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the controlling technological parameters. In addition, the model determines numerical values of
technological parameters at which the target function — the variable part of the reduced costs —
takes on the minimum value.
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ROUGHNESS PARAMETERS OF COMPOSITE ANTIFRICTION PARTS OF
HIGH-SPEED PRINTING EQUIPMENT

The development of the printing industry requires the creation of such machines, which must
provide high requirements for the parameters of their reliability and, above all, for high wear
resistance, durability and maintainability.

The speeds of the working bodies are constantly increasing when the parts’ rotational speeds of
the friction pairs reach the level of 800—1000 rpm and above, and the load increases to 5.0 — 7.0
MPa. This leads to the appearance of friction temperatures from 300 to 500°C on the working
surfaces, which creates extreme conditions for the printing machines operation [1, 2].

Such conditions require special approaches to ensure the reliability of printing equipment and
increase its maintainability.

The parameters of antifriction parts’ wear resistance for high-speed printing machines such as
KBA Rapida—105, "Plamag Rondest RO 170", "Star Binder 1509", etc., are determined not only
by the functional capabilities of the materials from which these parts are made, but also by the
quality parameters of their surfaces. Such parameters are formed as a result of fine grinding
processes.

Surface roughness depends on the type and properties of the material, method and processing
modes. Requirements for friction parts' surfaces high quality are constantly increasing. These are
due to the continuous increase in important operating parameters of printing equipment and, above
all, lengthen of parts service life, mechanisms and machines in general.

Recently, new bearing composite materials have been synthesized based on grinding waste of
alloyed tool steels 4H2V5MF, 5H3V3MFS, etc. with CaF, solid lubricant additives for a
significant increase in the service life of friction units of rotary printing machines [1, 2].

Such composites’ matrix are metal grinding wastes of machine-building and tool-making
industries, which are taken to the dump because of their abrasive contamination and are not used
in the repeated cycle of production.

After proper processing, these wastes can be used in the further production cycle in particular
for the production of effective slide bearings, as initiated by the authors [1-3].

The authors [1-3] developed a technology for the synthesis of new composite bearings from
recycled raw materials, which also included a comprehensive technology for this waste
regeneration.

Studies have demonstrated the developed composite bearings based on steel grinding waste can
be successfully operated at speeds up to 1000 rpm and specific pressures up to 5 MPa in the friction
units of high-speed printing equipment [1, 2].

Whereas the friction processes analysis has shown the friction surfaces wear rate is determined
by the working surfaces’ initial quality parameters, such as, for example, the roughness parameter
Ra.

However, the technological processes of finishing such new composite parts for printing
machines are currently insufficiently studied.
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The objective of this study is to determine the roughness' parameters of antifriction composite
parts based on 5SH3V3MFS tool steel grinding waste for high-speed printing equipment by optical
profilometry methods.

The analyses of the new antifriction parts’ surface quality parameters after elbor (cubonite
CNB) fine grinding was carried out using the optical profilometry method with the optical
profilometer PROFILCONTROL 7 S (PIXARGUS GmbH). The experimental results have been
presented in the Table.

Table shows the roughness parameter Ra varies with the change of processing modes at the
elbor (cubonite CNB) fine grinding process, such as cross speed, depth of grinding and
longitudinal speed.

It was found the lowest roughness Ra = 0.230 pum is achieved under the following processing
modes, namely, cross speed S = 0.1 mm/double-stroke time, part’s speed (longitudinal speed), Vp
= 2 m/min, depth of grinding t = 0.002 mm.

Table 1 — The roughness parameter Ra after elbor (cubonite CNB) fine grinding of composite
art based on 5SH3V3MFS tool steel waste

Part’s speed Depth of grinding,t, mm
C(:jross speed, S, .mm/ (longitudinal speed), 0002 | 0.01 0.05
ouble-stroke time .
Vp, m/min Ra, pm
2 0.231 0.297 0.327
0.1 5 0.273 0.300 0.347
10 0.281 0.344 0.405
2 0.324 0.361 0.418
0.2 5 0.352 0.390 0.499
10 0.366 0.428 0.528
2 0.388 0.436 0.590
0.5 5 0.421 0.491 0.641
10 0.429 0.518 0.667
2 0.459 0.537 0.731
1.0 5 0.490 0.559 0.782
10 0.537 0.624 0.846

Note: Grinding machine - FF-350 "Abawerek" (Germany), abrasive heel-LOM 14b5r1100%
on bakelite-rubber bond, wheel speed —22 m/sec, processing — without cooling.

It was established the best roughness parameters Ra are provided with the use of elbor (cubonite
CBN) grinding wheels (LOM14br1100%) with a grain size of 14—28 um on a bakelite-rubber
bond Brl.

Studies have shown the use of high-precision profilometric equipment allows obtaining not
only accurate data on the surface roughness, but also helps to regulate the technological modes of
fine elbor (cubonite CBN) processing of working surfaces to obtain high quality parameters.

Thus, using the most up-to-date optical profilometric analysis for studying the surface quality
parameters allowed correctly choosing the modes of new composite antifriction parts' processing
and also to provide reliable results.
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MAWBYTHE BEPCTATOBYJYBAHHS — BUKJIUK INDUSTRY. 4.0

OcHOBHa puca Cy4acHOCTI B YMOBax 4YETBEPTOI IPOMHCIOBOI PEBOJIOLIi, Ha3BaHOI
INDUSTRY.4.0 — cTBOpeHHSs HOBOi TEXHIKM Ta HOBHMX TEXHOJOTIH y cekTopi 3aco0iB
BUPOOHHUIITBA €KOHOMIYHO PO3BHHEHOI AEp)KaBH, JI€ BEJIHMKA yBara MPHUIUIETHCS MTYYHOMY
IHTEJEKTY, eKOJIOorii, iHTerpaiii HayKu, OCBITH, BUPOOHUIITBA Ta cdepu obciayroByBaHHs. bes
BEPCTaTiB HEMOXIIMBE BUTOTOBJICHHS IHIIOTO TEXHOJIOTIYHOTO OOJaJHAHHSA, HIINX TEXHIYHUX
cucteM (TC) pi3HOro (QyHKIIOHATBHOTO MPU3HAYEHHS, IO BITHOCITHCS IO AHTPOIOT€HHUX
cucteM [ 1], mo 3MIHIOIOTBCS B Yaci BHACIIOK IUIECIPSIMOBaHO1 AisutbHOCTI JItonuuu. L{ine — Ha
OCHOBI aHali3y KPUTUYHOI'O CTaHy BITYM3HSIHOTO BEpCTaTOOYTyBAaHHS 3alPOINOHYBATH LUIIXH
BUXOAY 3 KPH3H 3 YpaxyBaHHSIM OCTaHHIX OCATHEHb Cy4acHOi HAyKH Ta MPOUTIOCTPYBaTH Ha
HPUKJIA1aX MDKAUCHUILIIHAPHOTO CUCTEMHO-CTPYKTYPHOTO MIJXO/Y.

BepcraroOynyBaHHs 3 MEpHIIMX POKIB PaAsHCHKOI BIIAAM 0Opasio CTPATEriyHO 3ryOHHHA Kypc
mig nesizoMm "Hazmornatu i1 mepernatu!" 16K20D3C1, Tak 1 He meperHanu MmoaiOHI BepcTaTu
IpOBIIHUX 1HO(MIPM). SIKUH IOYaB BHUIOTOBIATH OaraTouinboBi Bepctatu Ttumy I[P-500 Ha
Cy4acHOMY piBHI, BHUKOPUCTOBYIOUM MOAYJIbHUI npuHIun, KuiBcbkuil 3aBox BepcTariB-
aBromariB M. iM. Cepro Opmxonikiize ta BAT «Bepkon» (KuiBchbkuii 3aBoj BepcTaTiB-
aBTomariB iM. Makcuma [oppkoro), padime MUPOKO TOMYIAPHI  BUPOOHHUIITBOM
OaraTolINMUHAEIPHUX TOKAPHUX aBTOMATIB 1 HaNliBaBTOMATIB IMOBHOI raMMH TUIIOPO3MIPIB — BiJl
HaWIET X o HaJIBaKKHUX CTaHIB. (aBiaOymyBaHHS, CyIHOOYTyBaHHS,
CUIbrOCIIMAIIMHOOYIyBaHHS, MNpUIaf00yAyBaHHS). MUKIUCHUIUIIHAPHY Taidy3b 3HaHb Ta
no0yJ0BaHUX Ha €JUHOMY CTPYKTypHO-cucTeMHoMy miaxoxai (mpukian HBIK — texnomorii:
HAHO, BIO, IH®O, KOT'HI) [1, 2, 5].

[TocTynat HOBOro HayKOBOT'O MiXOJy — BiJ kuBOi [Ipupoau 10 CTBOPEHHS aHTPOIIOT€HHUX
CHCTEM, JI0 IKMX HAJIEXKATh CTATHYHI Ta AUHAMIYH1 MalllMHHI, eNleKTpruyHi, OyniBensH1 TC 3aBasku
iHTenekTy JlroauHu, 1m0 3a/1eKIapoBaHo y Gpi1ocopChKUX 1/1esX Ta MPOpOLTBI akal. BepHaacbkoro
B.1, CrBopenns HoBux TC HeMoxiuBe 0e3 aHali3y Ta BpaxyBaHHS HAKOIMYEHOTO JIFOJICHKOTO
JIOCBiTy, SIKHH SK TeHeTHYHa iH(popMallisi Ha PI3HUX HOCIAX IEPEHOCUTHCS 3 MOKOJIHHA B
NOKOJIIHHA. ICTOpist PO3BUTKY JIOACHKOTO CYCIIJIBCTBA Ta EBOJIOLIS TEXHIKM 3aBXIu Oyia
nos'a3aHa 3 MexaHikoro [6]. Ilpore 3 BIAKPUTTAM €NEKTPUKH BUSBWIIACS HEMMCIMMOIO HUHI
KUTTENIATbHICTD JIroaunau Ta po3BuTKy TC 6e3 Hporo [1]. EnexTpuka ctaina OCHOBHUM JIKEPETIOM
e”eprii TC Ta nepBUHHUM MEpETBOPIOBAYEM ii allbTEPHATUBHUX JKepen (BOAL, BITPY Ta COH. f),
KOHKYPYIOUH 3 OEH3MHOM Ta ra30M. . 3a aHaJOTI€l0 13 3anponoHoBaHoo npod. [uukapenko B.OD.
NEePIOINYHOIO CUCTEMOIO €JIEKTPOMArHITHUX €J1€MEHTIB (IEPBUHHUX JIXKEPEIT €IEKTPOMArHiTHOTO
MO0JIsl), HAa3BaHMUX EJIEKTPOMArHiTHUM T€HOM, 3aBJASKH NpPHUHIMIAM CcaMOOpraHizamii Ta
TEeHETUYHOMY NPUHIMITY «BiJl MPOCTOrO 1O CKJIAaJHOrO» 3alpOlOHOBAHO HOBHUI MOIMsA Ha
MaTepiajJbHy TOYKY, SIK HOCI reHeTH4Hoi iH(opmauii npu ctBopeHHI TC THmy «00'eKT» Ta
OUHAMIYHI TUy «apouec» [2, 3]. 3aBOsku IUIITHOMY CHIBPOOITHHIITBY MEXaHIKIB Ta
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