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Abstract: Cutting is a universal method of dimensional processing and therefore occupies an
important place in mechanical engineering. The method makes it possible to process the surfaces of
parts made from the most commonly used structural, hard-to-cut materials of various shapes and
sizes with high accuracy and a specified roughness. The article discusses the influence of grinding
temperature on electrolyte consumption and cutting (grinding) tools.
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Introduction

It is known that the grinding process significantly impacts the physical and mechanical
properties of the surface layer of the material being processed [1-3].

High-speed steels are widely used to manufacture cutting tools, machine components, etc [4-6].
At the same time, high-speed steels belong to the class of difficult-to-cut steels. The carbides of
tungsten, molybdenum, and vanadium included in the steel composition determine the strength of
the material and make it difficult to process them by mechanical cutting in a hardened state.

Currently, the processing of high-speed steels in a hardened state is carried out with wheels
made of white electrocorunade and CBN, but the productivity of the process does not exceed 400 ...
600 mm?®/min [2].

Attempts to increase processing productivity lead to the appearance of defects on the machined
surface in the form of burns and microcracks, which ultimately reduces the durability of the cutting
tool during its operation [5].

Heat generation, temperature in the cutting zone and in the thin surface layer during diamond
abrasive processing have a decisive influence on the quality of the machined surface and the
intensity of tool wear. This is explained by the fact that when cutting materials, about 77 ... 99.5% of
the work turns into heat [9-12].

Methods

In the contact zone of the abrasive wheel and the workpiece, a high temperature arises,
reaching in some cases 1000 - 1600°C. All cutting processes generate heat, but when grinding it is
generated much more than when processing with cutters, milling cutters or other multi-edged tools.
This is explained by the following: the grinding speed is 10-20 times higher than the processing
speed with cutters and milling tools; abrasive grains, as a rule, have negative rake angles and
therefore, during cutting, a lot of energy is spent pressing the grinding wheel against the workpiece,
as a result, the chips are more crushed and a lot of heat is generated.

The temperature generated in the cutting zone during electric diamond grinding can, in some
cases, cause a change not only in the physical and mechanical properties of the surface layer but
also in the geometric shape of the workpiece.
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Let us consider the results of a study conducted to identify the influence of electrolyte
consumption and the characteristics of a diamond tool on the temperature generated in the
cutting zone during electric diamond grinding of hard alloys.
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Fig. 1. Diagram of a device for installing the electrolyte supply nozzle in a given position relative
to the processing area and the diamond wheel.

The study was carried out on a grinding machine model of 3A64M with hydraulic and
mechanized feed. The object of the study were plates made of hard alloy VK8 (shape 0227A)
with a groove 1.5-2 mm wide and 0.5-1 mm deep ground along the length of the middle part
and welded in this groove at a distance of 1.5 mm from the surface being treated with a
thermocouple Chromel-alumel made of wire with a diameter of 0.08 mm. The diameter of the
thermocouple junction in all experiments remained the same (0.15-0.16 mm), which made it
possible to exclude the influence of this value on the experimental results. The distance from the
thermocouple junction to the treated surface and the diameter of the junction were controlled
using an MPB-2 reading microscope, after which the thermocouples were insulated with ED-6
epoxy glue.

During the electric diamond grinding process, a layer of hard alloy 1.2-1.3 mm thick was
removed from the surface of the plate so that a distance of 0.2-0.3 mm remained between the
cutting zone and the thermocouple junction, ensuring reliable results. As a cutting abrasive tool,
a diamond cup wheel of type AChK150X20X3 with ASV grade diamonds in a TM2-5 bond of
various concentrations and grain sizes was used. A solution of the following composition (%)
was used as an electrolyte: sodium nitrate 5%; soda ash 1.3%; borax 0.5%; sodium tungstate
0.3%; the rest is water.

Results

The temperature was recorded simultaneously with the recording of the cutting force
components on an H-105 oscilloscope. The temperature in the cutting zone was determined by
the method of extrapolation of thermal field curves using the Lagrange formula. Using a special
device (Fig. 1), the nozzle for supplying electrolyte from the surface to be ground was
constantly installed at a distance of 13.5 mm; The distance between the nozzle and the circle,
taken to be 0.75 mm, was checked with a feeler gauge before each experiment. The minute
consumption of electrolyte was recorded with a measuring flask and a stopwatch.

R,
‘a0
0
200 | il T R
0 A

Y,

7 2 3 4 5 6 G wmw

Fig. 2. Temperature T in the machining zone of the BK8 hard alloy by electric diamond grinding
(solid curve) and diamond grinding (dashed curve) depending on the flow rate Q of the electrolyte and
cutting fluid, respectively (at v, = 24-,'.'-’%: - I},I}E%. Move: 5, = Eﬁ: U= 8Vif= 3045

wheel characteristic: ACB 80/63-100% TM2-5)
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Simultaneously with EAS of carbide plates, in order to obtain comparative data, they
were processed under similar conditions by diamond grinding (DG); in the latter case, the
solution used as an electrolyte in EAS was used as a cutting fluid (CF).

The conducted studies showed that with an increase in electrolyte consumption Q both
during EAS and coolant during AS, the temperature T in the processing zone decreases (Fig. 2).
In both cases, a significant decrease in T is observed in the range 1<Q<2 1/min; a further increase
in Q leads to a slight decrease in T. Research has also shown that the temperature in the EAS
treatment zone, all other things being equal, is lower than in the ADS treatment zone.
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Fig. 3. Distribution of 0°C heating temperature over the cross section of a BK8 hard alloy plate (z-distance from
the machined surface), subjected to electric diamond grinding (solid curves) and diamond grinding (dashed curves) with
wheels with different concentrations of K diamonds (at
- I},I}E%. xod: U = BB: I =54; wheel characteristic; HSP’%— TMZ —5;@ = 2i/min):
1)K=100%; 2)K=50%; 3)K=150%; 4)K=200%
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The curves presented in Fig. 3 show that as the concentration of diamonds in the
diamond-bearing layer of the wheel used increases, the heating of the processed plate increases.
This is explained by the fact that with increasing diamond concentration, the components of the
cutting force increase, as a result of which the temperature in the cutting zone also increases
(Fig. 4, a). As a result, the EAS of the plate being processed heats up significantly less than
during the ADS process.
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Fig. 4. Dependence of temperature T in the processing zone of the BK8 hard alloy by electric
diamond grinding (solid curves) and diamond grinding (dashed curves) on the concentration (a) and
grain size (b) of diamonds in the diamond-bearing layer of the wheel
=3—; Epn = 0,05 % move; U=8 B;I=45 A;wheel characteristics: ASV-TM2-5;
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grain size and concentration are indicated in the figures; Q=2 I/min

The temperature in the cutting zone is also affected by the grain size of the diamond
wheel (Fig. 4, b). As the grain size of a diamond wheel increases, the number of grains involved
in the cutting process decreases, but the proportion of allowance removed by each grain
increases. This leads to increased friction between the grains and the machined surface and an
increase in cutting force. In addition, with increasing grain size, the proportion of mechanical
metal removal during EAS increases, the interelectrode gap increases, which leads to a decrease
in the efficiency of electrochemical dissolution of the metal being processed.

Central Asian Journal of Theoretical and Applied Sciences 2024, 5(3), 122-125. https://cajotas.centralasianstudies.org/index.php



Discussions

The study found that the temperature in the cutting (grinding) zone is affected not only
by the cutting speed, elements of the cut section, geometric parameters of the tool, lubricating
and cooling technological media, physical and mechanical properties of the material being
processed, but also by the grain size and concentration of grains in the grinding wheel. Because
the cutting forces will increase with increasing concentration of grains in the grinding wheel at
the cutting point, as well as increasing the grain size, which in turn affects the cutting force.

Conclusions

When electrodiamond grinding of hard alloys, the electrolyte consumption should be
within 3-4 1/min. It is recommended to use diamond wheels with 100% concentration and
diamond grain size 100/80 — 125/100.

At high temperatures in the cutting zone, a huge number of defects appear, which in
turn affect the quality of the surface. Therefore, it is necessary to correctly select cutting modes
that are optimal for the given processing conditions, taking into account the cutting speed,
depth, wheel parameters, coolant characteristics and its correct supply. Failure to comply with
so many factors leads to product defects.

References

1.

10.

11.

12.

Gnezdilova Yuliya Petrovna, Serebrovskiy Vadim Vladimirovich, Safronov Ruslan Igorevich. Vliyanie rejimov shlifovaniya
na fiziko-mexanicheskie svoystva jeleznix pokritiy [The influence of grinding modes on the physical and mechanical
properties of iron coatings]. Vestnik Kurskoy gosudarstvennoy selskoxozyaystvennoy akademii. 2008. Ne5. URL:
https://cyberleninka.ru/article/n/vliyanie-rezhimov-shlifovaniya-na-fiziko-mehanicheskie-svoystva-zheleznyh-pokrytiy
(data obrasheniya: 15.03.2024).

Zarudi, I, & Zhang, L. C. (2002). Mechanical property improvement of quenchable steel by grinding. Journal of materials
science, 37, 3935-3943.

Kwak, J. S, & Kim, Y. S. (2008). Mechanical properties and grinding performance on aluminum-based metal matrix
composites. Journal of materials processing technology, 201(1-3), 596-600.

Paley M.M., Dibner L.G., Fild M.F. Texnologiya shlifovaniya i zatochki rejushego instrumenta [Technology of grinding and
sharpening cutting tools]. — M.: Mashinostroenie, 1988. 190p.

Raximyanov X.M., Krasilnikov B.A., Yanpolskiy V.V. Povishenie proizvoditelnosti protsessa elektroalmaznogo shlifovaniya
bistrorejushix staley [Increasing the productivity of the process of electric diamond grinding of high-speed steels].
Obrabotka metallov: texnologiya, oborudovanie, instrumenti. 2006. No4 (33). URL:
https://cyberleninka.ru/article/n/povyshenie-proizvoditelnosti-protsessa-elektroalmaznogo-shlifovaniya-bystrorezhuschih-
staley (data obrasheniya: 15.03.2024).

Bobrov V.F. Osnovi teorii rezaniya metallov [Fundamentals of metal cutting theory]. — M.: Mashinostroenie. — 1975. — 344p.
Odilovich, U. E., & Ugli, M. U. T. (2020). Analyzing the effect of magnetic field on Lubricoolant in machining process. IJAR,
6(5), 347-352.

Umarov, E. O., Mardonov, U. T., & Turonov, M. Z. (2021, January). Measurement of dynamic viscosity coefficient of fluids.
In Euro-Asia Conferences (Vol. 1, No. 1, pp. 37-40).

Shepelev A.A. Sorochenko V.G., Drojjin V.I. Temperatura pri almazno-abrazivnom rezanii polimernix kompozitsionnix
materialov [Temperature during diamond abrasive cutting of polymer composite materials]. Nauka i osvita: Zbirnik
naukovix pras (do 40-richchya spivprasi Nasionalnogo texnichnogo universitetu «Xarkivskiy politexnichniy institut» ta
Mishkolskogo universitetu). — Xarkiv: NTU «XPI», 2004. — S. 231 — 242.

Yejemesyachniy = nauchno-texnicheskiy i proizvodstvenniy jurnal «Vestnik mashinostroeniya». Izdatelstvo
«Mashinostroenie» 1978, No12

Pereira, G. K. R,, Fraga, S., Montagner, A. F., Soares, F. Z. M., Kleverlaan, C. J., & Valandro, L. F. (2016). The effect of
grinding on the mechanical behavior of Y-TZP ceramics: A systematic review and meta-analyses. Journal of the mechanical
behavior of biomedical materials, 63, 417-442.

Ren, X., Huang, X., Chai, Z,, Li, L., Chen, H., He, Y., & Chen, X. (2021). A study of dynamic energy partition in belt grinding
based on grinding effects and temperature dependent mechanical properties. Journal of Materials Processing Technology, 294,
117112.

Central Asian Journal of Theoretical and Applied Sciences 2024, 5(3), 122-125. https://cajotas.centralasianstudies.org/index.php



