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INFLUENCE OF THE GEOMETRIC CHARACTERISTICS
OF THE DISCONTINUOUS PROFILE WORKING
SURFACES OF ABRASIVE WHEELS FOR PRECISION
AND TEMPERATURE WHEN GRINDING

Abstract. Grinding is the most common finishing method for hardened steel parts. Grinding is
accompanied by a large heat release in the cutting area, under the influence of which structural
changes appear in the thin surface of the processed parts, tensile stress and even microcracks, which
significantly reduce the operational reliability of machines that include these parts. The use of abrasive
wheels with an intermittent working surface makes it possible to reduce the temperature in the area of
contact of abrasive grains with the material of the workpiece and, as a consequence, stabilize the
quality of the surface layer of the workpieces. High-frequency vibrations in the elastic system of the
machine, accompanying the work of an intermittent wheel, are a positive factor that reduces the energy
consumption of the grinding process. However, under certain conditions of dynamic interaction of the
tool with the workpiece, parametric resonance may occur, which worsens the geometric and physical-
mechanical parameters of the quality of the surface layer of the processed part. The aim of the work is
to realize the possibility of predicting the quality parameters of the surface layer of parts during
intermittent grinding by studying the influence of the design features of the macrotopography of the
working surface of abrasive wheels and processing modes on the nature of the dynamic interaction of
the tool with the workpiece and the heat stress in the cutting area. It was found that the parametric
vibrations of the elastic system of the machine tool can be shifted to a more stable area, due to an
increase in the number of interruptions of the working surface of the abrasive wheel with a constant
ratio of the length of the protrusions and depressions. The increase in the number of breaks on the
wheel also contributes to a decrease in temperature in the cutting area. It was found that to maintain
the stable operation of the elastic system of the machine, it is necessary to reduce the number of cavities
on the grinding wheel with an increase in the cutting speed. However, both of these actions are
accompanied by an increase in the heat stress of the grinding process. It has been experimentally
established that for ordinary (pendulum) grinding, it is possible to achieve an increase in processing
productivity by increasing the speed of the longitudinal movement of the table.

Keywords: macrotopography of the working surface; surface roughness; degree of tempering; dynamic
interaction; processed material.

Grinding is the final method of mechanical restoration. High speeds of
rotation of grinding wheels make it possible to ensure, with this method of
processing, a high accuracy of shape and roughness of surfaces of parts. One of the
disadvantages of grinding is its high heat intensity, which can lead to a decrease in
the specified physical and mechanical properties of the machined surfaces and, as a
result, to a decrease in the durability of the mechanism. One of the reasons for the
increase in the heat intensity of the grinding process is a decrease in the cutting
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ability of the abrasive wheel due to the smoothing of the microrelief of its working

surface and the seizure of the processed material with cutting grains. [1,2,3]. The
studies [7,8,9] are devoted to the study of the influence of the shape of abrasive
grains on the heat intensity of the grinding process. Despite the difficulties
associated with ensuring the required physical and mechanical properties of the
machined surfaces during grinding operations, this method of processing continues
to be widely used in the industry. From works [10, 11] it is known that annually
consumed 240,000 grinding wheels with a diameter of 200-500 tons, used only for
flat grinding operations.

From works [12,13,14,15] it is known that the use of abrasive wheels with an
intermittent profile can reduce the temperature in the area of their contact with the
processed material by 30% or more. A decrease in temperature in the area of cuts
of the processed material by abrasive grains occurs due to periodic interruption of
the cutting process. [16,17] For the same reason, the cutting process is
accompanied by high-frequency oscillations, which facilitate the formation of
chips, promote periodic sharpening of cutting grains and, as a result, reduce the
energy consumption of the grinding process [18, 19, 20]. However, the periodic
interruption of the cutting process associated with the presence of cavities on the
grinding wheel leads to inconsistency, rigidity of the technological system, which
can lead to the appearance of parametric resonance [21, 22]. Parametric
oscillations lead to a cyclic change in the cutting temperature (to cyclic burns on
the processed surface) and a decrease in the accuracy of the shape of the ground
surfaces [21, 22]. The aim of this work is to study the effect of macrotopography of
the working surface of discontinuous-profile wheels and the parameters of
processing modes on the dynamics and heat intensity of the grinding process.

Theoretical studies were carried out on the basis of thermal physics of cutting
processes and theories of oscillations. Experimental studies were carried out on a
3G71M flat-grinding machine. As the test samples, we used flat rectangular tiles
made of 18 khgt steel, 150 mm long, 20 mm wide, and 10 mm high. Grinding was
carried out with three abrasive wheels PP 200 x 20 x 76 24A 40 CM2 7 K5, one of
which had a continuous working surface. The working surface of the second wheel
had 12 evenly distributed straight-profile depressions, the dimensions of which
were half the size of the cutting protrusions. On the working surface of the third
wheel, there were 30 depressions with the same ratio of the lengths of the
projections and depressions. The study of the surface roughness was carried out
using the "Profilometer 296" device.

Calculations were performed according to the following formulas:
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Where: 11 — contact time of the abrasive tool with the processed material, s;
T2 — time during which there is no interaction of the wheel with the workpiece, s;
I, — gap width of the working surface of the abrasive wheel, m;
I, — distance between two adjacent discontinuities, m;
Co — reduced stiffness of the elastic system of the grinding machine, kg / m;
t) tr — theoretical and actual thickness of the workpiece removal in one pass, mm;
Wir,Rir— speed (m / s) and radius (m) of the grinding wheel, respectively;
n — number of gaps of the same width evenly distributed over the working surface
of the abrasive wheel,;
m!— is the reduced mass of the wheel, (N * S2) / m;
no— cutting hardness kg / m;
h — is the coefficient of damping of oscillations in time.

The results are shown in the figures 1-2.
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Figure 1 — Dependencies @ = f (n) plotted for different values of N
taken from the interval 0.29<N<0.35
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Figure 2 — Dependencies @ = f (N), plotted for different values of n,
taken from the interval 11 <n <19

Fig. 1,2 shows the dependence of the left side of inequality (1) on the number
of depressions on the working surface of the wheel n and on the coefficient N,
which shows how many times the width of the depression differs from the length
respectively. It can be seen from fig. 1,2 that the dependence ®@ = f (n, N) is a wavy
surface. When this surface is cut by planes parallel to the coordinate plane (®, n),
semi-ellipses are formed, the major axes of which have the same length, and the
sizes of the minor axes depend on the numerical values of the coefficient N. When
cutting the surface @ = f (n, N) by planes parallel to the coordinate plane (@, N),
semi-ellipses are formed, the minor axes of which have equal dimensions, and the
values of the major axes significantly depend on the number of depressions on the
working surface of the discontinuous wheel.
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Figure 3 — Dependencies (1+y)/2=f (N) plotted for different values of n = 6,25,50

Fig. 3 shows the effect of the geometric parameters of the working surface of
the wheel N and n on the right-hand side of inequality (1).

Fig. 3 shows that the dependence (1+y)/2=f (n,N) looks like a plane that can
be considered parallel to the coordinate plane (n, N). It follows from inequality (1)
that the parametric instability of the elastic system of the machine arises when the
tops wavy surfaces, described by the graph @ = f (n, N), protrude above the linear
surface described by the graph (1+y)/2=f (n,N)

Fig. 4 shows the cut line by the plane (1+y)/2=f (n ,N) of one of the surface
waves ®=f (n,N).

The cut line looks like an ellipse, the major axis of which is parallel to the n
axis, and the small one is parallel to the N axis.
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Figure 4 — Line of intersection of a ruled surface (1+y)/2=f (n,N)
with a non-ruled surface ® = f (n; N)
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Figure 5 — Ellipse-like lines bounding the regions of parametric instability
of the elastic system of the machine

Fig. 5 shows the ellipse-like boundaries of the regions of parametric non-
stability of the elastic system of a grinding machine, which represent both lines
of intersection of the surface described by the graphs (1+y1/2=f (n, N) (linear
flat surface) and ®= f (n, N) (undulating nonlinear surface).

From analysis of the shape and size of ellipses, built in the coordinate system
(n, N), limited by the intervals 0,35<N<0,80;5 <n<55 it is seen:

-with an increase in the number of ruptures (n) of the working surface of
an abrasive tool, the areas of unstable operation of the elastic system of the
machine are lengthened (the sizes of large axes and ellipses increase; the
distance between these areas (areas of stable operation) also increases;

-with an increase in the discontinuity coefficient N, the parametric non-
stability area thickens (the size of the small axes of the ellipses increases). In
this case, the distance between two adjacent ellipses also increases;

- a decrease in the discontinuity coefficient N shifts the area of parametric
instability in the region of stable operation of the elastic system of the machine
in the direction of large values of the breaking numbers of the working surface
of the abrasive wheel.

It follows from everything that in order to ensure the stable operation of the
elastic system of the machine, it is necessary to increase their number on the wheel
when decreasing the size of the cavity in relation to the cutting protrusion.

For example, with N = 0.73, stable operation of the elastic system of the
machine is provided by two intervals of the number of cutting protrusions: 9 <n
<12 and 18 <n< 26, and with a decrease in the discontinuity coefficient to N =
0.375, the intervals of the number of cutting protrusions will change: 10 <n< 14
and 22 <n< 34.

From fig 6. it can be seen that an increase in the circumferential speed of the
wheel Wi, leads to a shift in the regions of stable operation of the elastic system of
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the machine (these areas are shaded) in the direction of a decrease in the number of
slots on the working surface of the wheel n.
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Figure 6 — Displacement of the areas of stable operation
of the elastic system of the machine when changing the cutting speed
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Figure 7 — Displacement of non-cut areas of intermittent grinding
when the temperature of continuous grinding changes

Fig 7. three curved lines are shown, each point of which is a set of such
geometric parameters of the working surfaces of the abrasive discontinuous wheel,
at which the surface temperatures of continuous grinding T = 600°C, 750°C, 900°C
decrease to values that do not cause structural and phase transformations. From
fig7. it can be seen that the areas of cut-free intermittent grinding with an increase
in the temperature of continuous grinding are displaced in the direction of an
increase in the number of depressions on the abrasive tool.
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Fig. 8 shows the graphical dependence of the tempering degree of the
workpiece surface layer on the longitudinal feed of the table of the surface grinding
machine is presented. The degree of tempering was determined by the formula:
N '= (Hm - H'm) * 100 / Him, where: Hy, is the microhardness of the starting material
before grinding, kg / mm?; H'y - microhardness of the layer lying at a depth of 20-
30 mkm after the grinding, kg / mn2 Samples of steel 12x2N4A were ground
without cooling with a continuous wheel 24A 25 CM2 7 K5 in the following
modes: Wi,=22 m/s; t=0.03 mm; Wg =3 m/ min; 6m/ min; 9m / min; 12 m /
min ; 15m / min. From fig.8 it can be seen that the degree of tempering of the
processed surface decreases with an increase in the longitudinal feed. After
grinding flat parts made of 18 KhGT steel with an intermittent wheel, which has 30
cutting projections, and a solid wheel with same characteristics, the roughness
heights of the machined surfaces have similar numerical values (fig.9). In other
words, as the number of cuts on the discontinuous wheels increases, the surface
roughness formed by these wheels approaches the surface roughness obtained by
continuous grinding.
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Figure 8 — Displacement of non-cut areas of intermittent grinding
when the temperature of continuous grinding changes

Fig. 9 shows the experimental dependencies of the roughness parameter R, on
the longitudinal feed rate Wy when grinding flat samples of steel 18 KhGT with solid
and two intermittent (N = 0.5; n = 12; n = 30) wheels 24A40 CM 2 7 K 5 at modes:
Wi =30 m /st =0.025 mm; Wg =3 m/min; 6 m/min; 9m / min; 12 m / min; 15m /
min, without cooling.
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Figure 9 — Dependence of the roughness height of the processed surface
on the longitudinal feed rate when grinding with a solid wheel (continuous line)
and broken wheels (dash-dot lines)

From fig 9 it can be seen that an increase in the speed of the longitudinal
movement of the table of the grinding machine surface leads to an increase in the
roughness height of the machined surface. Moreover, the surface formed during
grinding with a continuous wheel has a lower roughness in comparison with the
surfaces processed by intermittent wheels. With an increase in the number of
cutting protrusions on the wheel, the roughness parameter R, decreases.

After grinding flat parts made of 18 KhGT steel, an intermittent wheel with
30 cutting projections and a continuous wheel of the same characteristics of the
roughness heights of the machined surfaces have similar numerical values (Fig. 9).
In other words, as the number of cuts on the discontinuous wheels increases, the
surface roughness formed by these wheels approaches the surface roughness
obtained by continuous grinding.

Conclusions.

1. As a result of the research carried out, it became possible to predict the
dynamic and thermal phenomena during intermittent grinding, when changing the
operating parameters of the processing of the geometric parameters of the
macrotopography of the working surface of abrasive wheels.

2. It was found that in order to maintain the stable operation of the elastic
system of the machine, it is necessary, with an increase in the cutting speed, to
reduce the number of depressions on the grinding wheel. However, both of these
actions are accompanied by an increase in the heat stress of the grinding process. It
has been experimentally established that for ordinary (pendulum) grinding, it is
possible to achieve an increase in processing productivity by increasing the speed
of the longitudinal movement of the table.
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3. It was found that the parametric vibrations of the elastic system of the
machine tool can be shifted to a more stable area by increasing the number of
interruptions of the working surface of the abrasive wheel, with a constant ratio of
the length of the protrusions and depressions. The increase in the number of breaks
on the wheel also contributes to a decrease in temperature in the cutting area.
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BIIVIMB TEOMETPUYHUNX XAPAKTEPUCTUK IEPEPUBYACTOI'O
MMPOPLIIO POBOYUX NIOBEPXOHDb ABPAZUBHUX KPYI'IB
HA TOYHICTDH I TEMIEPATYPY IIPU IIJII®YBAHHI

AHorauis. [nigysanns € Halbibwt nowupeHum memooom QiHiwHoi 06pobru demanei i3
3azapmoganux cmaneil. LLnighysants cynposoorcyemvcs BUOLICHHIM 6eIUKOL KIIbKOCMI Menid 6 30Hi
pi3anna, nio O0i€l0 AKO20 6 MOHKOMY MNOBEpXHe8oMYy wapi 006pobreHux Oemainell GUHUKAIONb
CMPYKMYPHI 3MIHU, HANPYIICEHHA pO3MA2Y | HAGIMb MIKPOMPIWUHU, WO ICTOMHO 3HUICYIOMb
EeKCHIYamayiiHy HAOIHICMb MAWUH 00 CKAAOY SKUX 6X00amb Yyi demasi. 3acmocysants abpazueHux
Kpy2ié 3 nepepuguacmoro pobouoio nogepxuelo 003601A10My 3HUUMU MeMNepamypy 6 30Hi KOHMAKNLy
abpasusHux 3epen 3 mamepiaiom 0emaiui i, SIK HACHIOOK cmMAOINizysamu SAKICMb NOBEPXHEBO20 UWApy
obpobmosanux  demaneii. Bucoxowacmomni xonusamms @ mpyjicuill  cucmemi eepcmama,  AKi
CYnposoodicyloms  pobonty nepepusuacmo20 Kpyed, € NO3UMUSHUM HYUMHUKOM, WO 3HUIICYE
enepeoemuicmv npoyecy winighysanns. OOHAK, npu NEGHUX YMOBAX OUHAMIUHOT 63A€MOOIT IHCIMpPYMenny
i3 3020MOGKOI0 MOJICe BUHUKHYMU NAPAMEMPUYHUL Pe3OHAHC, AKULL NOIPpULye 2eomempuyti i Qisuxo-
MeXaHiyHi napamempu AKOCMI NO8ePXHe8020 uapy o6pobnerHoi demani. Memoro pobomu € peanizayis
MOJICTUBOCHI] NPOCHO3YEAHHS NAPAMEMPIE AKOCMI NOGEPXHEB020 wiapy demanetl npu nepepusuacmomy
Wnighyeanti 3a paxynox GuUEHeHHs 6NIUBY KOHCMPYKIMUGHUX 0COOIUS0CTeEl MaKpomonozpagii poboqoi
NOBEPXHI AOPA3UBHUX KPY2i8 MA PeHCUMi6 00pOOKU HA Xapakmep OUHAMIYHOI 83a€MOOIT IHCmpyMenmy 3
3a20MiBKOI0 I MENIOHANPYHCeHHICMb Y 30HI pi3aHHs. Bcmarnoeneno, wo napamempuuni KOAUBAHHS
NpY2*CHOT cucmemu 6epcmama MOJCHA 3pyuumu 6 Oinbus CMmIliKy 001acme 3a paxyHox 30inbutenHs
Kinbkocmi nepepusanb pob0oyoi nosepxui adpazueHo2o0 Kpyea npu He3IMINHOMY CHiGE8IOHOWEeHHI
NPOMANCHOCMI GUCIYNIG | 3anadut. 30inbuents Yucia po3pusie y Kpy3i CHpUusic marKodic 3HUNCEHHIO
memnepamypu 6 30nui pizanns. Bcmanosneno, wjo 0na niompumxu cmiikoi pobomu npysucHoi cucmemu
eepcmama  HeoOXiOHO npu  30iNbUuleHHI WBUOKOCMI PI3AHHA 3MEHUWY8Amu 4Yucio 3anaouH Ha
winighysanvromy kpysi. Oonax, o6uosi yi 0ii cynpogooiICcyiomvcs 30IMbUEHHAM MENIOHANDYICEHOCNIT
npoyecy  winipyeanns.  Excnepumenmanvmum — winiaxom  6Ccmanoeneno, wjo  OAd  36UHAIIHOZO
(MAsAMHUKOB020) WNIQHYBAHHA MONCHA OOMOSIMUCS NIOBULYEHHS NPOOYKIMUBHOCHT 00POOKU 3a PAXYHOK
30IMbUWEHHS WUOKOCII NO3006IHCHBO20 NepeMiujelts pobouo2o cmoiy.

Karouosi cioBa: maxpomonozpaghis po6ouoi nosepxmi; wiopcmxicns NOepxHi; CMyniib GiONyweHHs;
OUHAMIYHA 83AEMO0is; 0OPOONIVBANLHUL Mamepiall.
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