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OOATING GRAIN SIZE INFLUENCE ON THE MATERIAL REMOVABI;E
VOLUME FOR THE RESISTANCE PERIOD, THE CUTTING TOOL
DURABILITY AND THE HARDENED 66MN4 STEEL

' 'Kostyuk G., *Bruiaka O., Kantemir I,
'National Aerospace University named afler N.E, Zhukovsky (KhAI)
Khartwv, Chkalov, 17, +380577884206, gennadwkastyuk?%@gmaz! com
' Natiomzl aviation University, Kiev

In order to evaluate the grain size influence on the efficiency of the
66Mn4 hardened stee! machining were conducted the investigations of the
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grain size in the 0.18 HfN + 0.82 ZrN coating on the WCCo8 (Russia),
MS221 hard alloys.

Surface layer composition (a) of the coating and cutting tool, this
layer percentage, plate photograph (b) and the surface layer photomicro-
graph with grain sizes are shown on the Figures 5.11 — 5.15 {1]. Similar stu-
dies for WCCo8 (USSR) plate with the same coating are shown on the Fig. 1 [1].
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Fig. 1. Dependencies of the 66Mn4 hardened steel removable volume
for durability period (a}, the 0.18HN + 0.82ZrN toated WCCo§ {Russia)
cutting tool durability (5) and processing performance (c) from the grain size

It is seen that the grain size is in the range of 106...219 nm. If the
plates are located on the ions flow axis, the zirconium percentage compo-
sition is 56.5 % and hafhium percentage composition is 38.48 %. Whereas if
they are located on the periphery, then Zr and Hf percentage is 55.29 % and
37.67 % accordingly. It is seen that in this case the surface layer zirconium-
hafhium ratio is increased in relation to hafnium (relative to its cathode
portion). It is shown that the coating grain size on the WCCo8 plate is slig-
hily higher than for WC TC15Co6 plate. In this case is realized sub-
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microstructure grain and the surface layer percentage determines the
zirconium and hafnium evaporation nature (Zr evaporates faster than Hf).
Similar dependences for the case of the 66Mn4 hardened steel pro-
cessing by the WCCo8 (Russia) cutting tool with the same coating (Fig. D)
allow to provide the same volume of the removable material over the
durability period 3.5 - 10° mm” and at the almost nanostructured grain size
106 nm, the grain size growth decreases rapidly to 2.5 - 10¢ mm’. The
maximum cutting tool durability is realized with ancther grain size (in the
140...210 nm range) and at the further grain growth cutting tool durability is
reduced. Processing performance dependence from the grain size repeats
dependence for G and the maximum value is 320 mm’/s (Fig. 1).
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Fig. 2. Dependencies of the 66Mn4 hardened steel removable volume
for durability period (z), the 0.18HIN + 0.82ZrN coated MS221 cutting
tool durability (5) and Processing performance (c) from the grain size

The spectral composition and percentage analysis of the coating on
the MS221 plate didn't performed unfortunately. The grain size inves-
tigations in the MS221 plate coating is shown on the Figure 15.12 [1]. Grain
size is in the range of 110...229 nm for plates on the flow axis and grain size
is 128...428 nm on the flow periphery. In this case microhardness were
measured, which, depending on the grain size, in the first instance was in
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the range 1270...1413 Hv and a larger value corresponds to a smaller grain
size, while for the plates, located on the periphery, microhardness ranges is
in the range from 915 to 1,184 Hv. Measurements were performed by the
PMT-3 instrument. In the last case lower microhardness values from 732 to 891
Hv were observed, which are associated with the submicrostructure grain
size presence, which turn into microstructure grain. In this case, the micro-
hardness minimum values were implemented.

Analysis of the removable volume dependencies for the durability
period G, durability T and processing performance P for 66Mn4 hardened
steel turning by the cutting tools from 0.18 HIN + 0.82 ZrN coated MS221
plate shows that the maximum value of the removable volume
G =5,5 - 10° mm’ is obtained with 120 nm grain size, cutting tool durability
T = 870 s and processing capacity P = 64 mm’/s at the same grain size. It
can be seen that 0.18 HfN + 0.82 ZrN coated MS221 cutting fool allows to
obtain acceptable results at the 66Mn4 hardened steel processing (Fig. 2).

Conclusions

1.1t is shown that at the effectiveness and efficiency assessing of
the coated hard alloys at the 66Mn4 hardened materials steel processing itis
necessary 1o take into account the coating grain size at that to the smaller
grain size is generally (but not always) corresponds to more effective pro-
cessing (the maximum removable material volume for the durability period)
and its working capacity.

2. It was found that 0,18 HEN + 0,82 ZrN coated WCCo8 hard alloy
and MS221 plate with the same coating have greater efficiency for the 66Mn4
hardened steel processing.

References

1. Kostyuk G. Efficient cutting tools with nano-coating and nanostruc-
tured modified layers: monograph-reference book / 2 books / G. Kostyuk. —
“Planeta-print Ltd” 2016 B. 1. Plasma-ion and ion-beam techno-logy. — 735 p.

ABOUT POSSIBILITY TO DETERMINE THE GRAIN FORMATION
ENERGY AT THE NANOSTRUCTURES PRODUCTION
IN THE CASE OF THE DIFFERENT KINDS, CHARGES
AND ENERGIES IONS ACTION ON CONSTRUCTIONAL MATERIALS

Kostyuk G., Matveev A.
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Assuming that the grain formation energy is equal to or slightly
more than grain atomization energy, it can be calculated by using the me-
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thod from [2, 3]. This energy can be determined after the initial finding of
the nanoclusters (NC) particles number and the particles types definition: at-
oms or chemical compounds. Then, after the grain atoms and chemical com-
pounds fractions determination, and knowing the grains atomization energy
of each cluster type (consisting of atoms and chemical compounds) and
multiplying them by the its number, we obtain the grain formation ex-pen-
ded energy as a sum of the atoms and chemical compounds cluster forma-
tion energies.

After nanocluster particles number determ1mng we have to find the
cluster particles atomization energy, which can be calculated taking into
account the two energies: the Coulomb repulsion energy Ek and ion bond
energy Eu by formula:

E, =E,+F, =52U+(1—s’)% D0N=§2ﬁi—zi—N—(l—I—2-J+(l—sz)lz pn D

where € — degree of ionic; & — proportionality factor called the
electrostatic constant, depends on the measurement units choice in the Inter-

1 8987742438.10° [H Mz] A — Modelung
5, K

constant; ¢ — electron charge, ¢=1,6022-107", C; z ~ ion charge; N —
particles amount; R, —shortest interatomic distance; - repulsion degree; Dy —
substance single particle dissociation energy.

As the calculations result we obtain atomization energy for the
chemical compounds with different charge numbers, repulsion degrees of
and dissociation energies. Thus, for & number of carbides and nitrides re-
sults are given in Table. 1.

national System of Units, %-

Table 1
Atomization energy of the metal nitrides and carbides
with different charge numbers z, repulsion degrees and dissociatior energies D

Creness Teopns - kenepHMEHT Oueprus
Marepuan i {Theory) {Experiment} | /maccotnsaus
praig IS e
ing bt _ issocia-
g (Repulston z=1 z=2 z=3 {z=1 z=2 ;
materials) tion energy
degree p, [m}) D, V)
TiN 0287107 5,756 | 9,125 14,74 13,23 4,9035
ZIN 0287-10" 6,874 | 11,4427 | 190572 14,53 58148
AIN 029510 | 4,476 | 7376 | 12209 10,169
HIN 0,433-10 6,6699 | 9,1749 | 11,349 16,09899

Obviously, in this case additional crystallization enery is com-
mensurate with material acting ion energy, while at the transi-tion to the
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zirconium and hafnium ions (Fig. 1), this value is almost one magnitude
order less than the ions energy (at energies ~ 2:104 eV). In this case, it is
obvious that it can be ignored.
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Fig. 1. Ion energy dependence of the additional crystallization energy
at different ion charge (curve 1-1, 2-1, 3-3), acting on the D16T aluminum alioy

‘Thermal and mechanical materials properties calculated using quan-
tummechanical approach.
Conduction eleciron heat capacity in metals. The electronic heat
capacity expressionis
il T
=Nk e == R— = M
& 26, 2 T g

The metals thermal conductivity in general consists of lattice ther-
mal conductivity (heat conductivity due to phonons) and thermal conduc-

tivity due to the free electrons:
A= A + s, @
The electron gas thermal conductivity:
1 = tuCaVe . )]
" 3
Lattice thermal conductivity coefficient:

LGV, WGV

et 3 pe 3

@

Phonon-phonon thermal conductivity. Phonon-phonon thermal
conductivity, which explicitly tekes into ac-count the resistive and normal
phonons scattering processes, described by the Callaway expression:
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Young’s modulus. Young's modulus due to intercluster interaction
is associated with the crystal lattice internal parameters as follows:

- PAE ®)
@ 2121de

For aluminum alloy D16T comparison of the structure parameters
calculation results (grain size (radius), nanoctusters (NC} volume and its
occurence depth) was performed; parameters were obtained with the ther-
mal and mechanical properties use in its calculation on the quantum-mecha-
nical theory and on the experimental reference data [2.19].
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Fig. 2. Comparison of the maximum temperature (a), ranocluster (NC) -
volume (b), the maximum {c} and minimum (4) NC oecurrence depth
of the B+ ion energy at different ions charges (z=1, 2, 3)
(sluminium alloy D16T)
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