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INCREASE OF EFFICIENCY OF DIAMOND GRINDING
SUPERHARD OF MATERIALS

Abstract. The analysis of algorithm of expert system of process of diamond grinding superhard of
materials (SHPM) is given. For realization of the offered expert system the ways of grinding with the
combined control of parameters of a working surface of diamond circles are developed.The designed
ways of superhard polycrystallic material diamond grinding basing on control of a grinding wheel
surface with usage of simulation of destruction processes of the system "polycrysta-grain-wheel bond"
considered.
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1. THE EXPERT SYSTEM OF THE SHPM GRINDING

A wide spectrum of different brands of superhard polycrystallic materials
(SHPM) and nomenclature of diamond wheels hamper experimental definition of
optimal conditions of SHPM grinding. It is connected with a great number of
experiments and their high cost price. For definition of a range of such conditions
the theoretical expert system, permitting to simplify this task, is created. The
SHPM diamond grinding is process of mutual controlled destruction of system
components "SHPM-grain-bond", and "grain-SHPM™" can destroy mainly by friable
microdestruction (productive process) or by the thermal-activated processes (ultra
precision grinding).

The theoretical description of destruction processes of system units "SHPM-
grain-bond" is extremely difficult, and practically it is impossible at raising on new
output parameters of grinding. However estimated expert system permitting to
narrow down a range of experimental researches for definition of optimal
conditions of machining different SHPM by different wheels, can be created. The
scheme of such expert system is represented on fig.1.

That the grinding process was steady, it is necessary, that the intensity of
grain protrusion height was equal to speed of forced bond deleting (VB). Thus
working grain protrusion height from bond (hp) should eliminate fallout of non-
working grains, i.e. the capacity coefficient of grains should be more than 1 (Kc>1).
Thus h, should be not less maxheight of bond microroughness (h;) for exception of
contact it with processed SHPM. At such working grain protrusion height it is easy
to define number of grains in contact with processed SHPM.
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Figure 1 — Scheme of calculation algorithm of optimal SHPM grinding conditions
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where a=hp/lg; lp - maximal value of a grain; S - single square; K - coefficient of
diamond concentration in a wheel; d., - average grain size.

If the number of grains in contact for serially manufactured wheels is too
great (that will not allow to put on each grain load, sufficient for friable self-
sharpening of grains and for reason of cracking of a SHPM processed surface), it is
necessary to decrease the concentration (for example, till 1-10%).

When we selected the number of grains in contact and received the load on a
single grain, we solve the task of definition of diamond grain destruction intensity
Vg in case of friable microdestruction in contact (productive grinding) or attrition
of grains on wear platforms (ultra precision grinding). Thus the intensity of linear
destruction of grains is caused both by contact with processed SHPM (Ve1) and
ultrasonic effect in a direction zone (Vg2). Besides, according to physical-
mechanical characteristics of bond, we define intensity "deepening" of grains to
bond due to ultrasonic effect in a direction zone (V¢3). Then for stability of the
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grinding process the speed of bond deleting in a direction zone (Vg) should be

equal:

Ve=Ve1+Ve2-Vas

The algorithm of such expert system represented on a fig.2.
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The algorithm of definition of optimal conditions of SHPM diamond grinding
(expert system) can be as: analytically we consider the contacting task of a single
grain and SHPM surface and define, what conditions for the given SHPM brand
will be optimal from the point of view of intensity tolerance removing. It is a grain
brand (i.e. its physical-mechanical characteristic, size, orientation of grain to
SHPM surface by a "hard" or "soft" plane), speed, contact pressure. Having
received load for a single grain, we are set in working grain height hg<hp<2a-lcg,
and having calculated a common maximum safe load, not causing cracking of
polycrystal surface, we define maximum safe number of grains in contact. In
accordance to assigned hp and number of grains in contact, we assign optimal
concentration in a wheel.

The special ways of diamond grinding are necessary for realization of the
developed expert system.

2. WAYS OF SHPM GRINDING WITH COMBINED CONTROL OF A
WHEEL CUTTING RELIEF

At the Kharkov State Polytechnic University the ways of diamond grinding
with combined direction of a metal-bonded wheel cutting relief have been worked
out [1,2,3,4,5].

These ways allow to realize controlled bond removing in an off-line zone (for
example, by electroerosional or electrochemical ways) and to realize ultrasonic
effect on tops of diamond grains, thus to control character and intensity of their
microdestruction. These ways provide double effect on a working surface in an off-
line zone. To guarantee constant fragile microdestruction of a diamond grain
working surface and to avoid forming of grain wear platforms, the grains are
treated by the means of continuous vibrational-shock dressing [6] with required
intensity. For continuous and successive introduction of new diamond grains
instead of worn out, in an off-line zone the electroerosional or electrochemical
removing of bond with intensity, which equals intensity of decrease of grain height,
is carried out. Besides, vibrational-shock influence on diamond grains is
characterized by effect of deepening of the grains in the bond with intensity Vp,
that helps more long-lived holding of grains on a WWS surface. On the basis of
such combined direction of wheel cutting relief, we propose three ways of grinding.
For all of them the ultrasonic control of developmentness of submicrorelief of
diamond grains (fig.3) is proper.

The vibrational influence on the grains is carried out by the means of a plane
tool — shocking tool (4) with dimensions 25x25x15, which working surface is
equipped by the "tablets" (5) of a superhard material, for example by SKM-R.
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Figure 3 — The scheme of vibrational-shock influence on a wheel working surface
in an off-line zone: 1 — diamond wheel, 2 — magnetostrictive vibrator, 3 — ultrasonic
oscillator, 4 — working tool, 5 — "tablet" from SHPM, 6 — concentrator

This tool (4) is attached to the concentrator of oscillation (6) of
magnetostrictive vibrator (2). The operation of the vibrator is actuated by means of
the ultrasonic oscillation generator (3). The calculation of the form and dimensions
of the concentrator (6) and the way of the mounting of the shocking tool is realized
according to the known method [7]. An oscillation frequency f and amplitude a are
defined experimentally depending on required intensity of grain microdestruction.

For SHPM processing based on nitride of boron, when the intensity of a
linear wear of diamond grains is rather insignificant, and consequently the intensity
of bond removing should also be corresponding, the most simple way of grinding
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with vibrational-erosive control of WWS by means of the source of a direct current
(fig.4b) can be applied. Electroerosive spark (bond removing) between a metal
surface of the shocking tool and the bond takes place owing to the varying gap at
vibrations from hmax up to hmin.
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Figure 4 — The ways of grinding with vibrational-erosive control of WWS:

1 — grinding area; 2 — zone of vibrational - erosive control of WWS; 3 — diamond wheel;
4 — current-collector; 5 — pulsing oscillator IIIT1-40-440; 6 — source of a direct current;
7 —to the generator of ultrasonic oscillations; 8 — device of ultrasonic dressing;

9 — machined sample; 10 — shocking tool-electrode

During SHPM processing based on the diamond, when the intensity of a wear
of diamond grains is extremely high, and consequently the same intensive directed
action on the wheel bond is required, use a source of direct current is not enough.
In this case pulsing oscillator IIIT'N-40-440 (fig.4a) is applied to erosive control of
parameters of WWS. The modes of operations of this generator are defined
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experimentally, depending on required intensity of directed influence on the wheel
bond.
This way has more wide opportunities in comparison with the first one, but it
iS more expensive.
The way of electrochemical bond dissolution in a control zone has the
greatest intensity of bond removing from wheel working surface [8]. Therefore, the
way of grinding with vibrational-electrochemical direction of a wheel cutting
surface (fig.5) will be the most effective in case of sharpening cutters from SHPM
together with steel holder, when besides removing bond, it is also required to
remove waste of grinding (metal chip).
In this case there are three zones on the wheel working surface:
e grinding area;
e zone of vibrational control of diamond grain maturity;
e zone of electrochemical control of WWS maturity.
The worked out ways of grinding with combined direction of wheel cutting
relief allow to stabilize the process of grinding at any level in a range from
productive one up to ultra precision. These ways provide:
o directed microdestruction of tops (wear platforms) of diamond grains due
to vibrative-shock influence by means of the shocking tool in an off-line
Zone;

e deepening of grains into the bond in an off-line zone by means of the
ultrasonic shocking tool, that prolongs action period of grains on WWS;

e directed bond removing to ensure entrance of new diamond grains in
exchange of worn ones and ones, dropped out from the bond, in operation.

In this case stability of grinding process, that is extremely important in
automatized productions, is achieved under condition of:

VB=V1+V2+V3 3)

where Vg - linear speed of bond removing; Vi — linear grain wear intensity in a
grinding area; V2 - intensity of destruction of grains in a zone of control; V3 -
intensity of bond "ramming" in the bond in zones of direction and grinding.

Such combined ways of control of a state of wheel working surface allow to
use wider potential cutting properties of diamond grains and to increase efficiency
of SHPM grinding. In case of disconnect of controlling influences on wheel
working surface, on diamond grains in the mass order the wear platforms will be
derivated and the process is transformed practically to the process of friction
"diamond - diamond" with the removal value on a nanolevel. When using precision
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equipment under these conditions it is possible to realize ultraprecision grinding of
superhard materials.
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Figure 5 — The way of grinding with vibrational — electrochemical direction of WWS: 1 —
grinding area; 2 — zone of electrochemical direction of WWS; 3 — zone of ultrasonic
direction of WWS; 4 — diamond wheel; 5 — current-collector; 6 — source of a direct current;
7 — cathode device; 8 — device of ultrasonic dressing; 9 — to the generator of ultrasonic
oscillations; 10 — machined sample
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Amnarouniii I'pabuenko, Bomognmup ®@emoposnd, IBan [Timkos,
€grewiit OctpoBepx, XapkiB, YkpaiHa

HNIABUIMEHHSA EOEKTUBHOCTI AJIMA3HOI'O IIVII®YBAHHSA
HAATBEPAUX MATEPIAJIIB

AHoTtauis. /s peanizayii 3anponoHosanol ekcnepmuoi cucmemu po3po6neni cnocoou winigyeanns 3
KOMOIHOBAHUM YNPAGIIHHAM napamempamu pobo4oi nogepxHi aimasHux kpyzis. Pospobneno cnocoou
AIMA3HO20 WINIQYBAHH HAOMEEPOUX NONIKPUCMANIMHUX MAMEPIanié 3 YAPAGIIHHAM POOOHOI0
noGepxHer0 WNigyeanrbHO20 Kpyea HA OCHOBI MOOENO8AHHS Npoyecie pPyUHY8aHHS 8 30Hi 0OPOOKU.
Pospobneni paniwe cnocobu winiyyeanns 3 a8MOHOMHUM YRPAGIIHHAM DIJCYUUM PETbePom Kpyeie
(PPK) icmomHo po3uwuproioms mexHOIOSIUHE MONCIUBOCH AIMA3HO20 uiniysants. OOHaKk HeOONiKOM
yux memoodis, 0cooaUBo Npu WNiQhY8aAHHI HAOMBEPOUX NOJIKPUCMANIYHUX MAmepianis, € me, wo npu
macosomy eunukHenHi Ha PIIK niowaoox 3HOCY, AKI cmaromes 00MedlCcylouum @Gakxmopom npoyecy
wnighyeanus, maki 3epHa npumycoso euoararomecs 3i 36'asku. Takuil npoyec iCMOMHO 3HUIICYE
Koepiyienm GUKOPUCMANHA NOMEHYIIHO GUCOKUX DIJICYUUX 61ACMUBOCTEN ATMAZHUX 3epel | 30i1butye
ix numomi sumpamu. Omodice, HOCMace 3a860aHHs YPABIIHHI NPOYECOM YMBOPEHHS NI0UAOOK HA 3ePHAX,
mobmo 3abesnewumu ix Kpuxke MiKpOPYUHYBAHHA 3 YMBOPEHHAM CYOMIKDOKPOMOK. 3anpononosawi
agmopamu cnocobu nepedbavaionv NOOGIUHUL 6NIUE HA POOOYY NOGEPXHIO 8 AGMOHOMMIU 30Hi. [[ns
3a6e3neyeHHs: NOCMILIHO20 KPUXKO20 MIKPOPYUHYBAHHS pOOOYOI NOBEPXHI AIMAZHUX 3€PEH | BUKTIOYEHHS]
VIMEOPEHHs HA HUX NIOWAOOK 3HOCY BOHU NIOOAIOMbCs be3nepepsnill gibpayitinill npasyi 3 HeoOXiOHOoI0
inmencugnicmio. A 0na be3nepepsroco NOCII006HO20 68edeHHs 8 POOONLY 6Ce HOBUX AIMAZHUX 3EPeH
3amicmb  3HOWEHUX, 8 A6MOHOMHIU 30HI 30MICHIOEMbCA  eleKmpoeposiiiHe abo  eleKmpoximiune
BUOANEHH s 363K 3 THMEHCUBHICMIO, PigHOIO iHmMeHcugHocmi 3nocy 3epen. Taxi kombinoeani memoou
VIPAGNIHHA CIAHOM POOOYOI NOBEPXHI KpY2ié 003601510Mb OLIbUL NOBHO GUKOPUCHIOBYEAMU NOMEHYIUHT
PIdCYYl  61ACMUBOCHI]  AIMAZHUX 3¢peH [ NIOGUWUMU  ehekmugHicms waiQ)yeants HAOMEEpOUx
mamepianis. Ilpu 6i0KAI0UeHHT YNPABTAIOUUX 6NAUGIE HA POOOUY NOBEPXHIO KPYed, HA AIMA3ZHUX 3€PHAX 6
MACOBOMY NOPAOKY YMBOPIOIOMbCS NAOUAOKU 3HOCY [ NPpOYec mpanchOpMy€eEmbCsa NPAKMU4HO 6 npoyec
mepms «aIMA3-aamMas» 3 BeIUYUHOI0 3HIMAHHA HA HAHOpIigHi. [Ipu euxopucmawHi npeyusiiHozo
(HaOmouno20) 061AOHAHHA 6 YUX YMOBAX MOJICHA Deanizyeamu yibmpanpeyisiline wniyysanns
Haomeepoux mamepianie.

KuouoBi ciioBa:  Haomeepoi nonikpucmaniuwi  mamepianu; npoyecu pyUHYBAHHA,  AIMA3He
wiighysanns; poboua nosepxms kpyaa, Komoinoeana cxema,; cucmema "nomikpucman - 3epno - 36's3xa”.
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