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ABOUT EFFECTIVE USE OF WHEELS WITH
INTERMITTENT WORK SURFACE

C.M. Ymuncoxuii, O.0. Aximos, JI.B. bosueepa, HM. Knimenko, B.O. Banan. 1o nutaHHs npo eeKTHBHe BUKOPHCTAHHS KPYTiB
3 MepepHBYACTOI0 POGOY0I0 MOBEPXHEN. 3HU3UTH TEILUIOHANPY)KHICTh MPOLECY HUTipyBaHHA MOXKHA IUISIXOM 3aCTOCYBAaHHS KpYTiB 3
MepepUBYACTOI0 POOOUOI0 MOBEpXHE. [Ipy meBHOMY CHIBBIIHOIICHHI TOBXKWH BHUCTYIIIB 1 3alaJiuH 1 MpH MEBHIN X KUIBKOCTI B MPYXKHIii
CHCTEMi BepcTaTa MOXYTh BUHHKHYTH KOJIMBAHHS BEIMKOI aMIUIITYyAHW, IO HPHU3BOIATH JO IOTIPIIEHHS I'€OMETPUYHMX XapaKTEPHCTHK
SIKOCTI ITOBEPXHBOTO Iapy oOpoOIIOBaHOI AeTami i 301IbIIEHHS PO3MIPHOTO 3HOCY HepepuByYacToro uutidysansHOro kpyra. HemocratHs
BUBYCHICTh IIPUYMH BUHUKHEHHS PE30HAHCY NPH IepepHBYACTOMY LLTiQYBaHHI CTPUMYE IIMPOKE 3aCTOCYBAHHS LIUX KpyriB. MeToro podoTn
€ BUSBICHHS NUIAXiB €(EKTUBHOTO BHKOPHCTAHHS IEPEPUBYACTUX KPYTiB, MPHU SKOMY 3a0e3neuyeThcsi Oe3nepepBHE CaM03aroCTpEHHs
PKyYHX 3epeH i IX CBOE€YacHEe BHIIAJCHHS 3 3B'SI3KH, 3 OJHOYACHUM OOMEXEHHSM PO3MIPHOTO 3HOCY HLTi)YBaJbHOTO iHCTPYMEHTY.
BcranoBneHo, mo criiika podoTa MpyXHOI CHCTEMH IUIOCKONUII(YBAJILHOTO BepcTaTa, Oe3mpuranbHa 00poOka Ta edeKTHBHE 3HIMAaHHS
00po0ITIOBaHOrO Matepiany MOXyTb OyTH 3a0e3medeHi NpH poOOTi MepepUBYACTUMHU KPYraMH 3 BEIHKOIO KiJBKICTIO 3amajguH. BusBsiena
MOXIIMBICTh 3a0€3MEUeHHs] PIBHOCTI 3HIMaHb OOpOOJIIOBAHOrO MaTepiany i PIiBHOCTI JIHIMHHMX 3HOCIB aOpa3MBHHUX IHCTPYMEHTIB NpH
CYLTBHOMY 1 IepepuBYacToMy HUTipyBaHHI. EKCIiepIMEHTaIBHO BCTAHOBIICHO, IO JUIS 3al00IraHHs MOSBH NPHIIANIB HA 0OPOOIIOBAaHUX
MOBEPXHAX HEOOXIZHO Mpu 30UIBIIEHHI MO3JO0BXHBOI MOAAYi 3MEHIIYBaTH INIMOMHY pizaHHS, a00 30UIbIIYBaTH YHUCIO 3alaJuH Ha
repepuBYacTOMy Kpy3i. Po3paXyHKOBO-€KCIIEpHMEHTaJbHHM IIUIIXOM OTpPHMaHi KpHBI pIBHHX TeMIlepaTyp, IO BiZOKPEMIIOIOTH
Oe3npunagpbHy 30HY Bi MPUMNAnbHOI. BCTaHOBIEHO, IO 3i 30LIBIICHHSIM MOMEPEYHOI MTOJavi MPH MepepuBYACTOMY IUTIYBaHHI 00IaCTh
Oe3npumnanbHOi 00pOOKM 3MillyeThcs B GiK 30iMBIICHHS KUIBKOCTI PiXKYYMX BHCTYIB Ha poOOUii MoBepXHi aOpa3sMBHOIO iHCTPYMEHTY.
PesynbraTi nocmijkeHb MOXKYTbh OyTH BHKOPHCTaHi IPU MPOEKTYBaHHI HUTI(QYBAILHUX KPYTiB 3 MEPEPUBYACTOI0 POOOYOIO MOBEPXHEIO i
NIPU3HAYCHHS TTapaMeTpiB PeXKUMY pi3aHHS IIPU MEPEepPUBYACTOMY HLTiQYBaHHI.

Kniouogi cnosa: BITHOCHHH 3HOC, p0OOYa MOBEPXHS KPyTa, IIEpepUBIACTE HUTI(YyBAHHS, Pi3adbHHI BUCTYII

S. Uminsky, O. Yakimov, L. Bovnegra, N. Klimenko,V. Balan. About effective use of wheels with intermittent work surface. To
lower thermal stress of process of grinding, it is possible by application of wheels with intermittent working surface. At the certain parity of
lengths of protrusions and cavities as well as at certain their quantities in elastic system of the machine tool the fluctuations of the big
amplitude. This leads to a deterioration of the geometric characteristics of the surface quality of the workpiece and increases the dimensional
wear of a discontinuous grinding wheel. The insufficient level of scrutiny of the reasons of occurrence of a resonance at grinding constrains
wide application of these wheels. The purpose of the work is to identify ways efficiently to use intermittent wheels, which ensures
continuous self-exacerbation of the cutting grains and their timely loss of bonding, while limiting the dimensional wear of the grinding tool.
It is established, that stable operation of elastic system of the machine tool, processing and effective removing of material can be provided by
work with intermittent wheels with the big number of cavities. The possibility of ensuring the equality of removals of the processed material
and the equality of linear wear of abrasive tools with continuous and intermittent grinding is revealed. It has been experimentally established
that in order to prevent the appearance of burns on the surfaces to be treated it is necessary to reduce the cutting depth or increase the number
of cavities on an intermittent wheels as the longitudinal feed increases. The curves of equal temperatures, separating the non-burning zone
from the burn-in zone, were calculated by experiment. It is established that with an increase in the transverse feed with intermittent grinding,
the area of the non-burning operation is shifted towards increasing the number of cutting protrusions on the working surface of the abrasive
tool. The results of the research can be used in the design of grinding wheels with a intermittent working surface and the assignment of the
parameters of the cutting regime with intermittent grinding.

Keywords: relative wear, working surface of the wheel, intermittent grinding, cutting protrusion

Introduction. The appearance of grinding bursts and cracks on the treated surface is largely due to
the loss of abrasive tool of cutting power. This is accompanied by an increase in surface temperatures to
the fusion temperature of the treated material [1]. When grinding, high temperatures are formed, under
the influence of which the physical-mechanical characteristics of the surface layer of the machined parts
deteriorate. This leads to a decrease in the durability of machines during their operation.

Formulation of the problem. Increasing the cutting ability of a grinding tool in time can be by
introducing into the cutting area ultrasonic oscillations of small amplitude [2, 3]. From the ultrasonic
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head, the oscillations to the abrasive tool are reported (hormally to the working surface of the circle).
The disadvantage of an ultrasound head is the adverse effects of ultrasound on human health.

Recently, experiments of vibrating grinding [4 — 10] are carried out, which is due to the introduc-
tion of an external forced oscillation into the elastic system of the machine. The presence of a forced
oscillation in the elastic system reduces the resistance of the shingles and facilitates the process of chip
formation, since friction of rest is replaced by friction of movement. This leads to a reduction in the
likelihood of grinding defects. Because of the bulky equipment and the complexity of its installation
on the machine, the vibration grinding has not been widespread. There is another way of introducing
oscillations into the technological system of a grinder through the use of abrasive tools with a discon-
tinuous working surface [1, 10, 11]. The moderate ability of intermittent circles is maintained for a
long time due to the self-sharpening of the grinding tools and the exclusion of sticking the treated ma-
terial to cutting grains.

In [1] it was established that the linear wear of intermittent abrasive wheels in the grinding pro-
cess is 10...50 % higher than continuous (under other equal conditions). In [1], less wear resistance of
intermittent circles is considered as a positive phenomenon, which contributes to the renewal of the
microrelief of their working surface and the elimination of sowing. However, with an increase in the
linear wear of the circle, the accuracy of the processing will be reduced. This is inappropriate for pro-
file mortise grinding. Works [2, 3] dedicated of the issue of reducing the linear range of abrasive wear
at the mortise grinding. During intermittent grinding parametric resonance may negatively affect the
geometric quality surface detail that is processed. The parametric resonance is due to periodic changes
(with the frequency of cutting bends over the part) of the total stiffness of the closed dynamic system
of the grinding machine.

Works [4 — 9] are devoted to the problem of preventing parametric resonance. In these works, the
struggle with parametric resonance is carried out by applying an elastic-damping fastening of the
grinding wheel. Damping only slightly narrows the area of instability, but it is not able to limit the in-
crease in the amplitude of oscillation in them.

The purpose of the work is to identify the conditions that ensure the maintenance of a devel-
oped microrelief of the working surface of a intermittent abrasive tool during the grinding process by
limiting its linear wear.

Investigation of the efficiency of using interrupted wheels from the standpoint of dynamics
of the grinding process. There are several external forced oscillations of the machine, which reduces
the probability of grinding defects. This is due to the fact that, due to the replacement of frictional rest
with frictional motion, the presence of these vibrations reduces the resistance of the shingles and fa-
cilitates the formation of chips.

The purpose of the work . On the basis of the analysis of previous studies to identify the condi-
tions that in the process of grinding provide the maintenance of a developed microrelief working sur-
face of the intermittent abrasive tool by limitation of its linear wear.

Fig. 1 and 2 show the totality of the values of N — the ratio of the width of the slit I, to the length
of the projection |, and the numbers of the cutting projections n in the intermittent wheel, in which a
parametric resonance arises in the elastic system of the grinding machine [13]. These sets N and n
form the zones of parametric instability, which in Fig. 1 have the form of elongated elipses, and in
Fig. 2 have the form of curved strips, separated by a dash. Data shown in these figures are obtained by
calculations according to formulas 1 - 3.

1+M
L[> ! (1)

e-h(u+t2)

L= h(k, + hsin 2k, [k2sink,t, sink,t, — 2k;k, cosk,t, cosk,t, cosk,(t; +1,) — )

—k2 sink T, sin(-k,t, + K,71,)],
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Fig. 1. Areas of the parametric instability of the elastic system of the grinding machine, constructed in a flat
coordinate system, in which the abscissa is the number of cutting protrusions and cavities on the intermittent
wheel, and the ordinate axis — the values of the ratio of the sizes of the cavities to the lengths of the protrusions:

20<n<34 (a); 6<n<20 (b), where n is the number of grinding protrusions

_ kikye2"(mr2) cos(2K, (1, + 1,))

M - , 3 N 0.25
h(k, +hsin 2k,t,) ®) '
where t,,7, — the time of passing of the protru- 050 [
sion and the cavities of the intermittent wheel over %»,
)
the treated surface, sec. 078 ?M | |
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Fig. 2. Complexity of numbers of cavities and
C, L protrusions on interrupted wheel and relations of their
" C, t; he [10,11] lengths, forming zones of parametric instability of an

elastic system of a plane-grinding machine

t, — cutting depth, set to limb, m;
t; —actual depth of cutting, m;
C, — given stiffness of the elastic system of the machine, N/m;

h — value that characterizing the extinction of oscillations over time, 1/s;
m - given weight of the grinding wheel is given, (H-s%)/m.

From Fig. 2 it is seen that with the increase in the number of slots on the working surface of the
grinding tool, the zone of stable operation of the elastic system of the grinding machine (not shaded

areas) expands.

Fig. 3 shows the curves of different emperors, separating the non-burning zone from the burning.
From Fig. 3 it can be seen that with an increase in the longitudinal supply S and, consequently, with
increasing heat stress of the grinding process, area of the non-burning zone shifts in the direction of an
increase in the number of cuts n in the interrupted wheel. When comparing Fig. 2 and 3, it turns out

that the boundaries of non-resonant and non-burning treatment areas have the same inclination
shape. From Fig. 3 shows that in order to prevent the formation of bursts with intermittent grin

and
ding

MACHINE BUILDING. PROCESS METALLURGY. MATERIALS SCIENCE



22

[Mpani Opecbkoro nojitexHiuHoro yHiBepeutety, 2018. Bur. 2(55)

ISSN 2076-2429 (print)
ISSN 2223-3814 (online)

S=3.5 mmirun S=3.0 mm/run 2.5 mm/run
AN

0.25 B - T
v INDR \t\ KL
N
N

%
A
RN

2.0 mm/run 1.5 mmirun 1.0 mm/run
pd

7

v
= A 7

=
]

S=4.0 mmvrun

1.00

LT_/
=

6 24 22 20 18 1 14 1 10 8 6

n

Fig. 3. Curves of equal temperatures separating the
non-burning zone from the burner when grinding
intermitted wheel 244A40CM 1K1 of cemented steel

12X2H4A at the modes: Vgen=10 m/min, t=0.075 mm,
1 mm/run <§<4 mm/run, V,,=30 m/s

Fig. 4. Influence of the number of cavities and
protrusions on a discontinuous circle and the ratio of
their lengths to the magnitude of the indicator
(t, /t; —1);, characterizes the effectiveness of the

abrasive tool (the smaller the value of this indicator, the
greater the efficiency of the wheel)

that carried out with constant transverse feed S, it
is necessary to increase the value of the ratio of
the width of the depression I, to the length of the
depression |, with decreasing number of cavities n
in the wheel.

The (tt—'—l] parameter in formula (2) and
f
(3) can be used to evaluate the performance of
the abrasive wheel; the experimental determina-
tion of this indicator is reduced to the measure-
ment of the true size of the removal of the mate-
rial being processed. On the basis of experi-
mental data on the true measurements in intermit-
tent and continuous grinding [11 — 13], depend-
ences were constructed
J =f(N),
sol

o/
] e
) e

These dependencies indirectly indicate how
much the cutting power of a interrupted tool is
better than the cutting ability of a continuous
wheel. The smaller  the ratio of

SR

wheel works compared to the continuous one.
Analysis of Fig. 4 shows that the efficiency
of interrupted wheel (as compared to continuous)
increases with the increase in the number of slits
on the working surface of the grinding tool and
with the increase in the ratio of the width of the
slit 1, to the length of the cutting lip I;. The

J , the better the interrupted
sol

above data indicates that the interrupted wheel works in a self-sharpening mode and has more sharp
cutting edges than a solid wheel. In addition, the process of discontinuous grinding with large thick-
nesses of slices provides higher processing performance.

In the process of grinding with wheels of the intermittent working surface, impact loads affect the
cutting grains. The largest load is grain, located near the front cutting of the edge. These grains are
intensively expanding with the formation of bonds. On the cutting faces of the working surface, a cer-
tain angle of attack is formed against the cutting plane (Fig. 5). Changing of the cutter profile changes
the drag-drop layout. From Fig. 5 it is seen that the plates, simulating the normal components of the
infinitely thin layers of the removing drop, are introduced into the working surface of the circle with
different velocities at different parts of the contact area of the abrasive tool with the material being

processed: Ve 1o <Vt 17 <Veer2z -
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The difference between these velocities is
due to the difference in the values of the sinuses
of the input angles of the plates in the working
surface of the circle Vg, =V, -Sina.

The maximum speed corresponds to the

maximum coordinate 1,, =,/2Rt,, for this case

, | (2t
Vdet :Vdet Rz_:.r :Vdet ﬁ

During the passage of the cavity, the inter-
rupted wheel will result in the displacement of the
plates in the radial direction by the value of h. Fig. 5. Scheme of intermittent grinding
During the course of the cutting edge, the speed
of removal of material increases by amount

Var =19, Vi =Vt +Vi 9P, where tg =
1
Running allowance h is proportional to the length of the wheel cavity |,

|
h=Vgt,,where 7, =——.

"

Finally parameters h and V4, will be described

Vl
hzlzvdeta

cir

Ve =V, [1+ 'I—J

1

The maximum cut-off plane H.x for planar intermittent grinding by the elbow wheel is deter-

mined [13]
.3
Hipex =3 030 17 Vas : i 1+I_2 ) 4)
tan Y-m 'Vcir Rcir I1

where: y — half of the circle at the vertex of the cutting grain, m is the relative concentration of elbora
in the circle,

X — grains of the circle,

t — the depth of cutting.

Imagining the speed of the details V,,, in the form V,, = % (where Q — processing performance,

B — the width of the grinding wheel), we obtain

. X3 . .
H, =3 630-7- X ‘ Q Ve 2' 1+I_2 _ (5)
tany-m-Vy, B-R; I,

In order for the performance of intermittent grinding Q,, to be equal to the productivity of con-
tinuous grinding Q. at a constant value of the maximum reduced thickness (H . in = Hmaxsol ) » the

2
required speed of the part with intermittent grinding will decrease by (1+||—2] times, that is,
1
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\Y
Vdet.in = detsel . (6)

The depth of grinding t;, under the condition Q,, = Q,, should be related to the depth of grinding ts,

12’
tin =t (1+Ej . (7)

Conditions (6) and (7) are provided by reducing the linear wear of the intermittent circle to the level
of wear of a wheel with a continuous working surface (without reducing the processing efficiency).

Table shows the experimental values of the specific wear of elbow wheels during mortise grind-
ing of specimens from steel R6M5 8 mm in width, 150 mm in length on a 3G71M flat grinding ma-
chine by continuous and intermittent (n=12, N=0.455) wheels 1A1 200x75x5x20 KR 160/125 B8 100
during a 7-minute period in two modes.

Table

Experimental values of specific wear of elbow wheels during mortise grinding of R6M5 steel samples

T,min 1 2 3 4 5 6 7 Grinding mode
Osot, M/g | 12.80 | 10.74 | 10.04 | 9.66 | 9.42 | 8.47 | 7.90 Mode Ne 1
1 t=0.03 mm
qrsg' ' | 1040 | 880 | 800 | 7.80 | 7.70 | 6.70 | 650 Veir = 30 mfs
99 V yn = 6.00 m/min
Mode Ne 2
Qwi*2 | 500 | 680 | 620 | 6.00 | 6.00 | 520 | 5.00 t=0.063 mm
mg/g - Vr =30 m/s

Vet = 2.83 m/min

O /Oin: | 1.23 | 1.22 | 1.25 | 124 | 1.21 | 1.26 | 1.21
Ot /On> | 1.60 | 158 | 1.62 | 1.61 | 1.57 | 1.63 | 1.58
Usor /Gin> | 1.00 | 097 | 1.05 | 1.03 | 0.98 | 1.02 | 0.95 _

In mode Ne 1 a comparative estimation of distant wear of continuous and intermittent elbow
wheels was conducted. From the table it is seen that the specific wear of intermittent circles is approx-
imately 1.23 times less than the wear of continuous circles.

In mode Ne 2 the depth of cutting and speed of the details of Vgein. Were determined by the for-
mulas (6) and (7). These operating parameters ensure the equality of linear wear of continuous and
intermittent wheels and the equality of removable metal when grinding these wheels on the modes
number 1 and number 2, respectively.

Table shows that despite the equality of linear wear of continuous and intermittent elbow tools
(hsai/hin2=1), their individual wear varies: gs,i/qin2=1.62. Reducing the specific wear of the intermittent
wheel gir> in comparison with the continuous gs, Wheel can be explained by a decrease in the length
of the working surface of the tool due to the presence of cavities on it.

Investigation of the efficiency of using intermittent wheels from the standpoint of heat
stress of the grinding process.

Fig. 6, 7, 8, 9 shows the experimental graphs by which one can answer the question whether grinding
regimes calculated by formulas (6) and (7) will ensure the equality of processing performance and the
equality of linear wear of grinding wheels with continuous and intermittent grinding. Will it ensure the
temperature equality in the cutting zone?

Fig. 6 shows the curves, each point of which is a combination of mode parameters (cutting depth
t, component speed V,,, and transverse feed S), continuous grinding of 24A40 CM1 K1 cemented steel

2X2HA4A, which provides non-burning treatment.
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Fig. 6. Curves of equal temperatures, separating Fig. 7. Curves corresponding to the boundaries of the
the non-burner zone from the burner when grinding non-burning zone of continuous grinding and modes of
a continuous wheel 24440CM1K1 of the cemented intermittent grinding, which ensures a reduction in the
steel 12X2H4A wear of the intermittent wheel 24440CM1K1 (N=0.5) to

the level of wear of a continuous wheel of the same
characteristics without reducing the processing efficiency

Each of these curves is the limit of the non-burning zone (the zone is located to the right side of
this limit). From Fig. 6 it can be seen that in order to provide a non-birning grinding that carried out
with a constant transverse feed S, it is necessary to increase the depth of the cutting t by reducing the
speed of the part Vg .

Fig. 7 the parameters of the modes of non-burning continuous grinding of cemented steel
12X2HA4L in the wheel 24A40CM 1K1 (two right curves) and parameters of grinding modes in a in-

. . I . .
termittent wheel are given. [I—Z = O.SJ of the same characteristics, calculated according to formulas (6)

1
and (7), which ensure the equality of removal of material and the equality of linear wear of abrasive
tools with continuous and intermittent grinding (two left curves).
From Fig. 7 it is seen that continuous grinding that carried out in the mode t=0.03 mm.

Vet =101_, S= 2.5m, is not accompanied by the appearance of burns on the treated surfaces
min run

(point B).

In the analysis of Fig. 7, the question may arise whether the burns will occur if the grinding is per-
formed intermittently with a cutting depth t=0.052 mm (dot G). A similar question can be asked regard-
ing the points A (non-spurious grinding at this point is carried out by a continuous wheel with a depth of
cutting t;,=0.043 mm) and B (depth of intermittent grinding t,,=0.078 mm). Answers to these questions
we could obtain from the experimental graphs 7 = f(¢) presented in Fig. 8. The identical points in Fig. 7
and 8 correspond to identical grinding conditions (parametric cutting patterns, abrasive tool characteris-
tics, marks of machined steel) and, consequently, identical temperatures in the cutting zone.

Experimental data presented in Fig. 8, confirm the equality of processing performance, as well as
linear wear of wheels and temperatures arising from continuous and intermittent grinding on modes
satisfying conditions (6) and (7). An indirect confirmation is the data presented in Fig. 9 In this case,
not the equality of temperatures is confirmed, but the power equal to that applied when grinding on the
modes satisfying the requirements (6) and (7).

Experimental dependencies 7 = f(¢) (Fig. 8) are an indirect confirmation of the graphs presented

in Fig. 3. Comparison of Fig. 8 and Fig. 3 shows that when grinding an intermittent wheel
N =1,/l, =0.5 to provide a non-burning treatment with an increase in longitudinal processing from

S=1.0m to S=2.5m necessary, or to reduce the depth of cutting from t=0.08 mm to
run run

t=0.06 mm, or increase the number of cavities on intermittent wheel from n=12 to n=16.
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Fig. 8. Dependence of the grinding temperature on the Fig. 9. The dependence of the power expended on
cutting depth when grinding with continuous development from the depth of the mortise grinding of
(continuous lines) and intermittent (n=12; N=0.5) steel P6MS5 continuous (continuous line) and intermittent
(dashed lines) wheels 24A40SM1K1 made of cemented (line) (n=12; N=0.455) with circles 200X75X5X20
steel 12X2H4A at V g, =10 m/min; V,,=30 m/s KP160/125 B8 100 at Vg, =8 m/min, V;,=30 m/s

Conclusions. It has been established that stable operation of the elastic system of the flat-
grinding machine, non-burning processing and effective removal of the processed material can be pro-
vided with intermittent wheels with a large number of cavities. Possibility of the equality of removals
of processed metherial and the equality of linear wear of abrasive tools with continuous and intermit-
tent grinding has been revealed.
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