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DEVELOPMENT OF THE TECHNOLOGY

FOR MANUFACTURING AND INTRODUCING

A NEW CLASS OF TOOLS WITH CVD DIAMOND
FOR GRINDING HIGH-PRECISION GEAR WHEELS
OF SPECIAL REDUCER UNITS

Introduction. The trueing tool used by machine-building enterprises of Ukraine creates a fundamental const-
raint for improving the accuracy of shaping of the working profile of abrasive wheels and, accordingly, the
accuracy of the products made with its use.
Problem Statement. The creation of CVD diamonds tools is in the process of being finalized by leading foreign
developers. This class of CVD diamond trueing tool has never been developed or manufactured in Ukraine.
Purpose. The development of a technology for manufacturing precision products from CVD diamond for
providing the process of grinding the gear wheels of special reducer units at mechanical engineering enterprises.
Materials and Methods. Techniques and special stands for precise positioning of elements from CVD
diamond and for testing the trueing instrument, methods for determination of metallic binder’s structure.
Results. The rational positioning of CVD diamond elements on the cases of complex shapes has been studied.
The manufactured tools for trueing abrasive wheel have been finished and tested. It has been shown that the use
of such elements provides a high resistance to the erosion influence of sludge in the trueing area and is expedient
to be used in contact with the main components of abrasive wheels, due to exceptional tribological characteristics.
The use of structured metallic binders has been shown to provide low vibrations in the trueing area and a stable
and reproducible topography of the cutting surface of an abrasive tool with a large number of cutting edges and
with the capability of directional influence on the orientation of the edges by selecting efficient trueing conditions.
Conclusions. For the first time in Ukraine, at the Bakul Institute for Superhard Materials of the NAS of
Ukraine, the truing tools equipped with CVD diamond elements have been created and adapted to the processing
chains of high-precision gear wheels of reducer units with enhanced operational characteristics, which enable
replacing the imported parts at the machine-building enterprises of Ukraine.
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The enhancing requirements for the quality of
manufactoring machines are related to the need
to improve their accuracy and reliability, produc-
tivity and efficiency, which largely depend on the
performance parameters of their major compo-
nents and units. Mechanical engineering needs
fundamentally new, reliable, and versatile equip-
ment, tools and accessories capable of effectively
and steadily machining various products made of
structural materials under conditions of both lar-
ge-scale computer-aided manufacture and small
factories that are widespread today. This con-
cerns gears wheels that are an integral part of the
structural units of most modern machines. This
requires a significant increase in the intensity of
the gears operation (up to 140 m/s in circular ve-
locity, up to 7000 N/cm specific loads, and up to
300 °C the operating temperature), combined with
the need to reduce weight and to increase re-
source of their service. The performance parame-
ters of reducer units depend primarily on the qua-
lity of the gear wheels. The manufacture of gear
wheels of the required precision is a multi-stage
process, the results of which are largely deter-
mined by the state of the cutting profile of the
grinding wheel used for gear machining. Maintai-
ning the geometry and cutting ability of the abra-
sive profile of product is the purpose of trueing
operation. There are many types and variety of
trueing instrument that can be classified accor-
ding to different characteristics. The important
thing is the nature of the trueing tool surface that
contacts the grinding composite, the object of
trueing. Such a surface may be discrete or con-
tinuous. In the first case, we are dealing with the
tools equipped with powders of natural or syn-
thetic diamond, in the second one, this means the
solid rotation bodies made of high hardness and
wear resistant materials.

The disadvantage of the trueing tools with the
continuous support surface is a close topography
of the abrasive wheel surface, which is formed as
a result of trueing. This significantly increases
the cutting force and contact temperature arising
while grinding the gear wheel and, accordingly,
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impairs the structural condition and geometry of
the workpiece at an economically acceptable
stock removal rate. On the other hand, in this
case, the vibration amplitude in the contact area
of the trueing tool with the abrasive wheel is sta-
ble, which positively affects the reproducibility
of the wheel profile shape after each trueing, pro-
vided the trueing composite is highly stable. The
trueing tools based on high-strength diamond
powders form an open topography of the abrasive
surface, giving it a high cutting power. However,
even in the case of programmable distribution of
grains on the surface of the tool body, which is an
extremely labor-consuming operation, it is im-
possible to avoid formation of long tracks free of
diamond particles, on the cutting layer. This cau-
ses cyclically recurring fluctuations of the cutting
force. When such cyclical fluctuations resonate
with the self-induced vibrations of the trueing
tool and the abrasive product, i.e. the object of
trueing, the aggregate vibrations in the work area
get significantly intensified, which leads to a
quick wear of the trueing tool, deterioration of
the micro-geometry of the abrasive wheel cutting
surface and the profile accuracy. Thus, the stoc-
hastic nature of the orientation of the cutting
edges of diamond powder grains, even the high-
strength isometric fractions, creates considerable
constraints for further improving the accuracy of
shaping of the abrasive wheel working profile
and, ultimately, affects the accuracy of the pro-
ducts obtained using the trued abrasive tool.

An obvious approach to the solution of the
above described dilemma is the creation of true-
ing tools with a combined surface that connects
the work of high-strength diamond grains with
arbitrarily oriented cutting edges and the effect
of regularly spaced sections of a certain length
with continuous topography of contact with the
abrasive wheel. However, as numerous publica-
tions and experience have shown [1—3], this ap-
parent formulation of the problem does not guar-
antee the expected scientific and technical solu-
tion. Thus, today the use of elements made of
boron carbide, silicon carbide, or polycrystalline
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diamond has not enabled solving the problem of
stable trueing of grinding wheels for machining
gear wheels of high-precision reducer units.
According to recent publications, as well as our
previous research [4—8], the probable solution of
the problem is to create trueing tools with a com-
bined work surface using CVD-diamond elements
(inserts). This solution is promising, given an ex-
tremely high resistance of the tools to the erosion
impact of grinding dust in the trueing area and its
exceptional tribological characteristics in contact
with the main components of abrasive wheels. It
is just this property that provides a stable mode
of vibration during the trueing process, i.e. the
reproducibility and stability of the parameters of
the abrasive tool cutting profile, on the one hand,
and the geometry and structure of the workpiece,
on the other hand. The binder plays an important
role in ensuring a stable mode of contact interac-
tion between the trueing tool and the abrasive
wheel. In the conventional binder, the removal is
made with a small amount of the most prominent
grains. The elementary cell of the grain contact-
ing with the machined material has a consider-
able area and an extremely high energy density.
This gives rise to the uneven nature of the impact
of the tool on the profile of the abrasive wheel. At
V. Bakul Institute for Superhard Materials of the
NAS of Ukraine, there have been developed fun-
damentally new approaches to creating struc-
tured metal binders suitable for the creation of
tools with a combination of high-strength dia-
mond grains and long elements with high hard-
ness and wear resistance. Structured-bonded dia-
mond grains form an even-altitude ensemble in
the cutting area. A large number of grains are in-
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volved in the stock removal. There are numerous
elemental cells of grains contact with the ma-
chined material, they have a small volume and
differ insignificantly in «degree of overheating».
This ensures a low level of vibration in the true-
ing area and, accordingly, a stable and reproduc-
ible topography of the cutting surface of the abra-
sive tool with a large number of cutting edges and
with the possibility of targeted influence on their
orientation by selecting proper trueing modes.
The tool operation on structured binder creates a
spectrum of native vibrations of abrasive grains
in the form of one or multiple narrow frequency
bands, that is, provides coherent grinding.

The tools for precision shaping of abrasive
wheels form the most complex, in terms of manu-
facture, the most attractive, from the economic
point of view, and the most critically important,
in terms of application, segment of instrument-
making industry. The technological problem is
that the above mentioned new class of CVD-dia-
mond trueing tool has never been developed or
manufactured in Ukraine. However, it has been
widely used at machine-building enterprises of
Ukraine for trueing of modern abrasive wheels
while grinding the gear wheels of special reducer
and other products. Nowadays, the creation of
tools with the use of CVD-diamond and their
manufacturing technology are being refined by
leading foreign developers. Given this, the solu-
tion of this scientific and technical problem for
the needs of domestic engineering is a relevant
and urgent task.

The purpose of this research is to develop a
manufacturing technology and implementation
of a new class of CVD-diamond trueing tool for
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Fig. 2. CVD-diamond crystals

abrasive grinding of gear wheels of special reduc-
ers, based on the accumulated experience of the
V. Bakul Institute for Superhard Materials of the
NAS of Ukraine in manufacturing diamond true-
ing tools for the needs of machine-building enter-
prises of Ukraine and solving the problem of im-
port substitution of such tool.

The solving a number of issues is necessary to
achieve this purpose. Firstly, the development of
technology for the production of a new class of
CVD-diamond trueing tools, is required, as well
as methods and special test stands to study the
operability of CVD-diamond trueing tool. Second-
ly, it is important to know the relationship bet-
ween the initial characteristics of the abrasive
wheels, the characteristics of the trueing tool and
the conditions of trueing, on the one hand, and
the wear pattern of the diamond tool, the stabili-
ty period and the initial parameters of gear wheels
grinding process, on the other hand. Thirdly, it is
necessary to develop recommendations for the
optimal parameters of the formation of abrasive
wheels with specified characteristics for the gear
grinding process.

The main materials for the production of gear
wheels are carbon and alloy steels. The most re-
sponsible gear wheels are made of special hard-
machined alloys, for which low carbon alloy steels
are preferably used having undergone chemical
thermal treatment, cementation, and hardened
up to HRC 50 and higher. The cylindrical gear
wheels of the 3rd — 7th degree of precision are
conventionally divided into the three groups, de-
pending on their precision: the precise (7th de-
gree), the high-precision (5th—6th degree), and
the extra high-precision (3rd—4th degree). The
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precise and high-precision gear wheels are widely
used in engineering industry and machine-tool
building, while the extra high-precision ones are
used in turbo-, aircraft- and machine-tool build-
ing (the manufacture of precision machines), as
well as in other industries.

Highly porous abrasive wheels have significant
advantages over the tools of normal porosity
while machining the parts made of high-alloy
steels and alloys in the cases when the limiting
factors are high requirements for the absence of
“burns” and cracks in the process of grinding. For
example, such parts are turbine blades, gears
wheels, worm cutters, running screws and so on.
The highly porous grinding wheels have a high
self-sharpening ability, are manufacturable in
terms of profiling and trueing, and enable grind-
ing of parts with less heat release in the cutting
area, as compared with the conventional wheels
[1]. The wheel structure is indicated by numbers
and does not differ significantly from different
manufacturers. It is divided into 12 groups. The
higher the number, the lesser the abrasive grains
in tool volume, the more binder and pores at the
same hardness. For example, for structure 1, the vo-
lume content of abrasive grains in the tool is 62%,
for the next structure number the grain volume
decreases by 2%. The European standard ISO /
FDIS 6103 establishes the structure numbers for
abrasive tools from 0 to 14, i.e. 15 groups. Exam-
ples of the structure of grinding wheels made of
white electrocorundum are shown in Fig. 1.

In the production of abrasive wheels for grin-
ding gears are used mainly different types of elec-
trocorundum (aluminum oxide) and cubic boron
nitride. These abrasive materials are made the
dish wheels for Maag, the cup wheels for Gleason
machines, the conical wheels for Niles machines,
the worm wheels for Reishauer machines and pro-
file grinding wheels.

Thick-layer CVD-diamond (Fig. 2) shall be
considered as material that is an alternative to
natural and polycrystalline diamonds. It has the
same extremely high chemical and physical pa-
rameters as natural diamonds as well as synthetic
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Fig. 4. Finishing of the roller on the opto-
grinding machine

diamonds produced at high pressure and temper-
ature. In fact, it is pure carbon that does not con-
tain a binder phase. However, since CVD-dia-
mond consists of fused diamond microcrystals, it
is a polycrystalline substance. As in the case of
many materials grown by using the thin-film tech-
nology, the CVD-diamond crystals are formed
from small crystallization seeds that are coalesc-
ing during the enhancement and thickening of
the layer making it stem-structured. The CVD-
diamonds are chemically inert, have a high ther-
mal conductivity and resistance to abrasive wear.
The possibility to use CVD-diamonds for the ma-
nufacture of diamond rollers and other abrasive
trueing tools is of particular interest. It means,
there is a unique possibility of manufacturing
products that have exactly the same working ele-
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Fig. 5. Trueing CVD-diamond roller

Fig. 6. Trueing CVD-diamond roller when
dressing the grinding wheel

ments and, consequently, the same (optimum)
contact area with the working surface of the abra-
sive wheel, which, as known, is of fundamental
importance both for the quality of trueing and for
the general service life of the trueing element..
The CVD-diamond trueing roller was perfor-
med using an AutoCAD computer program that
meets all the standard requirements for designing
a special diamond tool and the customer’s specifi-
cations for such dressing rollers. When designing
the trueing roller, all safety requirements for ma-
nufacturing the dressing rollers and the equip-
ment for making the diamond tool on adhesive
active metal binder were taken into account. The
roller housing material is steel 45 that, when app-
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lying the diamond-bearing metal layer in vacuum,
does not lead to a significant distortion of the tool
body. Similarly, when designing the trueing roller
configuration, designers took into account the
existing equipment fleet for machining and fin-
ishing the diamond rollers, which could ensure
the accuracy production of the CVD-diamond rol-
ler. Machining CVD-diamond trueing rollers com-
bines turning the tool body, milling grooves for
mounting diamond crystals, finishing tool bores,
drilling tool bore for screws and engraving the tool’s
characteristics on the body. Finishing CVD-dia-
mond trueing rollers includes finishing grinding
of the working layer along the end and the pe-
riphery of the roller, measuring the accuracy indi-
cators of the roller, and final finishing of CVD-
diamond crystals on an opto-grinding machine.
The trueing roller housing is turned on numeri-
cally programmable control (NCP) screw-cutting
lathe of mark 2P22. The treatment is made with
one stop of the roller workpiece on the lathe to
avoid any loss of base surfaces at further proces-
sing. The roller is machined in the diameter, cut
of theroller ends, machined the flange, and turned
the tool bores. Such the operations approach to
turning allowed the provision of the required
precision of the roller housing for its further man-
ufacture. The next machining operation of true-
ing roller is milling grooves for mounting CVD-
diamond crystals on the body. This operation is
made on a three-coordinate milling machine with
NPC. Totally, 180 grooves (90 on each side) ha-
ving a size of 1.0 x 1.2 mm are milled over every
4 degrees, on the periphery of the roller body. The
roller workpiece with milled grooves is shown in
Fig. 3. Finishing treatment of the tool bore to a
size of 40.002 mm is made on grinding machine
(model 3D366). The bores are drilled on a verti-
cal drilling machine 2M37, using @ 5.5 mm drills,
with subsequent countersinking of the bore on
the @ 10 mm screw head. The characteristics of
the tool are engraved last, after the completion of
all operations, before packaging the roller.

A separate operation of trueing roller manufac-
ture is the insertion of CVD-diamond crystals
into the milled grooves of the roller housing. For
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this operation, a special fixture was made on mo-
del IZV-2 instrument microscope. The roller is
placed on a special cylinder fixed in the center on
the microscope table. The diamond crystals are
fixed in the grooves of the roller housing with a
special glue that burns out in a vacuum furnace,
while applying the adhesive metal binder. The
roller is finished on the optical-grinding machi-
ne OSHL-237 using a diamond grinding wheel
on metal binder. The roller periphery and the two
end faces are trued to the accuracy specified in
working drawings. Fig. 4 shows the process of fin-
ishing the roller on optical-grinding machine.
The final operations on the manufacture of the
trueing roller consisted of the measurements its
accuracy and engraving the characteristics on
the roller body.

The CVD-diamond trueing roller (Fig. 5) has
been tested at the enterprise PJSC Motor-Sich
(Zaporizhia, Ukraine) while trueing high-porous
abrasive wheels when grinding gears made of har-
dened steels on NPC machine tool Pfauter-KAPP
(Germany). The trueing of a grinding wheel by a
CVD-diamond roller is shown in Fig. 6.

The tests have shown that the use of CVD-di-
amond elements (inserts) is expedient due to its
extremely high resistance to erosive effect of
grinding dust in the trueing area and exceptional
tribological characteristics while contacting the
main components of abrasive wheels.

Thus, for the first time in Ukraine, the V. Ba-
kul Institute of Superhard Materials for the NAS
of Ukraine has created a finished scientific and
technical product, trueing tool on structured
metal binders, equipped with elements of CVD-
diamond and adapted to technological chains
of production of high-precision gear wheels for
reducers with high performance characteristics,
which enables import substitution at domestic
enterprises, as well as entry into foreign markets,
and, consequently, attraction of foreign currency
to funding of the NAS of Ukraine. The CVD-dia-
mond trueing rollers have been experimentally
implemented at Motor Sich PJSC, which is con-
firmed by technical certificates.
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PO3POBKA TEXHOJIOTTI BUTOTOBJIEHHS TA BITPOBAJIPKEHHS
HOBOTI'O KJIACY IHCTPYMEHTY 3 CVD-AJIMA3Y I IIJIIOYBAHHA
BHUCOKOTOYHUX 3YBUYACTUX KOJIIC CIIEHIAJIBHUX PEAYKTOPIB

Beryn. [Ipasistunii iHCTpYMEHT, sIKii BUKOPUCTOBYIOTh Ha MAITMHOOY /I BHUX [T APUEMCTBAX YKPaiHH, CTBOPIOE IPUHIIUATIOBI
0OMEsKEeHHSI 1151 TI0[AJIBIIIOTO T IBUIIIEHHST TOYHOCTI (hOPMOYTBOPEHHS pO6OUOTo 1podisio abpasuBHIX KPYTIB i, BIAIOBIIHO,
BILINBAE HA TOYHICTh BUPOOIB, BUTOTOBJIEHHX 3 HOTO BUKOPUCTAHHSIM.

IIpo6aemaruka. CTBopeHHs iHCTPYMeHTIB 3 BukopucTantusm CVD-anima3sy nepefyBae Ha cTa/il JOOIPAIIOBAHHS Y TIPO-
BizHUX 3apyOiskHUX po3pobHuKis. Ileil kaac npassyoro incrpymenty 3 CVD-anmasy Hikosm He po3pobJIsiBest Ta He BUTO-
TOBJISIBCS B YKpaiHi.

Mera. Po3po6ka TeXHOIOTii BUTOTOBJIEHHS Mperu3iitnnx Bupo6is 3 CVD-anmasy A/ iHcTpyMeHTaIbHOTO 3a0e3MeueHHsT
npolecy 1uridyBaHHs 3y0uacTux KOJIC creliaJbHIX PEAYKTOPIB HA TiAIPUEMCTBAX MAIIUHOOY Iy BAHHSI.

Marepiamm if MeToau. MeTouku Ta crieliaibHi CTeH/IN JIJIsl TOYHOTO To3uilionyBanis exementis 3 CVD-anmasy Ta st
BUTPOOYBAHHS [PABJISTYOTO IHCTPYMEHTY, METO/IM BU3HAYECHHST CTPYKTYPU METATIYHUX 3B’SI30K.

Pesyabraru. /locsikeno paionanbhe nosuiionyBanng esieMentis 3 CVD-anmasy Ha kopirycax ckaagaux ¢popm. IIpo-
BezieHo (iHiIIHy J0BOAKY Ta BUITPOOYBAHHS BUTOTOBJIEHUX IHCTPYMEHTIB B IIPOIIECaX TPABKU abpasuBHUX KPYTiB i MOKa3aHo,
110 BUKOPUCTAHHS TAKUX €JIEMEHTIB 3a0e3lleuy€e BUCOKY CTIHKICTh 10 €PO3iiiHOro BIUIMBY HLJIAMY B 30HI IIPABKHU Ta €
JOMIIbHIM 3 BUKJIIOYHUMHU TPUOOJIOTTYHIME XaPAKTEPUCTUKAMU B KOHTAKTI 3 OCHOBHUMU CKJIA[I0BUMU aOPa3UBHUX KPYTiB.
[TokaszaHo, 1110 BUKOPUCTAHHSI CTPYKTYPOBAHMX METATIYHUX 3B'130K 3a0e31euy€e HU3bKUil PiBeHb BiOpalliii B 30HI paBKuU i
cTabibHYy 1 BIATBOPIOBaHY TOMOTPapiio Pisky4oi moBepxHi abpasuBHOrO IHCTPYMEHTY 3 BEJUKOIO KIIbKICTIO PIsKYYHUX KPOMOK
Ta 3 MOKJIMBICTIO CIPSIMOBAHOTO BILIMBY Ha OPIEHTAIIO OCTAHHIX IIJISIXOM BHOOPY PAIiOHATIBHUX PEKUMIB TPABKU.

Bucnosku. Briepiiie B Ykpaini, B [HctuTyTi HapTBepaux matepiasnis im. B.M. Bakyns HAH Ykpainu, ctBopeHo npasisyi
IHCTPYMEeHTH, ocHallleHi eseMeHTamu 3 CVD-anmasy, Ta aaliToBaHo iX /[0 TEXHOJIOTIYHUX JIAHIIIOTiB BUTOTOBJIEHHS BUCO-
KOTOYHUX 3y0UaCTUX KOJIIC /ISt PEAYKTOPIB 3 MiABUIIEHUMH €KCILIyaTallilHUMK XapaKTePUCTUKAMU, 110 JA€ MOKJIUBICTh
IMIIOpTO3aMillleHHs Ha MAIMHOOYAIBHUX MiAIPUEMCTBAX YKPaiHH.

Knwouosi crosa: CVD-anmas, cTpyKTypOBaHi MeTasiuti 3B’ I3KH, iIHCTPYMEHT 3 HA/ITBEPIUX MaTepiaiB.
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