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THE CREATION OF NEW TYPES OF COMPETITIVE
CUTTING PLATES AND MANUFACTURE
OF PILOT INSTRUMENT FOR MECHANICAL PROCESSING
OF HARD-TO-MACHINE MATERIALS

Introduction and Problem Statement. The use of tools with cutting plates made of hard alloys and ceramics is a
constant trend in the development of modern metalworking. Practical experience proves that it provides upgrading modes
of cutting, reducing the idle time of equipment and the machine use per one detail. Taking into account the production
output, it is important to improve the technologies of manufacturing such products with the requirements of environmental
safety and the use of low cost technological components.

Purpose. The aim of the research is to create a more environment friendly technology for the production of competitive
cutting plates made of hard alloys and ceramics using low cost technological components.

Materials and Methods. To prepare powders for sintering, a grinding method based on simultaneous shear and shock
action, which enables to obtain a two-fractional composition of powder mixture with a narrow size range of spherical shape
particles, has been improved. The application of PVA solution in alcohol as a plasticizer has enabled the production of plates
with twice reduced content of dry residue of organic component, as compared with the rubber solution in gasoline, and to
thrice reduce the duration of distillation in vacuum.

Results. A batch of RNMN 120400T and SNMN 120412T cutting inserts has been manufactured. They have been tested
while turning and milling the parts made of iron and steel. The tests have shown a 1.12-2.0 times increase in stability of
cutting tools.

Conclusion. An advanced environment safe technology for manufacturing highly wear-resistant cutting inserts from
hard alloys and ceramics has been developed.

Keywords: cutting inserts, hard alloy, ceramics, manufacturing technology, pilot batch, turning, and milling.

Today, the range of hard alloys and ceramics | ment design in each particular case is determined by
produced has changed markedly as the manufac- | the requirements for the operation conditions.

turers use advanced manufacturing and testing Practical experience has shown that the cutting
equipment and much more efficient technologies, | tools equipped with disposable inserts almost al-
which improves the quality of materials. ways have enhanced cutting parameters, reduced

The service life and reliability of cutting tools de- | downtime and wear of instrument per workpiece,
pend on the stability of physical and mechanical | and can use one holder for employing the work-
properties of materials from which they are madeand | ing elements of different geometrical parameters,
on configuration of their cutting part. The instru- | which are made of a number of materials.

The state-of-the-art technology for manufac-
© KLYMENKO, S.A., and PROKOPIV, M.M., 2018 turing competitive cutting plates from hard metal
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and ceramics shall be developed based on low-
cost source components for powdered mix design,
and the whole manufacturing process must be en-
vironmentally safe.

Conventional powder mixes WCo8, WTi5Co10
and 70AL,0,—20TiC—10ZrO, were used as initial
powdered mixes for manufacturing hard-alloy
and ceramic plates, respectively. The initial pow-
ders were white synthetic corundum with the main
phase of 99.2 % Al O,, titanium carbide, and par-
tially stabilized tetragonal aluminum oxide.

The initial ceramic powders are polydisperse
systems with wide grades of particles. They differ
in the proportion of small (up to 100 pm) to large
(100—500 pm) grains. To obtain a high-quality
product, these powders need to be further ground.
To implement this process, a grinding method
based on simultaneous shear and impact effects
on powder particles was improved. This enabled
to obtain a two-fraction composition of powder
mix with a narrow range of grades. The particles
had a spherical shape: the first fraction was the
powder with a particle size of 0.9—1.3 pm, and
the second one had a size of 0.2—0.3 pum.

The powder mix preparation includes the stir-
ring process to obtain a uniform distribution of the
individual components. The plasticizer must be in-
troduced to provide a mix with a certain plastici-
ty, which is important when pressing briquettes.

As of today, the most common and advanced
plasticizer is 8% solution of synthetic rubber in
gasoline (Galosh). Its advantages are a high plas-
ticity and strength, while the disadvantage is en-
vironmental pollution during its manufacture.
Therefore, PVA adhesive solution in alcohol was
proposed as a plasticizer, which makes the tech-
nology much more environment friendly.

The amount of PVA in the plasticizer was cal-
culated based on a dry residue of 2.0—2.2 wt. %.

After about 6 hours of drying at a room tem-
perature, about 0.7% of the solvent remained from
PVA mix. In the case of rubber solvent, the resi-
due made up 0.15%.

Having dried the mix in the air for 12 hours and
sieved it through a mesh of 250 pm, cold pressing

was carried out in metal molds at a specific axial
load of 50 MPa.

The 0.7% PVA residue and the same amount of
liquid solvent under the mentioned pressing con-
ditions provide the same porosity of sample (48%)
as the 1.5% rubber and 0.15% gasoline residue.
That is, in this case, the volume of organic com-
pound used decreases twice.

Among the advantages of PVA glue as a plasti-
cizer there is also a three times higher heating
rate while distilling.

The hot pressing of ceramics is preceded by
preparing a graphite mold and stacking the bri-
quettes after the cool pressing. The purpose of
hot pressing is to obtain a highly dense material
with the maximum physical, mechanical, and cut-
ting properties. The instrument is equipped with
an induction heating system in the graphite mold.
Unlike the conventional presses, it enables the hot
pressing in a vacuum at a pressure of p = 133 Pa
and a temperature of 7= 2100 °C.

The pressing parameters are as follows: T=1450—
1600 °C, isotheral heating during 20—30 min;
specific axial load pressure p = 25—30 MPa.

The microstructure of the resulting material is
typical for the ceramics offered by various world
manufacturers. Also, it should be noted that the
size of most titanium carbide inclusions in the ce-
ramics ranges from 0.5 to 3 um, with that of some
part with a total content under 2—3% reaching
about 7—11 pm. In this case, in the proposed ma-
terial structure, the single pores do not exceed
0.5—1.5 pum.

At the final stage, the hard-alloy plates were
sintered in vacuum, at a pressure of p = 80—90 Pa.
Also, the method of step-by-step cooling was im-
plemented.

The cutting plate billets were made in the condi-
tions under which the material with the maximum
physical and mechanical properties was obtained.

The billets had a round shape with a diameter
ranging from 10 to 20 mm, the height was calculat-
ed based on the requirements of ISO 1832-2012.

Table 1 shows the structural, physical, and me-
chanical properties of WCo8 alloy.
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The use of PVA solution in alcohol affects nei-
ther the size of carbide grains and the cobalt layer
in the alloy structure nor the cobalt layer static
mechanical properties, but reduces the residual
pore size from B2 to A2, as well as changes the
size of individual large pores. This positively in-
fluences the performance of the cutting tool un-
der mechanical and shock loads.

The proposed machining of precision cutting
plates made of composites obtained is notable for
treating the flat surfaces by the group method,
with a loose abrasive on cast iron grinding ma-
chines, and the curve surfaces with grinding
wheels. In some cases, when several plates (up to
10) are processed, the flat back surfaces can be
treated with grinding wheels.

The use of cast iron grinders and diamond
abrasive slurry has enabled to create an effective
process of machining the cutting plates of hard
alloys and ceramics, which ensures a high quality
of surface finish (flatness, roughness, precision)
and its efficiency (several dozen plates are pro-
cessed simultaneously).

Grinding wheels on metal-polymer (MP) and
silicone (siloxane) (PK brand) bonds are used for
the treatment.

Particularly promising is the use of these tools
for rough treatment of working surfaces of dis-
posable multifaceted cutting plates. For the gen-
eral-purpose grinding machines, the following
wheels are recommended 12A2-45 125 x 5 x 3 x
32 AC6 80/63 (MP) PK 100%; for the centerless
grinders, OD machines, and flat grinding ma-
chines the recommended wheels are: 1A1 200 x
5x 20 AC6 80/63 (MP) PK 100%. It is advisable
to use nickel-plated diamonds.

The tools equipped with ceramic plates are rec-
ommended for shock-free finishing of carbon, al-
loyed and hardened steel products, while those
with hard-alloy plates are suitable for treating
the products made of gray and high-strength cast
iron (WCo group), carbon and alloyed steels with
a hardness up to 350—-400 HB (WTiCo group).

A batch of disposable round- and square-sha-
ped multifaceted hard-alloy and ceramic cutting
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plates of typical sizes RNMN 120400T and SNMN
120412T in compliance with ISO 1832-2012 stan-
dard was manufactured according to the devel-
oped specifications.

The approximate treatment conditions are giv-
en in Tables 2, 3.

The cutting plates have been tested at the fol-
lowing plants and factories: Standard-Plus House
of Commerce LLC (Kyiv), YUKA Invest LLC
(Zhytomyr), Novokramatorskyi Machine-Build-
ing Plant (Kramatorsk), fochenko-Progress (Za-
porizhzhia), Kriukiv Railway Car Manufacturing

Table 1
Physical, Mechanical, and Structural Properties
of WCo8 Alloy
Plasticizer
Parameter
rubber + gasoline| PVA + alcohol
Coercive field strength H
kA/m 11.1—11.6 11.2
Density, p, g/cm?® 14.64 14.65
Rockwell hardness (HRA) 89.5 89.5
Bending strength, R, , MPa 1820 1840
Average size of grain, d,_, pm 241 2.25
Volume porosity, % B20.2 A2 02
Number of pores larger than
50 pm at x100, pores/cm? 65.78 54.58
Number of large tungsten ca-
rbide grains and their agg-
regates at x500, grains/cm? 12—17 15—18
Cobalt phase size pm 0.5—0.7 (1.5) | 0.5—0.8 (1.6)
Table 2

Approximate Conditions of Treatment
Using the Instrument with Ceramic Material

Treated material Cutting modes
Cutting Feed | Cutting
Grade Hardness speed o, S, depth ¢,
m/min | mm/rev mm
Steel IIIX15 [60-62 HRC 80 0.2 0.1
Steel XBI' 50-55 HRC 150 0.25 0.1
Steel 45 230-270 HB 200 0.25 0.1




Klymenko, S.A., and Prokopiv, M.M.

Table 3
Approximate Conditions of Treatment
with Hard-Alloy Instrument

Treated material cc()Jlr)lfirfut(l)I;gs Cutting modes
g
g - 5| =
3 T =2 |Ss| 2|3
VK group hard alloys
Gray cast iron
CY 18-36 170—240 | + | — | 250 | 0.3 2
CY 18-36 170—240 | — | + | 200 | 0.3 1
CY 35-56 200270 | + | — | 220 | 0.3 2
CY 35-56 200—270 | — | + | 180 | 0.3 1
High-strength cast iron
BY 40-10 150—200 | + | — | 180 | 0.3 2
BY 40-10 150—200 | - + 150 | 0.3 1
BY 60-2 200—-270 | + - 150 | 0.3 2
BY 60-2 200—270 | — | + | 120 | 0.3 1
TK group hard alloys
Carbon and alloyed steels
Steel 45 o 230 + | — ] 250 | 02 2
Steel 45 o 230 - | + ] 250 | 02 2
Steel 40X13 | 300—330 | + | — | 180 | 0.2 2
Steel 40X13 | 300—330 | — | + | 150 | 0.2 1

Plant (Kremenchuk), Daniko LLC (Cherniakh-
iv), Techna LLC (Novohrad Volynskyi).

The tool tests for sharpening and shaping of
cast iron and steel articles have shown that the
strength of hard-alloy cutting tools increases 1.2—2
times as compared with the tools made of conven-
tional hard alloys, whereas the strength of AL,O,—

TiC—ZrO, ceramic cutting tools is comparable
to that of CC650 ceramic instrument manufactu-
red by Sandvik Coromant (Sweden). The former
is promising for treating alloyed steel articles.

CONCLUSION

The developed special technique of grinding
ceramic materials for preparing the initial pow-
ders both under intensive impact and shear loads
has enabled obtaining two-graded ceramic pow-
ders: the first fraction was the powder with a par-
ticle size of 0.9—1.3 um, and the second one had a
size of 0.2—0.3 um.

The use of PVA solution in alcohol as plasti-
cizer has made it possible to obtain blanks for
manufacture of cutting plates with a twice less
content of dry organic residue as compared with
the rubber solvent, which, in turn, reduces trice
the duration of distillation while heating up to
470 °C in vacuum and improves significantly the
environment safety.

The process description for cutting place man-
ufacture from hard alloys and ceramics has been
elaborated.

A batch of disposable round- and square-sha-
ped multifaceted hard-alloy and ceramic cutting
plates of typical sizes RNMN 120400T and SNMN
120412T in compliance with ISO 1832-2012 stan-
dard was manufactured.

The tool tests for sharpening and shaping of
cast iron and steel articles have shown that the
strength of hard-alloy cutting tools increases 1.2—2
times as compared with the tools made of conven-
tional hard alloys. The strength of Al,O,—TiC—
ZrO, ceramic cutting tools has been established
to be comparable to that of CC650 ceramic in-
strument manufactured by Sandvik Coromant
(Sweden). The former is promising for treating

alloyed steel articles.
Received 15.05.17
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CTBOPEHHS HOBUX TUIIIB KOHKYPEHTOCIIPOMOXHUX PISAJIBHUX IIJTACTUH
TA BUT'OTOBJIEHHA AOCIIAHOI ITAPTII IHCTPYMEHTY JJISI MEXAHIYHOI
OBPOBKU BAJKKOOBPOBJJIIOBAHUX MATEPIAJIIB

Bceryn ta nocraHoBka 3aayi. BUKopucTanHs iHCTPYMEHTIB 3 Pi3aJlbHUMU IJTACTHHAMU 3 TBEP/IUX CIJIABIB Ta KEPAMiKK
€ CTAJIOI0 TEHJIEHIIIEI0 PO3BUTKY CYYacHOI MeTaso00poOKu. [IpakTuuHuii 10CBiz JOBOAUTD, 10 1€ 3a0e3IeUye MMiABUIIEeHHS
DEKUMIB Pi3aHHsI, CKOPOUEHHSI Yacy IPOCTOI0 00JIAIHAHHSI, 3HUJKEHHSI BUTPAT IHCTPYMEHTY Ha OJHY JeTaib. BpaxoBywoun
00csirn BUPOOHUIITBA, BKPAall BaKJIMBUM € BAOCKOHAJIEHHS TEXHOJIOTIH BUTOTOBJIEHHS TAKMX BUPOOIB i3 3a0e311eUeHHIM BU-
MOT €KOJIOTTUHOT Ge3eKN Ta BUKOPUCTAHHAM TEXHOJIOTTYHUX KOMITIOHEHTIB HU3BKOT BAPTOCTI.

Mera. CrBopeHHst GiIbIll €KOJIOrTYHO Oe31eYHOI TEXHOJIOTIT BUTOTOBJIEHHS! KOHKYPEHTOCIIPOMOKHUX Pi3asIbHUX I1J1aC-
THUH 3 TBEP/IUX CIJIABIB Ta KEPAMiKU 3 BUKOPUCTAHHSM TEXHOJIOTIUHNX KOMIIOHEHTiB HU3HKOI BAPTOCTI.

Marepiasnu it Meroau. /lJist 1iArOTOBKY MOPOMIKIB /[0 CITIKAHHST BIOCKOHAJIEHO METO/I PO3MEJLY, 110 6A3YETHCS HA OJ[HO-
YaCHOMY 3CYyBOBOMY Ta YJIapPHOMY BILIUBI Ta JI03BOJISIE OTPUMATH IBOMPAKITIHHUI CKJIAJ] TOPOIITKOBOI CYMIlll 3 By3bKIMU
iHTepBasiaMu po3MipiB yacTuHOK chepruynoi hopmu. 3actocysanns pozunny [I1BA B criupri sik miactudikaTopa 103B0JINI0
oJlepKaTy 3ar0TOBKH IJIACTUH 3 BJIBiUi MEHIITMM BMICTOM CyXOrO 3aJIMIIKY OPraHi4HOI CKJIa/[0BOI, TOPIBHSAHO 3 PO3YNHOM
KayuyKy B O€H3HHI, Ta BTPIYi CKOPOTUTH TPUBAJIICTD IIPOIECY BIITOHKU B BAKYyMi.

Pesyabratu. BuroToBero maptio pisambHux mracTiH hopmoposmipis RNMN 120400T ta SNMN 120412T. Ix um-
pobyBaHHs TPU TOYiHHI Ta (hpesepyBaHHs JeTaseil 3 YaByHiB Ta cTajeil MoKa3aso MiABUINEHHST CTIIKOCTI pisaJIbHUX iHCTPY-
menTiB B 1,12—2,0 pasu.

Bucnosku. Po3po6iieHo Ta BIPOBAKEHO BAOCKOHAJIEHY €KOJOTIYHO OE3MeUHY TEXHOIOTTI0 BUTOTOBIEHHS PisalbHUX
MJIACTWH 3 TBEP/IMX CIJIABIB i KepaMikH, sIKi XapaKTepu3yIOThCSI BUCOKOTIO 3HOCOCTINKICTIO B iIHCTPYMEHTI.

Knwouoegi crosa: pisanbHi IJIaCTUHM, TBEPAMI CIIAB, KEpaMiKa, TEXHOJIOTisI BUTOTOBJICHHS, 0CIi[HA MapTisl, TOYiHH,
(pesepyBanHs.
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CO3AAHME HOBBIX TUIIOB KOHKYPEHTOCIIOCOBHBIX PEKRKYIINX IIJIACTUH
1 MU3TOTOBJEHUE OTIBITHOM MAPTUM MHCTPYMEHTA JIJII MEXAHUYECKO
OBPABOTKU TPYITHOOBPABATBIBAEMbIX MATEPNAJIOB

BBenenue u nocraHoBka 3asaum. Vcrosb3oBanue HHCTPYMEHTOB C PEXKYIIMMU TJIACTUHAME U3 TBEP/BIX CIJIABOB U
KEePaMUKU SIBJISIETCST YCTOMYMBON TEH IEHIIUEN PA3BUTUSI COBPEMEHHOI MeTainoo6paboTku. [TpakTiuyecKuii OIbIT OKa3bIBa-
€T, YTO HTO 0OECTICUNBACT MOBBITIIEHUE PEKNMOB PE3aHUs, COKPAIIEHNE BPEMEHU MTPOCTOsT 000PYIOBAHNST, CHUKEHHUE 3aTPaT
UHCTPYMEHTA Ha OJ[HY JIETallb. YUUTbIBasi 00bEMbI [IPOU3BOJICTBA, 0COOEHHO BAKHBIM SIBJISIETCSI COBEPIIIEHCTBOBAHUE TEXHO-
JIOTUI MBrOTOBJICHNS TAKUX M3AEINI ¢ o0ecriederreM TpeGOBaHUI 9KOJTOTHIECKON Ge30MacHOCTH U UCIIOJIb30BAHUEM TeX-
HOJIOTHYECKIX KOMIIOHEHTOB HU3KOI CTOMMOCTH.

Ieun. [esbio paboTst 66110 co3aanue Goiee SKOIOTIIecKr Ge30IIACHON TEXHOIOTUI U3TOTOBJIEHHST KOHKYPEHTOCTIOCOOHDIX
PEXRYHIUX IVTACTUH U3 TBEP/BIX CIIVIABOB 1 KEPAMNKU C UCIIOJIb30BAHNEM TEXHOIOTUYECKUX KOMIIOHEHTOB HU3KOI CTOMMOCTH.

Marepuassl ¥ MeTOIBI. [[JIs1 TTOITOTOBKU TTIOPOIIKOB K CIIEKAHIIO YCOBEPIIEHCTBOBAH METO]] Pa3M0JIa, OCHOBAHHBIIH Ha
OJTHOBPEMEHHOM CJIBUTOBOM U YJIADHOM BO3/IEHCTBUH, UTO MO3BOJISIET MOJYYUTH ABYX(MPAKIMOHHBIN COCTAB MOPOIIKOBON
CMecH ¢ y3KUMU HHTepBaJaMu pa3mMepoB yactuil cepudeckoii hopmbl. [IpuMenenne B kayecTse macTruduKaTopa pacTBopa
IIBA B CIIMPTE IMO3BOJINJIO ITOJIYIUTH 3arOTOBKU IVIACTHUH C BABOEC MEHBIINM CO/IEPKAHNEM CYXOTO OCTaTKa OpraHquCKOﬁ
COCTABJISIONIEN 110 CPABHEHUIO C PACTBOPOM Kay4yyKa B OEH3UHE, U BTPOE COKPATHTD IIPOJIOJIKUTENBHOCTD IIPOIIECCA OTTOHKU
B BaKyyMe.

Pesyabratel. V3rorosiena naprus peskynmx ninactun ¢dopmopasmepo RNMN 120400T u SNMN 120412T. Ux uc-
MIBITAHUST TIPU TOYEHNU U (Dpe3epoBaHMs leTasieil 3 4yryHOB U CTajell IOKA3aJI0 MOBbIIIEHHEe CTONKOCTH PEXKYIUX UHCTPY-
menToB B 1,12—2,0 pa3a.

BsiBoa. Paszpaborano u BHEAPEHO YCOBEPIIEHCTBOBAHHYIO 9KOJOTHICCKU GE30TACHYIO TEXHOJIOTHIO H3TOTOBJICHHUSI Pe-
JKYIIUX [JIACTHH U3 TBEPJBIX CILIABOB M KEPAMUKH, XapAKTEPU3YIOMINXCS BBICOKON N3HOCOYCTONUYMBOCTBIO B UHCTPYMEHTE.

K/”O'lteﬁble cjoea: pexyuue 1njaacTuHbI, TBeleblfl CILlJIaB, K€paMHKa, TEXHOJIOTUA U3rOTOBJICHUSA, OIIbITHAA 1TapTUL,
ToueHwue, hpesepoBaHueE.
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