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EWF value can be considered as an indicator of surface
energy of a condensed system (CS). Since, above all, it is
understood as technological impact the modification of
machining modes, so it is practically feasible to slightly
change the feed value or the cutting speed, and in some cases
– the cutting depth.

Abstract
The work is carried out with a view to establish a mechanism
determining the changes of surface energy value according to
the modes of technological influence at edge cutting
machining of construction materials. This variability leads to
irregularity of product performance characteristics, such as
wear resistance and durability.

The experiment does not involve determination of surface
energy in its final form, but obtaining the values of certain
energy constants, which would allow to determine the value
of the surface layer energy.

Surface energy of parts is taken into account while performing
various technological operations such as welding, soldering,
gluing, application protective coating, etc., during production,
operation and repair. Meanwhile, this problem is very
complicated, as the same materials are remarked to have
variable surface energy values. The dependence between
technological parameters during production of parts and their
surface energy value is established.

EWF is a relatively sensitive characteristic of surface states,
and, in the same way as the value of surface energy, it is
different for various crystal facets. Due to the great
complexity of the considered phenomena there is no any strict
theoretical justification by calculations yet.

As a physical characteristic the electronic work function was
suggested, allowing to estimate the energy state of iron-based
construction materials. Relationship between the intensity of
abrasive machining of construction steels and the surface
electronic work function is determined. Relationship between
stressed and energetic state of metal surfaces is shown.

The work objective is to study the physical-mechanical
properties of iron-based materials, of steel C45, 41Cr4, Fe373FN.

The materials of the article may be useful for technology
development providing high operational characteristics of
items made with construction materials.

Physical-mechanical properties of the surface layer of
equipment parts change under the influence of technological
medium as a result of impact of strength and thermal factors.
While machining with abrasive tool the main influence on the
surface state is performed by strength and thermal factors. The
result of such impact is the structure destruction, displacement
of crystals and turns, as well as surface hardening [5-6]. With
that, in the part surface layer it is possible to distinguish the
following zones:
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INTRODUCTION

 strong deformation zone, characterized by considerable
distortions of the crystalline lattice, crushing of crystals,
increase of micro-hardness;
 zone characterized by stretching crystals along the
machining, by overlapping of ones by the others, by
reducing micro-hardness (compared to the first zone);
 zone of transition from the zone subjected to technological
influence and the one of the main metal.

Numerous studies of energy potential of bodies in the
condensed state suggest that the electronic work function
(EWF) is the most capacious physical characteristic for
determining the surface energy of metals. EWF level is
influenced by structural transformations in the surface layer:
distortions and destructions of crystalline lattices, alloying
process, etc. At technological generation of part surface made
with iron-based construction materials electronic density
redistribution occurs. Based on the works [1–4], it is possible
to accept that energy transfer from one element to another is
constant. Controlling the values of energy levels is quite
possible by relevant technical methods with which these
levels are brought to the desired value.

Figure 1 conceptualizes interaction of the abrasive cutting
wedge with the iron-based construction material. By
performing the main cutting movement Dr, the grinding wheel
moves along a linear trajectory, providing cutting depth h, to
which it was adjusted prior to the cutting process. However, it
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The base of mechanical machining and operation is elasticplastic deformation of the surface layer, resulting in heating
and cooling, structural phase transformations, as well as
energy absorption. The absorbed energy is accumulated in the
surface layer and has a significant impact on its operational
characteristics. Certain sources point out the dependence of
physical-mechanical properties of the material on the CS
surface energy [10–12].

is known that the machined surface, after tool removal due to
elastic recovery rises slightly and takes a new position at the
distance hy from the previous one [5].
In the light of the foregoing, the interaction of abrasive grain
as an element, such as abrasive wheel, abrasive brick, or
abrasive grain in powder form does not possess any
particularities.
The diagram analysis according to Fig. 1 leads to the most
important conclusions. Restoring by the value b1 occurs after
tool removal, when, seemingly, such forces cease to impact
the machined material. In fact, recovery takes place under the
influence of energy of the surface layer of the CS material.
Moreover, hy values are very closely related to the machining
method, as well as to the technological process modes. The
last fact directly points out that the layer energy state can be
modified by selection of relevant machining modes.

In particular, while grinding when the front angle of abrasive
grain is negative, the tensile stresses are created. This is due to
the prevailing influence of temperature in the cutting zone and
to uneven cooling, which leads to stretching of the quickly
solidifying, under the influence of the coolant, surface layer
from the side of internal layers, i.e., to creation in it of tensile
residual stresses [2].
In this paper, for reaching the set objective the task was to
assess the EWF modification depending on the abrasive
machining modes [13-18]. As an object of study samples of
construction steels C45, 41Cr4, Fe37-3FN were selected.
Each material was subjected to mechanical machining at the
flat grinding machine in the range of feeds f from 0.029 to
0.051 mm/course. After machining the electronic work
function was determined with the help of the pilot unit.

STUDY RESULTS
The experiment results are given in Table 1.
Table 1: Experimental values of the electronic work function,
f, мм/rev

C45

41Cr4

Fe37-3FN

0,029

6,90388E-19

6,905E-19

6,9334E-19

0,036

6,91256E-19

6,9098E-19

6,93464E-19

0,041

6,9168E-19

6,91744E-19

6,93748E-19

0,051

6,92324E-19

6,92404E-19

6,93896E-19

The EWF values were calculated according to the dependence
[7-9]:

 Ме   e  e Vc .
where φe is the electronic work function; e is the electron
charge; φMe is the electronic work function of the studied
sample; Vc is the contact potential difference of the studied
sample.
EWF dependence on the value of longitudinal feed at grinding
of iron-based construction materials is represented in Fig. 2.

Figure 1. Interaction of the abrasive cutting wedge while
grinding
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Figure 2. Dependence diagram of the electron work function on the feed value at grinding.
2015. № 2-2. Pp. 251-254.

From the diagram it can be seen that by increasing the
longitudinal feed on the course at grinding, the EWF value of
the studied samples made with steel C45, 41Cr4, Fe37-3FN
increases.
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SUMMARY AND CONCLUSIONS
Analysis of the experiment results shows for all three
construction materials the same pattern of EWF increase with
increasing longitudinal feed at surface grinding. A
characteristic feature of the grinding operation is the increased
values (approximately 1,200 0C) of the temperature in the
cutting zone. As grinding is accompanied by intensive feeding
of the coolant-lubricant, the surface is cooled faster. Because
of the difference of cooling speed of the outer and inner part
of the material, tensile residual stresses [9] are formed on the
surface. The higher is the grinding feed, the higher is the
temperature in the cutting zone, and hence, the greater is the
tensile residual stress value. It may be determining for the
EWF increase.
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