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Abstract. The analysis of methods of high-strength materddisasive processing is carried
out. This method made it possible to determinenieessary directions and prospects for the
development of shaping combined methods. The needd metal bonded diamond abrasive
tools in combination with a different kind of engrgs noted to improve the processing
efficiency and reduce the complexity of operatiofise complex of experimental research on
revealing the importance of mechanical and elet@omponents of cutting regimes, on the
cutting ability of diamond tools, as well as theeddo reduce the specific consumption of an
abrasive wheel as one of the important economiécators of the processing process is
performed. It is established that combined diamgridding with simultaneous continuous
correction of the abrasive wheel contributes toirmarease in the cutting ability of metal
bonded diamond abrasive tools when processing stigimgth materials by an average of 30%
compared to diamond grinding. Particular recommgoda on the designation of
technological factors are developed depending enifip production problems.

1. Introduction

High-strength materials based on compounds of carliod nitrogen with tungsten, titanium,
tantalum, niobium and others, characterized byrabar of unique properties, can be used in modern
technology when manufacturing the parts of machares mechanisms subjected to increased wear,
as structural acid-resistant and heat-resistantniadd, as well as in the tool industry [1-3].

However, the wide application of high-strength mialse, in some cases, is limited due to the
difficulties associated with its processing and firevision of specified quality parameters. It is
advisable to use in this case methods based omhikation of different processes and technologies
[4-7]. In this case, the diamond grinding tools dhe most effective, but in the production
environment, resinoid bonded diamond grinding wheeé usually used and metal bonded diamond
grinding wheels are used less often [8, 9].

It is known that metal bonded grinding wheels arpesior in many respects to resinoid bonded
grinding wheels, but it has a significant drawbac tendency to become greasy and, as a result, to
reduce or lose its cutting ability completely, bere is a need for constant or periodic dressiog [1
11].

When considering the cutting ability of grinding @dis as a whole, under certain assumptions, it
can be represented as the g-ratio, that is, tielvatween the volume of the material and the valum
of the depleted abrasive. In this case, the g-railbbe determined by the characteristics of the
grinding wheel itself (grain size, hardness, stitest etc.), as well as the mechanical components of
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the cutting regimes. A similar trend is maintairfed metal bonded diamond grinding wheels, but
only without the use of combined methods.

It is preferred to use the metal bonded diamondding wheels in combination with different
kinds of energy (electrical, chemical, etc.), whiohkes it possible to increase processing effigienc
and reduce the laboriousness of individual opemnat[@0-12].

The widespread introduction of combined technolegird its improvement leads to the need for
clarification of the technological parameters ieleparticular case [8, 9, 11, 13].

For that matter, it is of considerable interesetaluate the influence of technological factors of
combined diamond grinding of high-strength materiah the specific consumption of metal bonded
diamond grinding wheels.

2. Materials and methodsresear ch

In this paper, the specific consumption of diamaihdasive tools as one of the important economic
indicators of the processing during combined etettemical grinding with simultaneous continuous
correction of the metal bonded diamond grinding @he estimated. This method combines the
anodic dissolution of grinding products that ararfed on the surface of the grinding wheel, ensuring
the work of the wheel in the self-sharpening madel simultaneous electrochemical softening of the
working area of the processed material.

To implement the complex of experimental reseaecHaboratory facility based on a surface
grinding machine B711 was designed and created.

The analysis of various methods of combined diamgndding allowed one to reveal the
following factors that affect the processing: diegscurrent densityis, [A/cm?, etching current
densityi [A/cm?], wheel speed [m/s], the depth of cut[mm] and feedS [m/min]. In the conditions
of the same implementation process, these factots fiylly reflect the proposed technology.

For research, the experiment design, necessarynimire the number of experiments during the
determination of the mathematical model of the gsscunder study with the aim of reducing labor
intensity and material costs was carried out.

A study of the dependence of the combined procgssionditions and parameters on the
mechanical and electrical components of the hdoysprocessing modes (depth of ¢yimm] and
feed rateS[m/min]; the dressing current density{A/cm?] and the etching current density[A/cm?)
was undertaken. Thus, 4 factors were taken intowadcand 16 experiments were carried out.

Factor levels and its variation intervals were @mo# accordance with the recommendations
developed earlier [13]. The speed of whé@n/s] was constant.

The specific consumption of diamond grinding whgejmm¥mn?] is adopted as the output
parameter.

After each series of experiments, the wheel wavenh from the laboratory facility and, using a
special device, the specific consumption of the el/lneas measured linearly as a ratio of the volume
of the depleted diamond wheel [firto the volume of the removed material [fim

The surface condition of the diamond wheel and ghecessed products was controlled using
modern techniques of visual and structural analysis

The results of the output parameter study by tlaangke of hard alloy WC8 are given in the paper,
due to wide use of this alloy in production asracttiral and tool material.

In the studies, metal bonded diamond grinding wheéthe 1Al form with a grain size of 80/63
were used. Metal conductive binder of grade M2-@% wsed. Salt solution containing 0.5%0la;
and 1% NacCl dissolved in water was used as thérelgte.

3. Results and Discussion
At the first stage of the study, a full factoriadperiment was set up. The results of the experiment
showed that investigated output parametdoes not obey the normal law, therefore, the ityated
dependence can not be approximated with sufficieotiracy by the first-order equation.

Therefore, the experiment was set up on the prograeentral compositional planning of the
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second order. Sixteen complete factorial experim&mre conducted, and seven experiments in the
center of the plan were supplemented by eight éxgeaits in “star” points.

As a result, it was established that the parametder study can be adequately approximated by
the regression equation of the form:

q = 0.45+0.09S+1.55t+0.03j1.44is+0.01S+38.6t—0.002i*—3 59/ (1)

At the second stage, the mathematical analysih@fstudy results of dependence of diamond
wheel specific consumptiog [mm¥mn?] during processing of the WC8 alloy on the mecbahi
components of the regimes (depth oftcumim] and feeds [m/min]) was performed, and the following
dependence was obtained:

q = 0.694+0.09S+1.55t+0.07$38.61. 2)

The response surface of the parameter under stughoiwvn in Figure 1.
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Figure 1. Dependence of the specific consumption of theellom the mechanical
components of the combined diamond grinding modes.
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Figure 2. Dependence of the specific consumption of the elvlan the electrical
components of the combined diamond grinding modes.
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At the third stage, the statistical analysis of ttependence of the diamond wheel specific
consumption on the processing modes electrical ooemts (dressing current density [A/lcm?],
etching current densitiy, [A/cm?]) was conducted and the following dependence \béaired:

q = 0.716+0.03i¢+1.44i—0.002i—3.59i7. ()

The response surface of the parameter under ssushoivn in Figure 2.

At the next stage, a number of experimental studie® conducted aimed at identifying rational
regimes for combined diamond processing, providiatisfactory cutting properties and a minimum
specific consumption of metal bonded diamond grigdirheels.

Taking into account the data obtained at the previiages, it should be noted that with minimum
values of the constant electrical components ottmbined diamond processing modes, the values of
the sought parameter are in the range of 1.4...1.6 mriimn?®, which does not exceed 10% error
when compared with theoretical data.

Analyzing the results obtained, it should be nothdt the maximum values of the modes
mechanical components (depth of ¢ut 0.04 [mm] and feed = 4 [m/min]) should be used in
roughing operations where maximum productivityeguired when removing the allowance. But in
this case, an additional periodic dressing of tlaendnd wheel is required in view of fouling, which
leads to an increase in its consumption.

To ensure satisfactory cutting properties and mimmtonsumption rate, the depth of tet 0.02
[mm] and feed rat&= 2.0 [m/min] should be assigned.

At the final stage, an experimental study of thBuance of the electrical components of the
processing modes (dressing current denisitjA/cm?], etching current densitig; [A/cm?) on the
specific consumption of the diamond wheel undehanged mechanical conditions was made.

When the etching current density is varied withir 10 [A/cnf] and the dressing current density
is varied withinig, < 0.1 [A/end], the cutting ability of the diamond wheel is lobecause the
dissolution products of the treated surface forgremsy layer that prevents the worn out grains from
being changed. For this reason, additional peradditessing of the wheel is required while the
specific consumption rate gs= 1.2...1.4 mriimn’.

The increase in the etching current density irréimge ofi,, = 10...15 [A/cmi] and dressing current
densityig = 0.15...0.3 [Alcrf] contributes to a decrease in the specific consiompate of the wheel
to g = 0.6...0.8 [mMfmm’]. Under these conditions, the diamond tools haabls cutting properties
due to the self-sharpening effect; there is noifigubn the surface of the wheel.

When etching current density = 15 [A/cnf] and dressing current density= 0.35 [A/cnd], the
specific consumption rate is stabilized at the llefe = 0.8 [mni/mnT]. In this case, due to effective
removal of processing products, the wheel has h bigting ability, and electrochemical softening
reduces the intensity of plastic deformations amernal stresses in the surface layer of the wedgi
which leads to an improvement in the quality of fiheshed product.

An increase in the etching current density to mibran i, > 20 [A/cnf] and dressing current
densityig > 0.4 [A/cnf] contributes to an increase in the electrochensoétening of the surface of
the part leading to a decrease in quality, and tduthe high density of the dressing current, the
working surface of the wheel dissolves intensivealizich leads to an increase in the consumption rate
of the wheel. Therefore, this mode can be usedoughing operations to increase productivity.
Comparing the experimental data obtained by theente of the modes electric components on the
specific consumption of the wheel with the theaadtdata, the error did not exceed 10%.

4. Conclusions
Based on the results of the planning and statisticalysis of the data obtained, a regression euat
is found, which adequately approximates the ingastid output parameter of the specific
consumption of metal bonded diamond grinding whegtem*mm®] on the mechanical and electrical
components of the proposed method for combineddalid@nprocessing of high-strength materials.

It is established that combined diamond grindinghvdimultaneous continuous dressing of the
wheel contributes to an increase in the cuttingjtaluif metal bonded diamond tools when processing
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high-strength materials by an average of 30% coetptr diamond grinding.

For the production use of the considered methodhigh-strength materials processing, the
following recommendations are proposed:

To ensure a minimum specific consumption of metahded diamond grinding wheels and
satisfactory surface quality of high-strength miater the following rational regimes should be used
depth of cut ig = 0.02 [mm], feed i$ = 2.0 [m/min], etching current densityiig= 15 [A/cnf] and
the dressing current densityiis= 0.35 [A/cn].

On preliminary and roughing operations, in ordeetsure a high cutting ability of the diamond
wheel and with low requirements to the quality lo¢ treated surface, it is recommended to set the
depth of cut in the range of 0.02 ... 0.04 [mm], feedS= 2.0...4.0 [m/min], etching current density
- iet = 20 [A/cnt] and the dressing current densify, = 0.4 [A/cn]. It should be noted that processing
in elevated modes entails an increase in speafisumption to an average of 20%.
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