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SPECIFICITY OF USING DIAMOND MICROPOWDERS
IN WHEELS ON METALLIC BONDS

Abstract. Some issues related to the possibility of increasing the efficiency of shaping blade tools
from polycrystalline superhard materials by diamond grinding are considered. It has been
established that one of the ways to increase the efficiency of using diamond micropowder grains in
circles is to apply thick metal coatings on them. The use of embossed metal coatings on diamond
grains can significantly extend their cutting resource. This is explained on the one hand by a
stronger adhesion of the coating material to the diamond surface compared to the components of
the binder, and on the other hand, a significant increase in the contact surface of the coated grain
with the binder of the circle. It was established that the strength of metal and ceramic ligaments
should be consistent with the strength of diamond grains sintered with it, and the concentration
and graininess of the latter have a significant impact on the integrity of the grains in the sintered
layer.

Keywords: superhard materials; grinding; coating; modeling; cutting area; thermal stresses;
bond stiffness; diamond consumption of a circle.

1. Problem statement. According to many researchers [1], [2], [3], at
present one of the most promising methods of manufacturing edge cutting tools
and other products out of polycrystalline extra hard materials (PEHM) is still
grinding with wheels on diamond grinding micropowder base. Its efficiency
remains essential even by rough grinding, since the process productivity and
wearing of wheels have satisfactory values. However, this technology is,
certainly, not economically sound, taking into account the costs of PEHM.

2. Analysis of the latest research and publications. The latest research on
this subject shows, that the increase in the efficiency of generating edge tools
out of PEHM owes to the field of using the wheels on the diamond
micropowder base [4], [5], [6]. In this case, however, the well-known
contradiction between the grain size and their stability in the wheel bond
becomes stronger. First of all, it considerably affects the value of the specific
charge of diamonds. It has been confirmed that one of ways to increase the
efficiency of diamond micropowder grains in wheels is to coat them with thick
metallic layers.

3. The objective of the research. The objective of the paper is to define
certain peculiarities of using diamond micropowders with thick relief metallic
coatings in wheels on strong metallic bonds.

© A. Grabchenko, I. Pyzhov, V. Dobroskok, V. Fedorovich, Y. Ostroverkh, 2019

3



ISSN 2078-7405. Pizanns ma incmpymenm ¢ mexnono2iunux cucmemax, 2019, sunyck 91

4. Basic research materials. With regard to the conditions of processing
PEHM by current-carrying wheels on the diamond micropowder base, the
coatings with the thickness of half the size of the coated grain are of special
interest. The theoretical base of obtaining such coatings has already been
developed, and the coating technology itself is well practiced [7], [8]. The most
widely used coating at present contains 56 % of nickel, however the percentage
of metal content can be changed on customer’s demand. The above mentioned
technology allows us to obtain relief coatings. At the same time, there occurs
the possibility to adjust the degree of the surface relief of grains down to
nanostructural level (coatings with relief, velvet and smooth surfaces).

The model of a diamond grain with a coating of sufficient accuracy
degree can be presented, for example, in the form of a sphere with harmonic
surface (fig. 1), the equation of which in spherical coordinates will be like this:

P(9.0) = T (k) 14K, sin(g)-cos(nd)]

p - radius-vector
length, @ and & - zenith
and azimuthal angles
accordingly;

k, - relative factor of

average coating thickness (the
ratio of average coating
thickness to the average size
of the initial diamond grain

Zinit.a.g. (Fig. 2);

k, - relative amplitude
factor of coating thickness
variation;

N - quantity of surface
peaks in axial section.

Figure 1 — A diamond grain model with metallic
relief thick coating

Using relief thick metallic coatings on diamond grains allows to
considerably extend the cutting life of the tool. The reason for this
improvement is, on the one hand, the stronger adhesion of the material to the
diamond surface, in comparison with the bond components, and on the other
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hand, the considerable extension of the surface contact area of the coated grain
with the wheel bond. As it has already been stated, this fact is particularly
important for fine-grained wheels, as the increase in the specific charge of
diamond wheels affects the reduction of the grain size.
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Figure 2 — The role of diamond grains coatings (Z.

init.a.g. -initial averade grain;

Z -average grain with coating; &,

aver.g.w.c. -critical with coating)

rit.w.c.

In Figure 2, at the expense of using the coating on a diamond grain the
increase in the depth of grain sealing in the bond by the value X which
numerically equals the coating thickness, can be achieved.

Thus, when using the relief thick coatings, a part of the coated grain,

sealed in the bond, can reach significant value, if Z__ ~2-Z

init. It can

coat.
equal X =Z,. /2, i.e.itcan play an independent role in holding the grain in

the bond. We can suggest with confidence that even in case of destruction, the
grain will be held by its metallic coating, and will continue on performing
useful work on metallic transition of PEHM for some time. It should positively
affect the operating ratio of diamond grains, which is essential for
micropowder diamond grains.

If thick coating has relief, it will lead to even greater extension of the
surface area of the grain in general, and in particular, extension of the sealed
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area in the bond. Additionally, in comparison with coatings with smooth
surface of the same size, the conditions of mechanical fastening of the grain
essentially improve. They allow to evenly distribute the load, acting on the
grain by cutting, thereby essentially decreasing the value of the critical sealing

in the bond (gcriticall < gcriticalz ! gaver. < gcriticall' gcriticalz —> min, Fig'
2).

With the coated grain being bigger than the initial one
(Z st = Zinie. +2-t, where t — is the coating thickness), the initial mass of

grains (before applying the coating) must be reduced appropriately, even taking
into account the ability to allocate the coated grains in the diamond-carrying
layer.

Provided that the size of the coated grain should equal approximately the
closest standard size (£, = Znq ). the first approximation may show that
their quantity in the volume unit of the diamond-carrying layer of the wheel
should also be the same, i.e N, =N, . This may lead to the reduction of
the initial micropowder mass, which means the decrease in real diamond grains
concentration in the wheel. The table below shows a model correlation between
the standard granularity and granularity of diamond micropowder grains with

thick coating (for the case t ~ Z. . [ 2).

init.

Table — Model correlation between the standard granularity and granularity of diamond
micropowder grains with thick coating*

Initial grains 7 60/40 40/28 | 28/20 | 20/14 | 14/10

init.

Coated grains Z ~7 100/80 80/63 | 50/40 | 40/28 | 28/20

stand.

coat.

With the grain in the form of ellipsoid of revolution, the initial mass of

grains M., with the granularity Z, , can be calculated by the formula:
z 72 z z ’

Mimit. — Mstand. . Z init.max Zlglt.mln — Mstand. . init.max |: init.min :| (1)
stand.max ~ “stand.min stand.max stand.min

Similarly the concentration of the coated grains in the wheel can be
designated as C and the initial grains without any coating can be

aver. !
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=7

designated as C,, In this case, given that Z it T2+t an equation
can result on the basis of (1). The equation allows to define the necessary
concentration of the coated grains in the wheel and to calculate the values of
concentration of grains in the wheels depending on the coating thickness and

the granularity of diamond micropowders. This equation is given by:

coat.

2

Z Z

init.min

+2-t )

init.max

C )
+2t|Z

C

coat. — “imit. *
Zinit.max init.min
At the same time the marginal initial diamond grains concentration in the

diamond-carrying layer of the wheel was considered to be the concentration

value of 200% (when diamond takes 1/2 of the volume of the working layer)

on the basis of empirically determined value of maximum volume filling

by diamond grains, which does not exceed ﬂ/mz 0.5 by V.N. Bakul
and his colleagues [9]. Graphic interpretation of the dependence (2) is
presented in Figure 3.

The role of diamond wheel characteristics (concentration, granularity and
bond material) by processing PEHM is significant, when there is practically no
embedding of diamond grains into the work material.

The fact is particularly true for the situation, when the influence of factors
has complex character. Therefore, for example, increasing the quantity of
grains up to a certain level in contact with PEHM, as a rule, improves the
quality of cutting edges. Then, however, (owing to durability increase in the
processing zone) it can lead to intensification of chipping process.

From the technological point of view there should be an optimum
combination of parameters of the diamond-carrying layer characteristics in the
wheel, which provides the required quality of cutting edges of the tool.
Considering the complexity of the phenomena, occurring in the grinding zone,
the most optimal characteristic of the wheel with the coated grains can be
defined empirically, taking into account technical restriction (2), considering
the possibility of allocating coated grains in the diamond-carrying layer.

The coating thickness is a very important parameter, the size of which
affects all stages of diamond wheel life cycle. At its preproduction phase, the
mix material affects the ability to allocate the coated grains in it, at the
sintering stage of the diamond-carrying layer its size determines grain integrity,
and at the grinding stage it determines its cutting durability in many respects.

Another important aspect of coating diamond micropowder grains, is
creating a diamond-carrying layer of the wheel, is the ability to avoid such a
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negative phenomenon as communing of grains with forming large
conglomerates, which may negatively affect the quality of the processed

surface.
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Using 3D modeling of the diamond-carrying layer deflected mode of the
wheel by sintering allowed to establish the fact that the durability of metallic
and ceramic bonds should be coordinated with the durability of sintered grains
in the bond. The concentration and granularity of the sintered grains
considerably affects the integrity of grains in the sintered layer. For example,
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using diamond wheels with the concentration of diamonds more than 40 %
essentially complicates the process of receiving the diamond-carrying layer, the
characteristics of which would correspond the estimated one [10]. Such wheels
do not improve the realization of conditions of technological stability.

It is known [11], [12], [13] that concerning the grinding efficiency of
PEHM, particularly on the diamond base, the optimum concentration of grains
in the wheel should be less than 100 % (when diamond takes 1/4 of the volume
of the working layer), and can be defined by the experiment-calculated method.

It is known that the higher the durability of the grain is (depending on
its mark), the greater their concentration in the diamond-carrying layer of
the wheel can be (taking into account the preservation of the initial
characteristic of the wheel) [14], [15]. As opposed to the grinding grains
of the wheels on diamond base, when using diamond micropowders does
not enable to choose the mark of the grain, since out of two existing
marks only one is recommended for diamond processing — ACH
(micropowder with high abrasive ability). However, one of the
advantages of using micropowders is a much smaller quantity of metal
inclusions in their structure in comparison with grinding grains, for
example those of AC6 mark. This advantage predetermines lower internal
tension in them at high-temperature sintering of the diamond-carrying
layer. It is possible to assume that micropowder grain durability can be
altered by choosing the coating thickness. It will enable to increase the
diamond concentration value in the diamond-carrying layer of the wheel,
when it is not technologically limited (2).

It is well known that at processing hard-to-cut materials it is often
required that the value of diamond grains concentration in the wheel should be
less than 100 %. By manufacturing glass products, for example, it is stipulated
by the necessity to allocate the material dispersion products in the intergranular
space; when generating products out of PEHM, the restriction is power tension
of the grinding process. There factors can be considered advantageous
concerning using grinding wheels with the coated grains. The fact particularly
concerns diamond micropowders, taking into account the quantity of grains in
one carat [16], and, therefore, in the diamond-carrying layer of the wheel and
per unit of its functional surface. According to our data [17], the number of
grains per unit area of the working surface of the wheel can be calculated using
the formula:

o 3.C
200-7-a%2-(0,96-X,, )’ 3)
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With N being the number of grains piece/mm?; C - grains
concentration in the wheel, %; @ = 0,6-0,8 — the grain form factor; X,, — the

average size of grain, mm.

The calculations under the dependence (3) show (Fig. 4) that the forced
decrease in concentration of grains on diamond micropowder base with
coatings taking into account the restriction (2) is compensated by the increase
in the number of grains in comparison with wheels on grinding micropowder
base.
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Figure 4 — Diagram of the dependence N = f (Z)

Hereby, for example, with the concentration of coated grains being

Z . =25% their number per unit area of the working surface of the wheel

with the granularity of Z =20/14 will be considerably higher, than that of the
wheel on the non-coated grinding micropowder base, with the wheel having the
finest granularity (50/40), and the concentration of 100 %.
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In order to define physical characteristics of the contact areas of the
coated grain with the bond and the processing PEHM and to reveal the
potential reserves of the grinding process the theoretical and experimental
research of the deflected mode of the system “wheel bond - diamond grain -
relief thick coating - processing material” has been conducted, taking into
consideration the existence of the metal phase in the grain. The calculations
have shown that the presence of the metallic coating on the diamond grain
considerably amends the deflected mode of the system.

Particularly, it has been defined that the relief thick coating on the
diamond grain essentially decreases the tension rate at the border “grain —
bond” under the same conditions of thermal and power loading of the system
(Fig. 5); the fact can be explained by the substantial contact surface extend of
the coated grain with the wheel bond. This confirms the fact that the grains can
be better held in the bond, and, therefore, their cutting resource increases.

b)

Figure 5 — Visualization of surface impact on 3D deflected mode in the system:
a) — without coating; b) — with the Ni based coating (Z=20/14)

At the same time the obtained data allow to define another essential fact:
the relief thick coatings contribute to the increased tension in the processing
material. The fact can also be explained by the increase in the contact surface
of the coated grain with the wheel bond, therefore the rigidity of system “bond
- grain - processing material” increases.

This deduction is of utmost importance, taking into account the fact that
the removal of allowance occurs at the expense of fragile microdestruction of
PEHM considering the lack of embedding of the diamond grain into the
processing extra hard material. In order to achieve this, two major conditions

11



ISSN 2078-7405. Pizanns ma incmpymenm ¢ mexnono2iunux cucmemax, 2019, sunyck 91

must be fulfilled: on the one hand, the presence of sharp micro and sub-micro
edges on the grain, and on the other hand, the force of certain value.

As our research shows [13], such factor as wheel bond rigidity increases
the pressure in the contact area of diamond grain with PEHM. Under the given
conditions the role of the bond is even more evident. Such factors as thickness
and durability of the coating, contribute to restraining the process of diamond
grain macrodestruction, as they increase the effect of its ‘compression’. The
latter fact successfully affects the intensification of the removal of the
allowance with processing PEHM.

The experimental research confirms the fact of essential decrease in the
specific charge of diamond micropowder grains with thick relief metallic
coatings, the value of which approximates that of the wheels on diamond
micropowder base.

5. Conclusions and development prospects. Thus, on the basis of the
foregoing theoretical analysis, we can state the fact that it is not only possible
but also reasonable to use relief thick metallic coatings on diamond
micropowder grains. Using relief thick metallic coatings allows to technically
resolve the stated-above conflict between the necessity to decrease the grain
size and the durability of holding them in the wheel bond.
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OCOBJINBOCTI BUKOPUCTAHHSA MIKPOIIOPOIIIKIB AJIMA3Y
B KPYI'AX HA METAJIEBI 3B'SI3111

AHoTauis. Pozensnymi OesKi NumanHs, nog'si3ami 3 MOJNCIUGICMIO NIOBUWEHHS eheKkmugHocmi
npoyecy (hopmoymeopenHs 1e308uUx iHCMPYMeHmi6 3 NOMKPUCMATIYHUX HAOMEEPOUXx Mamepiaie
anmasHum wigpyeanusm. [JocniodiceHHs OCMAHHIX POKi6 NOKA3auu, wo pe3eps NiOSUUeHHs
eghekmusHOCIi  POPMOYMBOPEHHS N1€308UX  THCIPYMEHMIE 3 NOMKPUCMANIYHUX HAOMEEPOUX
mamepianie (IIHTM) nesxcums 6 obnacmi 6UKOPUCMAHHS KPY2i8 HA OCHOBI MIKPONOPOWIKIE aimasy.
Bcmanosneno, wo oo0num i3 WAXIE NIOSUWEHHS]  eeKMUGHOCMI  GUKOPUCMAHHS  3epeH
MIKPONOPOWIKI6 aimasy 8 Kpy2ax € HaHeceHHs HA HUX MOECMOUAPOSUX Memanesux NoKpummie.
Cmocosno 0o ymos 06pobru ITHTM cmpymonpogioHumu Kpyeamu Ha OCHO8I MIKPONOPOWIKIE
anmasy ocobaueuil inmepec npeoCMABIAIOMb NOKPUMMA, MOSWUHA AKUX MOCe 00cia2amu
nonosuHU po3mipy 3epHa. Buxopucmanns ma aimasnux 3epHax penbeHUX MOSCOUAPOBUX
Memanesux NOKpummis 00360js€ icmomuo nioguwumu ix pixcyuuii pecypc. Lle noschioemocs 3
00HO020 OOKY Dinblu MIYHUM 3UENTeHHAM MAMeEPiany NOKPUMMms 3 NOGEPXHEI0 AAMA3y 6 NOPIGHANHT
3 KOMNOHEHMamuy 3@'13Ku, a 3 iHW020 icIomnum 30i1bWeHHAM NOBEPXHI KOHMAKMY NOKPUNO20
3epHa 3i 38'A3k0l0 Kpyea. Buxopucmanns memooonoeii 3D moOlentoeamHs HAnpysceHo-
Odehopmosanozo cmany aIMA30HOCHO20 WIAPY Kpyeda npu CiKAHHI 003601UNO 6CMAHOSUMU, UJO
MiyHicmb Memanesoi i KepamiuHoi 36'430K NOBUHHI Y3200XCY8AMUCS 3 MIYHICINIO AIMA3HUX 3€DeH,
Wo 3 Helo ChiKalomvcs a KOMYeHmpayis i 3epHucmicms OCMAHHIX ICHOMHBO 6NIUBAIOMb HA
yinicnicme 3epen 6 wiapi, wjo cnikacmvcs.  Bukopucmanns, uanpuxnad, aimasnux xpyeie 3
xonyenmpayicio ammasie nonad 40% icmommno yYCKIAOHIOE OMPUMAHHA AIMA30HOCHO20 WApY,
Xapakmepucmuka saKko2o 6ionosioara 0 pospaxynkosii. Bcmanoeneno, wjo mnaseuicmo Ha
AIMA3ZHOMY 3ePHI PenbeDHO20 MOSCMOUAPOBO20 NOKPUMMIA NPU MUX e YMOBAX MEPMOCUTOB020
HABANMAIICEHHA CUCMeMU ICMOMHO 3MEHULYE BEUYUHY HANPYICEHb HA KOPOOHI «3epHO-36'a3Kay,
WO MOJICHA NOACHUMU 3HAYHUM 30INbUUEHHAM NOBEPXHI KOHMAKMY NOKPUMO20 3epHA 31 36'3K010
Kkpyea. Excnepumenmanvui 00cniodcenis niomeepouny (paxm icmomHuo2o 3HUdMICEeHHSI NUMOMOT
sumpamu  3eper  MIKpONopowiKié aimaszy 3 MOBCHIOUAPOSUMU PEeTbEQHUMU Memanesumu
NOKPUMMAMU, 3HAYEHHS AKO20 HADIUNCAEMBCSL 00 PIGHA KPY2i8 HA OCHOGI WNIhNOPOUIKIE aimasy.
KarouoBi cioBa: naomeepoi mamepianu; winighyyeanns; Hamecenns NOKPUMMIG; MOOENOBAHHS;
30HA PI3AHHS; MEPMIYHI HANPY2U, HCOPCMKICMb 38'A3KU; NUMOMI 8UMPAmMu aamMasie Kkpyed.
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