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ABSTRACT

A dry and wet intermittent grinding temperature mathematical model for the thermal macro- or micro-cycle was developed
and studied. The heating stage corresponds to the wheel cutting segment passage time through the every contact zone point. The
cooling stage corresponds to the passage time of the grinding wheel groove (or pore) through the point mentioned. The dry intermit-
tent grinding temperature field is formed by temperature field superposition during the indicated both heating and cooling cycle stag-
es under the action of heat flux on each point of the surface being ground. While during wet intermittent grinding with grinding fluid
through the grooves (or pores) of the intermittent grinding wheel, the temperature field formed at the heating stage is the initial con-
dition for determining the temperature field at the forced cooling stage. Based on the obtained model of the intermittent grinding
temperature field the geometrical parameters of the discontinuous (slotted, segmented, high porous) grinding wheel are found and
determined for the grinding with intermittent grinding wheel as follows: the number of cutting sections on the wheel and the duty
factor of the period of heat flux pulses. The wet intermittent grinding temperature field is also formed by summing (stitching) the
temperature fields. However, the heat exchange of the surface being ground with the cooling medium, which periodically acts on this
surface during the cooling stage, is taken into account in each macro- or micro-cycle of heat flux in intermittent grinding. The pre-
sented article is the result of current work carried out as part of the scientific school of Professor A.V. Yakimov who was the founder
of intermittent grinding technology and automation of grinding operations.
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1. INTRODUCTION resulting positive consequences which the grinding
fluid provides, to wit: cooling, reducing friction, re-
moving chips, etc.

For more than a century of manufacturing engi-
neering development a huge range of metal cutting
and abrasive tools has been created. The working
surface of any multipoint cutting tool is a combina-
tion of cutting (cutting edges) and non-cutting (chip
grooves) elements. In this sense, any cutting process
with these tools is intermittent and cyclical, i.e. re-
petitive with a certain frequency of the tool cutting
elements impact on the surface to be machined. It
means the heat flux of intermittent process will be
impulsive. For example, straight fluted drill has
flutes running parallel to the drill axis. The twist
drill also is intermittent one, that is, each point of the
cylindrical surface formed during drilling will expe-
rience an alternate effect of the heating and cooling
stages. Other examples of intermittent cutting are
the core drill, end mill, segmented (slotted, high
porous) grinding wheel, etc. For this reason, the
study of the features of cutting with tools that have
an intermittent working surface, for example, the
study of intermittent grinding when machining

The temperature in the grinding zone is one of
the factors limiting the performance of grinding op-
eration. To optimize grinding parameters, it is neces-
sary to have true in-formation about the grinding
temperature which can be obtained by theoretical
methods, theoretical methods with experimental ver-
ification, theoretical methods with temperature field
simulation, simulation with experimental testing, the
only simulation both at the production stage and its
preparation. One of the most effective methods of
reducing the grinding temperature and, consequent-
ly, increasing the productivity of the grinding opera-
tion is the use of grinding wheels with a discontinu-
ous working surface. Alternating cutting segments
and no cutting grooves (cavities, flutes, pores) on the
working surface of such wheels help to improve cut-
ting conditions and effectively remove chips from
the cutting zone.

In addition, these grooves on the wheel cutting
surface contribute to the effective penetration of the
grinding fluid into the cutting zone with all the

© Larshin,V., Lishchenko, N., Pitel, Jan, 2020

This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/deed.uk)

58 Applied information technologies ISSN 2617-4316 (Print)
in energy engineering and automation ISSN 2663-7723 (Online)


https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
mailto:jan.pitel@tuke.sk

Applied Aspects of Information Technology

2020; Vol.3 No.2: 58-73

parts from hard-to-machine materials, is one of the
urgent issues of manufacturing engineering.

With intermittent grinding, a decrease in tem-
perature occurs for two reasons: due to interruption
of the heating process (at the stage of heating the
surface, the temperature rise stops and is replaced
by its drop). This drop is caused not by convective
heat transfer (during forced cooling), but by heat
removal due to the phenomenon of heat conduc-
tion. Heat is removed in the direction from the sur-
face to the depth of the workpiece material. There-
fore, it can be argued that this is not forced cooling
of the treated surface being ground, but the lack of
heating. The first part of this article is devoted to
this. Teaching of A. V. Yakimov on intermittent
grinding, published in a large number of works,
mainly covers this case of temperature reduction.
However, the possibility of an additional decrease
in temperature during intermittent grinding due to
forced cooling of the contact zone while passing
over the grinding wheel uncutting segment (the
gap) that follows the cutting segment of this wheel
has not yet been investigated. The issue of forced
cooling model construction for intermittent grind-
ing is discussed in the second part of this article.

2. LITERATURE REVIEW

Intermittent grinding is considered in [1,2],
[3.4], [4,6], [7,8], [9,10]. Part of these works con-
tains analytical studies to determine the grinding
temperature without taking into account [2], [4, 5],
[6,7], [8] and taking into account [7] ,[1], [9], [1]
the cooling effect of grinding fluid. For example,
an experimental study on the cutting force and the
grinding temperature for ceramic face grinding us-
ing slotted diamond wheels is presented in [1]. The
experimental results show that the temperature of
discontinuous grinding is about 40+80 % less than
that of continuous grinding, which can reduce the
wear and the oxidization of the grinding wheel. A
temperature field model for discontinuous face
grinding has been established, which can serve as a
reference for the optimal design of slotted grinding
wheels. An analytical model was established to cal-
culate the curve of temperature distributions in sur-
face grinding with intermittent wheels [2]. In order
to predict the numbers of the pulses imposed on the
fluctuating temperature profile, a new quantity, the
dynamic number of wheel segments in the grinding
zone, was defined. The values of peak and valley
temperatures are studied. The contributions of
segment and groove engaging states to the tempera-
ture profiles are of a big difference, reflecting the
different effects of segment and groove. After con-
sidering the wheel-engaging states, a good match-

ing was obtained between the calculated tempera-
ture curve and the measured curve.

Theoretical calculation results show that the
intermittent grinding temperature rise is periodic
which will reduce the heat accumulation in grind-
ing zone and reduce grinding thermal damage [5].
It was showed that the machining of the teeth of the
broaches with a grinding wheel with a discontinu-
ous profile, in comparison with the machining of
broaches according to the traditional technology,
provides a higher quality of blade surfaces, while
the process productivity, compared with the factory
technology, increased by 20...26 % [6].

I'st micro-cycle 2nd micro-cycle

T| Tl
¢ (r)| Heating No heating.  Heating No heating
G (1) = Gouax g(r)=0 g0 = fnee | g(1)=0
Gmax [ e s
Jave = = = -B ——————————————— B —————————————
0 7 T (I+17) 2T

The beginning of a grinding macro-cycle with a duration 1

Fig. 1. Pulsating heat flux q (t): 0T: and T.T are

time intervals of “heating” and “no heating”
Source: compiled by the author

In work [7], a pulsating heat flux g (t) scheme
was proposed (Fig. 1), containing alternating sec-
tions of two types: “heating” and “no heating”. The
latter means the heat flux is absent, i.e. q (t) =0, but
it does not mean “cooling”. When the “cooling” is
absent, this made it possible to apply the thermal
field’s superposition method for the simultaneous
action of two (positive and negative) unmoving
heat sources, the onset of which is time-shifted by
the length T, of the heat pulse. Thus, the appear-
ance of each new heat flux pulse is due to a pair of
complementary heat sources having the opposite
sign and shifted by a value T relative to each other.

A distinctive advantage of intermittent grind-
ing wheels is manifested not only in the possibility
of removing chips from the cutting zone, but also in
increasing the efficiency of forced cooling the cut-
ting zone through the grinding wheel slots or
grooves [8-9]. The performance of the slotted
grinding wheel in comparison to other grinding
wheels, applying the same coolant nozzle for each,
revealed significant improvements in the cooling
efficiency [10].

Design of slotted grinding wheels for creep
feed grinding processes and the more modern pro-
cess of high efficiency deep grinding is also rele-
vant [11]. However, there is no information in the
literature about the use of high porous grinding
wheels as appropriate micro-interrupted ones. In
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the available literature on the use of high porous
grinding wheels, the concept of pulsed (intermit-
tent) thermal action in determining the grinding
temperature has not yet been considered [12-14].

In the conclusion of the literature review, it
should be noted that the universal approach to de-
termining the intermittent grinding temperature
discussed below was previously prepared by the
relevant publications [15-17].

3. RESEARCH METHODOLOGY

The review of the technical literature allows us
to perform the following classification of discon-
tinuous grinding wheels based on the frequency of
the thermal pulses impact on the surface being
ground when grinding with interrupted wheels (see
Fig. 2).

Interrupted grinding

Macro-interrupted wheels |

Segmented |

Slotted —

Micro-interrupted wheels |—

Porous ]

High porous [

Fig. 2. Interrupted grinding wheels classification

based on the wheels geometrical parameters
Source: compiled by the author

The slotted grinding wheels are usually con-
structed from conventional continuous grinding
wheels (Fig. 3a and Fig. 3b) by cutting off grooves
or slots as it is shown in (Fig. 3c). As a rule, the
cutting segments are symmetrically located on the
periphery of the grinding wheel. However, the
number of cutting segments on such an intermittent
wheel is limited, and as a rule, does not exceed 40
pieces. As for highly porous grinding wheels, the
number of naturally arranged “segments” (sections
of the cutting surface between the pores of the
wheel) can be an order of magnitude greater.

Therefore, another example of micro-
interrupted grinding wheel is the porous or high
porous wheels in which the cutting grain areas (cut-
ting section of length 1) alternate with pore voids

(non-cutting section of length 1, ).

Fig. 3. Common schemes of continuous (a, b) and
intermittent (c) grinding
Source: compiled by the author

Parameters I, and I, were measured using a
universal measuring microscope UMM-21 when
examining the surface of high porous grinding
wheels (Fig. 4).

Fig. 4. A fragment of the real surface of a highly
porous grinding wheel obtained for the
wheel specifications WG946Hs12Vs (a) and
3SG46Hs12Vs (b)

Source: compiled by the author
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The result of microscopic examination of the
actual surface of highly porous grinding wheels can
be represented as an idealized scheme (Fig. 5) which
shows the variable parameters I, and 1, for subse-

guent investigation.

Fig. 5. A fragment of the high porous grinding
wheel made for the subsequent

investigation
Source: compiled by the author

Thus, the grinding wheel surface geometrical
parameters l; (cutting segment) and I, (not cutting
cavity or flute) are irregular ones. However, due to
the known inertia of the thermal field, it is likely that
the corresponding equivalent of the regular calcula-
tion parameters can be found for these irregular pa-
rameters. To understand this idea, it is necessary to
imagine a certain sequence of repeating events of the
“pulse-pause” type with a variable repetition period
(Fig. 1), then

r-h (1)

where Vg, is the grinding wheel linear speed (cut-

ting speed) in m/s.

The terms on the right-hand side of formula (1)
for a highly porous grinding wheel are variables
(see Fig. 5). Consequently, the period T of repeating
events “pulse-pause” will also be variable. Now we
can theoretically prove that there is such a repetition
frequency of the regular “pulse-pause” signal, i.e. at
T = const, when the average surface temperature in
both cases will be the same. Thus, the random nature
of the changes in parameters 1, and I, can be ade-

guately taken into account by a certain calculated
periodic signal of a pulsed heat flux, for which I, =

const and I, = const. This assumption allows us to

solve the problem of determining the temperature of
macro- and micro-intermittent grinding from a sin-
gle point of view.

The case just considered of converting random
irregularity to deterministic regularity is not the most

difficult task. More difficult is the task of accounting
for cooling during intermittent grinding, according
to which, in the area of action of the cutting segment
(ledge) 1,, heat flow enters the material, while in the

area where the cutting segment is absent the heat
flow is not simply absent. It becomes negative, i.e.
directed not inward, but outward from the heated
surface into the grinding fluid (Fig. 6).

I'st micro-cycle 2nd micro-cycle

T[ Tl
g (1) Heating Cooling Heating Cooling
o b () = Gmax g(x)<0 g (1) = Guas g(=<0
g S B
0 T T (7+717) 27
_The beginning of a grinding macro-cycle with a duration 7

Fig. 6. Pulsating heat flux g(t) containing a peri-
odic sequence of micro-cycles “heating-cooling”
with a period T: 0Ty and T1T are heating and

cooling time intervals
Source: compiled by the author

4. DRY AND WET INTERMITTENT
GRINDING MODELS

Thus, the thermal scheme of intermittent grind-
ing can be represented by a sequence of heat flux
pulses q(t), which is characterized by a period T, a
period duty factor s =Ti/T, and the maximum Qmax
and average (ave Values of the heat flux as it is shown
in Fig. 1 and Fig.6. In accordance with the two ac-
cepted design schemes (Fig. 1 and Fig. 6), the theo-
retical prerequisites for determining the temperature
field during intermittent grinding are sequentially
considered below.

4.1. Dry intermittent grinding model

During the operation of the cutting segment
(heating), a heat flux g(t) = gmax acts in the contact
zone, and during the absence of cutting (no heating
or cooling) q(r) = 0 (Fig. 1). Thus, the heat flux
acting on the surface being grinding can be
represented as the following step function [18]

0, <0
q(t) =9 Umax NT << (T +T;), n=0,1,... )
0, nT+Ty<t<(n+1T,n=0,1,...

A continuous sequence of macro- or micro-
cycles is located on heating stage time interval the
duration of which for both continuous and
intermittent wheels is determined by the heat source
action time r,, which can be determined by the

formula
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_2h _Dlep (3)

LAY v o
where: 2h is the contact zone length, m; V is the
workpiece velocity in the feed direction, m/s; Dis
the grinding wheel diameter, m; t; is the depth of
cut in grinding, m.

As the number of cutting segments on the pe-
riphery of a wheel increases, the number of periodic
cycles increases too, while the period 7 of each cy-
cle decreases (Fig.1 and Fig. 6). Therefore, it is nec-
essary to obtain the dependence of the intermittent
grinding temperature only on the geometric parame-
ters of intermittent grinding wheels, which include
the number of cutting segments on the wheel and the
duty factor of the circumferential step.

In addition, the works mentioned in the review
does not take into account an important additional
condition that must be met with respect to all discon-
tinuous grinding wheels which compared with the
grinding temperature, namely: there must be the
same removal metal rate.

The temperature is calculated using the follow-
ing equation [18]

Ogym = Or (qave)"' Op (qmax)- (4)

The first component in equation (4) continuous-
ly increases and depends on the average level of heat
fluxg and

0. - 2% /ﬂ_zqmﬂ_l /ﬂ (5)
R \n r TV’

In the interval of 0 < p < s (heating)

where: t is the heat source action time in the interval
of 0<t<rt ;q =q 1_1 and g are the average

and maximum heat flux during the macro- or micro-
cycle period respectively, W/m?; . is the material
thermal conductivity, W/(m-°C); « is the thermal
diffusivity, m?/s.

The second component in equation (3) is the
pulse periodic one which depends on both the max-

imum level of the heat flux ¢ and its length over

time in the cycle period (Fig. 1 and Fig. 6).
In formulas (6) and (7) the following designa-

tions are used: s =1_1 is the duty factor for periodic

heat flux (Fig. 1), i.e. the fraction of one heat flux
period in which an intermittent grinding wheel is

active; p =Tl is the dimensionless (relative) time in

the interval of the grinding macro- or micro-
cycle0<t<T.

The mathematical model (4)-(8) for determin-
ing the temperature from a pulsating heat flux allows
you to determine this temperature at any time in the
time interval of steady-state temperature values [17].
The disadvantage of this model is the uncertainty of
this time interval, which occurs after the end of the
temperature transition process. This constrains the
use of the model (4)-(8) for designing intermittent
grinding wheel optimal constructions and corre-
sponding formulations of high porous grinding
wheels.

_20ma [aT [ _1 | (6)
®,= y . L(l s)J/p \/;I(s,p)J.
In the interval of s < p <1 (no heating)
C20ma AT [0 s e (s )] ()
®p_ A T L(l S)\/E (p S) \/;I(S’p)J-
Here
= | (1-s)exp —£%)—exp —(1—5)52 +s |exp(-pé&?
B e .
) &*[1-exp(-¢)]
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That is why, a new mathematical formula for
determining the intermittent grinding temperature is
proposed instead of and based on formulas (4)-(8),
to wit:

Osum = q;fe \/g(zx/;ﬂL f(S)\/'lT), ©)

B
where: f (s) = Ays + 7
pends on the duty factors; AandB are the dimen-
sionless coefficients which depend on the
grinding scheme, for example, for the scheme of flat
surface grinding by the periphery of the wheel we
have: A=-1.24; B =1.62.

For an intermittent wheel, the total number of
pulses (the number of macro- or micro-cycles of in-
termittent grinding) in the heating time interval
0 <t <1, can be determined by the formula

is the function that de-

n _cht Dtgr
Vil +1y) '

(10)

where: V., is the cutting speed in the grinding,
m/s; D is the grinding wheel diameter, m; tg is the
depth of cut in the grinding, m; 1, and I, are the

cutting segment length and the groove length, re-
spectively, m.

T(n)zzq%(znl,,a[t—(i—l)T -ierfc X -
i=1

Applying the superposition principle for any
number n of cycles of heating and (no heating, but
not cooling), we obtain the following recurrent for-
mula for determining the temperature 7'(n) at the

interval with the durationz, .

In Fig. 7 the following designations are made:
curve 1 is that from the effect of a constant heat flux

density q(t)=0mna= 40 W/mm? curve 2 is ob-

tained by the superposition method according to
equation (10); curve 3 is the total steady-state tem-
perature according to the model (4)-(8); 4 is the con-
tinuously increasing part of the steady-state tempera-
ture according to equation (5).

To plot the grinding temperature versus time
(Fig. 7) using equations (4)-(8) and (10) in the
MathCAD medium, we accept the following initial
data: D= 390 mm (from a possible interval of 300-
400 mm), I,=20 mm, |, =15 mm, Vv = 35 m/s,

V= 2 m/min, t, =0.028 mm, q, = 40 - 10°
W/m?, A =42W/(m-°C), a=8"10° m?/s. Under
these conditions 1, +1, = 35 mm, the number of cut-

ting segments on an intermittent wheel is 35, the
time of one complete revolution of the wheel is 35
ms, the exposure time of the unmoving flat heat
source is t, = 100 ms, the number of revolutions of

the cycle over timet,, is 2.9.

2falc-(i-1)T]

(11)

~Ja[t=(i-0)T =T, ] ierfe

120
1
100 =

X )
2falc-(i-1)T-T,]
-

80 /\( :

SIS
\ \

//
s
s

20

0

-20

2

D

-40 o
0 1 2

v

3 4 T. ms

Fig. 7. The grinding temperature at the beginning of the heating macro-cycle in the transition process

lasting 5 ms (1/7 of the cycle’s revolution)
Source: compiled by the author
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Thus, one micro-cycle of intermittent grinding
with duration of <, =100 ms includes 100 micro-
cycles with duration of T =1ms, while during one
revolution of the wheel 35 grinding micro-cycles
occur.

The duration of the cutting segment (ledge)
with the length 1, is
, 2010°

Vo 35
Hence, we have 7, = 0.5714 ms.

The time of absence of a thermal pulse when a
groove length with the length 1, is passed over the

contact point

L= -0.5714-10 .

1, 15.107°
\ 35

Kp
Hence, we have 7 — T, =0.4286 ms.

The duty factor for periodic heat flux
T, 0,5714
T

From the analysis of the data in Fig. 6) it can be
seen that the mathematical model (4)-(8) gives the
greatest error in the interval of the first grinding mi-
cro-cycle: the total temperature obtained by formula
(2) varies from -27 ° C to +66 ° C (curve 3), while
the temperature obtained by the superposition meth-
od according to formula (10) varies from 0 to +73 °
C (curve 2).

Starting from the second micro-cycle and fur-
ther, the difference between graphs 2 and 3 con-
structed according to formulas (4)-(8) and (10), de-
creases. It is caused by the attenuation of the transi-
tion process of temperature change. Temperature
amplitudes of the 1st, 3rd, and 5th pulses for curves
3 and 2 stop rising and stabilize according to graphs
5 and 6, respectively (Fig. 7). The continuously in-
creasing temperature component (curve 4 in Fig. 7)
is similar to exponent function; however, unlike the
exponential law, it does not stabilize at a constant
level, but continues to increase. Moreover, this in-
crease occurs at a slowing rate as the duration of the
grinding macro-cycle in the interval of 0<rt<r,

increases. Starting from the 5th pulse, the difference
between graphs 2 and 3 (Fig. 7) can be neglected,
the transition process ends, since the relative error in
determining the maximum temperature does not ex-
ceed 2 %. The time of the transition process found
above (empirically) corresponds to the time con-
stant, which can be found from the following condi-
tion.

The maximum value of the amplitude of the
first temperature pulse obtained by the superposition
method (line AB in Fig. 7) is equal to a continuously
increasing temperature component (the point of in-
tersection of line AB with curve 4). The line CD

—0,42857-10%s,

T-T, =

=0,5714.

passing through the indicated intersection cuts off
the time coordinate on the abscissa equal to the time
constant. This can be written as the following math-
ematical condition

20max a_T1:2qave ai
A Vn A \Jn ’

where =, is the time constant of the transition pro-
cess of temperature change.

1)

Given the relationship between the parameters

Omax aNd d,,. from (9) we obtain

L (12)
S

th

where Q is the reciprocal of the duty factor for peri-

odic rectangular heat flux.

For the case under consideration (s =0.5714),
the time constant of the transient process according
to formula (10) is

T°C

— - 945

840

735

630

AN

%]

420

315

210

T°C

140 7

100 A AR, 105
A

60 (A 4

20 il 0

0 5 90 Ty, Mc
a b

Fig. 8. The temperature of intermittent grinding
(N = 35) in the time interval of the transition pro-
cess (a) and the finally established

temperature (b)
Source: compiled by the author
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It is known that the time of an exponential tran-
sition process, at which the output value takes 95 %
of its steady-state value, is approximately equal to
the triple value of the time constant of the change in
the output value (temperature). Based on this rule,
the transition process time will be 1.75- 3 =5.25 ms.

To verify the correct estimation of the transient
constant time using the formula (12), the grinding
temperature was calculated in the MatLAB program
using equation (11) over the entire grinding macro-
cycle interval of 0 <t <+, (Fig. 8).

In Fig. 8 the following designations are made:
curve 1 is the continuously increasing temperature
from the influence of the maximum heat flux
d(t) = gmax = CONst ; curve 2 is the total temperature

of intermittent grinding; curve 3 is the continuously
increasing intermittent grinding temperature from
the influence of the average heat flux

q(t) = Qaye = AmaTs - curve 4 is the fragment of the

periodic (steady-state) temperature component.

It is seen now that the intermittent grinding
temperature (curve 2 in Fig. 7) can be represented
by the sum of the two components: the continuous-
ly increasing component 3 and the periodic compo-
nent 4.

Thus, there are three mathematical models to
determine the intermittent grinding temperature, to
wit: (4)-(8), (9), and (11). These models allow you
to find the temperature of dry intermittent grinding,
i.e. in the absence of forced cooling by grinding flu-
id through the slots (grooves) of the wheel.

4.2. Wet intermittent grinding model

To account for forced cooling, i.e. in the case of
wet intermittent grinding, each grinding macro- or
micro-cycle is proposed to be considered as consist-
ing of two consecutive stages (heating and cooling).
The temperature field at the first stage of the cycle is
described by the equation

Jat

(13)

ierfc

2
Th (X,T) = qma;i 5 "
T

where T, (x,t) is the heating stage temperature de-

pending on depth x and time ¢, °C.

The temperature field at the second stage of the
macro- or micro-cycle (forced cooling) can be obtain
based on the formula given in [18], i.e.

Tc(x,t):.w2 1at{exp{—( ]Jrexp{ (x+x) J

Here

f(x) =

20.fat, | 1
" tﬁexp(

In formulas (14) and (15) the following designa-
tions are made: t is the current cooling time, s;

A=2 is the reduced heat transfer coefficient,
a
J(m*°C); o is the heat transfer coefficient,

W/(m#°C); T, is the temperature of the material
being ground before grinding, °C; ¢ (1) is the initial
grinding fluid temperature, which can change during

+ A\/_Hf dx + (14)
‘|
~ Aexp(an’(t-1)+ Ax)erfc{ \/T+ A\/KJ iq)
J
2 ' Y]
o J_ 2 Xath erfc[z Xath LIJFTO. (15)
the cooling time interval 0<t<t, °C; t, is the

heating stage time, s.
Based on measured the wheel specified geomet-
ric parameters I, and I, for wheels of monocorun-

dum WG946Hs12Vs, sol-gel corundum
3SG46Hs12Vs, and electrocorundum A9946Hs12Vs
the geometrical parameters N (number of cutting
segments on the wheel) and s (duty factor) are ex-
perimentally found and given in Table 1.
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In Table 1 the following designation are used:
N =2rnR/(l, +1,); Ris the grinding wheel radius,
R=200mm; s=1I/(, +1,).

The results of practical application of the de-
veloped mathematical software are presented in Ta-
ble 2 which gives the high porous wheels geometric
parameters providing a minimum grinding tempera-
ture in the interval of 577-588 °C.

Table 1. Experimentally found parameters N
and s for highly porous grinding wheels

Wheel N S
WG946Hs12Vs 313 0,75
Monocorundum
3SG46Hs12Vs 292 0,64
Sol-gel corundum
A9946Hs12Vs 288 0,68

Electrocorundum
Source: compiled by the author

The results of practical application of the de-
veloped mathematical software are presented in
Table 2 which gives the high porous wheels geomet-
ric parameters providing a minimum grinding tem-
perature in the interval of 577-588 °C.

Table 2. The high porous wheels optimum
geometric parameters calculated

Minimum Duty factor (s)

tempera-

ture 0.2 0.5 0.8
577 °C N>311 N>40 N2>7
582 °C N>228 N=>225 N=>5
588 °C N=>152 N=>18 N >3

Source: compiled by the author

From the data obtained in Table 2, a number of
very important conclusions follow.

1. To ensure the same minimum temperature
(for example, 577 ° C) as the duty factor decreases
from 0.8 to 0.2, the number of cutting elements on
the periphery of the grinding wheel increases sharp-
ly: from 7 to 311 (44.4 times). For a temperature of
588 ° C - 152: 3 = 50.7 times. That is, any interrup-
tion of the process (as compared to continuous cut-
ting) is irrational from the point of view of the
productivity of grinding stock removal (the stock is
not removed in the areal, ). Therefore, an increase in

the length of the areal, is accompanied by an in-
crease in the “load” on the area I, .The latter leads to

an increase in grinding temperature. To reduce this
temperature, it is necessary to increase (and substan-
tially) the number of cutting segments on the periph-
ery of the intermittent grinding wheel. In the case

considered, the increasing is approximately 50
times. Such an increase is only possible with the use
of the corresponding highly porous grinding wheels,
for example, the wheels indicated in Table 1.

2. To reduce the temperature from 588 °C to
577 °C (by only 11 °C or 2 %), the number of cut-
ting elements on the periphery of the grinding wheel
must be doubled, regardless of the duty factor
(0.2<5<0.8). For example, at s=0.2 and s=0.8,
the value should be increased from 152 to 311 and
from 3 to 7, respectively (Table 2).

3. From what has been said in paragraphs 1 and
2, it follows that the appearance of discontinuity on
the grinding wheel is not in itself a panacea that pre-
vents an increase in the grinding temperature. With-
in the exclusively temperature model of the process,
the grinding temperature, defined by formula (11),
can even increase compared to a continuous wheel,
for which s = 1. Therefore, the observed decrease in
temperature during grinding by intermittent grinding
wheels, including highly porous wheels, is not
caused by as much due to the lack of heating in the
area, how much due to favorable conditions for chip
removal (chip pockets).

7.°C

AN

H)I/ AT )/ %%C

AT,
20 /

., ms

Hl Cl . [
|

T

0 Tl T+71 lp , MS

Fig. 9. The temperature of intermittent
grinding on the first two micro-cycles out of 100

available, constructed by stitching method
Source: compiled by the author

4. The temperature model obtained for the first
time and represented by equations (13) and (14),
additionally takes into account convective heat
transfer, i.e. is adequate to wet intermittent grinding.
This model showed that due to the possibility of
forcing coolant pumping through the cavities
(grooves and pores) of the intermittent grinding
wheel, a new resource appears to reduce the temper-
ature of intermittent grinding, which is inherent only
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in the intermittent wheel. This can be seen from the
analysis of the obtained mathematical dependence
(14), which describes the temperature field in the
cooling section, taking into account the coolant
pumping through the grooves of the discontinuous
wheel. The graph of intermittent grinding tempera-
ture with and without taking into account coolant
pumping through the grooves or pores of the inter-
mittent wheel under conditions of a transient tem-
perature change (Fig. 9) indicates an additional de-
crease in temperature (AT;) at each heat pulse with

serial number i =1, 2, ... n where n is determined by
the formula (10).

To build Fig. 9, calculations were performed
according to equations (13) and (14) for the heating
and cooling time intervals, respectively. Curves 1
and 2 in Fig. 9 show the surface temperature (x = 0)
and at a fixed depth x = 50 um, respectively. Each of
these curves consists of two sections: heating (H1
and H2) and cooling (C1 and C2). The numbers 3
and 4 indicate dashed lines that correspond to the
cooling areas during dry intermittent grinding, i.e.
dashed lines are constructed according to equation
(11). The parameters AT: and AT> (moreover, AT <
AT>) correspond to an additional decrease in temper-
atures caused by convective heat transfer on the first
two grinding microcycles. Further, these increments
accumulate, which leads to an additional decrease in
the total temperature of intermittent grinding during
forced cooling.

Therefore, by controlling the temperature,

i.e.o(t) in formula (14), and cooling, i.e.a in for-

mula (14) properties of the coolant, it is possible to
further reduce the temperature in the cutting zone
during intermittent grinding. This opens up new pos-
sibilities both in the technology of grinding with in-
termittent and highly porous grinding wheels, and in
the design of these wheels for effective abrasive
processing. Some related additional issues are dis-
cussed in the works [19-20].

5. CONCLUSIONS

1. A unified classification of intermittent grind-
ing wheels has been developed based on the fre-
quency of impact of the cutting sections of the wheel
on the surface being ground (determined by number
of cutting sections on the wheel), as well as taking
into account the duty factor of the period of heat flux
pulses.

2. A set of the wheel geometric parameters is
proposed for designing optimal constructions of dis-
continuous grinding wheels including segmented,
slotted, and high porous wheels, to wit: number of
cutting sections on the working periphery of the
grinding wheel and the duty factor of the period of
heat flux pulses. A technique has been developed for
determining the geometric parameters of high po-
rous grinding wheels by the criterion for the ratio of
sizes of the cutting section and pore.

3. The temperature field during dry intermittent
grinding is the result of the cyclic effect of the
pulsed heat flux on the surface being ground and is
determined by the superposition of the temperature
fields formed at the heating and cooling stages when
the cooling means no heating. For forced cooling
with grinding fluid through the slots (grooves) of the
intermittent grinding wheel, the initial condition for
determining the temperature field at the stage of
forced cooling is the changing temperature field
caused by the heat flux at the heating stage. Thus,
the wet intermittent grinding temperature field is
also formed by special form summing (stitching) the
temperature fields.
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AHOTAIIIA

Po3pobneno ta mocmipkeHO MaTeMaTH4Hy MOAENb Ui BU3HAYCHHS TEMIIEpaTypH MEepepHBYacTOro HUIidyBaHHS HAacyxo i 3
MIPUMYCOBUM OXOJIOJDKEHHSIM Ha iHTEpBajax yacy TEIUIOBOIO Makpo- i MikpoukiiB. CTazis HarpiBy BiAINIOBiTa€ Yacy MPOXOKEHHS
pKydoro cermMeHTa IUTi(yBaJIbHOTO Kpyra uyepe3 KOKHY TOYKY 30HM KOHTakTy. CTafist 0X0JI0)KEHHS BiANOBIAA€ 4acy MPOXOKEH-
HS KaHaBKH (a00 mopu) nutiyBaldbHOTO Kpyra 4epes 3a3HaueHy TOuKy. TemmeparypHe IoJe MepeprBYacTOro CyXoro nutidyBaHHS
(opMyeThCSI HaKIAIEHHAM TEMIIEPAaTYpPHOTO IIOJI HA 3a3HAUYEHMX CTaNifgX LUKy HArpiBy 1 OXOJOPKEHHS BiJ BIUIMBY TEILUIOBOTO
MIOTOKY B KOXXHIM TOYIIl NMOBEpXHi, M0 muriyerbes. Y TOH ke 4ac MpH NepepuBYacTOMy HUTiQyBaHHI 31 NITIQyBAIBHOI PiHHOIO
gyepe3 KaHaBKH (200 MMOpH) IepeprBYacTOTO NUTi(GyBaIEHOTO Kpyra TeMIIepaTypHe IoJe, chopMOBaHe Ha CTafii HarpiBy, € IIOYaTKO-
BOIO YMOBOIO JUIsl BU3HAYESHHS TEMIIEPAaTyPHOTO MOJIS Ha CTaJil MPUMYCOBOTO OX0JoMmKeHHs. Ha ocHOBI oTprMaHoi Mozerni Temiepa-
TYpPHOTO TOJISI TIPH TIepepuBYacTOMY IUTi(yBaHHI, Taki T€OMETPUYHI ITapaMeTpH IepepruBYacTOro (IIUIMHHOTO, CETMEHTOBAHOTO i
BHCOKOIIOPUCTOr0) ILTi(hyBaIbHOrO Kpyra 3HaieHi i BU3HAUCHI: KIIbKICTh PIXKYYHX CETMEHTIB Ha KpPy3i i KoedillieHT 3aIllOBHEHHS
Mepioy TEMJIOBUX IMIYJbCIB, IO TOPIBHIOE BIHOIICHHIO JOBXHUHHU PLKY4Oro BUCTYILY A0 CYMH JOBXKHH PIKYYOro BUCTYITY 1 3ama-
nuHH. TemmeparypHe IMoje NepepuBYAcCTOro HUTiQyBaHHA 3 MPUMYCOBHM OXOJIOMKEHHSIM C(OPMOBAHO METOAOM IPUIIACYBaHHSI
(3MMBaHHA) NOJIB TEMIIEPATypH Ha AUISHKAaX HArpiBy i oxosomkeHH. [Ipy ipoMy TemaooOMiH MOBEpXHi, M0 HUTIPYETHCS 3 0XOJI0-
JUKYIOUHM CepeIOBHIIEM, SKa MEePiOJUYHO i€ Ha L0 MOBEPXHIO MiJ Yac CTadii OXOJOKEHHS, BPaXOBYETHCS B KOXKHOMY MakKpo- i
MIKPOIMKII Aii TEIJIOBOTO MOTOKY IIPH NepeprBYacTOMY ILTi(YBaHHI, IO TO3BOJISIE JOJATKOBO 3HU3UTH TEMIIEpaTypy B 30HI MITi-
¢ysanns. [IpencraBineHa cTaTTs € pe3ysbTaTOM OTOYHOI pOOOTH, BUKOHAHOI B paMKax HaykoBoi mikonu npogecopa O.B. SIxkumosa
- OCHOBOIIOJIOXKHHUKA TEXHOJIOTI] MepepHBYaCTOro ILTi(hyBaHHS i aBTOMATH3aII] NITiQyBaNIbHUX Onepariii.
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AHHOTALIMA

Paspaborana u uccieroBaHa MaTeMaTHYECKask MOJIENb IS ONPEASIICHUs TeMIIepaTyphl MPEPHIBICTOTO NUTH(OBaHUS BCYXYIO U
¢ IPUHYIUTEJILHBIM OXJIQKICHUEM Ha MHTEpBajlaX BPEMEHH TEIUIOBOIO Makpo- MU MUKPOIMKIOB. CTaaus HarpeBa COOTBETCTBYET
BPEMEHH NPOXOXK/CHHUS PEXKYIIETO CETMEHTa MUIM(OBAIBHOTO Kpyra depe3 KaKIyl TOYKY 30HBI KOHTakTa. CTamms OXIIaxICHUS
COOTBETCTBYET BPEMEHH NPOXOXKCHHUS KaHABKH (MM MTOPHI) MITH(OBAIBHOTO KPyra 4epe3 yka3aHHYIO TOUKy. TeMIepaTypHoe Tole
MIPEPBIBICTOTO CyXoro nuridoBaHus (GOPMHUPYETCS] HAOXKEHHEM TEeMIIepaTypHOTO IO Ha yKa3aHHBIX CTaJUsIX IUKJIA HAarpeBa H
OXJIAJK/ICHUSI OT BO3AEHCTBHS TEIJIOBOTO ITOTOKA B KaXKAOH TOUKe HITH(pyeMOH MOBEpXHOCTH. B To ke BpeMst IpH NMpephIBUCTOM
nUTM(GOBAaHNUY CO NUTU(OBATBHOM JKUIKOCTBIO Yepe3 KaHaBKU (MM MOPBI) MPEPHIBUCTOrO NIIM(OBAIBHOIO Kpyra TeMIepaTypHoe
nosie, cOpMUPOBAaHHOE Ha CTAaJHU HArpeBa, SBIISIETCS HAYaJbHBIM YCIOBHEM JUIS ONpPEeIeHHs] TEMIIEpPAaTypHOro IOJIs Ha CTaauu
MIPUHYTUTEIBHOTO OXJaXxIeHus. Ha ocHOBe 1mosydeHHON MO TeMIIepaTypHOTro Mol TPY NPEPHIBUCTOM NITH(OBAHUH, CIIETYIO-
[IHe TEOMETPUYECKHE MapaMeTpbl MPEpHIBUCTOrO (ILEIEBOT0, CErMEHTHPOBAHHOTO M BBICOKOMOPHUCTOTO) UIIH(OBAIBHOIO Kpyra
HaWJIEHBI ¥ ONpEeNeHBl: KOIMIECTBO PEXYIINX CETMEHTOB Ha KPyre U KO3((HIMEHT 3al0THEHUSI TIEPHOAA TeIIOBBIX MMITYIJICOB,
PaBHBII OTHOIICHUIO IJIMHBI PEXKYIIETO BBHICTYIIA K CyMMe IUTHH PEXXYIIEro BBICTYIIA M BIAJUHBL TemmepaTypHOE I0Jie MPepHIBH-
CTOTO NUTU(OBAHKUS C MPHUHYAUTENHBIM OXJIXKICHIEM C(OPMUPOBAHO METOAOM IIPHUIIACOBBIBAHMS (CIIMBAHMS) TTOJIEH TeMIepary-
PBI Ha yJacTKaxX HarpeBa M OXJaxaeHus. [Ipu 3Tom TemnooOMeH mumdyeMol MOBEPXHOCTH ¢ OXJIAKAAIOMEH cpelol, KoTopas Iie-
pHOAMYECKH AEHCTBYET Ha 3Ty MOBEPXHOCTh BO BPEMs CTaJUHU OXJAKACHHS, YUUTHIBAETCA B KaXXJOM MaKpO- U MHUKPOLUKIE AeH-
CTBHUS TEIUIOBOTO ITOTOKA IPH MPEPHIBUCTOM HUTH(OBAHHUH, YTO MO3BOJISIET TOMOIHUTEILHO CHU3UTh TEMIIEPaTypy B 30HE HuTH(OBa-
Husl. [IpencraBieHHas cTaThs SBISIETCS PEe3yJIbTaTOM TeKyIleld pa0doThl, BBIIOJHEHHOH B paMKax Hay4qHOMU IIKOJIBI mpodeccopa A.B.
SIknMOBa — OCHOBOIIOJIOXKHUKA TEXHOJIOTHH MPEPHIBUCTOTO NUTH(OBAHUSA M aBTOMATH3ALMH NUTH(OBAIbHBIX OIEpPALIH.

KiroueBble ciioBa: numpoBaHne BCyXylo; PUHYANTEIFHOE OXJIaXICHHE, IIENICBble U CETMEHTHPOBAHHBIC KPYTH; BBICOKOIIO-
PHCTBIE KPYTH; PEXYIINH CETMEHT; He PEXKYIIIH yIaCcTOK
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This article is dedicated to the 95th birthday of Professor
A.V. Yakimov (born March 16, 1925)

Professor Alexander Yakimov and his Scientific School

Professor A. V. Yakimov is a well-known scientist and a major specialist in mechanical engineering
technology, the organizer of a scientific school and the founder of the teachings on the finishing methods of
diamond-abrasive machining of machine parts made from construction steels, metals and alloys, including
hard-to-work materials and materials which is prone to the formation of grinding defects such as burns and
microcracks. Standing at the origins of the scientific directions created by himself, he prepared a galaxy of
scientists and like-minded people who successfully work not only in Ukraine but also in other countries of
the near and far abroad, including Germany and the USA.

In 1956 he defended his thesis on the topic “Study of the rigidity of metal-cutting machines such as
MAAG”. After graduating from graduate school in 1956, he was sent to work and began his academic career at
the Zaporizhia machine construction institute, where he first worked as a senior lecturer (from 1956 to 1958)
and part-time as deputy dean of the mechanical-and-technological faculty, and then as an assistant professor at
the department of “Metal-cutting machines and tools”. In 1961, by competition, he joined the Perm polytechnic
institute, first as an assistant professor of the department “Metal-cutting machines and tools” (1961-1963) and
part-time as the dean of mechanical-and-technological faculty, and then (from 1963 to 1974) as head of the
“Manufacturing technology” department. Working as the head of the department, A. V. Yakimov was able to
combine the scientific interests of his department with that of the departments of “Physics”, “Automation and
telemechanics”, as well as “Metal science and heat treatment”, “Strength of materials”, “Metal-cutting ma-
chines and tools”. This creative association made it possible, on the one hand, to increase the scientific and the-
oretical level of work performed for industry, and, on the other hand, to create conditions for the growth of per-
sonnel. So in 1963, the dissertation was defended on thermal processes during grinding by the head of the De-
partment of “Physics” V. A. Sypailov, who in 1973 successfully defended his doctoral dissertation on the sub-
ject “Fundamentals of the theory of thermal processes in the grinding of metals”. So, under the leadership of
A.V. Yakimov a scientific school begins to form on thermal phenomena during grinding and quality manage-
ment of the surface layer of machine parts.
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It should be noted here that for decades scientists have struggled to solve the problem of controlling the
guality of the surface layer of machine parts during grinding. Up to 35-40% of expensive parts with high ac-
curacy after grinding, went into an unrecoverable scrap. The reason was burns and microcracks hidden from
the eyes that occur during grinding workpieces of metals and alloys with abrasive tools under the influence
of high temperatures in the cutting zone. Multimillion-dollar losses were perceived as an inevitable evil.
Even the selection of grinding understated parameters, so-called “gentle” grinding modes, which several
times reduce the grinding performance, did not completely eliminate grinding defects. As a result, the dura-
bility of bearings decreased by 3 times, of gears — by 5-8 times, of blanking or cutoff dies — by 30 times.

A systematic approach to solving a complex problem made it possible in those years to make a break-
through in the technology of grinding critical machine parts and formulate the main directions for the auto-
mation of grinding machines and the technology of manufacturing abrasive tools. The problem was solved
by the A. V. Yakimov’s method of intermittent grinding, which was proposed by a group of scientists under
the leadership of the head of the department of “Manufacturing technology” A. V. Yakimov.

The essence of the intermittent grinding method can be understood by comparing the time of thermal
saturation (the time during which the grinding temperature reaches a steady-state value) with the time of ac-
tion of the heat source in the contact zone between a grinding wheel and a workpiece. Since the indicated
time intervals are comparable in magnitude, it becomes possible to control the intermittent grinding tempera-
ture adjusting the number and size of the cutting segments on an abrasive or diamond grinding wheel. The
innovative technological idea of intermittent grinding formed the basis of the A.V. Yakimov’s doctoral dis-
sertation, which he defends in 1970 at the Moscow aviation institute on the topic “Technological basis of the
grinding process with wheels that have an intermittent working surface”. In 1972, he was awarded the aca-
demic title of professor.

Since 1974, the scientific and pedagogical activity of Professor A. V. Yakimov continues at the Odessa
polytechnic institute (now Odessa national polytechnic university), where he was invited by competition to
the post of head of the department of “Manufacturing technology” and where he continues to successfully
lead the scientific school he created. Developing the ideas of his doctoral dissertation, Professor A. V. Ya-
kimov successfully led both graduate and doctoral students who comprehensively studied various aspects of
intermittent grinding technology, and also developed methods for automatically controlling the quality of the
surface layer of critical machine parts during their finishing. In these areas, dozens of candidate and doctoral
dissertations are defended.

In the 70s and 80s, the design of new diamond wheels constructions was carried out at the Institute of
Superhard Materials of the Academy of Sciences of the Ukrainian SSR under the leadership of Professor A.
V. Yakimov. This gave the discontinuous grinding process a new impetus for further development, which
was accompanied by the widespread introduction of intermittent diamond grinding wheels.

It turned out that in addition to reducing temperature and increasing the cutting ability of intermittent dia-
mond wheels, the method of intermittent diamond grinding allows you to significantly save expensive rough
diamonds, i.e., natural and artificial diamonds. For example, in the manufacture of intermittent diamond
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wheels, the same amount of rough diamond allows one to produce a larger number of diamond intermittent
(i.e., discontinuous) wheels on its basis (in comparison with similar continuous wheels). The successful intro-
duction of intermittent diamond wheels in humerous aircraft, engine and machine-tool factories served as a
convincing justification for the assignment to Professor A. V. Yakimov honorary titles of Honored Worker of
Science and Technology of Ukraine (1982) and Laureate of the State Prize of Ukraine (1986).

The Odessa Polytechnic Institute (how ONPU) finally formed two main areas of research work on the
management of abrasive-diamond machining, to wit:

(1) introducing into the grinding system of new structural and technological elements (intermittent grinding,
elastic-damping fastening of the wheel, new dressing technologies for grinding wheels, cutting and grinding
lubricating compounds);

(2) automatic (adaptive, intelligent, computer) control of the process of diamond-abrasive processing based
on the use of information that occurs during processing. In the first case, the control is open, i.e., without
using feedback on the technological parameters, in the second — closed one when the correction of the ma-
chining process is carried out using the feedback circuit. In both of these areas, under the leadership of Pro-
fessor A. V. Yakimov the candidate dissertations are being carried out, including the generalizing doctoral
work of the author of these lines V. P. Larshin, combining both these areas into a single integrated grinding
system, which takes into account a single mechanism of production and its preparation. It was found that due
to general (as opposed to partial) optimization, the efficiency of integrated systems is higher than the effec-
tiveness of separate design and machining systems. A new approach to design and production automation
corresponded to a promising direction in manufacturing technology — the development of integrated produc-
tion systems. In foreign literature such systems are called “Computer-Integrated Manufacturing Systems”
based on the comprehensive use of computer technology, both in the preparatory and executive phases of the
production process. The practical implementation of this campaign was facilitated by the rapid pace of de-
velopment of hardware and software for computerized CNC systems with an open architecture. Currently,
integrated production systems have been further developed in the form of CALS technologies (Continuous
Acquisition and Life Cycle Support), i.e., continuous information support for the product life cycle).

In 1998, Professor A. V. Yakimov becomes a full member of the Engineering Academy of Ukraine. By
this time he was the author of numerous monographs, manuals and textbooks. His participation in the work
of the Engineering Academy of Ukraine leads to the emergence of another area of scientific and educational
activities of Professor A. V. Yakimov, to wit: organization and holding in Ukraine of large international con-
ferences on the subject of physical and computer technologies in mechanical engineering. Such conferences,
chaired by Professor A. V. Yakimov, become annual (and even twice a year) holding in Kharkov on the basis
of the Kharkov State Enterprise “FED”. The proceedings of these conferences contain detailed materials on
modern technological research and development, including questions of information and methodological
support of the educational process. They were published in the form of special issues: “News of the Acade-
my of Engineering of Ukraine”, “The Herald of the Kharkiv State Technical University of Agriculture”, as
well as in the form of separate works of the indicated international conference. Participation in the confer-
ence of famous scientific schools provided an opportunity to combine creative efforts, which was reflected in
the decision to prepare 10-volume publication of materials on modern trends in the development of manufac-
turing technology. The last 10th volume was published in 2005. Professor A. V. Yakimov prepared 55 can-
didates and 6 doctors of technical sciences. His students continue to develop the ideas of their teacher.
Among them are famous scientists and educators. They all adhere to a single scientific direction — improving
the technology of metal cutting and abrasive-diamond machining, have a joint interest in the development of
scientific research, training and preparing young researchers: masters, graduate and doctoral students. Many
students of Professor A. V. Yakimov occupy senior positions in industry. Creative work in the scientific
school of Professor A.V. Yakimov is based on the continuity of decisions, which consists in the fact that new
solutions use previous developments, which is tested by laboratory and factory practice. The characteristic
features of the scientific school of Professor A. V. Yakimov are the friendly atmosphere in the creative team
and the inextricable connection of scientific research with industry and the educational process at the univer-
sity. This allows significantly improving the quality of training of young specialists, to eliminate the well-
known contradiction between the development of new advanced technologies and the production where these
technologies are introduced.

The results of long scientific research and experiments Professor A. V. Yakimov outlined in a large
number of scientific and educational works. There are more than 300 of these works, including more than 80
inventions, more than 15 study guides and textbooks. Among major works, one can note, for example, the
monographs: “Intermittent grinding”, “Optimization of the grinding process”, “Abrasive-diamond machining
of profile surfaces”, “Quality of manufacturing gears”, etc. In addition, under his editorship, there were pub-
lished for example, such textbooks as: “Automated Engineering Technology”, “Grinding Process Manage-
ment”, “Optimization of Technological Processes in Mechanical Engineering”, “Fundamentals of Thermal
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Phenomena in Grinding Machine Parts”, etc. In 2012, another textbook “Manufacturing Technology” was
published under the general editorship of Professor A. V. Yakimov.

Scientific school of Professor A. V. Yakimov continues to work successfully. In recent years, research
has been carried out on the analysis and synthesis of technological processes and systems for metal cutting
and abrasive machining for complex-profile parts from difficult-to-machine materials. These are alloyed,
heat-resistant and stainless steels, titanium and titanium alloys, polymeric and composite materials. For ex-
ample, lead ball screws for machine tools and aircrafts, gears for conveyor gear boxes, as well as aviation
and automobile gears. Fundamental theoretical developments are being carried out on grinding thermophys-
ics and cutting dynamics in order to optimize technological systems based on the study of thermodynamic
processes occurring in the contact zone of the grinding wheel and vibrations in the elastic system of CNC
machines. Theoretical studies are carried out on the general theory of intermittent grinding including conven-
tional, macro- and micro-intermittent grinding taking into account forced cooling. These developments are
necessary to create new, more advanced methods of metal cutting and abrasive machining, including grind-
ing with highly porous (micro-intermittent) wheels, machining using new compositions and methods for
supplying solid metal cutting lubricants, and the use of technological diagnostics and adaptive control sys-
tems for CNC machines.

In 2018, another doctoral dissertation was defended by Lishchenko, N. V. on the topic “Profile grinding
productivity increasing on CNC machines on the basis of grinding system elements adaptation”. The disser-
tation is devoted to solving an important scientific and technical problem of increasing the productivity of
defect-free profile gear grinding on CNC machines on the basis of the development of appropriate technolog-
ical preconditions and subsystems for the designing, monitoring and diagnosing of the operation, which al-
low adapting the elements of the grinding system to higher productivity. For this purpose a methodology is
developed for researching the profile grinding system using scientific methods of modeling, optimization and
control, as well as corresponding technology preconditions in the form of a set of purposeful methods and
means of innovative profile grinding technology, to wit: grinding stock mathematical models for the trans-
formation of the grinding stock uncertainty into the taking grinding wheel away from a gear to be grinded,
method of the grinding stock aligning on the gear periphery without making corrections in its angular posi-
tion, method of a profile grinding wheel adaptive dressing, etc. The software for these subsystems is created
on the basis of the mathematical models of the temperature field with and without taking into account the
effect of forced cooling. The technological superiority of high-porosity (micro-intermittent) grinding wheel
has been theoretically demonstrated and practically confirmed in comparison with slotted (macro-
intermittent) wheel. Complex of experimental research and factory tests is performed for confirming the ef-
fectiveness of the methods and means developed.
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