the nature of crack
formation is substantially changed.

Fig. 3.25[3.54]

All chromatograms, which were shown by several authors, except Maxwell, were intended to
calculate the stress intensity factor, or to be used in models based only on the fracture mechanics.
Creating a laser allowed the use of interference polarized beams to produce holograms, whose
information capability is considerably higher than that of the chromatograms

“High-speed holographic microscopy is applied to take photographs of rapidly bifurcating cracks in
PMMA with high spatial resolution. When a crack is propagating at a speed more than 600m/s, it
bifurcates into two cracks near the center of the specimen. Three successive photographs are taken at
the instant of the crack bifurcation. The frame interval is about 5 ps, and the spatial resolution is more

than 180 lines/mm. Crack opening displacement (COD) of the two branch cracks and the mother crack
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are measured from the photographs. The photographs and the measurement results show that two
branch cracks propagate at the same speed even if they have different CODs. Also, some photographs
clearly show that there sometimes exist small cracks that are not connected with other cracks on the
surface of a specimen. The fact means that the rapid bifurcation process is not a two-dimensional but
three-dimensional phenomenon.”

The use of holograms to study fracture
processes is of great interest, but we limit
ourselves to calling attention to the change
in the interference pattern in the formation
of cracks. The second frame shows bands
of interference in the form of a circle whose

radius is equal to the length of the crack

from the branch point. In the third frame,

Figure 3.25 [3.54] Figure 3.26 [3.54] these bands are preserved, but there are
additional bands similar to them, as would be emitted from different sources. Indeed, on another
sample, the picture shown in Figure 3.26, there was a crack (crack tip 3) going from the depths of the
sample.

An attempt to calculate the stress intensity factor based on experimental studies of crack formation
was made in [3.55]. The studies used quartz glass plates and were carried out using an atomic force
microscope, the field of view which was 200x200 nm. As the authors note, the instrument allows for
measurement at a distance of 10 nm from the crack tip. The measurements were processed using a
Digital Image Correlation technique. A special mathematical model was developed in order to

calculate the stress intensity factor on the basis of correlated data. The calculations obtained

K, =(0.39£ 004)MPa - m%, which the authors believe is consistent with the values of the stress

intensity factor for macroscopic samples.

We make three remarks.

1. Nanoregions studied in [3.55] contain about 10,000 cells. The behavior of atoms in it can not be
described by the formulas proposed in the cited work, since they do not have quantized physical
parameters.

2. A mathematical model for describing physical phenomena will be correct only if the functional
relationship between the physical parameters is confirmed experimentally. Mathematical software

designed to process information obtained from interaction of a cantilever (probe) AFM with the
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surface of the sample plays an important role. This interaction is due both to the binding forces between
atoms and interaction with the cantilever. But only a change in the binding forces between the atoms
in the formation of cracks is the subject of the study. The stress intensity factor is not connected with
any parameters of glass, so the parameter m can not be calculated.

. As shown experimentally, the same physical phenomena (eg, the quantum Hall effect, the Hall-Petch
effect) in nanoregions occur differently. In this regard the coincidence of the values of K1 and the
macroscopic region is doubtful.

Conclusion: Experimental studies performed with the use of equipment whose operation is based on
the quantum mechanical properties of atoms or molecules and/or nanoscale materials can be correctly
interpreted only on the basis of quantum mechanical models.

Cracking in nano-scale objects through ion implantation is of particular interest. Fig. 37 (a) shows a
photograph of a defect in a crystal formed by implanting ions of helium, called He-plate. The picture
shows one He-plate which was formed on a disc of Si by irradiating it with He+ ions and subsequent
annealing. It is assumed that there was a crack in the expansion due to the increased pressure caused
by the expansion of the gas. Fig. 3.27 (b) shows the spectrum of electron scattering. In this regard, the
ratio of pressure to the shear modulus p/p was proposed as a parameter.

Fig. 3.28 shows the relationship

(a) (b) 1.0
0.3 N ' between the radius r and p/p.
= 6 . .
5 : On the basis of this graph the
&, 04
T 02 : Booi
0.0 authors concluded 4 VT
[110] o 100 200 300
L = = . Z [nm] The photographs shown in Pic. 3.27
[o01]] g 100 NM

refute such a conclusion because,
. first, there were formed one large
Figure 3.273.56] 8
crack and a series of narrow ones, located on either side of it, and secondly, it is questionable whether

the formation of cracks is due only to the reason, for which the pressure is taken.
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To understand the mechanism of the formation of cracks in this action, we consider one similar study

[89], in which the defect HeP, created at a certain 025 E

depth in the Si, was subjected to additional - 1
[ | 5 p A E
exposure of ion. As the authors note, a thorough “— F *%.l
- 015 F : 3
study of crack-causing hydrogen implantation was ™ F L] L _
. . . o0k . . :
conducted in connection with layered transfer ] T _i T
technology. This process is crucial in creating the 0.05 ¢ 3
. _ _- . . n.m L L i 1 L i L -
semiconductor-on-insulator material SOI. Ions in g 10 20 20 40 =0 80 70
this method control the processes of crack r [nm]
propagation on the surface, as a result of which one
layer appears connected to the other. Thus, the Figure 3.28 [3.56]

investigation of the effects of hydrogen ions helps to elucidate the mechanism of cleavage.

Indeed, the emergence of two He-plate defects led to the structure of the entire surface changing, as
follows from Fig. 3.29.

The formation of two He-plates was brought about with the following experimental conditions: He
ions accelerated by a potential difference U=45 kV, and an irradiated surface, the surface density of

ions which was 1 - 1016 cm-2. The sample was annealed at 350 ° C for 900 seconds.

Ion implantation was carried out at

200° C under a voltage of 30 kV, the

surface density of ions was 0.5-1016 cm-2,
annealing was carried out for 900 seconds
at a temperature of 300° C. HeP-defects
were located at a depth of 200 nm. The

effect of hydrogen was observed at a depth

Figure 3.29 [3.57]

of ~ 400 nm. The result of joint action of
the ions of hydrogen and helium is shown in Pic. 3.30.
The analysis of the results obtained was based on the SIF. The cause of the destruction was considered
to be the thermal expansion of gases. The additional pressure arising in this case, according to the
authors, was 200 MPa.

Let us analyze the results of the experiment in detail.
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By comparing the HeP, shown in Fig. 3.28 (a) and Fig . oY) i
3.29, it can be easily discovered that in the first case, the
fracture energy is concentrated in a local volume of the
defect, in which the main crack was formed along the
direction [110] and side defects, in which, according to
Fig. 3.28 (b), some cracks are made. From Fig. 3.29 it
follows that transparency of HeP borders was

considerably higher and the energy (or ions) dissipated,

leading to the sawtooth line formation. The boundary of ===

the HeP-defects in the second case is blurred In the left Figure 3.30 [3.57]
HeP no crack is formed. This indicates that its formation is a final, and not an initial stage of HeP
formation.

To explain all the features of HeP formation only by the thermal expansion is impossible, but not
because of the variety of forms. When implanting, ions form point defects, which are accompanied by
not only the waves, but the ionization appearance of electrons. Strict orientation of cracks indicates
the direction of movement and energy of the electrons, while the thermal expansion is isotropic.
Considering that the formation of defects is caused only by the work of gas, another source, the power
and energy density of which is many times higher than the power of expansion, is ignored. The
ionization potential of helium is 24.59 eV. In the case when the implantation of such a defect is formed,
in which the electron is emitted, there is a possibility of recombination with the emission of a photon
with this energy. Photons absorbed by the crystal heat it, weakening the bond between the atoms. The
binding energy of atoms in Si is equal to 4.64 eV. In the case when the photon energy is reduced to
this value, the rupture of the bond will occur. However, these processes are spontaneous and lead to

the formation of randomly distributed defects.
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As noted above, the surface density of He+ ions was 1-10
cm. The crystal lattice constant of silicon is equal to 5.43 A.
Consequently, a single square centimeter of surface contains
~3-10" facets of the unit cells. This means that on average,
there is one ion He+ on each facet. In the study of HeP a
recombination with more intense emission of photons occurs
with the help of electrons. In the direction [110] the
recombination turns out to be stimulated and the radiation
power is sufficient for the formation of cracks These processes
are enhanced after the implantation of molecular hydrogen

ions. In the recombination of H, +e~ — H, +hv (1543

eV) a neutral molecule is formed and a photon is emitted. By

this radiation, however, the effect of hydrogen is not limited.

Upon annealing and under the influence of electrons, the

Figure 3.31 [3.57]

molecule dissociates into atoms. In the presence of oxygen, the
positive hydrogen ions may form water in which energy is released. All this leads to the fact that the
crack growth is accelerating. Cracks formed from two HeP, can get close enough that there is an
interaction between them, as shown in Fig. 3.31. The photo clearly shows the interaction of atoms of
one end of a crack with the beginning of another crack.

The area in which this process occurs is similar to the breakdown of the dielectric between two thin
electrodes. Not meaningless is the idea, expressed in the author’s work [3.58], about the similarities
of charge accumulation, leading to destruction and lightning.

Sclerometry is one of the hardness measuring methods. In this case, a scratch is applied on the surface
of the body under study. The hardness is judged by the width of the scratch with a constant load or the
load magnitude at a constant width of the scratch. It was found out that during the motion of the
indenter in the forward and the opposite direction, we obtain different values. From the standpoint of
crystallography, direct and opposite directions are invariant. However, the growth of two cracks from
HeP-defects, as with sclerometry, suggests that in the formation of a defect caused by chemical
reaction, a certain polarity occurs.

Fragments of the Si surface, irradiated with He™ + H ¥, at the surface density of 2:10' cm™ (a),
6:10'* cm™ (b) and 10-10'° cm™ (c), presented at the photographs, indicate that nanocracks are focused

in the direction [110]. The reason for such an orientation is unknown. Special experiments are required
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to determine it. Identification of the mechanism of this phenomenon will undoubtedly lead to the
creation of more durable material. The same characteristics of the material are caused by the fact that
both cracks, formed by the HeP-defect, grow in one direction.

Fig. 3.33 shows four photographs of a crack in glass, into which sodium ions [92] have been
implanted. A crack formation in a humid atmosphere was followed by oxidation of sodium (corrosion).
The photos were taken with a help of an atomic force microscope.

The values of the stress intensity factor and speed are shown under each photo. Based on the data that
are available in the article, [ have evaluated the time during which the experiment was conducted. The
voltage shown in the second photo, at which the crack appeared, decreased by 0.5%, and the rate was
reduced by 36%. Accordingly, the further reduction of one percentage point reduced the rate by 47%.
But the most interesting is the fourth image: at a load of 0.38 MPa, the rate dropped to 0.5 nm/s. This
means that almost one bond breaks in a second. However, the corrosion continues.

The foregoing experiment allows us to answer the question: why is stress corrosion cracking, SCC,
the most dangerous type of fracture?

Corrosion is a chemical reaction in which a metal-nonmetal compound is formed. Such a reaction is
accompanied by the emission of photons. For example, in the formation of one molecule of Al,O3 the
photon energy is 17.36 eV. This energy, absorbed by the metal, is sufficient to raise the temperature of
five cells to the melting point. In turn, during the formation of cracks, bonds are broken; electrons are
released, which are more readily captured by the nonmetallic atoms.

Thus there arises a positive feedback loop in which the corrosion reduces bonds, and the mechanical
stress accelerates corrosion. In the fourth photo the corrosion has acquired the nature of an attack.

Conclusions.

The destruction process is due to the accumulation of energy in local areas of a material, divided by
a border at which electromagnetic, acoustic, electronic, and other types of waves are reflected.

Accumulation of energy is due to a change of the energy states of the atoms that make these areas.

The increase in the energy density in some areas is due to decrease of energy density in other areas.

Under stimulated emission of radiation of energy, the radiation power may be sufficient to alter the
integrity and removal of atoms at such a distance that the restoration of integrity due to the forces of
attraction of atoms becomes impossible.

Description of the mechanism of these changes is possible only within the framework of modern
quantum mechanical theories. This will allow more accurate assessment of the technical condition and

remaining life of structures and devices.
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3. OO6cyXar0Tcst BO3MO
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se

It is not by discoveries only and the registration of them by learned scientists that science is
advanced. The true science is not in the volume of Transactions, but in the living mind, and the
advancement consists in the direction of the men's minds into a scientific channel,

whether this is done by announcement of a discovery, the assertion of a paradox, the invention
of a scientific phrase or the exposition of a system of doctrine. It is for the historian of science to
determine the magnitude and direction of the impulse communicated by either of these means to
human thought.

But what we require at any given epoch for the advancement of science is not merely to set men
thinking, but to produce a concentration of thought in a part of the field of science which at that
particular season ought to be cultivated.

He TONBbKO OTKPBITHS M PETUCTPALIMU UX YUYCHBIMH JBIDKET HayKy. VIcTHHHAsS Hayka HE B 00beMe
HAyYHBIX TPYIOB, a B XHBOM YME, W €€ YJIyYIICHHE 3aKII0YaeTcsi B TOM, YTOOBI HalpaBUTh
YeJI0BEYECKYIO MBICIIb B Hay4HbIH (hopBaTep. DTO ocylecTIseTcs: cOOOIEeHneM 00 OTKPBITHH,
3alIUTON NapaJoKCaIbHON HJIeH, U3JI0KEHHEM HayYHOT'O ONPEIeIeHUs UM CUCTEMBI IOKTPUHBI.
3amaya UCTOpUKA HAYKH —OIPEICITUTh BEJIMYMHY W HAIPaBICHHOCTh WMITYIIbCA, TIEPETaHHOTO
YeJI0OBEYECKOMY MBIIUICHUIO OJHUM W3 3TUX MeTOM0B. OMHAKO TSl Pa3BUTHS HAYKH B KaXKIYIO
3MOXY TpebyeTcs He TO, YTOOBI JIFOAN MBICIHIIN BOOOIIIE, 8 YTOOBI KOHIIEHTPHUPOBAIU CBOU MBICITH
B TOHM 00JacTu HayKH, KOTOpas B JaHHOE BpeMst TpeOyeT pa3BUTHSL.

http://conf.sfu-kras.ru/sites/mn2013/thesis/s112/s112-026.pdf

http://www.nasa.gov/mission pages/asteroids/news/asteroid20130215.html
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CHAPTER 1V. FEATURES OF DAMAGES AIRCRAFT FUSELAGE

As if not were great difficulties associated with the discovery of new
truths in the study of nature, even greater difficulties standing in the way
of recognition.

J. B. Lamarck

4.1. Program of fatigue crack growth evaluation "NASGRO" Version 3.0 and an alternative

solution of this problem

As noted above, the main purpose of this research is to establish the possibility of more accurate
prediction of the technical condition and remaining life of structures and devices.

Certainly every technical structure and device has its own characteristics. Moreover, this also applies
to its individual elements.

For the example of the fuselage, we consider the shortcomings of existing methods and their possible
solutions.

A crack 18 feet (5.4 m) long was formed in a Boeing 737-297 fuselage during a 1988 flight at an
altitude of 7300 m, as shown at Fig. 4.1 [4.1].

Puc. 4.1 [4.1]

After almost a quarter of century, the problem of giant crack formation in fuselages remains a central

one for research.
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In the final report of the government program of NASA, called: NAG-1-1184 "Crack Growth
Prediction for Multiple-Site Damage" [4.2], according to its authors, the case of the Boeing 737-297
has revolutionized the aerospace community. Actually, a large number of papers were devoted to this
problem, and new parameters and estimation methods were proposed. As one of these parameters of
thin metal layers the authors proposed the use of the crack tip opening angle, CTOA [4.2+4.4].

A large number of works, including at NASA, were devoted to tolerance to damage, but judging from
the study published in the press, no revolution has occurred. New methods of assessment, like the
previous ones, are based on a mechanical approach to the problem, and all scientific and technical
discoveries in nanoscience and nanotechnology have gone unheeded. Thus in [4.5], for a number of
alloys, graphs of crack growth rate when changing the stress intensity factor calculated by the
equations of NASGRO, Walker or cubic spline are given. One example of the calculation of crack
formation rate is made using the equations of NASGRO, shown at Fig. 4.2 [4.5]. This method was

discussed in more detail in Chapter 1.

T Despite all the complexity and labor intensity of the
calculations, the proposed methods do not guarantee the
reliability of prediction. The NASGRO equation is an
officially recognized U.S. Standard, although it does not
contain any material parameters whose change leads to
destruction.

Let us pay attention to one important feature in the
4 construction of graphs, as described at Fig. 4.1. They appear
in numerous works. As we see, the minimum speed of crack

formation is taken as 10™ inches/cycle=0.254 A/cycle. The
length of this "crack" is ten times less than the length of the

interatomic bond?!

. tiges Through mathematical averaging we come to the absurd,

Delta K [kei*SQRT(in)]

Puc. 4.2 [4.2]

because this crack is devoid of physical meaning. Moreover,
even for bond dissociation, a certain energy (quantum) is
required, for the accumulation of which many cycles may be needed. However, even when the stored
energy is sufficient to break the bonds, more light is required, stimulating its radiation.

As noted above, the main purpose of this research is justification for the possibility of more accurate

prediction the technical condition and remaining life of structures and devices.
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Of course, that every technical structure and the device has its own characteristics. Moreover, this
also applies to its individual elements. Currently, for monitoring the technical condition of each type
of plant or even its elements proposed various methods related to the physical, structural features and
operating conditions.

However, analysis of changes in the energy state of the atomic groups, accumulation of energy, whose
radiation is the main cause of destruction, allows using a united method to assess the wear and
forecasting residual resource.

We demonstrate it on the example of the results of experimental studies of plane riveted joints
cracking, using the energy of destruction, but not the stress intensity factors.

Let us note the main physical characteristics of the fuselage.

1. The fuselage has the highest surface area to volume ratio in the device.

2. Overpressure intended from the inside, reaches one hundred kPa.

3. The temperature difference reaches 70 degrees.

4. It is subjected to intensive electromagnetic (up to gamma) radiation, and exposure to electrons,
protons, and cosmic rays, when flying in the upper atmosphere.

5. The greatest danger for a fuselage is represented by the cracks, formed along the riveted joints,
although any loss of containment is dangerous, especially in flight.

6. The chemical reactions (corrosion), accompanied by the emission of energy, not only violates the

integrity of the fuselage, but also reduces its strength and durability.

4.2. Forming energy, suggested by Maxwell, from the position of modern physics

At present a rich experience has been accumulated in research on fuselage technical condition. We
confine ourselves only to the necessary minimum, on the basis of which we will show the advantage
of physics of destruction compared with the methods of fracture mechanics.

The investigation of fuselage fragments containing rivets was conducted through a system of analysis
SPATE [Stress' Pattern Analysis by Measuring Thermal Emission], and based on SMAAC [Structural
Maintenance of Aging Aircraft] technology. It has been shown that this method allows us to observe
the cracks in the aluminum alloy 2024-T3 to a depth of

1.2 mm [4.5].

In the study of fragments of a Daimler-Benz Aerospace Airbus fuselage it was established that 80 to
96% of cracks are hidden [4.6, 4.7].

It has been established experimentally that during the operation of the fuselage there are two types of
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cracks in it: along the row of rivets and perpendicular to them.

The metallic coating of a fuselage containing rows of rivets is a diffraction grating for those waves
whose wavelength is comparable to the distance between the studs. As a result of diffraction, the wave
energy is uneven and much of it is concentrated in the main maximum, located in the center. The more
riveting "involved" in the formation of the diffraction pattern, rather than the clearance between them,
the higher the peaks, especially the principal maximum. Only diffraction waves can explain the

distribution of cracks, as shown in Figure 4.3.

TR T T "y Figure. 4.3 (left part), taken from [4.7] shows

! the length of cracks in a fragment of a Boeing
M 727 fuselage. On the right is a graph of the

-t Lo St o diffraction spectrum, with 15 gaps, designed

by the author [1.6]. Such an analogy cannot be
Figure 4.3 ) ]
considered accidental.

In this case, another very important factor that has a huge impact on the process of destruction should
be considered. It comes to corrosion.

Simultaneous effect of these two factors is crucial.

To evaluate the technical condition and remaining life it is necessary to take into account both
mechanical and chemical stress.

However, in fracture mechanics, these two factors are considered separately.

Let us consider the results of several studies breaking riveted joints made under the fatigue crack
growth program "NASGRO" Version 3.0.

Six pieces of fuselage, with thickness of 0.05 and 0.063 inches (1.27 and 1.6 mm) of the aluminum
alloy 2024-T3 2014-T6, containing rivets were tested on an experimental setup shown in Figure 1.11
[4.9]. Survey methodology is described in [4.10].

The pattern of destruction is shown in Figure 4.4. The first crack was detected at some distance to the
right of the rivet A23 after 72,000 cycles (a) and spread to the right (b, c); over 16,430 cycles cracks
were shown on the left and right of the rivet A22 (f). On this basis, the authors concluded that the crack
propagates both right and left, meeting at some point between the rivets A22 and A23 (g).

However, the merger of cracks, known in fracture mechanics as a transition from small to big leaps,
is not as simple as it seens from geometrical considerations. First, the process of merging is similar to

that observed at the confluence of cracks shown in Figure. 3.31 Secondly, the crack width at the
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junction increased. Of particular interest are the merge cracks which are near to rivets A24 (h). Third,

significant changes have also taken place with the rivets.

~0.05"

Skin

Rivet

a N=72,000

b= 84,500 I \kaTxpLocauons
¢. Ne 7,500 -

d N—88,43_
. N= 93,980

Pac. 4.4 [4.8]

Figure 4.4 a [4.10] Figure 4.4 b [4.10]

The authors of the work [4.10] drew attention to another very important feature of the formation
cracks along the rivets, shown in Figures 4.4 a and 4.4 b. Those places where, according to the authors,
there was a change of cracks direction marked by arrows. The fragment, designated "Section removed
for SEM", was removed and examined with a scanning electron microscope (SEM).

The analysis of physical processes in [4.8] is made from the viewpoint of fracture mechanics, as noted
in Chapter 1.

Figure 4.5 shows a diagram of crack growth adopted in fracture mechanics. The three models

proposed to describe the mechanism are not confirmed experimentally.
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S e P ROP The results of numerous experimental studies have

Origin of Lacel Model confirmed the legitimacy of Maxwell’s ideas about the

nature of distortion energy, which plays an important

role in the destruction of the solid. But we confine

ourselves to the works [4.11-4.13]. Timoshenko, as

Leac Crack \

noted in Chapter I, did not pay attention to the brilliant

prediction, which should be the basis of the theory of
Figure 4.5 [4.9] strength and ductility. Fracture criterion proposed by
Maxwell, is fundamentally different from all the many criteria that are used in modern theories.

We distinguish two major fragment of a letter from Maxwell to Thomson and try to understand the
logic that he was cited: “Here is my present notion about plasticity of homogenous amorphous solids.

“Let o B v be the 3 principal strains at any point P Q R, the principal stresses connected with o 3 y by
symmetrical linear equations the same for all axes. Then the whole work done by P Q R in developing
o B y may be written as

U=Ala’+p°+7*)+B(By+ya+aBf)54.1)

where A & B are coeffits, the nature of which is foreign to our inquiry”.

Equations similar to equation (4.1) form the basis of all modern theories of strength, but they are
instead of a,  and y use the principal stresses 61, 62, 63. Right and left sides of a mathematical equation,
which describes the physical phenomena, must have the same dimension. To do this, the right side of
equations similar to equation (4.1) is divided by the elastic modulus or shear. In this case, the
dimension of the right-hand side is the specific energy or energy per unit volume. In addition to this
Poisson's ratios or a combination of some dimensionless quantities are used.

Maxwell was familiar with the work of Young and Poisson, he writes about them in a long article
published in 1850, [4.14], a pilot study of interference of polarized beams that form the basis of the
method of photoelasticity, and even opens an unknown phenomenon called Maxwell effect, but
represents the coefficients simple by letters A and B. Why?

Maxwell, ending the letter draws the conclusion: “I have strong reasons for believing that when

_2A-B
3

U, [(® + B2 +y2)—(By + ya+aB)] (42)

reaches a certain limit=R> then the element will begin to give way. I think this notion will bear

working out into a mathemat theory of plasticity when I have time to compare with experiment, when

° The numbering of equations is mine
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I know the right experiments to make.

Condition of not yielding

(a’+p*+y> = Br—ya—af <R, 4.3).

Equations similar to equation (4.1) form the basis of all modern theories of strength, but they are
instead of o, B and y use the principal stresses a1, 02, o3. Right and left sides of a mathematical equation,
which describes the physical phenomena, must have the same dimension. To do this, the right side of
equations similar to equation (4.1) is divided by the elastic modulus or shear. In this case, the
dimension of the right-hand side is the specific energy or energy per unit volume. In addition to this
Poisson's ratios or a combination of some dimensionless quantities are used.

Maxwell knew of Young's and Poisson’s works. He wrote about them in an article published in 1850,
[4.14], carries out experimental studies of interference of polarized beams that form the basis of the
method of photoelasticity, and even opens an unknown phenomenon called Maxwell effect.

Maxwell was convinced that the potential energy (4.2) performs the work of destruction, but not notes

about the cracks. The cofactor

(@® +B% +7°) = (By + ya + ap) (4.3)

has the area dimension, therefore, the coefficients A and B should have a dimension of surface energy
density. Maxwell perfectly understood it, but represents the coefficients simple by letters A and B.
Why?

Several articles confirm this conclusion.

For example, in the work [The Dynamical Theory of Gases (1868)] Maxwell writes: “If we suppose
the molecules to the bodies, or system of bodies, capable of rotation internal vibration or any form
energy, other than simple motion of translation, this result will be modified”.

We note that at this time, Maxwell had already formulated the idea of the electromagnetic nature of
light [On a Method of Making a Direct Comparison of Electrostatic with Electromagnetic Force; with
a Note on the Electromagnetic Theory of Light (1868)].

Maxwell highly appreciated the idea of V.R. Grove on the relationship of physical forces. He writes:
Thus the "Physical Forces," whose correlation is discussed in the essay before us, are Motion, Heat,
Electricity, Light, Magnetism, Chemical Affinity, and "other modes of force" [Grove's "Correlation of
Physical Forces"].

In paper [On the Mathematical Classification of Physical Quantities (1871)], he analyzes the ratio of

2

vector and scalar parameters that characterize the energy using the formula dimensions of energy T2
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; work [On Reciprocal Figures, Frames, and Diagrams of Forces (1870).] is devoted to the forces and
stresses in the solid.

Timoshenko was wrong when he wrote that Maxwell "to this problem did not come back." In fact, he
returned to it repeatedly in solving various problems, as we see.

We draw attention to one very important detail.

2A-B ka?

Maxwell's equation (4.2) can be writtenas U, = a’orU, = — when g = y = 0. Potential

energy U»in this case is the energy of the deformed body. The coefficients A and B can be easily linked
to the coefficient k, called rigidity. But Maxwell did not do that, because he believed that the
destruction caused by a violation of Hooke's law.

I have not found in Maxwell’s the works of such direct statements, but it follows from the fact that
the nature of the destruction caused not by mechanical interaction, but somehow different.

Today it is installed and is called the quantum mechanical.

There is no doubt that Maxwell was always looking for "the right one experiment," on which he could
develop a mathematical theory of strength.

This is evidenced by his statements, for example, in a letter to W. R. Grove [Experiment in Magneto-
Electric Induction IN A LETTER TO W. R. GROVE, F.R.S. 8, Palace Gardens Terrace, W. March 27,
1868.]: “Since our conversation yesterday of your experiment on magneto-electric induction, I have
considered it mathematically, and now send you the result... The machine produces in the primary
wire an alternating electromagnetic force, which we may compare to a mechanical force alternately
pushing and pulling at a body.” (Italic supplied).

This example shows the genius for Maxwell, through which he, having the experimental data for one
day wrote a mathematical theory of the phenomenon.

Maxwell's interest to experimentally established facts was extremely high. He opened on them
especially the ones that were the subject of research and practical application of even the twentieth,
but twenty-first centuries.

He writes: “Now we find by experiment that there is no difference between the phenomena in one
part of the liquid and those in another part except in a region close to the surface and not more than a
thousandth or perhaps a millionth of a millimetre thick. In the vapour also, everything is the same,
except perhaps in a very thin stratum close to the surface. The change in the value of the energy takes
place in the very narrow region between water and vapour.” [Plateau on Soap-Bubble (1873)]. (Italic

supplied).
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Phrase highlighted by me indicates that Maxwell in 1873 came to the conclusion that in the 10+ 10
 m (nanoregion) emission occurs energy, the nature of which is different from that which takes place
in the macro area. The conclusion drawn by Maxwell suggests that the mathematical theory he
considered correct only if it is confirmed by the corresponding experiment. Theoretical foundations of
electrodynamics were formulated them a decade later, but right experiment, confirming the actual
existence of electromagnetic waves was made by H. Hertz, when Maxwell was no longer alive.

All experimental facts that necessary to create a mathematical theory of strength, based on the fact
that the energy accumulation which necessary and sufficient to fracture occurs as a result of the
electromagnetic interaction, were known in 1953, when Timoshenko published his review. But he
confining mechanics did not appreciate the value of the two fragments, cited above, for further
development of the theory of strength, and all those who developed new theory, do not bother read the
works of Maxwell. Scientific direction associated with the use of stress intensity factors and

mathematical models that do not have physical parameters proved to be false.

4.3. Method of analysis of experimental data on the basis of the account of the energy stored
during deformation

Distortion energy can be calculated in all cases in which obtain quantitative values of external action
energy, geometric and structural changes of the object and the physical parameters of the material.

We will demonstrate this limiting by two dissertations. Formation of cracks in the fuselage riveted
joints of Boeing 727, which the flight time reached 66412 has been investigated in the thesis [4.11].
Experimental study was conducted in accordance with the program FAA FASTER (the Full-Scale

Aircraft Structural Test Evaluation and Research) facility

S e N B L o ¥ i i _ . . s
- v - s located at the Federal Aviation Administration William J.
SRR RHER RS b1 Hughes Technical Center).
4
\\ ! To investigate the cracks used modern equipment,

: : allowed to determine dimensions of the cracks to

: [+ it ien JHL - = 0.000039 "(1.0 um). Maximum crack length 75.80" (1.925

% ‘ T m) formed at a pressure of 17.83 psi (122.93kPa).

bty Research results hundreds of cracks presented in the form

Figure 4.5a [4.11] of graphs, tables and images, are of tremendous
significance.

But the theoretical analysis was made on the basis of stress intensity factors. The applicant has not
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been able to explain the observed phenomenon, suggest new ideas for understanding the mechanism
of failure and methods of forecasting.

It was found that the nucleation of cracks in the fuselage riveted joint began between A22, A23
rivets, as it have been observed previously in the same research center as [4.9, 4.10].

The formation of cracks in length 16.04 "(407.416 mm) A. Ahmed

illustrates using the graph shown in Figure 4.6a. As we can see, the J e " )

crack length varies nonlinearly but smoothly. Graphs relating the £ | _m_..._s';___f-- .
§ " e

rate of crack growth with its length, for example, ¢ b ve

Fig.4.6, show that the crack growth rate is not so smoothly

o raah Lomith. § Ssckl

changing, but do any serious implications of these changes is not Figure 4.6 [4.11]

possible. We will proceed from the fact that the main source of
energy of crack formation and destruction are the domains of destruction.

Through crack of length / can be formed only when the energy absorbed by the atoms in a in a given
he, |
volume exceeds the binding energyU, > Lzb , where A-thickness of the material, a-lattice constant,
a

ep-binding energy between the atoms.
As a first approximation, we assume that the lattice constant, binding energy and the thickness of the
metal does not change. In this case the change in crack length indicates the changes of energy absorbed

he, Al

by the material and we can write AU, =n—;
a

(4.4), where n is dimensional coefficient of

proportionality, U,is the distortion energy, suggested by Maxwell (1.2). Dimension of

a’+p* +y° - Py—ya—af is the same as the dimension of the product of hAI .
Consequently, the dimension of coefficients A and B is the same as the fractionsg—g . This means that
a
the proportionality factors in the Maxwell’s equations had the dimension of the surface energy density.
Thus, long before Griffith, Maxwell came to this conclusion. But Maxwell formulated his ideas only
if he could make the correct experience. He was not known to those experimental data that could know
Griffiths, especially need to know all those who in the 20th century proposed the energy theory of
strength.

Today we must recognize that the theory of forming, suggested by Maxwell, is not identical to other

theories of strength. It is based on a deep understanding of the phenomenon. Equation proposed by

them, contain the physical parameters which can be measured. It offers great opportunities for further
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development the theory of strength on the basis of modern physics.

So as to understand the mechanism of formation and growth of cracks is important to know the ratio
of energy at every stage of its growth In this case, we can establish that the limiting value of U>= R»,
at which the destruction occurs, using 1 changes.

Operation of facilities or devices under real-life environment is carried out by changing the material
properties and the character of external influence. This means that all parameters of the right-hand side
of equation 4.4, changes during operation. These changes without special experimental studies cannot
be taken into account. In this regard, we simplify the problem as much as possible.

We assume in the first approximation, that a, 4 and ¢ not change and crack length increase depends
only on changes in the number of cycles. In this case we can write

he, Al
AU, =—2. = (4.5).
2 a2 AN ( )

. Al . .
It may seem that the use of crack velocity N in equation (4.5) is fundamentally does not change

anything in the understanding of the destruction nature and of its mechanism, but this is misleading.
As it was shown in Chapter I, the fraction in the fracture mechanics cannot be regarded as a physical
parameter which characterizes the process of destruction, because to a certain point no cracks are
formed. But this does not mean that change in the deformation process does not occur and the energy

of external influence completely dissipated. If we replace the equation (4.5) by

2
Al _an AU, (4.6),
AN hg,

we obtain the equation loos like the Peris-Erdogan equation.

When Al <a the equation (4.6) becomes the inequality

2
AU, A 4
he, AN

The concept of "crack" in this case loses its meaning, because we should not use the classical, but
quantum representations, considering the Heisenberg uncertainty relations:

h n n h
AE-At>=, Ap, -AX>=, Ap, -Ay>—, Ap,-Az>—,
2 P g’ APy =5, AP 2

h . .
where i = — is the Dirac constant.
T

Inequality (4.7) has for physics of destruction of crucial importance. We represent it as
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2 *
2 au, -2 4,
he, AN

where Al* characterizes the region of the electromagnetic field, in which the accumulation of energy
occurs. Catastrophic destruction, as discussed in chapter I, and the explosion of multi-ton meteorite
suggests that in such areas hold enormous energy, despite the quantum nature of its accumulation.

Equation (4.5), in contrast to the equations of mechanics describes the energy change in the object
due to external effects. Assume that the nanocrack formation whose length exceeds the lattice constant
required dN cycles. Then the time of energy accumulation is dt = ®dN , where @ is the period of cyclic
influences. Thus, we can calculate the energy storage power and to compare it with the power of the
radiation.

We'll show it at the specific examples.

Table changes in crack length under cyclic loading, suggested by A. Ahmet allowed us to establish a
functional link between external action and the response of the metal, using the equation

For aluminum, studied in [4.11], we have taken the values:

h=1.6-10"m,

a=4.05102"m,

£=5.34:10"17 ],

v=0.04 Hz,

Crack Al1=4.074'10" m, formed at a pressure of p;=1.103-10° Pa and the number of cycles
AN1=174,458; crack Al2=1.925 m was formed by the pressure p=1.12293-10° Pa. The exact number
of cycles is not specified, so we take it equal AN,= 175,000.

3 -3 -19
=1-6 10°-1.0 210 7250'34 10 . Al =5209.10‘9A—|(J) for h=1.6 mm or
4.05% -10 N AN

So, U,

U =3308-10’9A—| J) for h=1 mm.
2 AN

In this regard, as the unit of energy used nanojoules.
Instead of tables for cracks, published in [4.11-4.13], are the new tables, which assess the functional

Al

relation AU, =F| —
AN

j(4.6), shown in the corresponding graphs.

e . . Al .
A distinctive feature of these graphs is that in they N are an argument but not a function. The energy

required for the cracks formation, accumulates, emitted and absorbed by atoms.

Break bonds between atoms occurs only when the energy absorbed by the atoms exceeds the binding
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energy. In this case, the interval between the absorption and bond rupture (the appearance of cracks or
destruction) is much shorter than the period of exposure, when it is not a mechanical or
electromagnetic impact. Energy radiation, its absorption and a crack appears, in this case, an increase

in U», while the accumulation of its decline.

2

Since each cycle lasts a certain time, so =P is the power of external influence

4.4. Features of Energy crack formation in the fuselage
An alternative method for the analysis of experimental research results, based on the account of stored

energy is discussed below.

Table 4.1. The energy of cracking near rivet hole A24-R We consider it using the
N _[ALM] N [AGM] N [AGLD [ AGE example of cracks in the
36680 fuselage and riveted joints
37680 | 35.723* | 61680 | 21.169| 84680 17.200* | 64.831
38680 | 55.560 | 62680 | 30431| 85680 | 23.816* | 30.603 near the open holes
30680 | 15.877* | 63680 | 29.108* | 86680 | 33.077* | 35.723" .

40680 | 7.083* | 64680 | 44.085| 87680 | 13.231* | 21.169 formatting.

41680 | 13.238| 65680 | 5.202| 88680 | 23.816* | 31.754 Peculiarities of fatigue
42680 | 25.130% | 66680 | 22.403* | 80680 | 18.523* | 30.431 .

43680 | 30431 | 67680 | 10.846* | 00680 | 23.816* | 35.723* cracks in the fuselage have
44680 | 3.060| 68680 | 21.169| 01680 | 23.816* | 37.046 been investigated in [4.11,
45680 | 33.078% | 60680 | 14.554| 02680 | 20.108* | 43.662

46680 | 43.660 | 70680 | 13.231*| 03680 [ 20.108* | 37.754 4.12]. The results are shown

47680 | T.983* | 71680 ) 27.785| 94480 | 35.723* [ 47.631
48680 | 33.078* [ 72680 | 17.200| 95680 | 44985 46.308*

in the form of graphs,

40680 | 23.816* | 73680 | 10.863 | 06680 | 26.462 | 46.308" images, and tables. New
S0680 | 25.130% | 74680 | 22.403| 07680 | 64.831| 354.246 -
51680 | 22.492% | 75680 | 7.930| 08680 | 52023 | 66.14 tables and charts describing

52680 | 43.662 76680 | 13.231* 00680 | 60862 [ 63.882
53680 | 17.200* 77680 | 19.849* [ 100680 | 75416 ( 72.770
54680 | 10583 76808 | 13.231* [ 101680 | 82031 B84.678 radiation, which results in
35680 | 19 846* 79680 | 11.908* | 102680 | 952462 | 92.262
56680 9.262 20680 | 20.108* [ 103680 | 112.462 [ 113.785

the energy accumulation and

the formation of cracks,

57680 | 25.130* | 81680 | 18.523* | 104680 | 130.00 [ 110.078 calculated by me on the basis
58680 | 25.130% | 82680 | 15.877* | 105680 260.00 , ,
50680 | 11.908* | 83680 | 23.816* of the tables published in
60680 | 26.462 [4.11-4.12]. Let me to pay

attention to very important difference between the analysis of experimental data from the standpoint
of classical mechanics and quantum mechanics.

Energy absorbed and emitted by atom is quantized. This means that the individual atom absorbs and
emits energy only in discrete portions, quanta. Emission spectrum of diluted gases is a line. The width
of spectral lines increases due to the impact of some atoms on the other. In this regard, in the solid

there is a broader absorption and emission energy spectrum formed. However, to break the bond
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between two atoms a certain portion of energy is needed. One of the tables to calculate the energy

required for the formation of cracks in the fuselage, cited as an example. Here AU> (1) and AU (2) the

cracking energy on two different surfaces in accordance with the table Crack A24-R [4.11].
Spasmodic character of crack formation is clearly visible by comparing energy for various numbers

of cycles. For example, when N=36,680, AU ,=55.569 nJ, while for N =40 680, AU,=7.983 nJ, i.e.

energy of formation of cracks dropped 7 times. Of particular interest are the energy values marked
with an asterisk *. These portions are several times repeated 2, 3, 4 or even 6 times (23.816 nJ). Such
coincidences are typical only for nano-objects. Description the mechanism of physical processes in

nano-objects, using the methods of classical mechanics is wrong.

In the next chapter we will estimate minimal
AIFWD

o B geometrical dimensions of two areas in which
1 RSO0 1 300K EEDO0 W

144000 energy absorption 3.696 and 260 nJ has caused

cracking.

f

Other tables using which were built graphs,

for brevity are not shown.

I2882 3 *

N We confine ourselves brief comments to
Puc. & them.
_ il |
b A0 FWT and AFT .. . .
- Crack Energy I limited myself to brief commentaries.
AU.
od The graph A40 FWD Crack Energy,
- characterizing fracture energy for fracture
T mechanics is a paradox, because it shows the
Og1 b0t 3abe— 13900 — Shabon L: kind of negative energy, indicating the
. formation of a crack.
L Figure 4.8 In reality, there is no paradox.

Typically it is observed that the crack length

upon subsequent exposure more than in the previous one. In this case Al =1, —1, >0. Hence, under

1, =1,, Al=0.
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Crack length near rivets A40 remained at 0.1881" (4.7777 mm) when the impact increase from
130,000 to 135,000 cycles, while at N = 137,500 increased to 0.3070" (7.7978 mm), but fell at
N=137,600 to 2903" (7.3736 mm).

This means that energy is accumulated to a certain

1600
Alf, 1400
1200
1000
800
600
400
200
]
6000

-400

A8 FWD and A38 AFT

STans Crarl Frien 13707 174 &2 time, radiated, but then accumulates again, and this was
7 reflected in the chart. Minimum energy was so deep that
] the maxima on the background hardly visible.

These changes are clearly visible on the same graph,

where the depth of this minimum is reduced to a hundred

130000 134000 1kboo times. Now clearly visible four minimums energy that

precede four maximums. Two maxima 774,696 nJ and

N

568,731 nJ require explanation. The first maximum
Figure 4.5 indicates that the destruction occurred after the
accumulated energy and emit relatively small portions until the formation of a minimum of 27,153 nJ.

Energy radiation occurred in a short time, after which a deep minimum-12888.3 nJ is formed. Energy
radiated in the maximum 568,731 nJ is less than 5% of the energy accumulated in the minimum.
Therefore, at each stage of small cracks formation accumulation of energy occurs, radiation of which
at some point may be sufficient for the giant cracks formation, as it happened in 1988, when in the
Boeing 737 fuselage a five-meter crack was formed. Two energy minima differ from each other a
hundred times, but with such precision that the coincidence

may seem random. But coincidences that seem impossible,

so many, that we have to take them regularities.

The ratio of accumulated (128,833 nJ) and radiated
(568.731 nJ) energy is 226.5:1. This means that the area of

Figure 4,10 [4.11]

the metal in which is accumulated and stored long-term excess energy can become a source of
destructive energy.

As we can see, the energy radiated for cracking greatly exceeds that which is accumulated: 82.34:1
22.21:1 for FWD and for AFT. Consequently, the extra energy came from another source, possibly
from rivets A40. It is the redistribution of energy from the donor to the acceptor due to the processes

that are scraping to destruction.
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This means, first, that the area of the metal in which the excess energy is accumulated and stored for
a long time, can become a source of destructive energy, and secondly, that the power source spatially
removed from the crack It has been noted above that the nucleation of cracks occurred between rivets
A23 and A22, as shown in Figure 4.10. The first crack was discovered after cycle N=80,550.

It was noted above that the nucleation of cracks occurred between rivets A23 and A22, as shown in
Figure 4.10.

Diagrams shown in Fig. 4.11 and Fig. 4.12, allow us to understand the energy of cracks formation.
The first maximum of the radiation energy on the Free surface detected near the A22-R after N=80,250.
As we can see, the maximum radiation energy precedes detectable cracks. A long crack (N = 83,640,
U2 =936 nJ), stimulated by emission arose to the left from the A23 on the same surface.

More accurate representation of the processes occurring between rivets A23 and A22, can be obtained
by comparing the graphs in one figure, as shown Figure 4.13.

Crack extending from A23 to A24, Ahmed believes that the main, since its parameters it surpasses
the crack (Crack 24-L), marked by an arrow. Ahmed drew attention to the fact that crack A24-L and
A24 R, growing faster than the crack between the rivets A23 and A22.

However, the energy at the maximum A24-R, indicated by R, =390.31, is lower than the maximum
R, =936.164. Consequently, the energy radiated from the right rivets A24, has no significant effect

on the processes occurring between the A23 and A22.
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Figure 4.13

Figure 4.14

Crack extending from A23 to A24, Ahmed believes that the main, since its parameters it surpasses
crack (Crack 24-L), marked by an arrow.

Formation of cracks shown in Figure 4.15, published in [4.11] is identical with the formation of cracks
as described for four years before in [4.9], despite the fact that the test frequency has decreased five
times. Experimental data presented in two papers do not differ by more than 0.5%. This indicates the
existence of strict regularity of the observed phenomenon.

It has been established that the crack shown in figure 4.15 (a), growing to the left and right. It reaches
the rivet holes for N =85250 (b); new crack like the previous one, was observed left at N=88390 (c).
Inextricable crack is shown in Figure 16 (e). This phenomenon has been observed previously, but A.
Ahmed carefully measured the distance of such cracks to the rivet holes (Uncracked ligament) during
its growth, and published in the dissertation.

Higher (Figure 4.16) shows a portion of the crack growth table A23-L to the moment when the crack
reaches the rivet hole. This happens when N=91840, 1= 0.2089 ", d = 0 (Uncracked ligament).

Al =0.2089—0.1542=0.0547("), while Ad =0.0965"j ¢ Ad — Al =0.0965— 0.0547=0.0418(").
Consequently, the crack not only grows in the direction to the rivet hole A23, but also there is crack
healing from the A22 side. A similar situation holds for crack A22-R, for which, Ad =0.0592 and
Al =0.0348", i.e. Ad—Al=0.0244". But cracks A22-L fracture length change is Al =0.0893",
whereas Ad =0.0802", i.e. elongation of cracks occurred in the direction A21, equal to 0.0091" It is
difficult to assume that A. Ahmed twice mistaken in measurements. Therefore, there is made an
important discovery that cannot be explained on the basis of fracture mechanics as Maxwell warned
about this, but understandable from the standpoint of the interatomic interaction.

In Figure 4.17 shown that for the formation of cracks A24L accomplished work N = 106765,
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R, =67,434nJ which is 152 times higher than the maximum N = 106160 (Figure 4.18). We can

imagine the hurricane that rush aside rivet A23 along the crack, which was formed by 605 cycles

earlier.

Recall that this is the energy that is emitted by atoms at the transition of electrons from higher energy

levels.

Further growth of cracks in the side of A22 began after it reaches the hole A23. This contact with N
= 90480 was accompanied by radiation of energy, marked with a maximum energy of 334.24 nJ, which
is visible on the left side of the graph. Energy source declined to the minimum 3.39 nJ for N = 91340.

Accumulation of energy accompanied by periodic radiation, as evidenced by nine equidistant maxima

and minima, as seen in Figure 4.18.

| H‘ d (a) N=80,550 Uncracked Through-the-
. I X . higament thackness crack
- : Crack A23.R J
' B (1) s 250 A B c
B RwetholeA2l D) |
:T] et ' Crack leagth 1
of S ' () Ne88.39 Figure 4.16 [4.11]
- N | I d
s 88390 0.1542  0.0965
89450 0.1692  0.0886
89810 0.1772  0.0863
90310 0.1842 0.0774
¥ N 90810 02 00753
S s 90840 0.2077  0.0567
Figure 4.15 [4.11] 91340 0.2068 0475
91840  0.2089 0
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Formation of cracks shown in Figure 4.15, published

sy AL o | o .
£0000 Qrack Energy in [4.11] is identical with the formation of cracks as
Crack obsgfv istAnce frommyet . . .
40000 / Hole described for four years before in [4.9], despite the fact
20000 { that the test frequency has decreased five times.
0 Experimental data presented in two papers do not differ
106640 106690 106740 1067590
N by more than 0.5%. This indicates the existence of
strict regularity of the observed phenomenon.
Puc.17 It has been established that the crack shown in figure
500 : .
Y AL NE106§60 4.15(a), growing to the left and right. It reaches the
t‘\.aggg:IDdLn o rivet holes for N=85250(b); new crack like the
300
200 previous one, was observed left at N=88390(c).
100 L Inextricable crack is shown in Figure 16(e). This
0 - phenomenon has been observed previously, but A.
88000 93000 98000 103000 108000 .
100 . Ahmed carefully measured the distance of such cracks
to the rivet holes (Uncracked ligament) during its
Puc.18

growth, and published in the dissertation.

Higher (Figure 4.16) shows a portion of the crack growth table A23-L to the moment when the crack
reaches the rivet hole. This happens when N=91840, 1=0.2089", d=0 (Uncracked ligament).
Al =0.2089-0.1542=0.0547("), while Ad =0.0965" i.e. Ad —Al =0.0965—-0.0547=0.0418(").

Consequently, the crack not only grows in the direction to the rivet hole A23, but also there is crack
healing from the A22 side. A similar situation holds for crack A22-R, for which, Ad =0.0592 and
Al =0.0348", i.e. Ad—Al =0.0244". But cracks A22-L fracture length change is Al =0.0893",
whereas Ad = 0.0802", i.e. elongation of cracks occurred in the direction A21, equal to 0.0091".

1t is difficult to assume that A. Ahmed twice mistaken in measurements. Therefore, there was made an
important discovery that cannot be explained on the basis of fracture mechanics as Maxwell warned
about this, but understandable from the standpoint of the interatomic interaction.

In Figure 4.17 shown that for the formation of cracks A24L accomplished work N=106765,
R, =67434nJ which is 152 times higher than the maximum N = 106160 (Figure 4.18). We can

imagine the hurricane that rush aside rivet A23 along the crack, which was formed by 605 cycles
earlier.
Recall that this is the energy that is emitted by atoms at the transition of electrons from higher energy

levels.
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Further growth of cracks in the side of A22 began after it reaches the hole A23. This contact with
N=90480 was accompanied by radiation of energy, marked with a maximum energy of 334.24 nJ,
which is visible on the left side of the graph. Energy source declined to the minimum 3.39 nJ for
N=91340.

Accumulation of energy accompanied by periodic radiation, as evidenced by nine periodic maxima
and minima, as seen in Figure 4.18

The periodic structure shown in Fig. 4.19, named four- six- or ten-group markers. These groups are

ﬁ shown in the photographs (Fig. 4.19 a).

“ . The number of bands depends on the
applied stress and the number of cycles.
The mutual arrangement of the bands has
strict laws.

The coincidence of the number of

periodic energy minima and maxima with

Puc.4.19 [4.11]

a periodic structure of the crack surface,
shown in Figures 4.19 and 4.19 a may seem random. But both of patterns are due to the accumulation
of energy and radiation. "Hills" and "valleys" occur as a result of abrupt crack formation. The distance
between the strations increases with the crack increase as seen in the photograph (Figure 4.19). This
corresponds to an increase in radiated energy, as seen in Fig. 4.20, Fig. 4.21. The periodic structure
of destruction occurs under metal thin film tension at the same time in a direction perpendicular to the

applied force, as well as parallel to it.
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Images of a well-defined 10M marker band group on the left side of rivet hole A23 sowing hills and

valleys corresponding to full-load underload cycles, respectively. Individual fatigue striations are

visible on the hills [4.11].

The energy required for the formation of a crack length 407.4 mm, is 2.12 106 nJ. The rapid growth
of cracks between 22 and 18, 24 and 27 due to the accumulation of energy rivets in these areas.
107,458™ cycle was the signal inducing emission of excited atoms of domain destruction, as well as it

happens in laser. This is clearly seen in Figures 4.20 and 4.21. Nearly vertical line charts indicate a

high power output.
14000 - APIL-ALSL a9-L E'f.:?,m | A24LFA27L |
12800 - Crack Enerev 50000 Crack Energy oy
10000 - Crack absery ehl.l ﬂﬁ‘.‘ aneon  Crack observed at a distanse
; — ] . . A2 — L
&000 dioin the rivet hole zo000 - rom nvet hole
6000 | _gaert" 20000
4000 W -1
2000 4 . L 10000 mﬂ_ L
105000 106000 " 107000 108000 106600 106800 107000 107200 10?40@\_1&?5(]0
4 4
Figure 4.20 Figure 4.21

SIF solutions for unsymmetrical corner cracks at a straight shank hole subject to tension, bending,
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and bearing have been calculated by S.A. Fawaz et al. [4.13]. All structurally significant crack shapes
were considered; crack depth to crack length ratios (a/c) of 0.1 to 10.0, crack depth to sheet thickness
ratios (a/t) of 0.1 to 0.99, and hole radius to sheet thickness ratios (1/t) of 0.1 to 10.0. As a result, a new
fatigue crack growth analysis procedure was suggested which considers propagating the crack at 32
points along the crack front.
As the authors note: “A mathematical splitting method was used to efficiently and reliably calculate
the 5,672,700 stress intensity factor solutions.”
Wide experimental and analytical investigation of the same problem has been performed by J.J. Rijck
[4.14].
Let me cite just one piece of this work, without going into the details:
“5.3.5 Convergence study
A convergence study was performed on the mesh generation procedure describes in Section 5.3.2.
The results for one crack with crack properties a/c;=1.00, b/t=0.25 and r/t=1.00 are shown in Figure

5-23. The baseline finite element mesh contains 68,640 elements, three other finite element meshes

are generates having 35,350, 52,000 and [ :r T ]
84,600 elements. In sequence of element T 70 A
size the meshes have 915,510, 'ﬁ_%_u_u \?‘ { \', —

10| & b “L_—"‘"‘a-«""‘f—"* O
1,341,750, 1,767,990 and 2,180,910 O e o
degrees of freedom. The smallest finite . - .

™ 2 il

element mesh differs 1.51 % from the b 300 =

. Figure 422 [4.14]
baseline model. The largest mesh

produces results-0.27% from the baseline model. From this result, and small gain that can be achieved
by increasing the number of elements and thus the degree of freedom with respect to the baseline
mesh the K solutions produced by this route are converged.”

Experimental studies of the formation

of cracks near the open holes

- s . thoroughly investigated in J.J.M. Rijck
- I [4.14]. Numerous tables contain the
- F— _—r* | data of length of cracks occurring both
Figure4.12 a Figure 4.22 b | in tension and bending

Shape of the sample is shown in Fig. 4.22. Left and right cuts were made in different lengths. Tests

were conducted at the maximum load of 100 MPa at a frequency of 15 Hz.
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102 tables provided in Appendix to [4.14]

- iY E?.....-: o contains the length of cracks occurring both in

R ¥ tension and bending. The tables presented in

st 133-:}--—‘ X [4.14], grouped by category: B-6 tables, C-51

) " | a7 table, D-45 tables. It was measured the length

i‘;wqfrm or “""EE_T'NH of three types of cracks a, ci, ¢z, shown in

Soa - ::u M}i_ . | Figures 4.22, 423. Measurements were taken

QHE‘H% o L{QI":H_T‘X for cracks occurring to the right of the holes as
Figure 4.23 [4.14] well as on the left.

Maximum interests are the table of the D group, since the crack length measurements accompanied
in this case by a scanning electron microscope investigation of the structure.

The quote that characterizes the analysis of the results is given below.

“Finite element generation

Considering the number of crack parameters shape and load cases, a very large number of finite
element models must be created. To do this manually, one by one, is a horrendous task that will take
too much time and can easily lead to discretization errors. Thus an automated process was developed.
The process is automated in such a manner that the steps most
prone to error have been eliminated and only limited manual
input is required. The first step in the process is generating a
2-dimensional FEM on the entire crack region. This model is
constructed in such a manner that the 2D model contains a
complete crack trajectory, meaning that K's can be calculated
for multiple crack shapes in one model by simple changing
the crack plane boundary condition.”

So we see that the automation of the method has not made
any fundamental changes in the assessment of the nature and
'} ' #  mechanism of the observed phenomenon. Parameters on the
! w:" 48 basis of which the calculations are crack sizes and the amount

of load.

At the same time paper presents the pictures Fig.23 a made

using a scanning electron microscope, such as those which

Figure 4.23 a [4.14]

are shown in Figure 4.19 and Figure 4.19a.
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Four-, six-, ten-, and striation structure were observed in this case also. These groups of striations are
taken as the marker, using them for determining crack growth rate. We note that the markers are
arranged perpendicular to the direction of crack growth, as can be seen from the photograph Fig. 4.19
and along this, as shown in Fig. 23 a.

This means that the failure mechanism of the metal coating of the fuselage is similar to rupture of the
metal thin film on the polymer surface. However, the metal coating of fuselage is not a nanoobject.
This leads to the fact that the electron-wave processes are complicated and the interference pattern is
not as clearly expressed. Additional complexity of the interference pattern due that between rivet not
only coherent wave interacts but the waves of deformation that radiate by incoherent sources.

The experimental results obtained in [4.13, 4.14], as in [4.10-4.12], studies are of great scientific
interest, despite the fact that neither the nature of the phenomenon, nor is the mechanism in them are
not disclosed. However, for practical applications we need a method which allows predict when and
where there will crack happened, as the first unpredicted crack may result in accidents and loss of life.

The results of studies presented in [4.14] as tables allowed me to perform the analysis of nucleation
and growth of cracks from energy positions. The results of my calculations are presented in the form

of new tables and graph are shown in the form of new tables and graphs for four (the length of the

cracks on the left a, g and right ag, sides of the holes on the front and back of the specimen) or nine

(Q_gs,agys » a for three different surfaces) species of cracks.

These charts and tables are provided with brief comments.
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The graphs shown in Figures A and 4.24, allow us to compare the method which utilizes the stress

AKMPalm | Opennciespeoments _ | , intensity factors (4.24 A), with the energy method
X B-1
= / proposed by me (4.24 B).
ol 1 S Two samples B-1 and B-3 were selected as the
: | mc;f;;mfs: a size of the cutout to the left LFS; = LFS; =2mm,
open bole.[Table B.1d B.3
o e o s sew % whereas RHS, =1.28RHS,. However, the work

N
done to produce the maximum crack is not

BU,| norohegy | OPembolespecimins consistent with this relationship. Indeed,
20+ B3RHS 175, LFS 2 0mm; - 2H22a¥ | .
B1:RHS2.25, LFS 2.0 Wi g = 7.230J, W, s = 2.32nJ, i.e.

leFS —e—Seriesl
Bl RHE ~m-Serws? WLFSl :WLF53 = 305; WRHSl :1716n\] ’
BILFS ~tSeriess

-85 RHS i Seriesd — ] . —
. Wgpss = 9.79NJ, i.e. Wiyg @ Wepss = 2.96.

" 100000 Of course, that useful information about the

cracks get under SIF impossible since for two

Figures 24 A and B

cracks of each sample is given a graph showing
some averaged crack, which is unacceptable.

Graphs of the function SIF’ = f(N), characterizing the connection between the SIF and the number
of cycles to fracture in the samples B-2, B-4, B-5, B-6, are shown in Figure 4.24C. Character of
action on samples B-1 - B-2 and B-3 -B-6 varies. These changes resulted from the fact that the
graphics for the B-1 and B-2 have a steep climb. The length of the notches in the samples B-3 -B-
6 differ at 4-34%, but these differences are mirrored by SIF changes slightly, despite the fact that
they are very important, as is seen in Figures 4.26-4.28.

However, the main difference is that instead of eight graph is shown four.

502 tables given in [4.14], but I have selected only 130 of them, to demonstrate the distinctive
features of the energy method. I draw attention to the fact that Microsoft Offise Exel 2007 Program

enough for their construction.
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Thirty figures contain 167 charts. Detailed analysis of the characteristics of destruction of samples
goes beyond of our study. We mention only the most important differences between tables and graphs

obtained when the main parameter is the energy from those when the fracture parameters are the stress
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intensity factors (SIF).

1. The law of energy conservation is a fundamental law of nature and all forms of energy are
measured by one unit, while SIF is not a physical parameter and is unrelated to energy.
2. Physical parameters of the material are not included in the equations of which are used

in the stress intensity factors. In [4.14] used seven types of SIF.

3. 3. Crack a, is not measured (see Fig. 4.22b), but is calculated by the formula

28, =C g +Crus; +0d (1 *) where d is rivet fastener hole diameter. The mean of a is

1

—(a;, —8;) (2 *). The difference between the stress intensity factors is calculated by the

g i
E ; ..
%
Wi
= " Dn::t:“c from ()np.n‘im ) -
¢. Striation counts d. Crack growth rates
Figure 4.54 [4.15] formula
AK = Fnec = Foin ma,, sec e . (3 *) and da_ 8, -8 (* 4). Here Pmax and Pmin the applied
tw W dN N, -N, '

force maximum and minimum, z-sample thickness, W-width of the sample.
Note that, first, substituting (1) into (2) and (3), we geta,, = %(ACCLS + ACcps +Ad) and a =2a,,.

This means that the introduction of pseudo-crack a is meaningless. Secondly, the nature of growth of

several of cracks, especially with additional bending is different, as evidenced by the graphs of C and
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D groups. Third, there are no experimental evidences for the using of these formulas. However,
importantly, averaging of cracks is unacceptable, because they are independent and any of them can
lead to destruction!

Conclusions

1. Energy is the most accurate and versatile physical parameter of all processes regardless
of their nature, mechanism and consistency. The quantitative ratio of this parameter remains
unchanged in all processes.

2. Cracking and destruction has spasmodic character due to the accumulation of defects leading
to weakening of the material, and energy storage, leading to rupture of bonds and loss of integrity of
the material.

3. Radiation energy is stimulated by nature, in which the power of the radiation energy increases
sharply.

4.  Formation areas of maximum concentration of defects and of the maximum energy density
have a local character. Such local areas can be spatially separated. In this regard, defect density and
the energy density reaches a value at which the role of a trigger mechanism plays a low energy signal
causes stimulated emission of energy and destruction.

5. Modern methods allow to detecting ultra-weak energy radiation in a wide spectral range from
subsonic to gamma radiation. This allows controlling the process of energy storage and locating
sources of energy.

6. 6. Modern physical methods allow investigating the structural changes in the local nanoscale
regions, i.e, to control the initiation and development of defects and energy sources.

7. Crack or fracture is due of the energy that is accumulated up to the occurrence of radiation.
Quantitative evaluation of the energy source, its critical value and its location can be given only by
the energy method, one of which is proposed.

8. Thus, modern experimental techniques can provide complete information to assess the state of
the elements of technical facilities and installations.

9. The quantitative assessment of the critical state, wear and residual life can prevent catastrophic
failure of the controlled object.

10. Huge database of experimental data has accumulated in the study of S-N curves, aging of
material, and indentation, including nanoindentation. This entire array of data can be recounted
without expensive experimental studies.

2. The energy of the destruction source should be the main parameter for mathematical
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programs such as the finite element method.
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CHAPTER V. METHOD TO ASSESS THE WEAR AND RESIDUAL LIFE OF STRUCTURES
AND DEVICES
It is impossible solve the problem at the same level at which it
originated. It is necessary to rise above this problem, up to the next
level.
A. Finstein

The basis of the method proposed for the prediction the technical condition of buildings and
equipment, is Maxwell's foresight that the potential energy the radiation of which leads to destruction,
caused by an unknown him new type of interaction.

Let me quote one more paragraph from his work [A Treatise on Electricity and Magnetism (1873), Vol.
2,439, A Medium Necessary].

“But in all of these theories the question naturally occurs:-If something is transmitted from one
particle to another at a distance, what is its condition after it has left the one particle and before it has
reached the other? If this something is the potential energy of the two particles, as in Neumann’s
theory, how are we to conceive this energy as existing in a point of space, coinciding neither with the
one particle nor with the other? In fact, whenever energy is transmitted from one body to another in
time, there must be a medium or substance in which the energy exists after it leaves one body and
before it reaches the other, for energy, as Torricelli remarked, ‘it is a quintessence of so subtile a nature
that it cannot be contained in any vessel except the in most substance of material things.” Hence all
this theories lead to the conception of a medium in which the propagation take place, and if we admit
this medium as a hypothesis, I think it ought to occupy a prominent place in our investigations, and
that we ought to endeavour to construct a mental representation of all the details of its action, and this
has been my constant aim in this treatise.”

Maxwell showed that the energy carrier is electromagnetic waves. It was found that electromagnetic
waves travel at the speed of light. Hence Maxwell concludes that the light is an electromagnetic wave.

Modern physics has revealed the laws of interaction of electromagnetic waves with atoms.

This is the next level about which Maxwell had dreamed.

Scientific discoveries made by Maxwell, due to deep understanding the physical phenomena whose
description he used mathematical apparatus only when he could confirm the findings using correctly
staged experiment.

Differential and integral calculus has been developed by Newton and Leibniz. Maxwell repeatedly

and successfully used it in his works. Schrodinger and Dirac differential equations are the basis of
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quantum mechanics.

The method proposed by me, based on the analysis of numerous experimental facts, but it remains a
hypothesis that needs direct experimental confirmation.

I'll use the Maxwell’s testament: "Of all the hypotheses ... choose one that does not stop thinking about
further investigating of things," hoping that the quantum-mechanical theory of strength and fracture
solid will be developed.

Following Maxwell, I have tried to demonstrate this method for solving specific engineering problems.

5.1. Domain of destruction and its energy

Quantum mechanics allows us to estimate the energy state of an atom or group of atoms in the local
region of the metal in theory and modern experimental base allows checking out this assessment.
Therefore, by analogy with fatigue, we introduce the notion of normal and morbid (pathological,
painful) atoms AM.

Assume that all atoms (ions), under which the property of the material does not change a normal AN
regardless of what they represent. Changing the properties of the material means that there was a
change of parameters of a group of atoms.

We can describe all of the changes that occurred in the technical element of the structure or device
using four nuclear reactions:

1. AN +hv —> AN*= AM Electron transfer to the metastable level.

2. AN +hv, > AM ™ +e~ Forced additional ionization.
3. AN+e — AM ™ +hv, lon and electron recombination.
4. AN —hv, — AN Spontaneous or stimulated transition of an electron from the metastable

level.

Here AM" is a morbid atom (ion) the charge of which is increased; AM" is a morbid atom whose
charge has fallen.

The existence of metastable (long-lived) morbid atoms confirmed experimentally. Maximum energy
accumulates the metastable morbidity atom after additional ionization. The removal of electrons from
the inner shells of an atom is accompanied by the emission of X-rays, but the lifetime of the atom does

not exceed 10®s.

5.1.1. Formation domain of destruction

Destruction is the result of the rupture of bonds between atoms, due to which the integrity of the
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object is compromised and its further operation is impossible.

For the most accurate and objective assessment of technical condition and remaining life of structures
and equipment items the main problem must be solved: how and where there is an accumulation of
energy, sufficient to destroy, and why it is emitted

To break the bond requires the energy absorbed the atoms exceeded the binding energy.

Maximum accuracy in determining the time after which the operation of the construction or device
must cease, is important because premature stop leads to unnecessary losses, whereas unwarranted
extension-to disaster.

Modern methods of estimation based on the quantity, quality, and location of structural defects. These
defects are due to changes in the position of the atoms. The defect danger that is likely to disrupt the
integrity (cracks, pores) is obvious. However, during the operation, there are areas in which the metal
is strengthened. Are they dangerous?

The main source of energy is the energy of tension, which, as shown above is lower than the energy
of a change in the energy state of a group of atoms, in which there was a structural change.

As noted above, the energy of the external influence is distributed unevenly in the metal due to the
formation of standing waves deformation in the local areas. In the antinodes wave energy density is
higher than in the node. In absorbed energy atoms is the transition of electrons to higher energy levels,
some of which has a lifetime in excess of a period of cyclical influences. Maximum energy corresponds
to the ionization potential. In this case, the electron is emitted. There is a certain probability that it will
be absorbed by another atom. Maximum chance of absorbing an electron has an atom, located in the
node. Thus, under certain conditions the energy of the external action expended on ionization emitted
during the recombination of an electron with another ion. Since these processes are spontaneous, the
photons emitted by recombination, are scattered in the environment, or heat the metal.

Eventually, after some time two areas are formed in the metal, in one of which atoms accumulate
AM", while in the other- AM". Let's call the first area as the metastable area of the maximum energy
density (MAMED), another area - the metastable area, the maximum defect concentration (MAMDC).
Spontaneous transition of electrons from MAMDC in MAMED leads to the spontaneous photons
emission, their dispersion and heat, i.e. energy dissipation.

The term of safe operation of the facility or device depends on the ratio of the rate of
accumulation and the rate of energy dissipation in these two areas, which form the domain of
destruction.

The higher is the rate of energy storage, the shorter the lifespan. The maximum rate of energy



207

accumulation is under the influence of electromagnetic impulse created by laser or electric shock. It is
a bit smaller in mechanical impact. Rate of energy dissipation is caused by the thermal conductivity
and borders transparency for the photons of the area where the radiation is.

Explosive nature of the destruction is caused by the stimulated (induced) transition of electrons from
MAMED to MAMDC and energy radiation. Such radiation which is caused by photons is coherent
and highly directional short-term due to the high speed of the photons. The radiation power depends

on the energy stored in the domain of destruction.

The energy dissipation rate of the domain destruction increases with increasing of the temperature.

However, the speed of energy storage can also increase.

Forced (stimulated) energy dissipation from the domain of destruction, not leading to the destruction
or deterioration of the metal properties, extends its safe operation Following Feynman’s
recommendation let’s proffer the diagram of domain destruction, using "a little bit of imagination and
ideas."

5.1.2. Domain destruction scheme

Following Feynman’s recommendation let’s proffer the diagram of domain destruction, using "a little

bit of imagination and ideas."
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The mechanism of domain destruction of the metal covering two grains is shown above schematically.
N @ .

"The names of all participants" are shown at the picture. Let’s assume that normal atoms (4

are source ions such as Fe?*. Energy flow causes the deformation under the influence of which in the

antinodes of the standing wave formed positive ions Fe’* (4M* @), and in the node - ions Fe'*( ®'),
which are conventionally called negative morbid ions AM .

We note that the proposed scheme corresponds to the real redox reaction (by which a living organism
is provided with energy.

Zero-valent iron is not only known, but also has a practical application. Two groups of morbid atoms
form domain of destruction.

Amorphous layer formed on the grain boundaries, facilitates the process of destruction.
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Morbid atoms (AM" ®) emit electrons, which recombine with morbid atoms (4M" e ), forming
photons. Two groups of morbid atoms form domain destruction. Stimulated emission energy from
domain is sufficient for the crack formation or destruction.

Atom can only absorb energy as a photon (reaction number 2). This process occurs at the antinodes
of the standing waves, which are generated in local areas, such as grain. This means that mechanical
energy is converted into an electromagnetic deformation process. Electromagnetic energy of atoms
converted into mechanical energy of destruction in strict accordance with the law of conservation of
energy (reaction number 3).

The basis of the method proposed for predicting the technical condition of structures and devices is
Maxwell's prediction that the potential energy the radiation of which leads to the destruction due to the
new type of interaction. Modern physics has revealed the laws of this interaction, called electromagnetic.

Scientific discoveries made by Maxwell, due to deep understanding the physical phenomena whose
description he used mathematical apparatus only when he could confirm the findings using correctly
staged experiment differential and integral calculus has been developed by Newton and Leibniz.
Maxwell repeatedly and successfully used it in his works. Schrodinger and Dirac differential equations
are the basis of quantum mechanics.

The method proposed by me, based on the analysis of numerous experimental facts, but it remains a
hypothesis that needs direct experimental confirmation.

I'll use the Maxwell’s testament: "Of all the hypotheses ... choose one that does not stop thinking about
further investigating of things," hoping that the quantum-mechanical theory of strength and fracture
solid will be developed.

Following Maxwell, I have tried to demonstrate this method for solving specific engineering problems.

Warning.

All problem solving should be considered only as a demonstration of the method.

Application of the method in practice needs to be further targeted research and a more accurate
evaluation.

Problem # 1. Find the quantitative criterion for safe operation the element of structure or device.

Basic data:

Crack length A/

Metal thickness 4

Modulus of elasticity £

The lattice constant a
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Binding energy between the atoms &

The maximum mechanical stress om

The number of cycles AN.

For crack formation is necessary that the external source energy absorbed by atoms exceeds the total
binding energy of atoms in the cells forming the two crack surfaces, i.e.

hAle,
aZ

sU, >U, = (5.1).

For crack formation is necessary that an external source energy absorbed by atoms exceeds the total
binding energy of atoms in the cells forming the two crack surfaces, i.e.

hAle,
aZ

U, >U, = (5.1).

2

O-max

Strain energy accumulated in the element volume V, equalU ,=V . Critical energy absorbed

OmaxAN _ hAlg,
E a’

by the cells, between which will take place the crack R, =C,V, , where C, 1is the

dimensionless coefficient characterizing the work, which was executed on the crack formation,

V, = 2ahAl the volume of cells. Thus,

E £ 1
2C, =Cy=—— -2~ W,
7 g2 AN a2t w, P

max

where Wy-specific binding energy (energy density), Wg-specific destruction energy (energy density).

w
C, =—2 (5.2).
d Wd( )

Orcrona W, =C W, mmu W, —-C W, =0 (5.3)

Equation (5.3) is the criterion of the structure or device element safe operation.

Safe operation is provided by the inequality
W, <W, (5.4),

which is an analogue of Maxwell inequality (4.3). At W, -0, C;, — 0.

Note that the practical use of the criterion (5.4) for each item is possible only after the

experimental verification.

Problem # 2. Find the safe operation time of the structure or device element t..
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Input the element of the structure or device in operation is allowed only when the ratio of the number
of morbid atoms Nm (0) to the number of normal atoms N, (0) is negligibly small (ideally zero). During
operation Np, increases and N, decreases. At some point =¢. reaching a critical emergency situation in
which any accidental exposure can lead to destruction. Thus, the problem reduces to the experimental
definition

t,=f(N,/N,).

We proceed from the fact that firstly; energy is stored in the atoms in which there was a transition of
electrons to the metastable level. Energy dissipation is due to thermal vibrations (phonon emission),
radiationless transitions from the metastable level, and spontaneous emission from it. Thus all kinds
of defects generated, including AM" called damage. Secondly, that the formation of pores, cracks and
destruction occurs only under photons by stimulated emission.

The total energy of atoms of an element in the initial time /=0 is due to the energy state of normal

atoms

U,(0) = Zgi N, ; 0) (5.5),

where ¢, is the energy of an i type of normal atom, N, ; the number of atoms in this tipe. With energy

possessed by morbid atoms we ignore. At the time ¢ = ¢ the total energy

U(t.) =2 &N, ;(t)+ 2 &Ny, (t) (5.6),

where

UZ(tc) = ngNm,l (tc) (57)’

&y 1s energy of morbid atoms k-type, N, ;is their number. Limited to one type of normal and one

type of morbid atoms, we can write
U (tc) = 8i Nn(tc) +8k Nm(tc) (58)
Experimental confirmation of the formula Zhurkova under studies of various crystalline and

amorphous materials suggests that the number of morbid atoms increases exponentially:

A

N, () =N, ()" =N_ ()" (5.9),

where
I'=A/Dk,T (4.10)

is degree of wear, which is the ratio of energy accumulation velocity 4 in the domain of destruction
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A=U,/t (5.11)

to energy dissipation velocity

B=DkgT. (5.12),

where D is reduced phonon frequency, K is Boltzmann constant, 7 is Kelvin temperature.

Parameter T" has no analogues in classical mechanics. Its introduction is due to the Heisenberg
uncertainty principle AE - At > > where h is the Dirac constant, since the accumulation of energy

due to the emission and absorption of photons, whereas the energy dissipation due by spontaneous
and thermal radiation.
We proceed from that even in an ideal material at some point there are morbid atoms occur, i.e.

N,(0)>0.If4 =B, then
N, ({t)=N,(0)e(5.13).
Then

A u,

N, (t.)=N_(0)e™" =N_(0)e ™" (5.14).

From which we obtain:
InN_, (t.)—InN_,(0)= A/Dk, T =U, /t. Dk,T (5.15)
or

t, = Y, (5.
Dk, T[IN(N, (t)=InN_,(0)]

16).

Neglecting the number of morbid atoms in the early operation, we find

t, = J,
" Dk,T[In(N,,(t)]

(5.17).

Balance between accumulated and dissipated energy takes place at a linear deformation, followed by
a slow wear (aging).

The nonfailure operation time is determined by the design, choice of material, its construction, and
evaluation of theoretical and actual degree of fatigue.

Residual resource is the time between the moment of the study and the time at which a critical

condition occur. In this case, a zero reading is taken the testing.

Problem #3.

Find the criteria for rotating rigid body safe operation.
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Solving this problem, we will show using the results of experimental studies [5.1].

Disc of turbine compressor having 12 bolt holes, collapsed into five fragments during a frequency ®
= 9469 rpm, as shown in Fig. 5.1. Crack between holes A and B of length 0.39 mm, was found at a
frequency ® = 8533 rpm and increased toward the hole B.

Theoretical analysis was performed in [5.1] by finite element method using the stress intensity factors.
Recommendations on how to predict the possibility of destruction in the article are not given. We note
that the destruction has occurred as a result of branching in the energy flow direction from hole to hole

and perpendicular to it.

fog .,
y wissg do
i

Figure 5.1 a b

213\.\' 2’0{)!
Geometric parameters of the disk are shown in Fig. 5.1.b.

The energy required for the formation of a crack or of destruction of a rotating body, due to the kinetic

2
lo

En =
energy 2 where I is the moment of inertia, @ is the average value of the cyclic frequency.

AU s Cr (a)i2+1 - a)iz) C

In connection with this energy of crack extension is , wherein “~ris the

-2
Wy — O

proportionality coefficient which is equal to i . The energy required to extend the crack

he, Al
AU, =22

is equal to a8 We use the tabulated values given in [5.1], the binding energy

&, =1.768-10"°J , the lattice constanta = 2.95-10°m of titanium and disk thicknessh =3-10"m.
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2.95°-(1077) Wi — O @in =@ (5.1). The experimental studies of

crack growth, received in [5.1] are shown in the first and third column of Table 5.1, in the second
column it referred to the rate rps, the fourth column shows the values of C;, which must be reduced to
10 times * calculated according to formula (5.1).

Relationship between Cr and o is shown graphically in Figure 5.2.

As we can see, the C; change is uneven. The frequency increasing is accompanied by an increase C:.
It should take into account the fact that before each measurement of crack length, the disc stops.

The sharp C: increase at each subsequent test indicates that the rate of accumulation of energy grows
faster than the rate of its dissipation, reaching the limit value in the frequency range 9459-9469 rpm.

Then

A u,

N, (t.)=N_(0)e™" =N_(0)e ™" (5.14).

From which we obtain;
InN_,(t.)—InN_,(0) = A/Dk, T =U, /t, DkgT (5.15)

or
U2

t, = (5.16).
Dk, T[IN(N_ ()= InN,_(0)]

Neglecting the number of morbid atoms in the early operation, we find

t = U2
© DkgT[IN(N,, (1)]

(5.17).

The nonfailure operation time is determined by the design, choice of material, its construction, and
evaluation of theoretical and actual degree of fatigue.

Residual resource is the time between the moment of the study and the time at which a critical
condition occur. In this case, a zero reading is taken the testing.

Problem #3.

Find the criteria for rotating rigid body safe operation.

Solving this problem, we will show using the results of experimental studies [5.1].

Disc of turbine compressor having 12 bolt holes, collapsed into five fragments during a frequency ®
= 9469 rpm, as shown in Fig. 5.1. Crack between holes A and B of length 0.39 mm, was found at a
frequency o = 8533 rpm and increased toward the hole B.

Theoretical analysis was performed in [5.1] by finite element method using the stress intensity factors.
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Recommendations on how to predict the possibility of destruction in the article are not given. We note

that the destruction has occurred as a result of branching in the energy flow direction from hole to hole

and perpendicular to it.

Figure 5.1

a
&

Geometric parameters of the disc are shown in Fig. 5.1.b.

The energy required for the formation of a crack or of destruction of a rotating body, due to the kinetic

Table 5.1
o rpm © Ips [ Cr

8553 142.55 0.39

8758 145.9667 0.54 4.075
8963 149.3833 0.88 2.506
9178 152.9667 1.36 11.86
9400 156.6667 3 38.334
9401 156.6833 3.1 512.76
9403 156.7167 3.3 512.68
9405 156.75 3.55 640.72
9407 156.7833 3.95 1024.9
94059 156.8167 4 128.09
9414 156.9 4.4 409.73
9419 156.9833 4.7 307.13
9424 157.0667 5.55 869.75
9434 157.2333 9.7 21215
9435 157.3167 10.4 715.13
9449 157.4833 18.9 4338.4
9459 157.65 32 6679.2
9469 157.8167 ac

E |z’
kin = 5
energy 2 where I is the moment of inertia,
@ is the average value of the cyclic frequency. In

connection with this energy of crack extension is

AU, =C, (& C

2
o) , wherein ris the

proportionality coefficient which 1is equal to

C - AU
"0l - -
i1 — i | The energy required to extend the
he, Al
AU, =22
crack is equal to 8" We use the tabulated

values given in [5.1], the binding energy

& =7.768-10"J, the lattice constant

a=2.95-10""m of titanium and disk thickness
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h=3-10"°m.
-3 -19
C - 3-10 27.76?101(2 ' 2Ah -267810° Al :
2.95°-(1077) Wiy — @ Wiy — @,

i (5.1). The experimental studies of crack
growth, received in [5.1] are shown in the first and third column of Table 5.1, in the second column it
referred to the rate rps, the fourth column shows the values of C;, which must be reduced to 107 times
- calculated according to formula (5.1).

Relationship between Cr and o is shown graphically in Figure 5.2.

As we can see, the C: change is uneven. The frequency increasing is accompanied by an increase Cr.
It should take into account the fact that before each measurement of crack length, the disc stops.

The sharp C; increase at each subsequent test indicates that the rate of accumulation of energy grows
faster than the rate of its dissipation, reaching the limit value in the frequency range 9459-9469 rpm.

Analysis of changes in Cr shows: a) that each subsequent crack extension occurs at lower energy; b)
that the accumulation of energy and its emission is spasmodic; c) that the factor called residual stress,
due to this increased degree of fatigue at which energy plays a small role stimulator radiation energy
domain. Only energy-stimulated signal acquires such power, which is enough to destroy; d) that the
prediction of this condition is the last opportunity to prevent catastrophic destruction; e) that the crack
between the holes was a harbinger of the destruction that occurred due to rupture of metal not only
near the hole, but away from them, including the peripheral part of the disc, the thickness of which is
five times greater than in the central part.

We draw attention to the fact that firstly under the disc fracture, crack formed near the opening A both
in the direction of growth and opposite, second, destruction occurred at only one side of the disc.

Features of this destruction are due to the fact that when the disc rotate the free electrons move from
the center to it periphery. This leads not only to the potential difference, but also to the recombination
of electrons and ions on the periphery, followed by radiation energy, bonds weakening, scaling,
erosion, corrosion more intense as it is observed on the turbine blades.

Speed increase is accompanied by increasing of the centrifugal force to such an extent that there is
additional ions ionization. As a result, the number of morbid atoms AM " was increased in the central
part of the disc, while the number of morbid atoms AM" increased on the periphery.

Critical state occurs at a certain frequency of rotation when the electromagnetic signal is able to
stimulate the radiation of energy stored in the domains of destruction.

Artificial density reduction of the electron cloud, using a reverse potential difference will reduce the

risk of the rotating element collapse and extend the service life.
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Figure 5.2

The graphs shown in Figure 5.2 help us to understand the nature of the energy processes accumulation
and radiation. Changes C: are shown for narrow frequency intervals.

However, a more precise definition of criteria for safe operation needs further experimental
verification by rotated for different bodies, the construction of which should be complicated.

In addition, testing should be considered when the conditions and duration of operation, and the time

during which the study is conducted at a predetermined rotation frequency.

Problem # 4. Estimate the domain of destruction size under copper rod spall fracture.

Photons emitted at a spall, allow us to estimate not only the location of the domain of destruction, but
also to calculate its limiting sizes.

We estimate the size of the domain of destruction, using the experimental data.

Photon energy emitted under a spall of the copper rod Cu-g,=3.42 - 107" J, as it was shown

in [5.2-5.5]. Atomic binding energy-¢» 5.6 - 10 J, crystal structure, face-centered cubic, the number

of atoms in the unit cell 4, the lattice constant-a = 3.61 - 107'° m, the diameter of the rod-ds =1 - 10-2
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This allows us to estimate the domain energy and its size.

The diameter of the rod was dy=1-102 m, crystal lattice constant Cu @=3.61-10"1 m, the binding

energy of atoms &, =5.6-10"" J, the photons energy is &, =5.6-10"" J.

2
Performing simple calculations, we obtain cross-sectional area S, = TS, the number of cells in it

2 2
n, = 4a52 , the energy required for this-¢, = asz &y -

Let as to denote the diameter of the fracture domain d,. Then the volume of cells, which atoms

3 3

¢ the number of atomsN, = radiated energy -

radiated energy will be V, = —ad,
a

43 Amdds  gd2 2
&= 3d £, =&;.50 d3 P = Sfb , from whichd, =3 3d; az, , or
3a 3a 4a 16¢,

i #3‘1‘1041 .3.61.10.56-10"
‘ 16-3.42-10"

Consequently, the fracture domain is a nano-object, which accumulates enough energy to fracture. However,

=4.64-10"(m)

it is not detected by the methods suggested by the standards and patents.

Problem # 5. Estimate the project and the real degree of wear of the rod fastening cable-stayed
of the Ice Palace Krylatskoye roofing and the parameters domain of destruction (Russia, 2007).

Steel rod holding the cable-stayed the roof of the Ice Palace Krylatskoye, split so that one-third fell,
while the remainder held roof.

The original data.

Rod diameter d = 0.528 m,

Lattice constant = 2.87 - 10719 m,

Binding energy &, = 6.87 - 1071 J,

Photon energy (conventionally): ep = 3.44 - 107° J,

Date of completion: September 2004,

Date of destruction: November 2007,
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Warranty period: £, = 50 years = 4.383 - 10° hours
Real time of operating: ¢, = 3.646 - 10* hours.

Solution
2 2 -19
u, :ﬂ‘;ng - 3.14 0.5282 6.?; 10 1825
The energy required to split the rod is 4a” “or 2.87°-10 ).
A <ot
Guaranteed rate of accumulation of energy 4, must be less than 9.

Therefore, the limit value 4; should be not higher than

. = &55 =4.164-10°°
4.383-10 (J/hour).
However, the actual rate of energy accumulation 4, was #,/t=4.383-10°/3.646-10%~12 times higher.
N, (0 =220
The number of morbid atoms radiation energy of which led to fracture equal to & , or

N, (t)=5.3-10®

r=_ _inN, )

Dk, T T, =In(5.3-10®) =43.11

The degree of wear is or~ max

Average annual air temperature in Moscow is 280 K. Hence the reduced frequency of acoustic

-6
D= A;i - D- 416410° ) o
oscillations will be max"B " Qr 43.11-1.38-10"7°280 (Hz).

We note that this frequency is characteristic for hypersonic waves, just as it takes place in Zhurkov’s
formula.

A __1825 -=5.00-10"°

However, 3.648-10 (J/hour=J/h).

Increasing the speed of energy accumulation leads to the reduction of safe operation. Especially
dangerous is the case when at the same time reduced the rate of energy dissipation due to a number of
factors, including the specific design of the element. Accumulation of energy occurs in the local area,
however, this factor in the design and operation is not taken into account. But it was exactly the cause
of the break of one of 19 cable-stayed roof fasteners. However, the collapse of the whole roof has not

occurred as a result of redistribution of energy.
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Destruction of the rod occurred after the number of atoms morbid reached or exceeded, i,e, I’ =43.11.
Security conditions require that the operation of element of the device or facility has been discontinued

before the critical state. Thus, ty =t —At

. The time interval Atz is set on the basis of numerous
experimental tests and corrected during the operation on the basis of a real kind of experimental
monitoring the accumulation rate and the energy dissipation. Assume that an interval set number of
morbid atoms 3-4 orders of magnitude below the critical value. In this case, the degree of guaranteed
wear should not exceed 34.54 + 36.84.

Note.

The fact that 2/3 of the rod held the roof means that the material strength was sufficient, but the
distribution of strain energy led to high accumulation rate in the local area that does not correspond to
calculations based on the stress distribution.

This case is evidence that reliability and durability of the element of the structure or device caused

not only strength but also more uniform energy distribution.

Problem # 6. Assess the degree of wear and the domains of destruction size of the Gusset U10 of 1-
35 W Bridge, which catastrophic failure occurred after forty years of operation (USA, 2007).

The fracture behavior of this element of the bridge, in which the disaster occurred, was demonstrated
in Chapter L

The original data.

Crack length between rivets /= 1.3 - 102 m

The plate thickness 4 =1.27-10% m

Operating time ¢ = 3.51-10° hours.

Lattice constant @ = 2.87-107'" m,

Binding energy &, = 6.87-10% J,

Photon energy: &, = 3.44 - 1017 J

Features of the Gusset U10 destruction is that: a) the break of the metal near holes 1, 3, 5, 7
characteristics for the brittle material, while break of the metal near the holes 2, 4, 6, 8 characteristics
for plastic; b) The corrosion resistance of the material near the even and odd holes are different.

It is generally accepted that the formation of cracks has the elastic-plastic nature. Therefore, in this
case two types of domain were formed with different ratios of the destruction of the hardened and
weakened areas. Structural studies of these areas would allow the more accurate description of the

mechanism of destruction of the rivet connection and more accurately predict its condition. But they
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were not carried out.

Calculations performed using the method as set out above showed that the cause of the disaster is the
radiation of energy from two types of domains of destruction, an average diameter of which is dq =
5.66:10° m.

In addition, following data were obtained: speed of energy accumulation

A=3.92-10 J/hour, the energy dissipation rate DkzT=1.10-10"'° J/hour, maximum allowable degree
of wearl'j =29.93, real degree of wear I', =35.92 and excess isAI' =T, —I', ~ 6. Hence, the risk

of the destruction increased by €® ~ 400 times and the destruction happened.

Problem #7. Assess the maximum allowable and the real degree of wear of the API 5L X46 pipeline
(Argentina, 1988).

The fracture behavior was examined in Chapter I.

The original data.

Crack length 1 =4.8 m,

Wall thickness # = 6.3:107 m,

Lattice constant ¢=2.87-10"" m,

Binding energy &,=6.87-101% J,

Photon energy: £,=3.44-1077 J,

Operating time ¢-= 1.753-10° hours,

Guaranteed term of operation life 7,=4.38:10° hours.

These results:

Maximum allowable degree of wearl", =32.24, real degree of wear I', =38.83 and excess is
Al =T, —I', =6.59. Hence, the risk of the destruction increased by e** ~728times and the

destruction happened.

Problem # 8. Assess the maximum allowable and the real degree of wear of the rail (Hatfield, UK,
2000) and domain of destruction size.

The fracture behavior was examined in Chapter I

The original data.

Crack area $=8.26-107 m?

Lattice constant ¢=2.87-10"" m,

Binding energy £,=6.87-107° J,
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Photon energy: £,=3.44-101 J,

Operating time ¢ = 1.753:10° hours,

Guaranteed term of operation life 7,=4.38-10° hours.

Solution.

Energy of the domain of destruction is Us=6.89-10 J; diameter of the domain of destruction is

d¢=2.11-10"* m; maximum allowable degree of wear I, =32.24, real degree of wear I, =39.14 and

excess is A =T, —I") =6.59. Hence, the risk of the destruction increased by e** ~990times and

the destruction happened.

Problem # 9. Carry out a comparative analysis of the results of experimental studies of riveted joints
wear of Boeing 727-232 fuselage fragment with wear during its operation.

In riveted joints of the Boeing 727-232 (B727) fuselage fragment there was a crack length of 0.5 mm.
A result of testing [5.2] the crack increased to 1.27 mm.

Estimate the parameters of domain destruction, conditionally accepting that the photon energy is

equal to g, = 0.5 &.

The original data.
Skin thickness #=2.52:10~ m,
The initial crack length /=5-10* m,
Operating time #1 = 66412 hours
Crack elongation A/=7.7 - 10* m,
Number of test cycles AN = 7.636 - 10*
Impact frequency 10 Hz,
Lattice constant @ = 4.05 - 107" m,
Binding energy e, = 5.34 - 1077 J,
Photon energy g,=2.67 - 107 J,
All the parameters related to the formation of the first crack, denote with the index 1, the parameters
related to experimental research-with the index 2.
I.h
1. Using equationU o ?gb , Wwe obtain

U, =6.32-10"°;

_ 5
Un=410-10"; 14 similarly
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N

t,=——
2. Experiment time determined by the formula 3600v or £,=2.12 hour.
A U
= — B . 3
3. Using equation U, we obtain the number of morbid atoms N, (t)=154-10' and

N, (t,) =2.37-10"

L= _inN, )]

Dk T we obtain the wear rate 11 = 30.37 and

4, Using equation

A, «
[, =—===In[N(t,)]+In[N (t
= ey = MNa @)1+ 1NN )
The term I[N, (tl)]is taken with a plus sign, as it characterizes the number of those morbid
atoms, the energy of which was not rejected by the first crack formation. In this case, we neglect
it.
Thus, I, =308 Consequently [, =11 =0.44 1 foliows that the wear rate in the experimental

study is accelerated in e”* =1.55jmes.
Problem # 10. Assess the value of the residual energy in the riveted joints of the Boeing 727-232
fuselage, radiation of which leads to destruction.

The maxima and minima of a function U, =F(N)

suggest that during the deformation there is energy
accumulating and emitting, which leads to the disaster. However, part morbid atoms remain in a
metastable state. This condition is called in fracture mechanics stressed state. But it cannot be
quantitatively measured, whereas experimentally determine the energy state of a local group of atoms
is possible.

Thus, the solution of this problem is reduced to finding the term preceding the catastrophic failure.
For this we use the experimental data that were obtained in [5.3], without pretending to accuracy
assessment since this requires additional purposeful research.

Minimum crack A/; = 0.0169 "(0.429 mm), according to the given results, was fixed near the rivet
holes A22-R after N1 = 40090 cycles.

The original data.

Skin thickness #=1.6"10"m,

Lattice constant a=4.05-102° m,

Binding energy &,=5.34:1017 J,

Impact frequency v=0.04 Hz,
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Maximal stress iGmax=1.103-10° Pa

The crack length A/;=4.293-10* m

Number of test cycles N;=40090

Photon energy £,=2.67-101 J

Consequently, the time of the experiment continued A#1=40090-25:3600~278.4 hours.

The energy required for the crack formation was U,, = 2.236-107°J .

The rate of energy accumulation was A =8.03-10°J/h, number of morbid atoms
N, (t)=8.37-10", degree of wear I}, =32.06.

1. Crack AL=0.4758"=12.085-10" m formed near the A22-L hole as a result of exposure to cyclic
N>=106160 At,=737.22 h.

Simultaneously with it near the holes A22-R and A23-L cracks were formed whose length was
Al3=11.68:10" and Al4=16.61-10" m, respectively. The total length of the cracks was A/=40.375 107
m. The total value of the energyU,, = 2.03-10*J , rate of energy accumulation A, =2.85-10°J/h

the number of morbid atoms N, (t,) = 7.88-10"*, and degree of wear, = 34.30. We have neglected

with morbid atoms that are not rejected energy, although an increase in the number of cycles to 2.65

times the parameters characterizing the destruction increased almost eight times.
2. The crack Al = 72.898-10°m was formed at N = 106,217, i.e. a difference of 57 cycles. In

this case, G. This means that the external influence increased only of 0.005%, while the character of
fracture increased by 81%. To neglect the energy that was accumulated previously is extremely
dangerous!
3. Crack Ale=4.074-10"! m, was formed under N = 107,458 cycles.
This crack will inevitably lead to a catastrophic depressurization!!
But the number of cycles increased by only one percent!

This means that the number of morbid atoms exceeds a critical value!!!

Extremely important for understanding catastrophic destruction has the final experiment in which

crack was formed Al; = 1.925 m. It happened under stress o,,,, =17.83psi (522,622.6 Pa)and N =174

,458 cycles.

A characteristic feature of this experiment is the fact that the destruction was of abrupt nature, in

U, =1.00-107

which the energy was emitted, is J. Since the failure occurred, we must consider the

degree of wear of the critical, although the number of morbid atomic energy radiation of which was
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-2
N (1) = 20010 57500 C _3816

enough for it was - 2.67-107" and degree wear is~ ¢ . Thus, the difference

between the degree of wear of the first fracture and catastrophic main crack was. Consequently, the
degree of wear during the experiment change is A’ = 38.16-34.30=3.86, Consequently, the degree

of wear during the entire experiment changed in e*® =4747 {imes. This conclusion causes
bewilderment, since we got the value of the degree of wear on the order of magnitude lower than
previously, although the crack is 10,000 times longer.

Here we once again came to the paradoxical situation because only limited by mathematical
extrapolation. First, we did not consider that stress increased, and secondly, we were limited to with
morbid atoms, in which the accumulation of energy occur, but completely ignored those atoms, the
binding strength between them decreased in the third, we do not take into account the time of which
occur radiation of energy.

The experiment was performed at a frequency of 0.04 Hz. Consequently, it continued 174458:0.04 =
4,361,450 seconds. It is known that the rate of crack formation is comparable to the shear wave
velocity. In aluminum, it is equal to 6.42-10° m/s. Consequently, the emission time should be less than
1:10* seconds. If we assume that the energy was radiated only one percent of morbid atoms, the
radiation power exceeds the capacity of the energy storage in the tens of millions of times. But in
reality, the radiation time is about 8.10 seconds. Furthermore, emission of electromagnetic energy is
directed strictly along the rivet connection.

And this is due to its destructive effect.

Problem # 11. Are reliable modern techniques of forecasting residual life of structures and devices?
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We considered the solution of
ten problems that are associated
with the destruction, including
catastrophic. In two of them (Ne
Ne 6 and 8) people were killed,
the other two (Ne Ne 5 and 7),
fortunately, nobody was hurt.

The proposed method allows to
analyze the destruction of a

material as in experimental

studies, as well as emergencies,
two of which we will consider.
During the flight, Boeing 737-300, April 1, 2011 at an altitude of 34,000 feet (10,200 m) in the
fuselage of crack was formed size of 59 x 9 "(1498.6 x 228.6 mm?), which is shown in Fig. 5.3. At the
time of the accident, the aircraft had completed 48,748 hours and 39,786 cycles.

Fracture parametersU, =6.19-10°J, A=1.02-10" J/&, N, (t,) = 2.23-10"°, ' =37.46, are similar

to those observed in laboratory studies.

However, the essential difference is that cracked preceding catastrophic failure, in this case, was not.

After the incident was investigated hundreds of aircraft series 737-300, 737 - 400 and 737-500. Only
in six of them were found cracks. All other aircraft were eligible to operating practices.

This conclusion is erroneous.

The formation of catastrophic crack becomes possible when the rate of accumulation of energy
exceeds the rate of dissipation so that in some element the energy of domain of destruction, or a group
of domains, reaches a critical value.

Domain of destruction consists from atoms of the same elements that created the material. It can only
be detected when the interaction of the atoms change so that it will lead to such a change of the material
structure which can be recorded by the existing physical methods.

The main differences between domains of destruction from other defects are the spectrum of emission
and absorption of electromagnetic waves. It extends from the infrared to X-ray, as it follows from the
analysis of experiments, which have been discussed in earlier chapters.

This allows designing new experimental methods for the detection and destruction of research

domains. Parameters of domain of destruction in each element of the structure or device allow
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developing a new computer program to monitor wear and residual life, prevents catastrophic failure.
Thus, the safety of aircraft series 737-300, 734-400, and 737-500, which have been recognized as a

result of fit test, carried out in connection with the incident, is not guaranteed Catastrophic destruction

of each of them possibly because the main source of destruction was not identified.

Examples that show how to do this are given in the next chapter.

Problem # 12. Volgograd Bridge (Russia), as shown in Figure 5.5, 20 May 2010 for a long time
fluctuated, amplitude of which reached one meter. In construction, made from metal and concrete,
after such intense vibrations defects not detected and it was declared fit for service.

This phenomenon in the framework of modern mechanics cannot be explained. Explain this
phenomenon from the position of physics of destruction.

This is an extremely rare phenomenon cannot be explained only by mechanical phenomena caused
by the wind, as happened with the (Tacoma Narrows Bridge), called the "Galloping Gertia." But first,
the Tacoma bridge was hanging secondly, and most importantly, it collapsed on 131 days after the start
of operation, and thirdly, it was considerably shorter. We will not discuss the mechanism of Tacoma
bridge destruction. We only note the fact that the collapse of the bridge was the starting point for
numerous serious researches.

Fluctuations in the Volgograd Bridge should be considered as a new scientific problem to be solved,
which, following FEinstein's opinion can only be found at a new higher level, i.e. the quantum
mechanics level.

We have considered above various kinds of destruction from electromagnetic shock that occurs
through the millionth of a second after impact, before the destruction of the bridge, which took place
forty years after the start of operation. Each crack formation and destruction processes preceded the
accumulation of energy and its dissipation.

Nature has once again demonstrated the phenomenon, the practical use of which surpasses all
imagination.

It is necessary to explain why the concrete became ductile like rubber.

We will try to explain this phenomenon from the point of physics of failure, based on the fact that the
domain of destruction consists of two areas, in one of which is a weakening of binding force and
reduction of energy in the other binding force increases and the energy is stored. These processes are
accompanied by energy dissipation the mechanism of which differs from coupled pair the In this case,

the mechanical oscillations play the role of a trigger of photon emission frequency energy which was
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not enough to break the bond, but enough for such displacements of atoms at which the any huge
waves. mechanism of accumulation. Morbid atoms in the domain of destruction emit photons of
different frequencies, part of which goes to heating only.

In this regard, in some moments, the speed of dissipation can exceed the speed of energy
accumulation or remain below it.

Fluctuations in the Volgograd Bridge indicate that the force between the atoms of cement weakened
so that made possible the displacement of one atom relative to another, corresponding plastic
deformation. At the same time, the vibrations of the bridge caused by external force, stimulated
emission of energy of domains of destruction before their state has reached critical value. In this case,
the mechanical oscillations play the role of a trigger.

There appeared the system similar to LC circuit in which the source of energy similar to capacitor
served domains of destruction. Similar processes occurred in the metal, because the thermal
conductivity of the metal is many times higher t t is possible that the mechanism proposed by me,
needs to be clarified, but we have no right to bury this unique and very rare. It is possible that the
mechanism proposed by me, needs to be clarified, but we have no right to bury this unique and very
rare. Here it is necessary to recall the work of Maxwell and his foresight of processes of features that
occur in the precritical mode.

Changing the bridge structure to suppress such fluctuations cannot be made without understanding
the mechanism of this mysterious phenomenon. They can lead to a decrease in the rate of dissipation
of energy. Degree of wear will increase to such a limit that the disaster would be inevitable.

Disaster can happen in a few months, as happened with the bridge in Tacoma (USA), the Transvaal
aqua park (Russia), the rod fastening cable-stayed of the roof of the Ice Palace Krylatskoye (Russia),
or decades later, as happened with the [-35 W Bridge (U.S. ).

Conclusions

1. Experimental evaluation of the total energy of morbid atoms in local areas of the element of
structure or device during its operation allows controlling the technical condition of the item and
preventing its catastrophic failure.

2. Cracks, as well as other damages are the result of changes in the energy state of the local

groups of atoms, but their absence does not guarantee the reliability of the element of the structure or

device.
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3. Disclosure laws of accumulation and dissipation of energy in the domains of destruction
allows not only to prevent catastrophic disaster, but also to control domains in order to prolong the
time for safe operation.

4. Method proposed above, its use is universal and not limited to the examples given above.

5. This instills confidence that the man-made disasters can be prevented only when will be
established continuous monitoring of the degree of wear. But such control is not yet available.

Examples of the experimental methods by which such control can be adjusted, are given in the
next chapter.
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CHAPTER VI. DOMAIN OF DESTRUCTION: ITS MANIFESTATIONS AND DETECTION
In the world there are things more important than the most beautiful
discoveries- this is knowledge of the method by which they are made.
G. W. Leibniz

6.1. Theoretical and experimental confirmation of the atomic model of the destruction

Attentive reader should pay attention to the fact that the energy required for the cracks, formation
measured in nanojoules. Even for the formation of a crack whose length is 0.4074 m, took only

2.12 103 J. Naturally, there is a suspicion that I made an error in the calculations. It is easy to
calculate that the ball of mass 10 grams, which fell on the fuselage from a height of 1 meter, pass it
the energy 9.81 - 1072 joules, which is 46 times more. Therefore, a crack of length 16 meter has to
arise, which, of course, no. But we get a different result if we use the physics of destruction, but not
the mathematical extrapolation.

Assume that the impact lasted 1107 seconds. In this case, the acoustic wave velocity of which in
aluminum is 6400 m/s will transfer the impact energy to atoms at a distance of 6.4 m. The number of
atoms in this volume is equal 10%¢. Thus, the problem is reduced to that to determine the change in the
energy of thermal motion of the atoms ~ 10%® after the impact. These changes will not lead to dangerous
consequences.

Now suppose that the velocity of the ball has increased by 150 times, i.e. is 600 m/s. Bullet, flying at
such velocity punches the fuselage skin, as its energy is distributed among a smaller number of atoms.

This example is included to show that the problem of cracking and with it of the problem destruction
can be solved only by taking into account the processes that occur at the nanoscale. In this regard, it
is necessary to once again return to the ideas of Feynman.

“When we get to the very, very small world-say circuits of seven atoms-we have a lot of new things
that would happen that represent completely new opportunities for design.

Atoms on a small scale behave like nothing on a large scale, for they satisfy the laws of quantum
mechanics. So, as we go down and fiddle around with the atoms down there, we are working with
different laws, and we can expect to do different things.”

In his Nobel lecture, Feynman talks about how the work of Dirac influenced him. Why Dirac, but
not the other founders of quantum mechanics?

For physicists, it's clear.

Dirac’s quantum mechanics is a synthesis of the Schrodinger wave mechanics and Finstein's

relativistic mechanics. Writing relativistic Schrédinger equation for the electron Dirac got two
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solutions, one of which made this decision meaningless, since the electron mass was negative. But
Dirac it has not confused, he suggested that there should be electron with a positive charge, and opened
for mankind antiworld.

Everyone understands that the work of Feynman opened to us the new world, new technology. This
book, as noted earlier, is primarily designed for those who need and can prevent man-made disaster,
but without the new physical ideas it is impossible.

New ideas aimed at preserving life and health, should be used or disproved. No middle ground.

Advances in the study of the properties of nano-objects allow us to draw the following conclusions:

Strength of nano-, meso-and macro object caused the distribution of energy between the atoms:
maximum strength possessed by those objects in which the energy of the external impact is distributed
evenly between the atoms;

In those cases when energy of the external impact is unevenly distributed due to the formation of
standing waves, in the local volume on the metastable energy levels of atoms accumulated energy that
may be enough to break the bonds, of crack formation, or even destruction.

In fairness it should be noted that attempts to account for the effect of deformation on the electron
transition from the normal to the excited level have been made ecarlier. Thus, in [6.1] has been shown
experimentally that the deformation of alkali halide crystals are excited atoms and luminescence.
However, the mechanism of excitation of atoms is not disclosed.

Thus, we need to show how energy is accumulated in the atoms, which is enough to break the bonds
between them.

Feynman was not only widely used modern mathematical methods in his research papers, but he
suggested a method, called Feynman diagrams. He was one of the founders of quantum
electrodynamics. But in his lecture, which was the starting point of nanoscience and nanotehnoliogy,
used only simple arithmetic unit. We will follow his example.

Admits that the metal contained an linear chain of seven atoms, similar to the one on which Feynman
wrote. These atoms may be of linear cluster, or even an atoms nodal line. At external stress, such as a
laser beam, the electrons in them jumped to the excited level, the lifetime of which is 10" seconds.
Hence electrons spontaneously jump to a normal level, emitting photons, which are transformed into
heat. This type of emission is called resonance fluorescence. However, the energy emitted by each
atom may not be enough to break the atomic bond. Consequently, the break is due to the fact that the
energy is summed up in a certain place. In spontaneous emission photons are emitted not

simultaneously and in different directions. Besides spontaneous emission there is possible stimulated
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(induced) emission. In our example, this happens if the photon emitted by the first atom will pass along
the chain, stimulating the emission of the other six. It is these processes occur in the laser. In this case,
the total momentum transferred to any atom, may be sufficient to break the bond between this atom

and its neighbors.

aIsr : . .
A o rae It is established that there are groups of atoms forming
-aror the cluster containing from three to hundreds of
-
o "5 thousands of atoms. This problem has been discussed
]
£ ] in more detail in [1.6]. Here we restrict ourselves to a
& T brief comment related to the destruction of nanoobject.
iy . .
Figure 6.1 shows the change in the total energy per
e

y atom, adiabatic oscillations of atoms in the cluster

Figure 6.1 [6.2] [6.2]. The energies were calculated in the Hartree-Fock
approximation for the most stable clusters with filled
casing 8, 18, 34, 40 both in terms of the exchange (bottom graph), and excluding exchange. Let’s note
that in the absence of exchange (top graph) cluster containing 22 atoms, has zero energy.
This means that with a further increase in the number of atoms, isolated cluster collapses.

This conclusion is consistent with Feynman’s idea of a special behavior of atoms in nanoobjects,

which cited above.

6.1.1. Luminescence of surface of spalling

Luminescence of surface of spalling of metals Ag, Al, Cu, Fe, Mo, Ti, Zr and some titanium alloys
were observed in experiments by K. Abramova and coworkers [6.3-6.6].

We present the main results of this works, accompanying them with a brief commentary (in italics).

1. Radiation occurs in flashes and is set in the near-ultraviolet, visible or infrared areas.

For the emission of a photon with energy hv; the atom must absorb energy hv: though

hvi< hva. A wide spectrum of the radiated waves, indicate the formation of the different modes of
radiation. Flash (simultaneous emission of the energy by a group of atoms) indicates stimulated, but
not spontaneous emission.

2. The fluorescence is not thermal and spectral composition does not coincide with the emission lines
of metals or the emission bands of the oxide pellicles.

This conclusion clearly follows the preceding facts.

3. The nature of the radiation depends on the strain rate. a) For example, with the change of the impact
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velocity from 3.8 to 5.5 m/s flash energy increased twice. b) At an impact velocity of 100 m/s it is
observed 2-3 flashes.

This means that: a) the response of the atom to the external action is non-linear; b) there are 2-3
different metastable levels with different lifetimes, perhaps in different locales.

4. The fluorescence begins at regular intervals A¢; about 10 s after the impact and continues some
time A¢> (to 3-107 s) after termination.

Such a long time (At;) for atomic processes, i.e. energy allocation delay after the destruction, due,
most likely, by the fact that the excitation of the atoms due to the influence of multiply reflected waves
in the sample. Long persistence (phosphorescence) describes the spontaneous emission of the atoms
in the transition from the metastable level. Let’s note that the lifetime of the excited atoms in the
metastable level of chromium in the ruby laser is the same order of magnitude of

1073 s, but the coincidence may be accidental. Therefore, in some areas there is an accumulation of
energy and stimulated emission, in which the power increases dramatically, and in others the
spontaneous emission, in which photons are emitted randomly in a different direction, are absorbed
by the atoms and their energy is converted into heat.

5. Different areas of the fluorescence do not arise and ignite simultaneously; the temperature of the
locally heated areas differs by hundreds of degrees. With the ultra-fast filming revealed that the
deformable surface radiates nonuniformly, it has more and less bright spots.

The experiment confirms the uneven distribution of energy from the external impact and the different
nature of its accumulation in different local areas.

6. Cu radiation has two maxima, 7200 -7300 A and 5800 A; emission maximum of Ag is 3040A.

The energy of the photons emitted by atoms Cu is 1.71 and 2.14 eV, Ag-4.08 eV. For comparison,
there are the energy characteristics of some of these elements. Sublimation energy.: Cu-3.48, Ag-1.69
eV, the activation energy of self-diffusion: Cu-1.06, Ag-1.99 eV, the energy of single covalent bonds:
Cu-2.02, Ag-1.69 eV, the energy (heat) of fusion: Cu-0.13, Ag -0.12 eV energy (potential) of free atom
ionization: Cu-1.73, Ag-7.58 eV, the work function of the electron: Cu-4.4, Ag-4.3 eV.

Thus, it can be noted that the energy stored in a single metal atom under the influence of a single
mechanical impact at a certain speed, comparable to the energy required to break a single bond, is

considerably higher than the heat of fusion. Consequently, the simultaneous (stimulated) radiation

of energy of nanoobject atoms may be sufficient for the crack formation.

7. Increasing the thickness of the copper sample reduces the intensity of the radiation, and

7 mm thickness of radiation is not registered.
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In order to break more links it is needed more energy on impact. If the mass and velocity of the
projectile does not change, the answer is obvious: all the energy stored by atoms is spent and there
are no more active atoms on the surface.

8. If the metal has previously been strongly deformed, then the destruction of the emission intensity
increases 2-3 times, this also applies to cases of repeated spalling.

The time of pulse rise and remission with repeated spalling decreased hundred times compared with
the first one.

Consequently, in the pre-deformed metal has occurred formation of morbid atoms. With the first
energy impact of morbid atoms it was enough just to break into two fragments and the atoms remained
morbid in the metal. With the repeated impact their number has increased nonlinear due to the
weakening of connection and energy redistribution.

9. After the first spalling, a piece of metal was removed to a depth of 0.5 mm from the spalling surface,
and then with the repeated spalling the sample was destroyed, the nature of the fluorescence was the
same as in the first spalling.

The results of this experiment are concordant with previous. After the first spalling the part of morbid
atoms remains at a depth less than 0.5 mm.

Conclusion

Investigation of luminescence under spall fracture allows determining photon energy radiation of
which entails destruction, to determine the location of domain of destruction, the accumulated,
radiated, and residual energy.

Electromagnetic radiation in the visible and X-ray range, which was observed in the bundle of tape
due to the same processes as triboluminescence or electrification by friction. When one of the dielectric
frictions on the other electrons in the atoms cut off of the body, move to the atoms of another body.
This process 1s made possible by the fact that the atoms of these bodies have different ionization
potential and / or different electron affinities.

Bodies electrified in such a way contain morbid atoms AM" or AM". Such atoms may be in a
metastable state for a long time, during which they can be examined.

Reverse exchange of electrons depends on the difference between of energy of the atoms and the
electric resistance of the material in which they are located. Density of morbid atoms of one kind can
reach enormous value.

The potential difference between thunderclouds is up to several million volts. The Van de Graaft

generator allows creating a potential difference between the balls to one million volts. The maximum
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energy of the radiation observed in the bundle adhesive tape was 15 keV'!

Conclusion.
Investigation the triboluminescence of charged bodies, their electrical breakdown processes allows

us to investigate the formation of the domain of destruction.

6.1.2. Quantization of electric conductivity.

Jumps of strain under tension of nanowire from gold accompanied by an abrupt decrease in
conductivity, as shown in Fig. 6.2 [6.7]

When the thickness of the wire was reduced to one-atom, the rupture has not happened. Additional
stretching of 20 A, (which is approximately equal to the lattice constant 5) also did not lead to rupture
and change in electrical conductivity, which remains equal to one unit of quantum conductivity. In
compression occurred hysteresis.

A detailed analysis of this phenomenon is the subject of a separate study. Particularly important for
us is the fact that before the break occurred, the conductor was a chain from four to seven atoms.
Consequently, it was the object mentioned by Feynman.

The study was conducted at a temperature of 4.2 K. The

8

-‘[* g « | | conclusion is based on ~ 100,000 experimental results.
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Figure 6.2 [6.7]
formation of a Peierls transition or Tomonaga-Luttinger

liquid was expressed. In a number of papers on the subject, to explain the phenomenon the ballistic
hypothesis is used.

Let us to pay attention to a very important detail: thin wires explode at a current density

~10° A/m°. In this case, the current density was five orders higher. Consequently, the energy is

dissipated thanks to the fact that atoms do not scatter. It is possible that the atoms form a plasma
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column, which is retained by the magnetic field. Perhaps it sounds fantastic, but no more than a
hypothesis above.

Comparing the results of studies of sodium and gold noncontact authors write:

“Although it is not clear to us at this moment what determines the difference in behavior between
gold end sodium, this result is consistent with the fact that we do not observe chain formation of
sodium in the low-temperature experiments”

This fact can be explained. In the gap between the electrodes the electrostatic field is very high, the
density of the electron gas on the surface of the electrodes is also high. The time of photons between
the atoms is about 1077 s. The electronic configuration of excited atoms are Na,-2p®3s!, Au-54'%s!. It
is known [6.8] that it is possible the electronic configuration in gold atoms: Au’, Au'*, Au**, Au® * and
dimer Auy, associated with the ionization of electrons with d- electron shell, while the transfer of
electrons from p° electron shell of sodium in these conditions does not occur.

Thus, we conclude that, in this very small "Feynman’s area" quantum laws manifest themselves

differently. Figuratively speaking: virtual photons become real.

Conclusion

The reliability of nonmaterial, as it was mentioned above, due to a more uniform distribution of the
energy of an external impact. Experiments with nanowires show that in nanoobjects occur more
intense energy dissipation than in the meso-and macro objects. The idea that an important role in these
processes play plasmons is of great interest.

Therefore, the study of plasmons can be one of the most promising methods for detecting domains

of destruction.

6.1.3. Tin plague

Phase transition B-Sn—a-Sn at 13.2 ° C is accompanied by 25.6% increase in the specific volume of
(density of a-Sn is 5.75 g/cm? density [1-Sn 7.228 g/cm?), which turns gray tin in a powder. The reason
of this transformation was discovered by L. Pauling. Pauling concluded that decreasing temperature
causes the transition of atoms Sn**+2e—Sn?*+2hv. The ionic radius is Sn**-0.69, Sn*"-1.05 A. Increase
in volume and release of energy leads to the destruction of white tin. The most extensive experimental
studies to reveal the mechanism of this phenomenon were performed by A. Styrkas. These experiments
were described in a number of his works, including [6.9].

As has been established [6.9], SnO molecules in B-Sn phase, have the role of the fetus, accelerating
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the reaction of transition B-Sn—a-Sn. These molecules are the" memory keepers" of the transformation
of white tin to gray that has already happened once.

Here is the quote: "For experimental verification of this hypothesis includes measures to prevent the
possibility of oxidation of gray tin. For this purpose, a sample of tin with a seed placed in a vacuum
and cooled to complete the transition of white to gray tin. Then, during the week the sample was kept
at room temperature in order to guarantee the transition of tin in B-phase, and only after that the vial
was opened. Tin powder particles, taken from different parts of the sample, as far as possible away
from the place of seed, were again placed in the cold. None of the sample was transferred to the a-
phase within two months of testing, while the conventional powder particles of the kind had been in o-
position in the air for 10-30 minutes "remember" about it." (Italic supplied).

It is shown that the tin powder sample that has undergone 50 cycles of B-a-B-turn, contains, according
to the gas analysis, 0.17-0.23 weight % of oxygen. "Memory" can be "erased" by remelting the metal.
Thus, initially we can assume Sn**ions as normal, and the newly formed ions Sn** as morbid AM*.

Let’s suppose that in the sample which is in the B-Sn phase, there are both ions Sn** and Sn**, the

s 4+) where n11 and 21 the number of ions in a local volume. The ratio of
n,,(Sn

ratio of which is S}, =

white tin is functioning properly, so all atoms can be considered normal.

After cooling during At; ratio has changed and became S% = m
N, (Sn™)

, but after increasing the

temperature pattern can be used, i.e. there is a tolerance to damage. The rate of accumulation of defects
2 1

is calculated by the formulav(t) = % . Completing a number of measurements we can find the
1

law of change of the velocity and determine the limit, after which the sample should not be used.

Conclusion

The appearance of Sn**"ions leads to a weakening of the bonds between atoms and the loosening of
the metal. However, is possible the reverse reaction Sn°" +e~ —Sn* +hv,and further
Sn* +e~ —Sn* +hv,, in which energy is released. Thus, the reactions are accompanied by energy
absorption and emission of photons.

These reactions can be studied using the calorimetric and spectroscopic studies. Isotope of tin ™°Sn

allows executing research of the domain of destruction, using the Mdssbauer effect.
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6.1.4.. Catalyst of morbid atoms

The example with the SnO shows that the oxygen in the a-Sn acts as a catalyst of a phase transition
in which the failure occurs.

Saturation of metals with hydrogen leads to embrittlement. This is particularly intense with
palladium, which, like the B-Sn phase, turns into powder.

Segregation of impurities on the surface of the grains leads to a change in the properties of the grains.
A thin layer of tin on the surface of zinc leads to changes in the properties of zinc, its embrittlement.

In hardening steel strength increases, but burnt alloy may explode.

The instilling of impurities into pure metal changes its properties.

All these examples show that the change in the properties of the metal is caused not only by changing

the position of the atoms, but change their energy state also.

6.1.5. Bauschinger effect

Metal pre-compressed, destroyed at a lower load than not subject to external influence. This
phenomenon is called the Bauschinger effect, who first described it. The temperature change is always
, accompanied by compression or extension, the
M electrical conductivity changes, melting point,
etc. These changes may be accompanied by
either increase or decrease of any option, even in
the nanomaterial.

It is known that a decrease in the size of

nanoparticles the melting temperature is

reduced. This is explained by the increasing role

Figure 6.3 [6.12]

of surface where atoms do not form an ordered
structure. However, it turned out [6.10] that the germanium nanocrystals with a diameter of 2.5 nm in
a matrix of SiO2 melt at a temperature of 1448 K and crystallized at 919 K, while the melting
temperature of the bulk samples is 1211 C. Hypothermia is a well-known fact, but 19.6% overheating,
for the nanocrystals, demands an explanation. It is not associated with changes in pressure, since the
coefficient of thermal expansion of silicon dioxide is higher than that of germanium. Consequently,
this germanium melting feature related to the fact that some of the energy is not to increase the
amplitude of vibration of the atoms, but the excitation of electronic transitions. The stored energy is

emitted in the form of photons that pass through the Si0>
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A huge number of studies are devoted to Bauschinger effect mechanism, based mainly on the
dislocation model. As noted in a number of papers on the mechanical properties of nanomaterials (eg,
[6.11]), there are no sources of dislocations in them. However, the study of A. Kostrishev [6.12]
performed using a tunneling electronic microscope there are not only dislocation photos but also
photos of dislocation clusters, as it’s shown in Figure 6.3.

Obviously, it is necessary to understand this contradiction.

We proceed from the fact that when the compressive strain, as during the white tin temperature
lowering atoms become closer and their interaction is changing. It leads to changes in the energy states
of the atoms. With non-linear deformation of the atoms after stress relief are in a new meta-stable state,
ie, become morbid. In the metastable state, they have excess energy that can be emitted in the form of
photons.

Showing this picture, the author does not comment on what the dislocation cluster is, how after
removal of the external voltage the concentration of energy occurs needed to break. Supporters of the
dislocation model of Bauschinger effect presume that the dislocations caused by the compression is
due to the residual stress, which adds up to the voltage with a change of sign, enhances its effect.

We show that this conclusion is wrong.

Imagine that after a spring compression in a part of nonlinear deformation occurred. Will this spring
return the energy in tension? No.

On the example of tin plague we have a metastable
object, which is an ion Sn**. Upon heating it will emit
the energy of recombination Sn**+2e —Sn*'+2hv in the
form of two photons.. Similarly, the ions forming a
dislocation as a result of recombination emit energy that
i1s added to the energy, reported by atoms in tension.
This sum does not depend on how the ions were located.

Thus, the formation of morbid atoms in Bauschinger

8.

NSl cffect is a result of the same physical processes, as in

&?’articfg spall fracture or tin plague.

Figure 6.4 [6.12]
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6.2. Nanoparticles in solids

6.2.1. X-ray spectra of atoms morbid

The key to understanding the processes occurring in the alloy during its deformation Kostrishev
considers the interaction of nanoparticles with the dislocation. He is considering two options for
interaction, in one of which dislocation cuts the nanoparticle, in the other rounds it.

It seems that a dislocation and nanoparticles are converging solids, at the time, as it is a dynamic
system in which there is a continuous exchange of electrons and energy between atoms. The ion which
is located in the dislocation line, having captured the electron, breaks it. At the same time the atom
located in the center of the nanoparticles, which has lost an electron, can be considered as an element
of the dislocation. Nanoparticle as dislocation is a quantum mechanical object. To describe the
mechanism of their formation and interaction it is required the inclusion of electron-wave processes,
especially the photographs obtained by tunneling electron microscope due to electron diffraction
subbarrier (tunnel) transitions.

It is the research in alloys Ti, V, Nb, and Cu, intended for oil and gas pipelines operating in the Arctic.
Therefore, this work is of special interest.

Figure 6.4 shows the dislocation and the nanoparticle rich with niobium.

Figure 6.5 [6.12]

Further
was investigated the effect of the size of nanoparticles in annealed alloy CV-Nb on the development
of the dislocation, which is shown in Figure 6.5. It is noted that the nanoparticles with a diameter less
than 12 nm do not hamper the development of the dislocation (Fig. 6.5 a, b), while particles with a
diameter of 12 nm and above inhibit the dislocation development (Fig.6.5 c). Effect of nanoparticles
is analyzed only from the point of geometry, size, ellipticity, position. Of course, in this approach, the
mechanism of the phenomenon cannot be disclosed. At the same time, the results of the studies provide

material for analyzing the mechanism of the Bauschinger effect.
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Detailed analysis of the spectra is of great
interest, but requires special investigation.

In this study, we limit ourselves to a few
fragments.

1. If we use the scale shown in Fig. 6.4, the
diameter of the nano-particle is 35-40 nm, the
width of the dislocation line, 10-13 nm. Assuming
that the dark line is indeed a dislocation, it
contains an AM", being the electron donor; in this
case the nanoparticle is its acceptor, which is
dominated by AM". Atoms’ ionization (formation
of dislocation) occurs in the area of maximum
absorption of the energy of deformation. Thus, the

energy stored in the dislocation, and the electrons

in the nanoparticle. In the transition of electrons

Figure 6.6 [6.12]

from the nanoparticles in the dislocation, which is
in a phase of expansion, the

additional energy is released. Dislocation dragging by larger nanoparticles can be explained by the
depletion of the strain energy that goes into the formation of dislocations. The proposed mechanism,
similar to the formation of pitting defect should be considered as a working hypothesis for the
unknown potentials of nanoparticles and dislocations, both the linear and the cluster shown in Fig.6.3.
It may be that the line, called the dislocation, is just a collection of other defects. For a more accurate
description of processes more information is needed.

2. The fact that the Bauschinger effect is due to electronic processes in the nanoparticles and their
surroundings, is shown on the nanoparticles pictures taken using a tunneling microscope, and energy
spectra, obtained by X-ray scattering, as shown on Fig. 6.6. On the three of the four pictures (b, c, d)
presented here you can seen "halo" around the nanoparticles representing an interference picture in
the form of concentric circles. Nanoparticle 6.5a is small. In fact, its size is equal to the size of the
nanoparticles’ core shown in other photos. But the given range of the energy distribution of the X-rays
scattering is especially important so that the particle contains three elements: copper, iron and sulfur.
Below we will examine this particle and its spectrum separately.

3. Maximum valence of vanadium and niobium which alloys are investigated [6.12] is five. However,
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with oxygen they form compounds VO, V203, VO2, V20s; NbO, NbO2, NbO2 4, NbO2 5, NbOs. With
oxygen, niobium forms complex compounds with iron and titanium. These properties are used in the
creation of complex alloys of these metals. But the variable valence of the metal determines the
possible presence of two metal atoms with different configurations of the electron shell in a single

nanoparticle. This refers to niobium. Let’s pay attention to the spectra of the nanoparticles (Fig.6.6 b,

¢, d.) Niobium exhibits two maxima in each
of them. We can compare the maximum with

the "halo" around nanoparticle in the

sequence b, ¢, and d. Each nanoparticle
corresponds to its maximum. The bigger is

the nanoparticle and brighter "halo", the

higher is the maximum.

Conclusion

Every maximum of energy X-ray scattering

corresponds to the valence of the ions

os e s ‘ forming the nanoparticles. The presence of
Energy (keV) x
Figure 6.7 [6.13] two peaks in niobium spectra shows the
simultaneous existence of two types of ions in different energy states. Diffraction pattern, which is
formed around the nanoparticles, characterize the peculiarities of interaction of electromagnetic
waves and nanoparticles.

The distinctive feature of the spectrum of nanoparticles (Fig. 6.6) is the presence of two peaks of
copper, one of which coincides with the peak of iron, and the two peaks in iron.

The study this alloy distinctive feature is of particular importance due to the fact that it is mainly
consists of copper atoms and ferromagnetic iron.

Here it is necessary to return to the experiments from which began the era of nanotechnology. As is
known, the discovery of the quantum mirage played a particularly important role in the development
of nanoscience, and with it in nanotechnology.

Quantum mirage was observed in the interaction of copper atoms with ferromagnetic cobalt atom.
This effect was confirmed Feynman's foresight that the physical properties of a nanocrystal consisting
of 36 cobalt atoms located above the copper atoms differ significantly from the properties of

macroscopic objects.
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The interaction between the atoms of iron and copper in nanoobjects is thought of particular interest
to theoretical physics. It is connected with the problem of electrons scattering by magnetic impurities,
known as "Kondo problem" (Kondo resonance) or other similar problems related to the behavior of
electrons in the perturbed and unperturbed system.

There is an opinion that the solution of such problems has no practical value. But let us recall once

again the prediction Feynman: “We can use, not just circuits, but some system involving the quantized
energy levels, or the interactions of quantized spins, etc.”

Any atom, with the seat in a metastable state, is perturbed. Region of the alloy, which contains morbid
atoms, is perturbed. This disturbance is most clearly shows the diffraction patterns of the photograph
in Fig. 6.6 b, ¢, and d.

Figure 6.7 shows photographs and X-ray scattering spectra of particles containing atoms of iron and
platinum. In contrast to [6.12], in this study we investigated the structure of nanoparticles and
determined the ratio of atoms of elements in them. Fig. 6.7 (a) shows the particles with a diameter of
4.5 nm, Fig. 6.7 b of 6 mm. Particles with a predominance of iron atoms marked 1 and 2; particles
with a predominance of platinum atoms are numbered 3 and 4.

We note some features of the spectrum X-ray scattering.

* The number of maxima Fe is 2, Cu is 2, and Pt is 4 indicates a heterovalent of ions.

» Magnetic properties of different elements: Fe-ferromagnetic, Cu-diamagnetic, Pt-paramagnetic.

. The elements Fe and Pt are arranged in the subgroup VIII A of the Periodic System, Cu is
arranged the subgroup IB.

. Nanoparticles have a face-centered cubic structure.

. The nanoparticle FesoPtso is a ferromagnetic, the coercive force is equal to

Table 6.1. [onization potentials n ofisolated atoms and afiinity (V) 9.8 kOe=7.8 x 10° A/m.
Atom I Iz Iz I Affinity * Table 6.1 shows the values of the
Fe 787 10.2 30.6 22 0.151 ionization potentials and electron
Cu 7.37 2020 36.8 1.236 p
Pt 9.00 18.6 41 34.8 2.125 affinities for the free atoms. Note that

in the nanoparticles, these parameters depend on the total number of atoms and their relationship. This
is probably due to differences in the X-ray scattering spectra and other parameters. For example,
ionization potentials /4 by iron and platinum are practically equal, but the affinity for platinum atoms
to electron is 14 times higher than that of iron. This has led to what is observed in platinum four
maxima, while iron only two.

Of particular importance is the fact that there are three isotope >’Fe, *>Pt and '°°Pt, in which the
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Mossbauer effect is observed.

Conclusion

Paramagnetic, ferromagnetic, gamma-resonance, spectra of emission, absorption, and scattering of
X-rays allow for extensive research to detect domains of destruction and estimation and estimation of
their parameters.

The paradox, as it has already been noted above, is that the problem of the destruction and other
problems of metallophysics considered in most publications without the discoveries made in

nanoregions. This hinders the development of technology, harms the learning process.

6.2.2. Excitons and domains of destruction

Y. L. Frenkel’s idea about the possible existence in dielectrics and semiconductors quasiparticles
called exciton, formulated in 1931. It is viable and remains relevant today. Frankel suggested that this
excited state will be able to travel through the crystal, transferring energy without changing the charge.

Excitons may be treated in two limiting cases, depending on the properties of the material: Frenkel
exciton and Wannier-Mott exciton. The existence of excitons confirmed experimentally in dielectrics,
semiconductors. The existence of excitons in insulators, semiconductors and molecular crystals is
confirmed experimentally. It was established that the photosynthesis of plants is due to energy transfer
with excitons. The existence of an exciton in the metal does not contradict the idea of Frenkel, but
experimental confirmation came only 83 years later, [6.14], when it became possible to overcome a
major obstacle due to the exciton by free electrons shielding. Exciton, or a long-lived excited atom has
the same charge as the normal atom AN before it has absorbed a photon. This atomic reaction

1. AN +hv — AN*=AM was considered by us in Chapter IV.

Consequently, the exciton can be considered as a morbid atom, the degree of ionization of which is
not changed. The time during which the free electrons can "react" to change of the electromagnetic
field is 107°-10"17 seconds due to the high velocity of electromagnetic waves, and small distances
between atoms.

The authors of [6.14] got around this obstacle by using femtosecond (107'° s) laser pulses.
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Conclusion

Excitons (morbid atoms AM), whose lifetime is longer than the period of exposure (accumulation rate
exceeds the rate of energy dissipation) are sources of the energy in the domain of destruction.

This means that the experimental methods by which excitons examines can be used for detecting the

domain of destruction.

6.2.3. Heteropauling and morbid atoms

The existence of excitons in metal proved experimentally [6.14], allows us to revisit the idea of
heteropauling atoms proposed in [1.6].

As noted in the introduction of the metal atomic model proposed in the book "Atom Parameters and
Metal Properties" is based on two postulates, the first postulate of which ran that a metal may consist
of atoms of one element having different electron shell configurations, i.e., atoms with varying energy

states may be present in the metal simultaneously.

i D . .
A new parameter of the atom R, =— has been suggested. Here i-total ionization potential, r-ion
r

radius. For i = 1 eV, r = 1A, R, = 1.602 nanonewtons. This
parameter named pauling in honor of Linus Pauling whose idea
of chemical bond ostsillating became the basis for the proposed
model. Oscillations of the chemical bond, predicted by Pauling,
were confirmed experimentally [6.15]. This discovery was the
4 _ ;::. '..:.’ ‘::. birth of a new branch of science called coherent (femtosecond)
-.....:.;::.:1:';:3:. P ;:1:_'. ';:1:_' chemistry.
It has been shown that the change of pauling from atom to
atom is subject to the periodic law.
_ Atoms (ions), which have different pauling, named
'4“‘:“?:‘5:"5:"“:"’ i " " heteropauling.
. It is shown that pauling is well correlated with other
Figure 6.8 [1.6] parameters of the atom and metal. The Fermi energy is one of
the most important parameters of the quantum theory of metals. Communication between the Fermi
energy of the atoms of metal and pauling is shown in Figure 6.8 for three periods of the periodic system
of elements. Changes of pauling from element to element are synchronous with the changes of the
Fermi energy.

Thus, the exciton has certain pauling and can be considered as heteropauling atom.
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The main characteristic of the morbid atom is it energy. Functional relationship between pauling and
the Fermi energy means that theoretically can be found the connection between the Fermi energy and
the energy of the domain of destruction. There are a large number of experimental methods for
estimating the domain of destruction energy.

1t is possible that among them there is one correct method, about which Maxwell dreamed, believing
that it will help to develop a mathematical theory of the strength of solids.

Modern theoretical physics is able to create a quantum theory of strength and fracture, based on
modern experimental techniques.

6.2.4. Hydrogen embrittlement and segregation of impurities

Damage brought by these events is enormous. However, the mechanism of this phenomenon remains
unclear and there are no quantitative criteria. Effective method for studying the effect of hydrogen is
the use of trittum. Results of some studies of these phenomena have been considered in [1.6].

The main drawback of these studies was that in them were not measured the changes of energy states
of the atoms of the base material, which occur as a result of exposure to hydrogen or impurities which
segregate. Of particular interest are the study of the effect of hydrogen on the strength of palladium
and bismuth alloy segregation in CuBi. Palladium is converted into a powder with a definite
concentration of hydrogen; monatomic layer of bismuth sufficient to embrittlement. Probable that the
domains of destruction in these two cases consist of a small number of atoms. Note that the atomic
weight of hydrogen is 106 times smaller than the atomic weight of palladium. In connection with this
high rate of diffusion of hydrogen atoms is a natural one. Diffusion of bismuth atoms between copper
atoms requires an explanation. The atomic mass of bismuth is 3.27 times higher than that of copper.
Moreover maximum valency of bismuth is 5+.

Almost all isotopes of bismuth are radioactive. This simplifies the study, similar studies of tritium in

the metal. Bismuth is an element with the most explicitly diamagnetic susceptibility.

6.2.5. Photons and phonons
Ultrasonic methods of solid-state research so widely used, that it is not necessary to describe them
additional. We confine ourselves to the two amendments related to the problem of detecting the
domains destruction.

E & 1 . .
The formula 2C; =C; = ————-—=—"W, was obtained by solving the problem number 1
AN @7 W,

(Chapter V).
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Three parameters: modulus of elasticity £, the lattice constant a, and the binding energy &, adequately
characterize the properties of the material during operation. Irreversible change in any of these
parameters leads to nonlinear deformation.

Modulus of elasticity is a macroscopic parameter change of which lead to change of the speed of

soundv = \/E , where p is the density. So, E = pv’. But this pattern is not stored during the formation
P

of cracks and fracture. Consequently, only the simultaneous measurement of changes in all the
parameters can give more detailed information about the technical state of components of the device
or structure.

U—yo

. k . L
Parameter 7o in Zhurkov’s formula 7 =7,€ corresponds to the period of thermal oscillations o=

107!? seconds, reduced frequency D, which characterizes the rate of energy dissipation morbid atoms

A
in the formula N_(t) = N (0)e™¢" varies from 10'>-10'* Hz.

Radiation of hypersound often observed at destruction. It is known that these oscillations correspond
to the thermal vibrations of atoms.

This coincidence cannot be considered accidental, because the acoustic waves of that range
intensively interact with related as well as free electrons. It follows that the influence of acoustic waves
of hypersonic range on the formation and accumulation areas of energy by atoms is particularly high.
We only limit ourselves to some brief remarks.

Experimentally proved [6.16], that the rate of the crack is higher than the velocity of shear waves. In
aluminum and iron sound velocity is ~ 6000 m/s. Therefore, the frequency of the standing waves in
nanograins is ~ 10''-10'? Hz corresponding to hypersonic vibrations. Crystal lattice constant of the
metal is less than 4 A. Photon to overcome this distance needs approximately 1078 s, but the crack 10
3 i. e., in hundred thousand times more. If the photon energy absorbed by an atom exceeds
sublimation energy, the atom evaporates. Atoms can get the energy which is enough for breaking the
bonds with the mechanical impact at a certain speed of collision. This will cause the destruction or
spall formation of visible or internal cracks. With the change of the impact velocity changes the
velocity of acoustic waves, the speed of crack propagation. It is known that phonons emitted by
thermal vibrations of atoms are incoherent. Consequently, the interference pattern is formed under the
influence of any other coherent processes. But it is known that the stimulated emission of photons is
coherent. Phonons generated by the deformation of the metal interact with thermal phonons. The

nature of the interaction of generated and heat phonons strongly depend on the frequency of the



248

generated phonon. Ultrasonic range phonons only violate the equilibrium distribution of thermal
phonons, which is then restored. Influence of coherent phonons of hypersonic range is non-linear. This
leads to the fact that part of the energy is transferred to atoms.

As a result, an ordered far from equilibrium a dissipative structure is formed.

But the energy state of the system does not correspond the absolute minimum of the potential energy,
1.e., the system is in a metastable state.

Another important factor of energy accumulation in such a system is that the time of propagation of
cracks in the nanometer areas coincides with the period of thermal vibrations of atoms. Therefore,
under certain conditions, the accumulation of energy by some atoms has a resonant character. It is a
response not of entire structure, but only a group of atoms in a local nanometer region.

The interaction of light (photons) with hypersonic (phonons) leads to the scattering of light, received
the name of the Mandelstam — Brillouin scattering. Using a powerful laser radiation leads to a
strengthening of the effect, which is called the stimulated Mandelstam — Brillouin scattering. Similarly,
under the influence of a powerful laser beam is amplified stimulated Raman scattering. Two of these
effects are widely used to study changes in the energy state of the atoms.

Conclusion

Studies of the interaction of photons and phonons, especially hypersonic frequencies, are of

particular importance for the elucidation of their role in the domain of destruction formation.

6.3. Quasicrystals and domain of destruction.

The discovery of quasicrystals was a surprise to solid state physics, especially crystallography. During
70 years since the application of X-ray analysis (1913) believed that crystals can have only the second,
third, fourth and sixth fold axis of symmetry. The presence of five-fold symmetry axis was established
experimentally in a study the radiographs of cooled aluminum-manganese alloy of in 1984. Further
studies showed that in the new material a new type of order, the non-crystalline, but not amorphous is
realized. Therefore, this substance has been called a quasicrystal. Today there are hundreds of similar
alloys with a symmetry axis of n-fold axis higher than the sixth.

Let’s briefly describe the properties of quasicrystals, which are due to feature in their atomic structure,
limited to a small number of publications [6.17-6.20].

Quasicrystals have strictly aperiodic long-range order. It is found that the frequency is not necessary
for the existence of long-range atomic order.

Features of quasicrystals properties are defined as aperiodic long-range order and local atomic
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structure. As alloys of metallic elements, quasicrystals are not ordinary metals, insulators or
semiconductors [6.17].

Specificity is defined as properties of quasicrystals aperiodic long-range order and local atomic
structure. As alloys of metallic elements, quasicrystals are not ordinary metals, insulators or
semiconductors

Specificity is defined as the properties of quasicrystals, aperiodic long-range order and local atomic
structure. Quasicrystals are not conventional metals, semiconductors or insulators, in spite of the fact
that they are alloys of metals [6.13-6.16].

While in normal metals all crystal face are identical and the electrons can pass from one crystal face
to the other in the quasi-crystals cannot. While in normal metals all faces are identical and the electrons
can pass from one face to another, this does not occur in quasicrystals.

Assume that the low electrical and thermal conductivity associated with this factor [6.20].

All properties of quasicrystals, their spectra of single-particle and collective excitations are different
from those which are close on the structure of the crystalline and amorphous phases.

It is found that cluster structure is characterized for quasicrystals.

Analysis of the diffraction pattern of the quasicrystalline phase showed the presence of specific
structural defects, called phasons. Phasons are quasicrystal lattice excitation caused by the

redistribution of atomic nodes [6.17, 6.18].

There is no three-dimensional periodicity in quasicrystals. Often it is described by a sequence of
Fibonacci numbers or geometric analog-Fibonacci chain. Changing the properties of quasi-crystals is
described by the Fibonacci sequence so often that in some papers it is seen as a sign of a quasicrystal

[6.19].



250

Extremely interesting experimental fact was

established in [6.19] to investigate the surface of
quasicrystals Alg,;,C0,4:CU, 5. In nanocrystals was

found two areas, one of which is rich atoms Al (Al-
rich) other rich transition metal atoms Cu and Co (TM-
Al-rich ' S : rich), with the interface. It was found that the
aluminum atoms form a kind of domain (phason) in

TM-rich, while the atom of copper and cobalt in the

Al-rich region does not pass.
Figure 6.9 a and (b) shows the areas (500x500 nm)
TM-rich (left) and the Al-rich, separated by boundary.

Gray: Step bunching

Elpare 62 [619] Nanodomain containing atoms of Al, is located in the

area indicated by arrows. (d) - the region TM-rich, situated away from the domain. Scheme of the
nanodomain is shown at Figure 6.9 (c). The authors suggest that the formation of nanodomain is due
to the fact that the surface energy of the TM-rich region is greater and the bond is weaker.

In this experiment, we are interested in the fact that the interface between the two regions has a one-
way transparent to the ions, and hence to the electrons.  Questions arise. What is common between
a quasicrystal and domain destruction? What role could the example play to predict the state of
elements of structures and devices?

At least hundreds of experimental evidence on the validity of postulates of the metal model proposed
by the author, and the role played by the standing waves in the change of the deformation properties
of the metal are presented above. It is proved experimentally that the normal crystal and the
quasicrystal differ not only in different positions of atoms, but within these energy state atoms.

This means that the aluminum atom in a normal metal can be considered normal, while in the
quasicrystal as a morbid atom or vice versa.

Quasicrystalline state is metastable. The fact that the energy stored during the deformation process
indicates the presence of the metal cluster, which is metastable.

The term "aperiodic crystal", which is so important for understanding the processes in a quasicrystal,
Schrodinger introduced [6.21] in connection with the discussion of the problems of heredity from the
standpoint of physics. This work is considered to be the starting point in the birth of Theoretical
Biology. Experimental confirmation of the idea of Schrodinger used for quasicrystals was obtained 40

years later. But in the same paper, Schrodinger solved another major problem. Schrodinger showed
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that the cell in which the program is laid growth of a living organism, the entropy does not increase,
but decreases due to the influx of energy sourced from the Sun.

This conclusion is equitable for both quasicrystals and domain of destruction.

Conclusion
All of the experimental methods by which quasicrystals have been discovered and investigated can
be successfully used to detect the source of energy of destruction, its rate of accumulation, the

definition of the limit of its importance, and the development of methods for its dissipation.

6.4. Domain of destruction and metal corrosion

The danger of occurrence of morbid atoms (ions) in the metal is increased in the presence of nonmetal
repeatedly due to the possibility of a chemical reaction, called corrosion. A particular danger is stress
corrosion cracking (SCC). This phenomenon is well known and repeatedly described. Attempts to
associate the effect of corrosion and deformation have been made repeatedly. For example, the talking
about corrosion is in only one [4.12] of the seven papers cited [4.8-4-14]. B. R. Mosinyi draws
attention to the corrosion of the rivet holes near the (A22-A25, A38, A40), which we discussed above.
First, however, he only writes about fretting
corrosion, secondly, he does not associate it
with the strain, and thirdly, he does not
consider the mechanism of this phenomenon.
The mechanism of this phenomenon can be
understood and expressed by means of
equations only in the framework of quantum
mechanics. Corrosion is the result of the

interaction of atoms in which there is an

exchange by electrons, the change of the atoms

and the formation of compounds. A method of

Figure 6.10 [4.12]

modern chemistry allows us to trace and assess
quantitative and qualitative changes due to chemical reaction, as in nano-as well as macroscopic level.
Mechanical action on the solid and the response on it can be expressed through the change of atoms.
But to evaluate or describe a chemical reaction by methods of classical mechanics is impossible.

This means that attempts to obtain an equation on the basis of which it is possible to describe or
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evaluate the simultaneous chemical and mechanical exposure in fracture mechanics, hopeless.

As noted earlier, Maxwell proceeded from the fact that the energy radiation that leads to destruction,
by its very nature is not mechanical. All mechanical processes can be described using the
electromagnetic interaction.

Therefore, a rigorous mathematical theory of SCC can be created.

Creation of such a theory is beyond the scope of this study, the main aim of which is to prevent
catastrophic failure of elements structures and devices.

It was established experimentally that the most dangerous types of corrosion to the fuselage are
fretting, pitting and bloating caused by the formation of metal-nonmetal compounds between the
layers of the skin.

It was established that the corrosion due to the formation of aluminum compounds Al>O3, Al,03-3H20
u Al(H20)3. These compounds are formed from two (Al, O) or three (Al, H, O) of the chemical
elements. Aluminum ion AI** may occur in the domain destruction to the deformation. This ion can
react

2AI* +30* - ALO, +Q,

where Q = 17.36 eV is heat of the reaction.

The thermal effect in the formation of Al,03-3H>0 u Al(H20); is significantly higher than Al,O3

The binding energy of aluminum is 3.34 eV/atom. Therefore, this energy is sufficient to break five
bonds between the atoms. However, the behavior of atoms obeys the laws of quantum mechanics,
following which, the atom absorbs only a certain amount of energy. Another matter is the thermal

vibrations of  atoms. Melting heat of  aluminum is 0.11 eV/atom.
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Figure 6.11 [6.22

Consequently, the energy of the radiation is sufficient to melt ~ 170 of aluminum cells. Of course,
that much of the radiated energy is dissipated as heat. Forming a melt, along with cracks observed

repeatedly.
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These processes are shown in the
photograph of the rivet holes 6.10 for A24,
taken from [4.12], and 6.11 of the later
work A. Atre et al. [6.22]. Objects of study
in [4.11, 4.12 and 6.22] were fragments of

Figure A-2. Thermal Image of Specimen (B26S) After 10 Cyeles

the fuselage of the same aircraft. Work
[6.22] is devoted mainly using the finite
element method. However, the authors

examine fretting corrosion in this case too.

Over sixty photographs showing the

Figure A-3. Thermal Image of Specimen (B26S) Afer 90,000 Cyeles (Left) and 120,000 Cyckes Simultaneous inﬂuence Of COITOSiOH and
(Right) (Tips of the cracks arc clearly visible.)

deformation processes of destruction

Figure 6.12 [6.22]
riveted joint is given by the authors.

It is noted that in some cases, on the surface of the metal ring grooves appear, while in others they
are absent.

The authors believe that: “Fretting wear has been expressed in terms of volume of material abraded,
V (2NW15), or the average depth of the fretting damage also known as wear scar, y (2NW{pd). Here,
N is the number of fretting cycles, f if the normal contact force, p is the contact pressure, W is the
specific wear rate, and 0 is the local slip amplitude. Fretting wear is favored by large values of W, p
and 0.” All these parameters indeed affect on the wear of the material, but the authors have noted that:
“The amount of fretting wear is not proportional to the risk of critical crack formation. At large slip
amplitudes, cracks may be abraded resulting in a metal loss.” (Italic supplied).

But in the cited paper is not specified how the fretting and fretting corrosion is taken into account in
the finite element method.

Three photographs shown in Figure 6.12, demonstrate the use of thermographic method for stress
analysis. The first of them was made after ten cycles, the second after 90,000, and the third-after
120,000.

As the authors note, the crack is observed only after 70,000-80,000 cycles.

This fact is extremely important.

First, it suggests that the thermal vibrations of infrared photons cannot form a crack. Consequently,
the hypothesis of thermofluctuation microcrack nucleation is untenable. Secondly, it is necessary to
investigate not only the radiation energy in the infrared range, but at higher frequencies, including x-
ray. Third, the domain of destruction formation is accompanied by changes in the structure.
Consequently, simultaneously with thermography is necessary to carry out X-ray studies of the
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Structure.
6.4.1. Deformation and corrosion

First of all, let us recall the scientific discovery, marked by the Nobel Prize. Gerhard Ertl showed that

nitrogen is adsorbed on the metal surface in the form of atoms, and only then connected in series with

three hydrogen atoms, forming a molecule N*"H;™. Metal acts as a catalyst, speeding up the process.

This discovery has become a key to understanding the processes of metal corrosion.

Domain of destruction and corrosion occur as a result of the exchange of atoms (ions), by electrons
and photons. Increase in the accumulation rate of the deformation energy accompanied by the
increasing the number of free electrons, which are more readily absorbed by the non-metal atoms.

The oxidation reaction of the metal, as well as the formation of other chalcogenides, is exothermic.
Energy is emitted in the form of photons, which accelerate the formation the domain of destruction.
Thus, deformation and corrosion are synergistic. The danger of simultaneous chemical and mechanical
exposure is conditioned by this factor.

Let us consider one more important feature of fretting corrosion.

As known [6.23], the A[bOs3 film prevents the metal from further oxidation. This film is formed in dry
air a thickness of 30-40 A for 5 years. It has been established that the thickness of the A,Os film
reached 50,000 A in the

presence of moisture over 12

days.
The thickness of the porous
K=0.422 wa n K=0.42 wam K=0.415 wan K=0.38 wa m film ALO; come up to 3-
ve3 nms’ ve22nms’ ve1Snms' v=05nms'
TR T s pai o E5ee 35um. Film ALOs;, formed in
o the gap between the rivet and
] a4 bore wall quickly removed
4000 4
3300 4 when bending and stretching
3000 4
sy deformation. Moreover, Al,O3
1900 < .
1000 | (corundum) plays an abrasive.
200 4
e — —_ g o =y = At displacement the clearance

- “3 . .
- increases and the abrasive

Figure 6.13 [6.23] layer increases.

These two processes are

accompanied by an increase of the radiation energy, which leads to an increase in temperature, local
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melting, breaking bonds, and the formation of the circumferential grooves.

Damage caused by fritting corrosion and deformation, shown in Figure 6.10 [6.21] and other works
cited. Similar pictures can be found in the literature on how the deformation of the fuselage, and its
corrosion, but the nature of the phenomenon and mechanism of SCC is not disclosed. In this regard,
we consider another example of material response to simultaneous mechanical and chemical influence.

Figure 6.13 [6.23] shows four pictures of crack in the glass, in which the sodium ions are implanted
[4.34]. Crack formation in a humid atmosphere accompanied by the oxidation reaction of sodium
(corrosion). The photos are taken using an atomic force microscope.

The values of stress intensity factor and crack formation rate are given under each photo.

I have evaluated the time during which the experiment was conducted on the basis of the data
available in the article.

The stress at which crack was formed, shown in the second photo, decreased by 0.5%, while the rate
decreased by 36%. Accordingly, further reduction of one percent resulted in a reduction rate of 47%.
But the most interesting is the fourth picture: the load, which is 0.38 MPa, the rate decreased to 0.5
nm/sec. This means that almost one bond breaks per second. However, corrosion is not only
continuing, but is accelerating.

Foregoing experiment allows us to answer the question why the most dangerous type of fracture is
stress corrosion cracking, (SCC)?

At simultaneous mechanical and chemical influences (nonlinear deformation and corrosion), the
electron-photon processes occur so that the weakening of the bond caused by corrosion, reduces the
energy dissipation rate, temperature rise in the local areas in which the failure occurs at a lower

energy density of domain of destruction.

6.4.2. Pillowing of the fuselage

Bloating of the Stratotanker C/KC-135 fuselage induced by corrosion is considered in works [6.24-
6.27]. The authors of these works describe this phenomenon as follows:

“A chemical analysis on corrosion samples taken from service-exposed lap joints indicated that the
insoluble product contained a mix of oxides, primarily aluminum oxide trihydrate, which has a
molecular volume ratio 6.454 times that the aluminum. It is this high molecular volume ratio that is
responsible for the deformation of the riveted skins in a joint resulting in the appearance commonly
referred to as “pillowing”. The presence of these non-surface breaking cracks referred to as pillowing

cracks, has raised concerns into the effect they could have on the structural integrity of corroded
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fuselage lap joints. Visual examination of lap joint faying surfaces that were cleaned of corrosion
product revealed that pillowing cracks could extent to approximately one-quarter to one-half the rivet
pitch.” [6.24]

P. W. Whaley [6.27] clarifies, referring to [6.24-6.26]. He writes: “This corrosion by-product material
increases volume by approximately 6.5 times the original uncorroded aluminum. When these
corrosion by-products build up between two layers of skin, the volume increase deforms the skin
structure between the rivet rows leading to a phenomenon known as skin pillowing. Skin pillowing
increases the damage corrosion does to the airframe by substantially increasing the stress in the lap
joint.”

The mechanism of this phenomenon becomes clear if we consider those physical processes by which
it is due.

The bulk density of the compound formed between two layers of metallic coating is 2.7:6.5 = 0.42
g/cm®, while the density of ALOs is 4 g/cm®. However, this porous material whose melting point is
2050 ° C, formed not instantaneously, but the molecule by molecule.

Formation of porous Al»Os, sufficient to bloating occurred for several years. Consequently, the
growth rate is such that the pore formation starts at the nanoscale as a nanofilm in dry or humid air,
which is formed by exfoliation from the metal particles. At this stage, the special role played the
interaction of photons with the metal, resulting in a phenomenon called collective photoheating. A
distinctive feature of these transitions is the participation in it photons whose energy is 3 orders of
magnitude greater than the elastic energy. But no less important is the fact that nano-objects, which
are smaller than the wavelength of light, are the phenomenon called surface plasmon resonance.

Plasmon resonance due to the fact that at a certain frequency of light metal not only reflects the
electromagnetic wave, but also absorbs some of it. This absorption is especially strong when the wave
frequency coincides with the frequency of the collective oscillations of the electron gas. This collective
motion in quantum mechanics is considered as a quasiparticle called plasmon. Of course, that such a
problem can be solved only in quantum mechanics, but analogues in classical mechanics, it does not.

Experimentally it has been shown [6.25], that the collective action of the photons leads to an
increase in the temperature not only in the nanoscale but in nanometer region also. Moreover, this
increase in the millimicrons region is ~ 7 °. This is due to the high ratio of surface to volume.

The thermal effect in the formation of Al,03-3H>0 and Al (H20);3 is significantly higher than ALOs.
Therefore, bloating is not due to the expansion of crystalline hydrate, but under expansion of the heated

metal exposed to high vapor pressure.
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In order to understand what caused the difference in the formation of cracks in different types of

corrosion, consider the result of other experimental studies.

1214
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Figure 6.14 [6.24]

Figure 6.14 shows the six fragments of the fuselage of the Airbus A300 on which bloating
happened. Visible cracks in the photo are not observed, but this does not mean that they do not
exist at all.

They were detected by using both optical and scanning electron microscopy.

To determine the failure mode of these pillowing cracks, a number of cracks were examined using
both optical and scanning electron microscopy.

Cracks occurred near the rivet holes are shown in Figure 6.15 [6.26]. Cause of cracking near the rivet
holes Bellinger
describes as follows:
“Pillowing cracks
tended to occur in
groups (i.e., ‘‘star-
shape” pattern cracks
at more than one rivet
hole), which did not
Figure 6.15 [6.24] normally  penetrate

through the thickness. The cracks always occurred on the side of the hole that was affected by the

increased stress due to the pillowing and tended to propagate into the pillowed region.” One of these
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cracks is shown in Figure 6.16.

We draw attention to the fact that the cracks were formed in the cylindrical region bordering with
rivet hole. Cracks do not extend beyond these areas, the structure of which has changed. The cracking
indicates that in this area there is radiation energy and atomic bond rupture. The maximum energy was
absorbed at the boundary rivet-base metal. Consequently, the power source was located in this
intermediate region. The cracking indicates that in this area there radiation energy and decoupling of

atoms happened.

What is it? Let us describe the mechanism of its formation.

PSS oc) It is known that corrosion becomes possible at the

presence of a nonmetal, such as oxygen, only when
the metal acts as a cathode. This allows us to
understand the mechanism of simultaneous
chemical and mechanical exposure near the contact
rivet base metal.

Oxygen and moisture penetrate into the clearance
between the rivet and the solid metal during

bending and elevation of temperature. A potential

Figure 6.16 [6.24]
difference occurs between the metal and nonmetal. Bending and increase in temperature leads to the

fact that the clearance increases, the access of oxygen increases also, and in the clearance formed
molecules of metal-nonmetal compounds, just as it occur when bloating. Photons emitted by the
chemical reaction, heat the metal, change its structure, but cannot form cracks. But some of the photons
absorbed by the atoms, in which accumulated energy. Those atoms form the domain of destruction, as
previously described.

Rivet also subjected to damage, but the nature of these lesions is different from the damage of the
fuselage skin. This damage is caused not only by the composition and structure of the material, but
also by geometry. For small displacements and vibrations thin layer of Al,O; exfoliate. Turning into
an abrasive, it polishes the metal, accelerating the emergence of new oxide layers.

These changes occur abruptly, which resulted in the formation of the strata, as seen in Figure 6.17,
made with a scanning electron microscope. Radiation power under the compound Al>O; formation is
insufficient for the formation of cracks due to the large reaction time, but the energy released at the

same time is so great that the structure of the metal around the hole is changing.
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Corrosion, which occurs between two skin layers, leading to the compounds Al,O3, A1,03-3H>0 and
Al(OH)3 appearance, which results in local heating of the metal, its melting, air and water vapor,
temperature increase, and the acceleration of chemical reactions. This leads to an increase in pressure
and to pillowing. Thus, a porous substance, whose bulk density is 2.7: 6.5= 0.42 g/cm’, is formed in a
free space. An important role of the compounds forming plays physical and chemical processes due to
the fact that they originate in the nanoobjects. The distinctive feature of such processes is the
participation of a photon whose energy is 3 orders of magnitude greater than the elastic energy. But
no less important is fact that in the nano-objects whose size is comparable to the wavelength of light,
there is an effect called plasmon resonance.

Changes in the structure caused by the simultaneous chemical and mechanical exposure, resulting in
serious injury, which are shown in Figures 6.10, 6.11.

The formation of cracks near the rivet holes were considered in Chapter I'V. The source of the fracture
energy was the energy of mechanical action. Corrosion weakens the metal, slowly destroying it;

however, without mechanical stress cracks are not formed.

Figur 6.17 [6.4]

Attempts to quantify the contribution of corrosion have been made repeatedly. We only mention a
few of them [6.26-6.29], which is mainly considered fretting corrosion.

The authors of [6.25] note that one of the main factors affecting the integrity of the riveted joint is
the volume of product formed as a result of corrosion, but not the loss of its thickness, expressed as a
percentage. The authors, however, did not explain the basis on which this conclusion is reached.
Indeed, firstly, the volume of the product is not important, but its weight, secondly, only in the case
when there is corrosion at a shallow depth, and it’s mass due to the large area at which it occurs.

Dynamics of fretting corrosion formation is shown in Figure 6.18.

Quantitative criterion was the size of the defect. Estimation of the area was carried out for all four
sides by a five-point system, and determined the average value, which is specified. Since the work is

given only a description of the observed phenomenon, but any conclusions about the mechanism is
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not done, we will confine ourselves to one comment.
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Figure 6.18 [6.29]

The surface area of the metal, which is struck by corrosion, shall be taken into account when assessing
the wear and remaining life, but can only be considered as a accessory parameter, because the main
parameter is the ratio of the speed of accumulation of energy to its dissipation rate.

Thus, the fuselage simultaneously subjected to mechanical stress and various types of corrosion. The
ratio of these factors may be different. Fretting corrosion plays an important role in the destruction of
the aircraft fuselage. However, this does not mean that when weak fretting corrosion crack is formed
and there is no danger. It is necessary to consider the influence of another type of corrosion-pitting
corrosion Pitting corrosion can lead to the formation of small holes, which will lead to
depressurization. At the point where the thinning occurred, the probability of crack initiation is

maximized.

6.4.3. Pitting corrosion of the fuselage

Material wear due to corrosion, as well as other types of defects, needs to quantify.

We have already noted the work in which area of the material, corroded, was chosen as a quantitative
criterion. Loss of thickness or volume of pitting defects is also considered as a quantitative criterion
in several papers.

Geometric parameters of the defect, including pitting, cannot be used to assess the wear and

prediction the residual resource, since such defects can turn from passive to active and vice versa.
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Wear assessment and prediction the residual resource is possible only on the basis of physical
parameters. In this regard, we will hold a more detailed physical-chemical analysis of the pitting

corrosion formation.

Figure 6.19 [6.30] Figure 6.20 [6.30]

Figures 6.19, 6.20 shows the photographs of pits in aluminum alloy 2024-T3, taken with a scanning
electron microscope [6.30].

The aim of the study was to find the functional dependence of the size of the pits of the external
influence time. The authors write: “A probability model for the growth of corrosion pits in aluminum
alloys in aqueous environments, in which the focus is the role of clustered particles, is suggested as a
basis for estimating the distributions in size and location of fatigue cracks, as a function of time, for
use in multiple-site damage (MSD) analyses. MSD is a condition in which multiple fatigue cracks
occur within the same structural element, which is precipitated by pitting corrosion.”

As we can see, the authors proceeded from the fact that pitting defect is the source of fatigue cracks.

This conclusion was based on a pilot study of 12 samples of the size 800x800 um. In this case either
cationic or anionic clusters were detected that form a complex, called pitting particle. It was
determined that such particles contain from 9 to 22 clusters. Their photos, taken with a scanning

electron microscope, are shown at Figure 6.21 [6.31].
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‘-{‘ Plan View Side View

Figure 6.21 [6.31]

Any theoretical model aimed to forecast the technical condition of the fuselage, is of great interest,
no matter how plausible or fantastic it may seem. But, since we are talking about safety, it must be
subjected to careful scientific analysis and experimental verification. It should be recalled of the pitting
defect danger.

With its small surface the defect depth can be such that it would lead to seal failure with severe
consequences. For example, two small holes in the collector (Guadalajara, Mexico, 1992) led to a gas
leak in the underground communications. There were 9 blasts, which killed 215 people, injured about
1,500 people and damaged about 1,600 buildings.

As noted above, the effect of the pitting defect is not due to its size and weight but the depth of
damage caused by it. Since the formation of compounds Al,0O3-3H>0O and Al (H20)3, Al2O3 energy is
released, then the important role is played by the rate of a chemical reaction, which is impossible to
be assessed with the methods of mechanics. It is impossible to determine the direction in which it is
emitted. The authors of most publications on the pitting corrosion believe that it is dangerous even
with sizes less than 20 microns.

This means that its birth and development requires a careful monitoring, which is possible only by
the physical non-destructive methods. The authors of the work [6.26] drew attention to the fact that a
crack is formed with a certain amount of pitting particle. This means that the critical mass at which
the trigger mechanism is activated, leading to a chain reaction with a multiplication factor, is more
than one photon.

6.4.4. Photoelectric effect and corrosion

As noted above, the fuselage of the aircraft while in the transcendental atmosphere, is subjected the
light output intensity, under the influence of which a phenomenon called the photoelectric effect arises

in substance. The internal and external photoelectric effect can be distinguished. By the action of light
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the photoionization of atoms occurs, leading to an increase in the number of free electrons and,
consequently, to an increase in electrical conductivity. The photon energy is spent on electron
detachment, transport it to the surface, and remove from the surface. In the metal, induced by photons,
in the first place, electrons are accelerated from the surface, forming above the negatively charged
cloud. The metal surface is positively charged. In the vacuum photocell in the circuit, the current is
created even in the absence of external source. The current above the fuselage is conditioned by the
fact that some of the electrons are captured by ions. However, we are interested in photocurrents arising
along the fuselage due to the inhomogeneity of the alloy. As it is well known, the pitting defect
formation is due to formation of the anode (in the center) and cathode areas.

Let me draw attention to the geometric features of the location of the cathode clusters. When

irradiated with light surface, the electrons, torn by photons, can significantly accelerate the oxidation

reaction.

o T Tl o mv’ , o

gi‘ ,-":l" gfr.. / Photoelectron energy , according to Einstein's formula
e T g‘ti'.,_ 37 o 2
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hv=A+ , 1s due to the photon energy and the work function A.

The strength of the photocurrent is proportional to the number of

photons. As noted above, the work function of the electrons is under

Figure 6.22 [6.32] the influence of the deformation decreases.

In order to study the electrochemical processes in thin layers of metal under the influence of light,
Williams [6.33] used an electrochemical microscopy.

Scanning electron tunneling microscopy has been adapted for the study of the photocurrent. Let me
briefly describe the outcome of the experiment.

It was found that the nature of the formation of pitting defect and its speed depends on the state of
the boundary, including thickness. Passive defect can become active and vice versa. Boundary plays
the role of a trigger, accelerating or slowing down the reaction.

The film of iron with a small amount of impurities (99,999) in the aggressive solution after the 20
minute exposures was irradiated with laser light; a small spot is moved over the surface. Impurities

had been formed around the oxide.
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Figure 6.23 [6.34] The character of potential and
current changes is different. Potential

oscillations 6.23 (a) have a characteristic smooth rise and sharp decline, whereas for the current
oscillations 6.23 (b) is characterized by the abrupt increase and slow decline, indicating a change in
the concentration of free electrons. This means that there are periodic ionization and recombination
processes, which are accompanied by a constant current. Pattern stationary currents at t =26280 s (c)
and t = 264 s (d) are shown below. The moment at which at one of the electrodes is formed pitting
defect is shown below.

A wide range of problems related to corrosion of the metal, is considered in the monograph [6.35].

There are a large number of chemical reactions, indicating the heat of formation, characteristic of
corrosion, including deals with the processes that lead to the SCC.

We confine ourselves to two aspects: the participation of different-valence ions in the formation of
pitting defect and the mechanism of SCC.

. The experimental facts presented in it are of great scientific interest for understanding the nature

and mechanism of destruction.

However, the author interprets them from the standpoint of fracture mechanics and general chemistry.

The discovery, made by Ertl and coherent chemistry allow us to
interpret SCC from a position of not only the interaction of electrons

and 1ons, as is done McCafferty, but with photons too.
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Figure 6.24 shows the absorption spectra of X-rays in iron oxides.

E. McCafferty marked out two areas: the absorption edge, which

asl i |
Mg M ma L] ERL ] FoBD

Energy eV} extends from 7110 to 7130 eV, he connects with the K shell electron
Figure 6.24 [6.35]

ionization (ls-electrons) and L shell (2s, 2p electrons), while the

oscillation energy in the range 7130-7160 eV, in his opinion, is due to photoelectrons of the
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neighboring atoms.

In this experiment, we are interested in the presence of oxides FeO, Fe3;O4 Fe203, the absorption
edge of which is shifted to higher energies from FeO-7115 to Fe3;04-7117, Fe:03-7120 eV. In fact,
the compound Fe304 is not binary, but triple Fe* Fe** 0. .

The transition from Fe>Os will be possible with additional ionization Fe’*+hv—Fe’*+e -and the
presence of oxygen. Maximum risk in the operation of technical installations is corrosion with
simultaneous mechanical influence (SCC). Attempts to reveal the mechanism of this phenomenon

made repeatedly, including monographs McCafferti.

6.4.5. Pits formation around chemical compounds
@ Four stages of pitting defect that grows
into the metal, forming a blister is shown
in Figure 6.25. Such a defect is especially

dangerous in that the thickness of the metal

is reduced and at some point it might

®) (@ happen depressurization of the fuselage.
The initial stage of the oxide film
formation under the recess due to the

electrochemical reaction at the oxide/metal

is shown in Figure 6.25 (a). The formation
Ehgrre 6251639 of a crack is shown in Figure 6.25 (b).

Corrosion on the perimeter of cavities and cracks, as shown in Figure 6.25 (¢), due to, according
to McCafferti, hydrolytic reaction with evolution of hydrogen. It is noted that hydrogen evolution was
observed experimentally. The corrosion rate increases sharply as a result of the simultaneous action of
hydrogen ions, oxygen and chlorine. A huge number of studies have been devoted to this problem.
Schematically, this effect is shown in Figure 6.26.

As we can see, McCafferty actually limited only to a statement of fact. Moreover, the defect, as shown
in Figure 6.25 (d), is significantly different from its predecessors. Clear faceting indicates that this
crystal. Metal structure around the defect is also changed. As we can see, McCafferty actually limited
only to a statement of fact. Moreover, the defect, as shown in Figure 6.25 (d), is significantly different

from its predecessors. Clear faceting indicates that this crystal. Metal structure around the defect is

also changed.
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Six photos of metal-nonmetal compounds are shown in Figure 6.27. The characteristic feature of
these defects is that cracks are formed just outside the metal-nonmetal compounds, as illustrated by
the ten photographs presented in Figure 6.28.

As we can see, Murakami has chosen as the parameter the area of the defect. Using this option allows

4) Urioroe

(1) Swtece adscrpton to establish the definite correlation between the area'’? of
o 1 C}'; ; (3) Chioride the defect, number of cycles Nr of external influence and
§N SH BH BH // P .

odmtm  Cler? the stress amplitude o.

e o Rt s e However, the area of the defect does not characterize the
dister formation
dynamics of the process and does not allow to predict that
. (5) Growth of bister
p— ey an external impact, which happen disruption especially in
Arrmensm ¢ those cases when the material is subjected to mechanical
— = Cortosion pit
Figure 6.26 [6.35] and chemical or radiation exposure simultaneously or
successively.

Twenty photographs shown in Figures 6.25, 6.27 6.28 indicate that there is a regular connection
between the processes of destruction caused by mechanical and chemical effects that cannot be

explained by the stress state.

Cr carbide
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Figure 6.27 a-Ak03(Ca0): [6.36], (b-Cr-carbide, c-MnS, d-TiN, e-ALOs) [6.37], f-FeS [6.38]

Changes in the structure around defects called optically dark area (Fig. 6.28), similar to those observed
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around the rivet holes, but in this case they are not as clearly defined. The structure of the optically
dark areas formed by different elements, are different, as can be seen in Figure 6.27. Cathodic and
anodic reactions leading to corrosion are shown using the model shown in Figure 6.29. However, the

The scheme does not reflect the actual patterns that were discovered by Ertl.

(2) o= 883 MPa, (b) o= 682 MPa, (¢)o=821 MPa, (do=781MPa, (o~ 621MPy
N, =382X10°, N,= 540X 105, No= L11 X108, N,= 654 X106, No= 1L84X10°,
fm- 328 jem jaw-l&.'lp /m-n.zp /m-lup area™ 241 ym

(o= 641 MPa, (g) o= 601 MPa, . (B) o= 580 MPa, (i) o= 561 MPa, (1) o= 560 MPa,
Np= 144 X107, N,= 439X 107, N,= 615X 107, Ny= L11X10%, No=2.17X10°,
area= 204 ym /m-zs.‘lp area= 260 ym area= 292 um area= 15.7 pm
Figure 6.28 [6.39]

Corrosion is a result of a chemical reaction that can be accelerated or slowed by catalysts, pressure

H* He Ha

o % &2 and temperature. Chemical reactions may be chain or
Soluti . . .
—— -/\ T~ . oscillatory. They start with the any of the first phase, which
> can be called a trigger. Photons emitted at each stage,
Cathodic reaction: 2 H* + 26~ — H, launching the next stage, but they do not accumulate. It
FB+2 -_\: ; .
O was | .
ok '\ : >

Fe | by Ipteraal m"iusha;- > -

Anodic reaction:  Fe — Fe'® + 2¢~

Figure 6.29 [6.35]

established experimentally that the passive slow- moving

corrosion can be replaced by an intense attack. .
Figure 6.30 [6.45]
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Accelerated process associated with the influence of chlorine. However, apart from this is significantly
influenced by other impurities. Of particular interest generated works [6.40-6.45], in

which it was discussed the problem of corrosion of stainless steel.

The authors of [6.44] noted that the steel is not actually stainless due to the formation of pitting defects
in it on the basis of MnS. One of these samples is shown in Figure 6.30 [6.45]. Has been suggested
[6.40] that the area which accelerates corrosion formed around MnS impurities. Ryan et al. [6.41]
concluded that in the steel matrix around the MnS particles chromium depletion occurs, which leads
to a reduction of Cr: Fe ratio and dissolution. This area becomes the trigger of pitting formation. This
hypothesis was confirmed on the basis of experimental studies that have been performed, using
secondary ion mass spectroscopic analysis. However, Meng et al. [6.42] could not find the chromium-

dispersive zones in the same steel using Energy-dispersive X-ray spectroscopy.

Figure 6.31 [6.44]

Further studies [6.43] showed “... that on exposure to water a very thin and porous metal-deficient
polysulphide skin forms between the bulk of the inclusion and the steel, within which a pit can be
triggered. The results resolve a controversy concerning the composition of the boundary region around
inclusions in stainless steel and re-emphasise irs potential significance.”

S. J. Zheng et al. [6.44] made a more detailed study of formation a pits in stainless steel. The
experimental results obtained in this work are of particular importance, but unfortunately we confine

ourselves only a few fragments in the hope that the reader will examine it fully.
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The casting saw materials of stainless steels usually suffer a hot-rolling or cold-rolling before
component-making, during which MnS inclusions were deformed to the needle-shaped. It was seen
that the needle-shaped MnS inclusions were parallel to the rolling direction (Figure 6.31 a). The
dimensions of MnS inclusions are typically 20-50 pm in length and 0.3-1.0 um in width, respectively,
which are obtained statistically on several hundred inclusions in the present study.

The observed phenomenon (Figure 6.31) the authors comment as follows: "(b) A High-Angle Annular
Dark-Field Microscopy image showing a MnS inclusion section, in which several nano-particles
embedded in MnS are arrowed and labeled. (c) The same section as that in (b) but suffering of
corrosion in 1M NaCl solution for 45 min. The localized dissolution of MnS happened around the
particles. (d) Zoom-in images of the nano-particles in (b) labeled with I, IL, III, IV, and V. (e) Zoom-
in images of the local dissolution around the nano-particles in (c). (f) Dissolution mode visualized by
digitizing the contrast in the experimental images in (e).”

Four more photos (Fig. 6.32 6 33 and 6.34) are shown below.

The findings, which were made by the authors [6.44] on the basis of the study, stated in the article as
follows.

1. “High-resolution TEM imaging shows that the remains of the MnS dissolution are
structurally disordered.

2. The interface of MnCr204/pit is sharp while that of is irregular, confirming that the
MnCr204 nano-particle had changed little while MnS dissolved.

3. Removing coarse-size oxide inclusions (usually at micrometer scale) has been one of
the major concerns in steel-making processing, since it is known that they are not deformable
and are consequently harmful to mechanical properties of steel.

4, The size distribution of the nano-particles before and after follows a similar spectrum
according to statistical measurements on hundreds (300-500] of particles, implying that the

particles remain unchanged during catalysing MnS dissolution.”

At the “Concussions” of the article the authors write:

“We have applied in situ ex-environment transmission electron microscopy to indentify the initial
state, at an atomic scale, of MnS dissolution, which is critically important but unclear so far for
understanding the origin of pitting corrosion in stainless steel. We find that a “single-grained” MnS
inclusion in the steel is compositionally and structurally inhomogeneous. Fine octahedral precipitates

of spinel MnCr204, with dimensions of several tens of nanometers, are dispersedly distributed in the
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MnS inclusions, generating local MnCr>O4/MnS nano-galvanic cells. ... This work uncovers the origin
of MnS dissolution in stainless steels and provides a new basis for understanding pitting corrosion of

stainless steels.”

Figure 6.32 [6.44] Figure 6.33 [6.44] Ten-fold

zooming (Fig. 6.31 d and 6.31e) allows for a better imagine the processes of formation not only the
compound MnCr204, located in the center of the pit, but its crystallization.

MnS formation is accompanied by radiation of energy which is 773 kJ/mol, while the heat of fusion
of steel 1s 84 kJ/mol, which is nine times less. This means that the energy radiated during the formation
of one molecule of MnS, is sufficient to change the structure of nine cells, for example, melt them.
Since the energy transfer occurs due to the emission and absorption of photons, but not phonons, the

thermal conductivity of the material does not play a significant role.

Localization of nanoparticles
MnCr;04, in MnS is shown in
Figures 6.32 and 6.33. The nano-
particle MnCr,0O4 represents a
diamond-type crystal, lattice
constant of which is a = 8.4 A.

Thus, the formation of MnCr2O4

occurs in MnS a nonequilibrium
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disordered medium, caused by higher temperature of the alloy, whereby the diffusion rate of the
elements increases. The crystallization of MnCr204 is accompanied by the emission of energy. This
leads to additional heating of the region, which borders on it. As a result creates a region around
MnCr204, the bond between atoms in which impaired. This means that change the electronic
configuration of the atoms forming the embryo of pits, i.e. some of the atoms (ions) has turned into
morbid. This region is shown in Figure 6.32a. Morbid atoms this field interact with the atoms of the
aqueous solution (ions H, 0%, Na*, CI) differently than the same normal atoms (ions) of the alloy.

It is known that hydrogen plays an important role in
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: : S——— Influence of carbon that it reaches on the mechanical
Figure 6.35 [6.47] properties of steels is extremely great. With oxygen,

the carbon forms compound CO and COx. In the rolling process, in particular the hot rolling, the
formation of these compounds occurs exothermically, loosening material and the formation of pores
which takes place in the pit. Similar processes occur in the welding of metal, when as a result of
migration of carbon atoms formed by heat-affected zone, as shown in Figure 6.35 [6.47].

Conclusions

Formation of MnS, MnCr>O4 and MnCr>O4/pit happened consistently, but no crack was formed. We
use the results of this experiment in order to understand the mechanism of corrosion under stress, or
more precisely, the SCC. Photos 6.31a and 6.31b indicate that the compound MnS was formed from
the elements that have been included in the composition of the alloy. Formation of MnCr,04 occurred
with oxygen, which was absorbed from the air during manufacturing operations. Electronic
configuration of atoms (ions) Mn, S, Cr, forming alloy, and oxygen atoms forming the molecule O,
is different from the same atoms that form the molecule MnS and MnCr20O4. Thus, the atoms forming
the molecule we shall assume morbid. But these morbid atoms do not "participate" in the formation
of cracks or destruction.

Formation of MnS and MnCr:04 molecules led to the fact that a crack forms in the material, the
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geometrical and physical structure of which changed.

Therefore, the mechanism of corrosion and domain of destruction formation is the same.

But the atoms of the local area, which produces a domain of destruction, can repeatedly turn from
normal to morbid, absorbing energy, and vice versa, radiate it. Atoms form a stable chemical
compound, change the environment in which the strain energy is accumulated and dissipated until is
stimulated radiation of such power, which would be sufficient for the formation of a crack or a
complete destruction.

The difference of morbid atoms from normal one allows to predict the wear and residual life of the

structure or device, using the results of experimental studies.

6.5. S-N curves and their interpretation

The transition to the physics of destruction does not mean that we should completely abandon the
fracture mechanics and experimental methods used in it. These two approaches should complement
each other. It is especially important to use all the results of experimental studies that have accumulated

over many years. I'll demonstrate it using concrete examples.
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Study of the strength properties of alloys by S-N curves performed over a hundred years. It was
created a huge process database of almost about all alloys. However, the self-descriptiveness of this
method is extremely low, since each point of the curve is actually a separate experiment, to conduct
which sometimes requires several months or even several years. For example, for a sample of an alloy
which can withstand 10'° cycles at a load test frequency of 20 kHz requires ~ 580 days of continuous
operation. To construct a single S-N curve must be received 9-10 points. If we consider that we need
more information about the behavior of the metal under different atmospheric conditions, it becomes
clear how this work is time consuming. But that's not all. The function F=¢(S, N) displayed a space
curve, but as usual we investigate the projection of this curve on the plane. Often on the S-N curve
plateau appears sometimes two, which lead to uncertainty in determining the maximum allowable
number of cycles at a given load. The difference may be two or three orders of magnitude.

Figures 6.36 A, B, C, D shows the SN curves, which are based on experimental studies. Of particular
importance for the analysis has the plateau, after which the fracture occurs at a lower mechanical
stress. In Figure 6.36 A there are two plateaus, one of which is associated with surface defects, another
- with internal. The experiments were performed at a frequency of 150 Hz and 20 kHz in different
conditions and after various treatments of the alloy Ti6Al4V. Pay attention to the reliability of the
results and the information that can be obtained on the basis of nearly forty experiments. Even less
informative are the S-N curves shown in Fig. 6.36 C.

As can be seen from Fig. 6.36 B authors averaged the results of studies on the basis of which revealed
four plateau for cyclic loading in the range of 2:10%-1-10* cycles and three plateaus for the load in the
range of 1-10%-5-10° cycles. Since the experiments were carried out on different samples, it is
impossible to determine the cause of such differences: whether they are caused by the accumulation
of defects or technological methods.

The use of the energy method, which was demonstrated in the fourth and fifth chapter, allows not
only simplifying the calculations, but makes them more accurate and objective.

Especially important is the fact that the measurement data analyzed by the computer during operation.
This allows controlling the technical condition as separate elements, and the whole structure or device.

The given examples show that extremely useful information can be obtained from those laboratories,
which have survived experimental protocol of S-N curves. This does not need to re-conduct
experimental research.

No fundamental difficulties complement experimental studies S-N curves using non-destructive

testing methods, such as thermography, ultrasound, x-ray, etc. We will demonstrate this by an example.
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Figure 6.38 [6.48]

Samples of steel Q345 (Fig. 6. 38a), with a welded joint (Fig. 6.38 b, ¢, d), subjected to cyclic tensile
tests [6.48].

We note the most important conclusions that have been made by the authors of this study (in italics)
and comment them.

1. The fatigue behavior in fusion zone and heat affected zone of alloy steel Q345 in very high
cycle fatigue regime was experimentally with ultrasonic fatigue testing system. It was found that the
fatigue failure of heat affected zone specimen still occurred beyond 107 cycles.

A similar situation was seen above in the study of aluminum riveted joint (Fig. 6.12). Heat-affected
zone appeared in aluminum, when the number of cycles was by three orders smaller. This difference
is due to the conditions of accumulation and dissipation of energy, which, in turn, is related to the
geometric characteristics of the samples, the physical parameters of the materials, and the nature of
external influences.

2. A horizontal platform was obtained for fusion zone specimen in very high cycle regime
related to internal welding defects in fusing zone.

The appearance of a plateau on the S-N curve is due to an increase in the degree of wear, in which
there is accumulation of energy.

3. When the amplitude of temperature variation was larger than 5° per 700 cycles, fatigue crack
was started for base metal.

Changes of body temperature are accompanied by a change in the radiation power per unit area.

According to the Stefan-Boltzmann law W, =o (T, —T,)*. This means that an increase in

temperature of the specimen by 5 degrees energy loss increased by 7%. Therefore, when the metal
began to melt (1839 K), the energy loss raised to 625 times. Such energy losses in the specimen can
be compensated only by the fact that the number of excited (morbid) atoms increased not less than

625 times.
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4. The temperature of base metal specimen would rise rapidly with the beginning of crack
propagation.

The sharp increase in temperature is due to stimulated emission energy of morbid atoms and increased
photon-phonon interaction, which results in the bond breaking and cracks formation.

5. Fatigue strength of the melting zone is many times lower than that of the base metal.

Melting of alloy begins primarily in that region in which the bond between atoms weakened, and/or
where the atoms absorb more energy. Domain of destruction consists of two metastable regions, in
one of which is accumulated energy due to the higher ionization of atoms in the other-is a weakening
of the bonds between atoms, in which degree of iconicity is lowered.

6. Fractire crack propagation lives of heat affected zone and fusion zone were estimated by
monitoring the natural frequency of specimen, which was varying with the crack size during the fatigue
testing.

Crack formed where the atoms absorb energy. This area are the area of the heat affected zone and the
fusion zone. The appearance of a crack leads to a change in the shape and size of the resonator in

which standing waves are formed, the natural frequency of which varies.

Figure 6.39 [6.48]

7. The authors write: “...for base metal of the specimens it was found that the cyclic loading at
an ultrasonic frecquence generated a substantial amount of heat, and the temperature of base metal
specimen incrased significantly at a center of the gage length of spesimen as shown in Fig. 6.39. The
temperature distributions in the gage-length section of the specimen during ultrasonic testing were
heterogeneous along the axis of the specimen, with the highest temperature occurring at the high

’

strain location.’
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Domain of destruction has a certain size and frequency of natural oscillations. Intense energy
absorption takes place when the frequency of external force coincides with the natural frequency of
oscillation, i.e. resonance occurs. This becomes possible at certain dimensions of the region, having
boundary inhomogeneities, such as grain or defects [6.49].

8. The authors write: The crack initiation process occupied over 99% of the total fatige life for
heat affected zone in very high cycle fatigue range. Therefore study on the mechanism of crack
initiation was extremely important to clarify the fatigue properties in very high cycle fatigue. In
addition, the life ratio of fusion zone specimens were much lager than that of base metal and heat
affected zone, due to the fact that fatigue crack in fusion zone propagated directly from the welding
defect with no apparent initiation process.”

This point is fundamental to understanding not only the mechanism of destruction, but also the nature
of fatigue. It noted that there is a reason that the crack initiated at some moment. In atomic physics,
this radiation energy is called stimulated or stimulated. induced radiation. Signal of this radiation is a

photon, as stated repeatedly.

Conclusion

The work [6.48] shows that the information content of the method of S-N curves increases many times
when the deformation process is further controlled by highly sensitive energetic and structural
methods.

The emission spectrum of atoms forming the domain of destruction extends into the ultraviolet and
even X-ray region. These rays whose frequency exceeds the frequency of the plasmons pass through
the metal. Studies of this range will allow detecting the domain of destruction, located not only on the

metal surface, but underneath it.

6.6. Mechanical nanoindentation

Indentation method was proposed in the early 20™ century to determine the hardness of materials.
Widespread it received, when it became possible to use high-resolution equipment, such as atomic
force microscopes and computer programs. Indentation method was also applied to nanomaterials.
The information capabilities of nanoindentation are more fully described in Y.I. Golovin’s review

[6.50]. It was noted that nanoindentation allows determining Young's modulus E, hardness H, fracture

toughness K ¢; local nano features: contact stiftness C, critical power P, and contact stress <o-;> of

elastoplastic transition, macroscopic yield stress oy, the energy absorbed in the cycle of loading -
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unloading, duration of umps and the interval between them, moments of cracking at all stages of the
test, the porosity, he porosity, the temperature of cold-storage capacity etc. The number of physical
parameters characterizing the strength of the material, its durability, which can be determined by
indentation is so large, it would seem that they are sufficient to predict the wear and remaining life,

but it

W, compression
B3 Cu, tension

Plast zone n Cu
around indentation
Bhister

Fiductal marks

b) Sprm SO00X

c)

Figure 6.40 [6.51]

is not so.

The main reason lies in the fact that, theoretically, these parameters are used in the models based on
classical mechanics, using which it is impossible to describe the processes due to the laws of quantum
behavior of atoms.

We use the results of a series of experiments to show it.

Four-and five-layer samples are shown in Fig. 6.40, taken from the work of A.A. Volinsky et al.
[6.51]. The thickness of the layers, placed on a substrate S102, was: W-1 pm, Cu ~ 100 pm, Ti-10 nm,
diameter of the diamond indenter is 1 um. Delamination, which occurred during indentation, is shown
in

Fig. 6.40 b, c. Part of the surface of Ti and Si0O,, delaminated during indentation, were studied by
methods Auger spectroscopy, atomic force microscopy and scanning. Photos made in this study are
shown in Fig. 6.41.

The authors describe the observed phenomenon as follows:

“It is known that diamond indenters wear during indentation of “hard”® films. Ti as well as W are

6 The authors took the word in quotes because diamond is the hardest material and is used as the indenter. On the Moss’s
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known to “suck

Adhesive tape

out” carbon from a
diamond indenter. A
similar process may
occur in our case.
Given a 20 nm thick

fiducial mark (from

AFM
measurements)

S0prm 500X 20 0m SOOX )
Figure. 6.41 [6.51] with a 50 mm

blister radius, and assuming fully dense carbon (=12 g/cm?), one would find 1.9x10” grams loss per
indent. This will result in a significant loss of almost two micrograms for a 1000 indents (a typical
number of indents for adhesion testing), assuming that all carbon comes from a diamond.” The carbon
atoms that have been "lost" by diamond, adsorbed on the surface of copper, as shown in Fig. 6.40 c.

An interesting phenomenon, called spiral and sinusoidal cracks considered in

A.A. Volinsky et al [6.52]. Photographs of these cracks in multilayer Mo / Si, obtained with an optical
microscope are shown in Fig. 6.42.

Cracking and
delamination of thin
metal films studied in
the paper by A.
Kravchenko [6.53].
The objects of the study
were mirror designed
Figure 6.42 [6.52] ’ A for X-ray optics. For X-
ray reflections used multilayer coating consisting of different materials. In this case it was Mo/Si,
W/B4C, W/S1, and NiC. Pictures shown by Kravchenko, similar to those shown in 6.42A, but instead
of a right spiral, spiral on his photograph was left. He believes that the cracks are formed as a result
of deformation and chemical reactions that are caused by X-rays.

Strata near the cracks, spiral and sinusoidal cracks indicate the existence of a mechanism that controls

these processes.

scale: diamond is10.00, tungsten is 9.00, titanium is 6.00.
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A review of the destruction of the adhesive layer problem was published in the work [6.54].

Volynsky writes: “There are more than 200 different methods for measuring adhesion, suggesting it
to be material, geometry and even industry specific. This availability has exploded at least partly due
to the arrival of dissimilar material interfaces and thin films and the ease with which microfabrication
technique apply to silicon technology. Having an eye toward those tests utilized for thin films, this
paper reviews only a few of these techniques. The emphasis is on measuring thin film adhesion from
the standpoint of fracture mechanics, when the film is mechanically or other means removed from the
substrate, and the amount of the energy necessary for this process is calculated per unit area of the
removed film. This tends to give values approaching the true work of adhesion at a small thickness
and greater values of the practical work of adhesion at larger thickness, all being 30-30,000 nm range.
The resulting large range of toughness is shown to be dependent on the scale of plasticity achieved as
controlled by film thickness, chemistry and test temperature.”

We note that none Volynsky nor Kravchenko not cite the work of B.V. Derjagin et al. [6.55], in which
it was shown that the destruction of the adhesive layer X-rays are emitted.

Since the theoretical analysis of these studies was carried out only on the basis of fracture mechanics
and no conclusions about the mechanism is not done, then we will try to understand the nature of
complex cracks kind (I) and the loss of carbon atoms from the diamond indenter (II).

Belousov-Zhabotinsky reaction was discussed in Chapter II and in [1.6]. Such reactions, which are
called vibrational, accompanied by the so-called chemical waves. Some of these waves are shown in

Figure 6.43.
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Figcure 6.43

Ordered structure was observed in the chaotic environment in the late 19th century. It is known as
Benard cells, or cells of Rayleigh-Benard problem. A huge number of publications devoted to the
Belousov-Zhabotinsky today.

Spiral structure, which shows the photo in the lower left corner,
formed by molecules of carbon monoxide on the surface of a
platinum catalyst. Ways in which the proceeds Belousov-
Zhabotinsky reaction are numerous. Their number reached 80. One
of the variants of electrons transitions in the Belousov-Zhabotinsky
reaction is shown in Fig. 6.44.
(http://www.gazeta.ru/science/2008/02/19 a 2641806.shtml)

.All electronic transitions associated with the emission or absorption

of photons. Points k;-k11 are called the bifurcation point, in which the

Figure 6.44

system is non-equilibrium and can go on this or that way.
This leads to a variety of shapes that occur in an ordered arrangement of the reagents during the

chemical reaction and cracks.
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The formations of cracks are due to the same electronic transitions, as well as chemical reaction.
This means that the founders of quantum theory of destruction can use all the experience that has

been accumulated in quantum chemistry.

II. Carbon plays an extremely important role in human life, as in living organisms and plants
contained ~ 18% of carbon. Steel properties depend strongly on the carbon content and the position of
the atoms forming the crystal. In this connection, the loss of carbon from the diamond under the
interaction with other metals is particular importance. Unambiguous answer to the question about what
happens to the carbon and the metal on the basis of one of this experiment is difficult to quantify,
because there are a number of other issues that need to be answered.

1 To what extent this phenomenon is inherent to other elements, which are used as
indenter?

2. Will be sucked carbon from indenter made of a carbon nanotube?

3. Is the loss of carbon atoms from various facets of the diamond the same?

4. Adhesive tape contains a large number of carbon atoms and at its exfoliation emitted
electromagnetic wave of a wide range including X rays. X-ray radiation is also occurring at break of
the adhesive layer. Any deformation accompanied with electromagnetic radiation thus indentation
cannot be an exception. Consequently, the indentation using a diamond should be accompanied by X-
rays. To what extent the loss of carbon atoms from the diamond indenter is associated with X-rays?

5. It 1s known that steel decarbonization occurs as a result of deformation. Carbon formed defects, as
shown in Figure 6.45. They are called optically dark area or graphite nodules. What is their role in the
destruction?

In the photographs 6.45A, taken from [6.56] it 1s shown: austempered ductile iron microstructure, (a)
low and (b) high magnification, GN-Graphite Nodeles; RA-Retained Austenite; B-Boinite

The determination of the retained austenite crystallographic orientation for an arrested crack nucleus
using electron backscatter diffraction (EBSD) is show in Figure 6.45B. The angle of the crack plane
was measured by serial sectioning. The crack was nucleated at a graphite nodule: (a) EBSD map, (b)
SEM image, C-Fatigue failure nucleated at a graphite nodule.

These observations indicate that for cracks nucleated at graphite nodules, the maximum crack nucleus

size depends on the nodule diameter and the ausferrite matrix microstructure.
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Figure 6.45 A [6.56] Figure 6.45 B [6.57)]

6.7. Carbon in alloys

Fatal train crash, in which 35 meter was broken on 300 fragments, occurred October 17, 2000
(Hatfield, UK). It was examined in Chapter I. One of the fracture faces was bright, the other black.

This alternation could not be random. This fact was noted in the book [1.6]. The structure of the bright
surface was investigated even earlier [6.58, 6.59]. It has been found that it was martensite hardness of
which increased by 2.5-4 fold. Thin layer forming a dark surface, nobody has studied, and six years
later the surface is subjected to intensive corrosion.

Modern technology has enabled more accurate investigate the effect of carbon on the fracture
processes. We consider the results of an experimental study [6.60]. The aim of research and the main
results were briefly stated in the abstract, which is quoted in full.

“The relationship between the crack nucleation and stress-induced martensitic transformation in the
retained massive austenites (RM —y’s) of austempered ductile iron (ADIs) was examined in detail by
carrying out tensile tests and scanning electron microscope (SEM) observations for an ADI material.
The SEM observations revealed that cracks were not nucleated in the peripheral regions of graphite

nodules, but were nucleated in the RM —y’s. Surface relief due to stress-induced martensitic



284

transformation was observed near the cracks in the RM —y’s, and it was also observed in the RM —y’s
in which cracks were not visible. For this reason the cracks were concluded to be nucleated in the RN
subjected to stress-induced martencitic transformation.”

We restrict ourselves to a brief statement, without going into the details of the experiment.

Six photographs obtained using the SEM, are shown in Fig. 6.46.

©
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Figure 6.46 [6.60]

Locations of cracks in RM-y indicated in the photographs (a), (b), (c) by arrows. These areas similar
GN (Fig. 6.45) are shown in the photographs (e), (f), (d). Three stress-strain curves of material 623-
ADI deformation are shown in the center. Value of ¢,, show the crack initiation point, double arrows
indicate their location. The tension is directed vertically.

Fragment indicated by white rectangle in Fig. 6.46 (b), is of great importance for the understanding
of the interaction of carbon atoms with other atoms in the alloy.

The authors write: “Fig. 6.47 shows an enlarged SEM microstructure of the white fragment framed

area in 6.46 (b) from which the nucleation of a crack in RM —y was examined in detail. A particular
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surface relief is observed in the neighboring region of the crack, as previously reported. The surface
relief is clearly formed by a shear strain, indicating that the corresponding regions are subjected to the
stress-induced martensitic transformation. The formation of martensites is accompanied by hardening
and volume expansion against a neighboring crystal, and a complex strain is generated in the RM —y
near the martensites. Therefore, the crack nucleation in RM —y’s is considered to be related to not only
the existence of inclusion but also the stress-inducement of materials.”

The area selected by rectangle represents the martensite. The main finding, as made in the conclusion
is as follows: “Thus, the cracks were concluded to occur in the RM —y’s subjected to the stress-induced
martensitic transformation.”

Thus, the authors do not deny the effect of carbon
on the generation of the cracks, but did not
appreciate its role, although it is very important.
Firstly, the martensitic transformation is the result
of change in the position of carbon in the crystal

lattice in which result increased hardness of the

material, changing its volume. This means that the

Figure 6.47 [6.60] bond between carbon and iron changed. Secondly,
the existence of spherical inclusions of carbon indicates that the strength of this local area connection
between the carbon atoms exceed the binding forces
between carbon and metal atoms. The stress at which
carried out the study, ranged from 890 to 1130 MPa,
which is many times greater than that stress at which the
adhesive tape exfoliate. The probability of optical and X-
ray by carbon atoms radiation in this case is higher than
in the tape deformation. Consequently, the region
bordering on the carbon nodule is subjected to intense
electromagnetic interference (heating). Third, the
change in temperature leads to phase transformations,
indicating a change in the interaction between the atoms
of iron and carbon. The speed of the martensitic

transformation is higher there, where the temperature is

0 5 10 15 20 25 30 3B 40

Puc. 6.48 [6.61]

¢) highest. It is known that the crystal structure of these
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phases varies. Consequently, is different ratio of the number of iron atoms and the number of carbon
atoms. This change is due to a change in the energy state of the atoms of iron and carbon. It allows
considering the atoms forming the austenite, as normal, and the atoms forming the martensite as

morbid.

Fe
Let us denote the number of iron atoms in the unit cell of austenite "AN , the carbon number of the

C Fe
same cell AN ; the number of iron atoms in the unit cell of martensite Nam and the number of carbons

C
in the cell martensite "AM . Thus, we are able to estimate the proportion of the iron atoms and the atoms

n Fe . r]C n Fe . nC
of carbon in austenite AN * AN and martensite AM *'AM

An important role in the cracks formation plays not only the ratio of the number of atoms, but also
their position It is known that during the matrensit formation, the cell structure changes from face-
centered to body-centered.

The speed of martensitic transformation reaches 1000 m/s. In a number of papers argues that carbon
practically no diffuses from the region in which the martensitic transformation occurs. However, this
does not exclude the fact that carbon segregation occurs atoms of which form on the surface a thin
layer, like bismuth in the alloy Cu-Bi. It was established that the embrittlement of the alloy occurs
even when of the grains surface a monoatomic layer of bismuth is formed.

Assume that on the surface of the martensite was formed a monatomic layer of carbon. This layer is
called graphene. Its tensile strength does not concede the diamond. Two of these layers form graphite.
Coupling strength between the layers is so small that the graphite is often used as a lubricant.
Consequently, the shear strength is weakened repeatedly.

We use the results of research carried out in [6.61], to show that this is possible.

Photo (Fig. 6.48a formed by ion microscope) shows the concentration of carbon atoms at the interface
of pearlitic steel nano-grains (indicated by arrows). Segregation of carbon is due to the fivefold
torsional deformation of the specimen. The grain size was from 10 to 30 nm. Distribution of carbon
atoms between the grains shown in Fig. 6.48 (b, c).

he QI particle size varied between from tens of nanometres to approximately 600 nm7

Let us consider another study [6.62], where it was shown that the plates like carbides are formed

directly under the rolling track of the sample subjected to rolling deformation.
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The authors believe that: “... platelike carbides form immediately underneath the rolling track of a
specimen subjected to rolling contact fatigue test on the ball-washer trust of tester. The carbides are
less likely to form when the carbon concentration of the martensite matrix is low and more likely to
present themselves when the carbon content is high.” They
consider that the carbon diffuses into the matrix due to
repeated stresses in the sample under rolling contact. The
carbon atoms are trapped by dislocations located between
oxygen inclusions in areas that are directly under the track
rolling, where the density of dislocations is maximal. Their
findings they do on the basis of photographs, two of which
are shown in Fig. 6.49. Where: “Plate like carbides directly
under flaking on the rolling track: (top) in the specimen of
62.5 HRC; (bottom) in the specimen of 56.0 HRC. The

white constituents indicated by the arrow are plate like

carbides.”

Carbide formation is accompanied by the emission of energy as a result of which the temperature in
the local area increases. This weakens the bonds between atoms, of their rupture and flaking when the
crack extends in the direction of rolling.

Shock wheels of the locomotive and wagons leads to cracks directed perpendicular the direction of
travel, often at a certain angle. Carbon remaining at the hot surface discontinuity reacts with oxygen
in air, forming a thin layer of soot was observed under faults. Such carbon fibers were observed on the
surface of the rail fragments detected after a disaster (Hatfield, UK, 2000).

M. 1. Zakirnichnaya and I. R. Kuzeev [6.63] observed three zones that are emerging on the inner wall
of the coils for the pyrolysis furnace. These areas are: the base metal (Photo 6.51a), the transition zone
(6.51b) and carburized zone with cracks (6.51c) extending from the inner surface, formed during the
10,000 hours. The base metal has an austenitic structure with a small amount of carbide phase. The
grain size of austenite decreases but the amount of carbides increases as approaching the transition
zone to the inner surface of the coil. Carburized zone contains about 50% of the carbide phase.

Thus, the formation of carbide phase occurs for 10,000 hours, whereas the cracking continued micro
seconds. This means that, simultaneously with the formation of this phase domains of destruction were

formed, energy radiation occurred, resulting in cracking.
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Conclusion
Thus, the formation of martensite due to the deformation, accompanied by the loss of carbon, which
forms on the boundary of martensite and residual austenite nanosize (perhaps monatomic) layer of

graphite which reduces shear strength many times.

More spherical
porosity in binder
phase, gas
evolution

Spherical Gilsocarbon
filler particles

Porosity that follows
the spherical shape
of the particles

Figure 6.53 [6.65]
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FTransmission electron microscopy image from Gilsocarbon A graphite showing agglomeration of
four quinoline-insoluble (QI) particles; (b) higher magnification image showing the structure of QI
particles; (c) high resolution transmission electron microscopy image from around centre of a QI

particle; (d) selected area diffraction pattern from a QI particle.
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Fig.6 (a) HRTEM image of Gilsocarbon B graphite, some features are indicated: (b) fast
Fourier transformation (FFT) of the image in (a): (c) a structure model of the feature A
in (a).

Figure 6.55 (a) high resolution transmission electron microscopy image of Gilsocarbon B graphite,
some features are indicated; (b) fast Fourier transformation (FFT) of the image in (a); (c) a structure

model of the feature A in (a).

Figure 6a is a high resolution transmission electron microscopy image from Gilsocarbon B. This
sample was prepared by microtome sectioning. It is difficult to find any two dimensional lattices with
size larger than 1 nm. The fast Fourier transform of Figure 6a shows a clear (10) ring (Figure 6b),
indicating short range order. A number of one dimensional and two dimensional features can be seen
in Figure 6a (e.g. A, B and C). The feature, A, identifies an example feature formed of a short straight
line of 4 white dots; B identifies an example of a curved line of white dots and C identifies a feature
apparently formed of three concentric rings. The inner ring is approximately 0.7 nm in diameter and
formed of dots. Part of the middle ring appears as a fringe and is mostly formed of dots. Only part of

an outer ring can be observed as dots and a fringe.



292

References

6.1. B.A. 3akpeBckuii, B.A. [laxotun, Imuccus ompuyamenvHulX U NOIOHCUMENLHBIX UOHO8 NPU
paspwige nonumepos, Gusuka TBepaoro temna, 2010, 52, 1083-1089.

6.2. B.K. UBanoB, A.H. Unaros, B.A. Xapuenko, M.JI. XKuxun: Onexkmponunas cmpykmypa
aouabamuueckux Konebanuti memaiiudeckus kiacmepos, Ilucema B XKOTD, 1993 |58, 649-655.

6.3. K.b. Abpamona, A.b.IlaxomoB, b.I1. Ileperyn, [.H. Ilepynos , B.A. Peiinronsn ,M.IL
lepOakoB: Cnexkmp uznyueHus, Conposoicoarowe2o paspyulenue MeOoHblX, allOMUHUEBbIX U
cepeOpsIHbIX NPOBOOHUKO8 MOKoM 6orbuiol niomuocmu. - ONTuKa u cekrpockorus, 1985, 1.58,
.809-814.

6.4. K.b. Abpamona, A.b.ITaxomoB, b.II. Ileperyn, W.II. lllep6akoB: Mexanonomunecyenyus
cmanu, XTD, 1986, 56, 978-981

6.5. K.b. A6pamona, A.b. [Taxomos, b.I1.Ileperyn, WU.I1.11lep6akos, [Tucema B XKTD, 9, 769 (1983);
KT, 56, 978 (1986); KTD, 58, 817 (1988);).

6.6. K.b. A6pamoBa, A.b. IlaxomoB, b.Il.Ileperyn, W.IL.IllepGakoB. Hznyuenue ceema npu
ounamuyeckom paspyuenuu mumana. - XTD, 1990 60, 80-85.

6.7. A.l. Yanson, R.G.R. Bollinger, H.E. van den Brom, N. Agrait, and J.M. Ruitenbeek:
Formation and Manipulation of a Metallic Wire of Single Gold Atoms, arXiv: cond-mar/9811093
1998.v1 1-5.

6.8. M.C. Gimeto: The Chemistry of Gold, 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-32029-5, P. 64.

6.9. A. JI. Creipkac: Pazeadka «onogannoi yymuly, http://wsyachina.narod.ru/physics/tin.html,
IIpupona, 1996, Ne 11.

6.10. Germanium Nanocrystals Embedded in Glass: They 're Hotter Before They Melt and Colder
Before The Freeze, Berkley Research News, Berkley LAB, October 9 2006

6.11. B.B. CronsipoB: OcobenHocmu mexaHuieckux c8oUcme HAaHOCMPYKMYPHbIX CN1a8o8, BeCTHUK
Hay4yHO-TexHU4eckoro passutus, 2010, Ne 3 (31), 53-60.

6.12. A. G. Kostryzhev: Bauschinger Effect in Nb and V Microlyed Line Pipe Steels, 2009, School of
Metallurgy and Materials College of Engineering and Physical Sciences The University of



293

Birmingham P.198.

6.13. H. B. Wang * H. Wang ¢ J. Zhang * F. J. Yang, Y. M. Xu « Q. Li: Study on Composition
Distribution and Ferromagnetism of Monodisperse FePt Nanoparticles, Nanoscale Res. Lett (2010)
5, 489-493.

6.14. X. Cui, C. Wang, A. Argondizzo, S. Garrett-Roe, B. Gumbhalter, and H. Petek, Transient excitons
at metal surfaces, Nature Physics, DOI: 10.1038/NPHYS2981 Letters, 2014, pp 6

6.15. A.H. Zewail, Femtochemistry: recent progress in studies of dynamics and control of
reactions and their transition states, J. Phys. Chem., 1996, 100, .12701-12724.

6.16. R. P. Singh, J. Lambros, A. Shukla, and A J. Rosakis, Investigation of the mechanics of
intersonic crack propagation along a biomaterial interface using coherent gradient sensing and
photoelasticity, Proc. R. Soc. Lond. A 1997, 453, 2649-2667

6.17. .10. X. BexkunoB, M. A. UepnukoB: Keazuxpucmanner, YOH, 2010, 180, 561-596.

6.18. The Properties and Applications of Quasicrystals, Seminar II, Author: Simon Jazbec, Mentor:
prof. dr. Janez DolinSek, Ljubljana, December 2009.pp. 18. http://mafija.fmf.uni-
lj.si/seminar/files/2009 2010/Quasicrystals.pdf.

6.19 T. Duguet, B. Unal, J. Ledieu, J.-M. Dubois, V. Fourne’e, and P. A. Thiel: Nanodomains due to
Phason Defects at a Quasicrystal Surface, Phys. Rev. Lett. 2011, 106, 076101-076104.

6.20. A. L. Pope, T. M. Tritt, M. Chernikov, M. Feuerbacher, S. Legault, R. Gagnon, J. Strom-Olsen:

Thermoelectric Properties of the AIPdMn, Quasicrystalline System 1998 Fall Materials Research
Society Symposium Z: Thermoelectric Materials, Department of Physics and Astronomy, Clemson
University, Clemson, SC 29634 USA.

6.21. E. Schrodinger: What is Life? The Physical Aspect of the Living Cell, Cambridge University
Press, 1944, pp 194

6.22 Z A. Atre, W. S. Johnson, and J. C. Newman, Jr.: Assessment of Residual Stresses and Hole
Quality on the Fatigue Behavior of Aircraft Structural 2009, V. 3: Finite Element Simulation of
Riveting Process and Fracture Lives, DOT/FAA/AR-07/56. pp. 166.

6.23 M. Ciccoty: Stress-corrosion mechanisms in silicate glasses J. Phys. D: Appl. Phys. 2009, 42,
214006

6.24. N. C. Bellinger: Chapter 7 — Corrosion Morphology. Corrosion Pillowing and Cracking, 2002,
RTO-AG-AVT-140, Institute for Aerospace Research, National Research Council, Ottawa, Ontario
Canada, pp. 10.

6.25. N.C. Bellinger, S.Krishnakumar, and J. P Komorowski, Modeling of Pillowing Due to Corrosion


http://www.mathnet.ru/php/person.phtml?option_lang=rus&personid=44887
http://www.mathnet.ru/php/person.phtml?option_lang=rus&personid=45340
http://mafija.fmf.uni-lj.si/seminar/files/2009_2010/Quasicrystals.pdf
http://mafija.fmf.uni-lj.si/seminar/files/2009_2010/Quasicrystals.pdf

294

in Fuselage Lap Joints, Canadian Aeronautics and Space Journal, 1994, 40, No. 3, 125-130.

6.26. N.C. Bellinger, S.Krishnakumar, and J. P Komorowski: Implications of Corrosion Pillowing on
the Structural Intensity of Fuselage Lap Joints, FAA-NASA, Symposium on the Continued
Airworthiness of Aircraft Structures, DOT/FAA/AR-97/2, 1997, 391-402.

6.27 P. W. Whaley “Corrosion Damage Tolerance Methodology for C/KC-135 Fuselage Structure.”
ARINC Incorporated (2006) pp. 23.

6.28. H. H. Richardson, M. T. Carlson, P. J. Tandler, P. Hernandez, and A. O. Govorov, Experimental
and Theoretical Studies of Light-to-Heat Conversion and Collective Heating Effects in Metal
Nanoparticle Solutions, Nano Lett., 2009, 9 (3), pp 1139-1146, DOI: 10.1021/n18036905.

6.29. R.S.Piascik, S.A.Willard, M. Miller, Characterization of Widespread Fatigue Damage in
Fuselage Structures, NASA Technical Memorandum 109142 (1994) pp. 15.

6.30. N. R. Cawley, D. G. Harlow, and R. P. Wei: Probability and Statistics Modeling of Constituent

Particles and Corrosion Pits as a Basis for Maltiple-Site Damage Analysis, FAA-NASA, Symposium
on the Continued Airworthiness of Aircaft Structures, DOT/FAA/AR-97/2, 1997, 11, 531-542.
6.31. C. E. Harris, NASA Airframe Structural Integrity Program, 1990, NASA TM-102637

6.32. Pitting corrosion. http://www.corrosion-doctors.org/Localized/Pitting.htm/

6.33. D.E. Williams: Electrochemical Microscopies Study of Passive Films, Electrochemical Society
Procedure 2000-4, 111-117

6.34. H. Cong,N.D. Budiansky,H.T. Miachels, and J.R. Scully, Use of Coupled Electrode Arrays to
Eluciadate Copper Pitting as a Function of Potable Water Chemistry, ESC Transaction, 2007, 3(31),
531-544.

6.35. E. McCafferty: Introduction to Corrosion Science, Springer New York Dordrecht Heidelberg
London, 2009 pp 583

6.36. Y. Furuya, S Matsuoka, and T. Abe, A. Novel Inclusion Inspection Method Emploing 20 kHz
Fatigue Testing, Metallurgical and Mater. Transac. 2003, 34A, 2517-2526

6.37. Otsuka, H. Hitoshi, H. Nikshima, K. Sakamoto, M. Hayakawa, K. Hashizume, M.
Sugusaki, Fusion Scence and Technology, Observation of Hydrogen Distribution around Non-
Metallic Inclusions in Steel with Tritium Microautoradiography 2005, 48, 708-711.

6.38. Y. Murakami, N.N. Youkoyama, and J. Nagata, Mechanism of fatigue failure in ultralong
life regime, Fatigue Fract. Engng. Mater. Struct. 2002, 25, 735-746.

6.39. Y. Murakami, Comprehensive Structural Integrity- Fracture of Materials from Nano to
Macro, Cyclic Loading and Fatigue, Elsiver, 2003, 4, 41-76.


http://pubs.acs.org/action/doSearch?action=search&author=Richardson%2C+H+H&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Carlson%2C+M+T&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Tandler%2C+P+J&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Hernandez%2C+P&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Govorov%2C+A+O&qsSearchArea=author
http://www.corrosion-doctors.org/Localized/Pitting.htm/

295

6.40. D.E. Williams: Electrochemical Microscopies Study of Passive Films, Electrochemical Society
Procedure 2000-4, 111-117

6.41. M. R. Ryan, D. E. Williams et al. Why Stainless Steel Corroded, Nature, 2002, 415 (6873)
770-774.

6.42. Q. Meng, G.R. S. Frankel, H.O. Colijn, and S.H. Goss: High-Resolution Characterization of
the Region Around Manganese Sulfide, CORROSION, 2004. 60, No. 4, 346-355.

6.43. D. E. Williams, M. R. Kilburn, J. Cliff, G. I. N. Waterhouse, Composition changes around

sulphide inclusions in stainless steels, and implications for the initiation of pitting corrosion, Corrosion
Science. 01/2010; 52(11):3702-3716.

6.44. S.J.Zheng, Y. ] Wang, B. Zhang, Y.L. Lhu, C.Liu, P. Hu, X.L. Ma, Identification of MnCr,04
nano—octahedron in catalyzing pitting corrosion of austenitic stainless steel, Acta Materialia 2010, 58
5070-5085.

6.45. J. W. Zhang, L. T. Lu, P.B. Wu, J.J. Ma, G.G. Wang, W. H. Zhang, Inclusion size evaluation
and fatigue strength analysis of 35CrMo alloy railway axle steel, Materials Science and Engineering:
2013,A562,211-217.

6.46. Y. T. Zhou, Y. B. Xue,D. Chen, Y. J. Wang, B. Zhang, and X. L. Ma, Atomic-scale

configurations of synchroshear-induced deformation twins in the ionic MnS crystal, Sci Rep. 2014; 4:
5118

6.47. W.-C. Chung, J.-Y. Huang, L.-W. Tsay and C. Chen, Microstructure and Stress Corrosion
Cracking Behavior of the Weld Metal in Alloy 52-A508 Dissimilar Welds, Materials Transactions,
2011, 52, No. 1, 12-19.

6.48. He Chao, Liu yongjie, Tian Ranhui, Wang qingyuan, Gigacycle Fatigue Behaviors in Fusion
Zone and Heat Affected Zone of Q345 LA Steel Welded Joints, 13™ Conference of Fracture Junel 6-
21, 2013, Beljing, China, pp 10.

6.49. b. C. Cemyxun, JI. b. 3yeB, K. U. bymmeneBa, Ckopocms yrempaseyka &
HU3KOY2NlepOOUCMOll CIManu, 0e@pmupyemotl Ha HudxicHem npeodeie mekyyecmu, [IpuknagHas
MEXHHUKa U TexHnueckas ¢usnka, 2000, 41, 197-201.

6.50. FO.U. TonoBun: Hanounoenmuposanue u mexanuyecke cC8OUCMEA MEepOblX mel 8

Cy6Mqu006’beKmaX, MOHKUX NPUNOBEPXHOCMHbIX CHOAX U NJIEHKAX, dusnka TBCPAOro TCja,

2008 50, 2113-2142.


http://www.researchgate.net/researcher/7645297_David_E_Williams
http://www.researchgate.net/researcher/14995334_Matt_R_Kilburn
http://www.researchgate.net/researcher/16058622_John_Cliff
http://www.researchgate.net/researcher/54657510_Geoffrey_I_N_Waterhouse
http://www.researchgate.net/publication/233417526_Composition_changes_around_sulphide_inclusions_in_stainless_steels_and_implications_for_the_initiation_of_pitting_corrosion
http://www.researchgate.net/publication/233417526_Composition_changes_around_sulphide_inclusions_in_stainless_steels_and_implications_for_the_initiation_of_pitting_corrosion
http://www.sciencedirect.com/science/journal/09215093
http://www.sciencedirect.com/science/journal/09215093
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20YT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20YB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20YJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20XL%5Bauth%5D

296

6.51. A.A. Volinsky, W.M. Clift, N.R. Moody, and W.W. Gerberich: Indentation-induced
Debonding of Ductile Films, Mater. Research Symp. Proc. Vol. 586: Symp. M: Interfacial
Engineering for Optimized Properties II (1999) pp. 6

6.52. A. A. Volinsky, N. R. Moody, D. C. Meyer, Stress-induced Periodic Fracture Patterns
in Thin Films, http://www.gruppofrattura.it/ocs/index.php/ICF/ICF11/paper/viewFile/9804/9220/

6.53. G. A. Kravchenko: Crack Patterns in Thin Films and X-Ray Optics Thermal
Deformation, Thesises and Dissertations, University of South Florida 2008, P.344.

6.54. A.A. Volinsky, N.R. Moody, W.W. Gerberich, Interfacial toughness measurements for
thin films on substrates, Acta Materialia 2002, 50, 441-466.

6.55.  V.V. Karasev, N.A. Krotova and B.W. Deryagin, "Study of electronic emission during
the stripping of a layer of high polymer from glass in a vacuum," Dokl. Akad. Nauk. SSR, 1953,
88, 777-780.

6.56. B. Stokes, N. Gao, P. A. S. Reed, Effects of graphite nodules on crack growth
behaviour of austempered ductile iron, Materials Research Group, School of Engineering
Sciences,  University of  Southampton, Southampton, SO17 1BJ, UK,
http://eprints.soton.ac.uk/65052/1/MSE _finalweb.pdf/

6.57. T.J. Marrow, H. Cetinel, M. Al-Zalmah, Fatigue Crack Nuclei in Austempered
Ductile Cast Iron, Manchester Materials Science Centre, UMIST, P.O. Box 88, Manchester,
M60 1QD, UK,

http://www.gruppofrattura.it/ocs/index.php/esis/ECF 14/paper/viewFile/6880/5180

6.58. E.A. llyp, Ilospexcoenue pervcos, M: Tpancnopt 1971 C 111.

6.59. S-i. Nishida, K. Sugino, C.Ukashima and H. Masumoto. Bulletin of JSME, 28, No
243, 1819 (1985).

6.60.  Z. Yajima, Y. Kishi, K. Shimizu, H. Mochizuki and T. Yoshida, Crack Nucleation
Mechanism of Austempered Ductile Iron during Tensile Deformation, Materials Transactions,
2006,. 47, 82 — 89.

6.61. K. Tsubota and A. Koyanagi, Effect of Platelie Carbides Below the Rolling Surface
in a Ball-Washer Thrust Rolling Contact Fatigue Tester, Rolling Fatigue Testing of Bearing
Steels, ASTM STP 771, J.J.C. Hoo, Ed., American Society for Testing and Materials, 1982,
380-391.


http://www.gruppofrattura.it/ocs/index.php/ICF/ICF11-

297



298



