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To achieve this goal in the work it is necessary to solve the following ;

1. To establish the order of magnitude of the cutting forces Pz and Py and
temperature of grinding, depending on the parameters of the process.
2. Determine the values of residual stress, depending on the contact
grinding.
3. Compare the obtained data with the data obtained when grinding MS with
electrocorundum.

N18K9MST (nickel 18%, cobalt 9%, molybdenum 5%, titanium 1%) marte
steel, CBN and electrocorundum grinding wheels were taken as research ma
studies were carried out using mathematical modeling according to [13] ¥
experimental test.

Experimental verification was carried out using the methodology of the
experiment. Cutting forces were measured using a dynamometer accords
standard procedure followed by digital processing. Contact temperatures
sured using embedded low-inertia microthermocouples [14, 15]. Residual s&
measured by etching. All analog signals from measuring devices were dig
displayed on a computer.

As a result of the experiments, it was established that cutting forces whe
with CBN wheels reach significant values and influence the process. The
forces of Py are in the range of 10-50 N and the values of the forces of Pz
range of 4-16 N.

There are some tendency of increasing at 10-15% of cutting forces whes
steel N18KOM5T, compared with cutting forces when grinding carbon harde

When changing the grain of the circle from 40 to 20, the cutting forces
2...2.5 times. The ratio between the cutting forces of Py and Pz varies ¥
wide limits from 1.31 to 2.2, and averages 1.47.

Processing modes also have a significant effect on cutting forces.
nificant are the speed of rotation of the grinding wheel, the cross feed, the &
The effect of the longitudinal feed has a smaller effect. The values of forces
when grinding with electrocorundum wheels are 13-65 and 6-20 N respeé

The temperature mode of grinding is one of the key points of influg
quality of the surface layer. Based on various sources, we can conclude th
bound of the temperature at which coagulation of intermetallic particles in
layer does not occur is 550 °C. It should be noted that temperature resid
after grinding at these temperatures have the small values.

To determine the temperature, change in the grinding process,
thermocouples “thermoelectrode—part” were used [14, 15].

The advantage of this method is that it makes it possible to estimate
contact temperature, but also the temperature of each cutting grain (Fig.

The emerging electrical signals of thermo-EMF, recorded on the o8
represent a thermal process in the cutting zone (Fig. 1). In this figure
envelope is the contact temperature Teone arising in the contact zone of gri
with the part. The pulses located on it represent the instantaneous tempes
which develops in the area of micro-cutting with a separate grain. Sinee
envelope, on which the T, pulses are located, has a significant amplits
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pulse obtained by measuring the contact temperature of grinding.

ace temperature at a given point at a certain point in time,

, equal to Tpulse = Teont + Tinat [14]-
the laws relating to contact temperature, since the latter has

surface to be ground.
of the surface depends largely on the grain of the grinding
t temperature of the surface is lower; higher is the grit
heel. When comparing the grinding temperatures of materials
alloy VT8 (Ti-90.9%, Al-5.8%, Mo03.3%), the values of
thermal activity of which are lower than that of steel
the same conditions, the surface temperature is 1.5 times higher
above mentioned steel. When the depth of grinding is about
temperature may be 900-1200 °C. The values of surface are
erinding with electrocorundum wheels.

12 16 25 32 Nz

20 25 35 50 Vw,mis

01 0,15 0,2 0,25  Vpart, mis
0,005 0,01 0,015 0,02 tmm

of the contact temperature on the processing factors V, =35 m/s,
= 0.15 m/s, t = 0.01 mm, s = 2.5 mm/course of the table, Nz = 25 (size
M5T (wheel LO 250/120 C1K8 100%).
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The dependence of the contact temperature during grinding on the dep
properties of the material being processed and the characteristics of the
shown in Fig. 2.

The instantaneous temperature that occurs when cutting individual
a very complex object of study.

The study of the obtained values showed that the instantaneous &
depends little on the processing modes. The change in heat pulse depends
size of the wheel, the properties of the material being processed and the pe
path that passes through the microthermocouple.

The frequency of the pulse temperature Ty Will correspond to the pt
rate from the grains.

The residual stresses arising in the surface layer are rather high and the
may be in the range of 400-600 MPa, the higher the temperature, the higl
of residual stresses. The residual stresses when grinding with electrocorus
are 20-25% higher too.

The structures of N18KOMST steel after casting, hardening, agi
grinding at a contact temperature of about 600 °C are shown (Fig. 3).
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Fig. 3. Structures of steel NIS8KOMST: a after casting, b hardening (from 8508
450 °C, d after grinding at a contact temperature of about 600 °C. Augmentation

- .
c

As can be seen from the photographs of microsections: a—austeniti€
cast martensitic-aging steel, b—after hardening—the structure of carbon-&
site and residual austenite, c—martensitic-austenitic structure with interm
forcing phases, d—structure after grinding at a temperature above
martensitic-austenitic structure was preserved, the grains were crushed, b
no strengthening intermetallic phases. It can be assumed that the dissolutie
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compounds in a solid solution prevails over the coagulation factor when
e rises above 500 °C.

studies have shown that in addition to the factors of processing modes,
of the cutting forces is influenced by the grain size of a grinding wheel,
es are higher, when grinding with more fine-grained wheel. It can be
the fact that with a decrease in the grain of the wheel, the number of
ms per unit surface of the wheel is increasing and, consequently, in the
of the wheel with the workpiece, significantly increases too. The power
individual grain at the same time decreases in smaller limits and cannot
¢ the increase in the number of grains. It leads to a significant increase in
2s. In addition, when grinding with fine-grained circles, the friction of the
the ground surface increases, as a result cutting forces increase.
emperature grinding follows the same pattern. This is due to the decrease
er of CBN grains in the contact patch of the wheel with the ground surface
e in grain size. The magnitude of each pulse increases slightly, and it
e in surface temperature.
in temperature with an increase in the speed of the grinding wheel is
an increase in the number of heat pulses per unit time affecting the

gase in contact temperature with an increase in the longitudinal feed is
the fact that the magnitude of the heat pulse from each grain increases
to the increase in the cross section of the microchip. Impulses, summing
general increase in temperature.
se in temperature with an increase in the depth of grinding is explained by
the number of heat pulses in the cutting zone and by an increase in the
i each pulse.
rease in contact temperature with increasing a cross feed is explained by
the contact patch of the circle with the workpiece in the transverse

s the research conducted, the process of heat generation in the cutting zone

bed and explained as follows: a thermal impulse arises with the passage
ing grain at a given point on the surface in 3...4 mcs. After the
the contact of the grain with this point of the surface, the cooling process
ends at 65...75% during the same time. After that, the cooling curve has
aracter and the point of the surface is exposed to the next grain before
e initial ambient temperature. The magnitude of the heat pulse from the
will largely depend on the residual temperature of this point, since the
8 enters the heated metal, the tensile strength of which has already been
ithe end of the second grain, the cooling process begins again with the
since in the first case the temperature difference was Tipq—T0, and in
8¢ Tinse — Ting (residual). This step process will continue until heat
shich occurs after 4...5 ms (milliseconds). It is expressed in the fact that
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the residual temperature from the grains reaches the value at equal cooling
the grains act on the metal and the strength of the grinded metal practi
change, remaining at the level of the corresponding steady-state surface
Tconl-

Residual stresses depend only on temperature, since there are
transformations.

5 Conclusions

1. It has been established that the value of the component of the cutting
reach 10-50 N. The value of the component of the cutting force Pz
10 N, The cutting depth and feed are the factors of the cutting co
mainly influence the forces. Hardness and grain are from the properties
Contact grinding temperature can reach 7001200 °C, which can ha
effect on the condition of the surface layer—decrease in hardness and
grinding conditions and wheel characteristics affect the contact
grinding. +

2. The value of residual stresses after grinding is up to 600 MPa, but the
cracks is not observed. In order for the surface layer of the part have no:
grinding, the processing conditions must be within: Vw—up to 40 m/!
10 m/min, t up to 0.03 mm.

3. The values of grinding process parameters when using electrocorun
higher by 20-25%.
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Abstract. Martensitic aging steels (Marging steels—MS) are high-alle
carbon (0.03% C) structural steels based on the Fe-Ni and Fe-Cr-Ni
additionally doped with cobalt, molybdenumtitaniumetc. The article pre
results of studying of the grinding process of martensitic aging ste
physical nature of the transformations occurring in the surface la
grinded surface under the influence of the contact grinding tempe
considered. The steels are heated for hardening up to temperatures
mately 1200 °C. At this temperature, the intermetallic compo
alloying elements (usually fine and solid) dissolve in the solid sol
rapid cooling at rates above the critical hardening rates, a decarburs
martensite is formed, in which the intermetallic compounds are diss
is followed by aging at temperatures of about 480-520 °C. Under the
tempering temperature, the precipitation hardening of steel occurs,
sists in the fact that intermetallic compounds in a finely dispersed
separated from a solid solution and block dislocation movement,
which the steel acquires high mechanical properties. Under the action
grinding temperature 550-600 °C these properties can be lost. The
of the contact temperature on the modes of borazon grinding is s
research is aimed at creating a database of permissible grinding
use of which provides optimal contact temperatures and a defect
layer.

Keywords: Borazon - Contact grinding temperature - Martensitic

1 Introduction

Martensitic aging steels (Marging steels—MS) are high-alloyed low-cas
structural steels based on the Fe-Ni and Fe-Cr-Ni systems, addition:
cobalt, molybdenum, titanium, etc. with mechanical properties sup
carbon alloyed steels [1, 2].
These properties are achieved through special heat treatment.
As indicated in [3, 4], the decrease in hardness and strength
temperatures of 500-550 °C, when coagulation of intermetallic comg

© Springer Nature Switzerland AG 2020
V. Ivanov et al. (Eds.): DSMIE 2019, LNME, pp. 180-187, 2020.
https://doi.org/10.1007/978-3-030-22365-6_18
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ing the deposited and heat-treated surfaces of MS, the value
of grinding should not exceed 550 °C.

W

al transformations of martensitic-aging steels under various
considered, but the transformations during surface heating,
inding, are not illuminated. In [6], the results of creep studies of
with long-term heating are presented, which also do not cor-
conditions during grinding. The influence of alloying elements
es of martensite-aging steels is discussed in [7], however, itis
correlate the results with the heating conditions during grinding.
structural heredity and exit conditions of dispersed intermetallic
solution under the action of heating temperature are considered,
plain the behavior of these steels when heated by contact grinding
the studies of changes in the strength properties of martensitic-
ult of structural changes, which, in turn, are the results of tem-
presented. These materials cannot be used to predict the behavior
they are heated by the contact grinding temperature, because in the
the heating is volumetric and long-term. In the case of grinding, it is
heating. In [10] the hardening of the margin steel is observed
treatment. However, the conditions of heating are not equal to those
of grinding. In [11] the thermal resistance of welded martensitic-
ed during the thermal treatment. But the conditions of heating are
during grinding. In [12], laser cladding of martensite-aging steel on the
le of alloyed steel of the Cr-Mo system is considered. The laser heat
in its temporal characteristics to surface heating by contact tempera-
the article does not contain data on changes in the temporal charac-
heating process and on changes in the structure of the deposited metal.
ing the data available in the literature, it can be concluded that the
nsite aging steels is not well covered when the operating temperature
is practically no data on how the characteristics of these steels change
to them of the contact temperature of grinding, the values of which may
the operating temperatures.

h Methodology

of the work is the experimental and analytic studying of the grinding
the deposited layer of martensite-aging steel with wheals from the CBN; to
erns of change in cutting forces, contact temperatures of grinding, stress
surface layer; to determine the allowable modes in which there is no

of this layer.




