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ELABORATION OF TECHNOLOGY FOR MAKING
HIGH-POROUS ABRASIVE WHEELS OF MONOCRYSTALLINE
CORUND OF THE EUROPEAN NOMENCLATURE USING
A PRECISION INSTRUMENT OF SUPERHARD MATERIALS
FOR TURBO-BUILDING OF UKRAINE

Introduction. In order to increase the precision, productivity, and environment safety of production domestic turbine-
building corporations purchase new European equipment and European nomenclature high-porous abrasive wheels using
monocrystalline corundum.

Problem Statement. The monocrystalline corundum wheels significantly differ from ordinary ones in terms of their high-
precision trueing.

Purpose. To elaborate a technology for precision shaping of European nomenclature abrasive wheels using a tool made
of superhard materials created in Ukraine for the needs of turbine-building corporations of Ukraine and import substitution
of such tools.

Materials and Methods. The method for weighing and hydrostatic weighing of fragments of abrasive material of new
European nomenclature grinding wheels (Best-Business c. s); mathematical simulation of balancing the volumes of grinding
material, binder, and pores; and spectral analysis of the polished surface of the studied wheel samples have been used.

Results. The structure of studied wheels has been identified; it has been harmonized with GOST 2424-83 applicable in
Ukraine. A correlation between the initial characteristics of wheels, the diamond tool, the shaping modes and the nature of
tool wear and tool life has been established. The parameters of shaping the monocrystalline corundum wheels have been
optimized. Samples of the trueing and grinding tools from diamond and cubic boron nitride have been made and delivered
for pilot tests to turbine-building corporations in Ukraine. The rollers 400/315 AC200T made using the electroforming
method have done 6.5 thousand trueing operations, 0.3 mm each. The state of working surface remains perfect and there
are no grounds to talk about the end of toll life.

Conclusion. The technology for precision shaping of European nomenclature abrasive wheels has been worked out
using tools of superhard materials created in Ukraine, namely, in the Bakul Institute of Superhard Materials of the NAS of
Ukraine, which have proven their high efficiency.

Keywords: precision tool, highly porous abrasive wheels, abrasive wheels of the European nomenclature, mono-
crystalline corundum, and turbine building.

Modern engine construction is one of the most | constantly. Moreover, the scope of application of
knowledge-intensive branches of machine build- | such engines is not limited to aviation. Today,
ing in Ukraine and worldwide. The market de- | they are used in oil and gas extraction, transport,
mand for gas turbine engines is known to grow | shipbuilding, and power engineering. Currently,

the main directions in the engine design is to in-
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Fig. 1. Typical view of developed (polished) surface of

abrasive material sample of monocrystalline corundum
wheels (wheel TITI 500 x 32 x 305 A99)

ciency, mainly, due to the application of advan-
ced technology for engine production, tools, and
materials and efficient machining techniques.

To date, the plants have used abrasive wheels
manufactured in Russian Federation, but today,
in order to increase their precision, productivi-
ty, and environmental friendliness, they have
been substantially upgraded with new European
equipment for which it is necessary to use the
European nomenclature high-porous abrasive
wheels of monocrystalline corundum. This abra-
sive tool reduces significantly (almost three ti-
mes) the volumetric composition of abrasive
grains with the porosity increasing up to 64%
of the grinding wheel volume (Fig. 1). These grin-
ding wheels are notable for a unique combina-
tion of a high structuredness (up to 22 developed
abrasive ceramic compositions) with the use of
abrasive material based on monocrystalline co-
rundum obtained by the sol-gel technology (SG-
technology). Such abrasive tools enable to work
in essentially different thermal power conditions,
to achieve better access of cooling liquids to the
processing area, to increase the productivity, and
to improve the quality of processing.

The technological problem is that the afore-
mentioned high-porosity abrasive wheels of the
European nomenclature have significant diffe-

rences in their high-precision trueing, and there-
fore there is a need to work out the technology
for their precision trueing, to clarify the charac-
teristics of diamond trueing tool and the charac-
teristics of tool made of super-hard materials. The
purpose of this research is to develop the tech-
nology for precision trueing of high-porous mo-
nocrystalline abrasive wheels of the European
nomenclature using a tool made of super-hard
materials created in Ukraine, namely, at the
Bakul Institute of Superhard Materials of the
NAS of Ukraine, for the needs of turbine indust-
ry of Ukraine in order to replace the imported
instrument.

In order to achieve this, a number of problems
have to be solved. Firstly, the structure of the
studied wheel has been identified, in accordance
with GOST 2424-83 applicable in Ukraine. Ac-
cording to GOST 21445, the structure of the
abrasive tool is the ratio of the volumes of grin-
ding material, binder, and pores. The theory of
abrasive tool manufacture developed in the early
1950s recommends to determine the volume con-
tent of binder V,,% using the formula:

V, = —11,5+ 1,5N + 2n,

where 7 is the structure number, N is the hard-
ness number. The hardness number of the abra-
sive tool is a digital indication of hardness degree
used in calculating the binder and pore volumes.
The hardness degree VM1 is assigned with num-
ber 0, VM2 is assigned with number 1, etc. The
last hardness degree CHT?2 is marked with 17.

The actual structure of wheels is known not al-
ways to correspond to this dependence. More-
over, according to Internet resources and cata-
logs of foreign abrasive grinding tools, each of
the leading instrumental manufacturers inter-
prets the term "structure” for its products in dif-
ferent way.

The actual structure of mentioned wheels ma-
de of monocrystalline corundum, of white elect-
ro corundum, and of electrically painted electro
corundum has been established by the method
for measuring the linear dimensions of the cases
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Best-Business c. s Nominal and Actual Parameters of Wheel Structure (4, =10, n =12)

GOST 2424-83

Best-Business c. s

keramic sklo
N Index v, % Index p, g/cm? vV, % V,% | Index p, g/cm? v, % V., %
D Bs
E Cs
F 1,543 48,1 Ds
0 BM1 48 F—-G Ds—Es
1 BM2 46,5 G 1,563 46,9 Es 1,560 46,7
17828 kokkok ok 40,6 EEEE TS
BM3 G—H 1,602 46,2 Es—Fs
2 M1 45 H 1,609 45,4 Fs 1,610 **
3 M2 43,5 I Gs 1,663
Gs—Hs | 1,716—1,776— | 37,8— (no data
1,790 *** available)
44,2 *¥*
4 M3 42 J Hs
5 CM1 40,5 K Is 1,763 36,2
6 | CM2 |39(39,7*)| K—L Is—Js
L Js 2,067— 42,0—
2’114 EE T 36,0 Hokck ok
7 C1 37,5 L—-M Js—Ks
M Ks
8 C2 36 M—N Ks—Ls
9 CT1 34,5 N Ls
10 | CT2 33 O Ms
11 CT3 31,5 O—P Ms—Ns
P Ns
12 T1 30 P—Q Ns—Os
Q Os
13 T2 28,5 Q—R Os—Ps
14 | BM1 27 R Ps
15 | BM2 25,5 R-S Ps—Qs
16 qT1 24 S Qs
17 T2 22,5 T Rs
U Ss
\% Ts
W

* — measured for grain size A = 25 (A, — grain size); ** — for the structure n = 14; *** — nfor grain sizes A = 10, 25 and 40,

respectively;

of abrasive grinding wheels of new European no-
menclature (Best-Business c. s) with an accuracy
of 0.1 mm (relative accuracy of 10~), ), by weig-
hing and hydrostatic weighing of fragments of
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— for the structure n =7 and n = 4; ***** —for A, = 12, n = 11, monocrystalline corundum.

abrasive material with an accuracy of £2 g (rela-
tive accuracy 107%), as well as by mathematical
modeling of the balance of grinding material,
binder and pore volumes. In addition, a spectral
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Fig. 2. Diamond trueing roller @125 400/315 AC200T,
view from cylindrical surface: the middle extension is wor-
king part, the two external lowered ones are bases

analysis of the polished surface of wheel abrasive
material samples has been done (Fig. 1). The re-
sults are summarized in Table below, where the
actual hardness numbers, structure, and grain
size of the grinding wheels of the European class
are aligned with GOST 2424-83 applicable in
Ukraine and the CIS countries.

The analysis of the actual densities of the above
mentioned abrasive wheels, in particular, those
made of monocrystalline corundum, has shown
that the pore volume V, and the wheel abrasive
grain volume V;, calculated for the declared n and
N, do not correspond to the values given in the
standards applicable in Ukraine. However, it
should be noted that the actual structure of the
abrasive wheels for the same parameters in the
catalogs of various foreign manufacturers differs.
GOST 2424-83 does not cover the actual, wider
range of parameters of the abrasive wheels of new
European nomenclature. Therefore, correspond-
ing amendments and modifications to the rele-
vant standards will be proposed. In addition, the
correlation between the sound index and other

ATTI 200T 400/315 (tricsist po3KpUTTS
J10 TIUTOMOTO 00’ €MY KHUIIIECHb ):

® = (40 £ 4) - 103 mm3 /mm?
Fig. 3. Typical dynamics of topography of work surface of trueing rollers @125 400/315 AC200T
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parameters characterizing the hardness of grind-
ing wheels of the European class has been estab-
lished based on the above data:

Zi=755—69-hh=106— 0,14 Z,
h=53e09N+23 F=239+41 N,kH/,
HB =858 - ¢"29% H /w2,

where Zi — is the wheel sound index (the abrasive
material sound speed reduced 100 times), 4 is the
depth of the hole, mm (the jet blast crater), E is
Young's modulus of abrasive material, HB is Bri-
nell hardness, N is the wheel hardness number
according to GOST 2424-83.

Secondly, the correlation between the output
characteristics of high-porous wheels and preci-
sion diamond tool, the formation modes, on the
one hand, and the nature of the tool wear and the
period of its stability, on the other hand has be-
en established. Similarly to the tests of electro
corundum wheels on ceramic binders of "ceramic
reference" and "glass reference" types, the mono-
crystalline corundum wheels on ceramic binders
of the "ceramic reference” type have been tested
on a stand created based on machine 3B151, ac-
cording to the scheme that simulates plunge true-
ing in modes close to production. The trueing
tool is a diamond roll having a diameter of @125
and made in the Bakul Institute of Superhard
Materials of the NAS of Ukraine by electropla-
ting with diamond powder 400/315 AC200T
(Fig. 2). The trueing mode parameters are as fol-
lows: average speed of the wheel is 26 m/s, that of
the roller is 14.4 m/s, climb cut, ratio of speeds
+1.8, feed to a depth of 2.5 pm per wheel turn.

Hucneprosano 3 y.o. matepiany G /H:  dncnepruposano 6 y.o. matepiany G _/H.:

®=(65*2) 1073 mm3/Mm2



Elaboration of Technology for Making High-Porous Abrasive Wheels of Monocrystalline Corund of the European Nomenclature

During the tests, the linear wear of the roller
diamond layer and the wear of the binder accor-
ding to the original method have been measured.
The total volume of dispersed wheels according
to the given scheme is equivalent to the volume
of more than 9 wheels having a size of 600 x 63 x
x 305 in the plunge trueing mode. The volume of
one wheel of this size was taken as conventional
unit of the dispersed abrasive material volume.

While dispersing the abrasive material, the
state of the working surface of the reference rol-
lers was recorded. The typical dynamics of the
working surface topography are shown in Fig. 3.
The main practical task of the research is to stu-
dy the influence of a new modification of the
abrasive cutting grain material — monocrystal-
line corundum, on the service life and wear of
diamond trueing rollers. As a result, no signifi-
cant effect has been found. The trueing rollers
400/315 AC200T made by electroplating are dis-
persed on each volume larger than 9 conventio-
nal units, which corresponds to 6.5 thousand
trueing operations, 0.3 mm each. In this case, the
working surface remains perfect and there is no
reason to assume the end of the period of stability.

Thirdly, optimal parameters for precision shap-
ing of high-porous monocrystalline corundum
wheels with given characteristics have been rec-
ommended. For manufacturing the trueing roll-
ers, the hardest binders are used. Among them,
the most widespread is nickel galvanic binder.
Requirements for diamond powder: very durable,
with a critical load ranging from 100 to 200 N.
The grain size of diamonds for the trueing tool
varies from 250/200 to 1000,/800. Powders with
smaller particles are intended for the manufac-
ture of small profiles, while those with larger size
are used for flat profiles without sharp edges. It
has been established that the larger the diamond
powder, the higher the roller stability. However,
taking into consideration the above, it is noted
that the service life of trueing rollers manufac-
tured at the Bakul Institute of Superhard Mate-
rials of the NAS of Ukraine by electroplating,
400/315 AC200T is, at least, 6.5 thousand trueing
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Fig. 4. Flowchart of trueing and dimensions of wedge-profile

diamond roller designed for turbine blade root: a — cxema

upasku i mtidysanns (H, — roller height, H, — wheel

height); 6 — posuk anMasHuii npaBasumii (A1 3aMKOBOI
YACTUHHU JIOTIATKHU )
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Fig. 5. Developed surface of diamond trueing
roller @125 400/315 AC200T

Fig. 6. BCN wheels, shape 14E1, diameter 200 x
10 x 3 x 20 x 45°

Fig. 7. Diamond abrasive wheel, shape 1A1

operations, 0.3 mm each, and no statistically sig-
nificant effect of new modification of the abrasi-
ve cutting grain material (monocrystalline co-
rundum) on the service life and wear of diamond
trueing rollers has been established. Therefore,
there is no reason to use an unreasonably large
grain size, but it is necessary to proceed from the
feasibility of ensuring the given accuracy of the
complex shaped profile.

Within the framework of this research, the
most typical profiles of surfaces machined at the
plants of turbine industry of Ukraine (Fig. 4), in
respect of which the technological features of the
diamond trueing precision tool are established,
have been analyzed. At the Bakul Institute of Su-
perhard Materials of the NAS of Ukraine, the
technological preparation of production has been
carried out and the electroplating technology for
fixing diamonds having an optimal grain size and
a high heat resistance (AS200T 400/3150) on the
roller surface has been determined to achieve a
high-performance work of loaded sections of the
roller working profile (Fig. 5).

To ensure the formation of high-porous mo-
nocrystalline corundum wheels and to take into
account the research carried out and production
requirements of Zoria-Mashproekt Gas Turbine
Engineering Research & Production Complex,
the Bakul Institute of Superhard Materials of
the NAS of Ukraine has produced according to
customer's drawings 0061P, 0158E, K615-2175,
P76040109P, manufactured and handed over to
Zoria-Mashproekt for testing the precision dia-
mond rollers. The tests of diamond rollers have
shown that the above mentioned trueing tool
fully meets the technical requirements of the en-
terprise production process and provides the re-
quired accuracy of the profile. The radial motion
variation is less than 5 pm, the face motion varia-
tion is 3 pum, the quality of the treated surface is
R, <0.63.

Samples of the trueing and grinding tool have
been made of diamond and of cubic boron nitride
(CBN) and given for pilot production tests to the
following enterprises of turbine industry of Uk-
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raine: Zoria-Mashproekt (Mykolaiv), Tochenko-
Progress Motor Construction Design Bureau and
Motor-Sich (Zaporizhia) in order to introduce
the technology for shaping the abrasive high-po-
rous monocrystalline corundum wheels at these
enterprises. For example, upon request of Zoria-
Mashproekt, five diamond trueing rollers have
been manufactured according to the enterprise
drawings to ensure the wheel formation. A batch
of CBN wheels (shape 14E1 200 x 10 x 3 x 20 x 45°)
(10 pieces, Fig. 6) for Gemini CNC (computer
numerically controlled) machine has been manu-
factured. They have been tested by grinding ti-
tanium alloy products for aircraft engines at Mo-
tor-Sich. Diamond grinding wheels (shape 1A1
125 mm) (Fig. 7) and 11V9 75 mm (7 pieces) for
Yunger CNC machine have been manufactured
and tested by grinding the hard-alloy butt mills
for the treatment of turbine blades. CBN grin-

ding wheels (shape 1A1 125 mm) for Yunger
CNC machines have been made and tested by
grinding butt mills of high-speed steel. The dia-
mond and CBN tools have been implemented at
Motor-Sich and Tochenko-Progress Zaporizhia Mo-
tor Construction Design Bureau, which is con-
firmed by respective certificates.

The Bakul Institute of Superhard Materials of
the NAS of Ukraine has signed agreements on co-
operation with the enterprises involved in the
tests within the framework of the innovative
R&D project of the NAS of Ukraine: Contract
No. 58/2830 dated December 30, 2015, for the
period till December 30, 2018, for the amount of
UAH 1 million with Zoria-Mashroekt, and from
Contract No. 2313 dated January 18, 2006, for
the period till December 31, 2018, for the amount
of UAH 6 million with Tochenko-Progress.
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BIJITPAIIIOBAHHS TEXHOJIOTTI ®OPMOYTBOPEHHS
BUCOKOTIOPUCTUX ABPASUBHIX KPYTIB €BPOTIEMCHbKOT HOMEHKJIATYPU
3 MOHOKPUCTAJITYHOTO KOPYH/Y ITPEIU3IMHUM IHCTPYMEHTOM
3 HAATBEPAUX MATEPIAJIIB JIJII TYPBOBYIYBAHHS YKPATHU

Beryn. Bitunsusni migmpuemcTsa Typ6oOy Ly BaHHA AJIS T ABUIIEHHS TIPEIN31HHOCTI, TPOLYKTHBHOCTI Ta €KOJOTIYHOCTI
BUPOOHUIITBA 3aKYITAIOTH HOBE €BPOTIEHChKe 00IaIHAHHSI | BUCOKOMOPUCTI abpa3uBHi KPYTH €BPOIEICHKOT HOMEHKIATYPH 3

BUKOPUCTAHHAM MOHOKPUCTAJIYHOTO KOPYH/LY.

IIpoGaemaTuka. MOHOKOPYH/IOBI KPYTri MatOTh 3HAYHI BiIMIHHOCTI BiJl 3BUYAIIHUX Y iX BUCOKOTOUHOMY IIPABJIEHHI.
Mera. BianpaioBaiHs TEXHOJIOTIT IPENn3iiiHOro (hopMOyTBOPEHHsI aOpasuBHUX KPYTiB €BPONENCHKOI HOMEHKIATYPH
THCTPYMEHTOM 3 HAATBEPAUX MarepiayiB, CTBOPEHUM B YKpaiHi, Iyt moTped MiAnpueMCTB TypOoOyayBaHHsa YKpaiHu Ta

iIMITOPTO3aMIIIIeHHST TAKOTO iIHCTPYMEHTY.

Marepianu i Mmeroau. Bukopucrano MeToz 3BasKyBaHHS W TiZIPOCTATUYHOTO 3BaKyBaHHSI (hparMeHTiB abpasuBHOIO

Matepiasny 1LriyBaJbHUX KPYTiB HOBOI €Bporieiicbkoi HoMmeHkgaTypu (Best-Business c. s), a Takok MaremaTuuHe
MOJIeJIFOBaHHSIM Oasiatcy 06’eMiB 1utichyBajibHOTO MaTepiaiLy, 38’sI3KH 1 op. 3aCTOCOBAHO CIIEKTPAIbHUI aHAII3 LTihoBaHOI
[MOBEPXHi JIOCJI/IZKYBAaHUX 3Pa3KiB KPYTiB.

PesyabraTu. [nentndikoBaHo CTPYKTYPY MOCHIPKYBaHUX KPYTiB, moctapsieHo ii y BianmosiaHicTsb 10 TOCT 2424-83,
o fie B Ykpaini. BecranoBeHo 3B’5130K MiXK BUXITHIMH XapaKTePUCTUKAMU KPYTiB, aIMAa3HOTO iHCTPYMEHTA, PeKUMaMu
(opmoyTBOpEHHS 3 XapaKTepoM 3HOCY iIHCTPYMEHTY i 1iepiofiom itoro criiikocti. OnTuMr30BaHo mapamerpu (hopMoyTBO-
PEHHSI MOHOKOPYH/IOBUX KPYTiB. BUrOTOBJIEHO 3pasKl IPaBJISIuOro Ta utiyBaJIbHOTO IHCTPYMEHTY 3 ajiMasy Ta KyOiuHOTO
HiTpuay 6opy Ta nepesaHo A A0CTiAHO-BUPOOHIYMX BUITPOOYBaHb Ha MiAIPUEMCTBA TYpOoOyLyBanHsa Yipaitu. Pomuku
400/315 AC200T, BUrOTOBJIEHI METOAOM raJbBaHOIIACTUKHY, 3AilicHun 6,5 Trc. paBok 1o 0,3 M. [Ipu 1ibomy cran pobo-
YOI MOBEPXHi 3AJTUIITIBCS 11€aIbHIM, TOOTO CTBEPIKYBATH TIPO 3aKiHIEHHS MEPioy CTIHKOCTI HeMAgE TiICcTaB.
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BucnoBku. BiampaiboBaHo TexHOJIOTIO TperusiiiHoro GopMoyTBOpeHHs abpasuBHUX KPYTiB €BPOIENHCHKOI HO-
MEHKJIaTypU IHCTPYMEHTOM 3 HaJTBEP/UX MaTepialiB, CTBOPEHNM B YKpaiHi, a came B [HCTUTYTI HaATBepAuX MaTepiasiB
im. B.M. Bakynss HAH Ykpainu, siki oBesin cBOIO BUCOKY e(DeKTHBHICTD.

Knwouoei croea: nmpenusiituuii iHCTpyMeHT, BUCOKOMOPHCTI abpasuBHi KPyru, abpasuBHi KPYTH €BPOMEHCHKOI HO-
MEHKJIATYPH, MOHOKPUCTATIYHII KOPYH/L, TYPOOOY/LYBAHHSL.

B.U. Jlaspunenxo, M.H. Illeiixo, E.A. Ilawenxo, C.B. Pabuenxo

WucrutyT cBepxrBepabix Marepuanos uMm. B.H. bakyna HAH Ykpaunnbr,
ya. ABrozaBojckast, 2, Kues, 04074, Ykpauna,
+380 44 432 9515, lavrinenko@ism.kiev.ua

OTPABOTKA TEXHOJIOTMINI ®OPMOOBPA3OBAHUA
BbICOKOITOPUCTBIX ABPA3UBHBIX KPYTOB EBPOIENICKON HOMEHKJIATY PhI
N3 MOHOKPUCTAJIZIMYECKOI'O KOPYHAA ITPEHNV3VMOHHBIM UHCTPYMEHTOM
N3 CBEPXTBEPIABIX MATEPUAJIOB JIJIA TYPBOCTPOEHN S YKPANHDBI

Bgeznenne. OreuecTBeHHbBIE MIPEAIPUSTUSL TYPOOCTPOEHUE JIJIs HOBBIIIEHVSI TIPEIM3MOHHOCTH, IIPOM3BOAUTENbHOCTH U
9KOJIOTMYHOCTHU MTPOU3BOJICTBA 3aKYIIAI0T HOBOE €BPOIIEliCKoe 0600PYI0BAHUE U BHICOKOIIOPUCTBIE aOPa3UBHbIE KPYTH €BPO-
eiiCKOiT HOMEHKJIATYPBI C UCIIOJIB30BAHIEM MOHOKPHCTAJLITMIECKOTO KOPYH/IA.

IIpo6aemaTura. MOHOKOPYH/IOBBIE KPYTH HMEIOT 3HAYUTETHbBIC OTIHYUS OT OOBIYHBIX B UX BBICOKOTOYHON TIPaBKe.

Iean. OTpaboTKa TEXHOJIOTHH TPEIU3HOHHOT0 (hOPMOOOPa3oBaHNsl aOPasUBHBIX KPYTOB €BPOIEHCKOI HOMEHKIATY Db
UHCTPYMEHTOM U3 CBEPXTBEP/BIX MATEPUAIIOB, CO3[AHHBIM B YKPAWHE, JIJIsI HYK/L IPEAIPUITUIL TypOOCTpOEeHHE YKPAUHBI U
UMITOPTO3AMEIEH NS TAKOTO MHCTPYMEHTA.

Marepuasst 1 MeTObI. VICII0/1b30BaH METO/[ B3BEIIMBAHUST U THPOCTATUYECKOTO B3BeIINBaHMS (hpAarMeHTOB abpa3uB-
HOTO MaTepuaJia nummoBaIbHBIX KPYTOB HOBOH eBpormeiickoil HoMmeHkIatypsl ( Best-Business c. s), a Takske MaTemaTiueckoe
MojiesipoBanue Gananca 00beMOB NIIM(OBAIBHOIO MaTepuasa, CBA3KK U 1op. IIpuMeHeH clieKTpasibHbli aHaius mindo-
BAHHOU MOBEPXHOCTU UCCIIEAYEMBIX 00PA3II0B KPYTOB.

PesyasraTel. Ventudunmnposata CTpyKTYypa UCCJIEyeMbIX KPYTOB, TocTasiieHo ee B cooTBercTBre ¢ TOCT 2424-83,
NeCTBYIONIUM B YKpauHe. YCTAaHOBJIEHA CBSI3b MEXK/Y MCXOIHBIMU XapaKTEPUCTUKAMK KPYTOB, aJIMA3HOTO UHCTPYMEHTA,
peskiMamu (hopMOOOPA3OBAHUS € XaPAKTEPOM HU3HOCA MHCTPYMEHTA U MEPUOJIOM ero cToiikocTu. ONTUMU3UPOBAHbI T1apa-
MeTpbl GopMOOGPA3ZOBAHISI MOHOKOPYHIOBUX KPYTOB. VI3roTOBIEHBI 0OPA3IIbl PABSIIEro U MTH(GOBATEHOTO HHCTPYMEHTA
U3 ajMasza 1 KyOuuecKoro HUTpuaa 6opa u nepeaaHbl AJist OIBITHO-TPOU3BOCTBEHHBIX UCTIBITAHUIT HA IPEANPUSTHS TYPOO-
crpoenust Yrpannot. Posmkn 400/315 AC200T, n3rotoBsieHHbIE METOIOM TaIbBAHOTIACTHKH, TPOU3BEH 6,5 THIC. TIPABOK
1o 0,3 mm. IIpu aToM cocTosime pabodeii MOBEPXHOCTU OCTAJIOCH MI€AIbHbIM, TO €CTh YTBEPKIATh 00 OKOHYAHUY TIEPUOJIA
CTOMKOCTU HET OCHOBAHUI.

Bsisozbt. OTpaboTana TeXHOJIOrUsI IPEIU3HOHHOTO (hopMOOGPasoBaHist abPasUBHbBIX KPYTOB eBPOIEHCKON HOMEHKIA-
TYPBI HHCTPYMEHTOM U3 CBEPXTBEP/IBIX MATEPUATIOB, CO3JIaHHBIM B YKPalHe, @ UMEHHO B VIHCTHTYTe CBEPXTBEPIBIX MaTEPH-
anoB uM. B.M. Bakynss HAH Ykpaunbi, KOTOpbIe 10Ka3a/11 CBOIO BHICOKYIO 3((HEeKTUBHOCTb.

Kutwouegvie cioea: Npel3uOHHBIN UHCTPYMEHT, BHICOKOIIOPKCTbIE abpa3uBHbIE KPYTH, abpa3uBHbIe KPYTU eBPOIIeiic-
KOII HOMEHKJIATYPbI, MOHOKPUCTALIIMIECKUI KOPYHI, TYPOOCTPOEHHE.
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