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The pulse fracture of continua is met in various
fields of industry, where the processing of materials is
carried out in the dynamic mode. As examples of such
manufacturing, we can mention the vibration processing of metals, well boring, and drilling or crushing of
rocks. The most energy-intensive is the last form of
manufacture, and knowledge of the action modes optimal from the viewpoint of the energy consumption
could substantially increase the productivity. It is necessary to note that the traditional approaches used in
calculating and designing the processing devices based
on the principles of dynamic attack disregard the time
parameters of the fracture process itself. Usually, only
the classical strength criterion, which describes well the
fracture process under quasi-static action [1, 2], is used
in the calculations and fails to explain a number of
effects that are observed, for example, when processing
metals and in the case of an additional ultrasonic action
on the cutter. For certain values of vibration frequencies, it is possible to reduce strongly the cutter clamping force [3]. For example, under increasing vibration
frequency, the fracture intensity (metal removal)
increases; however, there is an optimum frequency after
which, when exceeded, this value decreases [4].
Because the vibration frequency is inversely proportional to the duration of a single action, it is possible to
assume that there is an optimum duration of loading at
which the energy necessary for the fracture-pulse generation is minimal. In other words, there is an optimum
time of supplying the energy into the fracture zone providing the peak efficiency of the action.

a

St. Petersburg State University, St. Petersburg, 199164
Russia
b Loughborough University, Leicestershire, United Kingdom
c St. Petersburg State Technological Institute, St. Petersburg,
198013 Russia
d Institute of Problems of Mechanical Engineering, Russian
Academy of Sciences, St. Petersburg, 199178 Russia
*e-mail: sev@director.ipme.ru

DETERMINATION OF THRESHOLD
AMPLITUDES AT SET FRACTURE-PULSE
DURATIONS
When solving the dynamic problems of fracture, the
criteria obtained by the extrapolation of the quasi-static
criteria of fracture into the dynamic region are frequently used; in this case, the inertial characteristics of
material and the duration of action [5] are taken into
account, but the time parameters of the fracture mechanism itself are disregarded. In these cases, it is impossible to obtain an estimate of critical characteristics valid
for both short and quasi-static actions. In this work, we
use the incubation-time criterion for determining the
parameters of fracture pulses. This approach is based
on the concept of the fracture characteristic time, the
time parameter being taken into account in this concept
as the strength characteristic of material (the incubation
time), which allows one to solve efficiently the problems on the prediction of dynamic strength of continua
[6]. The use of this approach is justified by the fact that,
for obtaining the above effects, it is necessary to consider the pulse durations in a wide range of values.
In a number of the simplest cases, the criterion for
determining the threshold fracture amplitude has the
following form [7]:
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where σs is the static ultimate strength (the yield
strength of the material) and τ is the fracture incubation
time. We assume that the pulse shape is approximated
by a smooth function
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where t0 is the pulse duration. Then the pulse action can
be set as
σ ( t ) = σ max ω ( t ),

ε
ε0
50

(2)

where σmax is the maximum stress. After substituting
Eq. (2) into criterion (1), the threshold amplitudes are
equal to those values of σmax for which the following
equality is achieved in Eq. (1):
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SOLUTION OF THE MODELING PROBLEM
As an example of the method of energy delivery to
the fracture region, we consider the problem about the
contact impact interaction. In [8] on the basis of the
Hertz classical scheme, the maximum stress in the
medium and the duration of the action arising as a result
of the impact of a spherical particle of radius R having
velocity V on an elastic half-space are calculated.
According to the Hertz hypothesis, the expression for
the contact force P has the following form:
P ( t ) = kh ,
4
R
k = --- R --------------2 ,
3 1–ν
3/2

(3)

where h is the approach, E is the Young modulus, and ν
is the Poisson ratio of the elastic medium. The maximum approach h0 is found from the formula
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The approach h(t) as a function of time is approximated
with high accuracy by the expression
πt
h ( t ) = h 0 sin ----- .
t0

(6)

The dependence of the maximum rupture stress on time
is calculated from the formula
1 – 2ν P ( t )
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where the contact-area radius a(t) is determined as
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Dependence of the fracture-pulse energy on the impact
duration.

Knowing the pulse amplitude and duration, we
determine the particle mass and velocity from (3)–(8):
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where ρ is the particle density and σmax is the maximum
stress, i.e., the pulse amplitude. After the calculation of
the particle kinetic energy, we obtain the estimate of the
energy necessary for fracture,
t 0 σ max
ε = α --------------,
3/2 4
ρ E

(4)

where m is the particle mass. The total impact duration
is

DOKLADY PHYSICS

1

3

13/2

4

13/2
2 π
5(1 – ν )
6
where α = --- -----------------3 ⎛ ----------------------⎞ ⎛ -----------------------⎞
is the
⎠ ⎝ 5 ( 1 – 2ν )⎠
3 ( 2.94 ) ⎝
4
dimensionless factor. We plot the graph for the energy
in the dimensionless coordinates (figure), where we use
the characteristics of the alloy Inconel 718 (E = 204.9 ×
109 N/m2, ν = 0.284, σs = 0.7 × 109 N/m2, and τ = 8 µs)
as the material parameters for which a significant
decrease in the rupture strength was experimentally
observed in [3] at the pulsed energy delivery in the
ultrasonic range of durations.
On the plot in the figure, it can be seen that the lowest of energy is achieved at the load durations of about
3τ. Thus, knowing the fracture incubation time for the
material, we can select the most energetically favorable
mode of treatment. In particular, adjusting the duration
of impacts, we can optimize the operation of rupture
devices of the impact type. Similarly, it is possible to
choose the vibration modes for decreasing the energy
losses during processing of various materials.
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Thus, as a result of using the structural–time
approach in which the time parameters of the fracture
mechanism are taken into account, we succeeded in
giving an explanation for the experimentally observed
effect of optimization of the energy spent on the fracture of materials by pulsed dynamic attacks. By the
example of the simplest problem about contact collision, we estimated the energy necessary for the fracture-pulse generation in the elastic medium. It was
found that this energy substantially depends on the
attack duration and has the characteristic lowest value.
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