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FALTERING GRINDING WITH APPLICATION
OF ECOLOGICALLY SAFE FIRM LUBRICANTS

C.M. Ymuncokuii, O.0. Aximos, JI.B. Bosnespa, HM. Kuimenxo, B.O. banan. IlepepuBuacte muiidyBaHHsi i3 3acTOCyBAHHAM
€KO0JIOTiYHO 0(e3Me4YHNX TBEPAMX MACTHJIBHHX MaTtepiaiiB. [ 3amoGiraHHs MNOSBM TNPIKOTOB NpU IUTQYBaHHI 3aCTOCOBYIOTH
MaCTHJIFHO-0XOJIOKyIoui TexHosoriuni 3acodu (MOT3) i mepepuBuacti kpyru. Bemuka kimpkicte MOT3 sBiste peansHy 3arposy mms
3[I0pOB'sl JTFOMHK 1 HABKOJIMIITHBOTO CEPEIOBHINA, & 3aCTOCYBAHHS [IEPEPUBYACTHX KPYTiB CTPUMYETHCS Yepe3 BEIMUKY KiNbKIiCTh HeOaKaHUX
no0IYHKUX eeKTiB, 10 BUHUKAIOTH NpH IXHiH poOoTi. Llink HOCHiKeHHS — 3HIKEHHS HeOaKaHUX e(EKTIB, IO CYNPOBOIKYIOTH MPOLEC
TepepuBYACTOrO HUTi(QyBaHHS, 1 3MEHIICHHS LIKIJIMBOrO BIUIMBY HA 30POB'S JIIOJMHH HPH JAOCATHEHHI HEOOXiTHOI SKOocTi 00po0IroBaHol
noBepxHi. TeopeTMuHO OOTPYHTOBaHA il EKCIIEPUMEHTAIBLHO MepeBipeHa MOXKIMBICTH 3a0e3leueHHs HEeOoOXiqHOI SKOCTI Ha omeparii
HutipyBaHHS 32 PaXyHOK 3aCTOCYBaHHS HEPEPUBYACTHX KPYTiB i €KOJOriYHO OE3MEYHUX TBEPAMX 3MalleHb. J{Jis MmiJBHILEHHS CTIHKOCTI
nutipyBaIbHUX KPYTIB 1 MOMIMIIEHHS SKOCTI TOBEPXHEBOTO LIapy 0OpOoOIIOBaHUX JeTalield po3po0IeHUIT CKiIa] TBEPAOTO iMIIperHaTopa, o
BOJIOJIi€ TOOPUMH MAaCTHJILHO-OXOJIODKYIOUMMH 1 aHTIQKIIHHUMHU SKOCTSMH, IO JO3BOJISIFOTH MACTWIIy 3ajMLIaTHCS B 30HI pi3aHi.
ExcrnieprMeHTaNbHO BCTAHOBJICHO, IO MPH NLTiI(yBaHHI IMITIPErHOBAHUM KPYTOM IIOTYXKHICTb, 10 BHTpPadaeThcs Ha pizanHs Ha 30...40 %
MeHIIIe, HiX TpH HUTi(QyBaHHI 3BUYaiHUM KpyroMm. BcTaHOBIEHO, 10 BUAUICHHS B MPOIECi HUTi(GyBaHHS iMIPErHOBaHUM KPYTOM BOJHIO 1
asory 1 ix ajcopOaris Ha FOBEHINIbHIN MOBEPXHI iHTeCiDilipye Nmpolec 3HEMIIIHEHHS TOBEPXHEBHUX LIAPiB 0OPOOIIOBAHOTO MaTepiany i, K
HACIIi JIOK 3HIKYE CHEPrOEMHICTb IPOLIECY CTPY)KKOYTBOPEHHS. Pe3ybTaTn 10CiiKeHb MOXKyTh OyTH BIPOBADKEHI HA OMEPALlifX IIOCKOTro
nutipyBaHHS 1 3aTOUyBaHHS METAJIOPI3aIbHOTO IHCTPYMEHTY. EJIEKTPOHHO-MIKPOCKOMIYHI JOCIIKEHHSI 00pOOJICHUX TOBEPXOHb MOKA3aJH,
o nuTi()yBaHHS IMIPETHOBAHUMH KOJIAMH 3HAYHO 3MEHIIYE aJire3iiiHi CXOIUTIOBaHHS 00pOOIIOBAaHOTO MaTepiaity 3 aOpa3uBHIMH 3€PHAMH i,
SIK HACIliJOK, 3pOCTAa€ pixKyda 3[aTHICTh HUTI(YBaILHOIO KPyTa.

Kutouosi crosa: TBeplie 3MAILICHHS, piKy4a 37aTHICTh, UMIPErHIPOBAHUH KPYT

S. Uminsky, O. Yakimov, L. Bovnegra, N. Klimenko,V. Balan. Faltering grinding with application of ecologically safe firm
lubricants. To prevent the appearance of burns when grinding, lubricating and cooling technology means and intermittent circles are used. The
vast majority of lubricating and cooling technology means represents a real threat to human health and the environment, and the use of
intermittent circles is hampered by non-human side-effects arising from their work. The purpose of the study is to reduce the non-human effects
associated with the process of discontinuous grinding, and to reduce the harmful effects on human health when the desired quality of the surface
to be treated is achieved. The theoretically proved and experimentally tested the possibility of providing the required quality for grinding
operations by using intermittent circles and environmentally sound solid lubricants. In order to increase the stability of the grinding wheels and
improve the quality of the surface layer of the workpieces, a solid impregnator with a good lubricating and cooling and anti-friction properties has
been developed to allow lubrication to remain in the cutting zone. It has been experimentally established that when grinding on a impregnated
circle, the power consumed for cutting is 30...40 % less than when grinding with a normal circle. It has been established that the extraction during
the grinding process with the impregnated circle of hydrogen and nitrogen and their adsorption to the juvenile surfaces intensifies the process of
hardening of the surface layers of the material to be processed and, as a consequence, reduces the energy intensity of the process of chip
formation. The results of research can be implmented on the operations of flat grinding and sharpening of metal-cutting tools. Electron-
microscopic studies of the treated surfaces showed that when grinding with impregnated circles, the adhesion setting of the material to be
processed with abrasive grains significantly decreases and, as a result, the cutting ability of the grinding wheel increases.

Keywords: impulse, the firm greasing cutting ability, lubricants, a circle

Introduction. To prevent the occurrence of burns when grinding the lubricant-cooling technical
means and intermittent circles are used. The overwhelming majority of the means is a real threat to
human health and the environment, and the use of intermittent circles is hampered due to undesirable
side effects arising from their work.

Formulation of the problem. Grinding is often the final operation of the process, which must
ensure the quality of the surface layer of the part being manufactured. The required physicomechanical
state of the surface layer of the workpiece is often not ensured due to the high thermal stress of the
grinding process. Reducing the temperature in the cutting zone can be achieved by using grinding wheels
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with a discontinuous working surface and lubricant-cooling technological means (LCM). In the
works [1, 2], an analysis of modern production processes was carried out, on the basis of which it was
concluded that one of the main environmental pollutants are the lubricant-cooling technological means.

Evaporation, splashing, LCM spill, as well as their concentration in chips, rags, possible dis-
charge into the sewer system causes irreparable damage to the environment [3]. Means used for grind-
ing are extremely harmful to human health. In particular, trichlorethylene, orthophosphates can cause
depression of the nervous system; nitrides and their combinations with diethanolamines are the strong-
est carcinogens; sulfur compounds are extremely toxic. As a result of grinding with the use of cool-
ants, the ambient air is polluted with chemicals such as aldehydes, hydrogen chloride, formaldehydes,
sodium nitrates, etc., which pose a high threat to human health [1, 2, 3].

The works [1 — 6] are devoted to finding ways to reduce the harmful effects of LCM on the envi-
ronment, and the works [7 — 9] solve the problem of minimizing their effect on human health.

The aim of the work is to ensure the required quality of the surface layer of parts on the grinding
operations with the use of coolants, the negative impact of which on the environment and human
health will be minimized.

The presentation of the main material. To develop effective measures for controlling the ther-
mal stress of the grinding process, it is necessary to know the contribution of the energy expended on
cutting and friction. The tangential component of the cutting force P, can be represented as

P, =P +Pr; (1)
Pi=f- Py; (2)
Pr=06-S, (3)

where f — coefficient of friction of grains of a circle with the material being processed,;
& — conditional cutting stress, N/m?;
S — sectional area of cut, m?.
It is known from [10] that

2-[3]s
I:>Z.I’ =" S ] 4
Ks.r ( )
where [3], — compressive strength of the material being processed, N/m?,

Kslrzizﬂsz_f_ (5)

Py Py

In view of (2) and (4), expression (1) takes the form

PZ:f-Py+2'[6]s-s. (6)

s.r

Dividing the dependence (6) on P, with K, =P,/P,, we get

K= 420k g @)
Ksr - Py
We transform the dependence (7) to the form
2:[6]s - S
=—— = - 8
! (Ks_f)'Ks.r ()
Taking into account (5) we get
2 * 8 s * S
p =20k S ©)
(Ks=f)
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Taking the total cutoff area of all working grains S in the form of the ratio of processing perfor-
mance Q to the speed of the circle Vi, , the expression (9) can be represented as

P, -Vig - (Ks — f)?
2-[8]om
From the expression (10) it follows that the grinding performance Q significantly depends on the

parameter K = P,/R,, which is included in the form of the square of the difference (K, — f)?. This

parameter varies in a very wide range: from zero (the case of transition from the cutting process to the
process of friction), to values of 0.6...0.8 (the case of high-performance grinding, when K, > ). As

the cutting grains wear out and the grinding wheel becomes blunt K, — f, the machining perfor-
mance decreases. Difference (Ks — f) is a parameter that is very sensitive to change K, especially

when K it is little different from the coefficient of friction f.

Consequently, grinding performance can be controlled on the basis of parameter optimization
K. . This parameter can be stabilized in time due to modes that provide self-sharpening of a circle or
by using impregnating compositions and circles with a discontinuous working surface. To increase the
grinding performance Q, it is necessary to increase K or decrease the friction coefficient.

To increase the durability of grinding wheels and prevent the appearance of grinding defects
(burns and cracks) on the surfaces being treated, a solid lubricant was developed [11], which contains
environmentally friendly and inexpensive substances. The components of the composition of solid lubri-
cants are taken in the following ratios, wt.%: Stearic acid 60...65; Oleic acid 20...25; Acetamide — else.

The above composition has good lubricating and cooling and anti-friction properties, as well as
good adhesive properties, allowing the lubricant to remain in the cutting zone. The advantage of acetam-
ide is that when it is introduced into the lubricant does not deteriorate the environment of the workplace.

Manufacturing technology of solid lubricant is as follows. Stearic acid is poured into a container and
heated to dissolve (90...110°), oleic acid and acetamide are added, all components are mixed until com-
pletely dissolved in stearin and poured into molds. Acetamide increases the adhesion of the composition,
increases the temperature stability of the entire mixture of substances and their solution in stearic acid.

Molecules of oleic and stearic acids are absorbed on the contact sur-
faces of the grinding wheel and the metal being processed, effectively 650
acting on the friction process. At high temperatures, physical absorption
is accompanied by chemical exposure between the absorbed male mole- 550

o]
350

Q= (10)

cules of stearic and aleic acids with the metal being treated, with the for-
mation of metallic soaps. The latter have good antifriction properties and
protect the abrasive grains from wear [12]. At elevated temperatures =
(200...400°), in the zone of contact of the grinding wheel with the metal <
being processed, combustion and decomposition of surface-active sub-
stances occur with the formation of highly active hydrogen gas. Hydro-
gen and nitrogen released during the cutting process facilitate the cutting
process. The presence of hydrogen and nitrogen in the grinding zone and

250
/

mu) mmm) mmm) mmm) =)

their abscession onto juvenile surfaces intensifies the process of weaken- 158 02 003 004
ing of the surface layers of the material being processed. — m—p ==
The results of measurements of the powerQ expended on cutting, t mm

when grinding with ordinary and impregnated circles, TIIT 250x20x76
24A 25 CM2 6 K5 are shown in Fig. 1. spent on cutting, on the depth

Samples of C105W2 steel were processed on a 3['71M surface of grinding: continuous lines —
grinding machine in the mode: circumferential speed of a circle grinding with a continuous
Vie =35 m/s; longitudinal feed Vi =10 m/min; depth of cut circle, dotted lines — grinding
t=0.02 mm, t=0.03 mm, t=0.04 mm. with an impregnated circle

Fig. 1. Dependence of power,
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From the graphs it can be seen that when grinding with an impregnated wheel, the power ex-
pended on cutting is 30...40 % less than when grinding with an ordinary wheel. This is due to less en-
ergy to overcome external friction.

Fig. 2, Fig. 3 shows the experimental data on the comparative assessment of the cutting capacity
of a continuous, intermittent (hnumber of cavities n=12, the ratio of the width of the depression to the
length of the cutting protrusion N =1,/ =0.6) and the intermittent imprinted circles of the IIIT
250x20x76 24A 25 CM2 6 K5 in time when processing samples of steel C1I05W2 on a surface grind-
ing machine model 3I'71M according to the elastic scheme (F, =1.2 N/mm) without lateral feed.

Fig. 2 shows the dependences, Aq = f (1), Ks = f(t) and Fig. 3 is a graph K = f (1), where K is

the specific metal removal per unit of time, mm?®/(s-N).
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Fig. 2. The dependence of the specific work of grinding  Fig. 3. Comparative evaluation of the cutting ability
A and the ratio of the components of the cutting of a continuous (continuous line), intermittent
P, / B, force from the time of grinding z continuous (dashed line) and intermittent impregnated

lines — grinding in a continuous circle; dashed lines — (dotted line) circles in time

grinding in intermittent wheels; dotted lines — grinding
with intermittent impregnated wheel

From the graphs presented in Fig. 2 and Fig. 3, it is clear that the parameters Ks and K, in varying
degrees, characterize the cutting ability of an abrasive tool, after an 18-minute grinding period with an
impregnated intermittent wheel, are approximately twice as large as when grinding normal (solid) circle.

The improvement in the cutting capacity of intermittent impregnated wheel grains compared to a
conventional circle is due to the appearance of forced high-frequency vibrations in the elastic system
of the machine due to interrupted cutting process, weakening of the surface layers of the material be-
ing processed, reduction of the friction coefficient and reduction of adhesion of the cutting grains with
the material being processed.

From Fig. 2 it is clear that the specific work of grinding A after a 12-minute period of grinding
with a full circle increased from 0.35 to 2.8 J/mm?® (i.e. 8 times), and when grinding with a discontinu-
ous impregnated wheel only 6 times (from 0.1 to 0.6 J/mm?).
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Impregnating the wheels leads to a significant reduction in wear of the abrasive grains. This sta-
bilizes the surface roughness during the grinding process. The roughness stabilization can be explained
by the presence of lubricating films on the surface of the grains of the impregnated circle.

Figure 4 shows the results of electron microscopic examination of surfaces that are polished continu-
ous (Fig. 4, a), intermittent (Fig. 4, b) and intermittent and impregnated (Fig. 4, c) circles of steel E3310.

v L

5%

Fig. 4. Microprofile surface polished with continuous (a), intermittent (b) and intermittent impregnated (c)
circles of Vi =25 m/s; Vgt =0.033 m/s; S, =0; t=0.05mm mm increase of 10000

This indicates a high temperature that occurs in the cutting zone. When grinding in a discontinu-
ous circle, the risks formed by the sub-micro profile of abrasive grains are clearly visible. The degree
of adhesive setting is much less than when sanding in a continuous circle. When grinding with an in-
termittent and impregnated wheel, traces formed by the sub-micro profile of abrasive grains are visible
on the surface. Adhesive setting media are absent.

Fig. 5 shows the appearance of the working surface of the solid circle a) not impregnated with an
impregnator; b) impregnated after 10 minutes of operation.

Fig. 5. Appearance of the working surface is not solid impregnated (a) and impregnated (b) circles.
An increase of 300
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The characteristics of the 24A25CM16K5 impregnated circles are given in Table. The experi-
ments were carried out on samples of steel E3310 under the m/s, m/s, mm modes.

Results of comparative tests of ordinary (non-impregnated) circles and subjects impregnated

Technological Ordinary circles Circle intermittent impregnated

indicators t=0.02 t=0.03 t=0.04 t=0.02 t=0.03 t=0.04
Temperature in the cutting zone °C 350 495 600 210 310 400
Cutting power, N 55 60 80 32 38 40
Specific grinding work J/mm ° 16 21 30 8 15 20

Drawing impregnator on the working surface of the circle, gives an additional increase in the cut-
ting ability of the circles. The conventional cutting stress decreases from ©=222000 MPa to
6=140000 MPa, that is, by 40 %. The parameter characterizing the share of energy consumed for fric-
tion f/kS decreased from 76.1 to 70.0 %.

With an increase in the depth of cut from 0.005 to 0.03 mm, an increase in the total cutting forces
is observed twice. This is due to the fact that with increasing depth of cut, the area of the contact patch
of the circle with the part increases, as a result of which a larger number of cutting grains take part
(curve 1, Fig. 6, a).

P, H |
P, H 2 4 & !
- Vger=35 m/s, 2! 2
300 | 200 |— V=15 m/min, A
2! /// -7 t=0.01 mm s //'
s N4
N /v'/" P 150 g L
- P\g
Mee”™M 3¢ 1
20 /4 @ _ - 3
(/ - Vir=35 ms, 100 e -
150 Vaer=15 m/min, 7 \3,
3 ; s=2 mm/(2run)
-1 50
10 / 2~
R
50 0 m
0 0.01 0.02 t, mm 0.5 1 1.5 s, mm/(2run)
a b
PZi H [
450"\ Veer=15 m/min, _|
4+ N\~ s:2_mm/(2run), _ Fig. 6. The dependence of the total cutting force on:
400 < < ; t=0.01 mm
~ \\N depth of cut (a); cross feed (b), the speed of the
350 17T G > grinding wheel (c) Material of abrasive grains:
300} e 1-24425CMIKI, 2 - 63C40CMI6KS,
250 \ =~ *L\%‘\\ = 3—-AC4200/160 100K1 (continuous lines
SS Y 3| 17°~F= = 3 1, 2, 3 —grinding with a continuous circle; dashed
200 e = lines 17, 2/, 3’ grinding with a discontinuous
150 3 = &\ impregnated circle)
=== 1:
100
15 20 25 30 Vi, m/s

With an increase in transverse feed, the total cutting forces increase for the same reason (curve 1,
Fig. 6, b), that is, the area of the contact patch of the circle with the part increases and the number of
simultaneously working cutting grains increases.
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An increase in the speed of the grinding wheel leads to a decrease in the total cutting forces,
due to the fact that the chip section is reduced, which is removed by the working abrasive grain
(curve 1, Fig. 6, c).

By formulas (11) and (12), surface temperatures were calculated without cooling and taking into
account the use of solid lubricants, respectively.

ot (ﬁ]ﬂ(sf
_ 044-Ps Ve |S 2 2 2

T=— 2K 2 +
" /DS | 2 S
2
_ (11)
2 2
s, (ﬁJ (Sj
\/a'ln 2 2 2) || 1
2 JDt 277’
2
T 0.44- Py -Vie —+/Dt-S -a+(T; - 20)
= X
e 7-3.-+/Dt - 52
Vot , ﬁl(s)z
5 | 2 2 2
XEn § +
2 (12)
2 2 T
s, (ﬁj [Sj
ﬁ-ln 2 2 2) || 1
2 JDt 277’
2

where a is the heat transfer coefficient. characterizing the intensity of heat exchange between the body
and its environment, J/m?s°C.
The average value of the force of the contact patch:

0.07-B-S Ny - (D-1)**"

Py = Vi 4 (13)
The actual number of working grains, taking into account [13]:
Mg =111-10° - N, - Nyt 7, (14)
where N, — circle grain;
N — circle structure number;
. . Kvoa - AT Vet - It o €-a 0'7.
or by designating B =5.46 . v ; (15)
kr kr

o4 — ‘Dynamic” tensile strength, taking into account the effect of both temperature and speed factor;
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f — the area of contact of the grain with the metal;
Ao cosy’ —usiny’ ;
sin®'(L—p-p")cos(y"+6") + (u+p)sin(y"+6")

0" —spallation angle;

y" — front corner;

u — coefficient of friction of grain on metal;

u' — coefficient of internal friction during plastic deformation.

The angles y’ and 6’ determined by the method of [12], as a result of which we obtain their de-
pendence on the radius of curvature:

—6 ’ !
1 n—arcsinﬁ , 912450_M, (17)
Y 5 2

(16)

\/F

where r is the radius of curvature, um;
S, —is the feed to the grain;

¢ — the angle of rotation of the radius connecting the grain to the center of the circle;

formally value Iy = (18)

Nug

Calculated temperatures arising from grinding with the plunge method of samples made of titani-
um alloy BT3-1 with a circle of 63C25CM16K5 in the Vi, =30 m/s mode; Vg =0.10 m/s;
t=0.01 mm, 0.02 mm, 0.03 mm, 0.04 mm, 0.05 mm. Physico-mechanical properties of titanium alloy
BT3-1:

A20-=0.019 cal/sm-s-°C=7.955 W/m-°C;  y,-=4.5 g/sm*=4500 kg/m?>; T,=1660 °C;
C0-=0.14 cal/g-°C=586.152 J/kg-°C;  a=0.03 sm?*/s=0.03-10"* m?/s.

The results of temperature calculations are presented in Fig. 7.

From Fig. 7 shows that the use of solid lubricant of the new composition when grinding samples
of titanium alloy BT3-1 reduces the temperature in the cutting zone by 1.5 times compared with the
“dry” grinding in the same conditions.

Fig. 8 shows the region of parametric instability elastic system surface grinding machine construct-
ed in a plane coordinate system with the axes n (the number of cutting projections on the discontinuous
grinding wheel) and N (the ratio of width to length the depression of the cutting projection).

The areas were calculated using the formulas given in [13]. Calculations were performed for two

parameter values.
Ko =Co -[t—'—lJ,
ts

where C, — reduced stiffness of the elastic system of surface grinding machine, H/m;

t; — cutting depth, set on the limb of the machine;

t¢ —actual (true) cutting depth.

The ratio t/t; was determined experimentally when grinding with discontinuous and intermit-
tent impregnated circles TIIT 250x20x76 24A 25 CM2 6 K5 (n=12, N =0.6) samples of C105W2

steel by plunging method (without transverse feeding).
It is seen from Fig. 7 that with decreasing the K, parameter, the regions of the parametric insta-

bility of the elastic system of the machine narrow, which indicates a high damping properties of the
impregnating composition.
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duced by the decomposition of acet-  Fig.8. Areas of parametric instability of an elastic system of a
amide, or from methylamine CH3;NH; surface grinding machine for (ordinary wheel) (ﬁKo =9-10° N/m)
by oxidation. (left) and (impregnated wheel) (Ko =4-10" N/m) (right)

Methylamine is one of the possi-
ble decomposition products of acetamide. The resulting hydrogen H, can react chemically with O,,
resulting in the formation of H,O (vapor) or H,O,. Moreover, each of these substances contributes to
the oxidation of iron. Acetamide is used as an inhibitor of this process.

The presence of hydrogen in the cutting zone intensifies the process of oxidation of iron shav-
ings. lron oxidation is accompanied by the release of a significant amount of heat, which leads to in-
tensive melting of chips. This is confirmed by the presence of spherical chips after grinding with an
impregnated wheel. The formation of a fragile oxide film on the chip facilitates its removal from the
surface of the wheel and improves the course of the grinding process (Fig. 9, c).

The process of chip oxidation is facilitated not only by the impregnation of the wheel, but also by
the use of abrasive tools with a discontinuous working surface. Intermittent lap works like a fan. A
powerful air jet blows the chips from the cutting zone, intensifying the process of oxidation and com-
bustion of the chips. During continuous grinding, oxidized chips also acquire a spherical shape, do not
stick to the surface of the grains and do not penetrate into the pores of the circle (Fig. 9, b).

When grinding steel C105W2 with a solid, non-impregnated circle, chips are formed that have a
tape or pin-shaped form (Fig. 9, a).
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Fig. 9. The appearance of chips during grinding with continuous (a), intermittent (b)
and intermittent impregnated (c) circles

Such chips are clogged in the pores of the abrasive tool and the grinding wheel often has to be edited.

Conclusions.

1. Theoretically revealed the possibility of stabilization in time of the cutting ability of abrasive
wheels and, as a consequence, the quality of the surface of the workpiece.

2. A composition of an environmentally friendly solid lubricant has been proposed and experi-
mentally tested, contributing to the increase in durability and cutting ability of impregnated wheels
due to the formation of a solid lubricating film consisting of iron oxide on their working surfaces dur-
ing grinding.

3. Electronic microscopic studies of the treated surfaces have shown that when grinding with im-
pregnated circles, the adhesion of the processed material to abrasive grains significantly decreases and,
as a result, the cutting ability of the grinding wheel increases.

4. By calculation and experimentally it has been established that an increase in the cutting ability
of grinding wheels due to the use of solid lubricants is accompanied by a narrowing of the zones of
parametric instability of the elastic system of the machine.

5. It has been established experimentally that after grinding with an impregnated wheel, the percentage of
residual austenite in the surface layer of the workpiece is reduced and the surface roughness improves.
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