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ABSTRACT

Electrochemical methods have found their greatest
usefulness in the dimensional machining of surfaces
of machine parts, based on complex processes of metal
dissolution. The authors study the results of bench
tribological tests of the results of application of the
combined method of diamond electrochemical honing
and galvanic chroming, creating high-strength surface
layers, that showed the measure of intensity of wear,
deviation from the optimum regimes, the causes and

nature of emergence of coating defects. To fulfill the
test conditions, appropriate equipment, technological
equipment, tools were used, and an appropriate type
of electrolyte medium was provided. The structure of
the created equipment, in particular, included
modernized vertical honing semi-automatic machines
and mechanical devices. Based on the testresults, the
possibility of combining two methods of electrochemical
metal surface treatment subject to high tribological load
was confirmed.
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Background. To solve the technological problems of
creating new equipment in the industry, it has become
increasingly common to use and develop methods for
processing materials based on the nonmechanical action of a
tool on a workpiece. In most similar cases, electrochemical
processing methods are used (ECP) [1-3].

ECP prevails in the technologies of dimensional machining
(shaping) of the working surfaces of machine parts using the
processes of metal dissolution, but ECP control in comparison
with the machining processes is a technologically difficult task.
Moreover, ECP in the production of machines can improve the
accuracy of machining of parts, and thereby raise the reliability
of the product as a whole [4, 5].

Objective. The objective of the authors is to consider the
performance of the method of combination of diamond-
electrochemical honing and galvanic chroming.

Methods. The authors use general scientific and
engineering methods, comparative analysis, evaluation
approach.

Results. An example of the use of ECP is the combined
method of diamond-electrochemical honing (DECH) and
galvanic chroming, which was tested for steels 30HGSA,
30HN2MFA, 35HN2MFASH, 23HGS2MFALU, St. 50A [6, 7].

The ranges of variation in roughness and macrogeometry
were 0,2-0,3 um and 0,01-0,02 mm, respectively. These
results are formed in conditions of optimal values of current
density, duration of operations, specific pressures of expansion
of bars, varieties of tools [8]. The change in the hardness of
the surface layer and the pattern of internal residual stresses
confirms the regime ranges selected during the macro and
microgeometric studies.

Suitable hardening growth ranges were obtained: 16,6—
17,9+ 102 MPa. The nature of distribution of internal residual
stresses in the superficial layer (0,1-0,4 mm) is determined
by the variety of abrasive tools used. The greatest values of
such stresses (-50...-400 MPa) are fixed when using bars of
type 15AM50St1B. The choice of the type of abrasive tool
determines the duration of sparking-out, the effectiveness of
hardening of the surface layer. The duration of sparking-out is
estimated at 6 to 8 seconds.

Bench tribological tests of combined DECH and galvanic
chroming, creating high-strength surface layers, determined
the intensity of wear 0,002-0,003+ 10-° kg [9]. This range is
performed under the conditions of the established combination
of DECH modes at the established thickness of the galvanic
coating. These studies, taking into account the analysis of
fractograms, demonstrate the difference in the development
of wear process.

The formed surfaces after the tribological tests are
characterized by combinations of light-gray background with
one-sidedly oriented microrelief, and also perfectly smooth
parts with no traces of microcutting, nor ofadhesion-cohesive
setting in conditions of dry friction.

However, deviations in the work regime of application of
the combined DECH method and galvanic chroming from the
optimum modes create disturbances in stable tribological
interaction, causing defects in the coating. Bench tests of the
combined method’s capabilities under conditions of alternating
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cyclic loading, as well as tests for estimating the impact
elasticity values in general, confirm the choice of selected
ranges of regime for certain level of the galvanic chrome
coating layer. Thermocyclic tests have shown that it is possible
to reliably operate parts at a temperature range of 1260-
1280 °C. At higher temperatures, the surface of the sample is
covered with a layer of oxide films.

In addition to the tests listed above, the friability of galvanic
coating on the surface formed by the diamond-electrochemical
honing method was assessed. The conducted evaluation
showed that the established range of modes provides values
of friability of 2-3 % and is a significant improvement in
comparison with the possibilities of reaming and boring
methods [10, 11].

To implement the combined DECH and galvanic chroming
combined method appropriate equipment, technological
equipment (devices), tools, relevant electrolytes, and
optimized modes were used.

The composition of the set of equipment for the
implementation of the combined method included modernized
vertical honing semi-automatic models 3M83, 3K82U, 3821,
special tools and devices were used, the designs of which are
unified and interchangeable.

A honing tool with a mandrel was also used. The main
design value for the design of a honing tool is length of
its cathode section. The greatest durability belongs to
mechanically fixed insulators made of plastics that do not
change their properties in the electrolyte: caprolon,
fluoroplastic. The insulating coating made of thermosetting
material AG-4V based on feyoolformaldehyde resin and
glass fiber as a filler is also of great strength. The coating
is applied by injection molding. The gap limiters from the
viewpoint of the theory of friction and wear should
preferably be made of materials of high hardness.
However, attempts to apply gap limiters made of oxide
ceramics or poly-crystalline superhard materials proved
to be unsuccessful, since when limiters contacted the
surface being treated, scratches formed and roughness
worsened [12, 13]. Therefore, the honing tools were
equipped with plastic limiters.

The efficiency of a honing tool depends on the accuracy
of production and the materials used. Power elements (body,
expansion collar, wedge blocks) were made of heat-treated
(hardened with low tempering) steel 30H13, and the landing
of movable joints were made according to 7-8 accuracy
standards [14].

The accessories for diamond-electrochemical honing are
mechanical and are designed taking into account the
peculiarities of their operation. During idle time salts are
deposited in the gaps of mobile compounds. In order to keep
the mobility, the devices do not use precise landing, and the
interface surface area is assumed to be minimal. As testing
has shown, the contact surface «current lead—-workpiece»,
located in the electrolyte, is subject to anodic dissolution [15].

Therefore:

1) supply of current to a workpiece is carried out by means
ofan easily replaceable special contact element, which is part
of a device;
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2) flow of current in the areas of coupling of a device with
a workpiece is excluded, especially on the basis surfaces.

If the workpiece had holes or slits that intersect with the
surface being treated, then the devices use plugs that eliminate
leakage of the electrolyte [16].

Conclusions.

As aresult of the tests, it should be noted:

— a high level of macro- and microgeometric accuracy —
0,071-0,03 mm and 0,2-0,4 um, respectively was achieved;

— compressive character of the internal residual stresses
is formed, the maximum values of which are within the range
of 100-400 MPa at a hardness value of 16,6—-17,9+ 10 MPa
and a surface layer value of 0, 1-0,4 mm;

— structural and phase particularities in the formation of
the surface layer in comparison with the main material were
not revealed;

— bench tribological tests showed an increase in wear
resistance by 5-10 % regarding to the combined mechanism
of cohesion-adhesive wear;

— tests in the conditions of cyclic alternating loading form
a certain increase in longevity (8—10 %) with provision for
specifically selected intervals of values of impact elasticity of
samples, at the same time the adhesive strength of the galvanic
coating grows at the values of friability of 2-3 %;

— thermal cyclic tests have shown reliable serviceability of
parts surfaces at temperatures up to 930°C;

— based on the results of the studies, the following ranges
of regimes of DECH method were obtained:

« current density 20-30 A/cm?;

+ specific pressure of a honing tool 0,4-0,5 MPa;

« electrolyte pressure 0,6-0,8 MPa;

+ voltage 14-20 V;

+ duration 90-200 s;

- electrolyte 10—15 % solution, TMS-31;

« ratio of the rates of reciprocating and rotational
movements of 0,2-0,3;

— violation of the operation mode of the method of
diamond-electrochemical honing causes cracks and
breakdown of the superimposed galvanic coating.
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